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EXECUTIVE SUMMARY 

The objective of this experimental program was to provide a means of 

assessing the viability of solar energy in an industrial environment. 
Southwest Research Institute (SwRI Project 06-5821) and Caterpillar 

Tractor Company (CTCo) jointly undertook one of the projects in DOE 1 s 
Solar Industrial Process Heat (SIPH) Demonstration Program (DOE Contract 

DE-FC03-79CS30309) in which the team designed, constructed, and operated a 
50,400 ft2 SIPH system located at CTCo's San Leandro, California plant. 

DOE funded 75% of the design and construction costs with the remainder 
being provided by CTCo. DOE provided most of the funding for the 

evaluation of the system while CTCo made the in-kind contribution of 
operating and maintaining the solar system after completion of 

construction. 

Specifically, the objectives of this project were to determine (1) 
performance, (2) installation costs, (3) operation and maintenance (0 & M) 

costs, and (4) reliability bf a high quality industrial grade solar sys­
tem. Prior to this project, estimates of these four parameters were based 

on the best available information at the time. Thermal performance of 
this system was estimated to be 240000 Btu/yr-ft2 with an assumed reli­

ability of 100%. Total installed system costs were estimated to be 
$30/ft2 of collector area and the operation and maintenance (O&M) costs 

were estimated as 1% of the total installed cost per year. 

As a result of this project, these estimates may be refined and the 
suitability of solar process heat systems may be more confidently deter­

mined. The actual thermal performance of the solar system was demon­
strated to be 65000 Btu/yr-ft2 with an observed reliability of 86%. It is 

possible to increase system performance to its maximum realistic value of 
168000 Btu/yr-ft2 by maintaining the system at peak operating conditions. 

This could be accomplished by providing a more adequate control system and 
by washing the collector mirror surfaces at least monthly. The actual 

O & M costs were $0.25/yr-ft2 while it is estimated that this cost would 
increase to approximately $0.65/yr-ft2 if maximum realistic performance 

ii 
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levels are maintained. The construction phase of this project showed a 
total installed cost of $50/ft2 of which approximately half was the cost 
of the solar collectors. The remaining $25/ft2 included mainly labor and 
a minor amount for the balance of the equipment (piping, pumps, etc.). 

The performance and cost parameters are combined in an economic 
analysis to indicate the value of the system by computing the return on 
the investment (ROI). At the time the system was designed a 20% ROI was 
predicted based on the available performance and cost estimates, and the 
inflation and fuel escalation rates ( 10-15% each) in effect at that 
time. Using the present, more realistic values of these parameters, the 
ROI is less than 1%. Indeed, it appears that, even for the optimistic 
case of mass-produced solar equipment and more expedient installation, the 
cost of a solar system could be $30 to $35/ft2 yielding an ROI of less 
than 5%. Of course, there may be unique operating conditions or financing 
structures which would allow a greater ROI to be realized, but this would 
be extraordinary. This technology in general, therefore, is not pre­
sently a cost-effective investment for energy generation when viewed from 
a realistic perspective. 

i i i 
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I. INTRODUCTION 

There is little doubt that reserves of conventional fossil fuel 
energy sources are decreasing at a rapid pace. While the estimates of 
their untapped amounts are debated, it is generally agreed that at some 
time fossil fuels must be replaced by other energy sources if we are to 
maintain a highly technically based society. Solar energy is one of many 
energy sources being investigated for use in the near and distant future. 

Solar energy is abundant; however, as with any energy source it 
usually requires mechanical equipment to harness its power. This is 
especially the case for thermodynamically low quality sources such as 
solar energy. The industrial sector already has much energy-related 
equipment in use and it has been argued that the addition of solar col­
lectors and ancillary equipment to an existing industrial plant can be one 
of the more attractive applications of solar energy because many indus­
tries have the capital necessary for the purchase and installation of 
solar equipment and the personnel capable of maintaining its performance. 
Four basic factors--performance, initial cost, operating cost, and reli­
ability--must be thoroughly investigated, however, before an industry can 
determine the suitability of solar energy for its energy demands. 

First of all the thermal performance of the solar system is of 
primary importance. Since the purpose of a solar system is to displace 
part or all of the fossil fuel being consumed by the plant, the thermal 
performance of the solar system has a direct affect on the expenditures 
for fossil fuel. Unlike conventional process heat equipment the perfor­
mance of a solar system is strongly affected by weather conditions. Also, 
because solar energy is a thermodynamically low quality source, the con­
trol of the solar system components strongly affects the performance 
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of the system. It is easily seen that the thermal performance of a solar 
system is much more difficult to accurately specify than conventional 
process heating equipment. 

The second of these four basic factors is the initial cost of the 
solar system. This includes material and equipment costs as well as the 
labor to install a fully functioning solar system. The initial cost of 
installing most any process heating equipment can be high; so, this cost 
must be accurately determined before the investment decision can be made. 

Next, the cost of operating the solar system is important in the 
investment decision. This includes the cost of electrical power to 
control components, move fluid, etc., and the cost of routine maintenance. 
The annual operating expenses must be less than the cost of the fossil 
fuel displaced by the solar system if the system is to be economically 
feasible. 

The fourth basic factor in the solar investment decision process is 
the question of reliability. It is obvious that a solar system can dis­
place fossil fuel only when it is operating properly; so, a highly reli­
able system is certainl~ desirable. 

It has been historically difficult to determine these four factors 
and the affects of each on the other three. To provide a body of infor­
mation on which investment decisions can be based the U.S. Department of 
Energy embarked on its Solar Industrial Process Heat (SIPH) Demonstration 
Program. In this program, DOE hoped to provide an assortment of solar 
systems for various industries so that the cost and performance of indus­
trial grade solar systems could be finally determined. With knowledge of 
the four factors described above, an investor could use his own investment 
decision process to determine the suitability of solar energy equipment to 

2 
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his particular case. It will be seen that this project provides informa­
tion for all four of the investment decision factors--initial cost, per­
formance, operating costs, and reliability--which were discussed above. 

The objective of the project described here was to design, con­
struct, and evaluate a high quality solar system as part of DOE's SIPH 
program. In this particular project the Caterpillar Tractor Company 
shared a portion of the cost for the design and construction of a solar 
system at its San Leandro, California plant just south of Oakland. The 
project was initiated in September, 1979, and the design called for 50,400 
square feet of parabolic trough concentrating collectors to be placed on 
the roof of the CTCo San Leandro plant. Construction was complete in the 
summer of 1982 and after a brief shakedown period the system was activated 
for completely automatic operation in November 1982. The design and con­
struction phases of the project are thoroughly discussed by Deffenbaugh 
[1,2). 

This report describes and discusses the operation and performance of 
the CTCo solar system over a monitoring period of 25 months, November 
1982-November 1984. As stated above, the system is fully described else­
where; however, a brief discussion of the system design and operating pro­
Gedures is presented in Section II as background for the subsequent sec­
tions of this report. The data acquisition system is described in Section 
III. 

In Section IV the operational history and maintenance record of the 
system is provided for the 25 month evaluation period. This is a valuable 
aid not only for the purposes of understanding system performance but also 
for the purposes of designers who can take advantage of the experiences 
gained here in the design of new systems. Hopefully, problems which were 
encountered and solved during the course of this project may be avoided in 
the future. 

3 
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The performance of the solar system over the monitoring period is 

presented and discussed in Section V. The performance of the system is 
defined in terms of its efficiency to convert solar energy to useful ther­

mal energy along with the magnitude of this energy delivered to the plant. 
The detailed performance data are used to verify a quasi-steady numerical 

model of the solar system. This model is then used to predict the system 
performance based on typical weather data for the Oakland, California 

area. These performance predictions are compared to the actual, observed 
performance for a one-year period. The differences between collector test 

stand performance tests and operation in a 11 real-world" environment are 
discussed. 

Section VI of this report contains an economic analysis of the solar 
system. This analysis, based on assumed financial factors, includes 
actual construction costs and operation and maintenance {O & M) costs. 
This analytical method is presented as an example of typical investment 
analyses and shows the relationship between initial system cost and system 

performance. 

A statement on the environmental impact and a discussion of system 
safety is provided in Section VII. 

Finally, concluding remarks are located in the last section of this 
report along with recommendations for improving the CTCo solar system. A 
discussion of the suitability of solar energy to meet energy demands is 
presented, as well. 

4 
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II. SOLAR SYSTEM DESCRIPTION 

A. Overview 

The process heat system at the Caterpillar Tractor Plant in San 
Leandro, California is used to heat pressurized water to approximately 
235°F for a variety of plant needs. The hot water is used primarily for 
heating parts washers used for cleaning machined engine parts during vari­
ous steps in the manufacturing process. The heating system piping en­
circles the manufacturing facility so that equipment may be easily con­
nected to both the supply and return header at convenient locations. This 
also ensures a reverse-return piping network, thereby prohibiting 
the need for extensive flow balancing equipment. 

The solar system, shown schematically in the P & I Diagram of Figure 
1, is connected to the return line of the plant's piping network. The 
solar system was designed to heat approximately 60% of the water in the 
return line to the heater outlet temperature at design conditions. In 
this way, a large portion of the energy required by the process heat sys­
tem may be supplied by the solar system. It will be seen below that the 
plant thermal load was decreased substantially after construction was 
started. As a result of this lowered thermal load the solar system was 
capable of providing more than 100% of the hot water requirements of the 
plant in the summer months. Each of the components of the solar system 
will be discussed in detail below. 

8. Collectors 

The CTCo solar system, Figure 2, comprises 360 Solar Kinetics Model 
T-700A line-focus parabolic trough collectors which provide 50,400 ft2 of 
area for receiving solar radiation. It can be seen that the collector ar­
ray is divided into two fields. The north field has 13440 ft2 of collec­
tor area (96 collectors) while the south field has 36960 ft 2 of 

5 
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FIGURE 2. AERIAL VIEW OF CTCo SOLAR SYSTEM COLLECTOR ARRAY 
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collector area (264 collectors). The collectors are attached to the roof 
structure of the plant's main building. The rotational axis of each of 
the collectors is horizontal and is oriented 22° west of true north. Each 
of the two fields has its own inlet and outlet headers so that the 30 6T­
strings (north: 8, south: 22) are piped in parallel between the inlet and 
outlet headers. Each of the 6T strings is made up of 2 drive rows piped 
in series. A drive row is a set of six collector modules mechanically 
attached to form a row approximately 120 feet long and is rotated by a 
hydro-mechanical drive system located at the middle of the row. The phys­
ical characteristics of a single T-700A module are listed in Table I. The 
performance of a T-700A module is graphically depicted in Figure 3 which 
is the result of the tests performed by Dudley and Werkhoven (3). 

C. Piping Interface 

It can be seen in Figure 1 that the dual pump inlet piping is con­
nected to the plant heating system return line. The pump which is opera­
ting moves the fluid through the collector field and returns it to the re­
turn line. The fluid from the north collector field is returned approxi­
mately 10 feet downstream from the pump inlet piping connection. The 
south field connection is approximately 300 feet downstream from the north 
field connection. These two connections are similar, with the north one 
being depicted in Figure 4. 

It can be seen in Figure 4 that a small parallel piping run is taken 
from the main downcomer. As shown in Figure 1, this leg of the downcomer 
is used during startup. If the collector field outlet temperature, sensed 
by the probe of the temperature regulating valve, TRV #1 or TRV #2, re­
spectively, is less than a predetermined minimum valve, then TRV #1 and 
TRV #2 are closed. This forces the fluid through the small downcomer 
which limits the flow rate during the system startup period so that any 
thermal shock caused by the cold fluid stored in the collector receiver 
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tubes is minimized. Once the fluid temperature at the field outlets has 
reached the valves' set points, the valves will open and the system will 
operate at its design flow rate. 

TABLE I. T-700A PHYSICAL CHARACTERISTICS 

Module Width 
Module Length 
Mirror Width 

2 Solar Area Ft 
Mirror Reflectance 
Mirror Shape 
Maximum Height (Vertical) 
Mirror Orientation 
Maximum Tracking 
Stow Angle 
Rotation Axis Height 
System Weight 
End Pylon Static Load 
Center Pylon Static Load 
Pylon Base Mount Bolts 
Pylon Spacing c-c 
Row Spacing c-c 
Maximum Row Length 
Receiver Tube 
Selective Surface 
Absorptivity 
Emissivity (400°) 
Receiver Cover 
Cover Transmissivity 
Annulus Size 
Annulus Medium 
Pumping Loss (T-66) 
Plumbing Connections 
Maximum Operating Temperature 
Maximum Operating Pressure 

9 

- 89 in. 
- 20 ft. 
- 84.5 in. 
- 140 
- .84 
- 90° Parabolic 
- 102 in. 
- 22° west of North 
- 260° 
- 78° (from horizontal) 
- 53 in. 

2 - 4.0 lb/ft 
- 280 lb 
- 560 lb 
- 4 ea, 1-in. at 12-in. c-c 
- 246 in. 
- 13 ft-4 in. or 20 ft 
- 120 ft 
- 1-5/8-in. Carbon Steel 

Black Chrome 
- 0.94 
- 0.18 
- Pyrex Glass (7740) 
- 0.91 
- 0.25 in. 
- Dry Air 
- 4 psi/100 ft at 5 gpm 
- 1-in. Std. Pipe 
- 500°F 
- 250 psi 
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D. Pumps 

There is a dual pump arrangement in the CTCo solar system with one 
of the two pumps selected as the lead pump w-ith the other one serving as a 
backup. The operation of the pumps is described below under "Controls 11

• 

Both pumps are Paco Type L, Model 11-30121, end-suction pumps de­
signed to deliver 450 gpm at 100 feet of head. They are fitted with 
20 hp motors and operate at 460 V-3~. 

E. Controls 

The control of the solar system is relatively simple and straight­
forward. The control system is designed to operate the collectors in such 
a way that energy is delivered to the process heat system if adequate ra­
diation is available and if the process heat system requires an energy in­
put. 

The control system logic diagram, Figure 5, is separated into 3 
sections. The first section, 11 Solar Master Control Panel Elementary Dia­
gram" describes the collector array central control panel. The main com­
ponent of this panel is the Minarik Electric Model WP6000 programmable 
microprocessor controller. The program for the controller is found in 
Appendix A. The controller monitors the status of a light level indica­
tor, rain indicator, wind indicator, flow switches, and a hazard loop of 
temperature and pressure switches. If the light level is above a thres­
hold value and the rain and wind sensors indicate favorable weather condi­
tions the controller checks the status of the hazard loop. This is a 
series of temperature and pressure switches located at the outlets of the 
north and south fields. If the temperature and pressure of the collector 
loop fluid is below the acceptable limits, the pump is activated. If flow 
is established at the two flow switches, the collectors are activated by 
sending "high" signals on the Logic 1 and Logic 2 lines to each of the 60 
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PUMP CONTROL PANEL 

SEQUENCE OF OPERATION 
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• .Cantactllll ... l>l• ~l,y...Y,,lndoe...,.._,_on...,.MCc-4 
...crotp•N,l...._ ...... ..,_ ..... _1• .,_.ang. 

1a.eon-13e111 .. 111• ci....i1,y .... ,13CR1 ... 11>1nth• ...... Ma. ....... 
Z. '"--1• ....... tothll• ----ludpmnpl• hcnwn•p11rnp#1lbr_,.... 
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SOLAR MASTER CONTROL 

SEQUENCE OF OPERATION 
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drive rows. If any of the system safety switches indicate a hazard, the 

collectors are immediately stowed. If the light level indicator senses a 
low level of solar radiation the collectors are halted for several minutes 
to allow the clouds to pass. If the sensor still indicates no available 
radiation, the collectors are stowed and the startup sequence is repeated. 

If, while the collectors are operating, the collector outlet tem­

perature becomes greater than 250°F, the collectors are unfocused until 
the fluid temperature decreases to a safe level. This prevents the solar 
system from overheating the process heat system if there is only a small 
thermal load in the plant. 

The "Pump Control Panel Elementary Diagram" illustrates the opera­

tion of the pump control panel. It is seen that this control system al­
lows the choice of one of the two pumps as the lead pump, while the other 

will serve as a backup in the event that the lead pump experiences a fail­
ure. Appropriate lamps and an alarm horn are activated in the event of a 

pump failure. This arrangement has the advantage of allowing the system 
to operate even when pump maintenance is being performed. 

The "Drive Row Control Elementary Diagram" describes the operation 
of each of the 60 drive row control circuits. These circuits allow the 
drive rows to track the sun independently of the operation of each of the 

other rows as long as "high signals" are present on Logic 1 and Logic 2 as 
provided by the control controller. 
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III. DATA ACQUISITION SYSTEM 

A. Overview 

A highly automated data acquisition system (DAS) was designed and 

installed to closely monitor the operation of the solar system so that its 

performance could be accurately measured. The objective of the DAS was to 

provide the following information: 

o Energy delivered to the process heat system 

o Electrical energy consumed by solar system equipment 

o Weather conditions 

To provide the above information, pertinent system operating conditions, 

such as temperature, flow, electrical power, etc. are measured and re­

ported. 

A block diagram of the DAS components is shown in Figure 6. The 

heart of the DAS is the PDP 11/23 minicomputer. This computer is used to 

acquire the raw data, convert signals to meaningful values and provide the 

first level of data reduction by computing energy transfers for the vari­

ous parts of the solar system. All raw data and computed data are stored 

on portable magnetic disk media which are transferred to a large off-site 

computer. A brief report of daily performance was provided by the compu­

ter at the end of each day which was printed on the on-site line printer. 

In January, 1983 an Acurex Autodata Ten/10 datalogger was installed 

to serve as backup to the POP 11/23 system. The datalogger scanned a 

limited number of transducers in order to provide enough data for the 

daily performance reports. The Autodata Ten/10 has the capability to re­

duce data; so, rather than store raw data, the signals are reduced on-line 
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and stored on a cassette tape for later retrieval. The datalogger system 

was utilized in reporting performance a very few times during the course 
of the project. 

Each of the major DAS components are described below in detail. 

These descriptive sections are then concluded by a discussion of the over­
all uncertainty in the results reported with the use of this DAS. 

B. POP 11/23 Computer and Software 

The major components of the POP 11/23 are shown in the photograph 

in Figure 7. This computer system consists of 

o PDPll/23 CPU with 48 K words of memory and a hardware bootstrap 
module. Since the backplane is separated into two sections, the 

necessary backplane terminators are included with the system. 
o 2 RLOl, 5 MB, disk drives with controller. 
o .4 port asynchronous RS232 interface. 
o Modem interface. 
o LA36 terminal with graphics modifications. 
o VTlOO with graphics modification, used as system controller. 

o A/0 cards {2 each). 

All of this equipment is Digital Equipment Corporation (DEC) equipment 
with the exception of the A/0 cards which are made by Analog Devices. 

The 11/23 CPU has floating point processing capability and is op­

erated by version 3.1 of the RSX-llM operating system. One of the two 
disk drives is utilized as the system disk and contains all of the soft­

ware and temporary data storage files necessary for executing the OAS data 

processing functions. The second disk drive is used for permanent storage 

of the raw and computed data. This disk is replaced each month so that 
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further analysis of the data may be carried out on an off-site computer. 

The LA36 terminal is connected to the RS232 interface card to provide an 

output device for occasional real-time data tabulations and graphs as well 

as the daily performance summary compiled by the computer at the end of 

each day. The A/D cards provide 64 channels of input from various sensors 

which the computer can scan. 

A flow chart of the DAS software is shown in Figure 8. The actual 

listings of the software are not presented here for reasons of brevity, 

however, copies of this software are maintained on file by SwRI for archi­

val purposes. It is seen that the routine, CON, is invoked to begin the 

DAS software. The initialization routine, INT, is called which sets up 

the appropriate files and clears the necessary flags for the rest of the 

routines. Control is passed back to CON which then calls DIS, the termi­

nal display routine. DIS places a grid on the console monitor on which 

the real-time data will be displaced as the DAS acquires and processes 

data. After the display grid is completed, CON enters a timing loop. The 

routine, REC, is called at specific time intervals - usually 1O-seconds -

from this loop. REC first scans the A/D channels and converts the raw 

data to engineering units and computes all necessary heat transfers, effi­

ciencies, etc. These data are averaged over 5-minute periods and stored 

on file by the routine, QUS, activated by REC. After completing the data 

acquisition tasks for a particular time interval, CON waits until the next 

set of data are to be gathered. 

Other routines not in this basic process allow for the routine CON 

to be halted and restarted, the display to be cleared and restarted, and 

listings and graphs of various data to be compiled and transmitted to the 

LA36 line printer. 
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C. Sensors 

All of the primary sensors used in the CTCo DAS are listed in 

Table II. The sensor locations are shown schematically in the system 

P & I Diagram, Figure 1, while the actual installations are shown in the 

As-Built Drawings, see Deffenbaugh [2]. Table II provides the A/0 channel 

number and a brief description of each sensor. The transducer and trans­

mitter accuracy are listed separately while the total instrument accuracy 

provides an estimate of the error in the measurement recorded by the OAS 

software. The error associated with the A/0 was observed to be negligible 

in comparison to the transducer/transmitter error level and is ignored 

here. 

All sensors utilize transmitters located near the transducers or 

integrated with the transducer. These transmitters produce a 4-20 ma out­

put signal proportional to the value of the physical parameter being mea­

sured. In this way, errors associated with the transmission of low-level 

voltage signals are minimized. The current outputs are forced through 

precision 500 o resistors and the A/D's measure the associated voltage 

drop across the individual resistors. 

The power supplies which are used to provide the necessary 28-32 

voe supply voltage to the transmitters are Lambda Model LCS-CC-03. Three 

power supplies are used with the sensors being evenly distributed among 

them. 

Each of the sensor types is described in more detail below. 

Temperature: All process fluid temperatures are measured with Yel­

low Springs 100 o platinum RTO's. Yellow Springs RT• transmitters are 

mounted with the sensing element to convert the RT• output signal to a 4-

20 ma signal proportional to the measured temperature. The transmitter/ 

transducer pair were calibrated as a set at the factory so that each set 

has the same overall calibration curve. The accuracy of any given 
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TABLE I I. DAS INSTRUMENT ACCURACY 

---------
lnstn•nenl Data 

lransducer transmitter r;r-·20 mal - --fofaTTnstrumcnt 

Number Local Ion Oescrlpt Ion/Local Ion Type Hodel 
--------- -- Range Acciiracy Model Range Accuracy Ac<uracy 

--

TElOl 14 North field Inlet temperature 

I·" 
l Yellow Springs 4150-139AI tellow Springs 1260 

1EI03 1 North fie Id out let temperature 

I w.rn·, 

I"···· 
TEIOS 5 North Field row outlet Temperatun 
Tll07 J North field row Inlet temperature t(.18 • .002(T-J21} 

TElOO 31 South Field Inlet temperature -328 - •122°F tO. 72°F max lmum 125-JOO"F 

TE102 J4 South f le Id outlet temperature 

I I 
> 

TEI04 21 South f leld row Inlet temperature 
TE106 33 South F le Id row out let tempera tun 

TEIIO 9 P11np Inlet temperature 
TEI 12 10 Plflnp out let temperature 
TEOOI 17 Ambient temperature RIO lly-Ca 1 RTS-58 -5o - •80°c t0.9 f f 32"F lly-Ca 1 CTBlO-C 0-150 F 10.IS"F il.OS"F 

FEIOI 15 North flel•I inlet flow 2" Turbine Ila II iburton 55 P/g 40-IIOO gpm t2 9f)IQ Moore Ind. FIIX/U 0-200/400 Hz t0.44 gpm 12.44 gp1n 

FElOJ 2 North field outlet flow 2" Turbine Ila II lburton 55 P/g 40-400 !ff1AI 12 gpm Hoare Ind. FOX/0 0-200/400 Hz t0.44 gpm 12.44 m•• 
f[[05 6 Horth F le Id row In let flow l" Turbine Ila II lhurton 870 P/g 5-50 gpm t0.25 gpm Moore Ind. FUX/C 0-400/800 llz t0.06 gpm fO. 31 9IHQ 

FEIOO JO South field Inlet flow 3" Turbine llalltburton 57 P/g 60-600 gpm tJ gpm Hoare Ind. FOX/C 0-400/BIJO Hz t0.04 gpm tJ.84 91•0 

FEI02 35 South field outlet flow 3• Turhtne Halliburton 57 P/g 60-600 gpm tl gpon Huore Ind. FUX/C 0-400/800 llz t0.04 gpm iJ.R4 9pm 

FEI04 20 Sout.h field row Inlet flow l" Turbine Ila II lburton 870 P/g 5-50 gpm t0.25 gpm Huore Ind. FIIX/C 0-400/800 Hz t0.06 gpm i0.31 91•• 

PCIOS 1 North field row Inlet pressure Strain gage Sensotec 811 0-150 pstg t0.38 psi ' ' tO. JO ps I 

PEI07 4 North f le Id row out let pressure Strain gage Sensotec 811 0-150 pslg t0.38 psi !0.30 psi 

PU04 29 South Field row Inlet pressure Strain gage Sensotec 811 0-150 ps lg t0.38 psi !0.38 psi 

PEI06 32 South fit> Id row out let pressure Strain gage Sensotec 811 0-150 pslg 10.38 psi i0.30 psi 

PEIOO 12 Pmnp In let pressure Strain gage Sensotec 811 0-100 pslg t0.25 ps I !0.25 psi 

l'EI02 11 Pump out let pressure !""'" ,.,. Sensotec Oil 

1::::··· 
t0.38 psi tO.JO psi 

N 
EP60l 18 Pylon power Ul-90 l "' '" .,_,,_.,.,,_ .. l.,_ ..... 

But It Into transducer > N/A N/A t0.015 kw 

N EP602 19 Pylon power 59-60 
t0.015 kw 

EP60J 20 Pylon power 69-00 Wattmeter 
t0.015 kw 

EP604 21 Pylon power 47-58 
!0.015 kw 

EP605 22 Pylon power 99-106 
I0.015 kw 

EP606 23 Pylon power 91-98 
t0.015 kw 

EP607 24 Pump power Wattmeter RIS PCEJO-PJ-EO-CIO-XA 0-12 kw t0.030 kw t0.030 kw 

EP609 26 Control power Wattmeter RIS PCE15-Pl-EO-C5-XA 0-1 kw t0.003 kw t0.003 kw 

SllOO 9 Total Collector plane radiation Pyranomcter Eppley PSP 0-2800 w/m2 t8. 9 Btu/hr ft~ Transpak TP601 t .05'.C 0-600 Otu/hr ft~ t0.3 Btu/hr ft~ t9.2 Btu/hr ft~ 

SIIOl 8 Diffuse collector plane radiation Pyranoooeter Eppley PSP 0-2000 w/m~ tB. 9 Btu/hr ft Transpak TP60I t.05'.C 0-600 Btu/hr ft
2 

tO. 3 Btu/hr rt
2 

t9. 2 Btu/hr f t
2 

Sll02 16 Total llorlzontal radiation Pyramxneter Eppley PSP 0-2000 w/m 18.9 Btu/hr ft 2 Transpak 11'601 t.05'.C 0-600 Btu/hr ft tO. 3 Btu/hr fl t9.2 Btu/hr ft 

WOOOl 25 Wind direct Ion Vane Weather Measure 102P 0-540" t2.5° Weather-Measure HOlOJHF 0-540° 12.5° 15° 

WVOOl 30 Wind speed Anemometer Weather Measure 102P 0-200 mph t0.25 mph Weather-Measure MDlll'l-541 0-200 mph t0.25 mph t0.5 mph 

- ----------
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temperature measurement is a function of the temperature itself, but, 

for the range considered here, the maximum error in the measurements is 

±0.9°F. For a temperature difference, then, the error is ±l.8°F (maxi­

mum). The ambient temperature is measured with a Hy-Cal shielded ambient 

temperature transmitter with an overall accuracy of ±l.05°F as 

indicated. 

Flow: All water flows are measured by Halliburton turbine flow 

meters matched to the respective design flows in each pipeline. Moore In­

dustries frequency/current transmitters are used to convert the flow 

meters output signal to a 4-20 ma signal proportional to the appropriate 

flow range. 

Pressure: All pressures were measured with Sensotec pressure sen­

sors which utilize a strain gage type transducer and a transmitter 

in an integrated package. 

Electrical Power: Rochester Instruments electrical power trans­

mitters are used to measure all electrical power consumption in the solar 

system. All of these transmitters are designed for use at 460 V 3$ for 

the power ranges indicated, except the control power transmitter, EP607, 

which measures 120 V-1$ power delivered to the central control panel for 

the collector array. 

Solar Radiation: Solar radiation is measured in both the horizon­

tal plane and in the rotating plane of the collectors with Eppley model 

PSP pyranometers. The horizontal radiation measurement is made by a 

single stationary pyranometer mounted with the other weather instrumenta­

tion. The collector plane radiation is measured with a set of two pyrano­

meters mounted on the edge of a collector module, as shown in Figure 9. 

One of the pyranometers measures the total hemispherical solar radiation 

in a plane parallel to the collector aperture. The other one has a shadow 

band across a portion of the hemisphere which is equal to the area 11 seen 11 
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FIGURE 9. COLLECTOR PLANE RADIATION SENSORS 
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by the collector. This is, therefore, a measure of the radiation which is 

not utilizable by the collector. By subtracting the latter measurement 

from the former, the radiation which is used by the collector can be com­

puted. 

Wind Velocity: Wind velocity is measured with a Weather Measure 

102P propeller anemometer, shown in Figure 10. Wind speed is measured by 

a tachometer mounted to the propeller shaft while the direction is meas­

ured by a rotary potentiometer mounted to the vertical axis of rotation of 

the vane body. 

D. Datalogger and Tape Deck 

As mentioned above, an Acurex Autodata Ten/10 and a Techtran 8410 

tape deck were used to backup the PDP 11/23 computer. The datalogger and 

the PDP 11/23 were operated concurrently but did not communicate with each 

other. The datalogger measured the voltage drop across selected sensor 

current loop precision resistors to get an independent value for the para­

meter in question. Since both the datalogger A/D and the computer-based 

A/Dare extremely high impedance devices (~10 Mn), they did not interfere 

with each other when taking voltage readings. 

Since the datalogger served only in a backup mode, only those data 

absolutely necessary for compiling the daily and monthly performance re­

ports were measured. These data were 

TEl0l 
TE103 
TEl00 
TE102 
FEl0l 
FEl00 
Sil00 
Sil0l 
S1102 
TE00l 
WV00l 
EP601-EP609 

North field inlet temperature 
North field outlet temperature 
South field inlet temperature 
South field outlet temperature 
North field inlet flow rate 
South field inlet flow rate 
Collector plane total radiation 
Collector plane diffuse radiation 
Horizontal plane radiation 
Ambient temperature 
Wind speed 
Electrical power to pylons, pumps, and controls 
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FIGURE 10. WEATHER INSTRUMENTS 
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The datalogger was programmed to gather these primary data, convert 

the measured voltages to engineering units, compute all necessary energy 

transfers and integrate these results over one hour periods. At the end 

of each hour the integrated data were stored on magnetic cassette tape for 

later analysis and data reduction. 

Since a limited selection of the data are stored at hourly inter­

vals the cassette tapes do not provide the detail that the computer disk 

data will reveal. However, this method provided a means of gathering data 

when the 11/23 system was not operational. 

E. Uncertainty Analysis 

Because this was an experimental program an uncertainty analysis 
was performed for the CTCo solar system DAS. The details of this analysis 

are presented in Appendix 8 and show that the uncertainty in energy compu­
tations is nominally ±3.7% based on instrument precision error only. 

As pointed ~ut in the discussion in Appendix 8, the complete set of 

data collected during the monitoring period was reviewed and reprocessed 

because the uncertainty analysis revealed an error in the original data 

processing software. In short, the DAS was using a correlation for the 

saturation enthalpy of water which did not closely match accepted values. 

This bias error introduced an uncertainty which was of the same order as 

that due solely to the instrument precision error. The data were repro­

cessed using the actual values of the enthalpy of water; however, because 

the actual raw data gathered at 10 second intervals are integrated over 5-

minute periods for permanent storage, this reprocessing could not exactly 

duplicate the original conditions. It is estimated that only an additi­

onal 1% of uncertainty is introduced by using the integrated temperature 

rather than the discrete values themselves. 
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So, the uncertainty in the calculation of energy delivered by the 
collector array is approximately ±5% at the system design operating condi­
tions. 
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IV. SYSTEM OPERATION AND MAINTENANCE 

A. Overview 

The operation of the Caterpillar Tractor Company solar system was 

closely monitored during the 25 month period from November 1982 to 
November 1984. The solar system is operated much the same as any other 

equipment in the plant with careful maintenance and operation records kept 
for each portion of the system. This record of the operation history and 

maintenance activities is a valuable source of information for other in­
vestigators in that chronic maintenance problems may be avoided in the 

future. 

The following sections summarize the operation and maintenance 
history of the solar system and the data acquisition. The operating phil­

osophy over the course of the 25 months is described along with a factual 
summary of the maintenance records during the monitoring period. 

B. System Operation History 

The CTCo solar system began operating in the summer of 1982 and 

after an initial shakedown period the system performance monitoring period 
was begun on 13 November 1982. At that time the DAS was activated to be­
gin closely monitoring the operation and performance of the system and 
CTCo personnel assumed responsibility for the operation and maintenance of 
the solar system. Operation and performance were reported monthly until 

November 1984. 

These Monthly Performance Reports, found in Appendix C, describe in 

detail the operational experience during a given month and summarize the 
energy delivery of the system. A brief summary of these reports is pro­

vided here. 
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First of all, Table III lists the availability and utilization of 
the system as a whole and the cumulative availability and utilization if 
each drive row is individually considered. The system availability and 
utilization are defined by Kutscher and Davenport [4] as follows 

system availability= no. of days system not down for maintenance 
no. of days in reporting period 

. . . _ no. of days of actual system operation 
system utilization - no. of days system was not down for maintenance 

In the case of the CTCo solar system it became apparent that, be­
cause each row could be isolated from the system, a slightly different de­
finition of availability and utilization was required. This definition 
provides a truer picture of the operational status of the collector field 
by considering the status of each individual row for each day of the 
month. 

N 
1 '°" (no.of rows not down for maintenance) 

row availability= 7r L...J total no. of rows i 

row utilization 1 
= -N-

i=l 

N 

L ( no. 
i=l 

no. of rows actually operating ) 
of rows not down for maintenance i 

where N = number of days in the month 

The net effective area of the collector array may be computed in the same 
manner while it can also be shown to be given by 

net effective area= (total area)* (row availability)* (row utilization) 
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TABLE III. SOLAR SYSTEM AVAILABILITY AND UTILIZATION 

Net 
Effective 

Svstem Row Are~ 
Month Availability Utilization Avai 1 ability Utilization ft 

11/82 100 100 100.0 100.0 50400 
12/82 100 100 100.0 100.0 50400 
1/83 100 100 99.8 100.0 50292 
2/83 100 100 98.3 100.0 49543 
3/83 100 100 99.7 100.0 50240 
4/83 100 100 94.9 81.9 39172 
5/83 100 100 94.5 44.4 21147 
6/83 100 100 96.6 33.l 16115 
7/83 100 100 93.5 36.3 17106 
8/83 100 100 93.3 40.0 18809 
9/83 100 100 93.0 40.9 19171 
10/83 100 100 90.0 77 .1 34973 
11/83 44.4 100 36.0 85.2* 38640* 
12/83 100 100 90.0 98.1 44498 
1/84 100 100 92.2 100.0 46469 
2/84 100 100 92.1 100.0 46418 
3/84 100 100 92.0 100.0 46368 
4/84 100 100 88.6 100.0 44660 
5/84 100 100 82.8 100.0. 41756 
6/84 100 100 84.7 100.0 42700 
7/84 100 100 85.0 100.0 42840 
8/84 77 .4 100 58.5 100.0 41580* 
9/84 100 100 66.7 100.0 33600 
10/84 100 100 66.7 100.0 33600 
11/84 100 100 66.7 100.0 33600 

*Computed only for those days the system was operational 
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Thus net effective area is the equivalent size of a collector array which 
operates for an entire month with no down time. 

In Table III it is seen that in the period 11/82 - 3/83 the system 
was fully utilized with only minor maintenance problems on individual 
rows. This is indicated by the 100¾ utilization and the high availability 
for these months. During November, December, and January of this period, 
the plant was utilizing all of the energy the solar system was capable of 
producing. Beginning in February 1982, however, it was observed that the 
system was cyclically focusing and unfocusing as the solar system heated 
the plant process heating system to a high temperature. At this time the 
solar system could deliver more energy than the plant could use because 
the reduction in plant production below design capacity had substantially 
decreased the thermal load of the plant. So, when the solar system opera­
ted it could provide more than 100¾ of the plant's hot water requirements, 
as opposed to the 60¾ portion originally planned. 

During the period 4/83 - 12/83 selected drive rows were deactivated 
and isolated from the solar system, because the CTCo plant personnel were 
manually matching the capacity of the solar system to the thermal load of 
the solar system. Since the system efficiency varies during the year with 
a maximum in the summer months, the row utilization shows a minimum during 
the summer of 1983. The objective of this type of operation was to allow 
the solar system to operate in a steady state manner without the cyclical 
focusing and unfocusing brought on by the control system. Thus, the ther­
mal performance of the system during this time period should indicate the 
ability of the collector equipment to convert solar radiation to thermal 
energy better than if the system was rapidly cycling. 

It is seen that the entire system was inoperative during more than 
half of November 1983. On 11/12/83 the central controller lost its pro­
gram which prevented solar system operation. The plant experienced 
several power failures during the latter part of the month and the central 

32 



I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 

To __ ~...::::....1~,------~---
0ete--+) _,,Q'------=-~--1]',1---_Time 3 ~ 0 C) 

Phone 
Area Code Number Extension 

s period and required reprogramming 
about 12/1/83. So, for 11/83 the 
results are listed only for those 

!ble for operation since they cannot 

TELEPHONED 

CALLED TO SEE YOU WILL CALL AGAIN 

WANTS TO SEE YOU URGENT 

RETURNED YOUR CALL 

Message_--,-_________ _ 

Operator 

Y:f',t-~~·ssTATIONERY AND OFFICE SUPPLY co. ~~~im 255-8608 REORDER No. 2725-S 

r 1984, CTCo personnel chose to operate 
nake use of its full capacity. It had 
close sometime in the spring of 1985 and 
edule was initiated to increase parts 
tdown and transportation of equipment to 
t although the utilization was 100% 
NS cycled between the focused and unfo­
control system. This kept the solar 
ssible; however, the system efficiency 
portion of the operating period was 
d. 

It is further seen that the availability decreased steadily from 
January 1982 till September 1984. This was also a result of the plant 
shutdown procedures. As maintenance personnel were kept busy servicing 
highly utilized plant machinery and disassembling other equipment there 
were fewer personnel available to maintain the solar equipment. Since the 
solar system could produce more energy than the plant could utilize, the 
rows which had maintenance problems did not appreciably affect the thermal 
output of system. At the end of the monitoring period, therefore, the 
system had a number of minor maintenance problems which could be quickly 
repaired if parts and personnel could be economically allocated. 

The lowered system availability in August 1984 was a result of a 
check valve failure in the pump piping network. This failed valve de­
creased fluid flow to the system which caused localized damage to the 
receiver tubes on a number of rows; however,. there was adequate flow to 
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prevent the flow switches signaling a fault condition. The system tem­
perature switches are located downstream from the collectors so that 
enough time elapsed to cause damage to certain tubes with exceptionally 
low flow. The system was brought back on line 11/30/84 after the replace­
ment of the pump check valves. It is seen that the row availability suf­
fered as a result of this accident; however, as stated above, the col­
lector array maintenance problems are mostly minor in nature and can be 
quickly repaired once parts and personnel are allocated. 

C. Solar System Maintenance Summary 

The summary of solar system maintenance will be discussed in two 
sections. First, general activities will be described while maintenance 
activity on the individual rows is described in the following section. 

Overall System Maintenance 

Over the course of the performance monitoring period, very little 
effort was required to keep the system, as a whole, operational. A 
chronological journal of maintenance activities was maintained by CTCo 
personnel on which the following synopsis is based: 

1/82 - System monitoring period was started on 11/13/82. The 
solar pumps momentarily starved the main plant pumps at 
startup which was sensed by the flow switches. A brief 
time delay was incorporated to allow operation to stabi­
lize before a failure is detected. N2 was accumulating 
in the collector rows overnight. The plant's N2 over­
pressure system, which is necessarily at a lower eleva­
tion than the collectors, was modified to correct the 
problem. 
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12/82 - Central controller light sensitivity circuit modified to 
more accurately control the light level threshold. 

1/83 - Normal operation. 
2/83 - Inconsistent startup sequence was observed. Radiation 

sensor threshold and focusing adjusted. Focusing/de­
focusing cycles observed. 

3/83 - Focusing/defocusing cycles observed. 

3/83-6/83 - Deactivated selected rows to prevent transient operation 
(focusing/defocusing). 

7/83 - Plant closed 7/5-8/2. Intermittent operation to provide 
hot water for maintenance activities. 

8/83-10/83 - Plant begins closing down on Saturdays and Sundays 
because of reduced schedule. Solar system allowed to 
operate these days if required to keep the system hot 
for Mondays. Also, collectors were stowed each day at 
1500 since shift ends at that time. 

11/83 - Power failures caused central controller to lose its 
program several times. System showed intermittent 
operation 11/12-12/1, but, since control problem was 
observed only when weather was good, the data show no 
energy delivery at all. 

12/83-7/84 - Normal operation with focusing/unfocusing cycles 
observed. 
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8/84 - Pump check valve failure on 8/16/84 causes minor glass 
breakage due to overheating. Check valve replaced 
8/31/84. System down 8/16-8/31. 

9/84-11/84 - Normal operation. 

Collector Drive Row Maintenance 

Caterpillar Tractor Company maintenance personnel keep extensive 
maintenance records for each piece of equipment in the plant. Those re­
cords show the cause and the duration of any down time. The equipment 
maintenance records for each collector drive row are located in Appendix D 

while a summary of these records is given in Table IV. 

Table IV shows the maintenance history of the system as a whole as 
well as for each drive row. The drive rows are numbered BH-47 through BH-
106 to correspond with the CTCo equipment numbering scheme. As an example 
of interpreting the entries in the table, we will use the entry for row 
BH-94 for October 1983. The upper line in this entry contains a mainte­
nance code, 11, which represents a problem with the tracking circuitry. 
This problem existed during the period 11/1/83-11/26/83 as indicated. The 
upper line also contains a code, T, which means the row was manually de­
activated to prevent the focusing/unfocusing cycling discussed above. 
This occurred ll/27/83-11/30/83 as indicated in the second line of the 
entry. Using this table of codes and dates the status of any drive row at 
any given time during the period 11/82-11/84 may be determined. 
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I Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

82 82 83 83 83 83 83 83 83 83 83 83 83 83 84 84 84 84 84 84 84 84 84 84 84 

I C V 0 

I 
System u u u u u u u u 5-31 u u u u 13-30 D u u u u u u u u 6-20,28-31 u u u 

Row 8H-
13 13 13,21 D 21 21 21 21 21 21 21 01 01 01 01 01 

47 u u u u u 7-31 D 1-31 D 1-7,14-30 1-31 D 1-31 D 1-30 D 1-31 D 1-30 D 1-31 D 1-11 D u u 25-30 D 1-31 D 1-30 D 1-31 D 1-1 D u u u 

T T T l 22 22 22 22 22 

I 48 u u u u u u 13-31 D 1-30 D 1-31 D 1-9 D 28-30 D 1-31 D 1-30 D 1-31 D 1-11 D u u u u u ll u u u u 

T T T T T T ,11 D 11 11 11 11 11 
49 u u u u u u 13-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3,27-31 1-30 D 1-31 D 1-31 D 1-29 D 1-5 D u u u u u u u u 

T T T 

I 
50 u u u u u u 19-.31 D 1-3D D 1-6 D u u u II u u u u u u u u u u u u 

T T T T T T 22 22 22 22 22 22 22 
51 u u u u u u 13-31 D 1-3D D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u 24-30 D 1-31 D 1-6 D u 16-31 D 1-30 D 1-31 D 1-30 D 

T T T T T T 
52 u u u u u u 13-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u u u u u u u 

I 
T T T 

53 u u u u u u 19-31 D 1-30 D 1-6 D u u u u u u u u u u u u u u u u 

T T T T T T 
54 u u u u u u 13-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u u u u u u u 

T T T T T T 22 22 22 22 

I 55 u u u u u u 13-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u u u u u 16-31 D 1-30 D 1-31 D 1-30 D 

T 
56 u u u u u u 19-22 D u u u u u u u u u u u u u u u u u u 

T T T T T T 

I 
57 u u u u u u 13-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u u u u u u u 

T T T T 11 11 ll 

58 u u u u u 26-28 D 13-31 D 1-20 D 1-6 D u u u u u u u u 26-30 D 1-31 D 1-6 D u u u u u 

T T T T T T 21 21 21, D 21 21 21 21 21 
59 u u u u u 26-30 D 1-12 D u 7-31 D 1-31 D 1-30 D 1-3 D u u 12-31 D 1-29 D 1-6,9-31 1-30 D 1-31 D 1-30 D 1-31 D 1-6 D u u u 

I 
T T T T T T T 21 21 21 21 21 21 

60 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u 5-30 D 1-31 D 1-31 D 1-30 D 1-31 D 1-30 D 

T T T T T T T 
61 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u u u u u u u u u 

T T 

I 62 u u u u u 26-30 D 1-12 D u u u u u 1.l u u u u u u u u u u u u 

T T T T T T T 
63 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u u u ~ u u u u u 

T T T T T T T 12 12 12 

I 
64 u u u u u 28-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u 12-31 D 1-29 D 1-5 D u u u u u u u u 

T T 22 22 22 
65 u u u u u 28-30 D 1-12 D u u u u u u u u u u u u u u u 1-30 D 1-31 D 1-30 D 

T T T T T T T 21 21 21 21 21 21 

66 u u u u u 28-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u u u 6-30 D 1-31 D 1-31 D 1-30 D 1-31 D 1-30 D 

I 
T 13 13,T T T T T 13 

67 u u u u u 28-30 D 1-31 D 1-7,8-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u 6-8 D u u u u u u u u 

T T 14 14 14 
68 u u u u u 28-30 D 1-12 D u u u u u u u u u u u u u u u 1-30 D 1-31 D 1-30 D 

I 
T T 21 21 21 21 21 21 21 12 12 01 

69 u u u u u 28-30 D 1-12 D u 3-31 D 1-31 D 1-30 D 1-31 D 1-30 D 1-31 D 1-11 D 9-29 D 1-6 D u u u u 16-31 D u u u 

I 
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I TABLE IV. SYSTEM MAINTENANCE SUMMARY (CONTINUED) 

I 
Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Dct Nov 
82 82 83 83 83 83 83 83 83 83 83 83 83 83 84 84 84 84 84 84 84 84 84 84 84 

Row SH-
22 T T T T T 22 22 22 22 

70 u u u u u 28-30 D 1-31 D 1-3D D 1-31 D 1-9 D 28-30 D 1-31 D 1-30 D 1-31 D 1-11 D u u u u u u u u u u 

I 
T T T T T T T 22 21 21 21 

71 u u u u u 28-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u u u u u 16-31 D 1-30 D 1-31 D 1-30 D 
T T D T T 

72 u u u u u 28-30 D 1-12,19-31 1-30 D 1-6 D u u u u u u u u u u u u u u u u 
T T T T T T T 22 22 22 22 

I 73 u u u u u 28-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u 24-30 D 1-31 D 1-6 D u 16-31 D u u u 
T T T T T T T 

74 u u u u u 28-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u u u u u u u 
I T D T T 21 a 21 21 21 

I 
75 u u u u u 28-30 D 1-12,19-22 1-30 D 1-6 D u u u u u u u u 25-30 D 1-31 D 1-30 D 1-31 D 1-31 D u u u 

T T T T T T T 
76 u u u u u 28-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u u u u u u u 

T T T T T T 22 22 22 22 
77 u u u u u 28-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u u u u u 16-31 D 1-30 D 1-31 D 1-30 D 

I 
T T D 21 21 21 21 21 21 D 21 21 21 

78 u u u u u 28-30 D 1-12,19-22 u u u u u u u u u 8-31 D 1-30 D 1-31 D 1-30 D 1-31 D 1-8,16-31 1-30 D 1-31 D 1-30 D 
T T T T T T T 

79 u u u u u 28-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u u u u u u u 
T T T T 

I 80 u u u u u 26-30 D 1-31 D 1-30 D 1-6 D u u u u u u u u u u u u u u u u 
14 14 T T T T 14 14 

81 u u u u u 7-30 D 1-10 D u 7-31 D 1-31 D 1-30 D 1-3 D u u u u u 7-30 D 1-10 D u u u u u u 
T T T T T T T 13 13 13 13 13 13 

I 
82 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u 7-30 D 1-31 D 1-31 D 1-30 D 1-31 D 1-30 D 

T T T T T T T 21 21 a a 01 21 21 21 
83 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u 9-31 D 1-30 D 1-31 D 1-6 D u 16-31 D 1-30 D 1-31 D 1-30 D 

T T 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 
84 u u u u u 26-30 D 1-12 D u 3-31 D 1-31 D 1-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-29 D 1-31 D 1-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-31 D 1-30 D 

I 
T T T T T T T 

85 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u u u u u u u u u 
T T T T T T T 

86 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u u u u u u u 

I 
T T 14 14 14 

87 u u u u u 26-30 D 1-12 D u u u u u u u u u u u u u u u 1-30 D 1-31 .D 1-30 D 
T T T T T T T 13 13 13 13 13 13 13 13 13 

88 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3 D u u u u 9-31 D 1-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-31 D 1-30 D 
T T T T T T T 

I 
89 u u u u u 26-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-10 D u u u u u u u u u u u u u 

T T 21 21 21 
90 u u u u u 26-30 D 1-12 D u u u u u u u u u u u u u u u 1-30 D 1-31 D 1-30 D 

T 14 14 14 
91 u u u u u 14-24 D u u u u u u u u u u u u u u u u 1-30 D 1-31 D 1-30 D 

I 
12 12 12 T T T T T T T T T 22 22 22 22 

92 u u 28-31 D 1-28 D 1-6 D 14-24 D 26-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-31 D 1-30 D 1-4 D u u u u u ~ u 16-31 D 1-30 D 1-31 D 1-30 D 
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I 
Nov Dec Jan feb Mar Apr May Jun 

I 
82 82 83 83 83 83 83 83 

Row 8H-
T 

93 u u u u u 14-24 0 u u 
21 21,II 0 n 

I 
94 u u u u u 14-31 0 1-10,11-31 1-30 0 

T 
95 u u u u u 14-24 D u u 

T T T 
96 u u u u u 14-24 0 26-31 0 1-30 0 

I T 
97 u u u u u 14-24 D u u 

T T T 
98 u u u u u 14-24 0 26-31 0 1-30 D 

I 
T 

99 u u u u u 14-24 0 u u 
T T T 

100 u u u u u 14-24 0 26-31 D 1-30 0 
T 

I 
101 u u u u u 14-24 0 u u 

T T T 
102 u u u u u 14-24 D 26-31 D 1-30 0 

T 
103 u u u u u 14-24 D u u 

I T T T 
104 u u u u u 14-24 0 26-31 D 1-30 D 

T 
105 u u u u u 14-24 D u u 

I 
T T T 

106 u u u u u 14-24 D 26-31 D 1-30 D 

I 
I 
I 
I 
I 
I 
I 

TABLE IV. SYSTEM MAINTENANCE SUMMARY { CONCLUDED) 

Jul Aug Sep Oct Nov 
83 83 83 83 83 

u u u u u 
11 11 11 11,T D T 
1-31 0 1-31 0 1-30 0 1-26,27-31 1-30 0 

u u u u u 
T T T T T 
1-31 0 1-31 D 1-30 0 1-31 D 1-30 D 

u u u u u 
T T T T T 
1-31 D 1-31 D 1-30 0 1-31 D 1-30 D 

u u u u u 
T T T T T 
1-31 D 1-31 D 1-30 0 1-31 0 1-30 0 

u u u u u 
T T T T T 
1-31 0 1-31 D 1-30 0 1-31 D 1:..30 D 

u u u u u 
T T T T T 
1-31 D 1-31 D 1-30 D 1-31 D 1-30 0 

u u u u u 
T T T T T 
1-31 D 1-31 D 1-30 D 1-31 D 1-30 D 
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Dec 
83 

u 
T 
1-4 0 

u 
T 
1-4 D 

u 
T 
1-4 D 

u 
T 
1-4 D 

u 
T 
1-4 D 

u 
T 
1-4 0 

u 
T 
1-4 D 

LEGEND: 

Jan Feb Mar 
84 84 '84 

I 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

u u u 

Numbered Codes: 

01 - Tube Broken - Short (s) 
02 - Tube Broken - Long (L) 
03 - Tube Defect - Short 
04 - Tube Defect - Long 
05 - Support Bracket Broken 
06 - Mirror Damage - Severe 
07 - Mirror Damage - Minor 

Apr 
84 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

08 - Interference - Give Clearances 
11 - Tracking Problem 
12 - Electrical Short 
13 - Switch Defect 
14 - Circuit Board Problem 
21 - Hydraulic Leak 
22 - Water Leak 
23 - Accumulator Low 
24 - Pump Problem 
25 - Low Hydraulic Fluid 

May 
84 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

Jun Jul Aug Sep Oct Nov 
84 84 84 84 84 84 

u u u u u u 

u u u u u u 

u u u u u u 

u u u u u u 

u u u u u u 

u u u u u u 

u u u u u u 

u u u u u u 

u u u u u u 
01 01 01 01 

u u 16-31 0 1-30 D 1-31 D 1-30 D 
01 01 01 01 

u u 16-31 0 1-30 D 1-31 D 1-30 D 

u u u u u u 

u u u u u u 
01 21 21 21 

u u 15-31 D 1-30 0 1-31 D 1-30 D 

Letter Codes: 

T - row down to prevent unfocusing/focusing cycles 
I - intermittent system operation during temporary plant shutdown, Jul '83 
C - system down because of central controller failures 
V - system down because of pump check valve failure 

Example: 

Row 94 in Oct '83 was down from 10/1/83-10/26/83 due to circuit board 
failure and was down from 10/27/83 to 10/31/83 to prevent focusing/ 
unfocusing cycles. 

\. 
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The extent of the maintenance problems with the drive rows is found 

by reviewing Table V. Electrical problems include any problem with the 
drive row controller and relays. Hydraulic problems are those dealing 

with the hydraulic pump, pump motor, or hydraulic circuit components. Re­

ceiver tube/flex hose problems encompass water leaks, glass breakage, tube 

warps, etc. Downtime due to system failures occurred on two occasions: 

November 1983 and August 1984 and affected only those rows which were 

available for operation. Finally, there was some row downtime because of 

manual deactivation of rows to match the solar system energy output to the 

plant load during 4/83-12/83. 

TABLE V. DRIVE ROW DOWNTIME SUMMARY 

Downtime 
Problem Row-days Fraction of Total 

Electrical 1350 3.0% 

Hydraulic 2152 4.8% 

Receiver tube and 
flex hose 757 1.7% 

System failure 1114 2.5% 

Prevent focusing/ 
unfocusing 6181 13.8% 

Total available= 60 rows* 749 days= 44940 row-days. 

Considering only the maintenance problems, there were a total of 

5373 row days of downtime (12% of total). While it is difficult to accur­
ately predict the downtime if rows had not been manually deactivated for 

load matching purposes, it seems reasonable to extend the above ratio to 

these manually deactivated rows. So, it is likely that if rows had not 

been manually deactivated the total downtime ·for this system would have 
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been approximately 6112 row days or 13.6% of the total. Considering the 
fact that maintenance personnel and replacement parts were not readily 
available for about the last six months because of the plant shutdown pro­
cess, this is a reasonably good operational record. Indeed, CTCo plant 
engineers have estimated that one can still expect 5% downtime for this 
type of equipment when a rigorous maintenance program is followed. 

OAS Operation and Maintenance 

The OAS operated continuously from November 13, 1982 to November 
30, 1984 with little loss of data. A survey of the CTCo maintenance jour­
nal and the SwRI maintenance journal provides the following history of DAS 
operation. 

