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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'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 of 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
$3O/ft2 of collector area and the operation and maintenance (0&M) costs
were estimated as 1% of the total installed cost per year.

As & result of this project, these estimates may be refined and the
suitability of solar process heat systems may be more confidently deter-
mined. The actua] 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—ftz 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 Teast monthly. The actual
0 & M costs were $0.25/yr-ft2 while it is estimated that this cost would
increase to approximately $O.65/yr-ft2 if maximum realistic performance
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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. "
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[. 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 arqued 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




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 certainly 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




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-
cedures is presented in Section II as background for the subsequent sec-
tions of this report. The data acquisition system is described in Section
ITI.

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. ‘




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 "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 (0 & 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.




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.

B. Collectors

The CTCo solar system, Figure 2, comprises 360 Solar Kinetics Modé]
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 ftz of collec-
tor area (96 collectors) while the south field has 36960 ft2 of
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FIGURE 2.

AERTAL VIEW

OF CTCo SOLAR SYSTEM COLLECTOR ARRAY



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 aT-
strings (north: 8, south: 22) are piped in parallel between the inlet and
outlet headers. Each of the AT 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 Workhoven [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 1ine. 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



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

Solar Area Ft2

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

89 in.
20 ft.
84.5 in.
140

.84

- 90° Parabolic

102 in.

22° west of North

260°

78° (from horizontal)

53 in.

4.0 1b/ft2

280 1b

560 1b

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/l00 ft at 5 gpm
1-in. Std. Pipe

500°F

250 psi
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FIGURE 4.

COLLECTOR OUTLET MANIFOLD/RETURN LINE PIPING CONNECTION
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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 Tead pump with the other one serving as a
backup. The operation of the pumps is described below under “Controls".

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, "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 programmabie
microprocessor controller. The program for the controller is found in
Appendix A. The controller monitors the status of a 1ight level indica-
tor, rain indicator, wind indicator, flow switches, and a hazard loop of
temperature and pressure switches. If the Tight 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

12
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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 coliectors 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 Tevel of data reduction by computing energy transfers for the vari-
ous parts of the solar system. A1l 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 PDP 11/23 system. The datalogger scanned a
1imited 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. PDP 11/23 Computer and Software

The major components of the PDP 11/23 are shown in the photograph
in Figure 7. This computer system consists of

o PDP11/23 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.

2 RLO1, 5 MB, disk drives with controller.

4 port asynchronous RS232 interface.

Modem interface.

LA36 terminal with graphics modifications.

VT100 with graphics modification, used as system controiler.

A/D cards (2 each).

O O O 0O O o

A1l of this equipment is Digital Equipment Corporation (DEC) equipment
with the exception of the A/D 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-11M 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 DAS 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 dajly 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 l0-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

A1l 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/D 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 DAS
software. The error associated with the A/D was observed to be negligible
in comparison to the transducer/transmitter error level and is ignored
here.

A1l 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 Tow-level
voltage signals are minimized. The current outputs are forced through
precision 500 @ 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
VDC 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: A1l process fluid temperatures are measured with Yé]-
Tow Springs 100 @ platinum RTD's. Yellow Springs RTD transmitters are
mounted with the sensing element to convert the RTD 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 ITI. DAS INSTRUMENT ACCURACY

lnstrument Dala Iransducer Transmitter (4-20 ma) Total Instrument

Number Location Description/Locat fon Type Mode } Range Accuracy Model Range Accuracy Accuracy
TE1O01 14 North Field inlet temperature
TE103 1 North Field outlet temperature
TELOS 5 North Field row outlet Temperature
TEl07 3 North Field row inlet temperature (.18 + .002(T-32))
1E100 31 South Field inlet temperature /71D Yellow Springs 4150-139Af\ -328 - +122°F $0.72°F max imum Yellow Springs 1260 125-300"F 10.18°F 10.9°F
TE102 k) Soulh Field outlet temperature
TEL04 27 South Field row inlet temperature
TE106 33 South Field row outlet temperature]
TELLQ 9 Punp Inlet temperature
TEI12 10 Pump outlet temperature
TE00L 17 Mmbient temperature R1D Hy-Cal RTS-58 -50 - +80°C 10.9 F € 32°F Hy-Cal CT810-C 0-150 F 10.15°F 11.05°F
FE101 15 North Field inlet flow 2* Turbine | Malliburton 55 P/g 40-400 gpm 12 gpm Hoore Ind. FDX/D 0-200/400 Hz 10.44 gpm £2.44 gpm
FEIO3 2 North Field outlet Flow 2" Turbine Halliburton 55 P/g 40-100 gy 12 gpm Moore Ind. FDX/0 0-200/400 Wz 10.44 gpm 12.44 g
FELO5 6 Horth Field row inlet flow 1" Turbine Halliburton 870 P/g 5-50 gpm 10.25 gpm Moore Ind. FOX/C 0-400/800 Hz 10.06 gpm 10.31 gpm
FEL00 30 South Field inlet flow 3* Turbine llalliburton 57 P/g 60-600 gpm 13 gpm Moore Ind. FOX/C 0-400/800 Hz $0.84 gpm $3.84 gpm
FELO2 35 South Field outlet flow 3* Turhine Halliburton 57 P/g 60-600 gpm +) gpm Moore [nd. FDX/C 0-400/300 Wz 10.84 gpm $3.84 gpm
FEI04 20 South Field row inlet flow 1" Turbine Halliburton 870 P/g 5-50 gpm 10.25 gpm Moore Ind. FDX/C 0-400/800 Hz 10.06 gpm 10.31 gpin
PEIOS 7 North Field row intet pressure Strain gage] Sensotec 811 0-150 psig 10.38 psi $0.38 psi
PE107 L} North Field row outlet pressure Straln gage| Sensotec 811 0-150 psig 10.38 psi 40,38 psi
PE104 29 South Field row inlet pressure Strain gage| Sensotec 811 0-150 psig 40.38 psi $0.38 psi
PE106 32 South Field row outlet pressure Strain gage] Sensotec 811 0-150 psig $0.38 psi $0.38 psi
PEI0O 12 Punp inlet pressure Stratn gage| Sensotec 811 0-100 psig 10.25 psi 10.25 psi
PEI02 n Punp outlet pressure Strain gage] . Sensotec 811 0-150 psig $0.38 psi $0.38 psi

~N EP6O1 18 Pylon power 81-90 >Built into transducer N/A N/A 10.015 kw

N £P602 19 Pylon power 59-68 10.015 kw
EP60I 20 Pylon pover 69-80 - Hattmeter RIS PCE30-P3-EQ-CS-XA 066 kw 10.015 kw 10,015 kw
EP6OY 21 Pylon power 47-58 $0.015 kw
EPGOS 22 Pylon power 99-106 10.015 kw
EP606 23 Pylon power 91-98 10.015 kw
EP6O7 24 Pumnp power Wattmeter RIS PCE30-PI-E0-C10-XA 0-12 kw $0.030 kw 10.030 kw
EP609 26 Control power Wattmeter /15 PCE15-P1-EQ-C5-XA 0-1 kw 2 $0.003 kw 2 10.003 kw
1100 9 Total Collector plane radiation | Pyranometer] Eppley PSP 0-2800 w/n2 18.9 Btu/hr ft Transpak TPG601 +.05X 0-600 Dtu/or F12] 10,3 gtusne ££2 | 392 BLusnr 112
Sitol 8 Diffuse collector plane radiation | Pyrancmeter Eppley PSP 0-2800 w/m $8.9 Btu/hr ft Transpak TP60! 1.05% 0-600 Btu/bhr ft2] 10.3 Btushr ft 19.2 Btu/hr 1t
S1102 16 Total Worizontal radiation Pyranometer] Eppley PSP 0-2800 w/m 18.9 Btu/hr ft2 Transpak TP601 £.05% 0-600 BLu/hr ft $0.3 Btu/hr ne 49,2 Btu/hr Ft
WDoo1 25 Wind direction Vane Weather Measure 102P 0-540” 12.5° Weather-Measure MDIO3HF 0-540° t2.5° 15°
wvool 38 Wind speed Anciome ter Weather Measure 102P 0-200 mph $0.25 mph Weather-Measure MD10A-540  0-200 mph 10.25 mph 10.5 mph




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 *1.8°F (maxi-
mum). The ambient temperature is measured with a Hy-Cal shielded ambient
temperature transmitter with an overall accuracy of *1.05°F as

indicated.

Flow: A1l 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: A1l 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. A1l 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 "seen"
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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 1is 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 POP 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/D are extremely high impedance devices (210 Me), 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

TE101 North field inlet temperature
TE103 North field outlet temperature
TE100 South field inlet temperature
TE102 South field outlet temperature
FE101 North field inlet flow rate
FE100 South field inlet flow rate
SI1100 Collector plane total radiation
SIlol Collector plane diffuse radiation
SI102 Horizontal plane radiation
TEOO1 Ambient temperature

Wv001 Wind speed

EP601-EP609 Electrical power to pylons, pumps, and controls
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FIGURE 10.

WEATHER INSTRUMENTS

26



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 B and show that the uncertainty in energy compu-
tations is nominally *3.7% based on instrument precision error only.

As pointed out in the discussion in Appendix B, 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 additiQ
onal 1% of uncertainty is introduced by using the integrated temperature
rather than the discrete values themselves.

27




So, the uncertainty in the calculation of energy delivered by the
collector array is approximately *5% at the system design operating condi-
tions.

28




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

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

system availability =

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

system utilization =

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.

1 EE: ( no. of rows not down for maintenance)
N i

row availability total no. of rows

i=1

row utilization _%r_ :z: ( no. of rows actually operat1ngA)

no. of rows not down for maintenance j
i=1

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
System Row Ares
Month [Availability Utilization] Availability 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 8l.9 39172
5/83 100 100 94.5 44.4 21147
6/83 100 100 96.6 33.1 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. 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 100% 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 100% of the plant's hot water requirements,
as opposed to the 60% 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 inoperativé 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
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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 Towered 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 1ine 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. N, was accumulating
in the collector rows overnight. The plant's N, over-
pressure system, which is necessarily at a lower eleva-
tion than the collectors, was modified to correct the
problem.