11/82 DAS activated 11/13/83 
TE102 bad 

12/82 TE102 bad 
POP 11/23 down 12/22/83-12/31/83 due to disk drive 
failure 

1/83 POP 11/23 repaired 1/20/83, datalogger installed 
TE102 bad 

2/83 TE102 repaired 2/1/83 

3/83 

4/83 

5/83 

6/83 

7/83 

FElOO bad 
POP 11/23 down 3/1-3/11 due to disk failure 
datalogger provided data 

FElOO bad 

FElOO bad 
TE103 bad 5/24-5/31 

FElOO bad 
TE103 bad 6/1-6/16, repaired 6/16/83 
POP 11/23 down 6/3-6/15, datalogger provided data 

FElOO bad 
Wattmeters bad when power turned off during 
plant shutdown · 
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8/83 No DAS operation during SwRI site visit 8/15/83-8/19/83 

9/83 FElOO, FE101 bad 

10/83 FElOO, FElOl bad 

11/83 FElOO, FElOl bad 

12/83 FElOO, FElOl bad 

1/84 

2/84 

3/84 

4/84 

5/84-9/84 

FElOO, FElOl repaired 1/11/84 
PE105 replaced 1/11/84 

FE102, FE103 bad 
SilOO bad 

SilOO transmitter replaced 3/6/84 
FE102, FE103 bad 

DAS room transformer failed, 2 days lost 

FE102, FE103 bad 

10/84 FElOl transmitter erratic at "no-flow" conditions 
FE102, FE103 bad 
POP 11/23 down 10/9/84-10/30/84, datalogger 
provided data 

11/84 FElOl transmitter erratic at 11 no-flow" condition 
FE102, FE103 bad 
PDP 11/23 down 11/1-11/30, datalogger provided data 

It can be seen in the above list that the DAS was down at certain 
times during the monitoring period. Most of the downtime is attributed to 
disk and/or disk drive problems and line power problems. Some of the 
downtime is attributed to software maintenance during SwRI site visits and 
DEC preventative maintenance. Other times the system simply did not re­
cord data during certain times for unexplained reasons. Some of these 
spurious occurrences are probably attributable to on-site operator error 
which were not recorded. 

A summary of DAS downtime is provided in Table VI, which shows that 
49 days of data are missing for a downtime ratio of 6.4%. The PDP 11/23 
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has an overall downtime ratio of approximately 15% which is quite good 
considering that the computer equipment is in an isolated location and was 
usually checked only once a day under normal circumstances and sometimes 

not for several days at a time. 

TABLE VI. DAS DOWNTIME SUMMARY 

No of Davs (749 total) 
Month 11/23 Data Datalogger Data Lost Data 

11/82 18 0 0 
12/82 22 0 9 
1/83 18 0 13 
2/83 28 0 0 
3/83 31 0 0 
4/83 27 0 3 
5/83 26 0 5 
6/83 17 13 0 
7/83 31 0 0 
8/83 29 0 2 
9/83 30 0 0 
10/83 31 0 0 
11/83 30 0 0 
12/83 31 0 0 
1/84 29 0 2 
2/84 29 0 0 
3/84 28 0 3 
4/84 28 0 2 
5/84 27 0 4 
6/84 26 0 4 
7/84 31 0 0 
8/84 31 0 0 
8/84 29 0 1 
10/84 9 22 0 
11/84 0 29 1 
TOTAL 636 64 49 
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V. SYSTEM PERFORMANCE 

A. Overview 

One of the major objectives of this research program was to collect 

solar system thermal performance measurements over the monitoring period. 
These actual operating results are used to obtain a measure of equipment 

performance as a 11 real-world 11 application as opposed to idealized test­
stand performance. 

In this section, the actual system performance results for the 25 

month period November 1982 - November 1984 are presented and discussed. 
The effects of the operational history on system performance are o~vious 

in the data presented below. 

A quasi-steady numerical analysis method is used to estimate system 
performance. The model predictions are compared to the actual hourly per­

formance for a single day and is then used to predict system perfor­
formance for a period of one year. Again, a comparison with the observed 

energy output is presented and discussed. 

8. Actual System Performance 

The CTCo solar system performance was monitored from 13 November 
1982 to 30 November 1984. Each of the Monthly Performance Reports which 
was prepared during this period, located in Appendix C, describe the oper­
ational experience of the system during a particular month and discusses 

the system performance for the month. The monthly system performance will 
be summarized here. 

It must be noted that near the end of the monitoring period the 

software used to compute the energy transfers in various parts of the col­
lector system was found to contain a slightly erroneous algorithm. This 
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algorithm resulted from linearizing the saturation enthalpy of water over 
the range of expected temperatures. As shown in the uncertainty analysis 
in Appendix B this algorithm leads to uncertainties in the computed re­
sults which are comparable to the uncertainties due only to instrument ac­
curacy. 

The results presented in this section have been obtained by repro­
cessing the raw data for the entire performance monitoring period. The 
enthalpy of saturated liquid water over the expected range of temperatures 
was taken directly from the ASME Steam Tables in the form of tables placed 
in the corrective software. The objective was to obtain a corrected set 
of performance results which does not have the computational errors de­
scribed above. 

Also, it was pointed out in the Monthly Performance Report, CTCo-10 
(August 1983), that the radiation measurements prior to that time were 
slightly in error. This problem arose from a faulty calibration correla­
tion placed in the on-site software. All radiation data presented here 
have been corrected. 

These two corrective efforts lead to slight discrepancies between 
the performance results presented below and those found in the Monthly 
Performance Reports in Appendix C. The results presented below are the 
more accurate of the two sets. 

First, the monthly totals for radiation and energy transfer are 
listed in Table VII. When reviewing these data, one should be aware of 
the operational history of the solar system and the DAS which is discussed 
in the previous section. It is seen in Table VII that the net efficiency 
of the solar system ranges from 0% in December 1983 to a maximum of 39% in 
June of 1983, with an overall efficiency of 25% for the entire monitoring 
period. The system performance may be more easily observed in the graph 
of Figure 11. It is easy to see the seasonal variation in system energy 
output in this graph. 

45 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Month 

11/82 
12/82 
1/83 
2/83 
3/83 
4/83 
5/83 
6/83 
7/83 
8/83 
9/83 
10/83 
11/83 
12/83 
1/84 
2/84 
3/84 
4/84 
5/84 
6/84 
7/84 
8/84 
9/84 
10/84 
11/84 
TOTAL 

TABLE VII. MONTHLY PERFORMANCE SUMMARY 

Solar Radiation 
Horizontal Collector Energy Parasitic Net 

Plane Plane Collected Energy Efficiency 
KBTU KBTU KBTU KBTU % 

391810 133711 47608 1585 34 
474678 96163 13484 2014 12 
445067 63158 8789 1617 11 
981288 250873 43543 4930 15 

1694035 363807 82186 5532 21 
1744847 464757 150137 6608 31 
1066238 573525 209656 3367 36 
1178477 932791 359520 3431 38 
1098119 136919 46287 1388 33 
1238806 495661 145575 6761 28 
938506 447359 110716 5374 24 

1144003 567150 81471 6543 13 
664724 114799 20025 2350 15 
644666 139596 3656 3486 0 
712419 589426 51123 10216 7 
289733 469018 115919 8574 23 

1571822 807705 137363 11086 16 
3123990 684755 204418 11295 28 
3020591 1492683 490200 17861 32 
2226525 1224822 396602 13778 31 
2977251 1395342 413970 18097 28 
2420360 1072352 221542 11899 20 
1601544 1060248 222613 12534 20 
1159435 756672 168410 10757 21 
566664 251630 12938 4896 3 

33375688 !4053922 3757761 185979 25 
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It can be seen in Table VII that the different operating philoso­

phies for the summers of 1983 and 1984 have a marked effect on the para­

sitic energy consumption of the solar system. In 1983, portions of the 

system were deactivated to match the energy output of the solar system to 

the plant thermal load. Fewer drives were used; hence, less electrical 

power was consumed to rotate the collectors. In 1984, the energy output 

of the solar system was maintained as high as possible by activating all 

drive rows which forced the solar system to operate in a highly transient 

manner. The drive rows oscillated between a focused and unfocused state 

which required more total electrical energy to accommodate this movement. 

The effects of dust build-up on the mirror surfaces were discussed 

at length in several monthly reports. Specifically Monthly Report No. 16, 

February, 1984, shows the effects of manually washing a portion of the 

field and the effects of a rain rinse. Before washing the North and South 

field thermal efficiencies were reported as 17% and 19%, respectively. 

After washing the North field only the efficiencies were 28% (North} and 

10% (South). After the rain rinse one month later these values were 35% 

{North} and 34% (South). Of course, different operating conditions 

account for a portion of this difference, but the dramatic difference 

between the performance of dirty collectors and relatively clean collec­

tors makes a strong case for a regular washing cycle. 

C. Performance Predictions 

The objective of most solar system design efforts is to predict 

system performance so that the benefits of solar energy can be compared to 

the costs of system construction and operation. Of course, these analyses 

must provide results which the designer trusts to be accurate. Actual 

performance results such as those obtained during this project are, there­

fore, used to verify the predictive models. The verified performance 

model can then be used to predict system performance for various operating 

conditions, climates, and locations. 
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One such analytical method developed by Treat, et.al. [5] is used by 

SwRI to model the performance of solar systems. Because solar radiation 
varies during the day, this model, like many others currently in use, can 
provide the user with performance computations on an hourly basis as well 
as a daily and monthly basis. For the purposes of long term predictions, 

designers are not usually concerned with details of transient temperature 
profiles throughout the collector array; so, this type of bulk quasi­

steady analysis is well suited to systems such as the one described here. 
While details of the model are described by Treat [5] a brief discussion 

of this technique will be presented before the results are reviewed. 

SIPH Computer Code 

As stated above the solar industrial process heat system (SIPH) com­
puter code is a quasi-steady hour-by-hour numerical model. It is quasi­
steady because it simulates changes in system operating conditions on an 
hourly basis; however, operation is steady state during the hour. So, the 

simulated system moves from one steady state to another throughout the 
course of its operation. It cannot simulate the transient behavior of 

very short duration phenomena such as cold startup because thermal capaci­
tance of the fluids and mechanical equipment have not been considered, but 
correction factors are placed in the model to approximate these transient 
effects. This is not a serious constraint on the model, however, since 
process heat systems are typically designed to operate as near steady 
state as possible. While the model may be exercised over the full 24 

hours in a day, only the daylight hours of operation are normally simu­
lated since the solar collectors will only operate if there is sufficient 
sunlight. 

The SIPH model is modular in nature and can be easily adapted to a 
wide range of applications without modifying the code itself. Ba5ically 

the code is divided into three sections, 
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o Simulation control 
o Plant equipment simulation 
o Collector equipment simulation 

The simulation control section contains all of the input/output in­
structions and routes information between the desired components of the 
plant and collector equipment sections. The plant equipment section con­
tains code sequences for simulating the operation and performance of 
pumps, heat exchangers, boilers, and simple piping networks. The model 
can simulate the operation of flat plate collectors and line-focus para­
bolic troughs, the two most widely used collector types for process heat 
ing. 

The block diagram in Figure 12 shows the modules used for simulating 
the performance of the Caterpillar solar system. It is seen that in the 
model, the solar system pump moves fluid to the inlet of the collectors 
through a section of insulated pipe. The collectors are used to heat the 
fluid before passing through another insulated pipe section to the solar 
system outlet. 

The SKI T-700A collector described above has been the subject of 
several theoretical and experimental investigations of its performance. 
Dudley and Werkhoven [3] have empirically determined a simple relation 
characterizing the performance of this collector. Deffenbaugh [6] modi­
fied this expression to include the effects of dust buildup on the mirror 
surfaces. The resulting collector efficiency relation is 

where 
n = collector efficiency 

T. + T 
~T = 1 0 

2 T 
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Ti = collector inlet temperature, °F 
T0 = collector outlet temperature, °F 
T = ambient temperature, °F 

al 

I = collector plane radiation, Btu/hr-ft2 

Al = 0.7368 
A2 = 1.328 *10-4 l/°F 
A3 = 3.187 *lo-2 Btu/hr-ft2-°F 
A4 = 1.283 *10-4 Btu/hr-ft2-°F2 
F0 = dust buildup factor= 0.95 for newly 

washed surface 
a = dust buildup factor exponent= 1.72 
K = optical loss coefficient= Ks Ke Ka 
Ks = fraction of collector not shaded by 

adjacent row 
Ke = end loss coefficient 
Ka = incidence angle modifier 

As indicated, the temperature difference used in this relation is 
the difference between ambient and the average fluid temperature in the 

receiver tube. The coefficients, A1 - A4, are determined by multiple re­
gression analysis of experimental data for a clean collector operating for 

short periods at steady conditions. The terms, Fo and a, are determined 
from long term performance data and historical mirror reflectance degra­

dation measurements. The factor, Ks, involves some rather complicated 
geometric considerations which will not be discussed here. 

In the computer model the dust factor, F0 is chosen by the user to 

meet his particular needs. A wash cycle can also be specified so that 
daily variations of F0 may be simulated. The values used below are based 

on measurements performed by SwRI personnel at the CTCo plant site. 
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The collector efficiency is determined for each hour of operation 
and is used to determine the energy output of the collector array and the 
outlet temperature from the following equations. 

where 

Q = n I 

Q = mcp {T0 -Ti) 

Q = energy collected, Btu/hr 
m = mass flow of collector fluid, lbm/hr 
cp = specific heat, Btu/lbm-°F 

It is seen that this process is an iterative one since T0 is not known 
before n is computed. 

The piping runs have been included to account for thermal losses 
from the fluid between the process water return line and the collector 
array. The heat loss may be determined from the following 

where 
QL = heat loss from pipe, Btu/hr 
U = linear heat loss coefficient, Btu/hr-°F-ft of pipe 
L = length of pipe run, ft 

~T = difference between average temperature 
of fluid in pipe and ambient 

This computation is also an iterative one. 

Hourly Performance Results 

The computer model was used with observed weather data to predict 
the system performance for August 11, 1983 for comparison to actual system 
performance. The observed collector field inlet temperature and flow were 
used as inputs to the model to closely simulate the system operating con­
ditions. The results of this analysis are shown in Figure 13. 
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It is first seen that the collector plane radiation increases slowly 
to a maximum at 14:00 (2:00 P.M. PST). The reason the radiation does not 
peak closer to noon is that the array is oriented 22° from a north-south 
axis. This slight shift is enough to skew the time distribution of fo­
cused collector plane radiation. The collector plane radiation sharply 
declines in the afternoon because the row tracking sensors are located on 
the leading edge of the mirror module. This edge is shaded first in the 
afternoon which causes the rows to unfocus at approximately 1530 in the 
summer. 

The energy output of the collector field follows the radiation curve 
and shows that the system operates at an efficiency of between 40% and 45% 
during most of the day. The difference between the predicted and actual 
values for energy output is between -8.2% and 36% for hourly values during 
steady operating hours (0900 to 1500). The error in the prediction for 
total daily energy output is 3.4%. The slight time shift between the 
actual and predicted curves is due to the difference between local solar 
time used in the computer model and local standard time which is used by 
the on-site data acquisition system. 

Since the collector mirror modules were not clean at all times dur­
ing the month, the optical efficiency term, A1F~, was adjusted from the 
test stand value. The value of A1F~ used in the above comparison was 
0.543. This represents a nominal value for the entire collector array 
computed from mirror reflectance measurements during a site visit by SwRI 
personnel at that time. 

From this comparison, it may be concluded that for steady or, at 
most, slowly changing operation the predictions of the SIPH model agree 
with actual performance. 
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The computer model may now be used to compute system performance for 

a period of one year. The same collector mathematical model used in the 
hourly comparison is used here; however, NOAA [71 Typical Meteorological 

Year (TMY) weather data are used instead of the actual weather data. The 
results of this analysis are shown in Table VIII and Figure 14. 

In Table VIII the actual collector plane radiation measurements are 

shown along with the collector plane radiation estimates computed from the 
TMY data. It should be noted that the actual monthly performance data are 
all taken from 1983 with the exception of July. The entries for July are 
taken from July 1984 because the plant was shut down in July of 1983. It 

is seen that the actual and predicted radiation values vary a great deal 
in the winter months. This is because the model computes the maximum 

possible radiation available in the collector plane. Actually, the low 
solar altitudes and radiation intensities in the winter cause control 
problems during the winter months. Since collector plane radiation is 
measured only when the collectors operate, this leads to the variations 

in the tabulated values. 

The actual and predicted system performance are also compared in 
Table VIII where the predicted performance has been adjusted to account 

for the variation in collector plane radiation. This was done by multi­
plying the computer program output by the ratio of the actual and pre­

dicted collector plane radiation. It is seen that even when this dif­
ference is accounted for, there are some operational losses which are not 
modeled by the SIPH code. The total energy delivery for the months listed 
show a 20% difference between the actual and predicted values. Most of 

this disagreement is contained in the latter half of the year. 

It is not within the scope of this study to compare other predictive 
methods to these data and the analysis presented here. It is well worth 
mentioning, however, that any solar system analytical package such as 
TRNSYS [8], SOLIPH [9], and others must be used with the correct collector 

performance model. It was seen here that the test stand value for optical 
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TABLE VIII. Actual and Predicted Performance for One Year of Operation 

Radiation Enerov Output 
Collector-olane Predicted 

1983 1983 With Full With Scaled 
Actual

2 
TMY Ratio Actual

2 
TMY Radia2ion TMY Radia2ion 

Month Btu/ft Btu/ft2 Btu/ft Btu/ft Btu/ft 

Jan 1256 17800 0.070 175 3510 246 

Feb 5064 23500 0.215 879 6040 1299 

Mar 7241 33500 0.216 1636 10200 2203 

Apr 11864 52600 0.226 3833 18900 4271 

May 27121 59400 0.456 9914 22700 10351 

Jun 57883 61700 0.938 22310 24100 22606 

Jul* 32586 63300 0.515 9668 24700 12721 

Aug 26352 60799 0.433 7740 23100 10002 

Sep 23335 46500 0.502 5775 16300 8183 

Oct 16217 34800 0.466 2330 10100 4707 

Nov 2971 22300 0.133 518 4790 637 

Dec 3137 19200 0.163 82 3240 528 

Total 215027 495399 0.434 64860 167680 77754 

* July 1984 
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efficiency, A1F~,was substantially different than that computed during a 

site visit during the time in which the model was verified (8/11/84). 
This modification to the published empirical correlation was necessary 

because of the effects of mirror degradation and dust buildup between 

washings, which are not included in test stand performance correlations. 
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VI. ECONOMIC ANALYSIS 

A. Overview 

As in the case of any investment made by industry, the potential 

benefits of a solar system must be weighed against the costs of the solar 

system. An economic or investment analysis is performed to provide a 

basis for the decision of whether to purchase any equipment for the plant. 

An economic analysis which is well suited for solar systems is presented 

here to study the cost/benefit situation of the CTCo solar system. 

B. System Cost 

As pointed out in the Construction Report (Deffenbaugh [21) the CTCo 

solar system was constructed at a cost of approximately $2.5 million. 

Caterpillar Tractor Company was responsible for 25% of this construction 

cost so that the area specific cost to CTCo was 12.40 $/ft2 of collector 

area while the total cost was $50/ft2 of collector area. The collector 

array equipment cost was approximately $25/ft2 while the balance of cost 

was the remaining materials and the construction labor. These costs will 

be used in the analysis below to reveal the annual rate of return for the 

CTCo solar system. 

C. Analytical Method 

An economic analysis of an investment scenario is usually complex 

if it is to include most of the important issues. Typically, different 

methods are applied to different types of problems and Dickinson and Brown 

[10] have devised a procedure which is well suited to solar systems 

considered by industry. 

In this method, the annual levelized cost of the system is deter­

mined using the following equation, 
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where 
Cs= annual levelized cost of the solar energy 
c0 = annual operating expenses 
CL= cost of retiring a loan used to purchase the system 
Cr= tax on the revenue due to fuel savings 
CE= equity repayment 
CR= cost of major component replacements 
Cs= net salvage value 

Dickinson and Brown [10) fully define and discuss each of the terms 
above and this treatment will not be repeated here. Another way of defin­
ing c5 is that it is the annual required revenue from fuel savings to meet 
the rate of return which was assumed to compute the various terms above. 

The rate of return on the solar investment is varied in the above 
computations until the annual levelized cost of the solar system matches 

the annual levelized cost of the fossil fuel which is saved by using the 
solar system. This value for the rate of return is termed the internal 

rate of return. One can see that if the internal rate of return for the 
solar investment compares favorably with the minimum or hurdle rate set by 
the investor, then the purchase of the solar system is warranted. 

D. Results 

The results of the application of the method above will be presented 
here. Assumptions were made for several financial parameters as follows 

corporate tax rate= 50% 

solar investment tax credit= 20% 
general inflation= 5% 

fuel escalation= 5% 
system life= 20 yr 
depreciation period= 7 yr 
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loan amount= O 
salvage value= O 
major component replacement= 0 

The annual operating costs were held constant at 0.23 $/ft2-yr. These 

were actual maintenance costs reported by Caterpillar and are recorded in 

the Monthly Performance Reports in Appendix C. This value is the average 

annual maintenance cost over the monitoring period. 

The results of the economic analysis are shown in the graph of 

Figure 15. It can be seen that the rate of return decreases rapidly with 

an increase in system cost. The graph shows that for the CTCo system, ap­

proximately a 2.5% rate of return has been demonstrated based on only 

CTC0 1 s portion of the system cost and the actual annual energy delivery. 

This value increases to approximately 10% if the system were to provide 

the maximum energy that could be realistically expected. 

Unfortunately, the rate of return based on the total system cost is 

negligible, even for the case of maximum realistic performance. It should 

be noted that the maximum realistic performance, as discussed in Section V 

is based on nominal, observed values for the performance of the solar col­

lectors. If test stand performance values are used, the energy delivery 

will increase; however, the cost of maintaining the array at this peak 

performance would offset the increase in fuel savings. While it is pos­

sible to estimate these performance levels, the associated costs are 

highly speculative and will not be discussed here. 

Of course, the objective of this project was not to construct a 

solar system which would be economically attractive. Instead, the primary 

objective was to provide a system which could be used to obtain realistic 

performance measurements from a large solar system and to provide histor­

ical data on the maintenance and operating r~quirements of such a system. 

In this way, designs and operating procedures will hopefully improve so 

that economically viable systems may be developed. 
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VII. ENVIRONMENTAL IMPACT AND SAFETY ANALYSIS 

A. Overview 

The CTCo solar system was designed to be as unobtrusive as possible 

in all aspects except from an energy standpoint. Each of the pertinent 

issues in the assessment of the environmental impact are discussed below 

which show the system has no unfavorable impact on the surrounding envi­

ronment. This discussion is concluded by a statement on the safety of the 

solar system. 

B. Environmental Impact 

Impact due to System Failures: The heat transfer fluid used in the 

solar system is the treated water which the plant uses in the rest of the 

process heating system and is covered by the plant's NPDES license; so, 

there can be no hazard from the solar system with regards to water leaks 

which are not already safely allowed. At times there were hydraulic oil 

leaks from the collector drive mechanism which may have been washed by 

rain into the local drainage system. The concentration of any such mater­

ial would have been quite negligible when compared to the amount of hydro­

carbon products deposited on streets and parking lots by vehicles and from 

neighboring industries. 

Air Quality: The only impact on the air quality by the solar system 

would be positive. This occurs because the solar system displaces a por­

tion of the fossil fuel demanded by the process heating system. In doing 

so, the amount of burner exhaust is actually decreased by the solar sys­

tem. 

Water Usage: The only water used and discarded by the system is 

that used while washing the mirror modules. During the course of the pro­

ject the collectors were washed with water only five times in which an 
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estimated 1000 gallons were disposed of each time. No detergents were 

used during this wash process since it was adequate to only rinse the mir­

rors followed by air drying and mechanically drying the receiver tubes. 

The remainder of any washing activities was accomplished with a rain 

rinse. 

Noise Impact: The only noise sources in the solar system are the 

system fluid pump motors and the hydraulic drive motors in each drive 

row. These pump motor noise sources are negligible when compared to the 

heavy machinery in the plant. 

Energy Impact: The solar system has a definite impact on the energy 

usage at the plant. Indeed, it is for this reason that the project was 

initiated. The energy delivered by the system was approximately 3.8 *109 

Btu during the monitoring period which was used to displace the fossil 

fuel required by the process heat system. 

Geological Impact: The solar system has no impact on the geology of 

the surrounding area, especially since it is a roof mounted system. Since 

the solar system is installed in a highly active fault zone (San Andreas 

system} it is more likely that the geology will have an affect on the 

solar system. This potential affect was considered in the structural de-. 

sign and meets or exceeds all local seismic codes. 

Land-Usage Impact: The solar system is mounted on the roof of the 

CTCo manufacturing plant so there is no impact on the land usage of the 

surrounding area. This is an important consideration for industrial in­

terests because land is at a premium in the San Francisco Bay Area. 

C. Safety Analysis 

Operational Hazards: There are certain hazards which could lead to 

equipment damage unless properly accounted for. These hazards are: 
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- Loss of flow in collector system 

- Adverse weather conditions 
- Severe piping break 

- Thermal shock 
- Loss of control power 

If the collector system suddenly loses adequate flow to either of 

the two fields because of a pump failure, flow blockage, etc., this could 

lead to a situation in which sunlight is focused on the receiver tubes 

with no means of removing this energy input. This is similar to a case in 

which a boiler tube suddenly loses flow. Temperatures and pressures would 

rapidly increase causing serious damage to the receiver tubes by warping 

or breaking them. If there is no flow to either of the two fields, flow 

switches signal the central controller to immediately 11 stow 11 the collec­

tors and turn off the circulation pumps, thereby preventing thermal damage 

to the collectors and piping. If a single row experiences a flow loss, a 

temperature and/or pressure switch will cause that particular drive row to 

move to the 11 stow 11 position until the temperature and/or pressure of that 

receiver tube returns to a safe level. 

The only weather condition which might cause damage to the solar 

system is excessively high winds. The central controller is equipped with 

an anemometer which signals the controller to 11 stow 11 the collectors if 

winds are above 35 mph for longer than one minute. Other conditions which 

prevent operation are low direct radiation levels and rainfall; however, 

these conditions are not hazardous to system operation. They merely 

prevent the system from delivering energy to the plant. 

A severe piping break on the roof would cause a loss of process 

heating system fluid. This condition is continually monitored by level 

and pressure sensors placed in the plant's boiler house. Should this 

condition arise, plant maintenance personnel are dispatched to locate the 

source of the leak. As with the rest of the process heating system the 
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solar system piping is designed to quickly isolate individual pieces of 

equipment from the rest of the system in the event of such a failure. 

The plant process heating system normally operates 24 hours a day, 

but the solar system only operates during the daylight hours. Because of 

this, a substantial amount of cold fluid could be injected to the process 

heat system piping if full flow was allowed immediately upon solar system 

startup. To prevent this shock to the system, regulating valves are 

placed at the outlet of each of the two fields of the collector array. 

These valves limit the flow through the collector array to 10% of the 

design condition until the array outlet temperature reaches the design 

conditions. This allows any cold fluid present in the collectors to be 

slowly injected into the return line. When heated fluid reaches these 

valves, they open and allow the full design flow to be established 

throughout the collector array. This startup period is usually only 

five minutes in duration, but is important in allowing the solar system 

and the rest of the process heat system to achieve steady operation in a 

safe, controlled manner. 

The collector drive rows are designed so that in the event of a loss 

of the control signal from the central controller, the collectors will 

unfocus. An accumulator is installed in the hydraulic drive circuit to 

provide hydraulic pressure to the drive piston if the hydraulic fluid pump 

is not operating. Relays that control the hydraulic circuit valves switch 

to positions which allow the accumulator to drive the piston causing the 

row to unfocuses if the control signal is lost to these relays. This 

prevents the collectors from remaining focused during a time when it is 

likely that the system pumps will not operate and there will be no water 

flow through the receiver tubes. 
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Worker and Visitor Safety: Various precautions have been taken to 
prevent hazardous conditions for maintenance personnel and visitors. A 20 
foot clear area between the collectors and the edge of the roof is pro­
vided to allow adequate work area around the array. Virtually all piping 
is below the roof with penetrations through the roof immediately adjacent 
to the connections at the collector ends. This minimizes a tripping 
hazard on the roof. A controlled access walkway is provided to keep visi­
tors from coming into any physical contact with the collectors and safely 
away from the focal line of the mirrors. 

Finally, all pertinent codes and regulations were strictly followed 
during the design and construction of the solar system. In addition, 
Caterpillar Tractor Company maintains some of the highest standards in in­
dustry with respect to personnel and equipment safety. This solar system 
is, therefore, considered to be as intrinsically safe as possible. 
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VIII. CONCLUSIONS AND RECOMMENDATIONS 

It was stated in the Introduction that industry requires information 

in four areas before an investment in solar energy equipment can be made. 

These four factors are (1) system performance, (2) initial cost, (3) 

operating costs, and (4) reliability. The project summarized here is one 

of several projects in the DOE SIPH Demonstration Program which provides 

industry with a chance to review the benefits of solar energy in actual 

applications. The Caterpillar Tractor Company solar system performance, 

operating costs, and reliability have been presented above, while the 

initial cost is discussed in a previous project report (see Deffenbaugh 

[2]). Several conclusions can now be drawn regarding the success of this 

project in each of the four areas listed above as well as meeting the 

objectives of the overall DOE program. 

The observed performance of the CTCo solar system was approximately 

65 * 103 Btu/yr-ft2 of collector area; so, assuming a fuel cost of $5/106 

Btu, the fuel savings produced by the solar system were approximately 

$0.33/ft2-yr. It was, seen, however, that the maximum realistic 

performance of the system could be as high as 168 * 103 Btu/yr-ft2 of 

collector area. The difference between these two values is attributed 

mainly to operational losses due to control system problems. Solar 

altitude and intensity during the winter months in the San Francisco Bay 

Area presented unique problems in operating the solar system which could 

possibly be resolved with a more appropriate control system. Unfortun­

ately, this would likely be a specially designed unit and would carry high 

cost implications. 

At the time of the system design, the best estimates of system 

performance showed that the plant could receive approximately 317 * 103 

Btu/yr-ft2 from the solar system. Overly optimistic assumptions regarding 

collector performance and operation were made by many investigators which 

were usually based on test stand experiments ·under ideal conditions. It 
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was seen above that the major difference between the actual installation 

and the test-stand conditions was the condition of the mirror surface. 

Collector performance models based on test-stand conditions should not be 

used for predicting solar system performance because industry simply can­

not economically maintain collector performance at peak conditions in an 

industrial environment. 

The maintenance costs of the system were shown to be approximately 

$0.23/ft2-yr. This figure includes maintenance, labor, and replacement 

parts costs. The estimated cost of electricity (assuming a rate of 

5¢/kwh) for operating the system was $0.02/ft2-yr; so, the total operating 

costs were $0.25/ft2-yr. So, the system was able to save more in fuel 

costs than the operating expenses which were incurred. It can be shown 

that if the solar system was to operate at a higher performance level by 

washing the collectors once a month, the associated maintenance costs 

would rise to $0.63/ft2-yr. So, performance and O & M costs are not 

independent. 

It was shown that the CTCo solar system was highly reliable, con­

sidering the operating philosophy. A reliability factor of 86.5% was 

observed and CTCo plant engineering staff estimate that hydro-mechanical 

equipment such as that in the solar system will exhibit a maximum reli­

ability of 95% with a reasonably rigorous maintenance plan. Since the 

solar system could usually provide more energy than the plant could use 

during several months of the year, solar system maintenance was not of 

high priority to plant personnel. So, the observed reliability factor of 

86.5% is considered to be good. 

The costs, initial and operating, were combined with the system 

performance in an investment analysis method typically used for solar 

systems. It was seen that the Caterpillar Tractor Company could expect 

a 2.5% rate of return based on actual system performance and their portion 

of the system construction costs. If the maximum realistic system 
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performance is achieved this rate of return could increase to about 10¾. 

Unfortunately, there can be no rate of return based on total actual system 

costs and performance. An earlier investigation by Deffenbaugh [1] 

revealed that a 20% rate of return was possible; however, inflation and 

fuel cost escalation were assumed to be 15% which were close to the pre­

vailing rates at the time of that analysis. These factors were each 

estimated to be 5% for the analysis performed here. This leads one to the 

conclusion that solar systems of this type are feasible only in periods of 

substantial economic inflation. Of course, there may be other unique 

situations such as fuel availability, large tax benefits, or innovative 

financing schemes which would make a solar system cost effective even in 

relatively stable economic conditions. Also, since the materials used in 

typical industrial type solar systems (e.g., aluminum, glass, steel, 

plastics, etc.) rely on relatively energy intensive, high temperature 

processes, it is not clear what the price of conventional fuels has on the 

price of solar equipment and whether solar equipment can displace some of 

the fuel required to make its own components. Treatment of such a complex 

issue is far beyond the scope of this report. 

After operating the system for 25 months several recommendations for 

improvements can be stated. First, the hydro-mechanical drive mechanisms 

should be replaced with fully mechanical ones. This suggestion stems from 

the problems with hydraulic oil leaks onto the roof surface. The oil 

attacks the roof covering and leads to rapid deterioration of the composi­

tion material. Also, the solar collector manufacturer (Solar Kinetics) 

improved the overall design of the row control system when it offered the 

mechanical drive option, resulting in a much improved product. Second, 

the central control system should be improved to account for the weather 

conditions in the San Francisco Bay area. The low beam component of the 

solar radiation along with the low solar altitudes presented problems for 

the current control system. Finally, a thermal storage system would be of 

benefit to the present system. For much of the time the solar system 

could provide more energy than the plant needed. A thermal storage system 
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will alleviate the need to unfocus the collectors to match the plant load 

which will result in increased daily solar energy usage. 

While this solar system was only marginally cost effective, it may 

be said that this project successfully fulfilled its objective as part of 

the SIPH Demonstration Program. A great deal was learned about the 

installation of a high quality solar system suitable for an industrial 

environment. The operation and performance results gathered during the 

25-month monitoring period will be of benefit to designers with the aim of 

improving the economic viability of industrial solar process heat systems. 
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APPENDIX A 

SOLAR SYSTEM CENTRAL CONTROLLER PROGRAM 

The program li~ted here is for the Minarik Electric Model WP6000 
programmable microprocessor controller installed at the Caterpillar Trac­
tor Company's San Leandro plant. This controller operates the roof-moun­
ted solar system. The reader is referred to the project Construction Re­
port and O & M Manual for a complete description of this equipment. 
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Output Relay 
Settings I Step Statement 0 1 2 3 Comment 

1 L= 5 - - - - I 2 IF O + 6 
3 ss 30.00 
4 IF O + 6 

I 5 GO TO 01 
6 ss 60.00 
7 L + 2 
8 IF 1 + 10 Wind check I 9 GO TO 1 

10 ss 01.00 + + + + Start all pumps 
11 MS 02.00 - - + + 2 min. pump run I 12 IF 2 + 14 T & P check 
13 GO TO 75 Shutdown 
14 IF 3 .. 18 Flow check 

I 15 ss 15.00 
16 IF 3 + 18 
17 GO TO 75 Shutdown 
18 L = 36 + + + + Track from stow (3 minutes) I 19 IF O + 23 Light check 
20 ss 15.00 - + + + 15 sec. light off {dead band) 
21 IF O + 23 + + + + Light check 

I 22 GO TO 49 Shutdown 
23 IF 1 + 25 Wind and rain 
24 GO TO 75 Shutdown 

I 25 IF 2 + 29 T & P check 
26 ss 03.00 
27 IF 2 + 29 + + + + Track from stow routine (con 1 t) 
28 GO TO 66 I 29 IF 3 + 33 
30 ss 03.00 
31 IF 3 + 33 

I 32 GO TO 75 
33 ss 05.00 
34 L + 19 

I 35 IF O + 39 + - + + Auto track 
36 ss 15.00 - + + + 
37 IF O + 39 + - + + 
38 GO TO 49 I 39 IF 1 + 41 
40 GO TO 75 
41 IF 2 + 45 

I 42 ss 03.00 
43 IF 2 .. 45 
44 GO TO 66 Over temp routine 

I 
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Output Relay 
Settings 

Step Statement 0 1 2 3 Comment 

1• 45 IF 3 • 35 
46 ss 03.00 
47 IF 3 • 35 

I 48 GO TO 75 
49 L = 179 - + + + Dead band 
50 IF O ... 52 

I 51 GO TO 54 
52 ss 15.00 - + + + 
53 IF O ... 1a· 

'I 
54 IF 1 ... 56 
55 GO TO 75 
56 IF 2 ... 60 
57 ss 03.00 

I 58 IF 2 • 60 
59 GO TO 66 
60 IF 3 • 64 

I 
61 ss 03.00 
62 IF 3 + 64 
63 GO TO 75 
64 GO TO 77 

I 65 GO TO 75 
66 L = 60 - + + + Over temp. routine 
67 ss 03.00 - - - + Stow (3 sec.) 

I 68 IF 2 ... 18 - + + + 
69 ss 30.00 
70 IF 3 ... 74 

I 
71 ss 03.00 
72 IF 3 ... 74 
73 GO TO 75 
74 L + 68 

I 75 MS 10.00 - - - - Shutdown sequence 
76 GO TO 1 
77 ss 05.00 

I 78 L + 50 

LEGEND: 

I Output Output I 
Relay Relay Input 

I Function 0 1 Function 2 3 Function Relay 

Stow Track ready + - Light 0 

I Deadband - + Pump on - + Wind/Rain 1 
Auto track + - Temp/Press 2 
Track from stow+ + Flaw 3 

I 
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APPENDIX B 

DAS UNCERTAINTY-ANALYSIS 

When reporting the results of an experiment it is usually desirable 
to report the uncertainty associated with the results. This uncertainty 
is the result of several factors which are described in detail by Moffat 
[11) and Abernathy, et.al. [12). In the case of the measurements made 
with the CTCo OAS, i.ndividual instrument accuracy, calibration errors, and 
data reduction errors are most important. 

The energy delivered by the collector array is determined from 

Q = m (h0 - hi} 
where 

Q = energy delivery 
m = mass flow of water 

ho = enthalpy of water at outlet 

hi = enthalpy of water at inlet 

Since the flow measurement is made in terms of volumetric flow and the en­
thalpy of water can be expressed as a function temperature the above equa­
tion was modified for the CTCo OAS to 

Q = V (oC) (T - T.) p O l 

where 
o = density of the fluid 

Cp = specific heat of the fluid 

Following Moffat [11) and Abernathy (121 the uncertainty, Eq, in the 
computed value of Q is given by 
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)
2 (--1.L )2 l112 e:T + aT. e:T. 

0 1 1 

where 

aQ 
a(oCP) = V (To - Ti) 

¼ = V (oCP) 
o 

...lQ_ 
T = -V(oC) a i P 

e:v = uncertainty in measurement of fluid flow 

e:
0

Cp = uncertainty in computation of density-specific heat product 

e:T = uncertainty in measuring temperature 

The uncertainty in flow measurement, e:v, and temperature, e:T' are 
those values given in Table II for the particular flow meter and 
temperature sensor in question. 

The uncertainty in computing the density-specific heat product, e: C 
o P, involves not only an instrument accuracy, called precision error, when 

measuring temperature, but can involve some uncertainty in the method of 
computation as well. This computational uncertainty can be handled much 
the same as a bias error. 

For example, the PDP 11/23 at CTCo was programmed with the following 
relation for determining oCP 

oCP = 526.45 - 0.10106 (T
0 

+ Ti) 
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where temperature is measured in °F and (oCP) is given in units of Btu­
min/hr-gal for use in the heat transfer equation above. 

One can see in the graph of Figure 16, that this relation does a 
relatively poor job of predicting the value of the (oCP) product for 
water. Even the slope of curve, which is of primary importance here, is 
not correct. It can be shown that the effect of this large bias error is 
equal to the effect of all the precision errors on the uncertainty in Q, 
the energy collected. 

It was for this reason that the data collected by the DAS were re­
processed for this report using the following relation for energy col­
lected 

where 

In this case 

e:Q = 

where 

oh= volumetric enthalpy 

the uncertainty in Q, e:Q, is given 

I (_iQ_ )2 ( ,g av e:v + a(oh)
0 

'ph )2 + ( 

* = (oh) 0 - (oh); 

aQ = V 
a(oh)

0 

-~aQ...._,._ = -V 
a(oh)i 

by 

aQ 
a(oh)i 'phYl 1/2 

The currently accepted values for the thermodynamic properties of 
water are the ASME Steam Tables. These data were used in a computer 
routine to perform a 11 table look-up 11 so that no enthalpy-temperature 
correlation is required. The uncertainty associated with the tabulated 
values of enthalpy is less than ±0.05 Btu/lbm, which is negligible when 
compared to the results given below. 
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To estimate the error in choosing a volumetric enthalpy from the 
tabulated values because of the uncertainty in the temperature measurement 
the sensitivity,_ 61rh) , must be computed. The results of this procedure 
are shown in Figure 17. These values are based on the saturation prop­
erties of water. It is seen that in the expected range of the data, the 
sensitivity, 6irh) , of volume~ric enthalpy to temperature has a maxi­
mum of approximately 460 g~i~h;1~. So, if the precision error in 
temperature is ±0.9°F as listed in Table II the maximum error in volu-

t · th 1 is estimated to be ±414 Btu-min me r1c en a PY Eoh gal-hr • 

The following conditions represent the design conditions for the 
solar system: 

V = 450 gpm 
T, = 195°F l 

To = 235°F 
±414 Btu-min from above E{ph} = gal-hr 

EV = ±6.28 gpm from Table I I 

Substituting these values into the equations above yields 

Q = 450 (96601.7-78769.0) = 8024715 Btu/hr 

= 96601.7 - 78769.0 = 17832.7 Btu-min 
gal-hr 

aQ = 450 gal 
a(oh}

0 
min 

aQ = 450 gal 
a(oh}; min 

EQ = ± {[(17832.7)(6.28)] 2 
+ [(450)(424) ] 2 + [(-450)(414)] 2}

112 

EQ = ±286281 Btu/hr (±3.6%) 
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APPENDIX C 

MONTHLY PERFORMANCE REPORTS 

Monthly performance reports were compiled by SwRI to transmit the 
operational experience and thermal performance of the CTCo solar system. 
These reports form an important historical record of the activity of the 
system. As such, they are presented here in full. 

It must be noted that the thermal performance results presented in 
these reports will possibly conflict with those presented in the body of 
the report. The reason for these discrepancies is that the data were 
reviewed and reprocessed as discussed in Appendix B, Uncertainty Analysis. 
The results presented in these reports are slightly in error, but it was 
not deemed important to change the details of these monthly reports. 
While they are slightly in error by approximately +6%, the tables and 
graphs may still be used to show the trends of system performance over the 
course of the monitoring period. 

More importantly, these reports provide discussions of the problems 
encountered with the system and their probable causes. So, these reports 
form a record which chronicles in detail the operation and maintenance of 
a large solar system. 
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CONTRACT TITLE AND NUMBER: 

Department of Mechanical Sciences 
January 10, 1983 
Monthly Progress Report No. 34 
Reporting Period November 20, 1982 

through December 17, 1982 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 30, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS : 

The procedures for processing data gathered at the site have been 
installed. Monthly performance reports and data analysis can now be 
performed. Although these performance reports are presently behind 
schedule, they will be brought up-to-date shortly. 

An acceptance test is tentatively scheduled for late January so that 
Phase III can be officially started. 

SUMMA.RY STATUS ASSESSMENT AND FORECAST: 

The central controller light switch problem cited in the previous 
report ~as been isolated and resolved by CTCo personnel. The solution 
involved replacing the 1-turn, 10k light sensitivity trim pot with a 
10-turn, 10k trim pot. The result is that the light threshold is now 
less sensitive to the trim pot setting; thereby allowing better control 
over the light threshold. 
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Progress Report No. 34 -2- January 10, 1983 

A problem of gas entrainment in the collector loop piping has been 
identified. This problem manifests itself in decreased collector loop 
flow rates until all the gas is purged. No equipment damage is expected; 
however, CTCo personnel are attempting to resolve the problem since it 
appears that system efficiency suffers with these mixed flow conditions. 

No other mechanical problems have been reported by CTCo. 
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Enclosures 

cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 
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Department of Mechanical Sciences 
February 18, 1983 

CONTRACT TITLE AND NUMBER: 

Monthly Progress Report No. 35 
Reporting Period December 18, 1982 

through January 21, 1983 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD:. September 12, 1979 to September 30, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

The acceptance test was rescheduled to the week of February 
1, 1983 because of bad weather. 

A visit to the site was made by SwRI personnel between January 12 
and January 18, 1983 to prepare for the acceptance test. The CTCo 
plant engineers expressed concern over the operation and documentation 
of the DAS hardware and software during this visit. These changes will 
be implemented as soon as possible. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

The DAS failed on December 22, 1982 due to disk problems. The 
problem was not repaired until January 12, 1983. At this time the DAS 
was brought in line and normal operation was resumed. 

During the site visit mentioned above a flow meter transmitter 
problem was identified. The proper replacement parts were not in hand, 
so that repairs were delayed until SwRI returned for the acceptance test 
on February 1, 1983. This flow meter is redundant so no data were lost 
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Caterpillar Tractor Co. 
DE-FC030CS30309, SwRI Project 06-5821 
Progress Repdrt No. 3S 

Februaey 18, 1983 
Page 2 

during the interim. Also, a potential temperature transmitter problem 
was identified. As in the case of the flow transmitter, proper repairs 
were delayed until the acceptance test trip by SwRI. 

Due to CTCo's concern for the DAS, changes will be made in the 
software to make the on-site data processing procedures more useful. 
Due to changes in the DAS software over the course of the past several 
months, the operator's manual is no longer adequate for any new user. 
The DAS operator's manual will be extensively revised to remedy this 
situation. 

STG:dle 
Encl. 

cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
Solar IPR Technical Advisors 
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Department ot Mechanical sciences 
March 16, 1983 

CONTRACT TITLE ABD NUMBER: 

MonthlJ Progress RePort No. 36 
RePorting Period January 22, 1983 

through February 18, 1983 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antol;lio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 20, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASJCS: 

The solar system passed its acceptance test during the week of 
February 1, 1983. No major problems were observed during this test. 

Work is progressing on the changes to the DAS software which were 
requested by CTCo personnel durina the last site visit. These should be in place by the end ot March. 

SUMMARY STATUS ASSESSHl!!NT AND FORECAST: 

A row control board failure was noted on February 1, 1983 by CTCo 
personnel. There is, therefore, a row which is not operational. The prob­lem ia being investigated by CTCo. Other than this, no other problems have been observed with the solar system in the past month. 
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A site visit is planned in March to install the new DAS sottware. 
As this work progresses a tirm date will be identified tor tbis visit. 
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Encl. 

00: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 
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CONTRACT TITLE AND NUMBER: 

Departaent ot Meohanical Soienoe• 
April II, 1983 
Monthly Progress Report lfo. 37 
Reporting Period Februar119, 1983 

through Maroh 18, 1982 

A Large-Scale Solar Industrial Prooesa Heat System 
tor Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SvRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 20, 19811 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

The DAS software changes requested bJ CTCo personnel are complete and ready to install. A new DAS user's manual has been prepared which reflects the changes in the software and the DAS operation. 

The monthly performance reports have been prepared and brought up to date. These are being sent under separate cover. 

SUMMARY STATUS A.SSESSMBBT AND FORECAST: 

The row control board failure identified on February 1, 1983 was resolved and the disabled row was brought back up on February 23. 
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April 4, 1983 
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are: 
l ait• Tiait ia planned tor April 4. The objectives ot this trip 

o Install new version ot DAS sottvare 

o Instruct CTCo personnel on operation ot DAS 

o Install new model central controller light switch 

o Inspect collector tield tor proper pertormance 

Reapecttully submitted, 

Steven T. Green 
Research Engineer 

STG:dle 
Encl. 

cc: Dr. R. L. Baas, SWRI 
Ma. C. L. duMenil, SWRI 
Appropriate DOE Personnel 
Solar IPR Technical Advisors 
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APPROVED: 

~;;?::~ 
Danny M. 0etfenu 
Project Manager 
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SOUTHWEST RESEARCH INSTITUTE 
POST0,,1c1 OIIAWI~ 2NIO • 1220 CULl• IIA IIOAO •SANANTONIO, TIXAS, USA 712M • 11121 IM•l111•TILIX 71-7387 

Kr. Stan Herron 
u. S. Department ot Energy 
Albuquerque Operations Ottice 
Energy Programs Division 
P. o. Boz 5400 
Albuquerque, NM 87115 

Department ot Mechanical Sciences 
April 15, 1983 

SUBJECT: Monthly Pertormance Reports No. 1-4, Caterpillar Tractor 
CompaJ:11 Solar Process Heat System, San Leandro, California 
SvRI Project 06-5821 

Dear Mr. Herron: 

Please find enclosed copies ot the subject reports. These reports 
summarize the performance ot the solar system at the Caterpillar Tractor 
Company, San Leandro, Calit'ornia. 

These reports have been withheld trom distribution pending our own 
review ct the collector system operation and the operation ot the data 
acquisition. The intent ct this review was to verity system operation at 
the performance levels indicated in the reports. A site visit was recently 
made by SwRI to perform this review which revealed certain areas tor 
improvement in overall system operation. These problem areas were resolved 
as ot that time with plans made to monitor their status tor future action. 
These problems included 

o misaligned ce~tral controller light switch, 

o untocuaed collector rows, 

o faulty tlowmeter operation, 

o overtemperature conditions. 

The above topics are discussed in the February report (#4) enclosed herein. 

C-10 
SAN ANTONIO, TEXAS 
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Monthly Pert~oe Reports tlo. 1-4 
Page 2 

April 15, 1983 

Ir you have any questions regarding these reports or the solar 
syst• installation at Caterpillar, please call me at (512) 684-5111, 
extension 3519, or Dan.D7 Dettenbaugb, Project Manacer, at ezteaaion 2384. 

SG:dle 
Enclosure 

cc: R. L. Basa, SwRI 
D. M. Detrenbaueh, SwRI 
Bill Belke, CTCo, Peoria 
Don Lucas, CTCo, San Leandro 
J. M. Greyerbiehl, DOE Washincton 
v. A. Chavez, DOE Albuquerque 
J. A. Leonard, Sandia 
P. J. Eicker, Sandia 
E. L. Harley, Sandia 
J. It. Roberts, ETEC 
w. D. Grant, Tech Repa 

C-11 

Reapecttully sutaitted, 

Steve Green 
Research Eng1.neer 
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MONTHLY REPORT #1 

REPORT PERIOD: November 12, 1982 - November 30, 1982 

REPORT NO.: CTCo-1 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Rd. 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis St. 
San Leandro, CA 

C-12 



II. ex:0 1,st P11sc1pt1on 

Application: _ 

Site: 

Process Schedule: 

Awciliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process bot water tor parts 
washing. 

37 • 44' N. Latitude, 122 • 15' w. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 z 106 Btu/br 
or hot water at 235•r. The solar ~stem 
will deliver a maximum of 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 or Solar Kinetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-S ans, 30 fl T 
strings@ 240 rt per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2 ; South field, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 z 106 
Btu/br, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 
235 , 450 gpm. The water is heated from 195 F before entering the •boilers" 
to relieve some ot the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCULATION PUMP 
450 gpa 

PAIUIIIOLIC TlllUGH 
SOLAR CDLLECTO RS 

HOT WATER PROCESS 
RETURN LIN! 

C-13 
FIGURE 1. SYSTEM SCHEMATIC 
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III. Operati_ng Experience 

The col~ector system was available for use during the entire reporting 
period; however, poor weather conditions prohibited extensive operation. 

A problem was observed in setting the lower radiation limit on the 
central controller light switch. This caused inconsistent operation in the 
early morning. Plant maintenance personnel are reviewing the problem and will 
implement a solution in the next report period, pending approval. The tentative 
solution is to replace a one-turn trim pot with a 10-turn pot to decrease the 
sensitivity of the controller to pot position. 

A second problem was observed in the fluid flow rate. Apparently, 
gas is being trapped in the collector loop. The source of this gas is presently 
unknown, but appears to be nitrogen from the nitrogen cover system. This problem 
is being investigated by CTCo personnel. 

IV. Performance 

A. Monthly Sull1llary 

Table I gives a summary of the system's thermal performance for the 
period 11/12/82 to .11/30/82. The data start at 11/12/82 because that was the 
time the data system was activated to start monitoring system performance. 

The system's performance is shown graphically in Figure 2. 

Both Table I and Figure 2 show acceptable operation in the period 
11/13 to 11/21. Operation was halted during the period of good weather from 
11/25 to 11/26 due to plant holidays. 

B. Clear Day Performance 

Figure 3, and Table II show the hourly performance for 11/13/82. 

As can be seen, the collectors were not brought up until 11:00 a.m. 
This is related to the central controller problem cited above. Also, the flow 
does not reach its design point until late in the day. As stated above, this 
is due to the presence of air in the piping. The plant engineers are currently 
trying to trace the source of this problem. 

As the system reaches its design point, it operates well, exhibiting 
acceptable efficiencies. The two problems cited above shall be positively 
identified and resolved shortly. 

C-14 



TABLE I. MONTHLY PERFORMANCE SUMMARY TABLE - 11/82 

INCIDENT SOLAR ENL-.RGY 

·--IIN A IN lllE 
IIORIZ COLLECTOR COLLECTOR COLLECTOl1 PARASITIC SUHFACE PLANE ENERGY ARRAY EFF. ARRAY EFF. ENEHGV ENFRGV JULIAN ( I) ( :1) COLLEClED BASED ON Cll BASED ON C2) DELIVERED UOED DAV (DATE> KBTU/SOFT KB TU/SOFT KBTU/SOFT X X KBTU/SOFT KBTU/SDFT 

30:i 11 / 1 0.0 0 0 0.0 0.0 0.0 0.0 0.0 30(, 11/ 2 0.0 0. 0 0.0 0.0 0.0 0.0 o.o 307 11/ 3 0.0 0. 0 0. 0 0.0 0.0 0.0 0.0 300 11/ 4 00 0. 0 0.0 0.0 00 0.0 0.0 30'1 JI/ 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31(1 11/ 6 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 311 11/ 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31;! 11/ B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31:1 11/ 9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 314 11/10 0.0 0.0 0. () 0.0 0.0 0.0 0.0 
(") 31~ 11/11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I 31b 11/12 0. 0 0.0 0.0 0.0 0.0 0.0 0.4 - 317 11/13 1005. 0 752. 3 272.4 27. 1 36.2 272.4 I. 7 
V, 

31(1 11/14 976.0 :mt. 5 210. 5 21. 6 36.2 210. 5 I. 7 31? 11 /15 B96. 7 503. 3 154. 1 17.2 30.6 154. 1 J. 6 320 ll/16 02:Z.O 632. 5 23B. 5 29.0 37. 7 230. 5 1. 6 321 JJ/17 131. 6 0. 0 0.0 0.0 0.0 0.0 J. 2 322 11/ 10 100. 0 0.0 0.0 0.0 0.0 0.0 1. 4 323 11/ 19 8B6.6 406. 1 154. 2 17. 4 38.0 154. 2 2. I 32'1 11/.20 094. 4 502. 7 195.6 21.9 30. 9 195.6 I. 9 32:, 11/21 736. 5 120.9 41.4 5.6 34. 3 41. 4 I. 5 326 11/22 144. 5 0 2 0.0 0.0 0.0 0.0 1. 2 327 11/23 529. 3 0.4 0.0 0.0 0.0 0.0 J. 3 320 11/24 450. 6 11 B 0. 0 0.0 0.0 0.0 J. 3 32? 11/25 885. 6 0.6 0.0 0.0 0.0 0.0 J. 4 330 11/26 476. 3 0. 3 0. 0 0.0 0.0 0.0 J. 3 331 11/27 234. 4 0. 6 0.0 0.0 0.0 0.0 J. 3 33,! 11/28 211. 9 0.0 0.0 0.0 0.0 0.0 J. 3 33:1 11/29 151. 7 0. 0 0.0 0.0 0. 0 0.0 0. 7 3~)11 JJ/30 145. 4 0.2 0.0 0.0 0.0 0.0 0. J 

TOT/\1.G ?68B. 1 3~13. 3 1266. 7 13. 1 36. 1 1266. 7 ~5. I 
AVG 50?.? 104. 9 66. 7 66. 7 J. 3 

- - - - - - - - - - - - - - - - - - -
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FIGURE 2. CATERPILLAR TRACTOR CO. MONTHLY 
PERFORMANCE SUMMARY GRAPH 
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- - - - - - - - - - - - - - - - - - -
TABLE II. CLEAR DAY PERFORMANCE TABLE - 11/13/82 (JULIAN DAY 117) 

INCIDENT SOLAR ENERGY NORTH FIE::LD OOUTH FIELD TOTAL SYSTEN 
-Otl A IN TIIE COLLE Cl-OR COIi.ECTOR 

HORIZ COLLHTUR COLLEC.IOR ARRAY COLLECTOR MHAY COLLECTOR COLLECTOR AMB WJND SURFACE PI-ANE ARRIW TEMP ARRAY lUP ENERGY ARRAY EFF. ARRAY EFF. PARASITIC TEMP sro (1 I (2) FLOW RATE IN OUT FLOW RATE IN OUT COLLEClED BASED ON (II BASED ON C2) ENEAOY HOUR F MPH DTU/HR-F12 DTU/IIR-FT2 Ql'l'I f F GPM F F DTU/IIR-f12 X X ITU/HR-FT2 

I. "12. 2 3.3 0.0 0.0 0.0 0. 0 0.0 0.0 o. 0 0.0 0.0 0.0 0.0 O. I 2. "15 2 :J I 0. () 0.0 Cl. 0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0. I 3. 44 I 2 0 0 0 0.0 0 0 0.0 0.0 0.0 0 0 0. 0 0.0 0.0 0.0 0. I 4 44. 7 3.6 0 0 0.0 (10 0 0 0.0 0. () 0.0 0.0 0.0 0.0 0.0 0. I 5. 44.6 :;,,_ 0 0. (I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0.0 0. I 6. 43. 6 1. 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 7. 41 4 1. 9 0.0 0.0 Cl. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I e. 45. 2 2. 4 182 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0. I ('") 9. 49.0 3. I 679 (I. 0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O. I I .- 10. :--,4 7 0.8 1146 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 00 11. 58.2 ~- 4 147.0 120. 3 58. 5 133. 1 147. 7 158. I 134.0 148.0 38.2 26.0 31.7 0.2 12. 58.8 5. D 166.8 15~'- I 71.4 140. 9 '162. 3 172.2 141.3 147. 7 56. 5 33.9 37. I 0. I 13. 1,2.6 6. 4 165. 7 JAO. 9 101 6 162.9 182.0 235. 7 162. 7 184. I 72.6 43.8 40. I 0. I 14 61 9 7. 4 146. 2 203. 0 I IB. 9 189.8 207. 7 305.4 18?.2 212.2 79. 1 54. 1 38.9 O. I 15. 62. 3 5 0 109.6 '1:i 7 101. 5 190.3 197.2 263. 3 190.3 194.0 26. 1 23.8 27.3 0.2 16. 61. 0 5. () 60.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 17. :;a. 9 2. 4 8.0 0.0 Cl. 0 0. 0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0. I 18. 538 2.9 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 19. 50.:? 2 0 0 0 0 0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.' 20. 48 2 1. 7 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.' 21. 47. 5 2. 5 0.0 o. 0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0. I 22. 46 3 16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0. I 23. 46. 8 3. 3 0 0 0. 0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 24. 45. 6 2. 3 0. () 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 

TOTl\l 6 1004.9 7r,;;•. 1 272.4 27. 1 36.2 2. I AVO 50. 7 3. 1 100. :) 150. 4 90.4 163.4 179.4 226.9 163. 5 177.2 54. 5 0. I 



REPORT PERIOD: 

REPORT NO.: 

DOE CONTRACT NO. : 

SwRI PROJECT NO. : 

CONTRACT TITLE: 
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II. Prg1egt P11sr1ptign 

Application: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat or process hot water for parts 
washing. 

37• 44 1 H. Latitude, 122° 15' w. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 Btu/hr 
or hot water at 235°F. The solar system 
will deliver a maximum or 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 or Solar Kinetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-S axis, 30 AT 
strings@ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2 ; South field, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 
235 , 450 gpm. The water is heated from 195 F before entering the "boilers" 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCULATION PUMP 
450 gpa 

SOLAR COIJ.ECTORS 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. Operating Experience 

The collector system was operational throughout the entire month of 
December. No mechanical failures were reported by CTCo. personnel. 

The 1-tum trim pot in the central controller light switch circuitry was 
replaced with a 10-tum pot. This allows more sensitive control of the 
threshold light level. The problem of inconsistent light switch operation 
was described in the previous report. CTCo personnel have stated they 
have witnessed smoother operation at morning turn-on time; however, the 
collectors still are not coming up until relatively late in the morning, 
as shown below. 

The DAS failed on 22 December 1982 due to disk problems. The problem was 
still tmresolved by the end of the month due to the holiday schedule. 
Also, there appears to be an intermittent problem with the south field 
outlet temperature probe. The problem seems to be the current transmitter 
associated with the RTD, and a new one will be installed at the earliest 
convenience. Meanwhile, south field performance shall be estimated from 
the north field performance in relation to the single row performances. 
This is, at best, an approximation of the south field outlet temperature, 
but until the problem is resolved, there is little else that can be done 
without the missing data. 

IV. Performance 

A. Monthly Summary 

Table I and Figure 2 show the daily performance of the solar system for 
month of December. The reported data extend only to 22 December due to 
a failure in the DAS on 22 December. The system was functional in the 
period 23-31 December, but its performance was not mon~tored. 

the 

Disregarding the data for 1 December 1982, the average efficiency of the 
solar system appears to be approximately 25% if the collector plane 
radiation is considered. Preliminary performance modeling indicates that 
this efficiency is an acceptable value. The total energy output, however, 
appears to be somewhat lower than could be expected. The cause of this 
low performance is being investigated. 

B. Clear Day Performance 

Figure 3 and Table II show the hourly performance for 8 December 1982. 

In Table II, we can see how the bad transmitter affects the south field 
outlet temperature measurement. As pointed out above, this effect is 
removed by estimating the south field performance by other means. 

The relatively high efficiency at 15:00 is suspect in view of the low values 
of radiation and energy output. The daily total efficiency of 23.1 is 
expected for this system. 
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It can be seen that, for some days, the daily totals listed in the 
monthly performance summary differ markedly from the total listed in the 
daily summary._ This is due to a difference in the integration algorithms 
for the routines which produce the two different SUl!Dllary tables. The 
monthly summary routine will try to "smooth" in any missing data; whereas, 
the daily summary routine portrays the true situation.of the raw data. 
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TABLE I. MONTHLY PERFORMANCE SUMMARY TABLE - 12/ 82 

INCIDENT SOLAR ENERGY 

ON A IN THE 
HORIZ COLLECTOR COLLECTOR COLLECTOR PARASllIC NO. OF SURFACE PLANE ENERGY ARRAY EFF. ARRAY EFF. ENERGY ENERGY CHANCES OF JULIAN (1) ( 2) COLLECTED BASED ON Cl) BASED ON (2) DELIVERED USED NIBSINQ DAV (DATE) KBTU/SOFT KBTU/SGFT KBTU/SOFT X X KBTU,/SGFT KBTU/SOFT DATA 

335 12/ l 771. 2 192. 7 92.9 12.0 4B.2 92.9 2. 1 2.0 336 12/ 2 245.2 0. 1 0.0 0.0 0.0 0.0 I. 2 0.0 337 12/ 3 753.2 251. 6 63. 7 8. 5 25.3 63. 7 2.0 2.0 33B 12/ 4 441.2 B3.4 5. l I. 2 6.2 5. l I. 9 iZ. 0 339 12/ 5 433. 5 77. 1 I. 6 0. 4 2.0 1. 6 I. 7 0.0 340 12/ 6 246.9 0.2 0.0 0.0 0.0 0.0 I. l 0.0 341 12/ 7 B14. 7 27B.6 75.B 9.3 27.2 75.B I. 9 0.0 342 12/ B B47. 7 475.3 109.6 12.9 23. 1 109.6 2. 1 0.0 343 12/ 9 761. 3 63.B 11. 2 1. 5 17.6 11. 2 1. 5 I. 0 344 12/10 772.9 6.7 0.0 0.0 0.0 0.0 I. 4 0.0 C) 345 12/11 707.3 0.0 0.0 0.0 0.0 0.0 I. 3 0.0 I 
N 346 12/12 539.B 0. 5 0.0 0.0 0.0 0.0 I. 2 0.0 w 

347 12/13 711. 2 387.6 97. 5 13. 7 25.2 97. 5 1. 9 0.0 348 12/14 303.B 0. 7 0.0 0.0 0.0 0.0 I. 1 0.0 349 12/15 233.4 0.2 0.0 0.0 0.0 0.0 1. 1 0.0 350 12/16 37B. 5 16.B 0.2 0. 1 1. 3 0.2 1. 3 0.0 351 12/17 622.9 420.9 11B. 3 19.0 2B. 1 11B.3 1. 5 0.0 352 12/1B 739.2 o. 7 0.0 0.0 0.0 0.0 1. 3 0.0 
353 12/19 743. 1 0. 5 0.0 0.0 0.0 0.0 J. 3 0.0 
354 12/20 146. 5 0. 1 0.0 0.0 0.0 0.0 1. 2 0.0 
355 12/21 1B.B 0. 1 0.0 0.0 0.0 0.0 I. 2 0.0 
356 12/22 117. B 0.0 0.0 0.0 0.0 0.0 o.e 0.0 
357 12/23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
358 12/24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
359 12/25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
360 12/26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
361 12/27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
362 12/2B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
363 12/29 0.0 0.0 0.0 0.0 0.0 o. 0 0.0 0.0 
364 12/30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
365 12/31 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL.5 11430. 1 2257. 5 575.B 5. 0 25. 5 575.8 3~. l 7. 
AVG 519. 5 102. 6 26. 2 2(1. 2 I. 5 

-------- - - - - - - - - - - -
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TABLE II. CLEAR DAY PERFORMANCE TABLE - 12/8/82 (JULIAN DAY 342) 

INCIDENT SOLAR ENERGY NORTH FIELD SOUTH FIELD TOTAL SYSTEN 
ON A IN TtlE COLLECTOR COLLECTOR HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOO AND WIND SURFACE PLANE ARRAY TENP ARRAY TEHP ENEROY ARRAY EFF. ARRAY EFF. PARASITIC TEHP SPD (1, (2) FLOW RATE IN OUT FLOW RATE IN OUT COLLECTED BASED ON (1) BASED ON CiZJ ENERGY HOUR F HPH BTU/HR-FT2 BTU/tlR-FT2 QPN F F GPN F F BTU/HR-FT2 X X BTU/HR-FTiZ 

1. 43. 9 13. 2 0.0 0.0 0. 0 0. 0 0. 0 0. 0 0.0 0.0 0. 0 0.0 0.0 0. l 2. 47.0 15.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0. l 3. 46.6 16.8 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0.0 0.0 0.0 0. l 4. 46. 5 14. 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. l 5. 46. 6 11. 6 0.0 0.0 0.0 0.0 0.0 0.0 o. 0 0.0 0.0 0.0 0.0 0. l 6. 46. 5 7. 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 7. 46.6 5. 7 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 o.o 0.0 0.0 0.0 0. l 8. 47.7 9. 6 3.8 0.0 0.0 o.o 0. 0 0.0 0.0 o.o 0.0 0.0 0.0 0. l 9. 50. 0 10. 1 51. 4 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0. l 10. 55.0 6.9 100. 0 33. 5 51.3 126.5 110.0 130. 6 126. I 90.2 0.2 0.2 0.5 o.:z 11. 56.iZ 14. 7 129. 4 77. 1 103. 4 iZl4. B iZ1'. 4 267. 5 iZ14.3 175.6 6. 3 4.9 8.iZ 0.3 12. 57. 6 11 3 146.8 95. :, 93. l 184. l 186. 4 269. 1 202.8 iZ04. 1 9.8 6. 7 10.3 o. 3 13. 60.8 13.6 145. 7 157.0 liZO. 1 iZ26.9 iZ39.iZ 328.0 iZ26. 1 iZ37. 7 57.2 39.3 36.4 0. l (') 14. 60 6 liZ. 9 128. 1 96.4 118. 1 228.8 237. 1 329. 5 229.4 143.9 33.4 26. l 34.6 0.3 I .,_ 59. 9 9.9 92. 5 7.:, 118.6 iZ23.8 226.8 328.0 223.4 iZOB.iZ 3.4 3.6 44.4 0. l 
N 

°' 16. 58.0 9.8 47.0 6.8 116. 4 218.8 217. 6 312.4 iZ18.4 213. 7 0.0 0. 1 0. 7 O. l 17. 56.:, 7. 5 3. 2 3. l 40. i 87.2 86. l 111. 3 87.0 85. 5 0.0 0.0 0.0 O.iZ 18. 55 2 5. 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O. l 19. 52.6 7. B 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 o.o 0.0 0.0 0.0 0. I 20. 52.2 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O. l ill. 51. 1 7. 3 0.0 o.o 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 O. I 22. 50. 1 5. 5 0.0 o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I iZ:J. 49. 1 4. 6 o. 0 o.o 0.0 o.o 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0. I 24. 49. 3 5. 5 0.0 o.o 0.0 0.0 0.0 0.0 0.0 o.o o.o 0.0 o.o 0. I 

TOTALS 047.8 477 0 110.3 13.0 23. l 2. 5 AVQ 51. 9 9. 9 84.8 59. 6 95. 1 188. 9 189.8 259.6 191.0 169.9 15.e 0. I 
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II. f!rg1agt P11sc1ptign 

Application: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat or process hot water for parts 
washing. 

37 • 44' N. Latitude, 122 • 15' W. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 Btu/br 
of hot water at 235°F. The solar ~stem 
will deliver a maximum of 8.6 x 106 Btu/hr. 

Natural gas. 

50400 ft2 or Solar Kinetics tracking, 
parabolic line focus, T-700 collectors. 
Roof mounted, horizontal on N-S axis, 30 t:. T 
strings@ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
ft2 ; south field, 36960 rt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The traclcing parabolic trough collectors are designed to produce bot water at 
235 , 450 gpm. The water is heated from 195 F before entering the "boilers" 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCUI.ATION PUMP 
450 gpa 

PAIUdlOLIC TR:>UGII 
SOLAJI CXlLLECTORS 

HOT WATEIII PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 

C-28 



III. Operating IJPICilftQI 

The collector syatea waa available tor use during the entire rePorting pe­
riod with the exception ot row BH92. Thia row developed a control problem 
which was observed on January 28, 1983. 

The data acquisition system was reactivated on January 14, 1983 after ser­
vicing by the vendor, Digital Equipment CorPoration. It was discovered 
that one ot the disk drives had a detective head, which was replaced at 
that time. 

IV. Pectormanca 

A. Monthly Summary 

Table I and Figure 2 present the performance or the system for the period 
January 14, 1983 to January 31, 1983. 

It is seen that the solar system performance for the month ot January is 
not as high as might be expected. This poor performance is symptomatic of 
various operation problems, which include (1) inconsistent central light 
switch operation and (2) defocusing or collectors. 

Inconsistent central light switch operation has been observed several times 
and has been subsequently investigated. It is suggeste4 that the switch be 
replaced by one ot more recent design. Solar Kinetics will make a new 
switch available for installation at Caterpillar. 

The CTCo process heat load has recently been lower than the collector field 
steady state output. This causes the collector field outlet temperature to 
exceed safety limits, so the central controller defocuses the collectors 
for short periods of time until the temperature at the collector field out­
let returns to a safe level. It is thought that this transient operation 
severely affects long term system performance, resulting in the performance 
levels shown in Figure 2 and Table I. This problem is being monitored by 
CTCo and SwRI personnel. 

Table II and Figure 3 present the system performance for the day of January 
31, 1983. These figures show that while the long term performance suffered 
for the month, the performance tor this day is relatively good. It can be 
concluded, then, that once the problems cited above can be resolved, system 
performance can be markedly improved. 
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TABLE I. MONTHLY PERFORMANCE SUMMARY TABLE - 1/31 

INCIDENT 50LAR ENLRGV 

DN A JN HIF 
IIURIZ COLLECTOR COLLECTOR COL LECTOH Pl'\RMHTIC NO. DF SURFACE PU'\NE ENERCW ARRAY EFF. AHHAV Hf. ENFRGV ENFRGV CHANCES OF , JULIAN C I ) I;~) COLLECTED BASED ON Cl) BASED ON 12> DELIVERED U!.FD NJSSJNQ DAV COATE) KDTU/SQFT KDTU/5QFT KB TU/SOFT X X KDTU,/SOFT l(BTU/SOf· T Df\TA 

I/ 1 0.0 0. 0 0. 0 0.0 0 0 0. 0 Cl. 0 0. 0 ;• I/ 2 0. 0 0. 0 0. 0 0.0 0.0 0. 0 0.0 0.0 :J J/ 3 0.0 0.0 () 0 (1.0 0. (I 0. (I 0.0 0.0 " I/ 4 0.0 0.0 0.0 0. (I 0 0 0. 0 0.0 0.0 :; I/ 5 0. 0 00 0.0 0.Cl 0.0 Cl. 0 Cl. (I 0. 0 I, II 6 0.0 0. 0 CIO 0.0 0.0 0. 0 0 0 0.0 7 I/ 7 0.0 0. 0 0. 0 o. 0 00 0.0 Cl. 0 0.0 fl 1/ 0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 (") 'I I/ 9 00 0. 0 0.0 0. 0 0. 0 0. 0 0.0 0.0 I 10 I/JO 0. 0 0. 0 0.0 Cl. 0 0.0 0.0 (1(1 0.0 w 
0 1J I/ JI 00 0.0 0. 0 0. 0 0.0 II. O II. 0 0.0 1;.! 1/12 0 0 0.0 0. 0 0. 0 0.0 0.0 0.(1 0.0 1:1 1/J:J 0 (I 0. 0 0.0 0.0 0. 0 0. 0 00 0.(1 l'I l/J4 444. 5 151. 7 17. I :i. a 11. 3 17. l -0. 1 0.0 If, l/15 4B4. 7 0. 0 0. 0 o. 0 0.0 0.0 1. 1 0.0 lb 1/16 615. 4 0.0 0.0 o. 0 0.0 0.0 I. 1 0.0 17 1/17 626. 7 10 -·2 J. 3 --a." ••••• --~1. 3 J.b 0.0 lfl l /111 I ;!6. 7 00 0.0 0.0 0. 0 0. 0 I. O 0.0 1 •, 1/1? 778. 5 0.0 0. 0 0.0 0.0 0.0 1.0 0.0 20 1/20 1026.? 200. 0 4B. 7 4. 7 17.4 40. 7 ~I. 0 l. 0 21 l/21 272. 7 o. a 0. 0 0.0 0. 0 0. 0 J. 1 0.0 ... rl 

c;., .. 11;..-2 137. 9 0. 3 0.0 0.0 0 0 0.0 I. 0 0.0 2:J I /23 6:24. 1 0.2 0.0 0.0 0.0 0.0 1. 1 0. 0 2'1 1/24 B27 6 2'17. 0 16. 5 2.0 5.6 16. 5 :•. 5 0.0 25 1/25 706. 7 51. 0 -18. 4 -2.6 --36. 2 -rn. 4 2. 4 0.0 26 1/26 2160 03 0.0 0 0 0.0 0.0 I. 0 2. 0 
27 l/27 679. 2 243. 4 28.2 4. 2 11. 6 20.2 3.2 0.0 
2H 1/20 244. 0 4.9 0. 5 0.2 ?. 4 0. 5 1. 0 0.0 
2? 1/29 709. 6 0 4 0.0 0. 0 0.0 0. 0 J. 3 0. 0 
30 1/30 966. 6 19. 3 -0.2 0.0 -13 -0. 2 J :; 0 0 
31 1/31 1149. 3 :·,us. 4 lbb. 5 14. 5 2fl. 4 166. 5 :-,. 4 0.0 

fOTAl.!3 10637. 0 1 b:15 7 237. 4 ...... r-. L 14. 5 ;!~H. 4 3:l. :l 3. 
AVG 590.? ?0.'1 1:J. 2 1:1. 2 J . (I 
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III. operat1m Bxarieoo• 
The collector SJ•t• vu &Yailable tor wse during the entire month ot FebruarJ• The deteotiYe row, BH92, was repaired and returned to operation 
OD FebruarJ 23. 

While compiling the data tor the month of February, the south tield inlet tlovmeter was round to be yielding faulty data. The performance computa­tiona were performed with the flowmeter readings at the south field inlet, so no performance results are missing. The faulty flowmeter will be re­paired at the earliest convenience. Other than this problem, the DAS was operational for the entire month. 

CTCo personnel still observe inconsistent startup from day to day and rapid detocusinsJtocuaing cycles during the day c-10 minutes). The inconaiatent startup is attributed to a faulty central controller light switch. Solar Kinetics is to supply a replacement. 

The focusing/defocusing sequence ot the collectors is normal when the col­lector outlet temperature exceeds -240 F. This occurs when the collector inlet temperature ia increased because the plant process heat load is low so the hot water return temperature is not lowered to the design point. The plant load bas indeed been low recenlty, resulting in the rapid cycling of the focus/defocus sequence. This means that when the collectors opera­te, they can oversupply the plant load. While this is acceptable from the energy supply standpoint, the collector efficiency is decreased, as evi­denced in the results shown below. 

IV. Pertormanga 

A. Monthly Summary 

Table I and Figure 2 present a summary of the collector system operation for the month of February. It is seen in this table and figure that the collector system bas a daily efficiency between 24% and 39% when the col­lectors are operating. There are several days, however, when the collec­tors do not operate. This is due to the direct interaction between the plant heating system and the collector system cited above. 

B. Daily Summary 

Table II and Figure 3 depict the performance for the single clear day of February 1983. 

It is seen that operation begins between 9:00 and 10:00 a.m. and stops be­tween 3:00 and 4:00 p.m. For this day the peak efficiency is 30.8% with a daily efficiency ot 25.1%. 
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II. Projest P11cr1pt1gg 

Application: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat or process hot water tor parts 
washing. 

37• 44 1 N. Latitude, 122° 15' w. 
Longitude, Elevation= 108 1 • 

Peak energy requirement is 9 x 106 Btu/br 
or hot water at 235°F. The solar ~stem 
will deliver a maximum or 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 or Solar Kinetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-S axis, 30 t::. T 
strings@ 240 rt per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2; South field, 36960 rt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collector-a are designed to produce hot water at 
235, 450 gpm. The water is heated from 195 F before entering the •boilers• 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCUUITION PUMP 
4S0 gpa 

HOT WATER PROCESS 
RETURN LIN!: 

FIGURE 1. SYSTEM SCHEMATIC 
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TABLE I. MONTHLY PERFORMANCE SUMMARY TABLE - 2/83 

INCIDENT SOU\H ENERGY 

CINA IN ltlE 
IIDRIZ COLLCCTDR COLLECTOR COLLECTOR PARASITIC NO. OF SURFACE PLANE ENERGY ARRAY EFF. ARRAY FFF. ENERGY ENERGY CHNICES OF JULIAN ( 1) (2) COLLECTED BASED ON CJ) DASED ON (2) DELIVERED USED NISSINQ DAV COATE> BTU/SOFT DTU/SOFT BTU/SOFT X X BTU,/SOFT BTU/SOFT DATA 

~1; ~ ';I_/ 1 I 169. 8 625. 4 1 ~· 1. 2 10. 4 19. 4 121. 2 7.0 0.0 :.1: I 21 2 372.6 16 -20. 0 -!,. 6 ...... -20.8 1. '9 1. 0 :Jol ~!/ :1 1 O'l-1. 4 ~.;n;~. 5 144.U 1:.t.2 24.9 144.8 7.2 1.0 :.1:, ;u " IJM,. 7 3U~. 6 115. 1 13. :J :JO. 1 115. I 4. I 0.0 :.J' ,, 2/ :> :.iO'I. 6 0 •. . ., 0.0 0.0 0.0 0.0 I. 7 0.0 :)7 2/ 6 1?0. 7 0 4 0.0 0.0 0.0 0.0 I. 7 0.0 30 2/ 7 1?6. 7 0.0 0.0 0.0 0.0 0.0 I. 6 I. 0 :.J9 21 a 4IJ:J. 6 0.6 0. 0 0.0 0.0 0.0 I. 6 0.0 C"l 40 2/? 1:12. 6 141. 1 -30. '9 -4.2 -21. '9 -30.'9 4. 1 0.0 I 41 2/JO 913.H ;>55. 7 29.9 3.3 11. 7 29.9 4.3 0.0 
l,J 

4·• 2/11 u•12. 6 156. D -25.9 -2.'9 -16. 5 -25.'9 4.8 0.0 
a, c. 

-13 2/ 1;! ::m:i 1 1. 2 0.0 0.0 0.0 0.0 1. 6 0.0 44 2/13 1 '.)1'1. 9 l. 1 0.0 0.0 0.0 0.0 1. 4 0.0 4:; 2/14 10(,1. 6 373.2 ~19. B 3. 7 10. 7 3'1.8 6.2 0.0 4/, 2/15 4'10. 0 0.0 0.0 0.0 0.0 0.0 I. 4 0.0 47 2/16 1'111.7 ?'17.6 267. 8 19.0 26.8 267.8 JO. 1 0.0 4fl 2/17 J 1 ']4. 4 M?. 3 1~5.2 JO. 5 22.8 125.2 7. 7 0.0 4'-1 2/JU 9'JO. J 292. 4 18.2 J. 8 6.2 18.2 b.6 0.0 5(1 2/J? J4•l/.,. R ., .,,, . 2 138. e 9.6 3J. 2 130.B 5. J 0.0 51 2/20 1 :.i;:,:;_ 0 732 . .If 285.5 21.5 39.0 285. 5 5. 8 0.0 .,., .,, . 21;:•1 1009.4 0.0 0.0 0.0 0.0 0.0 0. '9 0.0 5:1 2/~-~2 J065. 4 ~:JO. 1 15.0 I. 5 6.9 15.8 4. 5 0.0 54 21;•:J 101,. 9 14 2 --~J4. 5 -rn. 5 ••••• -34. 5 1. 4 0.0 5:j 21;•4 1574. 2 ~9. 4 -~19_ e -2. 5 ••••• -39.B 1. 2 1.0 56 2/~5 100. 3 0. 7 0.0 0.0 0.0 0.0 0.8 0. () 57 21;:tt, 901. 0 J. 0 0.0 0.0 0.0 0.0 o.e 0.0 511 21;r1 n1;;!. 5 10 0.0 0.0 0.0 0.0 0.0 0.0 5'1 2/;:>U 212. 5 14. 2 40. J lf:I.? 282.3 40. I 0. 7 0.0 

HlJ,I\I !1 ~1:10:,1, 7 ~;n:•a. 'I 1or11.? 4. 7 18. 7 1091. '9 97.B 4. ,we: IJ:-:!:.J. :) ;•ou 2 3'9.0 3'1. 0 3. 5 

---------·---···--------·-
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TABLE II. CLEAR DAY PERFORMANCE TABLE - 2/16/83 (JULIAN DAY 31) 

IMC JDENT SOL.AR ENERGY NOHTU FIELD SOUTH FIELD TOl AL SVSTEN UN I\ IN lltf COLIECTOO COLLECTOR IIURIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY CCII LECTOR COLLECTOO 
Al'IB WIND SUUFACF PLANE I\RIMV lHIP AHRAY lEtlP ENl-'rH:Y AHRAY Ef+. ARRAY f.FF. •PMASITIC 

TEMP BPD C I ) C;:, > fl_OW RATE IN OUT Fl.OW RAlE IN OUT COLlEClED BASED ON Cl> BASED ON (2) ENl:RGY 
HOllH F t-ll'H DTU/IIR--Fl 2 on11•uf-F 1:-:> Gl'H F F GPN F F Bl ll/tlR-F 12 X X IHU/HR-FT2 

I. '16. 9 J. 4 0. Cl 0.0 0.0 0.0 0. 0 0 0 0.0 0.0 0. 0 0.0 0.0 u.o 
2. "19. 0 0. :; Cl Cl 0. 0 0. 0 0.0 0. 0 0.0 0.0 0.0 00 0.0 0.0 ft. () 
3. 47 4 0. 9 0. (I 0.0 0.0 0.0 0. 0 0 0 0.0 0 0 0.0 0.0 o.o 0.0 
4. "17. 0 0. 7 0. 0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 
5. •16 3 -o. J 0. (I 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.CI 
6. 46. 7 J . :; OCI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. {J 0.0 
7. 47.6 2. J 0.0 0. 0 0.0 0. 0 0. 0 0.0 0.0 0.0 0. 0 0.0 0. Cl Cl. 0 
o. 48.4 J. 5 14. 1 0. 0 0.0 0.0 0.0 0 0 0.0 0. 0 o.o 0.0 0.0 0.0 
9. 53. 9 J .• , 7t-.. a 63. 6 47. 7 128.4 1115 137. 7 127.6 116. 9 -9. l -JI. 0 -14 . •• (I. 7 

C") 10. 58. 3 1. 2 133. 7 136. 6 117. 7 219. 4 227. 5 324.4 218.9 228. 5 38. 7 28.9 28. 3 I. 1 
I 11. ~-.9 0 2. 7 183. 1 115. 4 11:,. 7 223. 7 229. 4 325.2 223. 4 ~!29. 9 c!6. 4 14. 4 22. 9 I. 1 

vJ 
12. :iB 6 4 2 213.0 165. 3 117.B 225.6 235. 7 324.B 225. I 236.4 45.B 21. 5 27. 7 I. I 

00 
13. 60 7 b.O 222 1 JBB.4 117.B 228. 3 240. 7 324.9 227.8 242.2 58. 0 26. I 30. 0 J. I 
14. 62 6 5. J 200. :i 121. 3 116. 3 231.6 2:J9.2 324. 1 230.9 c!40. 3 37.0 17. 7 30. 5 1 3 
15. ,,3_ a 3. () 17~1. 2 137. B 117. 5 230. 2 239. 4 323. 1 229.8 239. 3 39. I 22.6 21i 4 I. :J 
16. 61. 0 5. 6 1:u. A 67. 6 1 lb. 2 228.8 233. 4 320.2 22B. 4 231.2 13.6 11. I 20. I I. I 
17. 64 7 0.? l,J. 'I -0.2 19. 4 52. 5 52. B 57. 4 52. 4 52. 3 0.0 0.0 -5. 4 ()_ 4 
18. 58. 6 3. () :J.? 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 o.o 0. I 
19. 53. B 3 () 00 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o Cl. 1 
20. 53.0 3. 7 00 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0 0 o.o o. 1 
21. :;1 e 3. ;, Cl.Cl 0.0 0. 0 0 0 0. 0 0.0 0.0 0.0 0.0 0.0 o.o 0. I 
22. 51 0 :1. 7 Cl. Cl o. 0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0 0 0.(1 Cl. I 
23. 49 5 Cl. D 0 (I ()_ (I (1. 0 0 0 0.0 0. 0 0.0 0.0 0 0 0.0 0.0 0. I 
2'1. 'IB 2 Cl. I 0.0 0.0 Cl.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Cl. I 

--
lOTl\l.fl J'lll. :, •195. e 

249. 5 17. 7 25. J 10 :? 
AVO 53. 7 ;~. 'I 12D. :) 110. 6 9B. 'I 196. r, 201. I 273. 5 196.0 201.9 ~7. 7 CJ • .., 
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FIGURE 3. CLEAR DAY PERFORMANCE GRAPH 2-16-83 
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SOUTHWEST RESEARCH INSTITUTE 
l'OST o,FICI DIIAWIII 281110 • '220 CULl• IIA IIOAD • SAN ANTONIO, TIXAS, USA 712M • 1112I IM•lt1 hTILIX 71•7387 

CONTRACT TITLB AND NUMBER: 

Departaent ot Mechan1ca1 Soienoea 
May 18, 1983 
MontblJ Progreaa Report No. 38 
Reporting Period March 19, 1983 

througb April 15, 1983 

A Large-Scale Solar Induatrial Process Heat Syst• 
tor Caterpillar Tractor Co. Phase III, DOB Contract 
No. DI-FC030CS30309, SvRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Tena 

CONTRACT PERIOD: September 12, 1979 to September 20, 198JJ 

CONTRACT OBJECTIVE CHANGB: None 

TECHNICAL APPROACH CBANGB: None 

CONTRACT TASIS: 

A site visit was made by SvRI personnel on April 4-8. Tbe following 
tasks were performed at that time: 

o New version ot DAS software installed. 
o New central contoller light switch installed. 
o Collector field operatio·n observed in detail. 

Tbe new version ot the DAS software allows tor more etticient ott­
site processing ot the data. It also allows CTCo personnel to observe 
hourly pertOl'llance without disturbing the DAS operation. This is 
aoco• pliahed bJ having the DAS produce a report ot hourly performance at 
the end ot each operating day. There are still some details in the new 
version that have to be resolved but these do not detract troa the priaary 
t'unction ot data acquisition. 
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caterpillar Tractor co. 
DB-FC030CS30309, SWII Project 06-5821 

May 18, 1983 
Page 2 

When the SWII personnel arrived on site, they discovered that the 
central controller ligbt switch wu not properly aligned. The aaw light 
switch waa properly mounted and wu seen to properly function while the 
SwRI personnel were there. 

Data were taken at short intervals (i.e., 15 sec.) tor a day's 
operation to observe the operation ot the solar system in detail. It was 
seen that the solar system presently operates in an oscillating state very 
soon atter being activated. Thia non-steady operation severely degrades 
collector field pertormance trom that predicted tor steady state operation. 
Thia problem is described in detail in the enclosed pertormance report for 
March. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

Operation is continuing at the site with minilllal maintenance 
problems. One row, however, is down due to row controller problems. 

For the present time, the non-steady operation ot the field will be 
allowed to continue; however, it may be necessary to disable a portion ot 
the collector field to prevent the temperature oscillations being observed. 
This possibility is being discussed with Caterpillar. 

STG :dle 
Encl. 

cc: Dr. R. L. Basa, SWRI 
Ms. C. L. duMenil, SWRI 
Appropriate DOB Personnel 
Solar IPR Technical Advisors 
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Respectfully sutaitted, 

~~ 
Steven T. Green 
Research Engineer 

APPROVED: 

~Jd#-P~ 
Danny M. Dett~ 
Project Manager 
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ll>IITIILY RIPORT 15 

REPORT PllmD: Marab 1, 1983 - Marab 31, 1983 

REPORT 10. : CTC0-5 

DOI COBTRACT NO.: DE-FC03-79CS30309 

SVRI PROJECT RO.: 06-5821 

CONTRACT TITLE: 

CONTRACTOR: 

PROJECT SITE: 

A Large-Scale Solar Industrial Proceaa Heat 
System tor caterpillar Tractor Co. 

Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Road 
San Antonio, Tena 7828JI 
Contact: D. Dettenbaugh, 512/68Ji-5111, ext 238Ji 

Caterpillar Tractor Co. 
1930 Davia Street 
San Leandro, C&litornia 
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II. Prg1•st P11sr1pt19p 

Appl1cat1011: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water for :parts 
washing. 

37 • 44 ' N. Latitude, 122 • 15 ' W. 
Longitude, Elevation= 108 1 • 

Peak energy requirement is 9 x 106 Btu/hr 
or hot water at 235°F. The solar ~stem 
will deliver a maximum of 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 ot Solar Kinetics tracking, 
parabolic line focus, T-700 collectors. 
:Root mounted, horizontal on N-S axis, 30 6. T 
strings@ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2 ; South tield, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/tlr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 
235, 450 gpm. The water is heated from 195 F before entering the •boilers" 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm·at 235 F. 

CIRCUIATION PUMP 
450 9PII 

PARABOLIC Tll:>UGH 
SOLM COLLECTORS 

HOT WATER PROCESS 
RETURN LIN£ 

FIGURE 1 • SYSTEM SCHEMATIC 
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III. OarlMnc B;gperienae 
'l'he aolar -,at• vu operat1oml tor th• entire • onth ot Maroh. 

1 viait to the aite, bolrev.-, 011 lpril JI, revealed aev.-al ll&illteaanoe 
probl•• to be reaolved. llao, duriq this a1t• visit the operation ot 
the solar s,at• vu obN"ed 111 detail 111 an ettort to bett.- understand 
the s,at• pertoraance. Theae it•• are all diaausaed below. 

The aainteaance probl•a are listed below by rov number ( see Figure 
2 tor collector tield layout): 

BB-84 
BB-71 
BB-49 
BB-58 
BB-94 
BB-93 
BB-81 (down) 
BB-47 (down) 

leak at receiver tube t•perature avitoh 
leak at receiver tube tlanp near drive pylon 
water in tracker hNd 
water in tracker hNd 
.-all bJdraulia tluid leak 
water in tracker hNd 
row control board tail ure 
detective hydraulic pressure switch 

Figure 3 shows a time history ot the plant boiler inlet t•perature (col­
lector tield outlet t•perature) tor April 6, 1983. It can be seen in 
Figure 3 that the boilers will maintain a miniaua proceaa tluid t•perature 
ot approz:iaately 225 F. Thia uy be deduced tr011 the Dightiae portion ot 
the graph. The collectors a.re seen to ooae on line about 7:30 a.m. It is 
seen that atter the collector syst• is activated the boiler does not tire 
again until the collectors are shut down at about 4 :00 p.m. · 

During tbe period ot collector operation, the collector outlet temperature 
is seen to oscillate. Data were colleated bJ the DlS at 15-aecond inter­
vals during the startup period to characterize this oscillatory pertor­
mance. Figure 4 shows a graph ot the collector tield inlet and outlet 
t•peratures during the period 7:30 a.m. to 8:40 a.m. Several interesting 
observations can be made tr011 Figure 4. 

First, it is seen that the average process tluid t•perature increases 
attar system startup (the data shown in Figure 4 begin approzillately 20 
minutes attar syst• startup). The alight temperature drop at 7:40 was 
caused by the activation ot a aaall process load. Attar this load vu 
brought on line, it is seen that the average collector tluid t•perature 
increases at approziutely o.6 F per hour. 

Sinae the plant boilers are deactivated as long as the boiler inlet tea~ 
erature ezaeeda approxillatelJ 225 F, the tact that the process tluid tea~ 
erature i·ncreases beyond this point indicates that the collector tield is 
supplying more enera than the plant load can dissipate. The process tluid 
t•perature increases until the taperature at the collector tield outlet 
exceeds appronmately 250 F. 
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At thia point, u a aat•t7 preoaution, a teapenture •1toll 1a aot1Tated 
wbiah oaue• the oolleotor central oontroller to detooua th• entire ool­
leotor tield. Aa th• oolleotor outlet t•perature deor•ae• below the 
lillit ot 250•r, the oolleotora are allowed to retooua. Since the oolleotor 
tield enera ouput 1a sr•ter tllu the plut load, tile oolleotor outlet 
t•perature soon exoeeda th• 11111t ooadition again oauaing the oaoillating 
aondition pioturea. The period ot oaoillation 1a aeen to be approx1Jlatel1 
six • inutea. So, in a period ot aiz • inutea, the collectors are detoouaed 
and then retocuaed. 

Finall,1, the collector tield inlet t•perature ia aeen to oscillate with 
the aae trequen01 ot the oollector tield outlet t•perature. The north 
collector tield outlet connection to the hot water return hNder 1a oloN 
to the collector pump suotion piping ooimection. At the time the 111•t• 
piping waa designed, the hot water return tlow vaa at auoh a oapacitJ to 
prevent &IV' recirculation ot north tield outlet tlow directl1 baok into the 
pump auction piping. At present, the plant load ia aipiticantl1 leas than 
the design condition which leada to the recirculation ot tluJ.d through the 
collector tield. 

Aa might be expected, thia oao1llatorJ type ot operation directly atteota 
the thermal pertormance ot the collector syst•• It can be aeen in Figure 
4 that the average t•perature ditterenoe aorosa the collector tield during 
the oscillating period ot operation is much leas than the temperature dit­
terence during the near steady oonditiona juat prior to the osoillating 
period. The corresponding transient heat supply is lesa than that poaaible 
during steady state operation. 

It is concluded here that the collector tield energy output should be de­
creased to allow the system to achieve more nearly steady state conditions. 
Although transient operation is not necessarily harmtul in itaelt, the 
transient operation ot the collector drive mechanims could possibly lead 
to pr•ature maintenance probl•s or even tailurea. 

The possibility ot deactivating a portion ot the collector tield is being 
discussed with CTCo personnel. At the same time, the tlow through the 
tield should be decreased to prevent the recirculation probl• cited above. 
Since plant production ia expected to increase in the near tuture, this 
activity will be postponed until the plant process heat load stabilizes. 

IV. SJ1tw PtJ:tonu,n91 
,. Monthly Sumaa.ry 

Figure 5 and Table 1 show the daily pertormance ot the solar system tor the 
month ot March 1983. 

It should be noted here that the on-site DAS experienced disk probl•s 
between March 1, 1983 &11d March 10, 1983. The pertormance results tor this 
period are taken trca data gathered bf the baokup Acurez data logger. Frca 
Maroh 11, 1983 the data are trca the DBC 11/23 system. 
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.l point should alao be ud• her• about th• • ethod ot •eaauring the radi .. 
tioD in th• pl.am ot the collector. Thia • eaaur••nt ia • ade bJ taking the 
ditterenoe betvM11 tvo total h•iapberiaal pyrano• etera mounted on a ool­
leotor •1rroi- parallel to the aperture plane. One ot these pyrana• etera ia 
shaded with a shadow baAd while the other ia tullJ ezpoaed. In thia man­
ner, 0D11 the radiation in the oolleotor aperture window is • eaaured 
whether the collectors are tooused or detoouaed. Considering the oaoilla­
tory nature ot the oolleotor operation deaoribed above, this ••aure ot 
radiation is tru11 the radiation •seen• b1 the collector and not a • eaaure 
ot the available direct radiation. 

B. Daily SUllll&rJ' 

Figure 6 and Table II show the pertoraanoe ot the solar syst• tor a clear 
daJ, March 25. It is seen that the all-day etticienoy ot the the collector 
tield is 37S. Disregarding the syst• shut down period tr011 1400 to 1500, 
the peak etticiency is 49S tor this day. 
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TABLE I. ll>NTHLY PBBFOBIWICE SUMHARY TABLE - 3/83 

INCIDENT SOLAR ENERGY 

ON A IN TIIE 
HORIZ COLLECTOR COLLECTOR COLLECTOR PARI\SITIC NO. OF SURFACE PLANE ENEHGV ARRAY EFF. ARRAY EFF. ENFROV ENERGY CHANCES OF JULIAN CU ( 2) COLLECTED BASED ON Cl> BASED ON (2) DELIVERED USED NISSINA DAV COATE> BTU/SOFT BTU/SOFf BTU/SOFT X X BTU,/SOFT BTU/SOFT DATA 

' 

60 3/ 1 1010. 7 I 53. 6• -24. I -2.4 -15. 7 -2'f. I 2. 7 10.0 61 3/ 2 396. 1 42.6 -4.9 -1. 2 -ll. 5 -4.9 1.0 10.0 62 3/ 3 1255.5 478.B 16. 6 1. 3 3. 5 16. 6 6. 1 10.0 63 3/ 4 1431. B 486. 7 135.4 9. 5 27.B 135. 4 5. 7 10.0 64 3/ 5 673.7 50.6 -2.9 -0.4 -5. 7 -2.9 0. 5 10.0 65 3/ 6 1139. 4 273.4 65. 6 5. a 24.0 65.6 2.9 10.0 66 3/ 7 970. 9 51. 5 -13.6 -1. 4 -26. 5 -1:,. 6 0. 4 10.0 67 31 a 1268.4 362.9 81. I 6. 4 22. 4 a~. 1 5.2 10.0 (") 68 3/ 9 1091. 1 I 264.8 -24. a -2. 3 -9. 4 -24.8 3. 4 10. 0 VI 69 3/10 720.0 273. 4 33. 1 4.6 12. 1 33. 1 2.8 10.0 I-' 
70 3/11 1454. 4 566. 3 150. 7 JO. 4 26.6 150. 7 6. 4 0.0 71 3/12 345. 0 1. 2 0.0 0.0 0.0 0.0 I. 0 0.0 72 3/13 1464.7 2. 7 0.0 0.0 0.0 0.0 I. I 0.0 73 3/14 1848.6 625.2 174. 4 9. 4 27.9 174. 4 7.9 0.0 74 3/15 1920. b 634. 9 249. 9 13.0 39. 4 24'1. 9 0. 5 0.0 75 3/16 504. 7 0. 4 0.0 0.0 0.0 0.0 0.9 0.0 76 3/17 608. 5 4. 7 -15.2 -2.5 ***** -1~.2 I. 6 0.0 77 3/18 1072.0 1B4.6 4. 7 0. 4 2.6 

"· 7 
3.9 0.0 78 3/19 1941. 9 382. 0 173.4 8.9 45. 4 17';1.4 3.4 0.0 79 3/20 448. 5 0.0 0.0 0.0 0.0 Q.O 0.9 0.0 BO 3/21 1298. 0 106. 9 14. 7 1. I 7. 9 14.7 3.3 0.0 Bl 3/22 1484.0 354. 5 103.B 7.0 29.3 103.B 5. 5 0.0 82 3/23 437.0 0. 0 0.0 0.0 0.0 0.0 1.0 0.0 83 3/24 808.6 3.2 -23.4 -2.9 ***** -2:).4 I. 3 0.0 84 3/25 2080. 6 648. 4 256. 7 12.3 39.6 256. 7 7.9 0.0 

B5 3/26 1009.0 1. 4 0.0 0.0 0.0 0.0 I. 1 0.0 
B6 3/27 1323.0 0. 5 0.0 0.0 0.0 0.0 J. 0 0.0 
87 3/28 1625.6 170. 1 41. 4 2. 5 24. 3 41. 4 3. 4 0.0 
BB 3/29 1677.4 248. 6 49.2 2.9 19.8 49.2 4. 4 0.0 
89 3/30 2020. 4 599. l 231. 7 11. :, 38. 7 23~. 7 7. 1 0.0 
90 3/31 2165. 6 1131. 5 164. 4 7. 6 14. 5 16'}. 4 6. 5 0. 0 

-------------------------------------------------------------------------------
TOTALS 37528.6 8189. 4 1836.9 4.9 22. 4 18)6. 9 109.1 100.0 
AVERAGE 12 iO. b 264 .2 59. J 59.) ).5 

-------------------- - ---- -- - - ----- -----------------------------------------------------------------------

- - - - - - - - - - - - - - - - - - -
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TABLB II. CLBAR DAY PBRFOIHANCB TABLB - 3/25/83 (JULlill DAY 811) 

INCIDENT BOLAR ENERGY NORTH FIELD SOUTH FIELD TOTM. SYBTEN 

ON A IN THE COLLECTOR COLLECTOR 
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR 

ANB WIND SURFACE PLANE ARRAY TEtlP ARRAY TENP ENERGY ARRAY EFF. ARRAY EFF. PARASITIC 
TENP SPD (1) (2) FLOW RATE IN OUT FLOW RATE IN OUT COLLECTED BASED ON Cl) BASED ON (2) ENERGY 

HOUR F NPH BTU/HR-FT2 BTU/HR-FTiiZ QPN F F QPN F F ITU/HR-FT2 X X BTU/HR-FT2 

l. 45.B 9.6 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2. 46.5 5. 4 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 
3. 46.2 4.2 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 
4. 46 5 e. 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5. 44. 1 I. 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6. 45. 4 6. 5 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7. 46.2 I. 4 7. 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o. 0 

(") a. 50.6 3.B 70.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.' I 9. 50.6 13.0 142. 4 O.Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 lJ1 
I.,..) 10. 53. I II. B 200.0 119. 2 79.6 185. 1 179. 5 212.7 184. 3 1B1.2 7.B 3.9 6.6 ,. ' 

11. 54.0 11.6 257.4 150. 5 117. 4 225.2 239. 7 327.2 224.6 239.0 60.4 23.5 40. i 1. 3 
12. 55. 1 9.0 289.4 10B. 5 115. 3 22B.3 239. 1 331. 4 227. 5 23B. 3 45.6 15. 7 42.0 1. 3 
13. 58. 4 7. 9 297.5 120. 4 116. 8 227.8 238.6 335.2 227.3 239.6 50.B 17. 1 42.2 I. 3 
14. 59.2 7. 3 2B0.3 11B.9 117. 9 229.0 240. 1 339.4 22B.2 242.6 5B. 5 20.9 49.2 1. 3 
15. 57.3 9.2 242.0 29.2 70.5 157. I 159.4 203. 1 H56. 9 161. 1 16. 1 6.6 55:0 0.9 
16. 57. 1 11. I 175. 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17. 54.8 13. 5 94.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
18. 52. 4 10.2 22. 2· 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 
19. 50.0 e. 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20. 49.0 3.0 0. 0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
21. 47.8 0 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
22. 46. 5 -0.2 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
23. 45.7 1. 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
24. 45. 3 2. I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 

TOTALS 2079.9 646.6 239.2 11. 5 37.0 8.0 
AVQ 50.3 6. 7 173.3 107.8 102.9 20B.8 216.0 291.5 208. 1 217.0 39.9 0.3 

- - - - - - - - - - - - - - - - - - -
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SOUTHWEST RESEARCH INSTITUTE 
.. OST OflfllCI DIIAWIII ne,o • 8220 CULl• IIA IIOAD • SAN ANTONIO, TEXAS, USA 711294 • 11121 .... 9111•TILIX 71.7397 

CORTRAC'l' TITLI ARD RUMBIR: 

Departaent ot Meobuioal Soieaoea 
June 1, 1983 
Monthly Progreaa Report No. 39 
Reporting Period April 16, 1983 

through May 13, 1983 

A Large-Scale Solar Industrial Prooeaa Heat System 
tor caterpillar Tractor Co. Pbaae III, DOB Contract 
No. DB-FC030CS30309, SVRI Project Ho. 06-5821 

CONTRACTOR: 

Southweat Reaearoh Institute 
6220 Culebra Road 
San Antonio, Tena 

CORTRACT PERIOD: Sept•ber 12, 1979 to Septeaber 20, 19811 

CONTRACT OBJICTIVI CHANG!: None 

TECHNICAL APPROACH CHANGE: Hone 

CONTRACT TASIS: 

Tb• new version ot tbe DAS aottware waa closely monitored. A tev 
minor problem• were noted and are being resolved. 

SUMMARY STATUS ASSESSMBRT AND FORECAST: 

Operation ia continuing at the site; howner, a portion ot the tield 
baa been deactivated to prevent overheating the plant prooeaa heating 
system. Thia activity is diaouaaed in the accompanying pertormanoe report 
tor April. 

STG:dle 
Encl. 

co: Dr. R. L. Baaa, SVRI 
Ma. C. L. duMenil, SVRI 
Appropriate DOB Personnel 
Solar IPR Teobnioal Advisors 

Reapeottully sumitted, 

~/4-' 
Steven T. Green 
Reaearob Engineer 

APPROVID: 

-:p~~ »annr:Uen 
Project Manager 
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KOll'l'BLY REPORT #6 

REPORT PBIIOD: Apz-11 1, 1983 - Apz-11 30, 1983 

REPORT HO. : CTCo-6 

DOB CONTRACT NO.: DB-FC03-79CS30309 

SVRI PROJECT NO. : 06-5821 

COHTRACT TITLE: A Large-Scale Solar Induatrial Process Heat 
S7atea tor Caterpillar Tractor Co. 

COHTRACTOR: Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. Pr93•st P11gript1gp 

Application: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy_Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parts 
washing. 

37 • 4JP N. Latitude, 122 • 15' W. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 Btu/hr 
ot hot water at 235•r. Tbe solar system 
will deliver a maximum or 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 or Solar nnetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-s axis, 30 AT 
strings@ 240 rt per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2; South field, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The traclcing parabolic trough collectors are designed to produce hot water at 
235 , 450 gpm. The water is heated from 195 F before entering the "boilers" 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCULATION PUMP 
4S0 gpa 

PARAIIOLIC TFOUGH 
SOLAR CX>U.EC'll:lRS 

HOT WATER PROCESS 

RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. owatig B11>1r1tPM 

The colleotor ayat• operation wu varied throughout the month ot April. 
Table I briefly SUllll&l"izea thia operation. It ia aHn in Table I that 
three row• vve down with various probl••• These tailurea are all being 
attended to by the CT.Co maintenance atatt. 

Secondly, it ia aeen that the tield waa down tor inspection and detailed 
pertoraance meaaur•ents during the period April 5-7. These activities 
were reported in the previous report, CTCo-5, tor March, 1983. 

Finally, it is seen that throughout the month, various portions ot the 
collector tield were deactivated. Thia waa done in an attempt to decrease 
the overteaperature situation described in the previous report. The 
collector rowa that were lett stowed still had water tlowing through th• 
so that tull now waa maintained throughout the tield. The rationale tor 
this waa to keep the collector outlet temperature below the controller 
limit by mixing the solar heated water with the unheated water. 

During May, parts ot the collector tield will be valved ott to decrease 
the total now through the tield aa a turther attempt to bring the solar 
system pertormance closer to the current plant load. A review or these 
activities will be presented in a subsequent report. 

It can alao be seen that the DAS waa not operable during April 5-7. The 
DAS aottware waa updated during thia time to make its operation more 
etticient. No data can be reported during thia period. 

IV. SXatom fertormanca 

A. Monthly Summary 

Figure 2 and Table II show the system performance for the month ot April. 

It should be noted that the results presented for the collector system 
energy output are normalized on a unit area basis. These results have been 
obtained by considering only the operable portion ot the collector tield 
which is tound in Table I. To determine total energy output tr011 the 
collector tield, the appropriate operable collector area must be taken trom 
Table I. 

It can be seen in Table II that the overall system etticiency tor April was 
32.6S. The ayat• etticiency tor March waa 22.4S, ao a aubatantial 
improv•ent in pertoraance has been attained. Thia can be attributed to: 
(1) installation ot new central controller light switch to improve the 
startup sequence, and (2) ettorts to bring the system operation closer to 
steady state. 

B. Daily Summary 

Figure 3 and Table III show the- hourly performance tor April 10, 1983. 
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I 
TABLE I. 