34




12/82 -

1/83
2/83

3/83

3/83-6/83

7/83

8/83-10/83

11/83 -

12/83-7/84 -

Central controller light sensitivity circuit modified to
more accurately control the light level threshold.

Normal operation.

Inconsistent startup sequence was observed. Radiation
sensor threshold and focusing adjusted. Focusing/de-
focusing cycles observed.

Focusing/defocusing cycles observed.

Deactivated selected rows to prevent transient operation
(focusing/defocusing).

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

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.

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.

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 probiem 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 11/27/83-11/30/83 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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TABLE IV. SYSTEM MAINTENANCE SUMMARY

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 [4 [] 0
System u u u u u u u u 5-31 u u u u 13-30 D u u u u u [ u | wu u 6-20,28-31 u u u
Row BH-
13 - 13 13,21 D 21 21 21 21 21 21 21 01 01 (0] 01 01
47 u u u ‘u u 7-31 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 0 u u 25-30 D 1-31 D 1-30 O 1-31 D 1-1 D u u u
T T T T 22 22 k73 22 22
48 u u u u u u 13-31 D[ 1-30D 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
T T T T T T,11 D 11 11 11 11 11
49 u u u u u u 13-31 D} 1-30D 1-31 D 1-31 D 1-30 D 1-3,27-31} 1-30 D 1-31 0 1-31 0 1-29 D 1-5D u u u u u u u u
T T T y
50 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
T T T T T T 22 22 22 22 22 22 22
51 u u u u u u 13-31 D} 1-30D 1-31 D 1-31 D 1-30 D 1-3 D u u u u u 24-3¢ 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 oy 13-31 0] 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
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
T T T T T T
54 u u u u u “u 13-31 D[ 1-30D 1-31 D 1-31 0 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
55 u u u u u Sy 13-31 0| 1-30D 1-31 D 1-31 D 1-30 D 1-3 D n u u u u u u u u 16-31 D 1-30 0 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 I u u u u u u u u
T T T T T T
57 u u u u u u 13-31 D | 1-30 D 1-31 D 1-31 0D 1-30 D 1-10 D u u u u u u u u u u u u u
e T T T T 11 11 1i
58 u u u u u 26-28 D 13-31 D | 1-20D 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 . 26-30D 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 1-300 1-31 D 1-30 D 1-31 D 1-6 D u u u
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 0 1-31 D 1-30 D 1-10 D u u u u u u u 5-30 D 1-31 0 1-31 D 1-30 D 1-31 0 1-30 D
T T T T T T T )
61 u u u u u 26~30 D 1-31 D 1-30 O 1-31 D 1-31 D 1-30 0 1-3 D u u u u u u - u u u u u u u
T T
62 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 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 .
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 1-5D u u u u u u u u
T T 22 22 22
65 u u u u u - 28-30 D 1-12 0 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 h T T T T . 2l 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 1-3D u u u u u u u 6-30 D 1-31 0 1-31 b 1-30 D 1-31 0 1-30 D
- T 13 13,7 T T T T 13 j )
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 ©28-30D 1-12 D u u u u u u u u u u u u y u u 1-30 D 1-31 D 1-30 D
. 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 1-31D 1-30 D 1-31 0 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
37




TABLE IV. SYSTEM MAINTENANCE SUMMARY (CONTINUED)

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun dJul 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
Row BH- .
. T T T T T 22 22 22 22 22
70 u u u u ' u 28-30 D | 1-31 D 1-30 D 1-31 D 1-9D 28-30 D 1-31 D 1-30 D 1-31D 1-11 D u u u u u u u u u u
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 1-3D u u ' u u u u u u u 16-31 D 1-30 D 1-31 D 1-3¢6 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
73 u u u U u © 28-30D|1-31D 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 0 u u u u u u u u u u u u u
j T T D T T 21 21 21 21 21
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 P 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 1-31D 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 0 1-30 D 1-3D u u u u u u | u u u 16-31 D 1-30 D 1-31 0 1-30 D
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 0 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 . 28-30D31-31 D 1-30 D 1-31 0 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
80 u u u u u 26-30 D |1-31D 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 |1-100 u 7-31 D 1-31 D 1-30 D 1-3D u u u u u 7-30 0 1-10 D u u u u u u
T T T T T T T 13 13 13 13 13 13
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 21 21 01 21 21 21
a3 u u u u u 26-30 D |1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3D u u u u 9-31 D 1-30 D 1-31 D 1-6 D u 16-31 D 1-30 0 1-31 D 1-30 D
i T 21 21 21 21 21 21 21 21 Z1 21 21 21 21 21 21 21 21
84 u u u u u 26-30 D }1-12 D u 3-310 1-31 D 1-30 D 1-31 D 1-30 D 1-31 D 1-31D 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
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 1-36 D 1-31 D 1-31D 1-30 D 1-10 D u u u u u u u u u u u u u
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 Tu 1-30 0 1-31D 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 26-30D1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-3D u u u u 9-31D 1-30 D 1-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-310 1-30 D
T T T T T T T ‘
89 u u o 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 1-31D 1-30 D
T . 14 14 14
91 u Sy 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
12 12 12 T T T T T T T T 22 22 22 22
92 u u 28-31 0 1-28 D 1-6 D 14-24 D | 26-31 D 1-30 D 1-31 0 1-31 D 1-30 D 1-31 D 1-30 D 1-4 D u u u u u v u 16-31 D 1-30 0 1-31 D 1-30 D
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TABLE IV. SYSTEM MAINTENANCE SUMMARY { CONCLUDED)
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 a3 83 83 83 83 83 83 83 83 83 83 84 84 84 84 84 84 84 84 84 84 84
Row BH-
T -
93 u u u u u 14-24 u u u u u u u u u u u u u u u u u u u
21 21,11 D 11 11 11 11 11,TD T T
94 u u u u u 14-31 1-10,11-31{ 1-30 D 1-31 D 1-31 D 1-30 D 1-26,27-3111-30 D 1-4 D u u u u u u u u u u u
T -
95 u u u u u 14-24 u u u u u u u u u u u u u u u u u u u
T T T T T T T T T
96 u u u u u 14-24 26-31 D 1-30 D 1-31 D 1-31 D 1-30 0 1-31 D 1-30 D 1-4 D u u u u u u u u u u u
T
97 u u u u u 14-24 u u u u u u u u u u u u u u u u u u u
T T T T T T T T T
98 u u u u u 14-24 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 u u u u u
T
99 u u u u u 14-24 u u u u u u u u u u u u u u u u u u u
T T T T T T T T T
100 u u u u u 14-24 26-31 D 1-30 D 1-31 D 1-31 D 1-30 D 1-31 D 1-30 0 1-4 D u u u u u u u u u u u
T
101 u u u u u 14-24 u u u u u u u u u u u u u u u u u u u
T - T T T T T T T T 01 01 01 01
102 u u u u u 14-24 26-31D 1-30 D 1-31 D 1-31D 1-30 0 1-31 D 1-30 D 1-4 D u u u u u u u 16-31 D 1-30 D 1-31 D 1-30 D
T 01 01 01 01
103 u u u u u 14-24 u u u u u u u u u u u u u u u 16-31 D 1-30 D 1-31 D 1-30 D
T T T T T T T T T
104 u u u u u 14-24 26-31 D 1-30 D 1-31D 1-31 D 1-30 D 1-31 D 1-30 D 1-4 D u u u u u u u u u u u
T
105 u u u u u 14-24 u u u u u u u u u u u u u u u u u u u
T T T T T T T T T 01 21 21 21
106 u u u u u 14-24 26-31 D 1-30 D 1-31 D 1-31 0 1-30 D 1-31 D 1-30 0 1-4 D u u u u u u u 16-31 D 1-30 0 1-31D 1-30 D
LEGEND:
Numbered Codes: Letter Codes:
01 - Tube Broken - Short (s) T - row down to prevent unfocusing/focusing cycles
02 - Tube Broken - Long (L) 1 - intermittent system operation during temporary plant shutdown, Jul '83
03 - Tube Defect - Short C - system down because of central controller failures
04 - Tube Defect - Long V - system down because of pump check valve failure
05 - Support Bracket Broken
06 - Mirror Damage - Severe
07 - Mirror Damage - Minor
08 - Interference - Give Clearances Example:
11 - Tracking Problem
12 - Electrical Short Row 94 in Oct '83 was down from 10/1/83-10/26/83 due to circuit board
13 - Switch Defect failure and was down from 10/27/83 to 10/31/83 to prevent focusing/
14 - Circuit Board Problem unfocusing cycles.
21 - Hydraulic Leak
22 - Water Leak
23 - Accumulator Low
24 - Pump Problem
25 - Low Hydraulic Fluid
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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.

DAS Operation and Maintenance

The DAS operated continuously from November 13, 1982 to November
30, 1984 with 1ittle 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 PDP 11/23 repaired 1/20/83, datalogger installed
TE102 bad

2/83 TE102 repaired 2/1/83

3/83 FE100 bad
POP 11/23 down 3/1-3/11 due to disk failure
datalogger provided data

4/83 FE100 bad

5/83 FE100 bad
TE103 bad 5/24-5/31

6/83 FE100 bad
TE103 bad 6/1-6/16, repaired 6/16/83
PDP 11/23 down 6/3-6/15, datalogger provided data

7/83 FE100 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 FE100, FE101 bad
10/83 FE100, FE101 bad
11/83 FE100, FE101 bad
12/83 FEl100, FE101 bad

1/84 FE100, FE101 repaired 1/11/84
PE105 replaced 1/11/84

2/84 FE102, FE103 bad
SI100 bad

3/84 SI100 transmitter replaced 3/6/84
FE102, FE103 bad

4/84 DAS room transformer failed, 2 days lost
5/84-9/84 FE102, FE103 bad

10/84 FE101 transmitter erratic at "no-flow" conditions
FE102, FE103 bad
POP 11/23 down 10/9/84-10/30/84, datalogger
provided data

11/84 FEL0l transmitter erratic at "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 Days (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 "real-world" 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 obvious
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.

B. 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.
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TABLE VII.