I CATBBPILLil SOLAR SYSTIN OPIB.lTIOR 
April 1983 

I Aotive2Area 
~ Dci11 Baa nov11 £0i l c-•1at1 

I 1-4 47,81,911 47880 Normal Operation, ezoept: 
47-Hydraulio pressure switch 

tailure 

I 81-Rov controller tailure 
94-Hydraulio oil leak 

I 5-7 Field Maintenance - intermittent 
operation 

DAS Maintenance - DO data 

I 8 47,81,94 47880 Rormal operation attar 10:00 AM 

9-13 47,81,94 47880 Norul operation 

I 14 47,81,94 continuous 47880 Normal operation 

I 91,106 atter 13:00 35280 North tield shutdown in attempt 
to inhibit transient operation, 
tlov maintained throughout 

I 0/:11 entire tield 

15-24 47 ,81(91T106 35280 Saae as 4-14 

I 25 47,94,58-63,80-90 30240 North tield activated, one-halt 
ot South tield deactivated in 
att•pt to inhibit transient 

I operation 

26-28 47,94,58-63,80-90 30240 Saae as 4-25 

I 29 47 ,94,59-90 21840 North tield activated except 
row 94, one-tourth ot South 
tield (48-58) activated 

I 30 117,94,59-90 21840 Saa• as 4-29 

I 
I 
I 
I C-58 

I 



TABLE II. MOIITHLY PERFORMANCE SUMMARY TABLE - Jt/83 

INCIDENT BOLAR EIIEROY 

ON A IN lHE 
HDRIZ COLLECTOO CDLLECTOO COLLECTOR PARASITIC NO. IF 

SURFACE PLl\f\E EIIEROY ARRAY EFF. ARRAY EFF. ENEROY ENEROY Clw«:EB OF JULIAN CU (2) COLLECTED BASED ON (II •ABED ON C21 DELIVERED USED NIBBING DAY CDATEI BTU/SOFT BTU/SOFT BTU/SOFT X X ITU,/SOFT llU/BOFT DAlA 

91 4/ I 2087.6 473.B 57. 5 2.8 12. I 57.5 5.9 0.0 
92 4/ 2 2260. I 609. 5 Bl. 7 3.6 13.4 B1.7 6.0 0.0 
93 4/ 3 2353.7 646.2 70.4 3.0 10.9 70.4 5.3 0.0 
94 4/ 4 1385.0 5:Z3.6 202.6 14.6 38. 7 202.6 5.6 0.0 
95 4/ 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
96 4/ 6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
97 4/ 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CJ 98 41 e 16B4.7 1189. 7 284.0 16.9 23.9 284.0 e.o 0.0 
I 99 4/ 9 1042.B 0. :z 0.0 0.0 0.0 0.0 0.5 0.0 U1 100 4/10 2175.B 963. 1 387. I 17.B 40.2 387. I 6.3 0.0 \0 

IOI 4/11 2006.:Z 1085. 1 324.2 16. :Z 29.9 324.2 10. 7 I. 0 
102 4/12 1983.3 840.0 245.0 12.4 29.2 245.0 10. I 0.0 
103 4/13 2457.2 1381. 5 394.2 16.0 28. 5 394. 2 14.2 0.0 
104 4/14 2344.9 534. 7 229.7 9.B 43.0 229.7 II. 0 I. 0 
105 4/15 2038.5 0.0 304.4 14.9 ••••• 304.4 B.9 10.0 
106 4/16 18B6.6 0.0 6.6 0.4 ••••• 6.6 I. 6 0.0 
107 4/17 1279.6 0.0 B3.4 6.5 ••••• B3.4 2. 5 0.0 
108 4/18 1347. 7 0.0 -38.0 -2.B ••••• -38.0 4. 7 0.0 
109 4/19 971. 5 0.0 -10.2 -1.0 ••••• -10.2 2. B 0.0 
110 4/20 1477. 7 0.0 146.4 9.9 ••••• 146.4 7.3 0.0 
Ill 4/21 1345.3 0.0 54. I 4.0 ••••• 54. I 3.4 0.0 
112 4/22 1172.0 0.0 0.0 0.0 0.0 0.0 I. I 0.0 
113 4/23 619.3 0.0 0.0 0.0, 0.0 0.0 1. I 0.0 
114 4/24 1784. I 0.0 145. I 8. I ••••• 145. I 3.3 0.0 
115 4/25 :Z4:Z8. 5 1323.0 178.4 7.3 13.5 170. 4 Y.8 0.0 , 116 4/26 2160.3 638.9 170.B 7.9 26. 7 170.B 7.9 I. 0 
117 4/:Z7 1030. 7 96.4 -14.7 -1. 4 -15.3 -14.7 I. 9 0.0 
118 4/28 1357.0 23B.B 0.9 O. I 0.4 0.9 3. 5 0.0 
119 4/29 1474. 5 403.4 26:Z. 7 17.8 65. I -· 262. 7 • -0.4 0. 0 
120 4/30 909.3 0.0 0.0 0.0 0.0 0.0 -B.9 0.0 

TOTALS 45063.B 10947. 7 3566.4 7.9 32.6 3566.4 134.0 13. 
AVO 1669.0 405. 5 132. I 132. I 5.0 

- - - - - - - - - - - - - - - - - - -
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- - - - - - - - - - - - - - - - - - -
TABLE III. CLEAR DAY PERFORtwlCE TABLE - 11/10/83 (JULIAN DAY 100) 

INCIDENT 80l..M ENERGY NORTH FIELD BDUTH FIELD T01'1L 8Y8TE" 

ON A IN TIE COLLECTOR COLLECTOR 
HORJZ COLLECTOR C(LLECTOR NIRAY COLLECTOR NIRAY COLLECTOR COLLECTOR 

Nt8 WINO SURFACE Pl.ME NIRAY TENP NIRAY TENP ENERGY ARRAY EFF. ARRAY EFF. PARASITIC 
TENP SPD Cit ca, FLOW RATE IN DUT FLOW RATE IN OUT COU.EClED BASED ON C It BASED ON UU DEROY 

HOUR F tpH 8TU/HR-FT2 ITU/HR-FT:Z OP" F F OP" F F ITU/tll-Fl2 X X ITU/HR-FT2 

I. 0.0 0.0 0.0 0.0 0.0 o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 
2. 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 
3. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 
4. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6. 0.0 0.0 0.0 0.0 0.0 o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 n 7. 41. 2 -o. 2 17. I 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o I 

"' 8. 49.6 1.0 65.8 0.0 0.0 o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 
N 9. 51. 3 7.3 130. 6 63.4 55.0 73.4 76. I 83.0 73.0 78.8 13.5 10.4 21. 4 0.6 

10. 54.4 6. I 2:r.z. 1 191. 4 126.9 149.0 164.3 227.0 149. I 174.6 79.2 35. 5 41. 4 I. I 
II. 53.8 7. 5 281. 7 204.2 124.6 169. I 186.3 271. 6 169.0 192.6 86.4 30.7 42.3 I. 2 
12. 54.0 7.4 242.6 22. 6 34. I 48.3 49.0 70.8 48.3 49.7 4.5 I. 9 :zo. I 0.5 
13. 54. 8 II. I 283.4 140. 7 108.6 163. 5 173.6 242.6 163.6 175.4 47.5 16.8 33.7 I. I 
14. 55. :Z II. 4 294. 4 239.5 120.3 198.8 219.8 334.5 198. 4 222. 2 105. I 35.7 43.9 I. 2 
15. 54.7 12.5 263.0 96.9 47. I 79.6 88. I 147. 8 79.3 89.4 so. 7 19.3 52.3 0.6 
16. 54.2 13.9 197.3 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 
17. 53.0 13. 7 124.2 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. I 
18. 51.0 13.4 55. I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
19. 48. I 13.2 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20. 47.2 12.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
21. 46. 9 10. 9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
22. 46.9 12.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
23. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
24. 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTALS 2179.8 958.8 386.9 17.7 40.4 6. 7 
AVG Ill. 0 9. 7 167.7 137.0 88. I 125.9 136.7 196.8 125. 8 140. 4 59.3 0.4 
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A Large-Scale Solar Industrial Process Heat System 
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CONTRACT PERIOD: September 12, 1979 to September 20, 1984 
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TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

The solar system was closely monitored to observe the effects ot 
operational changes. These changes, described in the accompa1Jying perfor­
mance report, now allow the solar system to operate in a steady state man­
ner. This mode ot operation will allow investigators to more accurately 
compare performance predictions with actual performance results. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

Current operation will continue until long-term changes in the plant 
heat load require changes in the operation of the collector system. 
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II. PJ:01,st Pe1sr1pt10P 

Application: 

Site: 

Process Schedule: 

Awd.liary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process bot water tor parts 
washing. 

37• 44' N. Latitude, 122 • 15' w. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 Btu/llr 
or hot water at 235•F. The solar ~stem 
will deliver a maximum of 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 ot Solar ICinetics tracld.ng, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal oa N-s axis, 30 t. T 
strings@ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
tt2 ; South field, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The trackiag parabolic trough collectors are designed to produce bot water at 
235, 450 gpm. The water is heated from 195 F before entering the •boilers" 
to relieve some ot the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCUUTION PUNP 
450 gpa 

PARABOLIC TR:>UGII 
SOI.All CXlLLEC'roRS 

HOT WATER PROCESS 
RETURN LINI 

FIGURE 1. SYSTEM SCHEMATIC 
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III. PPICftiM IXPICilPM 

The operational atatua ot the collector tield wu changed several times 
duriq MaJ in an atteapt to prevent the overteaperature probl• in the 
paat (aee preyioua monthly reports). Duriq MaJ ao• e DAS problems were 
experienced and ao• e maintenance itQs were dealt with as well. 

First ot all, the operational status ot the collector tield ia summarized 
in Table I and Figures 2-1. Table I describes tbe operating scenario and 
lists the active portion ot the total collector area while Figures 2-1 
graphically portray the status ot each ot the 60 collector drive rows. 
According to CTCo personnel, the overte• perature probl• waa finally 
prevented on May 26. The collector tield is now operatiq such that any 
del ta-T strings which are down intentionally do not have any now through 
them. It is seen that at present two-thirds ot the collector tield baa 
been deactivated and isolated to prevent overdriviq the plant process beat 
system. 

As plant beat load increases and available solar energy decreases, more 
delta-T strings will be activated to maintain the portion ot the load 
carried by the collector tield. 

During the period 5/10 - 5/15, the DAS experienced disk drive problems. At 
the same time, the tape drive on the backup datalogger waa not properly 
functioning, so that no data at all were collected duriq thia period. The 
source ot the disk drive problem was in sottware and was resolved on 5/15. 
A switch failure prevented operation ot the datalogger tape drive which was 
disabled during the remainder ot the month. 

Finally, the collector field maintenance is summarized in Table II. It is 
seen that tor the period 5/1 - 5/10, up to tour drive rows were out ot 
service tor maintenance related problems. Duriq the period 5/10 - 5/31, 
three drive rows were out ot service. The drive rows down tor maintenance 
are considered in the active area summary in Table I. 

Also shown in Table II are the expenditures to date tor maintenance. A 
record ot these costs is being maintained by Caterpillar and represent 
total expenditures (i.e., labor and materials} by CTCo in maintaining the 
solar system. 

IV. systam e,ctOl'JD&Ace 

A. Monthly Summary 

Figure 8 and Table III summarize the pertormance ot the solar system tor 
May 1983. Recall that, at any given time ot the month, only a portion ot 
the collector tield is active. To determiaa the total collector tield 
energy ouput the appropriate value tor the array active area shown in 
Table I must be used with the performance results tabulated in Table III. 
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B. DailJSUIIIIU'f 

Figur• 9 and Table IV sU11111arize the collector system pertormance tor 
May 18. Aa a reault ot controlling the deateering probl• bJ deactivating 
portion.a ot the aollector tield, the pertormanae ot the remainder ot the 
tield approaches the maxiJlna ettiaieney poaaible tor thia collector model. 
Thia can be seen bJ reviewing the ettiaieney values listed in Table IV. 
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J2&ta 

1-12 

13 

14-18 

19 

20-22 

23 

24-25 

26 

27-31 

TABLE I. CATERPILLAR SOLil SYSTEM OPERATION 
Ma, 1983 

Aot1ve2Area 
Ctt > con,ota 

2181'0 South Field: 11 drive rows up 
North Field: 15 drive rows up 
Full now to entire tield. 

25200 South Field: 15 drive rows up, no flow to 
down delta-T strings. 

North Field: 15 drive rows up, full now. 

25200 Same aa 5/13 

20160 South Field: 9 drive rows up, no flow to 
down delta-T strings. 

North Field: 15 drive rows up, full now. 

20160 Same as 5/19 

21840 South Field: 11 drive rows up, no flow to 
down delta-T strings. 

North Field: 15 drive rows up, tull now. 

21840 Same as 5/23 

15960 South Field: 11 drive rows up, no flow to 
down delta-T strings. 

North Field: 8 drive rows up, no flow to 
down delta-T strings. 

15960 Same as 5/26 
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TDLI II. 

Driya BAM 

BB-81 

BB-47 

BH-67 

ClTDPILLil SOLAR SYSTEM MlIBTE!UlfCI SUMIWtt 

5/10 

5/10 

4/7 

5/10 

Qh11rx1t1on14gt1op 

24 V tranatormer repaired, row returned to 
service. 

Oil leak repaired, tracker head failure, 
row lett out ot service. 

Pressure switch tailure, row still out ot 
service during May 1983. 

Pressure switch failure, row out ot 
service betore 5/10. 

Maintenance expenditures, May 1983: $1053-24 
$2456 .11 Maintenance expenditures, February-May, 1983: 
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TABLE III. !1:>NTHLY PEllPOBMANCE SUMMilY TABLE - 5/83 

I 
INCIDINT 80-M ENERQV 

CN A IN THE 
HOIUZ C0LLICTOII COLLECTOR COLLECTOR PARASITIC 

SURFACE PLANE ENDQV ARRAY EFP'. ARRAY EFF. DIEROV ENEROV 

I JULIAN Cl> (2) COLLECTED BAND ON Cl> BASED ON ca, DELIVERED USED DAV CDATI> ITU/SOFT ITU/BGl'T ITU/SGFT X X ITU,/SGFT ITU/BGFT 

I 121 9/ 1 2232.3 95.9 38. 1 1. 7 39.9 38. 1 1. 2 
122 9/ 2 2000.4 707.4 129. 9 6.9 18.3 129.9 5. 2 
123 9/ 3 2314.0 1366.8 407. 1 17 .• 29.8 407. 1 6.6 
124. 5/ 4 1450.0 70. 7 14.7 1. 0 20.8 14.7 1. 7 

I 129 5/ 9 1300. 1 232.8 39;9 2.8 lS.4 39.8 3.2 
126 9/ 6 2667.0 629. 9 306.6 11. 9 49.0 306.6 10.3 
127 9/ 7 2538.0 259.2 93.2 3.7 36.0 93.2 5.4 
128 "8 2753.0 2049.2 734. 7 26.7 35.9 734.7 8.7 

I 129 9/ 9 2797.8 1982.3 561. 5 20. 1 28.3 961. 9 11. 1 
130 9/10 26.8 21. 6 0. 9 2.0 2.4 0. 9 0.2 
131 9/11 o.o 0.0 0.0 0.0 0.0 0.0 0.0 
132 9/12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

I 
133 9/13 o.o 0.0 0.0 0.0 0.0 0.0 0.0 
134 9/14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
139 9/19 0.0 0.0 0.0 o.o 0.0 0.0 0.0 
136 9/16 2920.9 1674.6 728.8 28.9 43.9 728.8 8. t 
137 9/17 2760.2 2103.8 839.0 30.3 39.7 839.0 10.2 

I 138 9/18 2682.2 2182.6 939. 9 39.0 43.0 939. 9 9. 9 
139 9/19 2800.6 2189.9 768.8 27.4 3S.a 768.8 7.8 
140 9/20 2762. 9 2441.9 940.2 34.0 38.9 940.2 a.a 
141 9/21 27'9.4 1649.7 964. 1 20.9 34.2 964. 1 6.4 

I 
142 9/22 2'92.6 1249.2 434. l 17.0 34.9 434. 1 4. 9 
143 9/23 2916.9 923.2 227.7 9.0 24.7 227. 7 4. 9 
144 9/24 2370.3 1410.8 624. 1 26.3 44.2 624. 1 9. 1 
149 9/29 2390.3 774.7 268. 2 11. 2 34.6 268.2 3.9 
146 9/26 1992.2 1602.6 723. 1 49.4 49. 1 723. 1 5.4 

I 147 9/27 2688.8 2264.9 926.9 34.9 40,9 926.9 a.o 
148 5/29 1807. 9 0.6 0.0 0.0 0.0 0.0 0.0 
149 5/29 1993.3 0.0 0.0 0.0 0.0 0.0 0.0 
190 9/30 2621.8 1881. 2 633.7 24.2 33.7 633.7 6.3 

I 191 9/31 2987.0 1948. 1 1097.9 40.9 94.3 1097.9 7.3 

I 
TOTALS 59413.8 31673.8 11992.9 20.2 37.8 11992.9 149.4 AYO 2376.6 1377.l 521.4 521.4 6.2 

i I 
I 
I 
I 
I C-77 

I 



--------------------

351. 

291. 

-1-- 233. 

~ 
I 

~ 
' :J 17'. 
I--
al 
V 

)­

'-' 
; 116. 

UJ 

58.3 

8.08 

CLEAR DAY PERFORMANCE GRAPH 5-18-83 

8.88 2.88 4.88 6.88 8.88 18. 8 12. 8 14. 8 16. 8 18. 8 28. 8 22. 8 24. 8 

HOUR Or DAY 

FIGURE 9 

C-78 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



-------------------
TABLE IV. CLEAR DAY PERFORMANCE TABLE - 5/18/83 (JULIAN DAY 138) 

INCIDENT SOLAR ENERGY NORTH FIELD SOUTH FIELD TOTAL SYSTEII 
ON A IN THE CCLLECTOR COLLECTOR 

HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR ANB WIND SURFACE PLANE ARRAY TENP ARRAY TENP ENERGY ARRAY EFF. MRAY EFF. PARASITIC TENP BPD (1> ca, FLOW RATE IN OUT FLOW RATE IN OUT COLLECTED BASED ON Cl) BASED ON C2) ENERGY HOUR F .. H BTU/HR-FT2 BTU/HR-FT2 gp" F F gp" F F BTU/HR-FT2 X X 8TU/tll-FT2 

l. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 o.o 0.0 2. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 3. 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 o.o o.o 4. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 5. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 o.o 0.0 6. 0.0 0.0 o.o 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 o.o 0.0 7. 56.6 0.8 55. 2 21. 5 24.8 194. 1 132.3 26.3 182.5 129.7 -7.8 -14. 1 -36.3 0.4 8. 69.4 2. 7 128.8 180.0 135.0 220.9 230.3 176.6 220.0 229.9 76.3 59.2 42.4 1. 9 9. 72.9 2. 9 199.3 203.4 135. 7 222.2 238.8 178. I 221.9 236.2 105.4 52.9 51.8 I. 9 (") 10. 73.5 4.0 265. I 227.2 136.2 226.5 245.9 179.4 225.6 242.8 129.0 48.7 '6.8 a.• I 
--..J 11. 74. 1 4.2 311. 9 240.3 136.6 231.8 253.2 181. 6 230.9 250.7 144.8 46.4 60.3 I. 9 \0 12. 76.4 4.9 3315.3 257.0 136.4 232. l 253. 5 180.0 231. 2 2:u. 7 147.2 43.9 57.3 a.• 13. 76.6 8. l 333. 1 281.7 135.9 232.2 253.6 179. l 231. 7 2:u. 9 147.3 44.a 52.3 I. 9 14. 76.0 9.0 321. 0 283.2 1315.6 228.3 248.3 179.3 227.2 246. 15 145.2 45.2 :n.3 I. 9 15. 75.2 9.4 277.6 242.9 135.2 230.8 247.9 177. 4 230. 1 247. l 124.5 44.8 51.3 2.0 16. 73.5 9. 4 219. 7 205.3 135. 1 237.15 250.6 177.3 236.6 250.2 99.3 45.2 48.4 a. I 17. 71. 5 8.6 142. 7 16.3 49.0 229.2 227.6 63.9 230.0 231. 5 12.3 8.6 75.5 o.8 18. 70.8 6.6 72.4 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 19. 66.9 7. l 18.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 20. 60.9 7.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 21. 159.4 6.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 2a. 59.4 5.8 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 23. o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

"1 • 

TOTALS 2680.B 2158.B 1123. 4 41.9 52.0 18.9 AVG 69.6 6. l 206.2 ' 196. 3 117. 8 226.0 234.7 154.4 224.3 233. 5 102. 1 1. a 
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SOUTHWEST RESEARCH INSTITUTE 
l'OST Ol'fllCI 011AWIII 2N10 • l2ZO CULl• IIA IIOA0 • SAN ANTONIO. TIXAS, USA 792 .. • 11121 ... ••111•TILEX 79.7397 

CONTRACT TITLE AND NUf.'BER: 

Department of Mechanical Sciences 
July 20, 1983 
Monthly Progress Report No. 41 
Reporting Period June 11, 1983 

through July 8, 1983 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 20, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

The solar system operated smoothly for the month of June with only 
minor problems being observed. These are described 1n the accompanying 
performance report. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

Current operation will continue until long-term changes 1n the plant 
heat load require changes in the operation of the collector system. A site 
visit is being planned for early August to check the DAS calibration and 
operation. This activity will be coordinated with the CTCo plant person­
nel. 

STG:dle 
Encl. 

cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 

Respectfully submitted, 

~~~ 
Steven T. Green 
Research Engineer 

APPROVED: 

SAN ANTONIO, TEXAS 
WITN o,,ic11 IN NOUITON. TIIIAI. AND WAININGTON, D.C. 
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REPORT PBIIOD: 

REPORT NO.: 

MOITBLI REPORT Ho. 8 

June 1, 1983 - June 30, 1983 

CTCo-8 

DOB COH'l'HACT NO.: DE-FC03-79CS30309 

SWRI PROJECT NO.: 06-5821 

COR'l'RACT TITLE: 

COR'l'RACTOR: 

PROJECT SITE: 

A Large-Scale Solar Industrial Process Heat 
System tor Caterpillar Tractor Co. 

Southwest Research Institute 
P. o. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 7828-
Contact: D. Dettenbaugb, 512/68Jt-5111, ext 238Jt 

Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. Pz:p1•qt Pt1oriptign 

Application: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy_Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process bot water tor parts 
washing. 

37 • 44 ' N. Latitude, 122 • 15 ' W. 
Lonli,tude, Elevation• 108 1 • 

Peak energy requirement is 9 z 106 Btu/hr 
of bot water at 235•r. Tb• solar ~stem 
will deliver a maximum of 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 or Solar linetica tracking, 
parabolic line focus, T-700 collectors. 
Hoof mounted, horizontal on N-S ans, 30 6 T 
strings@ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
ft2; South field, 36960 ft2). 

Treated water, North tield - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 z 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trougb collectors are designed to produce hot water at 
235, 450 gpm. The water is heated from 195 F before entering the •boilers• 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCULATION PUMP 
450 gs,a 

HOT WATEJ PFIOCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. APIC&tipg lxPOCitAQI 

The mlar ayetea operated in much the same contiguration ae during 
the latter part ot May, with cbangee being made in the maintenance statue 
ot some ot the rove. The DAS again experienced probl•• in June. 

Table I and Figures 2-4 summarize the operation ot the collector 
tield tor June 1983. It wu tound that the collector operation mode 
for the month ot June prevented the over-temperature and detocusing prob­
l•a; theretore, the current statue will be maintained until the plant heat 
load warrants the uae ot an additional portion ot the tield. 

It should be noted that on June 23 and June 30 it waa discovered 
that most ot the active collectors- had missed focusing on the sun at start­
up. The central controller light switch was adjuated on both occasions in 
attempts to prevent future occurrences. 

Table II summarizes the maintenance activity tor June. Ot the cur­
rent maintenance probl•a, the ones related to the hydraulic circuit are 
the moat troublesome. Because the hydraulic oil being used attacks the 
roofing material, CTCo plant personnel are sensitive to any l•k probl•s. 
It is hoped that the petroleum based oil can be replaced by a water based 
hydraulic tluid to prevent damage to the root material. This upgrade is 
being investigated by CTCo and SWRI personnel. 

The summary in Table II also reveals that two glass receiver tube 
covers have recently been chipped. It is hoped that these are isolated 
problems; however, this situation shall be closely monitored so that a more 
widespread problem, it present, can be prevented. 

The DAS experienced data disk problems in June. This wae due to the 
installation ot a bad disk tor the period June 3 to June 16. The perfor­
mance results reported below tor this period have been rehabilitated trom 
data taken by the backup datalogger. The datalogger, however, was using a 
faulty flowmeter in the south field flow loop so that the flow in the south 
field had to be estimated from the north field flow rate. It is seen that 
at other times ot the month, the relation between the north and south field 
flow rates is very consistent; therefore, it is assumed that the perfor­
mance reported for June 3 to June 16 is a sound estimate. This tlowmeter 
is backed up by a redundant tlowmeter; unfortunately, only the computer is 
connected to both sensors. It is ditficult to assess the accuracy of these 
results, but are presented rather than providing no results at all during 
this 13 day period. 

IV. System Performance 

A. Monthly Summary 

Table III and Figure 5 summarize the performance ot the collector field for 
June 1983. As indicated in Table IV, the etficiency results tor June 9, 
June 14, and June 17 are in error. This is due to incorrect measurements 
ot the collector plane radiation tor those three days. A review ot the 
detailed data reveal that the readings for the remainder ot the month are 
acceptable. Thia is an intermittent probl• that will be more closely 
monitored. 
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. T.&BLI I. CATDPILLAR SOUR SYSTEM OPDlTIOI 
June 1983 

Active2.&rea 
(ft ) 

15960 

16800 

15960 

South Field: 11 drive rows up, no tlov to 
down delta-T strings 

North Field: 8 drive rows up, no tlow to 
down delta-T strings 

South Field: 12 drive rows up, no tlov 
down delta-T strings 

North Field: 8 drive rows up, DO tlov 
down delta-T strings 

South Field: 11 drive rows up, no flow 
down delta-T strings 

North Field: 8 drive rows up, no tlow 
down delta-T strings 

Most of active rows missed focuaing at 
startup. 

75S of active rows missed focuaing at 
startup. 
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BB-9jJ 

BB-69 
BB-81 

BB-47 
BB-67 

BH-47 

TABLI II. ClTIRPILLil SOUi SYSTEM MAIBTDAICI SUIIWlt 
June 1983 

5/10 

6/6 

6/8 

6/13 

Qh11rvationtAotiop 

Tracker head failure, row deactivated 

Receiver tube glass chipped, rows remained 
activated. 

Replaced faulty hydraulic pressure switch 
Rows brougbt back to service 

011 leak througb seal on oav pressure 
switch, row deactivated 
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TABLE III. 

NONTHLY PERFORNANCE BUNNARY TABLE - 6/83 

INCIDENT SOLAR ENERGY 

ON A IN Tt£ 
HORIZ COLLECTOR COLLECTOR COLLECTOR PARASITIC 

SURFACE PLANE ENERQY ARRAY EFF. ARRAY E..-F. ENERQY EtERGV 
JULIAN (I) (2) COLLECTED BASED ON Cl) BASED ON C2> DELIVERED USED 

DAY COATE) BTU/SClFT BTU/SClFT BTU/SClFT X 'X BTU,/SOFT BTU/SCIFT 

152 6/ 1 2378.2 1322.8 609.3 25.6 46. I 609.3 5.8 
153 6/ 2 2032. 1 1031. 8 531.8 26.2 51. 5 531. 0 4.7 
1:,4 6/ 3 2iUB. 4 1906.4 796.9 3:,_9 41. 8 796.9 6.5 
1 :,:, 6/ 4 2435. 1 1773.4 746.8 30.7 42. 1 746.8 6.0 
156 6/ 5 2605.7 2648.8 1163. 3 44.6 43.9 1163. 3 8.4 
157 6/ 6 2242.6 1619.4 966.6 43. 1 :t9. 7 966.6 1.a 
1 :,9 6/ 7 2379.4 1902.7 881. l 37.0 46.3 881. l 7.3 

(") 1 :,9 6/ 8 2047.2 1001. 7 318.3 1 :t. 5 31. 8 318.3 4. 3, I 
00 160 6/ 9 2097. 1 ;?;;?F,} 224.9 10.7 -- 224.9 s.a \0 

161 6/10 2113. 7 1223.5 124.0 5.9 10. l 124.0 5.:, 
162 6/11 2421. l 1999. 7 849. l 3:t. 1 42.5 849. 1 6.' 
163 6/12 2670. 1 2e5:,_9 1089. l 40.8 38. l 1089. l 8.6 
164 6/13 2623. 1 2826.9 1180. 0 4:t. 0 41.7 1180.0 8. 5 -
165 6/14 2057. 4 759.e 483.5 23.:, - 483.:, 5.0 166 6/1:, 23:,0.0 2086.3 895.9 38. 1 42.9 895.9 6.5 167 6/16 2:t82.9 2640. 7 1043.2 40.4 39. 5 1043.2 B. 5 
168 6/17 2851. l 1-'3.36. 9 812.3 28.5 - 812.3 9. 7 
169 6/18 2849.6 2821.7 1018.9 35.B 36. l 1018.9 8.:t 
170 6/19 2801.9 2707. 1 97;;1.9 34. 7 35.9 972.9 8.4 
171 6/20 2672.8 2562.9 853.6 31.9 33.3 853.6 9.6 
172 6/21 2753. 1 2785.4 1009.8 36. 7 36.3 1009.8 10. l 
173 6/22 2778.4 2853.2 924.9 33.3 32.4 924.9 10. l 
174 6/23 2581.9 2114. 3 618. l 23.9 29.2 618. 1 1.a 
175 6/24 2815.6 2818.6 983. 1 34.9 34.9 993_ 1 8. 7 
176 6/25 2811. 6 2836.6 975_a 34.7 34.4 975.2 8.9 
177 6/26 2755.3 2789.0 950. l 34.5 34. 1 950. 1 8. 7 
178 6/27 1875.3 647.4 75.0 4.0 11. 6 75.0 2. 7 
179 6/28 1306. 5 400.9 105.5 8. 1 26.3 105.5 2.' 
190 6/29 2574. 9 2164.6 727. 5 28. 3 33.6 727. 5 7.' 
181 6/30 2421.8 1145. 0 396. 7 II!-~ 3~.6 ~26 Z 6.7 

TOTALS 73103.9 5 7912 .1 22327.7 30. 5 38.6 22327.7 212.6 
AVERAGE 2436.8 1930.4 744.3 744.3 6.6 

- - - - - - - - - - - - - - - - - - -
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Using the aot~ve area values tat" the appropriate periods (see Table II), 
it ia tound that the total colleotor tield ener17 output tor June waa 
36oz106 Btu. · 

B. Dail1 SUlllar, 

I 
I 
I 

Table IV and Figure 6 sumarize the olear day pertormanoe ot the collector 

1 field tor June 26. 
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TABLE IV. CLEAR DAY PERFORMANCE TABLE - 6/26/83 (JULIAN DAY 177) 

INCIDENT SOLAR EIIERGY NORTH FIELD SOUTH FIELD TOTAL SYSTEN 

ON A IN THE COLLECTOR COllECTOR 
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR At1B WIND SURFACE PLANE ARRAY TENP ARRAY TFNP ENF.ROY ARRAY EFF. ARRAY EFF. PARASITIC TENP SPD Cl> (ii!) FLOW RATE IN OUT FLOW RATE IN OUT COLLEClED BASED ON Cl> BASED ON C2J ENEROY HOUR F HPH BTU/HR-FTii! BTU/HR-FT2 OPN F F GPN r- F IHU/HH-FT2 X X 8TU/HR-FT2 

1. 0.0 0.0 0.0 0.0 0.0 00 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2. 0.0 o. 0 0.0 0.0 0. 0 00 o.o 0.0 0. 0 0.0 0.0 00 0. (J 0.0 3. 0.0 o. 0 0.0 0.0 o. 0 0.0 0.0 0. 0 0.0 0.0 0. 0 0.0 0.0 0.0 4. 0.0 o. 0 0.0 0.0 0 0 0.0 o. 0 0.0 0.0 0.0 0. 0 00 0.0 0.0 5. 0.0 o. 0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 o. 0 0. 0 0.0 0.0 0.0 6. 0.0 o. 0 o. 0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 7. 52. 7 4. 4 55. 7 0.0 0.0 0.0 o. 0 0.0 0.0 0.0 0 0 0. 0 0.0 0.0 8. 61. 1 5. 3 127.2 143. I 53.2 166.2 185.8 85. 4 168. 3 179. 6 6. B 5. 4 4 0 J. 8 9. 66. 1 4. 5 209.9 257. 9 84. 4 186.9 201.6 144.0 180. 6 202. 7 98. 6 47.0 30.2 2. 7 10. 71. 6 2.6 264.4 263. 5 84. 7 190.4 206.B 144.9 192.6 206 0 104.0 39. 3 39.5 2. 7 
(") 11. 67.0 6.6 309. 5 268.6 84.9 19B. 7 213. 6 145.0 199. 1 213. 7 101. 6 32.B 37.8 2. 7 I 12. 66.0 9.4 342. 5 2B8.9 84.8 205.4 220.2 144. 7 205. 3 220. 3 102 9 30. I 35. 6 ii!. 7 '° 13. 66. 3 10.9 351. 2 301. 2 84. 7 211. B 226. 6 144. 6 211. I 226. 5 103. a 29. 6 34. 5 2. 7 N 

14. 64. 9 11. 3 344. 7 30B. 3 84. 5 217.9 233. 5 143.B 217. 1 232. 4 104.9 30.4 34.0 ii!. 7 15. 64.9 12.6 302.0 303 8 84.4 223. 4 23B. 9 143.B 222. 4 237. 5 103. 1 34. I 33.9 ii!. 7 16. 67.0 8.0 220. 7 2B7. 4 84.0 227. 7 242. I 143.4 226. 7 240. 9 96. 4 43. 7 33. 5 2.6 17. 65.3 11.2 134.3 253. 5 B3. 5 230. 1 241.4 142. 5 229. I 241.0 78. 6 5B. 5 31. 0 2.6 18. 61. 5 14. 1 68. 5 112. 6 45. 4 228. I 232. 3 77. 6 227. I 233. 2 29. ~ 42.6 25.9 I. 6 19. 59.4 15.4 2B. 4 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20. 56. 3 13.6 o. 0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 :;u. 54.9 12. 5 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0 0 0. () 0.0 22. 0.0 o.o 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 23. 0.0 o. 0 0.0 0.0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0.0 0.0 24. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTALS 2759. 0 27B8. 7 930. 0 33. 7 33.3 27. 4 . . AYO 63.0 9. 5 212.2 253. 5 78.0 207. 9 222. 1 132. 7 207.9 221.3 84.5 I. 8 
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CONTRACT TITLE ANO NU~ER: 

Department of Mechanfcal Sciences 
August 19, 1983 
Monthly Progress Report No. 42 
Reportfng Perfod July 9, 1983 

through August 5, 1983 

A Large-Scale Solar Industrfal Process Heat System 
for caterpfllar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Instftute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 20, 1984 

CONTRACT OBJECTIVE OIANGE: None 

TEOINICAL APPROACH OiANGE: None 

CONTRACT TASKS: 

The solar system was avaflable throughout the month of July; how­
ever, there were only six days of normal operatfon due prfmarfly to the 
plant shutdown durfng the perfod July 5 to August 2. 

SUMMARY STATUS ASSESSMENT ANO FORECAST: 

The danger of leakfng hydraulic fluid destroying the roof material 
has increased with the failure of two additional drfve pylons. SwRI and 
CTCo personnel will implement a permanent solution to this problem before 
any more repaf~s to fsolated faflures are performed. See the accompanying 
performance report for a more detafled descrfption of these failures. 

STG:dle 
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cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Approprfate DOE Personnel 
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Steven T. Green 
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REPORT NO.: 

K>NlltLY REPORT No. 9 

July 1. 1983 - July 31. 1983 

CTCo-9 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111. ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. PJ:o1egt Pt1sr1pt19n 

Application: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water for parts 
washing. 

37 • 44 ' N. Latitude, 122 • 15 ' W. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 Btu/br 
of hot water at 235°F. The solar ~stem 
will deliver a maximum of 8.6 x 106 Btu/1:lr. 

Natural gas. 

50400 rt2 of Solar Kinetics track::1.ng, 
parabolic line focus, T-700 collectors. 
Roof mounted, horizontal on N-S axis, 30 t:. T 
strings@ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
ft2; south field, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 
235 , 450 gpm. Tbe water is heated from 195 F before entering the •boilers" 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCULATION PUNI' 
450 gpa 

PARABOUC TR:lUGH 
SOLAR CCLJ..EC'roRS 

HOT WATER PROCESS 

RETURN LINE 

FIGURE 1 • SYSTEM SCHEMATIC 
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III. Opacattng Expectanca 

The solar syst• was available for operation throughout the month of July. 
Minor changes were made to the syst• to acc011111odate the several mainten­
ance actions described below. The DAS operated without trouble through the 
entire month. 

Table I su•arizes the operation of the solar system for the month of July 
while Figures 2-4 show the status of all drive rows at various times. It 
is seen in this table and these figures that two more drive pylons failed 
on or before July 3. As noted in Table II, these failures are related to 
problans with the hydraulic drive circuit. On July 7 row BH-81/-59 was 
replaced with BH-80/-58 as an active delta-T string since the latter fs 
an instrumented row. Also on July 7 rows BH-72/-50 and BH-75/-53 were 
activated to more closely match collector energy delivery to plant load. 

CTCo personnel plan to leave rows with hydraulic oil circuit leaks out of 
service until a permanent solution to the leak problan and associated 
problans can be found. Recall that the petroleum-based fluid currently fn 
use destroys the roofing material on the CTCo plant. SwRI and CTCo are 
investigating changing to a more appropriate fluid which may also require 
changing some of the hydraulic circuit components. 

IV. System Performance 

A. Monthly Summary 

Table III and Figure 5 summarize the systan performance for the month of 
July. It is seen that there were only six days of normal operation during 
the month. As mentioned above, the plant was shut down from July 5 to 
August 2. During thfs period, the process heat systan was operated for 
occasional plant maintenance needs. 

B. Daily Summary 

Table IV and Figure 6 summarize system performance for July 5, 1983. It 
1s seen that the systan operated from about 8:00 A.M. (PST) to 5:00 P.M. 
(PST). There were 14280 ft2 of active collector area so that the energy 
energy delivered for the entire day was 10.5 * 106 BTU with an all-day 
efficiency of 32.01. 
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01:tl 

7/1-7/2 

7/3-7/6 

7/7-7/31 

BH-94 

BH-47 

BH-69 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
July 1983 

Act1v•~rea 
(ft ) GAW10:ts 

15960 South Field: 11 drive rows up, no flow to 
down delta-T strings 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

14280 South Field: 9 drive rows up, no flow to 
down delta-T strings except 
for string BH69/BH47 

North Ffeld: 8 drive rows up, no flow to 
down delta-T strings 

17640 South Ffeld: 13 drive rows up, no flow to 
down delta-T strings except 
string BH69/BH47 

North Field: 8 drive rows up. Intermittent 
operation 7/15 to 7/31 due to 
plant shutdown 

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SU~Y 
July 1983 

5/10 

6/13 

7/3 

Tracker head failure, row deactivated 

011 leak through seal on new pressure 
switch, row deactivated 

011 leak, BH-69 due to faulty tube con­
nection, BH-84 due to lower seal on 
hydraulic cylinder 

C-98 



(") 
I 

\0 
\0 

BH- 99 I I jeH- 9'1 

BH-'l 00 [//>j-<////'/}7.-</:/:.<;<••':-••>']eH- 92 
BH-'l O'l 

:::. 7~.,, =,:;:, ::;:,, =,:;:. ::;_,> =,,;:::;:_, ::;_,;::;;, BH-1 02 t" / / / / / / / / .-~~"£s,❖~~\~.~-.,~~,~~;s-yeH- 9 • L I < ·' I ~ ·· · · --.: · 1-~ U,:.•. . 

BH-1 031 I jeH- 9S 

BH-1 04 ~~<<<<-<</r<.,</,/// ... •<··:<./JBH- 96 

BH-1 os L I jaH- 97 

BH-1 06 L/'..·<<2:/:,;--~,<--J✓:-',,<.·:··>><•·:?:JeH- 98 

BH- 691 ~~~~BH- •7 

BH- 7 o ~?:?:<<?:;--;<,(,J"ZZ?:;<,<,<(?;leH- •8 

BH- 71 [,<.,:/,/·z./·/:/~•·lZZ,0'>~0!>~/]eH- • 9 

eH- n f:/,(2'/~/?:✓<<-~<,,>Z<;JeH- so 

BH- 7 3 [</~/~<,<(Z?/£,;:(2,/~'j//Z)eH- st 

BH- 7 • t,//"'UZ/~/Z··v:-022,,.<Z·•::,/JeH- 52 

BH- 75 f2Z?>1/J'_(1/A'l)Z/~<?:/bJaH- 53 

BH- 76 ('j-½<.-?>~<?ZF2Z</>Z?ZJeH- 5• 
BH- 77 t/Z///:/,,z,-12·2z,<2-:;--·~2:;,,1eH- ss 

BH- 781 j jaH- ss 

BH- 79 tuZ/:;,<//~/:;--v/~-'>Z<fZ<)eH- S7 

BH- 8 0 [,3,(///Z<,/,/[2>-:zz/;<?2~?leH- S8 

BH- 81 I I I BH- S9 

BH- 8 2 [,,Z/><--</:-<</)2>;-•:/>~~</>JsH- 6 0 
BH- 83 r-~<(/:;</>=-?>L/Z</:?>/:-<//JeH- 61 

BH- 8• I I jeH- 62 
BH- as ~:Z~<</~.,:,<,PZZ~//~s>:✓-JeH- 63 

BH- 86 tZ<-</:.</://">1><✓-j(,<-✓:/;<,<21BH- 6 • 
BH- 07 I I laH- 6s 

BH- 88 V?:/:<<,</>'>1<-(/:/,/,/ ,/z,--JBH- 66 
BH- 89 [0/Z</~-'/>;&·-✓~•'j•':</z . .-,;,1eH- 67 

BH- 90 I -- j jeH- 68 

__.,· _/ /. ,,"' ,, .•. , .... - .,-·" ,,·• __ .,• ,•'' .>/// ~-' ('·''''' "''1 • I / { # I I I ✓ I ,• , 

/,-"/,'✓- .... ~-.,,_. ,✓;' 

UP UORNAL OPERATION [11)WU Uk I tHEl4HNC E DOWH. PREVENT OVERTEMP 

THIE PERIOD: JUL'i 1-2 

FIGURE 2. COLLECTOR DRIVE ROW STATUS 

-------------------



- -

(") 
I 

I-' 
0 
0 

----------------
BH- 69 ~~m~~~~~Sf~BH- •7 

BH- 7o k?Z,~~/>~<<-PZIZ//72ZleH- •a 
BH- 71 r~::1/,;:,z/~0-t1//2>~·777ZIBH- • 9 

BH- 72 P7/u'?:(;~/X?:Z/:?>Z0)eH- s 0 

eH- 73 k>·'Z<V>~?ZJ?>03,~<;/(>'>']eH- 51 

BH- 7 • [(l:/./1//.'l2{(,<?>Z/:0/>jeH- s2 

BH- 7S FZ✓Z✓'/½//;{7;-'/>Z?>~<aeH- S3 

BH- 76 v;,:z ... ,-:, .. ~/~<<21?>:</<</?:>':/]eH- S • 
BH- 77 (2>··/:.<:-<,,,:</)V>::>>::.//Z</jBH- ss 
eH- 781 I !eH- ss 

BH- 79 VJZ,,>Z<Z2Y/Z/><,-<-<2Z)eH- s7 

BH- 80 tZ?2Z/2>Z2V2Z,,z_.7/,jeH- 58 

eH- 81 j I !eH- s9 

BH- 82 L2721/?7ZZ/'V7JZ;-3?/1//]eH- 60 

BH- 99 j I JeH- 91 BH- 83 t,Z/2,?:/27:=<,,,L?:✓½27!/Z?JeH- 6'1 
BH-'1 oo ~///Z•L'>'i/J?;:'i)>:-<(,(/:)eH- 92 BH- 841 ~~§$..~ !eH- 62 
BH-'1 O'l I I JeH- 93 BH- as vz;1:/:>:2Z/>I-~0<vZ?721eH- 6:3 

BH-1021•:/:.-~./;v>-:t':>·:E~~~*~~~~s~BH- 9 • B.H- 86 r./?Z<//J?>tzt-z~/7z.21aH- 6 • 
BH-1 03 I I jeH- 9S BH- a7 ( ! !eH- 65 

BH-1 o• [,,< . .-//Z/;/:,2[/Z<<</:/></JeH- 96 BH- 88 [/>~:?~/:(/2:.</V>~2~?>Z(/]eH- 66 
BH-1 OS I I JsH- 97 BH- 89 tZ ... :;z.,,,~<Z>:.r.;,:.,z,.z.<Z/2JeH- 67 

BH-106 V:. / / / / / -<<:>7E/-<-~/',/ / ~BH- 98 eH- 90 j j feH- 68 , ,',1' .. · .•· 1 , /, ~~ .•. 

UP. NOPIIAL OF'ERATIOU 

TIME PEPIOO: JULY 3-6 

FIGURE 3. COLLECTOR DRIVE ROW STATUS 

~·· _,,.,, .. ,,,a 7 ,.... .., ,, _,, .,.,,- ,,. ., .. /.I/~· .. , -'/ 
,•,·//,·',/.-,· //., · · ., _. ..- , ,. , .(__LJ-L.L · 
[11)1JN. f'REVEfH OVERTEIIF' 

-
\-



("") 
I 
I-' 
0 
I-' 

BH- 69 ~~~,~~~'Ws~~~~BH- •? 

BH- 70 [·½··:.-1:-<--~<,<·<I?:?>::;:,z'lzlaH- •8 

BH- 71 f>Z~'lZ<?/VZ?TJT///]eH- • 9 

BH- 721 I leH- so 

e.H- 73 k)·7Z,,~/>>'>~f':•</Z//>·7ZJeH- s1 

BH- 7 • [(/~/~,<7//~//v>:r:<:vJZ>jaH- S2 
10 

BH- 7S I· I !eH- S3 

BH- 76 k<?>//·:z><-</>']/~<'//:,,:</Z;:;]eH- S • 
BH- 77 rzz:-·Z/>'2>l?Z/7Z'2Z.?leH- ss 
BH- 781 j !eH- S6 

BH- 79 VZ7/~-<,:'i/}·:(/~J1/Z]eH- s7 

eH- 00 I I jeH- se 

BH- 81 E>::>Z<(/;zr/;/>~r:=@aaH- S9 

BH- 821ZZu:ZV72PZ::'Z2>27>~.JeH- 60 eH- 99 j ! leH- 91 BH- 83 f7: .. ,:(,--7Z(;:2£Z/,.l/,.,<0</2]eH- 61 

BH-1 00 [/',.,··:-<<1Z2ZZk>Z'j?>~<,,z1BH- 92 BH- 8 • ~~~ . leH- 62 

BH-1 01 j j !sH- 93 BH- 0s ~-/~,0-'2/>~,</j//J;-'j/Z//,>]eH- 63 

BH-1 02 l·~,/>j(/:-<z~~~~)eH- 9 • BH- 86 E-<<</7/'/Turz;-::/>~~-2,3/leH- 6 • BH-1 03 L j !eH- 95 BH- 871 I leH- 65 

BH-1 04 rz/·~Z.Z:Zi~/L"~/,,.•:/7?:?JeH- 96 BH- 88 rz::Z.-1/Z/72VZZZ?Z<O]eH- 66 eH-1 os I ! !eH- 97 eH- 89 f722Z<()~/372/z;z;?2:2jaH- 67 

BH-106 [,,~,</Z/Z/~//},··•>//>'>:7><-·<ZJeH- 98 eH- 90 j f jeH- 68 

UP. HORNAL OPERATION 
~~~~ 

DOWH MAINTENANCE 
(~-2(2>:~~:u:Z,j 

OOWH. PREVENT OVERTEMP 

flllE F'ERJOC,1 JULY 7-31 

FIGURE 4. COLLECTOR DRIVE ROW STATUS 

, . 

-------------------



I 
I 
I 
I 
I_ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE III. MONTIILY PERFORMANCE SUMMARY TABLE - 7/83 

--------------------------------------------------------------------------------------------------INCIDENT SOLAR ENERQY 

---------------------ON A IN THE 
HORIZ COLLECTOR COLLECTOR COLLECTOR PARASITIC 

SURFACE PLANE ENERGY ARRAY EFF. ARRAY EFF. ENERGY ENERGY 
,JULIAN ( 1> <2) COLLECTED BASED ON ( 1 ) BASED ON ( 2) DELIVERED USED 

DAY <DATE> BTU/SGFT BTU/SOFT BTU/SOFT ¾ ¾ BTU, /SGFT BTU/SOFT ----·---------------------------------------------------------------·----------------·----------------
192 71 1 341. 7 -0. l 0.0 0 0 0.0 0. 0 0 1 
183 71 2 2768. 8 0.0 0. 0 0 0 0.0 0. 0 0. 3 
184 71 3 2792. 7 -o. 1 0.0 0.0 0.0 0 0 0. J 
195 71 4 1719. 1 0.0 0.0 0.0 0.0 0. 0 0. 1 
186 71 5 2776.6 2284.6 7:31. 0 26. 3 32.0 731. 0 6. 7 
187 71 6 2,,0. l 2096.6 653. 7 25. 6 31. 3 653. 7 6. 2 
188 71 7 2475 1 1422.6 507. 5 20. 5 35. 7 507. 5 5 3 
189 71 8 2822. 3 1878.8 673. 1 23. B 35.8 673. l 6. 3 
190 7/ 9 2805 6 -0.3 0. 0 0.0 0.0 0. \) 0. 3 
191 7/10 2799. 9 o. 5 0.0 0. 0 0.0 0. 0 0 3 
192 7/ ll 2818. B 464.B 106. 7 3. 8 23.0 106. 7 ., 

c,. 0 
193 7/12 2917. 2 -9. 7 8. 4 0. 3 -86.3 8. 4 ,. 7 
194 7/13 2701 3 1524. 7 523. 9 19 4 34. 4 523 9 5. 2 
195 7114 2762.0 -o. 4 0.0 0.0 0.0 0. 0 0 0 
196 7/15 2777. 7 o. 0 0. 0 o. 0 0.0 0. 0 0. 0 
197 7/16 2547. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0 0 
198 7/17 2332. 1 0.0 0. 0 0.0 0.0 0 0 0 0 
199 7/18 21~4. 2 0.0 0.0 0.0 0 0 0. 0 0 0 
200 7/19 2598. 4 0.0 0.0 o. 0 0.0 0. 0 0 0 
201 7/20 2690. 2 0. 0 0.0 0. 0 o. 0 0. 0 0 0 
;,02 7/21 2703. 6 0 0 0.0 0.0 0.0 0. 0 0. () 

20:J 7/22 1740. 5 0.0 0.0. o. 0 0 0 0 0 0. 0 
204 7/23 2233. 9 0.0 0. 0 o. 0 0.0 0. 0 0 0 
205 7/24 992. 9 0.0 0.0 0.0 0. 0 0. 0 0 0 
206 7/25 2083 6 0.0 0. 0 o. 0 0.0 00 0 0 
207 7/26 2434. 0 0. 0 0. 0 o. 0 0. 0 0. 0 0 0 
208 7/27 2317.0 0. 0 0.0 o. 0 0.0 0. 0 0. 0 
~09 7/28 2346. 0 0. 0 0.0 0 0 o. 0 0. 0 0. 0 
210 7/29 2468. 4 1. 4 1. 0 0 0 73. 9 1 0 3. 0 
211 7/30 1832. 7 11.0 9. 5 0 5 Se. 2 9. 5 3., 
212 7/31 2569. 1 0.0 0 0 0 0 0. 0 0. 0 0 0 

-----------------------------------------------------------------------------------·------------------
raTALS 73833. q 9664. 3 :3214. 8 4. 4 33. 3 3214_ 0 45. 3 
AVG 2381. 7 311.8 103. 7 103. 7 1 , 
---------------------------------------------------------·- ------------ - ---------------- -- ----- ---------
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INCIDENT SOLAR ENERGY ON A HORIZONTAL SURFACE (BTU/SOCT) 
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TABLE IV. CLEAR DAY PERFORMANCE TABLE - 7/5/83 (JULIAN DAY 186) 

- ----------------------·---------------------------------------------------INCIDENT SOLAR ENERGY NORTH FIELD 
--------------------- ------------------------

ON A 
HORIZ 

AMO WIND SURFACE 
TEMP SPD < 11 

COLLECTOR 
ARRAY 

TEMP 
IN OUT 

SOUTH FIELD TOTAL SYSTEM 
--------- ----------------------------------------------
COLLECTOR 

ARRAY 
TEMP 

IN OUT 

COLLECTOR COLLECTOR. 
ENERGY ARRAY EFF. ARRAY EFF. PARASITIC 

COLLECTED BASED ON <ti BASED ON (21 ENERGY 

'; ,, 

liOUR F MPH DTU/HR-FT2 

IN THE 
COLLECTOR 

PLANE 
(2) 

BTU/HR-FT2 

COLLECTOR 
ARRAY 

FLOW RATE 
GPM F F 

COLLECTOR 
ARRAY 

FLOW RATE 
GPM F F DTU/HR-FT2 7. ~ BTU/HR-FT2 

-·. - - - -- ---------------------------·-------------------------------------------------

2 
3 
4 
5 
6 
7. 
8 
9 

10 
11 
12 
13 
14. 
15. 
16. 
17 
113. 
19 
20. 
21. 
22 
23 
24. 

00 
0 0 
0.0 
0 0 
00 
0 0 

52 7 
60. 4 
68 4 
69.3 
69 0 
69. 5 
70.8 
702 
67. 9 
68.2 
66 2 
64.2 
61 1 
57. 2 
56 4 
0.0 
00 
0 0 

0. 0 
0. 0 
0 0 
0.0 
00 
0 0 
2.3 
2. 5 
3. 1 
4. 3 
5. 2 
5.8 
8. 9 
8. 2 
9 5 
9 2 

11 5 
9 9 
8 5 
6 7 
7. 3 
0 0 
0 0 
0 0 

0.0 
0 0 
0 0 
00 
0 0 
0 0 

44. 5 
92. 5 

213 5 
262. 8 
308 2 
343. 5 
354.8 
340. 4 
305 6 
236. 7 
154. 9 
81. 5 
36. S 

0 3 
00 
0 0 
0 0 
0.0 

TOTALS 2775. 9 
AVG 64 8 6. 9 198. 3 

0. 0 
00 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 

2298 
274. 3 
275.9 
296. 7 
311 5 
313 9 
309 7 
286 5 

0.0 
0 0 
00 
0 0 
0.0 
00 
0 0 
0 0 

2297. 2 
287.2 

0 0 
0.0 
0 0 
0.0 
0 0 
00 
0 0 
0 0 

70. 4 
82 0 
83. 7 
84 6 
84. 7 
84 4 
84. 1 
83 8 

0 0 
0.0 
0 0 
0. 0 
0 0 
00 
00 
00 

82 2 

0 0 
0 0 
0.0 
0 0 
0 0 
0 0 
0 0 
0 0 

124 1 
124. 6 
135 2 
148 7 
161 6 
170. 9 
171. 9 
182 9 

0.0 
0 0 
00 
0. 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
00 
0. 0 
00 
0 0 
00 
0 0 

125 2 
136. 3 
150. 9 
165. 1 
179. 9 
189.9 
190. 5 
199 4 

0 0 
00 
0. 0 
0 0 
0 0 
0. 0 
0.0 
0 0 

152. 5 167.0 

0. 0 
0 0 
0 0 
0. 0 
0 0 
0.0 
0. 0 
00 

104. 7 
118 7 
124. 3 
132 6 
138 2 
139 7 
139 7 
140.6 

0.0 
0.0 
0.0 
0 0 
0 0 
0 0 
0. 0 
0.0 

129.8 

00 
0. 0 
0 0 
0 0 
00 
0 0 
0 0 
0 0 

124 2 
124 5 
135 3 
149 4 
162. 9 
173 1 
173 8 
185 5 

0.0 
0. 0 
0 0 
0 0 
0 0 
0 0 
00 
0.0 

0. 0 
0 0 
00 
0.0 
0 0 
0 0 
0.0 
0 0 

125. 0 
134 9 
149 2 
162.8 
176 1 
186. 8 
186 5 
196.0 

0 0 
0 0 
0. 0 
0. 0 
0. 0 
00 
0 0 
0 0 

0.0 
0 0 
0 0 
0. 0 
0 0 
0.0 
0.0 
0.0 
6. 3 

759 
104. 8 
108. 4 
1 ll 6 
118 9 
113 0 
96 1 

0 0 
0 0 
0. 0 
0 0 
0 0 
0 0 
00 
0 0 

0.0 
0.0 
00 
0 0 
0. 0 
0 0 
0 0 
0 0 
3 0 

28 9 
34. 0 
31. 6 
31 4 
34. 9 
37.0 
40. 6 

0 0 
0 0 
0 0 
0 0 
00 
00 
0 0 
0. 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
2. 7 

27. 7 
38.0 
36. 5 
35 B 
37 9 
36 6 
33. 5 

0 0 
0.0 
00 
0. 0 
00 
0. 0 
0. 0 
0 0 

0. 0 
0.0 
0 0 
0.0 
0 0 
0.0 
0.0 
0.0 
2 7 
2 9 
2. 9 
3 0 
3.0 
3.0 
30 
2 9 
0 0 
0.0 
0.0 
0 0 
00 
0 0 
0.0 
0.0 

-------------------------------------------------------------

153. 6 164.6 
735 0 

91. 9 
26 5 32.0 23. 5 

l. 6 

-- --------------------------------------------------------------------------
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SOUTHWEST RESEARCH INSTITUTE 
POST OFFICE DflAWE_ll 211110 • 1220 CULEBflA ROAD• SAN ANTONIO. TEXAS, USA 71214 • f5121114-5111•TELEX 71_73157 

CONTRACT TITLE AND NlM3ER: 

Department of Mechanical Sciences 
September 20, 1983 
Monthly Progress Report No. 43 
Reporting Period August 6, 1983 

through September 2, 1983 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 20, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

The solar system operated throughout the month of August with no 
substantial problems encountered. The DAS was inspected and recalibrated 
during a site v1s1t by SwRI personnel. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

A change 1n the process heat load schedule has forced the solar 
system to operate for a shorter period each day than ft normally would. 
These shortened operating hours are expected to continue for several 
months. The accompanying report details the month's operation more 
completely. 

STG:dle 
Encl. 

cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMen11, SwRI 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 

SLZted, 
Steven T. Green 
Research Engineer 

APPROVED: 

-·~ M»~ 
Dan~~Deffe~baug 
Project Manager 
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MONTHLY REPORT NO. 10 

REPORT PERIOD: August 1, 1983 - August 31, 1983 

REPORT NO.: CTCo-10 

DOE CONlRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 
-

CONlRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONlRACTOR: Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. Pr011st Pt1sr1pt1gn 

Application: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy_ Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parts 
washing. 

37° 44' N. Latitude, 122 • 15' W. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 Btu/hr 
of bot water at 235°F. The solar system 
will deliver a maximum of 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 ot Solar linetics tracking, 
parabolic line focus, T-700 collectors. 
Roof mounted, horizontal on N-s a.xis, 30 6. T 
strings@ 240 rt per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2 ; South field, 36960 ft2). 

Treated water, North field - 330 gpm, Soutb 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 X 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 
235 , 450 gpm. The water is heated from 195 F before entering the "boilers" 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCUU.TION PUMP 
450 gp11 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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111. Op1c1tJng Expoctanca 

The operatfon·of the solar syst• was changed during the month of August to 
acconnodate a new plant load proffle. Adjustment to the central controller 
was also necessary to prevent collectors from missing focusfng during 
startup. The DAS was inspected and modified during August as well. 

A sun111ary of the solar system operation is presented in Table I. It is 
seen that on August 1 the plant began a single shift production procedure 
so that the plant process heat system is operated only between the hours of 
6:00 A.M. and 3:30 P.M. Monday-Friday. At 3:30 P.M. the process loop pumps 
are deactivated which in turn should force the solar system to shut down. 
Apparently, the collector loop pump can force a rate of flow through the 
process loop which is above the threshold of the process loop flow 
switches, so that the collector loop pump was not always deactivated when 
the process loop pumps were turned off. Therefore, starting on August 31, 
the collector field is manually stowed at approximately 3:30 P.M. along 
with the process loop. If the weather on a Sunday permits collector 
operation, the solar system will be allowed to operate to preheat the plant 
process water system prior to Monday morning startup. 