MONTHLY PERFORMANCE SUMMARY

Solar Radiation

Horizontal Collector Energy Parasitic Net
Plane Plane Collected Energy Efficiency
Month KBTU KBTU KBTU KBTU %
11/82 391810 133711 47608 1585 34
12/82 474678 96163 13484 2014 12
1/83 445067 63158 8789 1617 11
2/83 981288 250873 43543 4930 15
3/83 1694035 363807 82186 5532 21
4/83 1744847 464757 150137 6608 31
5/83 1066238 573525 209656 3367 36
6/83 1178477 932791 359520 3431 38
7/83 1098119 136919 46287 1388 33
8/83 1238806 495661 145575 6761 28
9/83 938506 447359 110716 5374 24
10/83 1144003 567150 81471 6543 13
11/83 664724 114799 20025 2350 15
12/83 644666 139596 3656 3486 0
1/84 712419 589426 51123 - 10216 7
2/84 289733 469018 115919 8574 23
3/84 1571822 807705 137363 11086 16
4/84 3123990 684755 204418 11295 28
5/84 3020591 1492683 490200 17861 32
6/84 2226525 1224822 396602 13778 31
7/84 2977251 1395342 413970 18097 28
8/84 2420360 1072352 221542 11899 20
9/84 1601544 1060248 222613 12534 20
10/84 1159435 756672 168410 10757 21
11/84 566664 251630 12938 4896 3
TOTAL | 33375688 14053922 3757761 185979 5
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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, 1ike 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. Basically
the code is divided into three sections,
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o Simulation control
0o 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 Workhoven [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

2
_ a AT SAT?

where
collector efficiency

3
{]

Ti + TO
AT = — - Tm
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T: = collector inlet temperature, °F
T, = collector outlet temperature, °F
T = ambient temperature, °F
I = collector plane radiation, Btu/hr-ftz
A = 0.7368
A, = 1.328 *107% 1/°F
Ay = 3.187 *1072 Btu/hr-ft2-°F
Ay = 1.283 *107% Btu/hr-Ft2-°F2
Fp = dust buildup factor = 0.95 for newly
washed surface
= dust buildup factor exponent = 1,72
= optical Toss coefficient = Kg Ky Ke
K. = fraction of collector not shaded by
adjacent row
K, = end loss coefficient
Ke = 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, Ay - A4, are determined by multiple re-
gression analysis of experimental data for a clean collector operating for
short periods at steady conditions. The terms, FD and a, are determined
from long term performance data and historical mirror reflectance degra-
dation measurements. The factor, K;, involves some rather complicated
geometric considerations which will not be discussed here.

In the computer model the dust factor, FD is chosen by the user to
meet his particular needs. A wash cycle can also be specified so that
daily varijations of FD 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.

Q = nl
Q = mcp (To-T3)
where
Q = energy collected, Btu/hr
m = mass flow of collector fluid, 1bm/hr
Cp = specific heat, Btu/1bm-°F

It is seen that this process is an iterative one since T, 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

Q = ULaT
where
Q; = heat loss from pipe, Btu/hr
= linear heat loss coefficient, Btu/hr-°F-ft of pipe
= length of pipe run, ft
AT = 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 fliow 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-
1ng the month, the optical efficiency term, Ang, was adjusted from the
test stand value. The value of Ang 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 [7] 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 Teads 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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i
I TABLE VIII. Actual and Predicted Performance for One Year of Operation
l Radiation , Enerqy Output
Collector-plane Predicted
1983 1983 With Full With Scaled
l Actual T™Y Ratio [Actual,_ |TMY Radiafion { TMY Radiation
Month [Btu/ft2 | Btu/ft2 Btu/ft2|  Btu/ft Btu/ft
i Jan | 1256 17800 | 0.070 175 3510 246
Feb 5064 - 23500 0.215 879 6040 1299
l Mar 7241 33500 0.216 1636 10200 2203
l Apr | 11864 52600 0.226 3833 18900 4271
| May | 27121 59400 0.456 9914 22700 10351
l Jun | 57883 61700 0.938 22310 24100 22606
Jul* | 32586 63300 0.515 9668 24700 12721
I Aug | 26352 60799 0.433 7740 23100 10002
l 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
I Total |215027 | 495399 | 0.434 | 64860 167680 77754
i
* July 1984
i
i
i
1
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efficiency, Ang,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 [2]) the CTCo
solar system was constructed at a cost of approximately $2.5 million.
Caterpiilar 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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CS = CO + CL + CT + CE + CR - CC - CS
where
CS = annual Tevelized cost of the solar energy
Cy = annual operating expenses
C_ = cost of retiring a l1oan used to purchase the system
Cy = tax on the revenue due to fuel savings

CE = equity repayment
Cp = cost of major component replacements
Cg = 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 CS 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 = 0
salvage value = 0
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
CTCo'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-
Jectors. 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-
jcal data on the maintenance and operating requirements 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
jssues 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 Ticense; 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 "stow" 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 "stow" 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 "stow" 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 faiiure.

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 vaives are
placed at the outlet of each of the two fields of the collector array.
These valves 1imit 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
js 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 1ine of the mirrors.

Finally, all pertinent codes and regulations were strictly followed
during the design and construction of the solar system. In addition,
Caterpiilar 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 1ikely 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 0 & 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 10%.
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
jssue 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 listed here is for the Minarik Electric Model WP600O
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 0O & M Manual for a complete description of this equipment.
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Output Relay

Settings
Step Statement 0123 Comment
1 L= 5 - -
2 IFO -6
3 SS 30.00
4 IFO+6
5 GO 70 01
6 SS 60.00
7 L+2
8 IF1-10 Wind check
9 GOTO1 -
10 SS 01.00 + + Start all pumps
11 MS 02.00 - -+ + 2 min. pump run
12 IF 2+ 14 T & P check
13 GO TO 75 Shutdown
14 IF 3 -~ 18 Flow check
15 SS 15.00
16 IF 3 -~ 18
17 GO TO 75 Shutdown
18 L =236 + 4+ + + Track from stow (3 minutes)
19 IF 0 - 23 Light check
20 SS 15.00 -+ + + 15 sec. 1ight off (dead band)
21 IF 0~ 23 + + Light check
22 GO TO 49 Shutdown
23 IF 1+ 25 Wind and rain
24 GO TO 75 Shutdown
25 IF 2 - 29 T & P check
26 SS 03.00
27 IF2+29 ++ + + Track from stow routine (con't)
28 GO TO 66
29 IF 3 -~ 33
30 SS 03.00
31 IF 3 - 33
32 GO TO 75
33 SS 05.00
34 L~ 19
35 IF 0 - 39 + -+ + Auto track
36 SS 15.00 -+ + +
37 IF 0 - 39 + +
38 GO TO 49
39 IF 1 ~ 41
40 GO TO 75
41 IF 2 » 45
42 SS 03.00
43 IF 2 ~ 45
44 GO TO 66 Over temp routine
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Output Relay

. Settings
Step Statement 0123 Comment
45 IF 3 -~ 35
46 SS 03.00
47 IF 3 + 35
48 GO TO 75
49 L =179 -+ + + Dead band
50 IF 0 » 52
51 GO TO 54
52 SS 15.00 -+ + +
53 IF O+ 18
54 IF 1 - 56
55 GO TO 75
56 IF 2 ~ 60
57 SS 03.00
58 IF 2 - 60
59 GO TO 66
60 IF 3 - 64
61 SS 03.00
62 IF 3 -~ 64
63 GO TO 75
64 GO TO 77
65 GO TO 75
66 L =60 -+ + + Over temp. routine
67 SS 03.00 - - -+ Stow (3 sec.)
68 IF 2 - 18 -+ + +
69 SS 30.00
70 IF 3+~ 74
71 SS 03.00
72 IF 3+ 74
73 GO TO 75
74 L » 68
75 MS 10.00 - - - - Shutdown sequence
76 GO T0 1
77 SS 05.00
78 L - 50
LEGEND:
Output OQutpuy] 1
Relay Relay Input
Function 01 Function 2 3 Function Retay
Stow - - Track ready + - Light 0
Deadband -+ Pump on -+ Wind/Rain 1
Auto track + - Temp/Press 2
Track from stow + + Flow 3
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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
1s the result of several factors which are described in detail by Moffat
[11] and Abernathy, et.al. [12]. 1In the case of the measurements made
with the CTCo DAS, individual instrument accuracy, calibration errors, and
data reduction errors are most important.

The energy delivered by the collector array is determined from

Q=m (hy - hy)
where
Q = energy delivery
m = mass flow of water
hO = enthalpy of water at outlet
h; = 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 DAS to

o]
[

=V (o) (Tg - Ty)

where
density of the fluid
p specific heat of the fluid

(@]
©
n 1]

Following Moffat [11] and Abernathy [12] the uncertainty, € in the
computed value of Q is given by
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1/2
3 2 3 2 3Q 2 3Q 2
qQ° (—33" Ev) ¥ ( 2(oC) €ocp> ¥ ( 3T ETg) ¥ ( 3T, ET1.>

where
3
2L < (o0p) (T,- T,)
a —
m%q =V (0= T)
239
: aTb =V (Dcp)
|
| 2Q
| T, 'v(pcp)
ey = uncertainty in measurement of fluid flow
€0Cp = uncertainty in computation of density-specific heat product
er = uncertainty in measuring temperature

The uncertainty in flow measurement, ey and temperature, er, are
those values given in Table Il for the particular flow meter and
temperature sensor in question.

The uncertainty in computing the density-specific heat product, ¢
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.

oCp,

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

pCp = 526.45 - 0.10106 (TO + Ti)
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where temperature is measured in °F and (pCp) 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 (pCp) 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 pre&ision 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

LO
1]

v [(oh)o - (oh)i]

where ph = volumetric enthalpy

In this case the uncertainty in Q, €’ is given by

' 1/2
2 2 2
& © (‘3%‘ ev) *( 3a(ph)o Eph> * < aath)i €ph>

where —33— = (oh), - (oh),
3
B(Dh)o v
2 i
3(Dh)i =

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 "table look-up" so that no enthalpy-temperature
correlation is required. The uncertainty associated with the tabulated
values of enthalpy is less than +0.05 Btu/1bm, 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,_—éi%ﬁl—, 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, —éf%hl—, of vo]ume@ric enthalpy to temperature has a maxi-
mum of approximately 460 a%%%ﬁglg—.
temperature is +0.9°F as listed in Table II the maximum error in volu-

. . _ Btu-min
metric enthalpy e h 1S estimated to be +414 gal-hr -

So, if the precision error in

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

Vv = 450 gpm
i = 195°F
To = 235°F
Btu-min
E(ph) = £414 mr— from above
ey = +6.28 gpm from Table II

Substituting these values into the equations above yields

Q = 450 (96601.7-78769.0) = 8024715 Btu/hr
—38— = 96601.7 - 78769.0 = 17832.7 %_m_"
T?‘SW = 450 —I%%
S = 450 i

i

A {[(17832.7)(6.28)] 2+ [(as0)(420) ]2 + [(-a50) (410)] 2}1/2

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.

[t 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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- Department of Mechanical Sciences
January 10, 1983
Monthly Progress Report No., 34
Reporting Period November 20, 1982
through December 17, 1982

CONTRACT TITLE AND NUMBER:

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.

SUMMARY STATUS ASSESSMENT AND FORECAST:

The central controller light switch problem cited in the previous
report has been isolated and resolved by CTICo personnel. The solution
involved replacing the l-turn, 10k light semsitivity 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.

., TEXAS, AND WASNHNINGTON, 0.C.



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.

Very truly yours,

Research Engineer

APPROVED:
/ ,
] 1, 4 !
/// 4 -
Pl L e LS

Danny M. Deffenbaugh
Project Manager

SF/pn
Enclosures

ce: Dr. R. L. Bass, SwRI
Ms. C. L. duMenil, SwRI
Appropriate DOE Personnel
Solar IPH Technical Advisors

|
Steven T. Green
|
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POST OFFICE DRAWER 28810 ¢ 6220 CULEBRA ROAD » SAN ANTONIO, TEXAS, USA 78284 » (512) 684-8111eTELEX 78-7387

Department of Mechanical Sciences

February 18, 1983

Monthly Progress Report No. 35

Reporting Period December 18, 1982
through January 21, 1983

CONTRACT TITLE AND NUMBER:

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

S
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Caterpillar Tractor Co. February 18, 1983
DE-FC030CS30309, SwRI Project 06-5821 Page 2
Progress Report No. 35

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 CTICo'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.
Very truly yours,
Research Engineer
STG:dle
Encl.

ce: Dr. R. L. Bass, SwRI
Ms, C, L., duMenil, SwRI
Appropriate DOE Personnel
Solar IPH Technical Advisors

| Steven T. Green
APPROVED:

7
Ly Tl
Danny M. Deffenbdugh~*
Project Manager
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POST OFFICE DRAWEN 28810 » 6220 CULESRA ROAD * SAN ANTONIO, TEXAS, USA 78284 ¢ (812) 684-5111eTELEX 78-7287

Department of Mechanical Sciences
March 16, 1983

Monthly Progress Report No. 36
Reporting Period January 22, 1983
through February 18, 1983

CONTRACT TITLE AND NUMBER:
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 Culedbra Road
San Antonio, Texas
CONTRACT PERIOD: September 12, 1979 to September 20, 1983
CONTRACT OBJECTIVE CHANGE: None
TECHNICAL APPROACH CHANGE: None

CONTRACT TASKS:

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

Work 1s progressing on the changes to the DAS software which were
requested by CTCo personnel during the last site visit. These should be in
place by the end of March.

SUMMARY STATUS ASSESSMENT 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 prob-

lem is being investigated by CTCo. Other than this, no other problems have
been observed with the solar system in the past month.

., TEXAS, AND WASMINGTON, O.C.




Caterpillar Tractor Co. March 16, 1983
DE=-FC030CS30309, SwRI Project 06-5821 Page 2

A site visit is planned in March to install the new DAS software.
As this work progresses a firm date will be identified for this visit.

Yours very truly,
Steven T. Green

Research Engineer
STG:dle

Encl.

ce: Dr. R. L. Bass, SwRI
Ms. C. L. duMenil, SwRI
Appropriate DOE Personnel
Solar IPH Technical Advisors

APPROVED:

5&141Q13.15vkiﬁé-;?1”
Danily M. Deffenbaugh’
Project Manager
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- Departaent of Mechanical Sciences
April 4, 1983
Monthly Progress Report No. 37
Reporting Period February 19, 1983
through March 18, 1982

CONTRACT TITLE AND NUMBER:

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 DAS software changes requested by 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 ASSESSMENT 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.

., TEXAS, AND WASMHMINGTON, O.C.




Caterpillar Tractor Co, April ¥, 1983
DE-FC030CS30309, SwRI Project 06-5821 Page 2

A site visit is planned for April 4. The objectives of this trip

are:
o Install new version of DAS software
o Instruct CTCo personnel on operation of DAS
o Install new model central controller light switch
o Inspect collector field for proper performance
Respectfully submitted,
Steven T. Green
Research Engineer
STG:dle
Encl.

ce: Dr. R. L. Bass, SwRI
Ms. C. L. duMenil, SwRI
Appropriate DOE Personnel ,
Solar IPH Technical Advisors

APPROVED:

= 0,

Danny M. Deffen ugﬁ
Project Manager
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. Department of Mechanical Sciences
April 15, 1983

Mr,. Stan Herron

U. S. Department of Energy
Albuquerque Operations Office
Energy Programs Division

P. 0. Box 5300

Albuquerque, NM 87115

SUBJECT: Monthly Performance Reports No. 1-4, Caterpillar Tractor

Company Solar Process Heat System, San Leandro, California
SwRI Project 06-5821

Dear Mr. Herron:

Please find enclosed copies of the subject reports. These reports
summarize the performance of the solar system at the Caterpillar Tractor
Company, San Leandro, California.

These reports have been withheld from distribution pending our own
review of the collector system operation and the operation of the data
acquisition. The intent of this review was to verify 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 for
improvement in overall system operation. These problem areas were resolved
as of that time with plans made to monitor their status for future action.
These problems included

0 misaligned central controller light switch,

0 unfocused collesctor bows,

o

faulty flowmeter operation,

o overtemperature conditions,

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

c-10
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Monthly Performance Reports No. 1-4 April 15, 1983
Page 2

If you have any questions regarding these reports or the solar
system installation at Caterpillar, please call me at (512) 684-5111,
extension 3519, or Danny Deffenbaugh, Project Manager, at extension 2384,

Respectfully submitted,

See b

Steve Green

Research Engineer
SG:dle

Enclosure

ce: R. L. Bass, SwRI
D. M. Deffenbaugh, SwRI
Bill Belke, CTCo, Peoria
Don Lucas, CTCo, San Leandro
J. M. Greyerbiehl, DOE Washington
V. A. Chavez, DOE Albuquerque
J. A. Leonard, Sandia
P. J. Eicker, Sandia
E. L. Harley, Sandia
J. K. Roberts, ETEC
W. D. Grant, Tech Reps
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MONTHLY REPORT #1

REPORT PERIOD: November 12, 1982 - November 30, 1982
REPORT NO.: CTCo-1

DOE CONTRACT NO.:  DE-FC03-79C530309

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 Rd.
San Antonio, Texas 78284
Contact: D. Deffenbaugh, 512/684-5111, ext 2384

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

Application: . Preheat of process hot water for parts
washing.
Site: 37° 44 N. Latitude, 122° 15' W,

Longitude, Elevation = 108°.

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

Auxiliary Fuel: Natural gas.

Collectors: 50400 ft2 of Solar Kinetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal on N-S axis, 30 AT
strings € 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 £t2).

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpm.

Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
Btu/br, peak daily - 78.6 x 100 Btu/day.

Phase 1 Cost (Design): $143,045

Phase 2 Cost (Comstruction): $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.

PARABOLIC TROUGH
SOLAR COLLECTORS

CIRCULATION PUMP
450 gpm

c-13
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III. ngratipg Experience

The collector 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 Summary

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.
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TABLE I. MONTHLY PERFORMANCE SUMMARY TABLE - 11/82

INCIDENT SOLAR ENIRGY

(iN A IN QIE _
HORIZ COLLECTOR COLLECTOR COLLECTOR PARASITIC
SURFACE PLANE ENERGY ARRAY EFF. ARRAY EFF.  ENENGY EMNFRGY
JULIAN (1) (2) COLLECTED BASED ON (1) BASED ON (2) DEL IVERED USED
DAY  (DATE) KBTU/SGFT KBTU/SAFT  KBTU/SGFT % % KBTU/SGFT  KBTU/SGFT .
30% 11/ 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
306 11/ 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
307 11/ 3 0.0 0.0 0.0 0.0 00 0.0 0.0
308 11/ 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
309 11/ 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
310 11/ & 0.0 0.0 0.0 0.0 0.0 0.0 0.0
313 117 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
312 11/ 8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
313 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 0.0
a 315 11711 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 316 11712 0.0 0.0 0.0 0.0 0.0 0.0 0.4
o 317  11/13 1005. 0 752. 3 272. 4 27.1 3. 2 272. 4 1.7
318 11/14 976. 8 501. 5 210. 5 21. 4 36.2 210. 5 1.7
319  11/15 896. 7 503. 3 154. 1 17.2 30. 6 154. 1 1.6
320 11716 822. 8 632. 5 238. 5 29.0 37.7 238. 5 1.6
3z 11717 131. 6 0.0 0.0 0.0 0.0 0.0 1.2
322 11718 108. 0 0.0 0.0 0.0 0.0 0.0 1.4
323 11/19 286, & 406. 1 154. 2 17. 4 38. 0 154. 2 2.
324  11/20 894. 4 502. 7 195. 6 21.9 a8. 9 195. 6 1.9
325 11/21 736. 5 120. 9 41.4 5. 6 34.3 414 1.5
326 11/22 144. 5 02 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 1.3
328 11/24 450. 6 11.8 0.0 0.0 0.0 0.0 1.3
a2y 11725 885. & 0.6 0.0 0.0 0.0 0.0 1.4
a3 11726 476.3 0.3 0.0 0.0 0.0 0.0 1.3
331 11727 234. 4 0.6 0.0 0.0 0.0 0.0 1.3
a3z  11/20 211.9 0.0 0.0 0.0 0.0 0.0 1.3
333 11729 151. 7 0.0 0.0 0.0 0.0 0.0 0.7
334 11/30 185 4 0.2 0.0 0.0 0.0 0.0 0.1
TOTALS 9688, 1 a513. 3 1066, 7 13,1 6.1 1266, 7 9.1
AVE 509. 9 104. 9 bé. 7 &66.7 1.3
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MONTHLY REPORT #2

REPORT PERIOD: December 1, 1982 -~ December 31, 1982
REPORT NO.: CTCo=-2
DOE CONTRACT NO.: DE-FC03—7QCS30309

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
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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 (Comstruction):

Prebeat of process hot water for parts
washing.