It can also be seen in Table I that beginning on August 19, the collector 
field in whole or in part occasionally missed focusing on the sun at 
startup. The central controller light switch sensitivity was adjusted on 
August 22 to solve this problem, but was not totally successful as seen on 
August 23 and August 29. This is thought to be a seasonal problem with the 
current light sensor related to variations in the solar altitude angle. 

Figures 2 and 3 depict the collector drive row ratus for the month of 
August. 

2
The active collector area was 17640 ft for August 1-9 and 

19320 ft for August 10-31. 

The solar system maintenance costs are sunvnarized in Table II. These costs 
are tabulated by month for the operational phase of the project which began 
in February. It is see2 that maintenance cost, normalized to collector 
array size, is S0.15/ft /year based on this seven month period. A similar 
table to the one shown here will be presented each month for the main­
tenance costs for that respective period. 

During the period August IS-August 19, the DAS was inspected and sensor 
calibrations were checked. The only sensors requiring calibration changes 
were the pyranometers. An incorrect relation was being used to convert 
pyranometer output to physical units since DAS initiation. The incorrect 
and correct equations are as follows: 

Incorrect: 

Correct: Horizontal Plane 

Collector Plane Total 

S = 44.054 CV) - 176.21 

S = 38.3275 CV) - 153.310 

S = 38.4766 CV) - 153.910 

Collector Plane Diffuse S = 37.7437 CV) - 150.975 

S = radiation, Btu/ft2/hr V • sensor output, mA 
C-109 
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8/1-8/9 

8/10-8/31 

8/1 

8/15-8/19 

8/19 

8/22 

8/23 

8/29 

8/31 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
August 1983 

Actfve~rea 
(ft) 

17640 

19320 

C011111ents 

South Ffeld: 13 drfve rows up, no flow to 
down delta-T strings except 
string BH69/BH47 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

South Field: 13 drive rows up, no flow to 
any down delta-T string. 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

Plant process heating system to operate only 
between 6:00 A.M. and 3:30 P.M., Monday­
Friday. Solar system allowed to operate 
also on Sunday to preheat water for Monday. 

Calibration of DAS sensors and modificat1ons 
to software 

Water in tracker head on Row BH58. Row does 
not properly focus 

Most of the array passed sun during startup. 
Array was refocused at 12:45 PDT. Central 
controller sensitiv1ty adjusted 

Rows BH-50, -53, -87 passed sun. Rows were 
refocused at 12:45 POT 

Most of the array passed sun during startup. 
Array not refocused 

Begin manually stowing collectors at 3:00 
P.M. because control system flow switches 
oscillate during automatic shutdown (see 
Corrlllents for 8/1) 

C-110 
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TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
' , ' 

February-August 1983 

Cost Total Cost 
Labor Materials Total to Date 

0 & M Acttv 1ty Hours $ $ $ s 
February 0 Repair Row BH-92 18.0 433 .37 -o- 433.37 433.37 

0 Manually refocusing collectors periodi-
cally because of startup sequence failure 

March 0 Maintenance of Row BH-47 hydraulics 27.2 · 693 .91 -o- 693 .91 1127.28 
0 Maintenance of Row BH-81 controls 
0 Adjustments to syste11 oepration due to 

overtemperature conditions 

April 0 Maintenance of Row BH-94 hydraulics 12.0 275.59 -o- 275.59 1402.87 
0 Adjustments to syst• operation due to 

(") overtemperature conditions 
I ..... ..... 

I.,.) 

May 0 Reinstall Row BH-81 controller 34.8 793.24 260.00 1053.24 2456.11 
0 Reinstall BH-94 hydraulics 
0 Maintenance of Row BH-67 hydraulics 
0 Adjustments to system operation due to 

overtanperature conditions 

June 0 Repair Row BH-47, -67 hydraulics 35.0 837.10 200.00 1037.10 3493 .21 
0 Manually refocus field because of 

startup sequence failure 

July 0 Maintenance of Row BH-69 hydraulics 10.0 246.31 -o- 246.31 3739.52 
0 Adjustments to system operation to 

match output to load 

August 0 Manually refocus rows that mfss sun 20.0 529.27 -o- 529.27 4268.79 
0 Routine inspection 
0 Deactivate Row BH-47/-69 
0 Activate Row BH-48/-70 
0 Repair DAS printer -
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It 1s seen that the actual solar rad1at1on values are 871 of the ones 
, tabulated in the perfonnance reports prior to this. The data presented in 

Monthy Reports l-9 are being reviewed so that errata notices can be 
distributed. 

During this site visit, the collector mirror reflectances were measured to 
help determine the mirror surface CFEK-244) degradation rate. The results 
of this inspection and a similar one conducted during April 5, 1983 are 
shown below. 

Row 

BH-48/-70 
BH-65/-87 
BH-91/-99 
BH-95/-103 

Average 

Average Specular Reflectance Cl) 
4/5/83 8/16/83 

81.2 
80.9 
81.4 
80.6 

73. 7 
59.8 
57.6 
56.6 

Degradation 
pc;;t, pts per da¥ 

0.0564 
0.1586 
0.1789 
0.1805 
0.1435 

These measurements were taken with a Devices and Services Model lSR 
(Ser. No. 011) Specular Reflectometer loaned to SwRI by Sandia. The 
results shown above are based on an arbitrary selection of the test 
samples. No efforts were made to wash the collectors between these dates; 
however, they may have been rinsed by rain if the collectors were operating 
at the time a rain shower started. It should be noted that row BH-48/-70, 
which shows a markedly decreased degradation rate compared to the other 
test rows, is on the east end of the building. The east end of thfs CTCo 
building faces a residential section of San Leandro while the west end 
faces an industrial section and San Francisco Bay. It is thought that 
fewer afr borne pollutants impinge on the east side of the collector field 
due to blockage of wind by the western most rows of the collector field. 

IV. 

A. 

System performance 

Monthly Summary 

The collector array performance for August 1983 is sumarizerd in Table III 
and Figure 4. It is seen that a different format for presenting the data 
is used this month. This change is to accommodate a request by CTCo that 
total energy delivery be reported rather than energy delivery normalized to 
active collector area. To provide a means of computing equipment 
performance, the array active area is tabulated for the respective dates. 

It is seen that little or no data are reported for the period August 16-
August 19, corresponding to the site visit described above. Also, the 
effects of the new plant operating procedures described above are seen in 
Table III. The system did not operate on August 6, August 13, August 20, 
and August 27 which are Saturdays. Finally, since most of the array missed 
focusing all day on August 29, no reliable performance can be reported for 
that day. 

For the entire month, system efficiency was 34.41 
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TABLE III. MONTHLY PERFORMANCE SUMMARY TABLE - 8/83 

---·-------------------------------------------------- --------------- ·-- -- -- ---- --------------------------
INCIDENT SOLAR ENERGV 
---------------------ON A ON THE 

HORIZ COLLECTOR ARRAV COLLECTOR COLLECTOR PARASITIC 
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERGY 

JULIAN (1) (2) AREA COLLECTED BASED ON (1> BASED ON (2) USED 
DATE DAY BTU/SQFT BTU/SQFT SQFT KltTU X X KITU 

------------------- -----------------------------------------------------------------------------------
8/ 1 213 2337. 7 810.3 17640. 5728. 1 13.9 40. 1 260.8 
8/ 2 214 2216.6 0.0 17640. 0.0 0.0 0.0 ll.5 
8/ 3 215 639. 1 661. 5 17640. 4280.0 38.0 36. 7 151. 7 
8/ 4 216 950.8 1108. 3 17640. 2979.3 17.8 15. 2 193.5 
8/ 5 217 2280.4 1531.7 17640. 10390.4 25.8 38. 5 331.2 
8/ 6 218 2170.7 -o. 7 17640. 0.0 0.0 0.0 15.7 
8/ 7 219 2018.3 1563. 1 17640. 5974.5 16.8 21. 7 378.2 
8/ 8 220 2122._3 1680. 7 17640. 11087. 3 29.6 37.4 368.3 
8/ 9 221 2161.4 1564.6 17640. 9543. 1 25.0 34.6 368.8 
8/10 222 1968.4 1346.7 19320. 9301.4 24.5 35. 7 315. 7 
8/11 223 2127.S 1718. 8 19320. · 13887. 4 33.8 41. 8, 408.8 

C"l 8/12 224 2011. 8 1347.6 19320. 10860.6 27.9 41. 7 335.3 I 
I-' 8/13 225 1956.6 -0.2 19320. 0.0 0.0 0.0 17. 1 I-' 8/14 226 1080.4 -0.2 0.0 0.0 14.9 V1 19320. 0.0 

8/15 227 1495.4 1209.7 19320. 10244.B 35. :, 43.B 296. 1 
8/16 228 120.9 144. 1 19320. 655.7 28. 1 23.6 44.2 
8/17 229 0.0 0.0 19320. 0.0 0.0 0.0 0.0 
8/18 230 0.0 0.0 19320. 0.0 0.0 0.0 0.0 
8/19 231 192.6 0.0 19320. 0.0 0.0 0.0 8. 7 
8/20 232 1919.6 0. 7 19320. 0.0 0.0 0.0 18.4 
8/21 233 2091.8 1251. 7 19320. 8606.8 21. 3 35.6 253.9 
8/22 234. 2078.2 1510. 1 19320. 9679.8 24. 1 33.2 469.6 
8/23 235 2160.0 1923.8 19320. 11898. 0 28. 5 32.0 479. 1 
8/24 236 2132.2 1837. 1 19320. 11954. :, 29.0 33. 7 453.4 
8/25 237 1:570.6 468. 4 19320. 2486.9 8.2 27. :, 19:5.0 
8/26 238 2106.8 1:t8i. 1 19320. 95:5'1.7 23. 5 31. 2 329.0 
8/27 239 1931. 3 0.0 19320. 0.0 0.0 0.0 18.7 
8/28 240 2093.2 179:5. S 19320. 12063.0 29.8 34.8 356. 1 
8/29 241 1626. 1 11. 7 19320. 2085.0 6.6 925. S 307. 7 
8/30 242 1899.8 1411.0 19320. 8456. 7 23.0 31.0 393.7 
8/31 243 1353.7 483. 1 19320. 2742. 7 10. 5 29. 4 214.6 

-----------------------------------------------------------------------------------------------------
TOTALS :,0914_ 4 26966.3 174465.6 18.3 34. 4 7009. 4 
AVQ 11,2.2 929. 9 6016. 1 241. 7 

-----------------------------------------------------------------------------------------------------

--·-----------------
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B. Clear Pay Performance 

The hourly performance of the collector array on August 11 is summarized in 

I 
I 

Table IV and Figure S. It is shown that the peak efffc1ency was 49.01 with I 
an energy delivery rate of 1843 KBtu/hr while the all-day efficiency was 
40.61 with an energy delivery of 13548 KBtu. 
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TABLE IV. CLEAR DAY PERFORMANCE TABLE - 8/11/83 (JULIAN DAY 223) 
ARRAY ACTIVE AREA= 19320 SQ. FT. 

-------------------------------- ------ -------------------------------------·---------INCIDENT SOLAR ENERGY NORTH FIELD 

AN8 
TEt1P 

HOUR F 

ON A 
HDRIZ 

WIND SURFACE 
SPD CU 
IWIH BTU/HR-FTa 

------------------IN THE 
COLLECTOR COLLECTOR 

PLANE ARRAY 
ca, FLOW RATE 

BTU/HR-FTa QPH 

COLLECTOR 
ARRAY 

TE .. 
IN OUT 

F F 

----------------------------------------------
l. 0. 0 0. 0 
a. o. o o. o 
3. 0. 0 0. 0 
4. 0.0 o. 0 
5. o. 0 0. 0 
•. 0. 0 0. 0 
7. :,:,.o 4.4 
a. 67. 8 a. 3 
•· 71.8 a.o 

10. 73.4 3.0 
ll. 73. 9 4. 7 
12. 74. I 5.9 
13. 77.:t 9.4 
14. 76.7 10.6 
1:5. 77. 7 10. I 
16. 78.9 10.a 
17. 78.8 10.8 
18. n.a 9.3 
19. 10. 9 8. 8 
ao. 6:t. o 7. • 
21. 63.:t 6.6 
22. o. o o. o 
23. 0.0 0. 0 
24. 0. 0 0. 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

38.a 
101.:, 
160.8 
210.9 
249. I 
283.3 
296.0 
269.0 
a2a.4 
U8.8 
90.3 
42.0 
6.:, 
0.0 
0.0 
0.0 
0.0 
0.0 

o.o 
o.o 
0.0 
o.o 
0.0 
o.o 
o.o 

172.3 
178.9 
186. a 
194.7 
206.0 
236.8 
261. 6 
222. 7 
66.7 
0.0 
0.0 
0.0 
o.o 
0.0 
o.o 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

aa.6 
83.2 
83.7 
83.9 
83.9 
83.B 
83.7 
83.6 
60.:S 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

209.:S 213. l 
:us. 3 228. 5 
221.7 233. l 
222.6 23:5. I 
224. l 236.9 
227.B 240.9 
229.4 242.9 
237.8 248.5 
239.0 242. I 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

SOUTH FIELD TOTAL SYSTEM ---------- -----------------·------·---
COLLECTOR 

ARRAY 
FLOW RATE·' 

QPl1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

176.3 
18:S. 3 
186.2 
186.8 
186. 5 
186.a 
18:S. 9 
185.9 
134.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

COLLECTOR 
ARRAY 

TENP 
IN OUT 

F F 

COLLECTOR 
ENERGY ARRAY EFF. 

COLLECTED BASED ON Cl) 
KITU/HR X 

CDLLECTOR 
ARRAY EFF. 

BASED ON ca, 
X 

PMMITIC 
ENEIIQY 
KHU/tll 

·-----------------------·---------·------
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

2oa.3 a1a. 1 
217. 5 230.2 
220.9 234.9 
222.0 237.a 
223.3 238.7 
227.0 243.0 
228.6 245.5 
236. :, 250. 1 
238.4 242. l 

0.0 0.0 
0.0 0.0 
o.o 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

564. :t 
U26.4 
1699.2 
1843.6 
1874.5 
1944.4 
2027.5 
1622.2 

44:,_ 3 
o.o 
0.0 
o.o 
o.o 
o.o 
o.o 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

as.a 
49. I 
41. 7 
38.3 
34.2 
34.0 
39.0 
37.8 
14.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

17.0 
44.2 
47.a 
49.0 
47. I 
42.5 
40. I 
37.7 
34. 5-

0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 

46.4 
49.6 
45.5 
41. • 
49.6 
45.1 
45.2 
47.2 
37. I 
0., 
o.a 
0.6 
0.6 
0.7 
0.0 
0.0 
0.0 

--------------- ·---------·------------------------------------ -----------·---------
TOTALS 2128.7 
AYO 72. l 7. l 163.7 

172:5.9 
191. 8 81. 0 225.6 23:t. 7 179.2 

13:547.7 
224.7 237. l 1505.3 

32.9 40.6 407.9 
21.a 

------------------------------------------------------- --------------------------------------------------
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Department of Mechanical Sciences 
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Monthly Progress Report No. 44 
Reporting Period Sept•ber 3, 1983 
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A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: Sept•ber 12, 1979 to September 30, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

This report documents the last month of one-year of operation. 
The cost and manpower plans for the second year wfll be included in 
next month's report. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

The solar system and DAS operated smoothly during the month of 
September wfth only minor maintenance required. This activity is dis­
cussed 1n the accompanying monthly performance report. 
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DOE CONTRACT NO.: DE-FC03-79CS30309 
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CONTRACTOR: 
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Southwest Research Institute 
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II. Pr91•9Si Pteortpttan 
Applie&tiODI -

Site: 

Proceaa Schedule: 

Auziliar, Fuel: 

Collectors: 

Fluid Type, Flow: 

Deaign Ener17 Delivery: 

Phaae 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot prooea• hot water tor part• 
wuh1.ng. 

37• 1-lJ' R. Latitude, 122 • 15' w. 
Longitude, Elevation• 108•. 

Peak enera requirement is 9 z 106 Btu/hr 
ot bot water at 235•r. Tbe solar ffste• 
will deliver a mazillum ot 8.6 z 106 Btu/hr. 

Natural gaa. 

50400 tt2 ot Solar llnetica tracking, 
parabolic line tooua, T-700 collectors. 
Root mounted, horiZontal on R-s ans, 30 fl T 
strings @ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
ft2; South field, 36960 tt2). 

Treated water, North tield • 330 gpm, South 
field• 120 IPII• 

14 z 109 BtU/yr, peak hourly 8.6 z 106 
Btu/hr, peak daily - 78.6 x 106 BtU/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce bot water at 235, 450 gpm. The water is heated from 195 F before entering the •boilers• to relieve some ot the boiler load. Total plant requirement is an average of 836 gpm at 235 F. 

CIRCUUITION PIJMII 
450 9P8 

HOT WAflR PROCESS 
RETURN LINI 

FIGURB 1 • SISTEM SCHEMATIC 
C-122 
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III. Op•ca:t~ng Exp1c1anca 
The solar syn• operation was not changed during the month of September 
fran the conditions of the end of August. Minor maintenance was required 
in the collector field and on the Acurex datalogger. The POP 11/23 DAS 
operated without probl• throughout the month. 

A summary of the solar system operation is presented in Table I, while the 
status of each of the rows is shown in Figures 2 and 3. It is seen that 
the hose on the outlet of row BH-49 was discovered leaking on September 28. 
This 1s one of the rows that have been stowed to decrease the system output 
so that solar system operation was not affected by performing the necessary 
maintenance. 

The Techtran cassette recorder used in conjunction with the Acurex 
datalogger as a backup system to the PDP 11/23 DAS experienced problems 
during September. It was discovered on September 9 that the recorder was 
not recording data on tape. A replacement of this cassette recorder is 
being arranged for installation as soon as possible. The PCP 11/23 system, 
however, operated normally throughout the entire month so system perfor­
mance can be reported. 

The costs for operatfon and mafntenance of the solar system are presented 
in Table II. It .fs seen that in the eight months for which these costs 
have been accounted the unit cost of O&M are approximately S0.15/year/ft2 
of collector areas. This amount includes all expenditures for O&M 
act1vit1es by CTCo personnel. 

IV. 

A. 

System eectocmanca 

Monthly Summary 

The performance of the CTCo solar system 1s su11111arfzed 1n Table III and 
Figure 4. It is seen that while the system was not operational on any 
Saturday (9/3, 9/10, 9/17, 9/24), it was functioning on two of the Sundays 
(9/11, 9/18) of the month to preheat the process heatfng

6
system for Monday 

operatfons. The system delivered approximately 133.9*10 Btu during the 
month for a system efficiency of 29.81 based on the actual collector plane 
radfatfon. Peak daily efffctency was 37.01 on September 11. 

B. Clear Day Performance 

The performance for a typical clear day is shown in Table IV and Figure 5 
for September 11. It ts seen t9at the system operated 8:00 a.m. and 6:00 
p.m. (PST) and provided 13.5*10 Btu over the entire day. 

It is also observed that the collector plane radfatfon drops to near zero 
whfle the system seems to remain operating. Thfs is due to a late after­
noon shading problem on the pyranometers. Plans are being made to move the 
collector plane pyranometers along with the tracker heads from the mirror 
rim to the center of the collector. This will elimfante any shading 
problem now seen on the leading edge of the collector mirror. This action 
will be taken on the next site visit by SwRI personnel. 
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Pote 

9/1-9/30 

9/9 

9/28 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
Sept•ber 1983 

Act1ve~rea 
(ft) 

19320 

cggnants 

South Field: 13 drive rows up, no flow to 
down delta-T strings 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

Datalogger cassette record not operating 
properly. 

Outlet hose on row BH-49 leaking. Hose 
removed for repair. 
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f:H- 69 ~~~~BH- •7 
BH- ?o I I !eH- •8 

EH- 71 rz~/~?:.</,/',?>t<?><ZZ77J'il BH- •9 
BH- 72 ! ( leH- so 
~H- ? 3 [0/~/~·>·'.:,·:.-···~/:,/F>~/:/~?:/:.?Z/I BH- s 1 

BH- 7 • [/:;</><~<./'.,:,<.d/ .. ,<.,<7T)27)]a0

H- · s2 
BH- 7S I I IBH- S3 
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E)H- 781 I I BH- 56 
BH- 79 V,-</~-':,,:;,//•:,,<21?~,<,<•-'>:'/~?7/)eH- S7 BH- 80 I I I BH- S8 
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I I ~ v~Z<Z?>ffaJ UP. NO~HAI nP~~ATrnN DOWN. MAINTENANCE DOWN, PREVENT OVERTEMP 

\• , 

TIME PERIOD• SEPTEMBER 1-27 

Figure 2 -------------------
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TIME PERIODI SEPTEMBER 28-30 

FIGURE 3 

v/ll/~//1/1/0/j 
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TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
September 1983 

C.Qll 

Labor Materials 
0 & M Act1v1ty Hours s s 

o Routine 1nspect1on and DAS disk changes 20 498.52 178.00 

o Remove hose from Row BH-49 

o Checkout datalogger cassette recorder 

\· 

Total Cost 
Total 2/83 - 9/83 
_L_ s 
676.52 4945.31 

-------------------
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TABLE III. MONTHLY PERFORMANCE SUMMARY TABLE - 9/83 

-----------------------------------------------------------------------------------------------------------
INCIDENT SOLAR ENERGV 
---------------------

ON A ON THE 
HOAIZ COLLECTOR AARAV COLLECTOR COLLECTOR PARASITIC 

SURFACE PLANE ACTIVE ENERGY ARRAY EFF. AARAV EFF. ENERQV 
JULIAN ( 1) (2) AREA COLLECTED BASED ON <l> BASED ON 12> USED 

DATE DAY BTU/SOFT BTU/SOFT SOFT KBTU X X KBTU 

-------------------------------------------------·----------------·------------------------------------------I 

9/ l 244 2060.9 1597.6 19320. 991 t. a 24.9 32 1 333. 1 
9/ 2 245 2021. 1 1525.4 19320. 9916.3 25 4 33. 6 324. 5 
9/ 3 · 246 2024. 1 1. 6 19320. 0 0 0 0 0.0 19. 1 
9/ 4 247 1998.9 0.2 19320. 00 0. 0 o. 0 20.9 
9/ 5 248 1981.2 1916.3 19320. 13040.7 34. 1 35.2 416.5 
9/ 6 249 1795.3 1009.9 19320. 55589 16.0 28.5 231.6 
9/ 7 250 1297.6 282.6 19320. 1473.9 5. 9 27.0 97.2 
9/ 8 251 1879.9 1017.8 19320 6207 4 17. l 31. 6 233 5 
9/ 9 252 1954.7 1530. 5 19320. 89301 23.6 302 324.8 
9/10 253 1949.2 0.7 19320. 0.0 0.0 o. 0 18 4 
9/11 254 1971.6 1896.0 19320. 13553.9 35.6 37. 0 456. 4 
9/12 255 2113.0 1429. 1 19320. 8700 b 21. 3 31. 5 328. 7 

9/13 256 1874.2 1432.8 19320. 8499. 1 23. 5 30. 7 317.2 

9/14 257 1745.8 1132. 4 19320 5774. 1 17. l 26.4 298.9 
9/15 258 1806.2 ll~H. 5 19320. bl 15 0 17.5 27. 5 282.2 
9/16 259 1643.7 938. 1 19320. 5118.4 16 1 28.2 225.5 
9/17 260 1758.9 -0. l 19320. 0. 0 0.0 0.0 17.6 

9/18 261 1735.4 1244.8 19320. 8160. 1 243 33.9 291. 7 

9/19 262 1698.8 1379.6 19320. 7469. 5 22.8 28.0 317. 7 

9/20 263 1775.8 1513.6 19320. 8513.4 24.8 29. 1 334. 1 

9/21 264 1234. 1 225.8 19320. 792.8 3.3 18. 2 144.4 

9/22 265 1203. 7 123. 8 19320. 219. 7 0. 9 9.2 79. 4 

9/23 266 1580.0 865.7 19320. 2401.0 7.9 14. 4 264. 7 

9/24 267 1659. 5 -0.3 19320. 0.0 0. 0 0.0 18.2 

'U25 268 1295.0 -0.3 19320. 0 0 0.0 0.0 18.8 

9/26 269 411. 2 -0.2 19320. 0.0 0.0 0.0 21. 2 

9/27 270 1264. 5 322.9 19320. 1270. 3 5. 2 20. 4 112.8 

9/28 271 1395.2 618.7 19320. 2216.6 8.2 18. 5 182. 7 

9/29 272 662. 1 -0.2 19320. o. 0 0.0 0 0 14 8 

9/30 273 l 106. 4 126.0 19320. 99. 0 0. 5 4. l 128. 7 

------------------------------------------------------------------------------------------ -------------------
TOTALS 
AVG 

48897. 9 
1629. 9 

23282.4 
776. 1 

133942.6 
4464. B 

14.2 29.8 5B75.2 
195.8 

. · \• 
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TABLE IV. CLEAR DAY PERFORMANCE TABLE - 9/11/83 (Julian Day 254) ·'. \• 

ARRAY ACTIVE AREA• 19320. SQ. FT. ------------------------------------------------------------------------------------------------------------------------------------INCIDENT SOLAR ENERQY NORTH FIELD SOUTH FIELD TOTAL BYSTEN --------------------- ---------------------- ---------------------- ---------------------------------------------ON A IN THE COLLECTOR COLLECTOR 
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRA\' COLLECTOR COLLECTOR 

AMB WIND SURFACE PLANE ARRAY TEMP ARRAY TEMP ENERGY ARRAY EFF. ARRAY EFF. PARASITIC 
TENP SPD ( 1) (2) FLOW RATE IN OUT FLOW RATE IN OUT COLLECTED BASED ON <l> BASED ON (2). ENERGY 

HOUR F NPH BTU/HR-FT2 BTU/HR-FT2 CPM F F GPM F F KBTU/HR X 'X KITU/HR ------------------------------------------------------------------------------------------------------------------------------------I o 

l. 0.0 0.0 00 0.0 0.0 0 0 0.0 0.0 0.0 0 0 0.0 0.0 0.0 00 
2. 0.0 0.0 0.0 0.0 0.0 0 0 0.0 0 0 0.0 0.0 0.0 0.0 0.0 0 0 3. 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0. 0 0 0 0. 0 o. 0 0.0 0 0 
4. 0.0 0.0 0. 0 0.0 0.0 00 0.0 0. 0 0 0 9 0 0 0 o. 0 0.0 0.0 
5 o.o 0.0 0.0 0.0 0.0 00 0.0 00 00 0.0 0. 0 0. 0 0.0 0 0 6. 0.0 0.0 0.0 0.0 0.0 0 0 0.0 00 00 00 0. 0 o. 0 0.0 0.0 7. 58.0 0. 1 17.6 0.0 0.0 0 0 0. 0 00 00 0.0 0. 0 0.0 0.0 o. 5 8. 76.0 -o. 1 77. 7 35. 1 17.2 1249 125.4 31. 7 124. 1 131. 0 59. 7 4.0 0.8 12.2 
9. 79.7 1. 3 137.9 202.8 83. 0 148 5 156. 3 150.9 147.8 158. 4 1115. 0 41. 0 28. 5 44.2 

10. 78.3 3.4 191. 7 207.0 83.6 1546 164.2 1636 154.8 167. 6 1434. S 38. 7 35.9 45 2 
(") 11. 79.5 3. 3 231. 5 214.9 83. 7 161. 1 170. 3 170. 1 161. 0 173.0 1390.3 31. 1 33.5 45.6 I 12. 84. 1 4.3 254. 7 227.8 83. 7 169 1 179.0 174. 7 168.9 181. 7 1503. 3 30 6 34.2 45 g I-' 
l.J 13. 88.4 6. 5 262. 1 246.0 83. 3 179 7 190. 7 178. 3 179. 4 193. 0 1640.0 32. 4 34. 5 45.8 0 14. 92.5 7.6 2470 256.4 82.9 189. 1 201.3 1828 188.8 203. 7 1820.3 38.2 368 45. 7 

15. 95.3 8. 7 243. 4 262.6 82.8 198. 3 211.0 184 7 197.8 2136 1927. 1 41. 0 380 45.B 
16. 94.0 9. 9 179. 1 245.3 83.0 206 5 219.0 185 2 205.9 220 6 1812. 6 52. 4 38.2 4,. 7 
17. 91.7 10. 5 99.9 o. 1 81. 3 206. 5 2112 180.3 206. 5 213.8 835.6 43.3 ***** 45.9 
18. 87.0 7.3 30. 2 1. 7 44.3 197. 7 196.8 96. 7 197.9 197. 2 -21. 4 -- - 29.2 
19. 79.8 4.7 0.0 0.0 0.0 0. 0 00 0.0 0.0 00 9.0 0.0 0.0 1. 0 
20. 76.6 2.0 0.0 o.o 0.0 00 o. 0 0.0 0.0 0.0 0. 0 0.0 0.0 1. 0 
21. 74.6 1. 8 0.0 0.0 0.0 0 0 00 0.0 0. 0 0.0 0. 0 0.0 0.0 0.9 
22. 0.0 0.0 0.0 0.0 0.0 0.0 o. 0 0.0 0.0 0.0 0.0 0.0 0. 0 00 
23. 0.0 o. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o. 0 0. 0 0.0 0.0 0.0 
24. 0.0 0.0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

-------------------------------------------------------------------·-------------- --·---------------------------------------------·-----
TOTALS 1972.9 1899.7 13517.0 35. 5 36.B 454.4 
AVQ 82.4 4. 7 164.4 172. 7 73. 5 176.0 184. l 154.4 175.8 186.B 1228.B 30.3 

-------------------------------------------------------------------·-----------------------------------------------------------------
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enclosed with this report. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

The solar system and DAS operated smoothly during October. 
Additional portions of the collector array were activated due to the 
seasonal decrease in available radiation. The accompanying Performance 
Report summarizes this month's operation. 
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II. 2r0110& Pt•oriptigp 

Applie&tiODI _ 

Site: 

Proceaa Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Coat (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parts 
wuhing. 

37• 44' lf. Latitude, 122• 15' w. 
Longitude, Elevation• 108'. 

Peak energy requir•ent is 9 z 106 Btu/br 
ot hot water at 235•r. The solar ~stem 
will deliver a maxillum ot 8.6 z 106 Btu/hr. 

Natural gas. 

50400 tt2 ot Solar nnetics tracking, 
parabolic line tocua, T-700 collectors. 
Root mounted, horizontal on N-S Uis, 30 t::. T 
strings f 240 tt per string. 60 drive 
strings (2 per row). (North Field, 13440 
tt2 ; South tield, 36960 tt2). 

Treated water, North tield - 330 gpm, South 
tield -. 120 gpm. 

14 x 109 BtU/yr, peak hourly 8.6 z 106 
Btu/hr, peak daily - 78.6 z 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 235 , 450 gpm. The water is heated from 195 F betore entering the •boilersw to relieve some ot the boiler load. Total plant requirement is an average ot 836 gpm at 235 F. 

CIRCULATION PUMP 
450 gpa 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
C-134 
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III. Qp1c1i1og Exp1c1anca 

The solar syst• was available for operation throughout the month of 
October. Several changes in the number of operating rows were made to 
acconaodat• seasonal changes in the solar syst• performance. The DAS 
operated smoothly during the entire month. 

The operation of the solar system is su11111arized in Table I. It is 
seen that on 10/4 and 10/ll delta-T strings which had previously been 
deactivated were brought back into service. As the amount of solar 
radiation decreases, the active area of the collector array must be 
increased to maintain the collector array outlet temperature at an adequate 
level. This activity will be continued until all available delta-T strings 
are brought into service. 

Figures 2-5 show the status of each of the 60 drive strings throughout the 
month of October. Figure 5 shows that at the end of October, 7 drive rows 
are down for maintenance. Table II shows the current status of each of 
these drive rows. 

The maintenance activities for October are listed in Table III. It can 
be seen that replacement tracker heads Con order since June 1983) were 
received and fmmediately used. 

IV. Sy&:t• P1c£ocmance 

A. Monthly Su11111ary 

The performance of the solar system is su11111arized in Table IV and Figure 
6. It fs seen that the solar system was allowed to operate on one of the 
Saturdays (10/23) and one of the Sundays (10/9) of the month. So, while 
system availability was 1001 the utilization was only 741 (23 out of 31 
days). 

The horizontal radiation sensor was not operating properly on 10/31 so that 
no radiation data can be reported for that day. The total and average 
horizontal radiation and the respective array efficiency values were 
modified accordingly. The total monthly efficiency fs 201 while the peak 
daily efficiency is seen to be 31.61. 

B. Clear Day Performance 

The hourly performance for 10/24/83 is shown in6Table V and Figure 7. The 
total energy delivery for this day was 9.37 *10 Btu at a day-long 
efficiency of 23.41. Peak hourly efficiency was approximately 331. 
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P1t1 

10/1-10/3 

10/4-10/10 

10/11-10/26 

10/27-10/31 

10/27 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
October 1983 

Act1ve
2

Area 
Cft ) GAP1Deots 

19320 South Field: 13 drive rows up, no flow to 
down delta-T strings 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

29400 South Field: 27 drive rows up, no flow to 
down delta-T strings 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

39480 South Field: 39 drive rows up, no flow to 
down delta-T strings 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

38640 South Field: 38 drive rows up, no flow to 
down delta-T strings 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

Receiver tube glass on BH-49 broken. Row 
removed from service. 
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BH-47 

BH-48 

BH-49 

BH-69 

BH-70 

BH-84 

0 

0 

0 

0 

TABLE II. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
October 31, 1983 

6-13-83 Hydraulic 011 pressure switch O-r1ng 
failure 

9-28-83 Outlet water hose leaking at fitting 
crimp 

10-27-83 Broken receiver tube glass 

7-3-83 Hydraul 1c on hose leak 

9-28-83 See BH-48 

7-3-83 Hydrau11c on leak 

TABLE III. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
October 1983 

l"'nc+ 

Labor Materials Total 
0 & M Ar+iv1+v l-ln,u•~ t t t 

Routine inspection 7 217.58 -o- 217 .58 

0 DAS disk change 

0 Secure row BH-49 
because of broken 
glass 

0 Activate drives 
to increase array 
active area 

Seal row BH-49 tracker 
head leak l 31.09 -o- 31.09 

Replace leaking tracker 
head on Row BH-58 l 31.09 -o- 31.09 

Replace faulty tracker 
head on row BH-94 1 31.09 -o- 31.09 

TOTAL 10 310.85 -o- 310.85 

Total Cost for 2/83 - 10/83 • $5256.19 
C-141 
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TABLE IV. MONTHLY PERFORMANC~ SUMMARY TABLE - 10/83 

--------------------------- -------------------------------------------------------INCIDENT SOLAR ENEROV 

ON A 
HORIZ 

SURFACE 
.JULIAN <1> 

DATE DAV STU/SGFT 

ON THE 
COLLECTOR 

PLANE 
( 2) 

BTU/SGFT 

ARRAY 
ACTIVE 

AREA 
SGFT 

ENERQY 
COLLECTED 

KSTU 

COLLECTOR 
ARRAY EFF. 

BASED ON <1> 

COLLECTOR 
ARRAY EFF. 

BASED ON <2> 

PARASITIC 
ENERQY 

USED 
KBTU 

------------------------------------------------------------------------------------------------------· 
101 1 
10/ 2 
10/ 3 
10/ 4 
10/ 5 
1()/ 6 

10/ 7 
10/ 8 
tO/ 9 
10/10 
10/11 
10/12 
10/13 
10/14 
10/15 
l0/16 
10/11 
10/18 
t<)/19 
10120 
10/21 
10/22 
10/23 
10/24 
10/25 
1•)/26 
10/27 
10128 
t0/29 
10/JO 
10/Jl 

TOTALS 
AVG 

' 274 
, 275 

276 
277 
279 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 

1232.2 
1277. 3 
1492.8 
1512. 5 
1492. 8 
1336. 6 
1361. 1 
1088. 8 
1357. 5 
1409. 1 
1408. 7 
12.!8.4 
1405. 7 
1359. 4 
1330. 1 
1013. 7 
1265. 9 
1220.0 
1164. 5 
1.!07.6 
1243. 7 
1257 2 

859. 2 
1217. J 
1172. 6 
1131. 3 
922. 0 
8111 
237. 6 
440. 7 

35457.6 
1181.9 

-0.4 
0.0 

1087.2 
852. 1 
591. 2 
864. 5 
863.8 

0.0 
1126. 1 
912. 4 

1058.9 
365. 5 
7:30. 6 

0.0 
-o. 1 
0.0 

622. 5 
503. 3 
635.8 
755. 3 
975. 5 

1042. 7 
-0.3 

1026. 3 
1148. 5 
1018. 1 

139 1 
139. 8 
-o. 4 
-o. 2 
-0.2 

19320. 
19320 
19:320. 
29400-. 
29400: 
29400. 
29400. 
29400. 
29400.· 
29400. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
39480. 
38640. 
38640. 
38640. 
38640. 
38640. 

0.0 
0. O· 

4472.:J 
6958.0 
5499. 3 
7282.6 
7104.8 

0.0 
9791. 9 

686.:J 
84'2. 5 
1336.8 
5224.6 

0.0 
0.0 
0. 0 

4538 3 
3298. 3 
4929.9 
3796. :J 
6269. 0 
6511 4 

0. 0 
10518. 3 

8196. 0 
5957.6 

952. 8 
688.0 

0. 0 
0. 0 
o. 0 

112425. 1 
3626. o 

C-142 

0.0 
0.0 

15. 5 
15.o 
12. 5 
1B. 5 
17. B 
0.0 

24., 
1. 7 

15. 1 
2.8 
9. 4 
0.0 
0.0 
0.0 
9. 1 
6. 8 

10. 7 
8. 0 

12. 8 
13 1 

0. 0 
21. 9 
17. 7 
13. 3 

2. 7 
.2. 2 
0.0 
0. 0 
0. 0 

9.2 

0.0 
0.0 

21. :J 
27.8 
31. 6 
28. 7 
29.0 

0 0 
29. 5 
2.6 

20. 1 
9. 3 

18. 1 
0. 0 
0 0 
0. 0 

18. , 
16 ~ 
19. 6 
12. 7 
16 3 
15. 9 

0. 0 
26. 0 
18. 1 
14. 9 
17 7 
1.2. 7 

0. 0 
0 0 
0. 0 

20.0 

1,.3 
16. 2 

;:93.2 
297. 8 
206 5 
297. 4 
283.8 

24. o 
372.2 
286.8 
366.0 
241. 7 
350.o 
36.6 
36.0 
34.4 

273.8 
261., 
233. 1 
384. 4 
354. 4 
381. 9 

34. 5 
372., 
416.0 
421. 2 
14,. 4 
1 59. 13 

32. 7 
32. o 
32. 6 
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TABLE V. CLEAR DAY PERFORMANCE TABLE - 10/24/83 (Julian Day 297) 

ARRAY ACTIVE AREA= 39480 SO FT 

----- ---------------------------------------------------------------------------------------------------------

HOUR 

INCIDENT SOLAR ENERGY NORTH FJELD 

ON A 
HORIZ 

AHB WIND SURFACE 
TENP SPD < l > 

F MPH BTU/HR-FT2 

IN THE 
COLLECTOR 

PLANE 
(2) 

BTU/HR-FT2 

COLLECTOR 
ARRAY 

FLOW RATE 
QPH 

COLLECTOR 
ARRAY 

TE11P 
IN OUT 
F F 

SOUTH FIELD 

COLLECTOR 
ARRAY 

FLOW RATE 
GP11 

COLLECTOR 
ARRAY 

TEMP 
IN OUT 
F F 

TOTAL SYSTEM 
----------------------------------------------

COLLECTOR COLLECTOR 
ENERGY ARRAY EFF. ARRAY EFF. , PARASITIC 

COLLECTED BASED ON < l > BASED ON C21 ENERG'f 
KB TU/HR X X KB TU/HR 

-------- ---- ------------------------------------------·-------------------------------------------------------------------
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

0.0 
o. 0 
00 
0 0 
0.0 
0.0 

50.8 
59.3 
64. 1 
68 2 
68.6 
69.2 
74. 4 
75. 5 
74. 4 
72. 4 
69.9 
64.4 
62.:Z 
59.2 
58.2 
0.0 
0.0 
0.0 

o. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
4 l 
2.3 
2. 7 
5. 9 
6. 5 
7.2 
0. 1 

10.3 
9.8 
8.0 
3.0 
3.9 
4.2 
3. 3 
0.0 
0.0 
0.0 

0 0 
0.0 
00 
0 0 
0.0 
00 
0. 0 

36. 4 
89.0 

140. 6 
171. 6 
188. 3 
187.9 
170.2 
128 4 

77. 9 
27. 9 

o. 0 
0 0 
0.0 
0 0 
0. 0 
0 0 
0 0 

0.0 
0.0 
0.0 
00 
0.0 
0.0 
0.0 
0.0 

101 5 
143.4 
145.8 
168. 5 
182. 5 
211. 3 
63 1 
0.0 
0 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

00 
00 
0.0 
0 0 
0.0 
0. 0 
0. 0 
0.0 

69. l 
75. 0 
75.0 
74.6 
74. 3 
74. 3 
20 4 

0 0 
0. 0 
00 
00 
0. 0 
0 0 
0.0 
0 0 
00 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0.0 

194 b 
2149 
221 b 
221 2 
222. 5 
228 5 
231. 3 

0.0 
00 
0 0 
0 0 
0.0 
0 0 
0 0 
0 0 
0 0 

0. 0 
00 
0. 0 
0 0 
00 
00 
00 
00 

181:.. 4 
211:.. b 
224. 1 
224. 3 
221. 0 
235. 9 
235 4 

00 
0 0 
0.0 
0.0 
0 0 
0 0 
0 0 
0. 0 
0.0 

0 0 
00 
0 0 
0 0 
0. 0 
0.0 
0 0 
0 0 

242. 0 
332. 7 
333.3 
332. 7 
332 2 
332 2 

91 0 
0 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
00 

191. 1 
214. 3 
221 4 
220. 9 
224. 5 
230. 0 
234 3 

0 0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

188. 0 
2219 
229.2 
231. 0 
235. 4 
245. 4 
248 3 

0.0 
0 0 
0 0 
0 0 
0.0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0. 0 
0 0 
o. 0 

-476 3 
12870 
1347 3 
11210 
1937 b 
2715 7 

831. 1 
0 0 
0 0 
0 0 
0.0 
o. 0 
0 0 
0 0 
00 
0.0 

0 0 
0. 0 
0 0 
0 0 
0. 0 
00 
0 0 
0 0 

-13 b 
23. 2 
19. 9 
23. 2 
26. 1 
40. 4 
16 4 
0. 0 
00 
0 0 
00 
0.0 
0 0 
0 0 
0 0 
00 

0 0 
0 0 
00 
0.0 
0 0 
00 
00 
0.0 

-11. 9 
22. 7 
23.4 
26.0 
26.9 
32. 6 
33 4 

0 0 
0.0 
0.0 
0.0 
00 
0.0 
0.0 
0.0 
0.0 

00 
0 0 
0.0 
00 
0.0 
o_o 
1 5 
1.6 

51.4 
5t» l 
55. 9 
so; 8 
55. 5 
55 2 
24 1 

2. 7 
2 4 
2 l 
2 l 
2 2 
2 0 
00 
00 
0 0 

- - -------------------------------------------------------------------------
TOTALS 1218.2 
AVG &6. 1 5.3 121.8 

1016.2 
145.2 b6 l 219 2 221 5 285.3 

9370 2 
219. 5 228. 5 1338. b 

19. 5 23. 4 370. 7 
24. 7 

--- -- ------ -- -------------- -- -- -------------------------------------------------------------------- -----
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Operation cotinued this month with close attention paid to system 
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SUMMARY STATUS ASSESSMENT AND FORECAST: 

The solar system's central controller microprocessor failed several 
times during the month. This problem, combined with several days of poor 
weather prevented the system from operating for approximately half of the 
month. Also, the DAS horizontal radiation sensor experienced problems. 
These are more fully discussed in the accompanying Performance Report. 
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II. ,r011st n11sriptiop 

Application: 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parts 
waahing. 

37• 44' N. Latitude, 122 • 15' w. 
Longitude, Elevation• 108•. 

Peak energy requirement ia 9 x 106 Btu/hr 
ot hot water at 235•r. The solar '1Stem 
will deliver a max1mum ot 8.6 x 106 Btu/hr. 

Natural gas. 

50400 ft2 ot Solar lCinetics tracking, 
parabolic line tocua, T-700 collectors. 
Roof mounted, horizontal on H-S axis, 30 t. T 
strings @ 240 tt per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2; South tield,_ 36960 ft2). 

Treated water, Horth tield - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The traclc1ng parabolic trough oolleotors are designed to produce hot water at 
235, 450 gpm. The water is heated from 195 F before entering the •boilers• 
to relieve some of the boiler load. Total plant requirement is an average or 
836 gpm at 235 F. 

CIRCUt.ATION PUMP 
450 gpa 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. Operating Experience 
The solar system was available for operation only from November 1 through 
November 13. Intermittent failure of the central controller prevented 
operation after that time. The DAS experienced problems with the 
horizontal radiation measurement. 

The operation of the solar system is summarized in Table I. No changes 
were made in the number of rows available for operation, however, the 
central controller microprocessor failed sometime during the weekend of 
November 12-13. The microprocessor program was lost, so that apparently 
the central controller battery backup did not operate during a power 
failure. This failure went unnoticed for several days because of 
maintenance personnel changes. Also, after the system was placed back in 
operation, several more occurrences of this microprocessor failure were 
experienced. In each of these cases, the microprocessor had to be 
reprogrammed. The combination of equipment failures and poor weather 
prevented the system from operating between November 14 and November 30. 

Date 

11/1-11/30 

11/14-11/30 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
November 1983 

Active2Area 
(ft) 

38640 

Comments 
South Field: 38 drive rows up, no flow to 

down delta-T strings 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

Microprocessor failures prevent system 
operation 

The collector drive row status for the month of November is shown in Table 
II and Figure 2. It is seen that no changes were made in the drive row 
status in November. 

The Q & M activities are summarized in Table III. The only non-routine 
activity undertaken in November was the extensive maintenance on the 
central controller microprocessor. 

IV. System Performance 

Before presenting the performance summaries it should be noted that changes 
have been made in the format of the performance summary tables. This 
format change- accompanies a minor change in the integration/averaging 
technique used in analyzing the data. 

In the hourly performance table, the flow rate shown for each hour is the 
average flow rate for the entire hour. For example, a flow rate of 100 gpm 
for only 30 minutes of a given hour would be shown as an average flow of 50 
gpm. This allows the reader to estimate the portion of the startup and 
shutdown hour for which the system actually operated. Conversely, the 
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Row 
BH-47 

BH-48 

BH-49 

BH-69 

BH-70 

BH-84 

0 

0 

TABLE II. SU~Y OF OUT-OF-SERVICE DRIVE ROWS 
November 3 O, 1983 

Date of Last Action Comment 

6-13-83 Hydraulic oil pressure switch 0-ring 
failure 

9-28-83 Outlet water hose leaking at fitting 
crimp 

10-27-83 Broken receiver tube glass 

7-3-83 Hydraulic oil hose leak 

9-28-83 See BH-48 

7-3-83 Hydraulic oil leak 

TABLE III. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUt41ARY 
October 1983 

C0&:t 
Labor Materials Total 

o & M Activity Hours s s s 
Routine inspection 5 136.80 -o- 136.80 

0 DAS disk changes 

0 Field walkthrough 

Maintenance of central 
controller micro- 10 273 .59 -o- 273 .59 
processor 

TOTAL 15 410.39 -o- 410.39 

Total Cost for 2/83 - 11/83 = $5666.58 
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average flow listed in the su11111ary portion of the hourly performance table 
is the average_flow rate only for the time in which the pump was operating. 

Also, temperatures are now averaged only for the time in which the system 
is actually operating. These slight changes in flow and temperature data 
presentations more accurately portray the actual system operating 
conditions than had previously been done. 

Finally, it will be noted that the decimal places have been dropped from 
all table entries except for the electrical energy consumption. This 
prohibits the assumption of a false accuracy when using the tabulated data. 

A. Monthly Su11111ary 

The solar system performance for the month of November is summarized in 
Table IV and Figure 3. First of all it is seen that horizontal radiation 
cannot be presented for November 1-5. The pyranometer used for this 
measurement was giving erroneous readings during this time; however, the 
readings for the remainder of the month appear to be reasonable. Moisture 
contamination is thought to be the reason for this erratic behavior This 
will be investigated during the next site visit by SwRI personnel. 

Second, the system was virtually unavailable for the period November 14-30. 
The availability during November was, therefore, only 431. The system was 
utilized during November 1-13 whenever weather permitted so that system 
utilization was 431 as well. 

Since no horizontal radiation can be reported for November 1-5, the monthly 
system efficiency based on horizontal radiation cannot be reported. Based 
on collector plane radiation, the total system efficiency is 191 with a 
daily peak value of 261. 

B. Clear Day Performance 

System performance on November 11 is summarized on gn hourly basis in Table 
V and Figure 4. The solar system delivered 6.8 *10 Btu on this day for an 
overall efficiency of 231. The peak hourly efficiency was 391. 
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TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 11/ 83 

NONTHLY PERFORMANCE SUt1t1ARY TABLE - 11/B3 

l~IQibI SDL68 iH~BQX 
ON A ON Tt£ 

HORIZ COLLECTOR ARRAY COLLECTOR COLLECTOR PARASITIC SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERQY JULIAN ( 1) (2) AREA COLLECTED BASED ON Cl> BASED ON (2) USED Q6Ii Q6X IIIUli!iEI IIUllii!iEI lii9EI KIii!.! i i ~IIU 
11/ 1 305 --- 22. 3B640. -66B. - -79. 10B. 1 POSSIBLE NISBINQ DA,TA , 11/ iZ 306 --- B14. 3B640. B243. - 26. 464.4 11/ 3 307 --- 0. 3B640. 0. - 0. 2B.2 11/ 4 308 -- 0. 3B640. 0. - 0. 28.0 11/ 5 309 -- 700. 3B640. 3069. - 11. 3B7. 7 11/6 310 1441. 196. 3B640. 1922. 3. 25. 11B. l 11/ 7 311 475. 467. 38640. 2416. 13. 13. 266. 5 II/ 8 312 261. 0. 38640. 0. 0. 0. 24.9 POSSIBLE NISSING DATA 11/ 9 313 208. 0. 3B640. 0. 0. 0. 24.0 11/10 314 193. 0. 3B640. 0. 0. 0. 24.2 11/11 315 1668. 772. 3B640. 6767. 10. 23. 395.9 11/12 316 722. 0. 3B640. 0. 0. 0. 26. 7 11/13 317 494. 0. 3B640. 0. 0. 0. 27. 1 11/14 318 1020. 0. 3B640. 0. 0. 0. 24.2 

C") 11/15 319 990. 0. 3B640. 0. 0. 0. 25.0 I 11/16 320 374. 0. 38640. 0. 0. 0 . 25. 3 .... 
11/17 321 421. 0. 3B640. 0. 0. 0. 25. 1 

VI 
w 11/18 322 998. 0. 3B640. 0. 0. 0. 24. 7 11/19 323 467. 0. 3B640. 0. 0. 0. 24.4 11/20 324 694. 0. 3B640. 0. 0. 0. 25. 1 11/21 325 1015. 0. 38640. 0. 0. 0. 23.9 11/22 326 406. 0. 3B640. 0. 0. 0. 24. 5 11/23 327 269. 0. 38640. 0. 0. 0. 24. 7 11/24 328 338. 0. 38640. 0. 0. 0. 28.0 11/25 329 967. 0. 3B640. 0. 0. 0. 26.B 11/26 330 980. 0. 38640. 0. 0. 0. 23. 7 11/27 331 958. 0. 3B640. 0. 0. 0. 24.9 11/2B 332 942. 0. 38640. 0. 0. 0. 24.2 11/29 333 664. 0. 38640. 0. 0. 0. 24. 1 11/30 334 247. 0. 3B640. 0. 0. 0. 24.5 

TOTALS 17203. 2971. 2174B. -·- 19. 2347.0 e~ 688. !! Zi~- ~---~ 

- - - - - - - - --- - - - - - - - - -
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FIGURE 3. MONTHLY PERFORMANCE GRAPH 11-83 
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TABLE V. HOURLY PERFORMANCE TABLE - ll-ll-83 (JULIAN DAY HS) 

ARRAY ACTIVE AREA• 38640. BG.FT. 

HOURLX B6Dl6lllll NDRitl f IE:1.D BOUitl flE:1.D 
ON A IN TtE AVERAQE AUERACE TOTAL HOURLY tlJURLY TOTAL 

AYO AW HORIZ COLLECTOR AVERME OPERATINO AVERAGE OPERATJNQ ENERGY COLLECTOR CCLLECTDR ELEC ENERQ 
Ntl WIND SURFACE PLANE FLOW RATE TEJ'IIERATUAE FLOW RATE TEJ'IIERATURE COLLECTED ARRAY EFF ARRAY EFF I ·USED TEMP BPD Cl) c:n OVER HOUR IN OUT OVER HOUR IN OUT OVER HOUR •ABED ON ( I ) IAIED ON ca, OVER HOUR 

:AIR f net:1 BJUIBQfl IIVtBQfl frPN f f APN f f KIJV I J HIV 
I 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. 0.0 a 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. 0.0 
3 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. o. o.o 
4 0. 0. o. 0. 0. o. 0. 0. 0. 0. 0. 0. o. 0.0 
5 0. o. o. o. 0. 0. 0. o. 0. 0. 0. 0. o. 0.0 
6 o. 0. 0. 0. 0. o. o. 0. 0. 0. 0. 0. o. 0.0 
7 54. I. 21. 0. o. 0. o. 0. 0. o. o. o. 0. I. 3 a 56. a. 44. 0. 0. 0. 0. o. 0. o. 0. o. o. I. 6 
9 61. s. 91. 74. 74. 2oa. 199. a20. 20s. 199. -752. ••• • •• 46.6 

("") 10 61. 4. 126. 67. 90. 220. 219. 326. 220. 221. 119. a. ,. S5.7 I II 64. 3. 181. 1ao. 90. 224. 227. 327 . 224. 229. 896. 13. 19. 56.4 .... 
V1 12 64. 3. 180. 83. 75. 222. a2,. 260. 2:u. 227. 723. 10. 23. 56.B V1 

13 71. 3. 221. 164. 89. 223. 229. 324. 222. 234. 2089. 24. 33. SS.6 
14- 69.- 4. 217. 190. 88. 221. 236. 323. 221. 242. 2827. 34. 39. SS.6 
15 67. 4. 192. 76. 76. 228. 234. 277. 228. 233. 865. 12. 30. S4. I 
16 65. 4. 143. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. I. 9 
17 63. ,. 87. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. I. 9 
18 59. 3. 52. 0. 0. 0. 0. o. 0. 0. 0. o. 0. a.a 
19 57. 1. 42. o. 0. 0. 0. o. o. o. 0. o. 0. a. I 
ao ss. 0. 36. 0. 0. 0. 0. o. o. o. 0. o. 0. 2. I 
21 53. I. 31. o. 0. 0. 0. 0. o. o. 0. o. o. I. 9 
22 o. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0 
23 0. 0. 0. o. 0. 0. 0. o. 0. o. 0. o. o. 0.0 
24 o. 0. o. o. 0. o. 0. o. o. o. 0. 0. 0. 0.0 

·-• 
TOTALS 1668. 772. 6767. 10. 23. 386.7 
lt~ Ill ii, Uil, UZ, I!- iii, an. at•. ail iiZ, Ulil, Z I 

-------------------
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FIGURE 4. CLEAR DAY PERFORMANCE GRAPH 11-11-83 
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SOUTHWEST RESEARCH INSTITUTE 
POST OFP'ICI 01'1AWll'I _zetuo • 11220 CULEBl'IA AOA0 •SANANTONIO, TEXAS. USA 7112 .. • 11112111 ... 1111 t•TELEX 711-7317 

Department or Mecham.cal Sciences 
January 20, 1984 

CONTRACT TITLE A.ND NUMBER: 

Monthly Progress Report No. 47 
Reporting Period November 26, 1983 

through December 23, 1983 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SWRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Tens 

CONTRACT PERIOD: September 12, 1979 to September 30, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

Operation continued this month. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

The solar system was available for operation for the entire month, 
but bad weather prohibited extensive operation. A site visit by SWRI 
personnel is planned for January to perform DAS preventative maintenance 
and upgrade, and to review solar system operations. 