37° 44' N. Latitude, 122° 15' y.
Longitude, Elevation = 1087,

Peak energy requirement is 9 x 105 Btu/hr
of hot water at 235°F. The solar systen
will deliver a maximum of 8.6 x 106 Btu/hr.

Natural gas.

50400 ft2 of Solar Kinetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal on N-§ axis, 30AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 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 traéking 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

PARABOLIC TROUGH
SOLAR COLLECTORS

VALVE

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-turn trim pot in the central controller light switch circuitry was
replaced with a 10-turn 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 unresolved 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 the
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 monitored.

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 algorit
for the routines which produce the two different summary 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,

hms

Cc-22



TABLE I. MONTHLY PERFORMANCE SUMMARY TABLE - 12/82

INCIDENT SOLAR ENERGY

ON A IN THE
HOR1Z COLLECTOR COLLECTOR COLLECTOR PARASITIC NO. OF
SURFACE PLANE ENERGY ARRAY EFF. ARRAY EFF. ENERGY ENERGY CHANCES OF
JULIAN (1) T (2) COLLECTED BASED ON (1) BASED ON (2) DELIVERED USED MISSING
DAY (DATE) KBTU/SGFT KBTU/SGFT HKBTU/SGFT % % KBTU, /SGFT  KBTU/SGFT DATA
33as 127 1 771. 2 192. 7 92. 9 12. 0 48. 2 92.9 2.1 2.0
3346 127 2 245. 2 0.1 0.0 0.0 0.0 0.0 1.2 0.0
337 127 3 753. 2 251. 6 63.7 8.5 25.3 63.7 2.0 2.0
338 127 4 441. 2 83. 4 5.1 1.2 6.2 5.1 1.9 2.0
339 127 5 433.5 77. 1 1.6 0.4 2.0 1.6 1.7 Q.0
340 127 & 246. 9 0.2 0.0 0.0 0.0 0.0 1.1 0.0
341 127 7 B14.7 278. 6 75.8 9.3 27.2 75.8 1.9 0.0
342 127 8 847.7 475.3 109. 6 12.9 23. 1 109. & 2.1 0.0
343 127 9 761. 3 63.8 11. 2 1.5 17. 6 11.2 1.5 1.0
344 12710 772. 9 6.7 0.0 0.0 0.0 0.0 1.4 0.0
@ 345 12711 707.3 0.0 0.0 0.0 0.0 0.0 1.3 0.0
N 346 12712 539. 8 0.5 0.0 0.0 0.0 0.0 1.2 0.0
347 12713 711. 2 387. 4 97.9 13.7 25.2 97.5 1.9 0.0
348 12714 3683. 8 0.7 0.0 0.0 0.0 0.0 1.1 0.0
349 12713 233. 4 0.2 0.0 0.0 0.0 0.0 1.1 0.0
350 12716 a78. 5 16. 8 0.2 0.1 1.3 0.2 1.3 0.0
a51 12717 622. 9 420. 9 118. 3 19.0 a28. 1 118. 3 1.5 0.0
asz 12718 739. 2 0.7 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 1.3 0.0
354 12/20 146. 5 0.1 0.0 0.0 0.0 0.0 1.2 0.0
355 12721 18. 8 0.1 0.0 0.0 0.0 0.0 1.2 0.0
ass 12722 117. 8 0.0 0.0 0.0 0.0 0.0 0.8 0.0
357 12723 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
as8 12/24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
359 12725 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
360 12726 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
361 12727 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
362 12728 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 0.0 0.0 0.0
3464 12730 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
TOTALS 11430. 1 20257. 575.8 5.0 25. 5 975. 8 321 7
AVG 519. 5 102. & 26. 26 1.5
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TABLE II. CLEAR DAY PERFORMANCE TABLE - 12/8/82 (JULIAN DAY 342)

INCIDENT SOLAR ENERGY NORTH FI1ELD SOUTH FIELD TOTAL SYSTEM
ON A IN THE COLLECTOR COLLECTOR
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR
AMB WIND SURFACE PLANE ARRAY TEMP ARRAY TEMP ENERGY ARRAY EFF. ARRAY EFF. PARASITIC
TEMP SPD 1) 2) FLOW RATE IN ouT FLOW RATE IN OUT COLLECTED BASED ON (1) BASED OGN (2) ENERGY
HOUR F MPH BTU/HR-FT2 BTU/HR-FT2 GPM F F ePM F F BTU/HR-FT2 % p 4 BTU/HR-FTR

1. 43.9 13.2 0.0 00 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.1

2. 47.0 15.0 0.0 0.0 00 00 0.0 0.0 0.0 00 00 00 00 01

3. 46.6 16.8 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 01

4. 46.5 14.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0a 0.0 0.1

5 46.6 11.6 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.1

6 465 7.3 0.0 0.0 0.0 00 00 0.0 0.0 00 00 00 0.0 0.1

7. 46.6 57 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.1

8. 47.7 9.4 3.8 0.0 00 0.0 00 0.0 0.0 0.0 0.0 00 0.0 01

9 50.8 10.1 51. 4 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 01

10. 93.0 4.9 100. 0 33. 5 51.3 126.93 110.0 130 64 126.1 90.2 0.2 0.2 0.9 0.2

11 896.2 14.7 129. 4 77.1 103. 4 214.8 213. 4 267. 9 214.3 173. 6 6.3 4.9 0.2 0.3

12 37.&6 11. 3 146. 8 95.9 93. 1 184.1 186. 4 269. 1 202.0 204. 1 9.8 67 10.3 0.3

13 60.8 13. 6 145. 7 157. 0 120.1 226.9 239.2 328.0 226. 1 237.7 97.2 39.3 36. 4 0.1

(@] 14 60 6 12. 9 128. 1 96. 4 118.1 228.8 237. 1 329. 3 229.4 143.9 33. 4 26. 1 4.6 0.3
,'Q 13 59.9 9.9 92. 9 7.9 118. 6 223.8 226. 8 328. 0 223. 4 200.2 3.4 36 44. 4 0.1
o)) 16 58.0 9.8 47.0 6.8 116. 4 216.8 217. 4 312. 4 218. 4 213. 7 0.0 01 0.7 01
17 5.9 7.5 32 3.1 40. 3 87.2 841 111. 3 87.0 @83.5 0.0 0.0 0.0 0.2

1 995.2 35 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

19. 52.6 7.8 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 01

20. 52.2 @8 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 0t

21. 911 7.3 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 01

22. 50.1 5.5 0.0 0.0 00 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.1

23. 49.1 4. & 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

24. 49.3 5.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.1
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II. Zroject 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 system
will deliver a maximum of 8.6 x 106 Btu/hr.

Natural gas.

50400 £t2 of Solar Kinetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal on N-§ axis, 30AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 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 100 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.

FIGURE 1.

PARARBOLIC TROUGH
SOLAR COLLECTORS

SISTEM SCHEMATIC
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III. Operating Experience

The collector system was available for use during the entire reporting pe-
riod with the exception of row BH92. This row developed a control problenm
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 of the disk drives had a defective head, which was replaced at
that time.

Iv. Performance

A. Monthly Summary

Table I and Figure 2 present the performance of the system for the period
January 14, 1983 to January 31, 1983.

It is seen that the solar system performance for the month of 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 of collectors.

Inconsistent central light switch operation has been observed several times
and has been subsequently investigated. It is suggested that the switch be
replaced by one of 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 for 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 SOILAR ENERGY

ON A IN THE ,
HORIZ COLLECTOR COLLECTOR COLLECTOR PARASITIC ND. OF
SUNFACE PILLANE ENERGY ARRAY EFF. ARRAY Fi-F. ENFRGY ENFRGY CHANCES OF , .

JUL 1AN (1) () COLLECTED BASED ON (1) DASED ON (2) DELIVERED USFD MHISSING
DAYy (DATE) KBTU/SGFT KBTU/SAFT  KBTU/SGFT % % KBTU, /SAFT  KBTU/SAIT DATA
| 1/ 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o 17 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 17 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
, 1/ a 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
5 | WA ] 00 00 0.0 00 00 00 [ ] 0.0
6 1/ 6 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
7 1/ 7 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
H FWAN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a 9 17 9 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
&, 10 1/10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S 1 1711 0.0 0.0 00 0.0 0.0 0.0 00 0.0
12 1712 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
1 1713 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
14 1/14 444 5 151. 7 17.1 3.0 11.3 17.1 -0.1 0.0
15 1715 484. 7 0.0 0.0 0.0 0.0 0.0 1.1 0.0
16 1716 &15. 4 0.0 0.0 0.0 0.0 0.0 1.1 0.0
17 1/17 626.7 1.0 -21.9 -0, 4 T -21. 3 1.6 0.0
) 1210 126. 7 0.0 0.0 0.0 0.0 0.0 1.0 0.0
19 1719 778. 5 0.0 0.0 0.0 0.0 0.0 1.0 0.0
20 1/20 1026. % 200. 0 49.7 4.7 17.4 40.7 2.0 1.0
23 1721 272.7 08 0.0 0.0 0.0 0.0 1.1 0.0
an 1/22 137. 9 0.3 0.0 0.0 0.0 0.0 1.0 0.0
24 1/23 6241 0.2 0.0 0.0 0.0 0.0 1.4 0.0
24 1/24 827 & 297.0 16. 5 2.0 5 6 16. 5 I 0.0
2% 1725 706. 7 51.0 -18. 4 -2.6 ~36. 2 ~-10. 4 2.4 0.0
26 1/26 216 0 0.3 0.0 0.0 0.0 0.0 1.0 2.0
. 27 1/27 679. 2 243 4 28. 2 4.2 11. 6 20. 2 a2 0.0
28 1/20 244. 0 4.9 0.5 0.2 9.4 0.5 1.0 0.0
27 1/29 709. 6 0. 4 0.0 0.0 Q.0 0.0 1.3 0.0
30 1/30 P66, 6 19.3 -0. 2 0.0 -1.3 -0. 2 1.9 0.0
] 1721 11493 505, 4 166. 5 14. 5 2a. 4. 166. 5 5.4 0.0

TOTALS 10637. 0 16357 237.4 2.2 14. 5 N7 4 3349 3.

AVG 590. 9 70.9 13.2 13. 2 1.8




INCIDENT_SOLAR ENERGY ON A HORIZONTAL SURFACE (BTU/SQFT)

1500
1000 - m [
i B _

500
= HH =i il=10NaNE
7] INCIDENT SOLAR ENERGY IN COLLECTOR PLANE (BTU/SQFT)
1000 1
soof
- N 1 .0
. ENERGY COLLECTED (BTU/SOFT)
1000
5005
O— —-— | v & — o [—’
. ENERGY DELIVERED (BTU/SAFT)
.ooo:
500 -
O | R R L D |IlTl|"1"lerlllil‘r'|?liIﬂ

002 004 006 008 010 012014016 018 020 022 024 026 028 030

FIGURE 2. MONTHLY PERFORMANCE GRAPH 1-83
c-31




3e9. —1 1 17 T T I T T
n-INCIDENT SOLAR ENERGY ON A HORIZONTAL SURFACE (BTU/HR-SGFT)
| o-INCIDENT SOLAR ENERGY IN THE COLLECTOR PLANE (BTU/HR-SGFT) |
o -ENERGY COLLECTED (BTU/HR-SGFT)
259, |-  «-ENERGY DELIVERED (BTU/HR-SQFT) i
-PARASITIC ENERGY USE CBTU/HR-SGFT)
- 200. | i
L.
.
T
ag
I
3 150
..—
fun]
o
p
7
X 1ga.
=
L
50. 8
2. 20

0.80 2.09 4.0 6.00 8.60 190.9 12.0 14.0 169 1S.9 20.80 22.0 24.9
HOUR OF DAY

FIGURE 3. CLEAR DAY PERFORMANCE GRAPH 1-31-83

Cc-32




. MONTHLY REPORT #4

REPORT PERIOD: February 1, 1983 ~ February 28, 1983
REPORT NO.: CTCo-4

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

Cc-33




-

II1I. Operating Experience

The collector system was available for use during the entire montp op
February. The defective row, BH92, was repaired and returned to operation
on February 23.

While compiling the data for the month of February, the south fielq inlet
flowmeter was found to be yielding faulty data. The performance computa-
tions were performed with the flowmeter readings at the south field inlet,
So no performance results are missing. The faulty flowmeter will be re-
Paired 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
defocusing/focusing cycles during the day (710 minutes). The inconsistent
startup is attributed to a faulty central controller 1ight switch. Solar
Kinetics is to supply a replacement. :

The focusing/defocusing sequence of the collectors is normal when the col-
lector outlet temperature exceeds =240 F. This occurs when the collector
inlet temperature is 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 has indeed been low recenlty, resulting in the rapid cycling
of the focus/defocus sequence. This means that when the collectors opera-
te, they can oversupply the plant load. While this is acceptable from the
energy supply standpoint, the collector efficiency is decreased, as evi-
denced in the results shown below.

Iv. Eerformance
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 has a daily efficiency between 24% and 39% when the col-
lectors are operating. There are several days, however, when the collec-
tors 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 be-

tween 3:00 and 4:00 p.m. For this day the peak efficiency is 30.8% with a
daily efficiency of 25.1%.




II. Proiect Deacription

Application: : Preheat of process hot water for parts
: washing.
Site: 37° 44t N. Latitude, 122° 15' W.

Longitude, Elevation = 108!.

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

Auxiliary Fuel: Natural gas.

Collectors: 50400 ft2 of Solar Kinetics traciking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal on N-S axis, 30 AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 ft2).

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpm. .
Btu/br, peak daily - 78.6 x 100 Btu/day.
Phase 1 Cost (Design): $143,045
Phase 2 Cost (Comstruction): $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

|
Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
836 gpm at 235 F.

PARABOLIC TROUGH
SOLAR COLLECTORS

CIRCULATION PUMP
450 gpm

FIGURE 1. SYSTEM SCHEMATIC
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TABLE I. MONTHLY PERFORMANCE SUMMARY TABLE - 2/83

INCIDENT SOLAR ENCRGY

ON A IN THE
HDRIZ COLLECTOR COLLECTOR COLLECTOR PARASITIC ND. OF
SURFACE PLANE ENERGY ARRAY EFF.  ARRAY EFF.  ENERGY ENERGY CHANCES OF
JULIAN (nH ) COLLECTED BASED ON (1) BASED ON (2) DEL IVERED USED MISSING
DAY  (DATE) BTU/SGFT BTU/SGFT  BTU/SGFT % % BTV, /SOFT BTU/SOFT DATA
g 2/ 1 1169. 8 6254 121. 2 10. 4 19. 4 121. 2 7.0 0.0
R as 2 a7a. 6 1.6 -20. 8 -5 6 . -20. 8 1.9 1.0
a9 2/ 1094. 4 HTTIE 144. ¢ 13,2 24.9 144. 8 7.2 1.0
A 27 4 Uil 7 302, 6 1151 13.9 30. 1 1151 4.1 0.0
34 2/ 9 509. 6 095 0.0 0.0 0.0 0.0 1.7 0.0
a7 2/ 6 170. 7 0 4 0.0 0.0 0.0 0.0 1.7 0.0
an 2r 7 196. 7 0.0 0.0 0.0 0.0 0.0 1.6 1.0
39 27 0 433 6 0.6 0.0 0.0 0.0 0.0 1.6 0.0
a 40 27 9 792, 6 141.1 ~30. 9 -4, 2 -21.9 -30. 9 4.1 0.0
5 a1 2/10 913.0 255, 7 9.9 a3 11.7 29.9 4.3 0.0
X az 2/11 u92. 6 155 8 -25. 9 -2.9 -16.5 -29. 9 4.8 0.0
13 2712 983, 1 1.2 0.0 0.0 0.0 0.0 1.6 0.0
44 2/13 1919, 9 1.1 0.0 0.0 0.0 0.0 1.4 0.0
a5 2/14 1061. 6 aza. 2 a99. 8 3.7 10.7 37.8 6.2 0.0
a4 2/15 490.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0
47 2/16 1111, 7 997. & 267.8 19.0 26. 8 267.8 10. 1 0.0
an 2/17 1194, 3 549. 2 125 2 10. 5 a22.@ 125. 2 7.7 0.0
19 2/10 990. 1 292. 4 18. 2 1.8 6.2 18. 2 6.6 0.0
50 2/19 1446. 8 244 2 108. 8 9. 6 31.2 138. 8 5.1 0.0
53 2/20 1325 8 7324 285. 5 21.5 39.0 285. 5 58 0.0
LH 2/ 1009, 4 0.0 0.0 0.0 0.0 0.0 0.9 0.0
54 2700 1065. 4 2301 15. 0 1.5 6.9 15.9 45 0.0
54 2/7:im 186. 9 14. 2 34, % -18.5 DT -34.5 1.4 0.0
5% 2704 1574. 2 794 ~49. 8 -2.5 rnun -39.8 1.2 1.0
56 2/05 160. 3 07 0.0 0.0 0.0 0.0 0.8 0.0
57 2726 901. 0 1.0 0.0 0.0 0.0 0.0 0.8 0.0
56 /07 a7 5 1.0 0.0 0.0 0.0 0.0 0.8 0.0
59 EVEL? 2125 14. 2 10. 1 18. 9 282. 3 40. 1 0.7 0.0
TOTALS D056, 7 L0000, 4 1091. 9 a.7 18. 7 1091. 9 97.@ 4

VG 013 n S00 2 39.0 37.0 3.5




INCICE&T SOLAR ENERGY ON A HORIZONTAL SURFACE (BTU/SAFT)

] m [ hr
1M ~ M (]

0] il alln

a .
] INCIDENT SOLAR ENERGY IN COLLECTOR PLANE (BTU/SGFT)
1000 1 —
]
500 H
| 110
= L Aln 1

ENERGY COLLECTED (BTU/SOFT)

210 ﬁﬁﬂmhﬂ

1 ENERGY DELIVERED (8TU/SOFT)
1000 -
]
500 ]
O 1“|-Dr—1-ﬁllfr¢ﬁ'—ll‘—lqliﬂmlj——lll-ﬁ'q-‘ll -

i
032 034 036 038 040 042 044 046 048 050 052 054 0sS6 9s8

MONTHLY PERFORMANCE GRAPH 2-83

FIGURE 2. MONTHLY PERFORMANCE GRAPH 2-83

c-37

-——————— =




TABLE II. CLEAR DAY PERFORMANCE TABLE - 2/ 16/83 (JULIAN DAY 31)

INCIDENT SOLAR ENERGY NORTH FIELD SOUTH FIELD TOVAL SYSTEM
ON A IN THE COLLECTOR COLLECTOR
HORIZ COLLECTOR COLLECTOR ARRAY COLLEC1OR ARRAY COl LECTOR COLLECTOR

AMB WIND SURFACE PLANE ARRAY 1EMP AHRAY 1EMP ENERGY ARRAY CEF.  ARRAY EFFF. “PARNSITIC
1EMP SiPD (1) [EN FLLOW RATE IN OUT  FLDW RAIE IN OUT  COLLECIED BASED ON (1) BASED ON (2) ENERGY