S'l'G:dle 
Encl. 

cc: Dr. R. L. Bass, SWRI 
Ms. C. L. duMenil, SWRI 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 

Respectfully submitted, 

Steve T. Green 
Research Engineer 

APPROVED: 

----- //---·, ,,, ..., ------ /".~ _, ;: ---- ///. d:::',;~ 0- ,_ 
Danny i: Def renbaugh 
Project Manager 
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REPORT PERIOD: 

REPORT NO.: 

MONTHLY REPORT NO. 14 

December 1, 1983 - December 31, 1983 

CTCo-14. 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SWRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
P. o. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, C&lifornia 
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II. er0 11gt P11sr1AA1AP 

Application: -

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water for parts 
washing. 

37• 44' N. Latitude, 122 • 15 1 w. 
Longitude, Elevation= 108 1 • 

Peak energy requirement is 9 x 106 Btu/hr 
of hot water at 235•F. The solar system 
will deliver a maximum ot 8.6 x 106 Btu/hr. 

Natural gas. 

50400 tt2 of Solar linetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-S axis, 30 t:. T 
strings@ 240 tt per string. 60 drive 
strings (2 per row). (North Field, 13440 
ft2; South field, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 BtU/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 235, 450 gpm. The water is heated from 195 F before entering the •boilers• to relieve some of the boiler load. Total plant requirement is an average or 836 gpm at 235 F. 

CIRCtJLATION PUMP 
450 gpa 

HOT WATER PROCESS 
RETURN LIN! 

FIGURE 1 • SYSTEM SCHEMATIC 
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III. operating Erpeciepg• 

The solar system was available tor operation throughout the month 
or December, but bad weather prohibited extensive operation. The data 
acquisition system operated smoothl.Y, with the exception of a pressure 
transmitter. 

The operation or the solar system is summarized in Table I. All 
available rows were brought into service on December 5th. At this time, 
then, the plant can use any energy which the solar system can deliver 
without the danger of heating the system to high temperatures, as observed 
in the spring and summer months (see Monthl7 Report CTCo-5 and CTCo-6, 
March and April, 1983). 

Maintenance activities for December are summarized in Table II. The 
onlJ non-routine tasks performed were the installation of new hydraulic 
circuit components. Because or the plant maintenance priorities, the 
installed components could not be thoroughly checked out; so, drive rows 
BH-47 and BH-69 were left out of service. A summary of the out-or-service 
rows is given in Table III, which remains virtually unchanged from the 
report for November, CTCo-13. Figures 2 and 3 show the status or each or 
the drive rows in a plan view of the array. 

While reviewing the data tor December, a pressure transducer was 
discovered to be producing an erroneous signal. This has no effect on the 
acquisition or thermal performance data; however, the replacement or this 
transducer is scheduled for the next SwRI site visit. 

Date 

12/1-12/4 

12/5-12/31 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
December 1983 

Active2Area 
( ft ) 

640 

47040 

Comments 

South Field: 38 drive rows up, no flow to 
down delta-T strings 

North Field: 8 drive rows up, no flow to 
down delta-T strings 

South Field: 38 drive rows up, no flow to 
down delta-T strings 

North Field: All 16 drive rows operational 
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0 

0 

TABLE II. CATDPILL.AR SOL.AR SYSTEM MAINTENANCE SUMMARY 
December 1 983 

Cost 
Labor Materials Total 

o & M Activity Bours $ * * 
Routine inspection 10 310.85 -o- 310.85 

0 DAS disk changes 

0 Field walkthrougb 

Hydraulic drive com-
ponents installed 7.3 175.76 -o- 175-76 

TOTAL 17.3 486.61 -o- 486 .61 

Total Cost for 2/83 - 12/83 = $6153.19 

Bw pate 

BH-47 

BH-48 

BH-49 

BH-69 

BH-70 

BH-84 

TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
December 31, 1983 

ot Last Action comment 

12-83 011 pressure switch repaired but not 
filled with oil 

9-28-83 Outlet water hose leaking at fitting 
crimp 

10-27-83 Broken receiver tube glass 

12-83 Oil hose replaced but not filled with 
oil 

9-28-83 See BH-48 

7-3-83 Hydraulic oil leak 
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IV. System Pertormance 

A. Monthl.y SUIIIDlary 

The solar system thermal pertormance tor December, 1983 is summarized in 
Table IV and Figure 4. It is seen that very little solar radiation was 
available tor most ct the month. By reviewing Table IV it may be claimed 
that the radiation threshold for operation ot the solar system appears to 
be approximately 700 Btu/ft2-day (horizontal). It is also seen that on 
several days substantial amounts of energy were lost. This is thought to 
be due to an inappropriate setting in the ligbt sensor circuit in the 
central controller. It only the days for which there is positive energy 
delivered is considered the overall monthly efficiency is approXimately 
9.9s with a total energy delivery ot 13.8 •106 Btu. So, perhaps if a more 
appropriate threshold in the central controller had been chosen, a 
significant increase in system performance could have been realized. 
this problem will be reviewed with CTCo personnel. 

B. Clear Day Performance 

The performance for Decembear 4. 1983 is summarized in Table V and Figure 
5. The solar system delivered 4.1 •106 Btu on this day for an overall 
efficiency of 16S. The peak hourly efficiency was 32S. 

C-164 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- - - - - - - - - - - - - - - - - - -
TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 12/83 

----- -·- ·-- -- ----··- --· ·--····-- --· -- ----- ------- -- ----·-·••-· -- . ·- - .. l~QENT SOLAR ENERGY 
ON A ON THE 

ttOR I Z COLL.ECTOR ARRAY COLLECTOR COLLECTOR PARAS I flC 
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARPAY EFF. ENERGY 

JULIAN (11 (21 AREA COLLECTED BASED ON (I) BASED OU 12) USED _ D/\.J~ __ l)AY BT.\liq9El __ BTU/SOFT SOFT. ___ ~BTU_ --· j. _____ . _% ___ -· ______ 11,RTU ... ----·· . --•·--•--·· 
12/ 1 335 499. 0. 38640. 0 o. 0. 24 5 
12/ 2 336 968. 494. 3AM0. 2668. 7. 14 337. 7 
12/ 3 337 409. 0. 38640. 0. 0. 0 30 5 
12/ 4 338 971. 677. 38640. 4140. 11. 16 339 0 
12/ 5 339 739 431. 47040. 1125. 3. 6 :3161 POSS IDLE MISS I !-11~ l)/1 L·, 
1:U 6 340 543. B4. 47040. -679. -3. -17 121. 7 
12/ 7 341 691. 0. 47040. 0. o. 0 36 6 
12/ 8 342 300. 0. 47040. 0. 0. 0. 34 9 
12/ 9 343 230. 0. 47040. o. 0 0 34 I 
12/ 10 344 101 0. 47040. 0. 0. 0 32. 8 
12.111 345 577. 0. 47040. 0. o. 0. 3'; 0 
12/12 346 571. 0. 47040. -2464. -9. ...... * 94. 0 
12/13 347 235. 0. 47040. o. o. 0 33. 6 
12/14 348 920. 76. 47040. -2454 .. -6. -h8 321 9 
12' 15 349 300. 0. 47040. 0. 0. 0 29. 2 

Cl 1.2/16 350 145. 0. 47040. o. o. 0 27. 7 
I 12/17 351 771. 0. 47040. o. 0. 0. 30. 7 ..... 

12/18 352 214. 0. 47040. o. 0. 0 28 6 °' \JI 12/19 353 511. -12. 47040. -2668. -11. 475. 144. 0 
12/20 354 946. 683. 47040. 3221. 7. 10. 463. 3 
12,21 355 320. 0. 47040. o. 0. 0. 2b.8 
12/22 356 101. 0. 47040. o. 0. 0. 27. 3 
12/23 357 210. 0. 47040. 0. o. 0. 29. 0 
l:?/24 358 7B. 0. 47040. o. 0. 0. 27. 3 
12125 359 265. 0. 47040. 0. o. 0. 26. e 
12/26 360 311. 0. 47040. 0. 0 o. 32. 3 
12/27 361 536 148. 47040. 20. o. 0 122. 2 
l:2/28 362 697. 195. 47040. -514. -2. -6. 299.0 
1:2/29 363 471. 40. 47040. -1191. -5. -63. 91. 7 
12/30 364 209 0. 47040. o. 0. 0. 29.0 
t.2/31 365 794. 438. 47040. :U.26. 7 t'3 2b8.9 
------ --- --- -- - --- -- ---- --•-- - - - ----- ----· ------·-- --------- -l'JTALS 14634 3254. 3830. 1. 3. 34B6. 1 
~yo 472. ·---19~----·-- __ 1i!4. ___ ---- -- --·-··- ·----... - ·- - 11:;,.:,. ··- - ---- ----·-------···-•··• ·------ . - --
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-

(") 
I 

I-' 

°' -..J 

- -
l'.VG flVG 
AHA WIND 
1El1P BPD 

HOUR F HPH 

1 0. 0. 
2 0. 0. 
3 0. 0. 
4 0. 0. 
5 0. 0. 
6 0. 0. 
7 43. 3. 
a 43. o. 
9 40. 0. 

10 51. 2. 
11 53. 7. 
12 52. 10. 
13 58. 10. 
14 58. 9. 
15 57. 9. 
16 55. 10. 
17 53. 6. 
18 49. 5. 
19 48. 6. 
20 47. 6. 
21 45. I. 
22 0. 0. 
23 0. 0. 
24 0. 0. 

- - - - - - - - - - - - - - - -
TABLE V. HOURLY PERFORMANCE TABLE - 12/4/83 (JULIAN DAY 338) 

ARRAY ACTIVE AREA• 38640. SG.FT. 

_jjQ_~MDIATION ___ Nmlli [l~L!2 _ __ _ __ ~OYl!i EJU.!l _ __ _ _______ TOT&, SV§Il:(:! _________ _ 
ON A IN THE AVFRAGE AVERAGF. , 101 AL HOURL V HOI.IRL V TOTf-.L 
HOR IZ COLLECTOR AVERAGE OPEkATING AVERAQE OPERATING ENEf<GY COLLECTOR COLLECTOR ELEC f..l·Jlf'CY 

SURFACE PLANE FLOW RATE TEMPE:.RATURf- FLOW lll'.TF TEMPERATURE C:OLLE.CTED ARRA't E:.Ff- ARRAY EFF USEC 
C 1) (2> OVER HOUR IN OUT OVER HOUR IN OUT OVER HOUR f!ASED ON ( 1) BASED ON 12> OVER 11011r, 
~~L IJYLtiiE.T _ ___§Ptt __ _f ___ _f. GPtt ___ f: __ f_, ___ tyll_U ____ -~-- __ _ __z ___ ____ ... ft!'l _ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

12. 
57. 

100. 
140. 
158. 
162. 
145. 
109. 
66. 
19. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
o. 
0. 
o. 
o. 
o. 
o. 
0. 

50. 
83. 
92. 

124. 
161. 
149. 

18. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 

57. 
96. 
97. 
96. 
94. 
92. 
23. 

o. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

156. 
167. 
163. 
163. 
168. 
177. 
1B2. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

o. 
o. 
o. 
o. 
o. 
0. 
0. 
0. 

151. 
169. 
164. 
166. 
173. 
184. 
198. 

o. 
o. 
o. 
o. 
o. 
0. 
o. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

108. 
225. 
216. 
226. 
250. 
273. 

70. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 

0. 
0. 
0. 
o: 
0. 
0. 
0. 
0. 

155. 
16Cf. 
165. 
16:t. 
170. 
179. 
184. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

o.-
0; 
0. 
0: 
o.; 
0: 
o., 
o.: 

151., 
171.' 
11-6 .. 
170. 
179. 
190. 
1R6. 

0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0 
0. 
0. 

-4'19. 
Jb4. 
247. 
713. 

1364. 
1B25. 

127. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

••• 
9. 
5. 

12. 
22. 
33. 

3. 
0. 
0. 
o. 
0 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 

••• 
tl. 

7. 

"· 22. 
32. 
1B. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.o 0 
0 0 
0.0 
00 
0 I} 
0 0 
1. e 
2 2 

::35 2 
52 9 
:i2 4 
,2 4 
53 4 
54 0 
21 2 

2 , 
2 '] 
2 2 
2 2 
-~ 2 
1. t 
0 0 
00 
0.0 

TOTALS 971. 677. -- 4140. 11. 16. 331 t 
~_ ;n. t, 1oz, 1.t!.•.-· ea. _U!L.._ 112. _ ~- _lf-9.__ 11;i__ _ _zog __________________ ~ z. __ 
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SOUTHWEST RESEARCH INSTITUTE 
POST OFFICE OIIAWEII ;zas,o • 11220 CULEBIIA IIOAD • SAN ANTONIO, TEXAS, USA 711214•151211184-1111•TELEX 711-7317 

CONTRACT TITLE AND NUMBER: 

Department of Mechanical Sciences 
February 20, 1984 
Monthly Progress Report No. 48 
Reporting Period December 24, 1983 

through January 20, 1984 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio,.- Texas 

CONTRACT PERIOD: September 12, 1979 to September 30, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

SwRI made a visit to the site to perform maintenance on the solar 
system and to update the DAS software. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

SwRI and CTCo personnel were able to repair many of the disabled 
drive rows in the solar system. The problems were positively identified 
for those rows which could not be immediately repaired and brought back 
to service. These rows will be repaired as soon as spare parts are made 
available. 

The mirrors of the north array were rinsed and the glass envelopes 
were washed so that the optical efficiency could be improved. The south 
field was left untouched so that a comparison between dirty and clean 
collectors could be performed. 
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These act1v1t1es are discussed in detail in the accanpanying 
Performance Report, CTCo-15. 

STG:dle 
Encl. 

cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
Solar !PH Technical Advisors 
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Steve T. Green 
Research Engineer 
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Danny .-M. Deffenba_u' 
Project Manager ' 
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REPORT PERIOD: 

REPORT NO.: 

MONTHLY REPORT NO. 15 

January 1, 1984 - January 31, 1984 

CTCo-15 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. Pro,oot P11or1pt19n 

Applie&t10DI · 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Coat (Construction): 

Preheat ot process bot water tor parts 
washing. 

37• 4JI' H. Latitude, 122 • 15' W. 
Longitude, Elevation• 108'. 

Peak energy requirement ia 9 x 106 Btu/hr 
or bot water at 23s•F. The solar ~stem 
will deliver a maximum ot 8.6 x 106 Btu/hr. 

Natural gaa. 

50400 rt2 ot Solar Kinetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on H-S axis, 30 AT 
strings@ 240 rt per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2; South tield, 36960 tt2). 

Treated water, North field - 330 gpm, South 
tield - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce bot water at 235 , 450 gpm. Tbe water is heated from 195 F before entering tbe •boilersn to relieve some of the boiler load. Total plant requirement is an average of 836 gpm at 235 F. 

CIRCULATION PUMP 
450 gpa 

PARABOLIC TR:>IJGH 
501.M CXlU.ECTORS 

H01' lfATEII PROCESS 
RETURN LINE 

FIGURE 1 • SYSTEM SCHEMA.TIC 
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III. Qperat19g Expar1enca 
The CTCo solar-system was available for operation during the month of 
January except for 1/10/84 and 1/11/84. The solar system and DAS were 
down these two days for maintenance during the SwRI site visit of 
1/9/84-1/13/84. 

The operation of the solar system is sulffllarized in Table I. It is seen 
that after the maintenance tasks were performed during this site visit, 
there are only 4 of the 60 drive rows down because of drive pylon problems. 

The maintenance activities performed during the past month are summarized 
1n Table II. As a result of these maintenance activities, rows BH-47, -48, 
-69, and -70 were brought into service and the maintenance problems with 
rows BH-49, -59, -64, and -84 were clearly defined. The remaining main­
tenance problems are listed in Table III. The locations of the rows in 
question are shown in Figures 2 and 3. 

During the site visit SwRI personnel also measured the reflectance of 
several mirror surfaces. These reflectance measurements are shown in Table 
IV along with measurements made on 8/16/83. If one considers the period 
8/16/83-1/10/84 the average reflectance degradation over the 147 day period 
is 0.1651/day (neglect row BH-103; it falls out of the small band formed by 
the other 5 rows). The North Field was rinsed on 1/11/84; the subsequent 
reflectance measurements are shown in Table IV. The average reflectance of 
the rinsed collectors is approximately 851 of the value achieved by 
thoroughly cleaning the mirror surface. 

IV. System Performance 

A. Monthly Sulffllary 

The solar system thermal performance for the month of January is sunanar1zed 
in Table V and Figure 4. It is seen that the only weekend day the solar 
system delivered energy was 1/1, which happened to be the day of highest 
all-day efficiency. The day in which the system delivered the most energy, 
however, was 1/30. 

It can be seen that the values shown for radiation in the horizontal plane 
are questionable for several days. This problem was first observed in 
November 1983, but had not been observed again until January 14, 1984. 
The problem did not manifest itself during the site visit, however, so the 
source could not be identified. A replacement pyranometer and transducer 
are being calibrated for shipment to CTCo for installation by plant 
personnel. 
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pate 

1/1-1/9 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
January 1984 

Act 1ve2Area 
Cft > c011111ants 

43680 South Field: 36 drive rows up, no flow to 
down delta-T strings. 

1/10-1/11 

North Field: All 16 drive rows operational. 

Solar system and DAS down for maintenance. 
North Field washed. 

1/12-1/31 47040 South Field: 40 drive rows up. 

0 

0 

0 

0 

0 

North Field: All 16 drive rows operational. 
Full flow to both fields. 

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
January 1984 

r.nrl 

Labor Materials Total 
0 A. M Adfvf+u ~,utrlii: t t t 

Routine inspection 4 124.25 -- 124.25 

0 DAS disk changes 

0 Field walkthrough 

Drive row troubleshoot 
and repair 10 250.00* -- 250.00 

Wash North Field 4 100.00* 160.00 260.00 
(Subcontract) 

Replace BH-49 receiver 
tube 4 100.00* -- 100.00 

R~place BH-48 flex hose 4 100.00* -- 100.00 

TOTAL 26 674.25 160.00 834.25 

Total Cost for 2/83-1/84 = $6987.44 

*These activities were performed by SwRI personnel. The costs 
were determined using the approximate CTCo average labor rate. 
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Row 
BH-49 

BH-59 

BH-64 

BH-84 

8/16/83 

1/10/84 

1/11/84 

TABLE III. SU"4ARY OF OUT-OF-SERVICE DRIVE ROWS 
January 31, 1984 

Pate of Last Action C011111ent 

l/12/84 Tracker head leaks. Requires 
placement. 

re-

1/12/84 4-way valve leaks hydrual1c fluid. 

1/12/84 460/120 VAC transfonner bad. 

1/12/84 Hydraulic drive piston leaks. 

TABLE IV. MIRROR REFLECTANCE 

58.5 61.0 57.l 56.l 57.7 

33 .9 36.5 33.5 39.8 32.6 

North Field rinsed. 70.6 73.l 70.5 
Mirror reflectance 
at well washed spot 
= 83 .21 
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TABLE V. MONTHLY PERFORMANCE SUMMARY TABLE - 1/84 

IMCIDEMI §9b~R EHEBQi 
ON A ON THE 

HORIZ COLLECTOR ARRAY COLLECTOR COLLECTOR PARASITIC 
SURFACE PLANE ACTIVE ENERQY ARRAY EFF. ARRAY EFF. ENERQV 

JULIAN C1) (2) AREA COLLECTED BASED ON Cl) BASED ON (2) USED 
DATE 12~¥ IIIYl59EI IIIYl§OEI 59EI ~IIIY i i ~HY· 
1/ l l 90B. 544. 436B0. 4641. 12. 20. 297.4 
I/ 2 2 494. 702. 436B0. 5617. 26. 18. 446.4 
I/ 3 3 847. 4B7. 43680. 1555. 4. 7. 422.2 
I/ 4 4 910. 637. 43680. 25B8. 7. 9. 453.6 
I/ 5 5 912. 650. 43680. -587. -1. -2. 467. 7 
I/ 6 6 914. 611. 43680. 1969. 5. 7. 458.7 
1/ 7 7 269. 0. 43680. 0. 0. 0. 57.9 
1/ 8 8 229. 0. 436B0. 0. 0. 0. 59.8 
I/ 9 9 90. 0. 43680. 0. 0. 0. 25.9 
1/10 10 DAS DOWN FOR PREVENTATIVE MAINTENANCE 
1/11 11 DAS DOWN FOR PREVENTATIVE MAINTENANCE 

(") 1/12 12 642. 83. 47040. -2791. -9. -71. 32B.O I .... 1/13 13 779. 839. 47040. 58B6 . 16 . 15. 537. I ...., 
1/14 14 50. 441. 47040. -1580. -68. -B. 503.2 co 
1/15 15 0. 0. 47040. 0. 0. 0. 57. 5 
1/16 16 0. 71. 47040. -4164. 0. -124. 376. 1 
1/17 17 2. 964. 47040. 68B4. 7193. 15. 536.5 
1/18 1B 0. 442. 47040. 1411. 0. 7. 450.8 
1/19 19 390. 565. 47040. 2245. 12. 8. 528.9 
1/20 20 291. 254. 47040. -1271. -9. -11. 333. 5 
l/21 21 442. 0. 47040. 0. 0. 0. 51. I 
1/22 22 111. 0. 47040. 0. 0. 0. 57. 4 
1/23 23 742. 358. 47040. 1508. 4. 9. 405. 5 
1/24 24 766. 964. 47040. 6815. 19. 15. 571. 7 
1/25 25 1058. 837. 47040. 4866. 10. 12. 559.2 
1/26 26 1094. 998. 47040. 6957. 14. 15. 603. l 
1/27 27 1059. 724. 47040. 3961. 8. 12. 508.0 
1/28 28 1175. 0. 47040. 0. 0. 0. 57.0 
1/29 29 957. 0. 47040. 0. 0. 0. 63. 4 
1/30 30 214. B95. 47040. 7448. 74. 18. 565. 4 
1/31 31 0. 592. 47040. 2770. 0. 10. 432. 5 

TOTALS 15344. 12660. 56728. a. 10. 10215. 5 
AV; . - ----- -- . ·- ~i:9, ~iJZ- - ---- --- - Ii~~ • ;J5ijl. ;J 

•• 

-------------------
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B. Clear D~y Performance 

The performance of the solar system 1s sumar1zed for two clear days 1n 
Table VI and VII. Thfs information is shown graphically 1n Figures sand 
6. The effects of row-to-row shading and rinsing the North field w111 be 
discussed by using the data for these two days. 

It can be seen that on both these days, the system remains operating well 
after the time at which the collector plane radiat1on decreases. This is 
due to the row-to-row shading. 

Recall that at the CTCo site, the collector drive tracking sensor 1s 
mounted on the western edge of the collector mirror. This edge 1s the one 
which is first shaded by the row to the west in the afternoon. When this 
occurs, the collectors stop tracking, so that no more radiation is focused 
on the receiver tube. The central controller, on the other hand, is still 
focused on the sun and does not shut the field down even though no energy 
can be gathered. Thus, a substantial amount of energy 1s lost by 
convection from the receiver tubes. 

Finally, the energy delivered by the solar system for these two days is 
decomposed into the separate portions delivered by the North and the South 
fields in Table VIII. This table clearly shows the obvious effect of 
mirror reflectance on the field performance. This difference between the 
two fields will continue to be monitored over the next few months to 
observe the degradation of the North field mirrors• reflectance values. 
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-----------------

AVQ AVQ 
AHB WIND 
TEHP BPD 

tlOUB E t!Pt:1 

1 0. 0. 
2 0. 0. 
3 0. 0. 
4 0. 0. 
5 0. 0. 
6 0. 0. 
7 44. 3. 
B 45. 4. 
9 48. 1. 

10 52. 1. 
(') 11 59. 1. I 

12 57. ..... 3 . 
00 13 64 . 3. ..... 

14 64. 7. 
15 63. 6. 
16 bl. b. 
17 59. 5. 
1B 53. 2. 
19 51. 2. 
20 49. 0. 
21 47. 1. 
22 0. 0. 
23 0. 0. 
24 0. 0. 

TOTALS 
AVO :I!, 3, 

TABLE VI. HOURLY PERFORMANCE TABLE - 1/2/84 (JULIAN DAY 2) 

ARRAY ACTIVE AREA= 43680 SQ. FT. 

~OURbY B6Dl~IIOli NORTtf F1Eb12 SOUTtf FIELD 
ON A IN THE AVERAGE AVERAGE TOTAL 
HORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATINO ENERGY 

SURFACE PLANE FLOW RATE TEMPERATURE FLOW RATE TEHPERATURE COLLECTED 

}gTAb SYSTf;H 
HOURLY HOURLY 

COLLECTOR COLLECTOR 
ARRAY EFF ARRAY EFF 

(I) (2) OVER HOUR IN OUT OVER HOUR IN OUT OVER HOUR BASED ON (1) BASED ON C~) 
UIUISOEI IUU§iEI Ge!:I F F oe1:1 E F l\lHU I I 

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

31. 2B. 35. 124. 125. 57. 124. 124. a. 1. l. 
B6. 89. 106. 124. 126. 161. 125. 127. 265. 7. 7. 

135. 96. 107. 124. 125. 163. 124. 125. 107. 2. 3. 
117. 107. lll. 124. 129. 166. 124. 131. 805. 16. 17. 
65. 137. 119. 129. 136. 16B. 129. 142. 1464. 51. 24. 
II. 160. 127. 140. 14B. 172. 139. 15B. 2165. • •• 31. 

4. 87. 12B. 147. 1'2. 175. 147. 153. 79B. • •• 21. 
39. -17. 126. 147. 147. 175. 147. 147. 15. 4. • •• 

5. 15. 10B. 142. 142. 151. 142. 141. -69. • •• • •• o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. o. o. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

494. 702. 5617. 26. 1B. 
ZD, O:i, 113, 134, 137, Hal, 13~. ao, t!f.U, 

- -

TOTAL 
ELEC ENERGY 

USED 
,OVER HOUR 

~!HY __ 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
l. 7 
1. 9 

24.0 
51. 0 
:u. 3 
51. 3 
51. 3 
52. I 
52.0 
49.9 
51. 0 
2.2 
2.2 
2.3 
2. l 
0.0 
0.0 
0.0 

438. l 
6,0 



(") 
I ..... 

CX> 
N 

AYO AYO 
ANB WIND 
TEHP 6PD 

HOUR E tll!U 

I 0. 0. 
2 o. 0. 
3 0. 0. 
4 0. 0. 
5 0. 0. 
6 0. 0. 
7 45. I. 
B 48. I. 
9 55. 3. 

10 56. 2. 
11 59. 4. 
12 60. 4. 
13 64. 5. 
14 65. 4. 
15 65. 4. 
16 65 . 2. 
17 63. 3. 
18 59. 0. 
19 56. 0. 
20 55. 0. 
21 52. l. 
22 0. 0. 
23 0. 0. 
24 0. 0. 

TOTALS 
e~!i1 :ID, 2, 

TABLE VII. HOURLY PERFORMANCE TABLE - 1/24/84 (JULIAN DAY 24) 
ARRAY ACTIVE AREA= 47040 SQ. FT. 

HOURb)'. 86Dl~IIQH HQ!Utl FI ELD SQYJH flELD T~UAL S)'.STl;;tl ON A IN THE AVERAGE AVERAGE TOTAL HOURLY HOURLY HORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATING ENERGY COLLECTOR COLLECTOR SURFACE PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED ARRAY EFF ARRAY EFF (l, (2) OVER HOUR IN OUT OVER HOUR IN OUT OVER HOUR BASED ON Cl> BASED ON (2) UU/§gEJ IIYliHIFI Qf!!j E E Qft.1 E E ~BTU i J. 
0. 0. o. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 43. 95. 114. 214. 212. 266. 213. 209. -922. ••• *** 97. 114. 120. 221. 229. 329. 221. 223. 705. 15. 13. 137. 122. 120. 223. 231. 329. 223. 225. 699. 11. 12. 137. 138. 120. 225. 235. 328. 226. 229. 1053. 16. 16. 125. 164. 119. 228. 242. 327. 228. 235. 1782. 30. 23. 105. 181. 115. 2:u. 248. 327. 232. 241. 2436. 49. 29. 47. 159. 115. 232. 245. 326. 232. 239. 1695. 76. 22. 55. -17. 118. 225. 226. 325. 225. 225. 0. 0. 0. 20. 0. 118. 224. 221. 325. 224. 221. -615. ••• *** 0. 7. 21. 224. 222. 58. 224. 221. -106. 0. • •• 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

766. 964. 6815. 19. 15. !Q, &Q:!, U6, 225. a;;i~. ;.tU, ii:1, 22Z- H;;t, 

-----------------

TOTAL 
ELEC ENEROY 

USED 
OVER HOUR 

~DIY 
0.0 
0.0 
0.0 
0.0 
0.0 
0 0 
3.4 
4.0 

5B.4 
60.4 
60.4 
60.2 
59.3 
59.2 
57. 7 
se.e 
57.B 
19. 4 
4.2 
4.4 
3.9 
0.0 
0.0 
0.0 

563. 7 
U,3 

- -
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-------------------
TABLE VIII 

Collector Plane North Field South Field Collector Plane North Field South Field 
Radiation Output Output Radiation Output Output . 

- 2 - 2 - 2 - 2 - 2 -n2 

8 -- -- -- 22 -21 -22 
9 45 1 0 111 20 5 

10 90 6 7 115 30 8 
11 98 4 4 127 34 9 
12 111 20 22 146 47 19 
13 144 32 40 172 63 35 

(") 14 163 40 51 180 71 47 
I 15 51 15 10 95 30 12 ..... 

CX> 16 -18 4 2 -13 0 -6 \JI 

17 18 -1 -3 9 -8 -12 

Total 702 121 132 964 266 97 
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The costs for periods 6 and 7 of this fiscal year are combined in this 
monthly report to bring the cost reporting period more up-to-date with the 
monthly reports. The monthly performance report for February 1984 (CTCo-16) 
is attached. The disk changing problems have been resolved, but the report 
for March 1984 will be sent under separate cover. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

It has been observed that three of the system flow meters are now de­
fective. A site visit is being plarmed to inspect the solar system and the 
DAS to resolve this problem. The current status of the DAS will be described 
in the March Performance Report (CTCo-17). 
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CONTRACTOR: 
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II. PJ:g1egt nasgciption 

Application: . 

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parts 
washing. 

37• 44• N. Latitude, 122 • 15' w. 
Longitude, Elevation= 108 1 • 

Peak energy requirement is 9 x 106 Btu/hr 
ot bot water at 235•r. The solar system 
will deliver a maximum ot 8.6 x 106 Btu/hr. 

Natural gas. 

50400 tt2 ot Solar ICinetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-S Uis, 30 t. T 
strings@ 240 tt per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2; south tield, 36960 rt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce bot water at 
235 , 450 gpm. The water is heated from 195 F betore entering the "boilers" 
to relieve some ot the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCUUTION PUMP 
450 gpa 

PARABOLIC TR:>UGH 
SOLAR alLLECTORS 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. Qperat10g Expec1eoce 

The CTCo solar·system was available for operation during the entire month 
of February. Some hardware problems, however, required that maintenance be 
performed on two of the collector drive mechanisms. 

The operation of the solar system is summarized in Table I. It is seen 
that 6-81 of the field was down because of a malfunction or maintenance 
activity during this month. These maintenance activities are described in 
Table II and Table III. One drive row CBH-69) failed due to a control 
circuit malfunction for which no cause could be immediately determined. A 
seal on the hydraulic piston in Row BH-84 was replaced on 2/9 but failed 
again on 2/16. The status of each of the drive rows for various periods 
during February is shown in Figures 2, 3, and 4. 

CTCo maintenance personnel reviewed the manufacturer's literature for 
several of the drive system components and concluded that the maximum 
operating pressure is 1000 psi. CTCo found, however, that the hydraulic 
pressure controls were set at approximately 1200. They have begun the task 
of resetting the pressure limit switches to 800 psi. 

The field was rinsed during several rainstorms in February. The effect of 
this rinsing activity fs discussed below in the performance section. 

Finally, the DAS experienced problems on 2/29/84. The DAS was brought back 
into operation late that day, but most of the data were lost. The cause of 
the failure was undetermined. 

Date 

2/1-2/15 

2/16-2/29 

2/29 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
February 1984 

Active2Area 
(ft) 

47040 

46200 

Comments 

Four drive rows inoperative, full flow to 
entire collector array. 

Five drive rows inoperative, full flow to 
entire collector array. 

Power failure caused data system to shut 
down. 
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0 

0 

0 

0 

TABLE.II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUt-f.4ARY 
February 1984 

~"rl 
Labor Materials Total 

0 1. M A.ctfvf+v M"11r~ t t s 
Routine inspection 10 291.29 -o- 291.29 

0 DAS disk changes 

0 Field walkthrough 

Rinsing collector field 
during rain 2 58.26 -o- 58.26 

Hydraulic drive system 
maintenance 8 233 .03 -o- 233 .03 

Control board trouble-
shooting 2.5 72.82 -o- 72.82 

TOTAL 22.5 655.40 -o- 655.40 

Total estimated maintenance costs for 2/83 - 2/84 = $7642.84 

Row 
BH-49 

BH-59 

BH-64 

BH-69 

BH-84 

TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
January 31, 1984 

Date of Last Action 
1/12/84 

1/12/84 

l/12/84 

2/9/84 

2/16/84 

Comment 
Tracker head leaks. Requires re­
placement. 

4-way valve leaks hydrualic fluid. 

460/120 VAC transformer bad. 

Control board failure. 

011 seal replaced on 2/9/84 developed 
leak on 2/16. Row back out-of­
service. 
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IV. System Performance 

A. Monthly Summary 

The dafly, overall performance of the solar system is summarized for 
February, 1984 in Table IV and Figure S. Ffrst, ft 1s seen that the field 
exhibited a 271 efficiency for the month of February with an energy 
delivery of 1.36 *108 Btu. The peak daily efficiency was 371 for days 
which exhibit reasonable operation. Efficiency values over this amount 
are attributed to cloudy days during which the tracking mechanism causes 
erroneous radiation measurements. 

Also, the horizontal radiation data is still in error during February. 
The replacement transmitter for this sensor has not yet been received. 

B. Clear Day Performance 

The solar system performance on February 22, 1984 is summarized in Table V 
and Figure 6. The peak efficiency during this day was 471. The total 
energy delivery was 14.3 *106 Btu during this day with 0.48 *106 Btu of 
electrical power consumed in the controls and motors. Parasitic energy 
consumption is, thus, 3.31 of the delivered energy. 

The system energy delivery is separated into the portions delivered by the 
north and south field fn Table VI. The data for the first two days is 
taken from the previous monthly report for January, CTCo-15. These data 
show the effect of washing the collectors during a rainstorm. The data for 
1/2/84 were taken prior to a complete washing of the north field, while the 
data for 1/24/84 were taken a few days after completely washing the north 
field. The north field efficiency was much greater than the south field 
efficiency after being cleaned. The data for 2/22/84 were taken after the 
entire collector field was rinsed with rainfall. This was accomplished by 
manually rotating the collectors to a vertical position during a storm. 
The efficiencies of the north and south field are equivalent after being 
rain-washed and are much greater than the efficfencfes for 1/2/84, the 
completely dirty case. The increase in efficiency fs partially due to more 
favorable incidence angles, but it is clear that rainwashfng can greatly 
improve collector performance. 
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TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 2/84 

INCl~ENT SgbAR EH~BGY - ------ - - -----· 
ON A ON THE 

HORIZ COLLECTOR ARRAY COLLECTOR COLLECTOR PARASITIC 
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERGY 

JULIAN ( 1> (2) AREA COLLECTED BASED ON (1) BASED ON (2) USED 
DATE DAY BTU/SOFT BTU/SQFJ , §BET KBTU '1. . 

JYllY ------
2/ 1 32 0. 0. 47040. 0. 0. 0. 54.B 
2/ 2 33 0. 696. 47040. 4870. 0. 15. 460.6 
2/ 3 34 0. 466. 47040. 2059. 0. 9. 449. 5 
2/ 4 35 0. 0. 47040. 0. 0. 0. 61. 3 
2/ 5 36 0. 0. 47040. 0. 0. 0. 64. 5 
2/ 6 37 0. 572. 47040. 2799. 0. 10. 381.2 
2/ 7 38 0. 0. 47040. 0. 0. 0. 55.0 
21 e 39 0. 20B. 47040. -1544. 0. -16. 287. 1 
2/ 9 40 0. 0. 47040. 0. 0. 0. 5B.9 
2/10 41 28. 907. 47040. 5633. 427. 13. 581. 9 
2/11 42 11. 0. 47040. 0. 0. 0. 55.3 
2/12 43 0. 0. 47040. 0. 0. 0. 57. 7 

(') 2/13 44 4. 2. 47040. -1372. -746. ***** 94.2 I ..... 2/14 45 B36. 730. 47040. B354. 21 . 24. 493.9 \0 :Z/15 46 71. 1. 47040. -1504. -45. • •••• 69. 1 V1 
2/16 47 1262. 690. 46200. 16947. 29. 53. 463. 1 
2/17 4B B7. 1002. 46200. 17860. 445. 39. 622.6 
:Z/18 49 409. 821. 46200. 12945. 6B. 34. 529. 6 
2/19 50 519. 0. 46200. 0. 0. 0. 58.3 
2/20 51 508. 0. 46200. 0. 0. 0. 64.6 
2/21 52 1074. 95. 46200. 6952. 14. 159. 571. 2 
2/22 53 904. 833. 46200. 14291. 34. 37. 490.2 
2/23 54 458. 798. 46200. 11899. 56. 32. 425.0 
2/24 55 81. 696. 46200. 5869. 156. 1B: 487.5 
2/25 56 0. 1084. 46200. 18028. 0. 36. 634. l 
2/26 57 0. 0. 46200. 0. 0. 0., 59. 1 
2/27 58 0. 742. 46200. 10788. 0. 31. 510.0 
2/2B 59 0. 325. 46200. 1898. 0. 13. 367.B 
2/29 60 0. 34. 46200. -1026. 0. -66. 66. 1 

TOTALS 6254. 10701. 135.745. ---·-· 47. 27.' 8574.0 
£1VQ i:16, ~H- 468_1. - i9~. l_ 

------ ------- - - - - - -
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AVQ AVG 
AMB WIND 
TEl'IP SPD 

HOUR E t1Pt:f 

1 0. 0. 
2 0. 0. 
3 0. 0. 
4 0. 0. 
5 0. 0. 
6 0. 0. 
7 42. S. 
e 45. 2. 
9 4B. 4. 

10 51. 3. 
11 54. 4. 

C) 12 56. 4. 
I 13 59. 4. ..... 
'° 14 60. 6. 
" 15 57. 7. 

16 56. 6. 
17 54. e. 
1B 51. 6. 
19 50. 4. 
20 49. 1. 
21 46. 0. 
22 0. 0. 
23 0. 0. 
24 0. 0. 

TOTALS 
AV!! :,2. 4. 

TABLE V. HOURLY PERFORMANCE TABLE - 2/22/84 (JULIAN DAY 53) 
ARRAY ACTIVE AREA = 46200 SQ. FT. 

HOURL~ RAQIATION NORTH FIELD SQY.TH FIELD 
ON A IN THE AVERAGE AVERAGE TOTAL 
HORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATING ENERGY 

SURFACE PLANE FLOW RATE .TEMPERATURE FLOW RATE TEMPERATURE COLLECTED 

TOTAL SYSTEM 
HOURLY HOURLY 

COLLECTOR COLLECTOR 
ARRAY EFF ARRAY EFF (0 (2) OVER HOUR IN OUT OVER HOUR IN OUT OVER HOUR BASED ON <1> BASED ON (2) BT!,l/§9FT BT!,llS9FT GPM F F GP_tt __ F F KBTU 'L-. 7. 

0. 0. 0. 0. 0. 0. 0. 0. 0 0. 0. 0. 0. o. 0. 0. 0. o.·. 0, 0 0. 0. 0. 0. 0. 0. 0 0. 0. 0 0 0. 0. 0. 0. 0. 0. 0. 0. 0. o.: 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. o.: 0 0. 0. o. 0. o. 0. 0. 0. 0. 0. 0 0. 0 o. 0. 0. 0. 0. 0. 0. 0. 0 0. 0. e. 0. o. 0. 0. 0. 0. 0. 0 0. 0. 
53. 34. 33. 201. 193. 59. 19B. 185., -591. *** *** 94. 14B. 117. 210. 224. 314. 210. 222.'. 2647. 61. 39. 130. 159. 116. 216. 231. 320. 215. 220.: 2828. 47. 39. 

134. 164. 113. 220. 237 317. 220. 234., 3262. 53. 43. ,.,..131. 144. 114. 221. 235. 315. 221. 234.: 3027. 50. 46. 
130. 130. 115. 220. 233. 317. 220. 233: 2851. 47. 47. 
114. 57. 116. 215. 218. 319. 215. 219.: 748. 14 2B. 
B1. -2. 104. 211. 212. 266. 211. 211.: 48. 1. *** 28. 0. 39. 208. 201. Bl. 208. 19B., -528. *** *** 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 0. 0. o.: 0 0. 0. 
0. 0. 0. 0. 0. 0. 0. o.: 0. 0. 0. 
0. 0. o. 0. 0. 0. 0. o.: 0. 0. 0. 
0. 0. o. 0. 0. 0. 0. o.· 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. o., 0. 0 0. 

---· --904. B33. 14291. 34. 37. 
lQQ.. 111. 107, 21:,,__ __ 22:,. 289. iUi2- 224. 1904. 

- - - - - - - - - - - - - - - - -

------T• rAL 
ELl:.C n~ERGY 

IJSE[I 
OVER HOIJR 
_..1_!:l_!:!L_ 

0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
3 3 
3. 7 

21 7 
58.9 
513. 3 
59.8 
64. 1 
59.8 
56. 5 
56. 7 
31 1 

4. 5 
3. 9 
4. 1 
3.8 
0.0 
00 
0.0 

·-·---
480. 2 

9_,7 

- -
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TABLE VI 

Collector Plane I North Field South Field Collector Plane North Field South Field Collector Plane North Fteld South Fteld 
Rad1ation Output Output Radiation Output Output Rad1at1on Output Output 

2 R+u/hr-H-2 2 2 2 2 2 2 ft-2 

8 - - - 22 -21 -22 0 0 0 
9 45 1 0 111 20 5 88 7 7 

10 ro 6 7 115 30 8 151 61 51 
11 98 4 4 127 34 9 165 65 58 
12 111 20 22 146 47 19 159 64 66 
13 144 32 40 172 63 35 133 52 59 
14 163 40 51 180 71 47 112 44 46 
15 51 15 10 95 30 12 30 6 6 
16 -18 4 2 -13 0 -6 -4 2 0 
17 18 -1 -3 9 -8 -12 0 -11 -10 

Total I 702 I 121 

I 
132 964 266 97 833 288 282 

(171) (191) ( 28.1) (1()1) (35") (34") 
I 

n 
I 

1--' 
~ 
\.;) 

.• - - - - - - -· - - - -·- - - - - - - -
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SOUTHWEST RESEARCH INSTITUTE 
POST OFFICE DIIAWEFI 211510 • 8220 CULEIIFIA FIOAD •SANANTONIO, TEXAS, USA 71284 • 151211184-11111•TELEX 79.7357 

CONTRACT TITLE AND NUMBER: 

Department of Mechanical Sciences 
May 20, 1984 
Monthly Progress Report No. 51 
Reporting Period April 14, 1984 

through May 11, 1984 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 30, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

Operation continued during April much the same as in March. There 
was signiffcant maintenance activity during March and April which is de­
scribed in the accompanying Monthly Performance Reports. A site visit by 
SwRI personnel is planned for early June to revfew system status and 
perform DAS maintenance. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

CTCo personnel will not disable portions of the collector field thfs 
spring and summer to match their load. Instead, solar system dafly energy 
output will be maximfzed by allowing the system outlet temperature to 
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exceed thermostat settings, thereby forcing oscillatory operation of the 
collectors. The effects of this scenario are briefly described in the 
attached Performance Reports, CTCo-17, and CTCo-18. 

STG:dle 
Encl. 

cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 
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REPORT PERIOD: 

REPORT NO.: 

MONTHLY REPORT NO. 17 

March l, 1984 - March 31, 1984 

CTCo-17 

DOE CONlRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONlRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONlRACTOR: Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-Slll, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. er01ogt Po1or1pt1gn 

Application: -

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parts 
wuhing. 

37• 44• N. Latitude, 122 • 15' w. 
Longitude, Elevation• 108•. 

Peak energy requirement is 9 x 106 Btu/hr 
or hot water at 235°F. Tbe solar ffstem 
will deliver a muimum ot 8.6 x 106 Btu/hr. 

Natural gas. 

50400 tt2 ot Solar Kinetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-S axis, 30 6 T 
strings@ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2; South field, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 
235, 450 gpm. The water is heated from 195 F before entering the "boilers" 
to relieve some ot the boiler load. Total plant req~ement is an average or 
836 gpm at 235 F. 

CIRCULATION PUMP 
450 gpa 

PAIWIOt.IC TR)IJGII 
SOLU CX>LLECTORS 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMA.TIC 
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III. opecattng Expec1enca 
The CTCo solar·system was available for operation during the entire month 
of March, 1984. The DAS experienced some minor problems so that three 
entire days of data were lost and two partial days of data were lost. 

During this sunvner, CTCo personnel plan to keep as many rows operating as 
possible whfch is a departure from the operating philosophy during the 
spring and sunvner of 1983. Last year, drive rows were deactivated as the 
performance of the collectors increased because of more favorable solar 
angles. This was necessary to match the collector system energy output to 
the decreased plant process heat load. 

This spring and summer, however, no rows will be deactivated. This will 
cause the collector system outlet temperature to increase beyond the 
desired limit. Limit switches will then close and cause the collector 
array to unfocus until the process fluid temperature decreases below the 
set point. The net effect of this unfocusing will be to decrease the 
hourly and daily efficiency of the collector hardware, since the 
focusing/unfocusing frequency is on the order of 10 minutes. The reason 
for allowing the array to focus/unfocus is so that energy output is 
maximized over the entire day within the limits imposed by thermostat set 
points. 

The operation of the solar system during March is summarized in Table I and 
Figures 2 through Figure 6, while the maintenance activities are listed in 
Table II and Table III. It is seen that a substantial maintenance activity 
was performed during March. 

Date 

3/1-3/5 

3/6 

3/7 

3/8 

3/9-3/31 

3/4 

3/20-3/21 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
March 1984 

Active
2
Area 

(ft) 

46200 

47040 

48720 

47880 

46200 

Comments 
Five drive rows inoperative. Full fl ow to 
array. 

Four drive rows 1 noperat1ve. Full fl ow to 
array. 

Two drive rows inoperative. Full flow to 
array. 

Three drive rows inoperative. Ful 1 fl ow to 
array. 

Five drive rows inoperative. Full flow to 
array. 

Power failure caused DAS to shut down. 

DAS failure; cause unknown. 

C-204 



I 
I 

r... •:-:- .,.. o ... ,-._, (,., -r v, 1_(1 r •·- ,r, (T'f c• .... (•,, rr, "T Li"• '-'' r· • ((' T T T ~ ffl ~ 0 ~ ~ ~ ~ ~ ~ ~ ~- ~ ~ W W ~ ~ W I 
I 
I 
I 
I 
I 

Ln 

I I -
::t 
l.' 
u:. 

I :I 

N .. 
- N ~ T ~ \£1 ~ 00 ~ ~ ,,, ~ ~ ~ ~ ~ 

I I I I I I I I ::t ~ ::t ::t ::t ::t ::t ::r 
~ ru ru m ~ ro ru m n,nnnn.nn. ni I I I: ·.·· I II I I I, : I I I !I , jJ 

I I! I I :1 1·! 1· 1'; 
I I [ i : i ! i 

I I 
I I 

0 w 
0 a:: ... 0 I Cl: c..::i 
UJ ~ 

n CL ~ 

w 
i:: 

I -
I-

I 

- I 
,:, ... 
I-
·l: 
ii:. 
UJ 

-1 
CL 
,:, 

.J 
q 
t: . 
Cl: 

I 0 -... 
CL 

uLJ LJ, ,,, 0 ... "' (I) T L'• \£1 
O'l 0 0 <:' 0 0 0 0 

::, 

I 
I - - - - - ... ... 

I I I I I I I I ::t ::r ::r ::t ::r ::r ::r ::t CD m al a) CD CCI al Q) 

I 
C-205 

I 



-------------------

(") 
I 

N 
0 

°' 

BH- 99 
::=:::============::===========~ 

)eH- 91 

IBH- 92 
BH-100 

I JeH- 93 

BH-102 

::=::=============:::=======-======~ BH-1 03 [ I 
lsH- 9 • 

JeH- 9S 

BH-10• JeH- 96 
r 

BH-105 :=JsH- 97 

)eH- 98 
--
~ UP, NORMAL OPERATION 

- -~~~~~~~S:'"&~~ BH- 69 =~~~,;;,: =; JeH- •7 
BH- ~-u L !eH- •8 
BH- 71 j !eH- • 9 

BH- 72 I I BH- so 
BH- 7s 1 leH- s1 
BH- 7--1 I IBH- 52 1

' 

BH- 7s !eH- 53 
BH- 76 leH- s• 
BH- 77 !eH- 55 
BH-

BH-
78~--- feH- 56 
79 L !eH- 57 

BH- 001 I leH- 58 

BH- 81 -~~-BH-59 

BH- 82 I I BH- 60 

BH- 83 L !sH- 61 
BH-

BH-

8 • ~~;~~~~~-~~ jeH- 62 
85 [~~~----r 

BH-

BH-
86 r ==============!==============! BH- 6 • 
87( BH- 6S 

BH- 00 [ j jeH- 66 
BH- 0s f -~~~~~BH- 67 

BH- 90( -7 )eH- 68 

~~~ DOWN. MAINTENANCE 

TIME PERIOD: MARCH 6 

FIGURE 3 



("') 
I 
N 
0 
-...J 

-

~---
'·.~-..--. 

' ---......_ , __ __ 

TRIJE NORTH ~-----------... 

- - . --- --- ----•---------------
p;- 69 l=~-=~ ~-~- ·=-~~==[ ~===~ __ Je:H- 4.­
e:H- 70 L.~-= ~--·--=----~-~~~[--__ -----------]BH- -1:::: 

E:H- .-1 c _________ ~ _ leH- 43 
f:H - c :2 -------·-- ------,--- . I BH- S 1) l ___ -- _____________ L_ --:=====:-

e:H- 7:: ~ _ ·-------- "[___________ IBH- S 1 
e.H- 74 L---- -----~I___ leH- s2 

E:H- ;•s c __ -- --------~ leH- S:: 

[:H- :-'E, c--.=~=-=i_____ _ jeH- S4 

e,H- 771 · ____ l !eH- ss 
E::H- 781 ---T- _ - ____ JeH- s-.; 
[·H- -3 -----· .. - ---7e•H- ""..,. . . L __ ---- _____ _L ___________ ____. . -·. 
E.:H- eo C~--- ______ I___ ------ _ -7eH- s:3 

f:H- 81 1 _ : _________ r =====~ BH- S3 
BH- 821 , __ [ BH- ,;o 

BH- 9:31 ----·-7BH- 91 E:H- 83 ( _____ T BH- 61 
BH-100 I Je:H- 92 E:H- 84 ~:~:§.~?;;::·,::~ - BH- 62 
BH- I O I I :=J BH- :3 3 BH- 8 s [ =======· _·1 ----.:_::-_-_-_-_-_~ ... BH- 6 :::: BH-102C - __ _)e:H- 94 e:1-1- ee;( __________ ,_ --r je:H- ,;4 

6S 
BH-1 0:3 ~===============::===========-= ___ .=] E:H- 95 f:H- 87 L __ ------~T- __ =-=-=-=-=-=======:BH-
BH-1 0-11 I =1BH- :36 BH- 881 -- - ·---- . [ ~~= 66 
BH-1osj I _ ~BH- 97 e:H- a9(======:..:...::=== _.......,~ ____ :..;;_..,._=_ ..... ..,-.... 67 
BH-1 06 c· I --~ ___ :] __ e_H_-_s_a_e:~--_9_o_( :::=:::.:-:. _::-:::::--=-:=:::=::=--============-=======- 68 

-

C I __ =i 

-
IJP. NORt1AL OPEf;'AT I 011 \ 

- - - -
TI IIE PER I t•O: IIHPCH -

FIGURE 4 

- ·- - - - - - - - - - -



- -

(") 
I 

N 
0 
00 

- -

BH- 99 L 
BH-100 C 
BH-101C_ 

BH-102C 

BH-1031 

BH-104[ 

BH-tosj 

BH-1061 

- - - - - - - - - - - - -

~­
'~ ·, 

TRUE NORTH ...... ...._....., -'· 

UP. NORMAL OPEf.'ATIOtl 

:=JsH- 91 

~E:H- 92 

____ JeH- 93 
·--JBH- 94 

___ =:]BH- :3S 

--78H- :36 

jeH- 97 

jeH- 98 
-

] 

-·---------- - ---------r--
E:H- 69 I --_-_·-_----~=~I __ _ 
BH- 70 c-==~---~~~----=~~~c_·------ __JeH- 47 ---

BH- .. .-. ❖ 
[-,H- 71 I _ ·-------- I.. BH- 49 
E::H- ;,:: [____ · f leH- so 
BH- ?:::c­

BH- SI 
BH- 741 

~=== 
P.H- 7S L. 
P.H- 71; I 

;:· ==--=--=---
£:H- 771 ···----·---- __ _ 

BH­
:-==::::=::-=:::===::=! - IBH-

IBH---====:::: 
BH-

-.- ~:;;::; ~-;:.;-,.-; ;-·~·--·:,,:··,:-·J·-£: H- I .. d I: .. ~' ~\ ........ ' " -,~·l. ". "· .•.• ," • \ .. , ... _<·;.. I BH-). . -~- \ ·-::.~~~~ .. ::.\.~.\.~~--·;-... t. - =============::!· 
[:H- 79 j =---- -=~ -_-_- :.~I-_ - BH-

[-:H- 80 I -·· -·- ·-·-····-[ __________ --:_-_-_, ... BH-
BH- :31 I ··- ······-··-[-- IBH-

BH- s2 I _ _ ______ L 70H-

S2 

s::: 

S4 

ss 

s,; 

,.._ 
:, .. 

S:3 

~9 

60 

~~;;;;---- ______ [-____ IBH- 61 

jsH-

f:H-

f:H-

E:H-

[:H-

E:H-

[:H-

flH-

BH-

-~=--~~~-~-=- --~~1 _·-=========== BH-

86 c_=-----~-~--~~-~ -1~ ··==··-==========! 
,371 - --~~~- -:~=-=~ -=:=r~--========------=381 -~ :_--_~--~-~I-... l ------- ----------~--:::;;~:::;:::; ___ ";:;::;;~,,;::;:.~:;::-..;;;;;-~•-:;:-. ::;:;; ____ ,:;::_., 8 ~ •·• -. ,·,. ,,,•,\'l' _-~'\ ·\ ·• •, -,-~!, ~-. •,: B H -.--- -_ -_ -_-_-_-_-_-_-- ··-·--- ·>:t-. \~~~~..... )._-. 

9 o I - -=·--:::-:-=I==========:==:::::::!_ 

62 

i; ::: 

64 

,;s 

66 

6:0-

63 

TltlE PERIOD: IIHRCH E: 

FIGURE 5 

- -



-·-------
f.H- 6·.:• c-=. L ·-~-------78..,- -I~ 

E:H- 70 c~=· - .. t-. ·-·--_____ leH- 4:3 . ·r-- ··-- J f.:H- 71 L___ ········L ==:=::=-=:BH- 43 
f.:H- 72 c_-=·· ·--- .·1~ __ - JeH- 51) --.:...-----.. ~~ 

·,.'-'-..... 

TRUE NORT~·---__..._ 
......... ___ _ 

f:H- ,7::: c·- ... ----_·_:· ·_[ -- laH- S 1 

E•H- 74 [ ·-=·_: ~.--~-~~.~I~~: jeH- 52 
f:H- 7S [-~-- _ ~:-·· =~]~ ]eH- S3 
CH- 76 L __ .... _---· ._.·- -_[- -- ··------~BH- 54 c---- ·-· -- ··--·-··T·- --·---
f:H- 77 L..----·•· ·- _ ....... 1 .... _________ jBH- SS 
E:H- -------__ leH- s1:. 
E:H - ,9, ·••···· -· _ --· J ·----·- . __ =iBH- S."' 

(") 
I 

N 
0 

f:H- so I _ ..... ·- ___ [ ______ )sH- s:~ ---·-·. ---- ·[·"','."•:---.:"i'~.~--•:X/.,' .·._ . - -(::H- ::11 f .. - ,,.~,\•.'•~':->~',·• .. 1,.-.... , ••• E:H- =-·~ ···--- -- ..:...:'.....:.. ~ ,.,a.ir~·•,•.·\ __ ~~ .... ~ .. "·'. 
~ 

I 
BH- 991 . I --.--7 '3H- :31 
BH-1001 I ·--~ ·=18H- :32 

BH-101 I I -·--~lE'H- 93 

:;,::;.;:;;;~;;;;-•-·---~-~=--=c .. ------- ]aH- 6 ,:, 
~
_,.,......_"¾,,.e'is·~;~·;";•.•-;;,: -:-,,•J·-- I -BH- 83 '.·~:\.:'t,:.o,\°'1,.u . .,• '·,.•.~•~•••-·•~·,'',' BH- I::> 1 ~\·,-.~\:1~ '• :.. ' "'" ._ :>.:: .. ~. --·· ..:·:.:·-=====-:==~· ~ ~--.-·,:·;:.~-~:-.~ .. ; -- I f:H- 84 ~ ,.,...,;_\,• • • • · ·,, • .. ' BH- 1::: ~-1~.~~~-...:~:--'-· ..... ~ .. ·- -· - - - -====:=:==:::: •E:H- es I --~~.--· .. :~ ... _.]~_:_. ____ ._ je:H- 6::: 

£:H-

BH-102 C -·--=:.~ f: H- :3 4 E:H- 86 c---· ·· __ ·- .. -L .. _·-__ ----7BH- S..f 
BH-1 031 ·--JE:H- ::is f:H- 87 L_. __ .--._---·•-·· -·-·1- -__ je:H- 6S 
BH-104C. ·.--~BH- :36 

BH-1 OS c·· 
~BH- 97 

BH-106 [ 
·- -~BH- 98 

8H- ~~~~~~~ jeH- 66 
[:H- ~===·=: .. =~·~~--~~:I~~---· Je:H- 6? 

____ E=H_-_9_'_-' [ __ -===-::..-_:::-.:_-:-·:·•-=::·:-::-.:~:=-J:- _ je:H- 6=c1 I I ___ _L_] 
UP, NORMAL OPE RAT I Otl 

TI tlE PER I 00: IIHRCH 9-:31 

FIGURE 6 - - - - - - - - - - - - - - - - -- -



I 
I 

!1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ,, 
I 
I 
I 

TABLE-II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
March 1984 

Q & M Actfy fty 

o Routine inspection 

o Repair pyranometer 
transmitter 

o Electrical trouble­
shooting and repairs 

- Replace BH-64 
transformer 

- Replace BH-49 
tracker 

- Replace BH-69 
transformer 

- BH-88 Temp swftch 
failure 

o Hydraulics trouble­
shooting and repairs 

- Replace BH-59 4-way 
valve seals 

- BH-78 pump seal 
failure 

- BH-83 of l leak 
- BH-59 seal leak 
- Reset BH-67 

pressure switch 

TOTAL 

Cost 
Labor Materials Total 

Hours s s s 
10 253 .82 -o- 253 .82 

4 101.53 -o- 101.53 

38 964.55 -o- 964.55 

38 964.55 -o- 964.55 

90 2284.46 2284.46 

Total .estimated maintenance cost for 2/83 - 3/84 = $9927 .30 
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Row 
BH-59 

BH-78 

BH-83 

BH-84 

BH-88 

IV. 

A. 

TABLE III. SU""1ARY OF OUT-OF-SERVICE DRIVE ROWS 
March 31, 1984 

pate of Last Action 
3/9/84 

3/8/84 

3/9/84 

2/16/84 

3/9/84 

System Performance 

Monthly Summary 

comment 
Hydraulic oil leak. 

Hydraulic pump seal failure. 

Hydra·u1 ic oil leak. 

Hydraulic cylinder seal failure. 

High temperature switch failure. 

The daily performance for the month of March, 1984 is su11111arized in Table 
IV and Figure 7. The efficiency of the collector array was 221 for the 
month with a peak daily efficiency of 391. The low overall efficiency 1s 
the result of the unfocusing described above. 

8. Clear Day Performance 

The solar system performance on March 6, 1984 is summarized in Table V and 
Figure 8. There was very little unfocusing of the array on this day so 
these results are fairly representative of the performance of the equipment 
under steady conditions. The peak efficiency was 581 at 1600 with an 
overall daily efficiency of 391. 
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- - - - - - - - - - - - - - - - - - -
TABLE IV 

MONTHLY PERFORMANCE SUMMARY TABLE - 3/84 

-INCIDENT SOLAR ENERgy - ------
ON A ON THE 

HORIZ COLLECTOR ARRAY COLLECTIJR COLLECTOR PARASITIC SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF ENERGY .JULIAN ( 1) (2) AREA COLLECTED BASED ON <1> BASED ON :2> USED J)~_IE.__ DAY_ IH!,,!ISGFT BTU/SGFJ SGFT KB"fU 7. ¾ _______ ___fill_TU 

3/ 1 61 0. 663. 46200. 8132. 0 27 494. 4 3/ 2 62 592. 1019. 46200. 11408. 42. 24 607. 3 3/ 3 63 1527. 0. 46200. o. 0. 0. 51. 0 3/ 4 64 DAS OOWN 
3/ 5 65 576. 430. 46200. 2743. 10. 14. 282. 6 3/ 6 66 1538. 1153. 47040. 21005. 29. 39. 569.2 3/ 7 67 596. 48. 48720. -1229. -4. -52 188.2 3/ 8 68 89B. 446. 47880. 3702. 9. 17. 338. B 3/ 9 69 733. 194. 46200. -187. -1. -2 193.8 3/10 70 1196. 607. 46200. 4274. 8. 15 4222 3/11 71 1059. 0. 46200. 0. 0. 0. 39.6 3/12 72 1312. 1071. 46200. 14736. 24. 3Q. 475. 7 3/13 73 80. 1. 46200. -1227. -33. ***** 40. q 3/14 74 791. 257. 46200. 1032. 3. 9. 250. 4 ("') 
3/15 75 1317. 617. 46200. 10398. 17. 36. 550. 2 I 

N 3/16 76 844. 275. 46200. -728. -2. -6. 316. 4 ..... 
1437. 1210. 46200. 7805. 12. N 3/17 77 14. 639.2 3/18 78 1388. 0. 46200. 0. 0. 0. 41. 4 3/19 79 1530. 1149. 46200. 11817. 17. 22. 6B5.6 3/20 BO DAS DOWN 

3/21 Bl DAS OOWN 
3/22 82 515. 226. 46200. 2330. 10. 22, 283.0 3/23 83 1576. 1099. 46200. 9473. 13. 19; 530.6 3/24 84 1596. 759. 46200. 6059. 8. 17; 516.0 3/25 85 1258. 0. 46200. 0. 0. 0~ 43. 5 3/26 86 1384. 831. 46200. 3193. 5: e; 458.4 
3/27 87 2087. 1270. 46200. 12003. 12. 20. 728.8 
3/28 BB 2162. 1460. 46200. 122B4. 12. 1e; 711. 0 
3/29 B9 2261. 841. 46200. 9292. 9. 24.1 536. 4 
3/30 90 2033. 1047. 46200. 15349. 16. 32. 581. 7 
3/31 91 1651 772. 46200. 10910. 14. 31.' 510. 1 

------- - ---TOTALS 33929. 17443. 174572. 11. 22. 11086. l 
~VG 1212. ~i~- 6~35. ---~~.! 
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- - - - - - - - - - - - - - - - - - -
TABLE V. 

HOURLY PERFORMANCE TABLE - 3/ 6/84(JULIAN DAV 66) 
ARRAY ACTIVE AREA= 47040. SO. FT. 

HOURLY BADIATIOH NORTH FIELD SOUTH FIELD - ---- ----TOTAL SY!ii!IJ! 
ON A IN THE AVERAGE AVERAGE TOTAL HOURLY HOURLY TOTAL AVG AVG HORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATING ENERGY COLLECTOR COLLECTO~ ,ELEC ENERGY AMS WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED ARRAY EFF ARRAY EFF USED TEHP SPD ( 1) (2) OVER HOUR IN OUT OVER HOUR IN OUT OVER HOUR BASED ON Ct> BASED ON <2> O'JER HOUR 

l;IOUR f MPH QIU/SOFT BTU/SGFT QPM F F GPM F F KBTU 7. % .._IHY_ 

1 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0 2 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0.0 3 o. 0. 0. o. 0. 0. o. 0. 0. o. 0. 0. 0. 0. 0 4 0. 0. 0. o. 0. 0. o. 0. 0. 0. 0. 0. 0. 0.0 
5 0. 0. 0. 0. 0. 0. o. 0. 0. o. 0. 0. 0. 0.0 
6 0. 0. 0. o. 0. 0. o. 0. 0. o. 0. 0. 0. 0.0 7 45. 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 1. 9 

(") B 52. 0. 14. 64. 92. 201. 196. 197. 200. 193. -345. *** *** 36.3 I 9 59. 1. 77. 119. 11B. 209. 217. 309. 209. 217 166B. 46. 30. 56. l N 
t--0 10 63. 1. 136. 125. 117. 212. 223. 314. 212. 221. 1955. 31. 33. 56. 7 ~ 11 64. 3. 202. 149. 115. 216. 230. 319. 216. 227. 2535. 27. 36. 56.4 

12 61. 5. 227. 13B. 115. 218. 230. 317. 21B. 229. 2485. 23. 3B. 56.6 13 66. 3. 235. 146. 113. 221. 235. 312. 221. 233. 2960. 27. 43. 55.B 
14 67. 7. 237. 191. 110. 224. 244. 305. 224. 244. 4584. 41. 51. 55. 4 
15 67. 9. 212. 165. 110. 230. 246. 304. 230. 246. 3661. 37. 47. 56. 4 
16 65. 8. 129. 65. 111. 235. 243. 309. 234. 241. 1716. 2B. 57. 59 2 
17 64. 9. 69. -0. 115. 229. 22B. 317. 229. 22B. -151. -5. 38. 55 5 
18 59. 7. 0. o. 16. 223. 221. 44. 223. 221. -62. *** *** 15. 7 
19 57. 6. o. o. 0. 0. o. 0. o. o; 0. 0. 0. 2.4 
20 55. 5. 0. o. 0. 0. 0. 0. 0. o; 0. 0. 0. 2.6 
21 54. 4. 0. o. 0. 0. o. 0. 0. o! 0. 0. 0. 2. 4 
22 0. 0. 0. 0. 0. o. 0. 0. 0. o! 0. 0. 0. 0.0 
23 0. 0. 0. o. 0. 0. 0. 0. 0. o: 0. 0. 0. 0. 0 
24 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0 

TOTALS 153B. 1153. 21005. 29. 39. 569. 2 
AV!i flQ. -2, 162, ug. 111. 220. ~30. 30J. 220. ~- 21 ;l4. L4 
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II. PJ:o1agt P1nsr1pt1gp 

Application: _ 

Site: 

Process Schedule: 

Awciliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water for parts 
washing. 

37• 411' R. Latitude, 122 • 15' w. 
Longitude, Elevation• 108 1 • 

Peak energy requirement is 9 x 106 Btu/hr 
ot hot water at 235•F. The solar system 
will deliver a maximum of 8.6 x 106 Btu/hr. 

Natural gas. 

50400 tt2 ot Solar nnetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-S ans, 30 t:. T 
strings @ 240 tt per string. 60 drive 
strings (2 per row). (North Field, 13440 
rt2; South tield, 36960 ft2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 BtU/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce bot water at 
235, 450 gpm. The water is heated from 195 F before entering the •boilers" 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCULATION PUMP 
450 !JP11 

PARABOLIC TR:>UGII 
SOLAR CXlLLEC'l'O RS 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMA.TIC 
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III. Operating Experience 
The solar system was available for operation during the entire month of 
April 1984. During this month, several drive rows experienced problems 
which are described below. 

The operation of the solar system for April, 1984 is summarized in Table I, 
while the status of each of the drive rows is shown in Figure 2 through 
Figure 5. Obviously, now that the system is operating more, some problems 
are occurring which will require maintenance to be perfonned. 

The O & M activities are summarized in Table II and Table III. It is seen 
that the majority of the failures are related to the hydraulic oil system. 
Several seals have failed, which CTCo personnel believes is due to the high 
pressures being maintained. As these seals are replaced, they are de­
creasing the pressure limit setting on the switch to prevent seal blowouts. 

The transformer that supplies power to the DAS failed on April 18, 1984. 
This transfonner was replaced the next day so, only two days worth of data 
were lost. 

Date 
4/1-4/.23 

4/24 

4/25 

4/26-4/30 

4/18 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
April 1984 

Active2Area 
( ft ) 

46200 

45360 

43680 

42840 

comments 
Five drive rows inoperative. Full flow to 
array. 

Seven drive rows inoperative. No flow to 
delta-T string BH-73/-51. 

Nine drive rows inoperatfe. No flow to 
delta-T string BH-75/51 

Ten dr1ve rows inoperative. No flow to 
delta-T string BH-75/51. 

Replace DAS 480/120 V transformer. 

C-218 
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I 
TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY I March 1984 

I Con 
Labor Materials Total 

o & M Activity Hours $ s $ 

I 0 Routine inspection 5.3 154.31 -o- 154.31 

0 Repair DAS 480/120 V I transformer l 29.12 -o- 29.12 

0 Secure and isolate 

I delta-T string BH-51/ 
-73; water leaks 1 29.12 -o- 29.12 

0 Secure new B-47; glass I breakage l 29.12 -o- 29.12 

0 Secure BH-78; hydraulic I pump seal leak 1 29.12 -o- 29.12 

0 Secure BH-73 ; hydraulic 

I seal leak 1 29.12 -o- 29.12 

0 Secure BH-58; tracking 
problan 1 29.12 -o- 29.12 I 

TOTAL 11.3 329.03 -o- 329.03 I 
Total estimated maintenance cost for 2/83 - 4/84 = $10256.33 I 

I 
I 
I 
I 
I 
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Row 
BH-47 

BH-51 

BH-58 

BH-59 

BH-73 

BH-75 

BH-78 

BH-83 

BH-84 

BH-88 

IV. 

A. 

TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
April 30, 1984 

Date of Last Action 
4/25/84 

4/24/84 

4/26/84 

3/9/84 

4/24/84 

4/25/84 

3/8/84 

3/9/84 

2/16/84 

3/9/84 

System Performance 

Monthly Summary 

comment 
Broken glass. 

Water leak at outlet connection; 
isolated 

Row not tracking. 

Hydraulic oil leak. 

See BH-51. 

Hydraulic pump seal failure. 

Hydraulic pump seal fa11 ure. 

Hydraulic oil leak. 

Hydraulic cylinder seal failure. 

High temperature switch failure. 

-

row 

The CTCo solar system performance for April 1984 is summarizgd in 
Table IV and Figure 6. It is seen that the system provided 2.0 *10 Btu 
during April at an average efficiency of w. The peak daily efficiency 1s 
seen to be approximately 53%. 

B. Clear Day Performance 

The performance for April 28, 1984 is summarized in Table V and Figure 7. 
The system operated from just after 7:00 to just after 17:00 on this day. 
The solar system delivered 20.2 *lc3 Btu at an average efficiency of 41%. 
The peak hourly efficiency was 47%. 
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TABLE IV 
MONTHLY PERFORMANCE SUMMARY TABLE - 4/84 

---- - -- --- - ·----·-·· INCIDENT SOLAR ENERGY 
ON A ON THE 

HORIZ COLLECTOR ARRAY COLLECTtJR COLLECTOR PARASITIC SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRA',' EFF. ENERGY JULIAN ( 1) ( 2) AREA COLLECTED BASED ON < 1 > BASED ON 12) USED __ P._ATE UAV ftTU/SQFT BTU/SOFT SOFT __ KBTU __ I'.,_ __ :-~ -- --- KiJIJ.:.._ ____ 
4/ 1 92 2296. 0. 46200. 0. 0. 0. 48. 2 4/ 2 93 2057 408. 46200. '?922.. 10. 53. 545.9 4/ 3 94 2236. 907. 46200. 1421":>. 14 34. 634. 4 4/ 4 9S 1630. 269. 46200. ~836. 4. 23. 304.4 4/ S 96 1265. 383. 46200. -3097. -s. -17 394. 2 4/ 6 97 2237. 960. 46200. 12008. 12. 27 652.0 4/ 7 98 2239. 0. 46200. 0. 0. 0 45. 9 4/ 8 99 2068. 349. 46200. 1835. 2. 11 375. 9 4/ 9 100 1033. 631. 46200. 3287. 7. 11 308.9 4/10 101 1538. 386. 46200. 2691. 4. 15 296.2 (j 4/11 102 2384. 334. 46200. 1485. 1. 10. 313.0 I 4/12 103 2360. 739. 46200. 4776. 4. 14 668.6 

N 
N 4/13 104 S41. 192. 46200. 1116. 4. 13 253. 2 V, 

4/14 10S 2381. 0. 46200. 0. 0. 0. 52. 5 4/1S 106 2475. 0. 46200. 0. 0. 0 51. 1 4/16 107 722. 233. 46200. 1073. 3. 10 161. 9 4/17 108 2645. 914. 46200. 22177. 18. 52 745. 3 4/ 18 109 DAS DOWN 
4/19 110 DAS DOWN 
4/20 111 568. 190. 46200. 3797'. 14. 43. 101. 0 4/21 112 2701. 1185. 46200. 13108. 11. 24. 740. 9 4/22 113 2654. 0. 46200. 0. 0. o. 38. 4 4/23 114 2600. 1333. 46200. 135q3_ 11. 22. 728. 1 4/24 11S 2564. 998. 44S20. 11360. 10. 26. 603.0 4/2S 116 27S7. 1331. 42840. 20304. 17. 36. 598. 2 4/26 117 27S8. 1180. 42000. 21657. 19. 44. 677. 1 4/27 118 2463. 1291. 42000. 22041. 21. 41. 664.8 4/28 119 2788. 1186. 42000. 20432. 17 41. 698. 6 4/29 120 2379. 23. 42000. 3794. 4. 389 388. 5 4/30 121 1804. 107. 42000. -1472. -2. -33 204.2 

- . ------- - ----·- - -· -- -· fOTALS 58144. 15528. 20.'.:':937. 8. 2'1 11294. S ~'\VG 2077. 555. 7'2~1;1_. ---· - ---------- .~o;i,_ 4 

-------~-----------
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TABLE V. 
HOURLY PERFORMANCE TABLE - 4/2B/84(JULIAN DAY 119> 

ARRAY ACTIVE AREA• 42000. SO. FT. 

- -HOURLY RAQIATl9N NORTH Fl!;_LQ... __ ___ §..QYJti FIELD TOTA!,. SYSTf;t1 
ON A IN THE AVERAGE AVERAGE TOTAL HOURLY HOURLY TOTAL 

AVG AVG HORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATING ENERGY COLLECTOR COLLECTOR ELFC ENERGY 
Al'IB WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW R,'\TE TEMPERATURE COLLECTED ARRAY EFF ARRAY EFF IJSED 
TEHP SPD ( 1) (2) OVER HOUR IN OUT OVER HOUR IN OUT OVER HOUR BASED ON <1) BASED ON C2>· OVER HOUR 

~f MfH DIY£§0FT IU!,W;zOFT QPt! ____ F ___ r 
!!ft! _F ___ F t<:,Bty __ i -- :& -- _fill.TI.' -

1 0. 0. 0. o. 0. 0. 0. 0 0. 0. 0 0. 0. 0.0 
2 0. 0. 0. o. 0. 0. 0. o. 0. o. 0. 0. 0. 0.0 
3 0. 0. 0. o. 0. 0. 0. o. 0. 0. 0. 0. 0. 0.0 
4 0. 0. 0. 0. o. 0. 0. o. 0. 0. 0. 0. 0. 0.0 
5 0. 0. 0. 0. 0. 0. 0. Q. 0. 0. 0. 0. 0. 0.0 
6 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0 
7 53. 4. 51. 117. 101. 213. 213. 223. 211. 211. -203. -9. -4. 46. 2 
8 61. 3. 132. 178. 113. 226. 241. 287. 226. 240 2767. 50. 37. 56. 5 
9 63. 4. 213. 116. 110. 231. 243. 283. 231. 242 2049. 23. 42. 62.5 

10 63. 5. 282. 131. 112. 229. 243. 292. 229. 241. 2323. 20. 42. 63.2 (") 11 64. 6. 332. 112. 113. 232. 244. 291. 231. 243. 2087. 15. 44. 63.6 I 
N 12 65. 8. 361. 104. 113. 233. 244. 290. 232. 243. 2047. 14. 47. 63.4 N 

13 65. 10. 365. 106. 113. 233. 244 289. 232 . 243. 2074. 14. 47. 64. l ...... 
14 64. 11. 347. 108. 113. 232. 244. 288. 232. 243. 2034. 14. 45. 63.8 
15 64. 10. 297. 104. 113. 234. 245. 287. 233. 244. ~003. 16. 46. 64.3 
16 63. 9. 209. 95. 113. 236. 245. 289. 235. 244. 1702. 19. 43. 64.8 
17 60. 9. 133. 18. 115. 231. 239. 297. 231. 238. 1456. 26. • •• 57.4 
18 60. 7. 60. -3. 33. 226. 228. 86. 226. 228. 94. 4. • •• 22.0 
19 53. 9. 5. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.3 
20 50. 7. 0. o. 0. 0. 0. 0. o. 0. 0. 0. 0. ~-3 
21 50. 5. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.3 
22 49. 5. o. o. 0. 0. o. 0. 0. O.' 0. 0. o. 0.0 
23 0. 0. 0. 0. 0. 0. o. 0. 0. o.: 0. 0. 0. 0.0 
24 0. 0. 0. o. 0. 0. 0. 0. o. o.' 0. 0. 0. 0.0 

---TOTALS 2788. 1186. 20432. 17. 41. 698.6 
Avg ~g. z. i~l- &Q7. uo. ____ 2~- E!J. 28Q._~...i't.2; lJI~----- ___ ___i_;,.....z._ 

- - - - - - - - - - - - - - - - - - -



I 
I 

11 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

',·, 
I 

.350. 

JOO, 

f-
1..L 250. 
0 
U) 

et: 
I 200. 
'-. 
::::> 
f-
(lJ 
-.- iSQ. 

>­
~ 
et: W 100. 

z 
LLJ 

so.a 

o.oo 

HOURLY PERFORMANCE FOR 4-28-84 
ARRAY ACTIVE AREA - 42000. SOFT . 

~-INCl~ENT SOLAR ENERGY 
~-INCIDENT SOLAR ENERGY 
A-ENERGY COLLECTED CBTU 
+-ENERGY DELIVERED C9T 
X-PARASI~iC ENERGY US 

PLANE CBTU/HR-sa~r, 
R PLANE CBTU/HR-SO~Tl 

o.oo 2.00 4,00 s.oo 8.00 10.0 12.0 14,0 16,0 18-0 20.0 22.0 24.0 

HOUR OF DAY 
FIGURE 7 

C-228 



The effects of the collector's focus/unfocus action is seen in the graphs 
of Figure 8. First it is seen in Figure 8(a) that as the collector 
oscillates, the radiation in the plane of the collectors changes. The 
reason for the oscillation is seen in Figure 8(d). As the outlet 
temperature exceeds approximately 2so•F, a thermostat signals the central 
controller to unfocus the collectors. When the temperature decreases to 
less than the thermostat setting the collectors refocus, and begin the 
cycle anew. The oscillating energy output of the field is as shown in 
Figure 8(b). 

These oscillations prevent the solar system from producing as much energy 
as it possibly can, but the computed efficiency of the array remains high 
because the radiation energy input is oscillating along with the thermal 
energy output. 
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A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 30, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROAOi OiANGE: None 

CONTRACT TASKS: 

Operation continued during May exactly as in April. There was some 
maintenance activity during May, but i~ was limited to troubleshooting. 

A site visit was made during the period June 4-8 which will be 
described in the June Monthly Report. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

Current operation will continue. Any necessary maintenance 
activities are limited by parts delivery and personnel scheduling. 
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REPORT PERIOD: May l, 1984 - May 31, 1984 

REPORT NO.: CTCo-19 
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CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
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II. ero11st P11sriptign 

Application: -

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parts 
washing. 

37 • 44' R. Latitude, 122 • 15' w. 
Longitude, Elevation• 108'. 

Peak energy requirement is 9 x 106 Btu/hr 
ot hot water at 23s•F. The solar ~stem 
will deliver a max1m1111 ot 8.6 x 106 Btu/hr. 

Natural gas. 

50400 tt2 ot Solar Kinetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on R-S axis, 30 A T 
strings@ 240 rt per string. 60 drive 
strings (2 per row). (Horth Field, 13440 
tt2; South field, 36960 tt2). 

Treated water, Horth field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 
235, 450 gpm. The water is heated from 195 F before entering the ffboilers" 
to relieve some ot the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRCUt.ATION PUKP 
450 gpa 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. opecatfng Expecfenca 
The solar system was available for operation during the entire month of May 
1984. The DAS experienced some minor problems, however. 

The operation of the caterpillar_Solar System for May 1984 is summarized in 
Table I, with the status of each of the drive rows depicted in Figure 2. 
No change in the status of the system was made during May. As seen in 
Table II, there was some maintenance activity during May, but it was 
limited to troubleshooting. Since the solar system can currently provide 
more energy than the plant needs, drive row maintenance is not of high 
priority. 

The DAS printer experienced problems on 5/11 which caused the DAS to fail 
dur1ng 5/11-5/13. The local DEC personnel were called out for maintenance 
so the system was returned to servfce on 5/14. An unexplained failure 
caused a DAS crash on 5/31 with intermittent activity through June 6, 1984. 

Date 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
May 1984 

Actfve2Area 
( ft ) Comments 

5/1/-5/31 42000 Eleven drive rows inoperative. No flow to 
delta-T strfng BH-75/51 

5/11-5/13 

5/31 

DAS prfnter failure caused system crash 

DAS down 

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
May 1984 

con 
Labor Materials Total 

O & M Actfy1t.,v Hours s $ s 
0 Routine inspection 8 203 .98 -o- 203 .98 

0 Troubleshoot hydraulic 
problems 20 509.98 -o- 509.98 

0 Troubleshoot control 
problems 20 509.98 -o- 509.98 

TOTAL 48 1223 .94 -o- 1223 .94 

Total estimated maintenance cost for 2/83 - 5/84 = $11480.27 
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TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
May 31, 1984 

Bow Date of Last As;:tton Comment 

BH-47 6/7/84 Broken glass, high temperature switch 
failure. 

BH-58 4/26/84 Row not tracking. 

BH-59 3/9/84 Hydraulic 011 leak. 

BH-73 4/24/84 See BH-51. 

BH-75 4/25/84 Hydraulic pump seal fa11 ure. 

BH-78 3/8/84 Hydraulic pump seal fa11 ure. 

BH-83 3/9/84 Hydraulic oil leak. 

BH-84 2/16/84 Hydraulic cyJ1nder seal failure. 

BH-88 3/9/84 High temperature switch failure. 

IV. System Performance 

A. Monthly Summary 

The CTCo solar system performance for May 1984 1s summarized 1n Table IV 
and Figure 3. It is seen that approximately 524 *106 Btu were 
delivered during May at an average efficiency of 351. Peak daily effi­
ciency was 431. 

B. Clear Day Performance 

The daily performance for May 23, 1984 fs summarized in Table V and Figure 
4. The peak hourly efficiency was 411 near solar noon with respect to the 
collector orientation. Approximately 25 *106 Btu were delivered for an all 
day efficiency of 351 
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-------------------
TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 5/84 

----~·-··----- -·--· -------------- ---·----
INC IDENl SOLAR E~ERQ_'f 

ON A ON Tf-fE 
HOlllZ COLLECTOR ARRAY COLLECTOR COLLECHJll PARASITIC 

SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERGY 
JULIAN ( 1 ) ( 2) AREA COLLECTED BASED ON Ct> BASED ON C21 USED 

_!)_8JE DAV DTU/S(;!FT OfU/SOFT SOFT l'-Jli\L. __ X '¾ KBT\I 

5/ 1 (22 1239. 160. 42000. 887. 2. 13. 115. 4 
5/ 2 123 2745. 1134. 42000. 8610. ,_ .. 7. 18. 636.0 
5/ 3 124 2093. 620. 42000. 5801. 7. 22. 387.0 
5/ 4 125 2818. 1770. 42000. 17835. 15. 24. 710. 7 
5/ 5 126 2944. 1398. 42000. 14940. 12. 25. 754.6 
5/ 6 127 2670. 854. 42000: 13841. 12. 39. 701. 3 
5/ 7 128 2882. 1478. 42000. 26954. 22. 43. 754. 2 
5/ 8 129 2606. 1467. 42000. 25650. 23. 42. 744. 5 
5/ 9 130 2861. 1416. 42000. 20663. 17. 35. 749.0 
5/10 131 2883. 1570. 42000. 24200. 20. 37. 760.0 

C"l 5/11 132 DAS FAILURE 
I 5/12 133 DAS FAILURE N 

l,J 5/13 13-1 DAS FAILURE 
-.J 

5/14 135 1291. 609. 42000. 10399. 19. 41. 350. 7 

5/15 136 2969. 1370. 42000. 24657. 20. 43. 774.2 
5/16 137 2669. 1172. 42000. 18145. 16. 37. 588.0 

5/17 138 2954. 1755. 42000. 283b2. 23. 38. 755. 7 

5/18 139 2887. 1650. 42000. 25582. 21. 37. 750.3 

5/19 140 2966. 1393. 42000. 22240. 18. 38. 780. 9 

5/'.-W 141 2626. 751. 42000. 8418. 8. 27. 476. 5 

S/21 1'\2 293~. 1645. 42000. 25813. 21. 37. 749.8 

5/22 143 2907. 1660. 42000. 27004. 22. 39. 795. 6 

51:-,~3 144 2867. 1708. 42000. 24764. 21. 35. 759. 0 

5/~4 145 2741. 1587. 42000., 22436. 19. 34. 665. 6 

5/25 146 2924 1827. 42000. 26652. 22. 35. 793. 0 

5/26 147 2965 1269. 42000. 18674. 15. 35. 723.6 

5/27 148 2960. 1109. 42000. 19886. 16. 43. 742. 1 

5/2(:J 149 2912. 1231. 42000. 18847. 15. 36. 714.0 

5/29 150 2651 1550. 42000. 23696. 21. 36. 611. 6 

5/:..m 151 2376. 1593. 42000. 19029. 19. 28. 513. 9 

5/31 152 DAS FAILURE 
---------

lOlALS 72340. 35746. 523985. 17. 35. 17857. 1 

(\'.'g_ 2679 1324 l94QL_ __ . -------------- ---- --- 6q!. 4 
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- - - - - - - - - - - - - - - - - - -
TABLE V. 

HOURLY PERFORMANCE TABLE - 5/23/04CJULIAN DAY 1441 
ARRAY ACTIVE AREA= 42000. SQ. FT. 

---- --- ·•·------- - - ---· -------- --- --· -- --__!!Q!-IB~~ RADIATION NORrH FIELD__ _ SOUTH FIELD _ TOli'L SY§IEM __________ 
ON A IN THE AVF.RAGE AVERAGE TOTAL HOURLY HOURLY TOTAL 

AVG AVG IIORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATING ENERGY COLLECTOR COLLECTOR ELEC EIJER •: V 
AMB WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW Rt1TE TEMPERATUflE COLLECTED ARRAY EFF ARRAY EFF USl-::D 
TEMP SPD ( t ) (2) OVER HOUR IN OUT OVER lltJUR IN OUT OVER HOUR BASED ON Cl> BASED ON (21 0',IER I IOlJl/ 

ll•JUR_ F _ MPH BTU/SOFT_ BTU/SOFT GPH __ .F _ _ __ F _____ GPM ___ F ___ F _ KBTU _____ J. x _____ ~Bry_ 

1 0. 0. 0 0. 0. 0. 0 0 0. 0. 0. 0. 0. I Q 0 
2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
3 0. 0. 0. 0. 0. 0. o. 0. 0. 0 0. 0. 0. 0 0 
4 0 0. 0. 0. 0. 0. 0 0 0. 0. 0. 0. 0. 0 0 
5 0 0. 0 0. 0. 0. 0. 0. 0. 0. 0 0. 0. (} 0 
6 0. 0. 0 0. 0. 0. o. 0 0. 0. 0. 0. 0. (} 0 
7 54. 4. 8. 3. 9. 185. 146. 15. 185. 133. -509. *** *** 7 4 
8 59. 4. 65. 126. 107. 207. 208. 238. 206. 207. 324. 12. 6. S5 0 
9 66. 2. 145. 168. 117. 222. 234. 289. 221. 234. 2475. 41. 35. s, 0 

10 67. 5. 228. 180. 114. 226. 241. 282. 225. 241. 3003. 31. 40. 55 1 
11 6B. 5. 259. 114. 117. 223. 232. 292. 223. 232. 1709. 16. 36. 56 4 
12 68. 7. 337. 167. 114. 227. 242 283. 227. 242. 2814. 20. 40. 61 9 

C":l 13 66. to. 360. 171. 114. 227. 242. 284 227. 242. 2923. 19. 41. 61 0 
I 14 66. 10. 369. 160. 115. 227. 240. 286. 226. 241. 2720. 18. 41. 62 6 N 

I.,.) 15 66. 11 351. 162. lt6. 227. 240 287. 226. 241. 2755. 19. 41. 62 9 
\0 

16 66. 10. 305. 152. l15. 228. 240. 287. 227. 241. 2567. 20. 40. 63 3 
17 66. 11. 225. 154. 115. 230. 241. 287. 229. 242. 23B6. 25. 37. f..3 2 
tB 63. 12 1:)7 153. 115. 231. 241. 289. 231. 240. 1861. 32. 29. 60 6 
19 bl 9 68. 2. 118. 224. 224. 300. 224. 224'. 38. 1. 37. 55 7 
20 50. 9. to. -5. 64. 21B. :ns. 163. 217. 215. -301. *** *** 36 6 
21 55. 7. 0 0. 0. 0. 0. 0. 0. 0 0. 0. 0. 2 2 
22 53. 9. 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
23 0. 0. 0 0. 0. 0. 0 0. 0. 0. 0. 0. 0. 0.0 
24 0. 0. 0. 0. 0 0 0. 0. 0. 0. 0. 0. 0. 0 0 

------ ---- - - -· -- ·---- ---
Tl1TALS 2067 1709. 24764. 21. 35. 7~9 0 
e,!~!! 63. B. ??.~- - 136. 111 225. _ 234. 276. 224. _ 235. __ 1968. ___ -- -·· -· __ 1_4 __ 9 _ 
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CONTRACT TITLE AND NUMBER: 

Department of Mechanical Sciences 
July 20, 1984 
Monthly Progress Report No. 53 
Reporting Period June 9, 1984 

through July 6, 1984 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. OE-FC030CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to September 30, 1984 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

A site visit was made by SwRI personnel during the week of June 4, 
1984. The activities performed are described 1n the accompanying Monthly 
Performance Report. 

Replacement parts have been ordered so CTCo personnel can reactivate 
a number of rows. 

SUMMARY STATUS ASSESSMENT ANO FORECAST: 

A contract extension has been negotiated to allow SwRI to continue 
taking performance data until December 1984. 
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cc: Dr. R. L. Bass~ SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
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MONTHLY REPORT NO. 20 

REPORT PERIOD: June 1, 1984 - June 30, 1984 

REPORT NO.: CTCo-20. 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
P.O. Drawer 28510 
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Contact: D. Deffenbaugh, 512/684-5111, ext 2384 
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1930 Davis Street 
San Leandro, Calffornfa 
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II. frp1egt P11sr1pti2P 

Application: . 

Site: 

Process Schedule: 

Awciliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water for parts 
washing. 

37• 44' N. Latitude, 122• 15' w. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 Btu/hr 
or hot water at 235•r. The solar ~stem 
will deliver a maximum or 8.6 x 106 Btu/hr. 

Natural gas. 

50400 rt2 or Solar IC1netics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-S axis, 30 AT 
strings@ 240 rt per string. 60 drive 
strings (2 per row). (North Field, 13440 
ft2 ; South tield, 36960 rt2). 

Treated water, North rield - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 235, 450 gpm. The water is heated from 195 F before entering the "boilers" to relieve some or the boiler load. Total plant requirement is an average of 836 gpm at 235 F. 

CIRCULATION PUMP 
450 gpa 

PARABOLIC TR)UGH 
SOLAR COLLEC'roRS 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
C-243 
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III. operating Experience 

The solar system was available for operation during the entire month of 
June, 1984. Some intermittent operation in the period 6/4-6/8 occurred 
during an SwRI site inspection visit. The DAS experienced some minor 
problems again during June,. the cause of which were undetermined. 

The operation of the Caterpillar Solar System is summarized in Table I, 
with the status of each of the drive rows depicted in Figure 2 and Figure 
3. It is seen in these figures that approximately 201 of the drive rows 
continue to be inoperative at any given time. This figure is high; 
however, since the collector array still produces more energy than can 
be used, drive row maintenance is not a high priority. 

Date 

6/1-6/5 

6/6-6/30 

6/1-6/3 

6/4-6/6 

6/12-6/13 

6/6 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
June 1984 

Active2Area 
(ft ) 

42000 

42840 

comments 

Eleven drive rows inoperative. No flow to 
delta-T string BH-73/51 

Nine drive rows inoperative 

DAS down 

Intermittent operation during SwRI site visit 

DAS down - cause unknown 

North field washed 

Along with routine troubleshooting of electrical and hydraulic problems, 
SwRI personnel encountered an interesting maintenance problem during the 
site visit. The "0"-ring seals between several receiver tube sections on 
row BH-73/51 failed and the row was shutdown on 4/24/83. Prior to the 
shutdown, however, the water which leaked onto the collector surface caused 
extensive delamination of the FEK film. This is attributed to the water 
treatment chemicals in the plant process water. While this type of failure 
is probably rare, the subsequent replacement of several sections of FEK 
will be a costly and time-consuming operation. 

A summary of maintenance costs and out-of-service rows is found in Table II 
and Table III. 
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TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
June 1984 

Cgaj; 
Labor Materials Total 

O & M Actiyft,y Hours s s s 
Routine inspection 16 497.36 -o- 497 .36 

Wash north field 320.00 -o- 320.00 
Subcontract 

Troubleshoot problem 
rows (by SwRI personnel 16 400.00* -o- 400.00 

TOTAL 32 1217.36 -o- 1217.36 

Total estimated maintenance cost for 2/83 - 6/84 • $12697.63 

*This cost figure determined with estimated average hourly rate 
for CTCo maintenance activities. 

Row Date 
81-1-47 

81-1-59 

BH-60 

81-1-66 

BH-75 

BH-78 

BH-82 

81-1-84 

BH-88 

TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
June 30, 1984 

of Last Actton Comment 
6/7/84 Broken glass, high temperature switch 

failure. 

3/9/84 Hydraulic oil leak. 

6/7/84 Hydraulic oil leak. 

6/7/84 Hydraulic cylinder leak. 

6/7/84 Hydraulic pump seal inspection. 

3/8/84 Hydraulic pump seal failure. 

6/7/84 High temperature switch failure. 

2/16/84 Hydraulic cylinder seal failure. 

3/9/84 High temperature switch failure. 
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IV. System.Performance 

A. Monthly Summary 

The daily performance for June, 1984 1s summagized in Table IV and Figure 
4. It can be seen that approximately 424 *10 Btu of parasitic energy were 
used for an overall efficiency of 341. 

B. Clear Day Performance 

The hourly performance for June 21, 1984 is sunmarized in Table V and 
Figure 5. The average efficiency for this day was 391 with a peak of 47%. 
There were 25.4 *10 Btu collected by the system. 

This performance is somewhat less than 1t would have been under steady 
state operation. The transient nature of the field operation caused by 
overdriving the plant process heating system is seen in Figure 6. It is 
seen in Figure 6d that as the array outlet temperature increases to 
undesirable limits, the collectors are unfocused as evidenced by the graphs 
of total and diffuse radiation in the collector plane, Figure 6Ca) and Cb). 
The collectors remain unfocused until the outlet temperature decreases to a 
safe level. This temperature oscillation is seen to be approximately ,±2o•F 
centered at 2so•F for this single row. 
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- - - - - - - - - - - - - - - - - - -TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 6/84 

MONTHLY PERFORMANCE SUMMARY TABLE - 6/84 

---·- ·--·-IH~IDE~I §OLAR ENERiX 
ON A ON THE 

HORIZ COLLECTOR ARRAY COLLECTOR COLLECTOR PARASITIC 
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERQY 

JULIAN (1, (2) AREA COLLECTED BASED ON (1) BASED ON (2) USED 
DATE PAX BJU/SQfI BTU/SOFT SOFT KBJ.'J x ~ KBJU 
6/ 1 153 DATA ACQUISITION SYSTEM DOWN 
6/ 2 194 DATA ACQUISITION SYSTEM DOWN 
6/ 3 199 DATA ACQUISITION SYSTEM DOWN 
6/ 4 196 200. 0. 42000. 0. 0. 0. 37.9 
6/ 9 197 1983. 71. 42000. 1991. 3. 67. 382.2 
6/ 6 158 291. 1. 421;340. -B91. -8. ***** 29.2 
6/ 7 199 2628. 1403. 42840. 268B3. 24. 45. 754.0 
6/ 0 160 2608. 1609. 42840. 26994. 24. 39. 773.3 
6/ 9 161 2690. 1409. 42840. 23780. 21. 39. 792.7 
6/10 162 2695. 1455. 42840. 21671. 19. 35. 704. 7 
6/11 163 5. 10. 42840. -342. -179. -84. 4.3 
6/12 164 DATA ACQUISITION SYSTFJI DOWN 
6/13 165 DATA ACQUISITION SYSTEM DOWN 

(") 6/14 166 1232. 749. 42840. 12082. 23. 38. 373.3 
I 6/19 167 2427. 1460. 42840. 20163. 19. 32. 603.7 N 

+'- 6/16 168 2443. 1237. 42840. 19541. 19. 3?. 643.0 
\0 6/17 169 2570. 1338. 42840. 20423. 19. 36. 694.2 

6/18 170 2519. 1570. 42840. 23713. 22. 3;_ 725.4 
6/19 171 660. 0. 42840. 0. 0. c:,_ 30. 7 
6/20 172 2464. 1600. 42840. 19789. 19. 29. 595. 7 
6/21 173 2595. 1522. 42840. 29401. 23. 39. 791. 7 
6/22 174 2581. 1944. 42840. 27926. 29. 35. 749.6 
6/23 175 2617. 1028. 42840. 14737. 13. 33. 612.0 
6/24 176 2488. 1170. 42840. 17905. 17. 36. 539. 7 
6/25 177 2363. 1386. 42840. 19158. 19. 32. 578.8 
6/26 178 2580. 1485. 42840. 21969. 20. 39. 651. 2 
6/27 179 2516. 1699. 42840. 29944. 24. 36. 743.4 
6/28 180 2178. 1202. 42840. 10439. u. 20. 900.0 
6/29 181 2996. 1706. 42840. 20929. 18. 28. 734.8 
6/30 182 2560. 1380. 42840. 23899. 22. 40. 772.3 

------· TOTALS 92008. 28322. 423618. 19. 35. 13777.B 
~~i iQf;JQ. U;t;t, 16~.H~. ·-- ~~I- I 
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- - - - - - - - - - - - - - - - - - -
TABLE V. 

HOURLY PERFORMANCE TABLE - 6/2l/84CJULIAN DAV 173> 
ARRAY ACTIVE AREA• 42840. SO. FT. 

- -·--
t:!QUBbX Ba!U6IIUN ~ORTH E.1.§bD SOUT11...£! ELD IDI61. liX&lf;H 

ON A IN THE AYERAOE AVERAGE TOTAL HOURLY HOURLY TOTAi. 
AYQ AYO HORIZ COLLECTOR AYERAQE OPERATINQ AVERAGE OPERATINQ ENERGY COLLECTOR COLLECTOR ELEC ENEROY 
AND WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED ARRAY EFF ARRAY EFF USED 
TE11P SPD CU (2) OYER HOUR IN OUT DYER HOUR IN OUT OYER HOUR BASED ON C U BASED ON ( 2 I OVER ttlllJll 

HOUR f Hfl:I IIUl!a!lfl IIUlE19FI cei:, F f QPI:!_ F F l!UU Ji I __ JI_Tlj __ 

I o. 0. o. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0 r) 
2 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. I 0 I) 
3 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. I} 
4 o. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
5 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 I) 
6 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 ,, 
7 59. 3. 67. 161. 115. 210. 215. 269. 209. 213. 881. 31. 13. 49. : 
8 62. 3. 134. 188. 102. 225. 242. 27B. 225. 239. 2674. 47. 33. 56. I) 
9 66. 3. 194. 165. 95. 227. 247. 2B0. 226. 24i. 2917. 35. 41. 98 '7 

10 66. 5. 246. 160. 96. 228. 247. 2B0. 227. 242. 2764. 26. 40. 59. I] 
ll 68. 6. 2B6. 141. 97. 227. 246. 282. 226. 240. 2595. 21. 43. ltO ... , 
12 71. 7. 310. 114. 97. 230. 247. 279. 229. 241. 2311. 17. 47. 60.'l 
13 73. 9. 315. 126. 98. 229. 246. 279. 228. 241. 2419. 18. 45. .61. '.I 
14 73. 11. 302. 130. 98. 229. 246. 279. 229. 241. 2318. 18. 42. 60. 1 

(J 15 74. 10. 273. 10B. 97. 232. 248. 276. 232. 243. 2062. 18. 44. 61 ·; I 
16 73. II. 220. 130. 100. 231. 245. 278. 230. 241. 2088. 22. 37. 62. l N 

V, 17 73 . ll. 145. 132. 101. 231. 245. 279. 2:u. 241. 1899. 31. 34. 61. ,, ..... 
8. -26. 110. 226. 230. 284. 226. 230., 682. 21. • •• 54. -~ 18 72. 75. 

19 67. 6. 28. -e. 6B. 216. :us. 178. 216. 21'. -209. • •• 60. 38 ! 
20 61. 4. o. 0. o. 0. o. 0. 0. 0. 0. 0. 0. :z. 3 
21 58. 4. o. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. :Z.6 
22 56. 4. o. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0.0 
23 0. 0. o. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0.0 
24 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0 

-· TOTALS 2595. 1522. 25401. 23. 39. 751. 7 
&~g H, Z, iQ4, Iii, !~- a21. 241. ----.n!.- ___ ili....__i37. iQ;JjZ, u...·1 __ 
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SOUTH\VEST RESEARCH II~STITUTE 
POST OFFICE ORAWER 21510 • 9220 CULEIIRA ROAO •SANANTONIO. TEXAS. USA 78284 • 151211184-511 l•TELEX 78-73!57 

CONTRACT TITLE ANO NUMBER: 

Department of Mechanical Sciences 
August 20, 1984 
Monthly Progress Report No. 54 
Reporting Period July 7, 1984 

through August 3, 1984 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC040CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: Septemberl2, 1979 to March 31, 1985 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

Normal operation continued during July with no major problems. 

A new Cost Plan is enclosed which reflects the extension of the 
completion date. System performance will be monitored until 12/31/84. A 
project final report will be prepared and submitted for review at that 
time. It is anticipated that the review process will be complete by 
3/31/85. . 

SUMMARY STATUS ASSESSMENT ANO FORECAST: 

Operation will continue as planned until 12/31/84. The 
accompanying Monthly Performance Report describes the system performance 
for July 1984. 

STG:dle 
Encl. 

cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 

~•~ted, 

Steve T. Green 
Research Engineer 

APPROVED: 
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MONTHLY REPORT NO. 21 

REPORT PERIOD: June 1, 1984 - June 30, 1984 

REPORT NO.: CTCo-20 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
P. 0. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. Pr01agt P11sriptign 

Application: -

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parts 
waahing. 

31 • 44 ' N. Latitude, 122 • 15 ' W. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 Btu/hr 
ot hot water at 235°F. The solar system 
will deliver a maximum or 8.6 x 106 Btu/hr. 

Natural gas. 

50400 ft2 ot Solar ltinetics tracking, 
parabolic line focus, T-700 collectors. 
Root mounted, horizontal on N-s axis, 30 t. T 
strings@ 240 ft per string. 60 drive 
strings (2 per row). (Nortb Field, 13440 
rt2; South tield, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

14 x 109 Btu/yr, peak hourly 8.6 x 106 
Btu/hr, peak daily - 78.6 x 106 Btu/day. 
$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water at 235, 450 gpm. The water is heated from 195 F before entering the "boilers" to relieve some ot the boiler load. Total plant requirement is an average of 836 gpm at 235 F. 

CIRCtllATION PUMP 
450 gpa 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMA.TIC 
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III. Operating Experience 

The solar system was available for operation during the entire month of 
July, 1984. The OAS was operational during this entire period, as well. 

The operation of the Caterpillar Solar System is summarized in Table I, 
with the status of each of the drive rows being depicted in Figure 2. 
It can be seen that the status of the system remained unchanged during 
July. 

There was no significant repair activity during July, so that the status 
of the inoperative rows is unchanged as seen in Table III. 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
July 1984 

Active Area 
Date ~gl Comments 

7/1-7/31 42840 Nine drive rows inoperative 

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
July 1984 

Cost 
Labor Materials 

O & M Activity Hours $ $ 

o Routine inspection 16 412.03 -0-

o Wash north field 320.00 -0-
Subcontract 

o Electrical and 
hydraulic maintenance 24 680.04 -0-

Total 
$ 

412.03 

320.00 

680.04 

Total estimated maintenance cost for 2/83 - 7/84 = $14047.70 

*This cost figure determined with estimated average hourly rate 
for CTCo maintenance activities. 
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IV. 

A. 

rABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
July 31, 1984 

Date of Last Action Comment 

6/7/84 Broken glass, high temperature 
switch failure. 

3/9/84 Hydraulic oil leak. 

6/7/84 Hydraulic oil leak. 

6/7/84 Hydraulic cylinder leak. 

6/7/84 Hydraulic pump seal inspection. 

3/8/84 Hydraulic pump seal failure. 

6/7/84 High temperature switch failure. 

2/16/84 Hydraulic cylinder seal failure. 

3/9/84 High temperature switch failure. 

System Performance 

Monthly Summary 

The system performance for July is summarized in Table IV and Figure 3. It is seen that the collectors delivered approximately 442.1 *106Btu at gn overall efficiency of 32%. Electrical power consumption was 18.1 *10 btu, or 4.1% of the energy collected. 

It is seen that on 7/18 a substantial amount of energy was collected but the collector plane radiation was not measured properly. This is probably because the row instrumented with pyranometers was not focused properly on that day. Also, on 7/23 the system pumps were activated but the system had a net loss of energy because the field was probably not activated that day. The causes of these two anomalies are being 
investigated. 

Despite these two questionable days, the system operated quite well in July. 
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B. Daily Sunrnary 

The system performance is sunrnarized for the typical clear day, July 9, 
in Table V and Figure 4. The system had a peak hourly operating 
efficiency of642% and an overall efficiency of 33% for that day. There 
were 26.6 *10 Btu collected on this day. 
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TABLE IV 

MONTHLY PERFORMANCE SUMMARY TABLE - 7/84 

IHCIDENT SOLAR ENERG~ 
ON A ON THE 

HORIZ COLLECTOR ARRAY COLLECTOR COLLECTOR PARASITIC 
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY' EFF. ENERGY 

JULIAN (1, (2) AREA COLLECTED BASED ON (I) BASED ON (2> USED 
DATE DAV BTU/SQFT BTU/SQFT SQFT K~TU X X. --- KlfTU 

7/ I 183 2520. 1114. 42840. 20665. 19. 43. 715. 5 
7/ 2 184 2399. 1427. 42840. 23558. 23. 39. 759. 9 I 

7/ 3 185 2410. 1573. 42840. 24841. 24. 37. 738. 5 
7/ 4 1B6 2455. 1228. 42840. 18823. 1B. 36. 728.6 
7/ 5 1B7 1912. 964. 42840. 13469. 16. 33. 377. 7 
7/ 6 188 2334. 1445. 42840. 1B677. 19. 30. 631. 5 
7/ 7 189 2551. 1559. 42840. 22150. 20. 33. 714. 4 
7/ 8 190 255B. 1371. 42840. 19898. 18. 34. 622. 5 
7/ 9 191 2580. 1891. 42840. 26600. 24. 33. 755.3 
7/10 192 2528. 1845. 42840. 26531. 24. 34. 761. 8 
7/11 193 2513. 174. 42840. 481. o. 6. 98.3 
7/12 194 2416. 1838. 42840. 25008. 24. 32. 754.2 

(') 7/13 195 2368. 1692. 42840. 24724. 24. 34. 749. 9 
I 7/14 196 1648. 660. 42840. 6087. 9. 22. 459. 5 N 
0\ 7/15 197 2354. 1183. 42840. 17159. 17. 34. 686. 4 I-' 

7/16 198 2256. 1378. 42840. 15455. 16. 26. 669. 7 
7/17 199 2282. 796. 42840. 12315. 13. 36. 659. I 
7/18 200 2337. -69. 42B40. 13756. 14. 646. 7 
7/19 201 2302. 1076. 42840. 16402. 17. 36. 682.6 
7/20 202 2077. 664. 42840. 10527. 12. 37. 527.9 
7/21 203 1931. -52. 42840. -181. 0. 8. 346.3 
7/22 204 1484. 0. 42840. 0. 0. 0. 37.0 
7/23 205 l:H7. 78. 42840. -2417. -4. 301. 8 
7/24 206 2122. 1038. 42840. 3253. 4. 7. 467. 6 
7/25 207 2449. 1370. 42840. 176B9. 17. 30. 779.0 
7/26 20B 2430. 1229. 42B40. 17156. 16. 33. 779.6 
7/27 209 2414. 1032. 42B40. 13597. 13. 31. 655.0 
7/2B 210 1912. 521. 42B40. 3326. 4. 15. 393.B 
7/29 211 2274. 789. 42840. 8672. 9. 26. 513. B 
7/30 212 2103. 1262. 42840. 13243. 15. 24. 579.2 
7/31 213 2061. 1496. 42840. 10629. 12. 17. 504.3 

TOTALS 69497. 32571. 442092. 15. 32. 1B097. 3 
ev2 2242, IQ51, 14261,_,. -- ~aJ.ft 

-------------------



II 
I 

11 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I NCI DENT SOLAR ENERGY IN HORIZONTAL PLANE CBTU/SOFT) 

3000-,---------------------------

2500 

2000 

iSOO 

1000 

500 
0 -+-__..._...._...__..__.__._ .......................... _.__..__ ___ .......__._.....,_........,..___._ ____ "--" ____ ........_ ___ ~~~ 

2500 

2000 

1 500 

I NCI DENT SOLAR ENERGY IN COLLECTOR PLANE CBTU/SO~TJ 

i 000 n. 
500 I I 

0 -+----......_...__.. ........ _._...._..__._ ......... _._...._......_..__.,_.....i.;..~:r---i,.;.......,,_......;;;;;....._..........,-.i..._._....._ ........... ~ 

2500 

2000 

1500 

iOOO 

500 

ENERGY COLLECTED (STU/SOFT) 

0 --t---_____ .___._ ____ ....__...._..___._ ___ ......_..........,.......,__._......_...___.,;......i.._--=:r=-------i.;.....i.=;..;_.,j----i..---1.....,+ 