HOUR F  NPH DTUW/HR-FI12  BTU/ZHR—F (D eI'M F F ePM F F BYWHR-FI12 z % BTU/HR-FT2
1. 469 1.4 0.0 0.0 0.0 0.0 00 00 0.0 00 0.0 0.0 0.0 0.0
2. 49.0 0.5 0.0 0.0 0.0 0.0 o0 0.0 0.0 00 0.0 0.0 0.0 0.0
3. 474 0.9 0.0 0.0 0.0 00 00 00 0.0 00 0.0 0.0 0.0 0.0
4 4A7.0 07 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
5. 46 3 -0.1 0.0 0.0 0.0 0.0 o0o0 0.0 0.0 00 0.0 00 0.0 0.0
6. 457 1.5 00 0.0 0.0 00 o0 0.0 0.0 00 0.0 0.0 0.0 0.0
7. 47.6 2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0 0.0
0. 48.4 1.5 14 1 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0 0.0
9. 53.9 1.9 76. 9 63. 6 a7.7 120.4 111.5 137.7 127.6 116. 9 -9.1 -11. 8 -14. p 0.7
o 10 58.3 1.2 1337 136. 6 117.7 219.4 227.5 3244 218.9 208. 5 a8, 7 20.9 28. 3 1.1
1 11. %98 2.7 1831 115.4 1157 223.7 209. 4 325. 2 223. 4 229 9 26 4 14. 4 a2 9 5t
S 12. %58.6 42 2130 165. 3 117.a 225. 6 235. 7 324. @ 225.1 234 4 45.8 21.5 27.7 1.1
13. 60.7 60 200 4 108. 4 117.8 228.3 240. 7 a24. 9 227.8 242 2 58. 0 26.1 30. 8 11
14. 52 6 51 2005 121.3 116.3 231.6 239. 2 324 230.9 240.3 3z.0 17.7 30. 5 1.3
15. 63868 3.0 1730 197. 8 117.5 230.2 239. 4 323. 209 .8 239. 3 391 22,6 204 1.3
16, #61.0 56 1210 &7. & 116.2 228.8 233. 4 320. 2 220.4 231.2 13. 6 11.1 20. 1 11
17. 647 0.9 61,4 -0.2 19. 4 52.5 52.8 57. 4 52.4 S52.3 0.0 0.0 ~5. 4 )
18. 58.6 3.0 2.9 0.0 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.1
19. 538 30 0.0 0.0 0.0 00 00 0.0 0.0 00 0.0 0.0 0.0 0.1
20. 530 2.7 0.0 0.0 0.0 00 00 0.0 0.0 o0o0 0.0 0o 0.0 0.1
21. 518 3.2 0.0 0.0 0.0 00 o0 0.0 0.0 00 0.0 0.0 0.0 0.1
22. 510 1.7 0.0 0.0 0.0 00 00 0.0 0.0 o0 0.0 00 0.0 0.1
23. 495 o8 0.0 0.0 0.0 00 o0 00 0.0 00 00 0.0 0.0 0.1
24. 18 2 0.3 0.0 0.0 0.0 0.0 o0 0.0 0.0 00 0.0 0.0 0.0 0.1

4

t TOTALG 1111, % 995. B 249.5 17.7 25,1 102
AV6 53.7 2.4 1200 110. 6 94, 4 196. 5 201. 1 273. 5 196.0 201. 9 27.7 0.4




8 2-INCIDENT 30LAR EMERGY ON A HORIZONTAL SURFACE (BTUJHR-SGFT)
L o-INCIDENT SOLAR ENERGY IN THE COLLECTOR PLANE (BTU/HR-SGFT)
o -SNERGY COLLECTED (3TU/HR-SOFT)

€5 =  «-INERGY DELIVERED (BTU/HR-SGFT)

<-PARASITIC ENEAGY USE <BTU/HR-SFT)

r
rd
! . 4 z\ﬂ
Ky 'l-
-0 / \
= iR\
i3 _ .F '/ “ I'l
; j ; i ?
- f ||l {' \_ \
N - ] ' s \
== - S
— 1 ¢ A it
) - A ¥ V5
- { = Vo
= i ! b
E & Tt ; I‘l" lll' I’.
i Vo
- | - o
I 23

2.0 228 499 599 3.99 190.9 12.9 (4.9 15 o 12,9 29.9 22,3 24 3

T == =y,
Il U1 SRV 2

FIGURE 3. CLEAR DAY PERFORMANCE GRAPE 2-16-83

c-39




S)

SOUTHWEST RESEARCH INSTITUTE

POST OFFICE DRAWER 28810 ¢ 6220 CULEBRA RQAD * SAN ANTONIO, TEXAS, USA 78284 » (812) 684-8111eTELEX 768-7387

Department of Mechanical Sciences

May 18, 1983

Monthly Progress Report No. 38

Reporting Period March 19, 1983
through April 15, 1983

CONTRACT TITLE AND NUMBER:

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, 1983
CONTRACT OBJECTIVE CHANGE: Nons
TECHNICAL APPROACH CHANGE: None

CONTRACT TASKS:

A site visit was made by SwRI personnel on April 4-8. The following
tasks were performed at that time:

0o New version of DAS software installed.
0 New central contoller light switch installed.
o Collector field operation observed in detail.

The new version of the DAS software allows for more efficient off-
site processing of the data. It also allows CTCo personnel to observe
hourly performance without disturbing the DAS operation. This is
accomplished by having the DAS produce a report of hourly performance at
the end of each operating day. There are still some details in the new
version that have to be resolved but these do not detract from the primary
function of data acquisition.
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Caterpillar Tractor Co. May 18, 1983
DE-FC030CS30309, SwRI Project 06-5821 Page 2

When the SwRI personnel arrived on site, they discovered that the
central controller light switch was not properly aligned. The new light
switch was properly mounted and was seen to properly function while the
SwWRI personnel were there.

Data were taken at short intervals (i.e., 15 sec.) for a day's
operation to observe the operation of the solar system in detail. It was
seen that the solar system presently operates in an oscillating state very
soon after being activated. This non-steady operation severely degrades
collector field performance from that predicted for steady state operation.
This problem is described in detail in the enclosed performance report for
March.

SUMMARY STATUS ASSESSMENT AND FORECAST:

Operation is continuing at the site with minimal maintenance
problems. One row, however, is down due to row controller problems.

For the present time, the non-steady operation of the field will be
allowed to continue; however, it may be necessary to disable a portion of
the collector field to prevent the temperature oscillations being observed,
This possibility is being discussed with Caterpillar.

Respectfully submitted,

Steven T. Green

Research Engineer
STG:dle

Encl,

ce: Dr. R. L. Bass, SwRI
Ms. C. L. duMenil, SwRI
Appropriate DOE Personnel
Solar IPH Technical Advisors

APPROVED:

TR 7.2

Danny M. Deffénbaugh
Project Manager
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II. Prolact Deagription

Application: Preheat of process hot water for parts
washing.
Site: 37° 44 N. Latitude, 122° 15' ¥,

( Longitude, Elevation = 108°.
Process Schedule: Peak energy requirement is 9 x 106 Btu/nr
of hot water at 235°F. The solar system
will deliver a maximum of 8.6 x 106 Btu/hr.

Auxiliary Fuel: Natural gas.

Collectors: 50400 f£t2 of Solar Kinetics tracking,

parabolic line focus, T-700 collectors.
Roof mounted, horizcntal on N-S axis, 30AT
strings @ 240 ft per string. 60 drive

| strings (2 per row). (North Field, 13440

| £t2; South field, 36960 £t2).

|

|

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

Fluid Type, Flow: Treated water, North field - 330 gpm, South

| field - 120 gpm.

|

| , Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106

; Btu/hr, peak daily - 78.6 x 106 Btu/day.

Phase 1 Cost (Design): $143,045
Phase 2 Cost (Construction): $2,827,680

|

235°F

PARABOLIC TROUGH
SOLAR COLLECTORS

HOT WATER PROCESS
RETURN LINE

FIGURE 1. SYSTEM SCHEMATIC
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III. QOparating Exparience

The solar system was operatiomal for the entire month of March,
A visit to the site, however, on April 3, revealed several maintenance
problems to be resolved. Also, during this site visit the operation of
the solar system was observed in detail in an effort to better understand
the system performance. These items are all discussed below.

The maintenance problems are listed below by row number (see Figure
2 for collector field layout):

BH-84 leak at receiver tube temperature switch
BH=T1 leak at receiver tube flange near drive pylon
BE=49 water in tracker head

BH-58 water in tracker head

BH=-94 small hydraulic fluid leak

BH=93 water in tracker head

BH-81 (down) row control board failure
BH=47 (down) defective hydraulic pressure switch

Figure 3 shows a time history of the plant boiler inlet temperature (col-
lector field outlet temperature) for April 6, 1983. It can be seen in
Figure 3 that the boilers will maintain a minimum process fluid temperature
of approximately 225 F. This may be deduced from the nightime portion of
the graph. The collectors are seen to come on line about 7:30 a.m. It is
seen that after the collector system is activated the boiler does not fire
again until the collectors are shut down at about 4:00 p.m.

During the period of collector operation, the collector outlet temperature
is seen to oscillate. Data were collected by the DAS at 15-second inter-
vals during the startup period to characterize this oscillatory perfor-
mance. Figure 4 shows a graph of the collector field inlet and outlet
temperatures during the period 7:30 a.m. to 8:40 a.m. Several interesting
observations can be made from Figure 4.

First, it is seen that the average process fluid temperature increases
after system startup (the data shown in Figure 4 begin approximately 20
minutes after system startup). The slight temperature drop at T:40 was
caused by the activation of a small process load. After this load was
brought on line, it is seen that the average collector fluid temperature
increases at approximately 0.6 F per hour.