2500 ~ 
2000 

ENERGY DEL I VER ED (8TU/SO!='T) 

1500 

1000 

500 n 
0 ....,___~~~~~~~~~.....,.~~~~~~~:--=:r=;::~~~~~~ 

s 1 0 20 25 

MONTHLY PERFORMANCE SUMMARY 7-84 
FIGURE 3 

C-262 

3i 



TABLE V 

HOURLY PERFORMANCE TABLE - 7/ 9/B4CJULIAN DAV 1911 
ARRAY ACTIVE AREA• 42940. SG. FT. 

- - ------HOURLY BBDIBil9~ N9BIH EIEbD §OYII::! FIEbl! !OIBL fiXSTE:t'.1 ON A IN THE AVERAGE AVERAGE TOTAL HOURLY HOURLY TOTAL AVQ AVQ HORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATING ENERGY COLLECTOR COLLECTOR ELEC E.NER·;V 
AMB WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED ARRAY EFF ARRAY EFF USED 
TEHP SPD (1 I (21 OVER HOUR IN OUT OVER HOUR IN OUT OVER tlOUR BASED ON Cll BASED ON C21 OVER IIO\Jlt 

WYB E t'.IPt:f BU.l/SCJFI IIIMl&9EI Get.I f _E. QPtl E F __ _M_TV :g I KBBL. _ 

1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0. 0. 0 0 
2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 
3 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. I 0 0 
5 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
6 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 00 
7 59. 4. 62. 143. 115. 20B. 207. 259. 206. 202. -1B4. -7. -3. 49 e 
e 63. 4. 124. 199. 113. 217. 231. 293. 217. 229. 2423. 46. 29. 54. 4 
9 65. 4. 1B9. 23B. 107. 224. 245. 281. 223. 241. 3553. 44. 35. 53 7 

10 6B. 5. 244. 1B5. 106. 229. 247. 2B2. 228. 243. 2903. 28. 37. 58 7 
tl 68. 5. 2B5. 155. 107. 228. 244. 294. 228. 24l. 2495. 20. 38. 61. 2 
12 71. 6. 310. 150. 108. 228. 243. 295. 227. 240. 2532. 19. 39. 62 7 
13 71. 9. 322. 150. 109. 229. 243. 284. 227. 241. 2677. 19. 42. 62 4 
14 70. 9. 314. 197. 107. 225. 243. 294. 225. 2d. 3050. 23. 39. 60. 9 
15 70. 10. 280. 144. 107. 229. 243. 293. 229. 24l. 2535. 21. 41. 62. 6 
16 71. 9. 224. 126. 109. 231. 243. 2B3. 230. 24l. 19B9. 21. 37. 63.0 

(") 17 69. 11. 137. 166. 107. 231. 244. 2B5. 230. 24i. 2143. 37. 30. 61. 0 I 
N 1B 66. 9. 65. 5B. 111. 228. 233. 292. 22B. 23i. 746. 27. 30. 55. 4 Q\ 19 63. 7. 25. -9. 79. 21B. 216. 206. 21B. 216. -263. • •• 67. 43. 7 l.,J 

20 5B. 7. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 3. 0 
21 56. 5. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.9 
22 55. 4. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 00 
23 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 00 
24 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0.0 

--- ---•-- ·--TOTALS 25B0. 1B91. 26600. 24. 33. 755 3 
ti~ 66, Z, 2Q2, I :2Q, lQZ. 22;,. i?;}B. 27_!. ~4~23;,, ii\.! 14.ft. ___ 

- - - - - - - - - - - - - - - - - - -
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HOURLY PERFORMANCE FOR 7-9-84 
AFliY ACTIVE AREA• 42840 SQ. FT. 
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FIGURE 4. HOUR OF DAY 
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CONTRACT TITLE AND NUMBER: 

Department of Mechanical Sciences 
September 20, 1984 
Monthly Progress Report No. 55 
Reporting Period August 4, 1984 

through August 31, 1984 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC040CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to March 31, 1985 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

Normal operation continued until August 16 when a system failure 
occurred. Several receiver tubes were damaged, some glass tubes were 
broken and the pump check valves failed. The system was returned to 
automatic operation on August 31. This failure is described in detail 
in the accompanying Monthly Performance Report. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

Twenty drive rows are down for maintenance. Parts have been 
ordered to repair the damage which occurred on August 16, 1984. 

~
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ctively s~itted, 
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Encl. 
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II. Pr911qt Pe1sr1pt1en 

Application: · 

Site: 

Process Schedule: 

Awciliarr Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat ot process hot water tor parta 
washing. 

37• 44' N. Latitude, 122 • 15' w. 
Longitude, Elevation• 108'. 

Peak energy requireaent is 9 z 106 Btu/hr 
ot hot water at 235•r. The solar ffstem 
will deliver a man.mum ot 8.6 z 106 Btu/hr. 

Natural gas. 

50400 tt2 ot Solar lCinetics tracking, 
parabolic line focua, T-700 collectors. 
Root mounted, horizontal on N•S ans, 30 t:,, T 
strings @ 240 ft per string. 60 drive 
strings (2 per row). (North Field, 13440 
tt2; South field, 36960 tt2). 

Treated water, North field - 330 gpm, South 
field - 120 gpm. 

11.6 x 109 Btu/yr, peak hourly 8.2 x 106 
Btu/hr, peak daily - 74.1 x 106 Btu/day. 
$143,045 

$2,827,680 

Tbe tracking parabolic trough collectors are designed to produce bot water at 
235, 450 gpm. The water is heated from 195 F before entering the •boilers" 
to relieve some of the boiler load. Total plant requirement is an average of 
836 gpm at 235 F. 

CIRctJl.\TION PUMP 
450 gpa 

PAR1'80LIC TR>UGII 
SOLAR alLLEC'l'ORS 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. Operating Experience 

The CTCo solar system experienced a system failure on August 16, 1984. 
The system was available for operation from the 1st through the 15th, 
but operation was intermittent from the 16th to the 30th. The field was 
again available for automatic operation on August 31, 1984. The data 
acquisition system was functional during the entire month. 

The operation of the CTCo solar system for the month of August 1984 is 
summarized in Table I. On 8/2 row BH-47 and on 8/9 row BH-78 were 
brought back into service. On August 16 the system experienced a 
failure. A review of the data collected on that day reveals the 
following sequence of events. 

Time (PST) 

1233 

1235 

1237 

1240 

1241 

Events 

Power to the pump is lost; flow rate drops 
significantly 

collectors remain focused. 

Temperature at field outlet begins increasing from 
-250F 

Temperature at field inlet begins increasing from 
-230 F 

Temperature at field outlet reaches steady value of 
-290 F 

Temperature at field inlet reaches steady value of 
285 F 

1250 Pump is reactivated; collectors are stowed 

1252 Power to the pump is turned off, but is activated 
every ten minutes for two minute periods for the 
remainder of the day; collectors are never 
reactivated 

The ten minute cycle of activation for the pump is a noraml procedure 
for the system. 
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TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
August 1984 

Active Area 
Date 

8/1 

8/2-8/9 

8/9-8/15 

8/16-8/30 

8/31 

{ft2l 
42840 

43680 

44520 

-33600 

33600 

Corrments 

Nine drive rows inoperative 

Eight drive rows inoperative 

Seven drive rows inoperative 

Various drive rows inoperative. 
Intermittent operation due to system 
failure. 

Twenty drive rows inoperative. System 
available for automatic operation. 

As a result of these events the solar system experienced some damage. 
First, the ends of several glass tubes were chipped and broken. Second, 
some receiver tubes were also forced to bend and impact the glass, 
thereby breaking glass near the middle of its span. Also, several 
receiver tube flange clamps were stretched so that the seals between 
receiver tubes failed. Some of the silicone "0"-rings between receiver 
tube sections hardened and the receiver tubes became discolored which 
are evidences of exceeding material temperature limits. Finally, 
several days afterward, it was discovered that the pump discharge check 
valves had failed. 

The specific cause for this sequence of events is not known; however, it 
appears that power was lost to the central controller and the collector 
drive rows. This caused the pump to stop but the collectors remained 
focused until the sun traveled far enough away from the trough focal 
line. When power was again available, the pump started and the system 
temperature switches forced the system to shutdown. Other failure 
scenarios are plausible but require simultaneous failures of various 
safety switches in the system; so they will not be discussed here. 

Figure 2 shows a schematic of the check valve. It is seen that the 
Hypalon seal also acts as a hinge for the steel backing members. CTCo 
personnel have inspected the valve and found that the Hypalon member 
failed. The quoted temperature limit for this valve is 300,F, so the 
failure is probably a combination of mechanical and thE!"mal action. The 
reduced flow caused some localized overheating of receiver tubes, 
resulting in black chrome discoloration and possibly more thermal 
expansion in the form of tube flexure than the system was designed to 
acconvnodate. This thermal expansion is responsible for some of the 
glass breakage and the receiver tube clamp failures. The spring section 
opposite the bolt on the clamp, shown in Figure 3, was stretched so that 
an adequate seal could not be maintained. 
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The chipped giass on the ends of the receiver tubes could have been 
caused by one of two phenomena. Because of the low flow conditions, 
there may have been some local boiling in the receiver tubes. This 
boiling causes violent movement of piping which could have caused the 
glass tubes to impact the end of the receiver tube stand assembly. 
Another explanation could be that the failed check valve initiated a 
water hammer which shook the receiver tubes. This, however, would have been difficult for a centrifugal pump in an open system unless the 
failed check valve members somehow suddenly restricted the flow 
downstream from the pump. 

CTCo personnel have installed another check valve of all bronze 
construction, so the system is functioning. They are awaiting delivery 
of a second check valve to again allow a parallel backup pump. They 
have had to remove and adjust the stretched receiver tube clamps to 
provide an adequate seal, and will monitor them to determine if 
replacements are warranted. A number of glass sections have been 
ordered for replacement. 

Presently, there are a total of 20 drive rows down for maintenance. 
Seven of these were previously down, so that 13 drive rows were affected 
by the check valve failure. The maintenance activities for the month of August are summarized in Table II while the maintenance status of the 
out-of-service rows is listed in Table III. Receiver glass sections and related hardware have been ordered so that repairs can be made as 
quickly as possible. The status of each of the drive rows is shown in 
Figures 4-7 for each day in August 1984. 

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
August 1984 

Cost 
Labor Materials Total 

0 & M Activity Hours $ $ $ 

o Routine inspection 16 382.50 -0- 382.50 

o Repair broken glass 
on row BH-47 4 95.62 -0- 96.62 

o Repair hydraulic leaks 
on rows BH-54, -78, 
-105 16 382.50 -0- 382.50 

o Repair failed check 
valve and related 
activities 142 3394.55 -0- 3394.55 

TOTAL 178 4255.14 -0- 4255.14 

Total estimated maintenance costs for 2/83 -8/84 = 18302.84 

c-272 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

BH-51 
BH-55 
BH-60 
BH-66 
BH-69 
BH-71 
BH-73 
BH-75 
BH-77 
BH-78 
BH-82 
BH-83 
BH-84 
BH-88 
BH-92 
BH-101 
BH-103 
BH-104 
BH-105 

TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
August 31, 1984 

Date of Last Action 

8/16/84 
8/16/84 
6/7 /84 
6/7/84 
8/16/84 
8/16/84 
8/16/84 
6/7/84. 
8/16/84 
8/16/84 
6/7/84 
8/16/84 
2/16/84 
3/9/84 
8/16/84 
8/16/84 
8/16/84 
8/16/84 
8/15/84 

Corrment 

Receiver tube seal failure* 
Broken receiver tube glass* 
Hydraulic oil leak 
Hydraulic oil leak 
Broken receiver tube glass* 
Receiver tube seal failure* 
Receiver tube seal failure* 
Hydraulic oil leak 
Broken receiver tube glass* 
Broken receiver tube glass* 
High temperature switch failure. 
Broken receiver tube glass* 
Hydraulic cylipder seal failure. 
High temperature switch failure. 
Receiver tube seal failure* 
Broken receiver tube glass* 
Broken receiver tube glass* 
Broken receiver tube glass* 
Broken receiver tube glass* 

*Result of system failure described above. 

IV. 

A. 

System Performance 

Monthly Summary 

The performance for each day of August is summarized in Table IV and 
Figure 8. It is seen that before the failure on August 16 the system 
operated at approximately the same pe~formance level as in July 1984. 
The field was able to supply 240.2*10 Btu during the rronth for an 
overall efficiency of 22%. Because the operation is intermittent, 
however, during August 16-30, the values shown for collector plane 
radiation for those days is suspect. 

B. ·Daily Summary 

The performance for each hour of operation for August 8, 1984 is 
summarized in Table Vang Figure 9. The net energy delivery of the 
solar system was 23.8*10 Btu for that day at an overall efficiency of 
32%. The maximum hourly efficiency was 40% at 1500 hours. 
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TABLE IV. 

MONTHLY PERFORMANCE SUMMARY TABLE - B/84 

-------I NC I ~ENL SOLAR E~ERGV 
ON A ON THE 

UORIZ COLLECTOR ARRAY COLLEClOR COLLECTOR PARASITIC 
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY Ef'F. ENERGY 

JULIAN ( 1 ) (2) AREA COLLECTED BASED ON (1) BASED UN <2> USED 
l)I\JJ;_ DAY OT!,l/SClFT BTU/SOFT SOFT ~gru ;. ,. KBTU 

8/ 1 214 2059. 1032. 428'10. 9734. 11. 22_ 515. 7 
0/ 2 215 1306. 521. 436B0. 57. 0. 0. 225. I 
8/ 3 216 2319 16B5. 43690. 16506. 16. 22. 702. l 
R/ 4 217 2310. 1299. 43600. 1B401. 10. 32. 734. l 
B/:; 21B 20;:!B. 120B. 436B0. 11237. 13. 21. 357.5 
U/ 6 219 2269. 16BR. 43600. 17013. 17. 23. 719.6 
B/ 7 220 2155. 1537. 43680. 2011b. 21. 30. 767.9 
El/ 8 221 2256. 1747. 43680. 24532. 25. 32. 769.6 
8/ 9 222 2147. 1486. 44520. 19431. 20. 29. 5B5.7 
B/10 223 1B69. B43. 44520. 6903. B. 1B. 557.9 
Rill 224 1880. 009. 44520. 11518. 14. 32. 535.6 
El/12 225 2004. 1349. 44520. 9315. 10. 16. 493.9 
8/13 226 2069. 1364. 44520. 15482. 17. 25. 627.5 
R/14 227 2190. 1542. 44520. 19396. 20. 2(3 740.2 
8/15 22B 2005. 1109. 44520. 3779. 4. 8. 537.3 
0/16 229 1931. 666. 33600. 3027. 5. 14. 297.2 ("") 
8/17 230 2104. 70. 33600. -939. *** **• 124.4 I 

N 8/1B 231 2160. 0. 33600. 0. 0. 0. 49.B -...J 
00 B/19 232 2177. 0. 33600. 0. 0. 0. 50.8 

0/20 233 19B5. 0. 33600. 0. 0. 0. 11. 4 
B/21 234 1B54. 19. 33600. 3729. 6. *'* 296.7 
B/22 235 1950. 726. 33600. 7642. 12. 31. 506.0 
0/23 236 1854. 1534. 33600. 10203. 16. 20. 443.4 
R/24 237 1874. 1582. 33600. 11291. 1B. 21. 433.9 
8/25 230 1151. 194. 33600. -1714. *'* *** 225.7 
B/26 239 1010. 1151. 33600. 4130. 7. II. 392.0 
B/27 240 1024. 197. 33600. -591. *** ••• 96.B 
B/2B 241 18B9. 0. 33600. 0. 0. 0. 27. 5 
B/29 242 1844. 0. 33600. 0. 0. 0. 24. I 
8/30 243 11B6. 0. 33600. 0. 0. 0. 22.3 
B/31 ~44 2059. 0. 33600. 0. 0. 0. 26.B 

lOTALS 60525. 25361. 240199. 9. 23. 11B99. 3 
l\YG 19:12, IH~. 72!8 3.ffJ.._8_ 

- - - - - - - - - - - - - - - - - - -
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TABLE V. 

t-lOURL V PERFORMANCE TABLE - B/ B/B41,JULII\N DAY ;.?21) 
ARRAY ACTIVE AREA= 436B0. SO. FT. 

--·---.J:!OURLY RADIATION NORTH FIELD SOUTH FIELD OTAL S.:LSTEM _______________ DNA IN THE AVERAGE AVERAGE TOTAL HOURLY HOllRLY TOfAL AVG AVG HORIZ COLLEClOR AVERAGE OPERATING AVERAGE OPERATING ENERGY COL.LEClOR COLLECT011 ELF:C I tJI :R AMB WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED . ARRAY EFF ARRAY EFF U!·_;En TEMP SPD ( 1) (2) OVER HOUR IN OUT OVER HOUR IN OUT OVER HOUR BASED ON Cl) BASED ON 12> O\.'EH lfllU Ll•Ufl F MPH DTl_USGFT BTU/SOF! GPtl F F QPtl E F r,_D TU X 7. --~11.u1_ 
1 0. 0. 0. 0. 0. 0. 0. 0 o. 0. o. 0. 0. d.0 2 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0 o. 0.0 3 0. 0. o. 0. 0. 0. 0. 0. 0. o. o. 0. 0. I). () 4 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. o. o'. 0. 0 5 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0 () 6 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. fl 0 7 65. 6. 40. 112. 95. 208. 206. 212. 207. 203. -602. *** • •• "'' " 8 71. 4. 103. 191. 109. 217. 229. 279. 216. 226. 1977. 44. 24. 5'., (I 9 77. 3. 161. 210. 107. 222. 241. 278. 221. 236. 2900. 41. 32. 5,. J 10 80. 4. 215. 224. 104. 223. 245. 277. 222. 23'?. 3251. 35. 33. 5,., :~ 11 B2. 5. 251. 214. 101. 226. 250. 276. 226. 242. 3276. 30. 35. 511 ~· 12 B3. 7. 286. 176. 104. 227. 246. 276. 226. 241. 2821. 23. 37. 6: I :; 13 86. e. 293. 167. 105. 226. 244. 276. 225. 240. 2B37. 22. 39. t,,, II 14 BB. B. 280. 163. 104. 227. 244. 276. 226. 240. 2b69. 22. 37. l,,f ~· 15 06. 9. 248. 12'1. 105. 228. 243. 274. 228. 240. 2249. 21. 40. 6 

, . . , 16 06. 10. 193. 111. 105. 231. 243. 273. 230. 240. 1852. 22. 38. bl• l, (") 
17 B4. e. 11B. 77. 106. 228. 23B. 276. 22B. 236. 1543. 30. 46. 6C>. ~. 

I 
N l[3 7B. 8. 58. -23. 109. 21B. 219. 27B. 21B. 21B. 52. 2. • •• ~,. 00 

210. -291. 4' . •• 
0 19 72. 7. 10. -6. 6B. 213. 210. 174. 212. *** ••* . . 20 65. 5. 0. 0. 0. 0. 0. 0. o. () 0. 0. 0. ". :1 21 60. 5. o. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. ,1 l• 22 59. 6. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. I) () 

23 0. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. ( '· (1 24 0. 0. 0. 0. 0. 0. 0. o. o. 0. 0. 0. 0. () (.t 

-~ ·---·• TOTALS 2256. 1747. 
' 24532. 25. 32. 76';_ I:, 

~VG 7B. 7. 1B4. ·~•. 103. 223. 237. i~7, 2g3. 233. 197~. ___ _!_:,._J __ 

- - - - - - - - - - - - - - - - - - -
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CONTRACT TITLE AND NUMBER: 

Department of Mechanical Sciences 
October 19, 1984 
Monthly Progress Report No. 56 
Reporting Period September 1, 1984 

through September 28, 1984 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC040CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to March 31, 1985 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

Operation continued through the month of September. Maintenance 
activities were performed relating to the problems encountered last 
month; however, the active area of the field remained unchanged. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

Plans have been initiated to bring this job to a close and to 
leave the solar system in as good status as possible when the plant 
minimizes operations in January, 1985. 

STG:dle 
Encl. 

cc: Dr. R. L. Bass, SwRI 
Ms. C. L. duMenil, SwRI 
Appropriate DOE Personnel 
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Steve T. Green 
Research Engineer 
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Danny w.~ Deffenbau · 
Project Manager 
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REPORT PERIOD: 

REPORT NO.: 

MONTHLY REPORT NO. 23 

September 1, 1984 - September 30, 1984 

CTCo-23 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 
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P. O. Drawer 28510 
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Contact: D. Deffenbaugh, 512/684-5111, ext 2384 
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1930 Davis Street 
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II. Project Description 

App11cat1on: -

Site: 

Process Schedule: 

Aux 111 ary Fue 1 : 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat of process hot water for parts 
washing. 

37° 44' N. Latitude, 122° 15' w. 
Longitude, Elevation• 108'. 

Peak energy requirement is 9 x 106 
Btu/hr of hot water at 235°F. The solar 
sygtem will deliver a maximum of 8.6 x 
10 Btu/hr. 

Natural gas. 

50400 ft2 of Solar Kinetics tracking 
parabolic line focus, T-700 collectors. 
Roof mounted, horizontal on N-S axis, 
30 ~T strings f 240 ft per string. 60 
drive strings <i per row). (North 
Fiild, 13440 ft; South field, 36960 
ft). 

Treated water, North field - 330 gpm, 
South field - 120 gpm. 

11~6 x 109 Btu/yr, peak hourly 8.2 x 
10° Btu/hr, peak daily - 74.l x 106 
Btu/day. 

$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water 
at 235°, 450 gpm. The water 1s heated from 195° F before entering the 
"boilers" to relieve some of the boiler load. Total plant requirement is 
an average of 836 gpm at 235°F. 

CIRCULATION PUMP 
450 gpa 

PARABOUC TR:>UGII 
SOLAR CX>LUCTORS 

110T WATER PR0CES5 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. Operating Experience 

The solar system was available during the month of September, but the 
disk used to store data taken by the data acquisition system has errors 
so that one day's worth cannot be recovered and two other days have 
missing points. A su11111ary of the system operation is found in Table I. 
for the system. 

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
September 1984 

Active A2ea 
Date (ft} Comments 

9/1 - 9/30 33600 Twenty drive rows inoperative 

9/19,9/21,9/22 Computer disk error 

While the amount of the system available for operation did not vary 
during the month, there was significant maintenance activity. Table II 
and III provide a summary of maintenance costs and activity for the 
month of September. As the CTCo personnel were repairing problems 
associated with the system failure of 8/16/84, other problems became 
apparent. There has been a noticeable increase in occurrences of 
hydraulic oil leaks. Figure 2 shows the status of each of the drive 
rows on September 30, 1984. 

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY 
September 1984 

Cost 
Labor Materials 

0 & M Activity Hours $ $ 

o Routine inspection 16 383.18 -0-

o Piping, electrical, and 
hydraulic maintenance 
related to system 
fa-ilure on 8/16 217 5196.88 235.00 

TOTAL 233 5580.06 235.00 

Total 
$ 

383.18 

5431.88 

5815.06 

Total estimated maintenance costs for 2/83 -9/84 = 24117.20 
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TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
September 30, 1984 

Row 

BH-55 
BH-60 
BH-65 
BH-66 

BH-68 
BH-71 
BH-77 
BH-78 
BH-82 
BH-83 
BH-84 
BH-87 
BH-88 
BH-90 
BH-91 
BH-92 
BH-100 
BH-102 
BH-103 
BH-106 

IV. 

Date of Last Action 

8/16/84 
6/5/84 
8/16/84 
8/16/84 

9/84 
9/84 
8/16/84 
9/84 
9/84 
9/84 
2/16/84 
9/84 
8/16/84 
9/84 
9/84 
8/16/84 
8/16/84 
8/16/84 
8/16/84 
9/84 

System Performance 

A. Monthly Summary 

Comment 

Water leak on row BH-77 
Hydraulic oil leak 
Water leak at outlet flex hose 
Hydraulic oil leak, water leak at 

outlet flex hose 
Hydraulic oil pump won't start 
Hydraulic 4-way valve won't shift 
Broken receiver tube glass 
Hydraulic oil leak 
Stuck in stow position 
Hydraulic oil leak 
Hydraulic cylinder seal failure. 
Stuck in stow position 
Water leak on row BH-66 
Hydraulic oil leak 
Control board failure 
Water leak at outlet flex hose 
Water leak on row BH-92 
Broken receiver tube glass 
Broken receiver tube glass 
Hydraulic oil leak 

The system performance for September is summarized in Tabl6 IV and 
Figure 3. It is seen that the system delivered 250.3 * 10 Btu at an 
average efficiency of 24%. There were, however, three days for which no 
data can be recovered because of a disk failure. 

B. Daily Summary 

The CTCo system performance for September 4, 1984 is summarized in Table 
V and Figure 4. The peak hourly efficiency for this day was 30% while 
the daily total efficiency was 24%. The system delivered 17.0 * 10 Btu 
while parasitic energy consumption was 3.8% of the delivered energy. 
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- - - - - - - - - - - - - - - - - - -
TABLE IV. MONTHLY PERFORMANCE SUMMARX TABLE - 9/84 

' ' ' --------- - - -------+-------INCIDENT SOLAR ENERWY ' 
- ---- .. -

' ON A ON THE ' ' HORIZ COLLECTOR ARRAY COLLECTOR COLLEQTOR PARASlTIC 
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY ;EFF. ENERGY 

JULIAN ( 1) (2) AREA COLLECTED BASED ON (11 BASED QN (21 USED o~u __ DAY QJU/ID)li_BJV/SQfT __ fi.QU KB.TU __ ___z ____ 7._; __ _ _ --..lilU\L 
I --- - - - ---
' 9/ 1 245 2079. 0. 33600. 0. 0. o. 32. 5 

9/ 2 246 2063. 2002. 33600. 16996. 25. 2;. 593.B 
9/ 3 247 1950. 1446. 33600. 13246. 20. 2t. 365.6 
9/ 4 24B 1983. 2085. 33600. 17027. 26. 24. 6:U. 6 
9/ 5 249 2009. 2037. 33600. 16268. 24. 2 •. 651.0 
91 b 250 1873. 1760. 33600. 14403. 23. 2 •. 579.8 
9/ 7 2:u 1909. 992. 33600. 5793. 9. 19. 291.2 
9/ B 252 1B74. 1527. 33600. 11849. 19. 2:i. 510.8 
9/ 9 253 1806. 1158. 33600. 9907. 16. 2~. 381. 3 
9/10 254 1947. 2064. 331,00. 14201. 22. 2~. 634. '!t 
9/11 255 1935. 199'!t. 33600. 14627. 23. 2. 623. 5 
9/12 256 1B78. 2063. 33600. 16275. 26. 2=1. 63:1. 1 
9/13 257 1783. 1877. 33600. 13680. 23. 2~. 629. 4 
9/14 258 1793. 1847. 33600. 12732. 21. 2~. 617. 6 

C"l 9/15 259 1661. 1513. 33600. 9945. 18. 2Q. 479.6 I 
N 9/16 260 1790. 1881. 33600. 13641. 23. 22. 523.8 
00 9/17 261 1359. 309. 33600. -1997. .. .. ••• 420. 7 ....... 

9/18 262 879. -6. 33600. -3436. • •• ••• 180. 3 
9/19 263 1481. -33. 33600. -4908. • •• • •• 479.3 
9/20 264 434. 0. 33600. 0. 0. 0. 19.0 
9/:i!I 265 1099. -33. 33600. -3301. ••• • •• 314. 5 
9/22 266 DISK ERROR - NO DATA 
9/23 267 1736. 0. 33600. 0. 0. 0. 17. 9 
9/24 268 1717. -3. 33600. 1997. 3. . ... 179.2 
9/2:I 269 1684. 1328. 33600. 11441. 20. 26. 491. 6 
9i:i!6 270 1563. 1258. 33600. 10726. 20. 2;. 625.0 
9/27 271 1553. 1513. 33600. 12705. 24. 2~ . 623.0 
9/28 272 1604. 158. 33600. 12714. 24. .... 631. 8 
9/29 273 1583. 917. 33600. 5818. 11. 19. 

I 
339.2 

9/30 274 642. 0. 33600. 0. 0. 0. 11. 3 

-- --- --- -- ------------- --- ----- -- -TOTALS 47665. :Jl5:t:t. 242418. 15. 23. 12533.8 
evw U,44_ IOBJL. _____ ...§359....__ 

-- -----·-- ~~i_ -- ---·-
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TABLE V. HOURLY PERFORMANCE TABLE - 9/4/84 (JULIAN DAY 24B) 

ARRAY ACTIVE AREA= 33600 SO. FT. 
' 

' 
HOURl,.Y~ADIATIO.N._ __ JIWilLflELD. __ __..§QYltl_.ELELD==- ____ TOTAL SYSTEM ____ -:-=-=-== 

ON A IN THE AVERAGE AVERAOE • TOTAL HOURLY HDURLV TOTAL 
AVO AVO HORIZ COLLECTOR AVERAGE OPERAl ING AVERAGE OPERATINq ENEROV COLLECTOR COLLECTOR ELEC EUER<~V 
AND WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW ~ATE TEMPERATU~E COLLECTED ARRAY EFF ARRAY EFF USED 
TEMP SPD < 1) (2) OVER HOUR IN OUT OVER HOUR IN 04T OVER HOUR BASED ON < 1) BASED ON (2) OVER .. ,oun t-tQ.Ul!. . ..f__ MPH BTU/SQELJJUISOFT QPM _£_ __ .£. ___ _jl~ ___ F ___ .£ ___ 11ffTJJ _____ L._ X ___ KDlU __ _ 

' ' l 0. 0. 0. 0. 0. 0. 0. 0 0. Q. 0. 0. 0. , 0 0 
2 0. 0. o. 0. 0. 0. 0. o. 0. Q. 0. 0. 0. 0 0 
3 0. 0. 0. 0. 0. 0. 0. 0. 0. Q. 0. 0. 0. 0. 0 
4 0. o. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 
5 0. o. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0 0 
6 0. o. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0 0 
7 63. 1. 21. 70. 45. 200. 194. 152. l9B. 191. -743. ••• ••• 31 2 
B 12. 1. BO. 111. 74. 210. 216. 314. 210. 21ll. 1oq2_ 40. t'l. 53 3 
'1 7B. 1. 137. 1B3. 74. 217. 223. 319. 216. 224. 1499. 33. 24. 53. 7 

10 79. 3. 193. 191. 74. 220. 227. 313. 219. 229. 1B09. 2B. 28. 53 7 
11 7B. 5. 239. 20:t. 74. 217. 224 319. 216. 221. lB27. 23. 27. 53. 5 
12 BO. 6. 262. 215. 74. 220. 22B. 320. 220. 23t 1971. 22. 27. ,3. 5 
13 B6. 7. 267. 227. 74. 221. 229. 319. 220. 233. 2306. 26. 30. 53 6 
14 87. 9. 253. 241. 74. 220. 228. 319. 220. 231. 2446. 29. 30. 54.6 ? 15 B4. 10. 217. 244. 74. 229. 236. 31B. 22B. 24~. 2342. 32. 29. 53. 7 

~ 16 BO. 10. 167. 228. 73. 233. 240. 318. 233. 24~. 2092. 37. 27. 55. 2 
\0 17 BO. B. 104. B9. 73. 232. 236 318. 232. 23~. 763. 22. 26. 54. 0 

18 74. B. 43. 6. 74. 221. 220. 314. 221. 21~. -243. *** *** 53. 3 
19 68. 6. 0. 16. 27. 215. 213. 112. 214. 21~. -134. ... ... 24. 4 
20 64. 4. O 0. 0. 0. 0. 0. 0. Q. o. 0. 0. 1 9 
21 62. 4. 0. 0. 0. 0. 0. 0. 0. Q. 0. 0. 0. 2 0 
22 62. 3. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 0. 0 
23 0. 0. O 0. 0. 0. 0. 0. 0. 0 0. 0. 0. 0. 0 
24 o. o. o. o. o. o. o. ____ o. o. o. o. o. o. o. o 

TOTALS 1983. 2085. -------·- --- -- :-· 17027. 26. 24. - - ·- 651 -6--
e,~ Z.6. :,, 110. 11:,. 11. __si1.:... _ ~26. 304. _ ;z20. 22e. _14~ _______________ lit.!l_ 
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SOUTHWEST RESEARCH INSTITUTE 
POS_T OFFICE DFIAWEFI 211110 • 8220 CULEBFIA FIOAD •SANANTONIO, TEXAS, USA 78284•1!5121684-5111"TELEX 78-7357 

CONTRACT TITLE AND NUMBER: 

\ 

Department of Mechanical Sciences 
November 20, 1984 
Monthly Progress Report No. 56 
Reporting Period September 29, 1984 

through October 26, 1984 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC040CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to March 31, 1985 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

Operation continued through the month of Octobei. The status of 
the system is unchanged from September; however the computer DAS failed 
from 10/9 to 10/30. The on-site datalogger was used to gather the data 
during this period, so no data were lost. 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

The system will continue to operate as long as energy is needed by 
the plant. 

STG:dle 
Encl. 

cc: Dr~ R. L. Bass, SwRI 

ResP,.e£tively submitted, 

~~ 
Steve T. Green 
Research Engineer 

Ms. C. L. duMenil, SwRI APPROVED: 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 

C-291 
SAN ANTONIO, TEXAS 
WITH o,,icES IN HOUSTON TEXAS. AND WASHINGTON. 0 C. 



MONTHLY REPORT NO. 24 

REPORT PERIOD: October 1, 1984 - October 31, 1984 

REPORT NO.: CTCo-24 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
P. 0. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. Project Description 

Appl icat1on: -

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat of process hot water for parts 
washing. 

37° 44' N. Latitude, 122• 15 1 w. 
Longitude, Elevation= 108'. 

Peak energy requirement is 9 x 106 
Btu/hr of hot water at 235°F. The solar 
sy~tem will deliver a maximum of 8.6 x 
10 Btu/hr. 

Natural gas. 

50400 ft2 of Solar Kinetics tracking 
parabolic l1ne focus, T-700 collectors. 
Roof mounted, horizontal on N-S ax1s, 
30 AT strings@ 240 ft per string. 60 
drive strings Ci per row). (North 
F1~ld, 13440 ft; South field, 36960 
ft). 

Treated.water, North field - 330 gpm, 
South field - 120 gpm. 

11~6 x 109 Btu/yr, peak hourly 8.2 x 
10° Btu/hr, peak da1ly - 74.l x 106 
Btu/day. 

$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water 
at 235°, 450 gpm. The water is heated from 195° F before entering the 
"boilers" to relieve some of the boiler load. Total plant requirement is 
an average of 836 gpm at 235°F. 

CIRCULATION PUMP 
450 91'11 

PAIWIOLIC TRJUQI 
SOLAR COLLECTORS 

HOT WATEII PROCESS 
RETURH LINE 

FIGURE l. SYSTEM SCHEMATIC 

C-293 
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III. Operat,ng Experience 

The solar system was available during the month of October, but the PDP 
11/23 experienced problems. Data were not collected by the 11/23 
between 10/9 and 10/30, but the Acurex datalogger was used to gather 
performance data for this period. 

A summary of the system operation is found in Table I. There was 
virtually no change in the status of the solar system during October. 
This is a result of maintenance activity in the remainder of the plant. 
The status of each of the drive rows is the same as in September, as 
seen in Figure 2 and Table II. Since the plant is closing early next 
spring, there will be little activity on the solar system. So, CTCo 
will no longer be providing O&M cost accounting in the same detail as in 
the past. Any additional costs will be reported as estimates in the 
next two (final) monthly performance reports. 

The cause of the computer failure is unknown; however, CTCo personnel 
have gotten the system running again. The Acurex datalogger will 
continue to serve as a backup until the PDP 11/23 is seen to be stable 
again. 

IV. System Performance 

A. Monthly Surrmary 

The system performance for October, 1984 is summarized in 
Table III and Figure 3. The dates for which each portion of the DA~ are 
responsible are indicated in Table III. It is seen that 154.0 * 10 Btu 
were delivered to the plant in October at a long term efficiency of 20%. 

B. Daily Summary 

The CTCo solar system performance for October 7, 1984 is 
summarized in Table IV and Figure 4. The peak hourly efficiency was 34% 
on this dgY· The average efficiency was 27% while delivering a total of 
11.5 * 10 Btu during this day. 
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-TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
October 1984 

Date 

10/1 - 10/31 

10/9 - 10/30 

Active2Area 
(ft) 

33600 

Corrments 

Twenty drive rows inoperative 

PDP 11/23 down. Acurex 
datalogger gathering data. 

Row 

BH-55 
BH-60 
BH-65 
BH-66 

BH-68 
BH-71 
BH-77 
BH-78 
BH-82 
BH-83 
BH-84 
BH-87 
BH-88 
BH-90 
BH-91 
BH-92 
BH-100 
BH-102 
BH-103 
BH-106 

TABLE II. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
October 30, 1984 

Date of Last Action 

8/16/84 
6/5/84 
8/16/84 
8/16/84 

9/84 
9/84 
8/16/84 
9/84 
9/84 
9/84 
2/16/84 
9/84 
8/16/84 
9/84 
9/84 
8/16/84 
8/16/84 
8/16/84 
8/16/84 
9/84 

Corrment 

Water leak on row BH-77 
Hydraulic oil leak 
Water leak at outlet flex hose 
Hydraulic oil leak, water leak at 

outlet flex hose 
Hydraulic oil pump won't start 
Hydraulic 4-way valve won't shift 
Broken receiver tube glass 
Hydraulic oil leak 
Stuck in stow position 
Hydraulic oil leak 
Hydraulic cylinder seal failure. 
Stuck in stow position 
Water leak on row BH-66 
Hydraulic oil leak 
Control board failure 
Water leak at outlet flex hose 
Water leak on row BH-92 
Broken receiver tube glass 
Broken receiver tube glass 
Hydraulic oil leak 

C-295 
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- - - - - - - - - - - - - - - - - - -
TABLE II I 

MONTHLY PERFORMANCE SUMMARY TABLE - 10/~4 

-----
ru!;..I DFIH SQbf!B ENERG)'. 

ON A ON THE 
HORIZ COLLECTOR ARRAY COLl.ECTOR COLLECTOR PARASITIC 

SURFACE PLANE ACTIVE ENERGY ARR/IV EFF. ARRAY EFF. ENERGY 
JULIAN ( I I (2) AREA COLLECTED BASED ON (I> BASED ON 12) USED 

_J!f!J~ DAY BTUl!:!GFT BTU/SOFT SOFT K_BTU 7.___ 7. KBTU ------- --10/ 1 275 1'128. 1304. 33600. I 1185. 23. 26. 542.2 
10/ 2 276 1471. 1350. 33600. 90'1 I. 10. 20. 5'12. 7 
10/ 3 277 307. 0. 33600. 0 0. 0. 23.8 
10/ 4 278 1330 -124. 33600. -4438. ••• ••• 455.6 
10/ 5 279 995. -78. 33600. -2257. • •• 8&. 368. 0 > PDP 11/23 
10/ 6 280 12M. 1024. 33600. 6181. I 5. 18. 464. 2 
IOI 7 . 281 1430. 1201. 33600. 11479. 24. 27 . 430.:, 
10/ 8 282 1248. 970. 33600. 8874. ;;> I. 27. 329. 4 
I (I/ 9 283 I '!:"JI 1528. 33600. 9'.J~B- 19. 18. 533. 9 
10/10 284 lll90 464. 33600. 3603. 10. 23. 320.8 
10/JI 285 1241 10B1. 33600. 10428. 25. 29. 391. B 
10/12 286 I 1 '15. 70'3. 33600. 1B31. 5. 8 332.9 
10/13 207 1226. 84B. 33600. 4787. 12. 17. 401. 7 

C") 10/14 288 1387. 1007. 33600. 2'12. I. I. 320. 7 I 
N 10/15 289 14'1 I. 1698. 33600. 9677. ;:·o 17. 532. 7 
\0 10/16 290 167. 39. -..J 

33600. -838. • •• • •• 16.8 
10/17 291 t::162 -4. 33600. 9218. ,'O. ••• '522.6 
10/1B 292 923. . 249. 33600. -909 ... .. • •• 331. 6 
10/19 293 108'] 77'J. 33600. 4919. 

J "· 19. 346. 8 > Acurex datalogger 
10/20 294 1327 1216. 33600. 11492. 26. 2B. 418.6 
10/21 295 870 308. 33600. -1209. ..... • •• 223. 5 
10/22 296 121:1 1223. 33600. 11402. c'.'8. 2B. 49:,_ 7 
10/23 297 124R 1353. 33600. 9815. i?3 22. 529. 5 
10/24 298 1147. 1109. 33600. 10200. 26. 27. 453. 4 
10/25 299 122'1. 1499. 33600. 14796. :?6. 29. 528.B 
10/26 300 692 43. 33600. -3270. ..... • •• 17. 4 
10/27 301 1231 20. 33600. -3719. ... .. • •• 17. 6 
J0/2B 302 1015 388. 33600. 4074. 12. 31. 160.0 
10/29 303 768 13. 33600. 5. 0. I. 21 B 
10/30 304 ~6~. 256. 33600. -621. • •• • •• 1759 
10/31 305 1125. ll47. 33600. 86B0. ~3. 23. :,04_ 4- PDP 11/23 

-------- -----lOlALS 34507. 22704. 154026. ) 3. 20. 1075C.l 
fi!.VG _ 1)13. ___ l32. 49-~_9_. -- ______________________ 3~0 ----------------·-··----
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- - - - - - - - - - - - - - - - - - -
TJ\BLE IV 

HOURLY PERFORMANCE lABU - 10/ 7/84(JULIAN DAV 201) 
ARRA\' ACTIVE /\REA == 33600. SG FT. 

·-·---· --------·-----·-.JJP.\l!tL Y RAD HU I ON NORTH F.Lsl:!L __ __ SO!!!..Jj_FjELO ____ 
IDT& §)'.§!EM ·--------LIN A IN THE AVERAGE AVERAGE TOTAL HDURLY HOURLY TOTAL AVG AVG IIORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATING ENERGY COLLECTOR COLLECTOR ELEC ENERC { 

AMB WIMD SURFACE PLANE FLOW RATE TEMPERATURE FLLIW RATE TEMPERATURE COLLECTED ARRAY EFF ARRAY EFF USED TE11P f,PU ( t ) (21 OVER HOUR IN OUT OVlR UOUR IN OUT OVER HOUR BASED UN lll BASED ON (21 O'JER llUUP t_-1,_11 1r f MPH _J3-1!lL':;_qF T l!TY/SGFT GPM F F ~p~ F F __ ~JU!)_ 'X _____ KDTU __ 

0. 0 0 0. I 0 (l 0 0. 0. 0 0. 0. 0. 0.0 
2 0. 0 0. 0. 0. 0 0. 0 0. 0. 0. 0. 0. 0 0 
3 0 0. 0 0. 0. 0. 0 0 0. 0. 0. 0 0. 0. 0 
4 0. 0 0 0. 0. 0. 0. 0 0. 0 0 0. 0. 0.0 :, 0 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
6 0 0 0 0. 0. 0. 0. 0 0. 0. 0. 0. 0. 0. 0 
7 58 0 3 0. 0 0. 0 0. 0. 0. 0. 0. 0. 2. 0 
8 68 0. 51 39. 32. lb2. 162 bl. 160. H,I -118. ••• • •• 20 1 
9 71 I. 105 149. 138. 194. 200. 268. 193. 196. 888. 2:J. 18. 542 

to 71. 3. t 52. 146. 132. 197. 207. 296. 197. 203. 1486. 29. 30. :t'J. 7 
11 72. 4. 191 154. 13:t. 201. 210. 296. 200. 205. 1367. 21. 26. :,:;_ 5 
12 72. 5. 211. 177. 113. 207. 218. 288 206. 213. 1589. 22. 27. :'4 l 
13 80. 5. 214. 195. JOB. 21 ,. 230. 275. 214. 223. 192:J. 27. 29. 52. 5 

(") 14 BO. 7. 19~. 195. 94. 226. 243. 272. 22:,_ 236. 2202. 34. 34. :u. 4 I 15 BO. 8. 156. 168. 83. 233. 249. 253. 232. 242. 1811. 35. 32. 54 2 N 
\D 16 79. 9. 10'1. 58. 23. 230. 24:3. 70. 229. 235. 329. 9. 17. 19.2 \D 

17 73. 10. 47 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 2 7 
1B 66 9. I. 0. 0. 0. o. 0. 0. 0. 0. . 0. 0. ::?. 5 
19 64. 6. 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 2. 1 
20 61. 6. 0 0. 0. 0. o. 0. 0. 0. 0. 0. 0. 2.3 
21 59. 7. 0 0. 0. 0. 0. 0 0. 0. 0. 0. 0. 2. I 
22 57. 7. 0 0. 0. 0. 0. o. 0. 0. 0. 0. 0. 00 
23 0. 0. 0. 0. 0. 0. o. 0 0. 0. 0. 0. 0. 0.0 
24 0. 0. 0. 0. 0 0. 0. o. 0. 0. 0. 0. 0. 0.0 

- -----TOTALS 1430 1281. 11479. 24. 27. 430.5 
~G _ JO ,. ___ 141. ___ Ud..... ____ !.QIL __ 2Q.'.?""" ____ ..?~L---- ~----i.Q.ft,__.u~..__-1.:a_"L. ______________________ Jt. ':! ___ 
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SOU.THWBST RESEA.KCH INSTITUTE 
POST OFFICE OAAWEA 28610 • 6220 CULE8AA AOAO • SAN ANTONIO. TEXAS. USA 78284 • l512J 884-1111 !•TELEX 71-7357 

CONTRACT TITLE AND NUMBER: 

Department of Mechanical Sciences 
December 20, 1984 
Monthly Progress Report No. 58 
Reporting Period October 27, 1984 

through November 23, 1984 

A Large-Scale Solar Industrial Process Heat System 
for Caterpillar Tractor Co. Phase III, DOE Contract 
No. DE-FC040CS30309, SwRI Project No. 06-5821 

CONTRACTOR: 

Southwest Research Institute 
6220 Culebra Road 
San Antonio, Texas 

CONTRACT PERIOD: September 12, 1979 to March 31, 1985 

CONTRACT OBJECTIVE CHANGE: None 

TECHNICAL APPROACH CHANGE: None 

CONTRACT TASKS: 

Operation continued through the month of November~ 

SUMMARY STATUS ASSESSMENT AND FORECAST: 

The PDP 11/23 was removed from the plant as part of the plant 
shutdown process. Many of the plant personnel concerned with the solar 
system will be leaving on December 21st so that perfonnance cannot be 
reported any longer. The enclosed Monthly Performance Report will be the 
last such report. The Final Report for Phase III, Operation and 
Evaluation, is being prepared for submittal for review. 

STG:dle 
Encl. 

cc: Dr. R. L. Bass, SwRI 

~~tfully ~ubmitted, 

~~4 / -~ 
Steve T. Green 
Research Engineer 

Ms. C. L. duMenil, SwRI APPROVED: 
Appropriate DOE Personnel 
Solar IPH Technical Advisors 

C-301 
SAN A·NTONIO, TEXAS 
WITN o,,ic1s IN NOUITON. TIXAI. AND WASNINGTDN. D.C. 



MONTHLY REPORT NO. 25 

REPORT PERIOD: November 1, 1984 - November 30, 1984 

REPORT NO.: CTCo-25 

DOE CONTRACT NO.: DE-FC03-79CS30309 

SwRI PROJECT NO.: 06-5821 

CONTRACT TITLE: A Large-Scale Solar Industrial Process Heat 
System for Caterpillar Tractor Co. 

CONTRACTOR: Southwest Research Institute 
P. 0. Drawer 28510 
6220 Culebra Road 
San Antonio, Texas 78284 
Contact: D. Deffenbaugh, 512/684-5111, ext 2384 

PROJECT SITE: Caterpillar Tractor Co. 
1930 Davis Street 
San Leandro, California 
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II. Project Description 

Application: -

Site: 

Process Schedule: 

Auxiliary Fuel: 

Collectors: 

Fluid Type, Flow: 

Design Energy Delivery: 

Phase 1 Cost (Design): 

Phase 2 Cost (Construction): 

Preheat of process hot water for parts 
washing. 

37° 44' N. Latitude, 122° 15' w. 
Longitude, Elevation• 108'. 

Peak energy requirement is 9 x 106 
Btu/hr of hot water at 235°F. The solar 
sygtem will deliver a maximum of 8.6 x 
10 Btu/hr. 

Natural gas. 

50400 ft2 of Solar Kinetics tracking 
parabolic line focus, T-700 collectors. 
Roof mounted, horizontal on N-S axis, 
30 ~T strings I 240 ft per string. 60 
drive strings(~ per row). {North 
Fi~ld, 13440 ft; South field, 36960 
ft). 

Treated water, North field - 330 gpm, 
South field - 120 gpm. 

11~6 x 109 Btu/yr, peak hourly 8.2 x 
10° Btu/hr, peak daily - 74.l x 106 
Btu/day. 

$143,045 

$2,827,680 

The tracking parabolic trough collectors are designed to produce hot water 
at 235°, 450 gpm. The water is heated from 195° F before entering the 
11 boilers" to relieve some of the boiler load. Total plant requirement is 
an average of 836 gpm at 235°F. 

CIRCULATION PUMP 
4S0 gpa 

PARABOLIC TRJUGH 
SOLAR CXlLLt:CTORS 

HOT WATER PROCESS 
RETURN LINE 

FIGURE 1. SYSTEM SCHEMATIC 
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III. Operati-ng Experience 

The solar system was available during the entire month of November. The 
PDP 11/23 computer was removed from the plant as part of the on-going 
plant shutdown process; however, the Acurex datalogger was able to gather 
data for all but the last day of the month. 

A sunrnary of the system operation is found in Table I. There was no 
change in the status of the system during November; so, the status of each 
of the out-of-service drive rows is unchanged fran October, as seen in 
Table II and Figure 2. 

The Techtran tape drive did not record data on 11/30. The cause of this 
failure is unknown, and since the system will see no operation for most of 
December, repair is unwarranted. 

IV. System Performance 

A. Monthly Summary 

The performance for November is summarized in Table III and Figure 3. 
While there were some days of useful operation, the system did not perform 
well during this month. The peak daily efficiency was 29%, but the 
monthly efficiency was only 5%. This is because (1) weather conditions 
were marginal during November, and (2) CTCo personnel are not able to 
closely monitor the activity of the system because of the shutdown 
process. 

B. Daily Summary 

The CTCo solar system performance for November 4, 1984 is summarized in 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table IV and Figure 4. It is seen that the overall daily efficiency was 
1 29% with a peak hourly efficiency of 43%. It is also seen that the North 

Field flow rate is high for the first two hours of operation. The maximum 
expected flow in the North Field is 120 gpm; so, the data fran this 
flowmeter are questionable. A review of other days' data reveal the same I 
questionable behavior, which places some doubt in the data for the 
entire month. 
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- TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION 
November 1984 

Date 

11/1 - 11/30 

11/31 

Active2Area 
(ft ) Conments 

33600 Twenty drive rows inoperative 

Tape deck failure - no data 

Row 

BH-55 
BH-60 
BH-65 
BH-66 

BH-68 
BH-71 
BH-77 
BH-78 
BH-82 
BH-83 
BH-84 
BH-87 
BH-88 
BH-90 
BH-91 
BH-92 
BH-100 
BH-102 
BH-103 
BH-106 

TABLE II. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS 
November 30, 1984 

Date of Last Action 

8/16/84 
6/5/84 
8/16/84 
8/16/84 

9/84 
9/84 
8/16/84 
9/84 
9/84 
9/84 
2/16/84 
9/84 
8/16/84 
9/84 
9/84 
8/16/84 
8/16/84 
8/16/84 
8/16/84 
9/84 

Conment 

Water leak on row BH-77 
Hydraulic oil leak 
Water leak at outlet flex hose 
Hydraulic oil leak, water leak at 

outlet flex hose 
Hydraulic oil pump won't start 
Hydraulic 4-way valve won't shift 
Broken receiver tube glass 
Hydraulic oil leak 
Stuck in stow position 
Hydraulic oil leak 
Hydraulic cylinder seal failure. 
Stuck in stow position 
Water leak on row BH-66 
Hydraulic oil leak 
Control board failure 
Water leak at outlet flex hose 
Water leak on row BH-92 
Broken receiver tube glass 
Broken receiver tube glass 
Hydraulic oil leak 
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;===============:==============! 
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leH- ss 

:=:=============~================ 
BH- 76 leH- s• 
BH- 77~~~~BH-

0
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- - - - - - - - - - - - - - - - - - -
TABLE III 

MONTHLY PERFORMANCE SUMMARY TABLE - 11/B4 

I NC ID~H SOLAR EN~RQY 
ON A ON THE 

HORIZ COLL.ECTOR ARRAY COLLECTOR COLLECTOR PARASITIC 
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERGY 

.JULIAN C I > (2) AREA COLLECTED BASED ON Cl) BASED ON t2> USED 
_{?ATE DAY BTU/SOFT BTU/SOFT SOFT KJ3TU 1, x KBJU 
11 / 1 306 1097. 1122. 33600. 8474. 23. 22. 483.8 
II/ 2 307 122. 0. 33600. 0. 0. 0. 16.8 
11/ 3 308 1060. 574. 33600. 5156. 14. 27. 26:J. I ' 
11/ 4 309 110?. 117B. 33600. 1134h. 30. 29. 419. 0 
II/ 5 310 550. 15. 33600. -3777 .. ••• ••• 78.8 
11/ 6 311 690. 282. 33600. -369. ••• *** 264.8 
11/ 7 312 433. 40. 33600. -1333. ••• • •• 104.6 
11/ B 313 589. 0. 33600. 0. 0. 0. 19.7 
11/ 9 314 660. 592. 33600. 4417. 20. 22. 326.6 
11 / 10 315 157. 0. 33600. 0. 0. 0. 23.:Z 
1111 l 316 537. 0. 33600. 0. 0. 0. 23.0 
11112 317 0. 0. 33600. 0. 0. 0. 20.B 
11/13 318 601. 321. 33600. -3962. ••• *** 353.2 
11/ 14 319 685. 142. 33600. -5922. *** ••• 272.3 

(') 11 / 15 320 14 l. 0. 33600. 0. 0. 0. 2:J.2 
I 

11/ 16 321 485. 68. 33600. -16B3. *** *** 100.6 w 
0 11/ 17 322 732. 0. 33600. 0. 0. 0. 2:J. 5 -...J 

11/1B 323 889. 137. 33600. -251. *** *** 1'7.7 
11/1? 324 883. 1120. 33600. '5677. 19. 15. 479.4 
11/20 325 2B::J. e. 33600. -1207. *** *** 86. 5 
11/21 326 598. 477. 33600. 1095. 5. 7. 262.7 
11/22 327 B67. 0. 33600. 0. 0. 0. 28.3 
11/23 32B 489. 0. 33600. 0. 0. 0. 24.8 
11/24 329 546. 0. 33600. 0. 0. 0. 25.4 
11/25 330 721. 277. 33600. 47. 0. l. 145. e 
11/26 331 721. 273. 33600. -3555. *** *** 306.6 
11/27 332 86. 0. 33600. 0. 0. 0. 19.9 
11/28 333 693. 526. :]3600. 41:i!. 2. 2. 277. 5 
11/2? 334 439. 335. 33600. -1627. *** ••• 258.:, 
11/30 335 ------NO DATA AVAILABLE--------------------------·-------------------

TOlALS 16865. 7489. 12938. 2. 5. 4896. 1 
AVG 582. ~:,g_ 446. Ha.a 
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- - - - - - - - - rmrv~ - - - - - - - -
HOURLY PERFORMANCE TABLE - 11/ 4/84(JULIAN DAY 309) 

ARRAY ACTIVE AREA= 33600. SO. FT. 

-1:!.0URkY RADIATION HORJH Flf;LD SOUTH fl!;;bD TOIBL. 5l§!Et! ON A IN THE AVERAGE AVERAGE TOTAL HOURLY HOURLY TIIT,\L 
AVO AVG ttORIZ COLLECTOR AVERAGE OPERATING AVERAGE OPERATINO ENEROY COLLECTOR COLLECTOR EL.EC ENE AMB WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED ARRAY EFF ARRAY EFF urn~D 
TEMP SPD ( 1) (2) OVER HOUR IN OUT OVER HOUR. IN OUT OVER HOUR BASED ON (1) BASED ON (2) OVEn HO 

HOUB E MPH BTU/~GFT BU,l/SOFI GP!j F F GPM E F ~DIU X :& l\!.r[!J 

1 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
3 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
4 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
5 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. () 0 
6 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
7 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0 
8 54. 3. 16. 19. 169. 0. 0. 36. 0. 0. -402. • •• • •• 3 ::i 
9 58. 2. 57. 88. 236. 160. 162. 165. 160. 182. 238. 13. B. 10 7 

10 61. 3. 101,. 139. 128. 181. 187. 263. 181. 181. 1195. 33. 26. 
·~ -11 11 63. 6. 1 'lB 147. 107. 183. 189. 270. 183. 189. 1147. 23. 23. 15 :i 

12 64. 7. 172. 159. 97. 186. 193. 278. 186. 1'13. 1366. 24. 26. 15 f 
13 67. 7. 179. 171. 119. 192. 201. 289. 192. 201. 1939. 32. 34. ,~ t, 
14 70. 6. 168. 174. 127. 200. 211. 296. 200. 21:i. 2520. 45. 43. 15 l: 

(") 15 70. 6. 136. 154. 107. 210. 221. 29B. 210. 220. 2127. 46. 41. IS l:. 
I 16 70. 6. 92. 97. 72. 214. 224. 208. 214. 219. 995. 32. 30. I 1 ~ l,.) 

17 6B. 4. 35. 29. 23. 0. 0. 59. 0. 0. 222. 19. 23. " 1 
0 
\0 18 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 C 

19 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 Cl 
20 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. () 0 
21 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 C 
22 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 C: 
23 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 C 
24 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 C: 

TOTALS 1109. 1178. I 1346. 30. 29. 1 '2 El 
B~!t 6l:I. 5. JiP, l ;}l, 1~9, 191. 198. 233. 191. 200. 1261. I~• _;1 
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APPENDIX D 

COLLECTOR DRIVE ROW MAINTENANCE RECORDS 

Caterpillar Tractor Company plant engineering personnel maintain 
detailed records on all the equipment in their plants. The equipment in 
the solar system were incorporated into this system soon after construc­
tion was complete. 

This appendix contains the maintenance log sheets for each of the 60 
drive rows in the system. Each sheet describes the problems encountered 
with each of the drive rows and explains the maintenance activity to solve 
the problem. The dates of all activities are recorded so that downtime 
may be determined. As in the case of the Monthly Performance Reports, 
Appendix C, these log sheets form an important account of the operation 
and maintenance of a popular form of industrial grade solar equipment. 
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