Since the plant boilers are deactivated as long as the boiler inlet temp-
erature exceeds approximately 225 F, the fact that the process fluid temp-
erature increases beyond this point indicates that the collector field is
supplying more ensrgy than the plant load can dissipate. The process fluid
temperature increases until the temperature at the collector field outlet
exceeds approximately 250 F.
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6 APRIL 1983

280. ¥ T v T ¥ ] v
NOTE: Data shown at 15-sec 1nterva137H
270. | _
i
260. (— .
COLLECTOR FIELD OUTLET ﬂ’
w 250. b= \ -
(1
2 7
TE
5 Eaw. | |
(1
p i .
Ld
.—
230. —- -
220. - -
. ' ]
210 — ‘ _
COLLECTOR FIELD INLET
200- 4 | - J i l A
7.00 7.50 8.900 8.50 9.00

FIGURE 4. TJIME OF DAY




At this point, as a safety precaution, a temperature switch is activated
which causes the collector central controller to defocus the entire col-
lector field. As the collector outlet temperature decreases below the
limit of 250°F, the ocollectors are allowed to refocus. Since the collector
field energy ouput is greater than the plant load, the collector outlet
teaperature soon exceeds the limit condition again causing the oscillating
condition pictures. The period of oscillation is seen to be approximately
six minutes. So, in a period of six minutes, the collectors are defocused
and then refocused,

Finally, the collector field inlet temperature is seen to oscillate with
the same frequency of the collector field outlet temperature. The north
collector field outlet connection to the hot water return header is close
to the collector pump suction piping connection. At the time the system
piping was designed, the hot water return flow was at such a capacity to
prevent any recirculation of north field outlet flow directly back into the
pump suction piping. At present, the plant load is significantly less than
the design condition which leads to the recirculation of fluid through the
collector field.

As might be expected, this oscillatory type of operation directly affects
the thermal performance of the collector system. It can be seen in Figure
3 that the average temperature difference across the collector field during
the oacillating period of operation is much less than the temperature dif-
ference during the near steady conditions just prior to the oscillating
period. The corresponding transient heat supply is less than that possible
during steady state operation.

It is concluded here that the collector field enmergy output should be de-
creased to allow the system to achieve more nearly steady state conditions,
Although transient operation is not necessarily harmful in itself, the
transient operation of the collector drive mechanisms could possibly lead
to premature maintenance problems or even failures,

The possibility of deactivating a portion of the collector field is being
discussed with CTCo personnel. At the same time, the flow through the
field should be decreased to prevent the recirculation problem cited above.
Since plant production is expected to increase in the near future, this
activity will be postponed until the plant process heat load stabilizes.

IV.  Syatem Performance
A. Monthly Summary

Figure 5 and Table 1 show the daily performance of the solar system for the
month of March 1983.

It should be noted here that the on-site DAS experienced disk probleas
between March 1, 1983 and March 10, 1983. The performance results for this
period are taken from data gathered by the backup Acurex data logger. From
March 11, 1983 the data are from the DEC 11/23 system.
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A point should also be made here about the method of measuring the radis-
tion in the plane of the collector. This measurement is made by taking the
difference between two total hemispherical pyranometers mounted on a ool
lector mirror parallel to the aperture plane. One of these pyranometers is
shaded with a shadow band while the other is fully exposed. In this man-
ner, only the radiation in the collector aperture window is measured
whether the collectors are focused or defocused. Considering the oscilla-
tory nature of the collector operation described above, this measure of
radiation is truly the radiation "seen® by the collector and not a measure
of the available direct radiation.

B. Daily Summary

Figure 6 and Table II show the performance of the solar system for a clear

day, March 25. It is seen that the all-day efficiency of the the collector
field is 37%. Disregarding the system shut down period from 1400 to 1500,

the peak efficiency is 49% for this day.
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INCIDENT SOLAR ENERGY ON A HORIZONTAL SURFACE (BTU/SQFT)
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TABLE I. MONTHLY PERFORMANCE SUMMARY TABLE - 3/83

I INCIDENT SOLAR ENERGY

ON A IN THE
HORI12 COLLECTOR COLLECTOR COLLECTOR ‘ PARASITIC NO. OF

SURFACE PLANE ENERGY ARRAY EFF. ARRAY EFF. ENERGY ENERGY CHANCES OF
JULIAN (1) 2) COLLECTED BASED ON (1) BASED ON (2) DEL IVERED USED MISBING
DAY (DATE) BTU/SGFTY BTU/SGF T BTU/SAFT % . % BTU.{SOFT DTU/SGFT DATA
60 a1 1010.7 153. & -24.1 -2. 4 -15.7 —24.1 2.7 10.0
61 a2 396. 1 42, 4 -4.9 -1.2 -11.5 ~4.9 1.0 10.0
62 37 3 1255. 5 478.8 16. 6 1.3 3.5 16. 6 6.1 0.0
&3 3/ 4 14931.8 48s. 7 135. 4 9.5 27.8 135. 4 5 7 10.0
64 s 673.7 50. 6 ~2.9 ~0. 4 ~5.7 -2.9 0.5 10.0
65 a6 1139. 4 273. 4 65. 6 5.8 24.0 65. 6 2.9 10.0
66 s 7 970. 9 51.5 -13. 6 -1.4 -26.5 -13. 6 0.4 10.0
&7 3’/ 8 1266. 4 362. 9 a1t b4 22. 4 1.1 52 10.0
? &8 9 1091. 1 264.8 -24.8 -2.93 -9.4 -24.0 3.4 10.0
w 69 3710 720.0 273. 4 33.1 4.6 12.1 33.1 2.8 10.0
= 70 a’11 1454. 4 546. 3 150.7 10. 4 26. 6 150.7 6.4 0.0
71 arsi2 345. 0 1.2 0.0 0.0 0.0 0.0 1.0 0.0
72 /13 1464. 7 2.7 0.0 0.0 0.0 0.0 1.1 0.0
73 3714 1848. 6 625. 2 174. 4 9.4 27.9 174. 4 7.9 0.0
74 3715 1920. 6 634 9 249. 9 13.0 39. 4 249. 9 8.5 0.0
75 3/16 504. 7 0.4 0.0 0.0 0.0 00 0.9 0.0
76 3/17 608. 5 4.7 -15.2 -2.5 1T -15. 2 1.6 0.0
77 3/18 1072. 0 184. 6 4.7 0.4 2.6 4.7 3.9 0.0
78 3719 1941. 9 382. 0 173. 4 8.9 45. 4 173. 4 3.4 0.0
79 3/20 4408. 5 0.0 0.0 0.0 0.0 9.0 0.9 0.0
80 3721 1298. 0 186. 9 14.7 1.1 7.9 14.7 3.3 0.0
81 3/22 1484. 0 354. 5 103. 8 7.0 29.3 103.8 5. 5 0.0
az 3723 437.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
aa /24 808. 6 3.2 -23.4 -2.9 Tl -23. 4 1.0 0.0
a4 ’as 2080. 6 648. 4 256.7 12.3 39.6 256.7 7.9 0.0
N as 3/26 1009. 0 1.4 0.0 0.0 0.0 0.0 1.1 0.0
86 arsaz 1323. 0 0.5 0.0 0.0 0.0 0.0 1.0 00
az 3/28 1625. 6 170. 1 q1. 4 2.9 24. 3 41.4 3.4 0.0
a8 3729 1677. 4 248. 6 49. 2 2.9 19.8 49. 2 4.4 0.0
a9 3730 2020. 4 599. 1 291.7 11.9 38. 7 231.7 7.1 0.0
90 /s 2165. 6 1131. 9 164. 4 7.6 14.5 16? 4 6.5 90
TOTALS 37528.6 8189.4 1836.9 4.9 22.4 1836.9 109.1 100.0

AVERAGE 1210.6 264.2 59.3 59.3 3.5

. o
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II. Project Deagription | ‘

Application: ' Preheat of process hot water for parts
washing.
Site: 37° 44 N. Latitude, 122° 15' y,

Longitude, Elevation = 108°'.

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

Auxiliary Fuel: Natural gas.

Collectors: 50400 ft2 of Solar Kinetics tracking,
; parabolic line focus, T-700 collectors.
Roof mounted, horizontal on N-S axis, 30 AT
strings € 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 £t2).

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpm.

Design Energy Delivery: 1% x 109 Btu/yr, peak hourly 8.6 x 106
Btu/hr, peak daily - 78.6 x 106 Btu/day.

Phase 1 Cost (Design): $143,045

Phase 2 Cost (Comstruction): $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.

PARABOLIC TROUGH
SOLAR COLLECTORS

FIGURE 1. SYSTEM SCHEMATIC
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III. Qperating Exparience

The collector system operation was varied throughout the month of April.
Table I driefly summarizes this operation. It is seen in Table I that
three rows were down with various problems. These failures are all being
attended to by the CTCo maintenance staff.

Secondly, it is seen that the field was down for inspection and detailed
performance measurements during the period April 5-7, These activities
were reported in the previous report, CTCo=-5, for March, 1983.

Finally, it is seen that throughout the month, various portions of the
collector field were deactivated. This was done in an attempt to decrease
the overtemperature situation described in the previous report. The
collector rows that were left stowed atill had water flowing through them
so that full flow was maintained throughout the field. The rationale for
this was to keep the collector outlet temperature below the controller
limit by mixing the solar heated water with the unheated water,

During May, parts of the collector field will be valved off to decrease

the total flow through the field as a further attempt to bring the solar
system performance closer to the current plant lcad. A review of these

activities will be presented in a subsequent report.

It can also be seen that the DAS was not operable during April 5-T7. The
DAS software was updated during this time to make its operation more
efficient. No data can be reported during this pericd.

Iv. System Performance
A. Monthly Summary
Figure 2 and Table II show the system performance for the month of 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 of the collector field
which is found in Table I. To determine total energy output from the
collector field, the appropriate operable collector area must be taken from
Table I.

It can be seen in Table II that the overall system efficiency for April was
32.6%. The system efficiency for March was 22.4%, so a substantial
improvement in performance has been attained. This can be attributed to:
(1) installation of new central controller light switch to improve the
startup sequence, and (2) efforts to bring the system operation closer to
steady state.

B. Daily Summary

Figure 3 and Table III show the hourly performance for April 10, 1983.
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TABLE I.
‘ l CATERPILLAR SOLAR SYSTEM OPERATION
| April 1983
l ) Activozu-u
Date Drive Rows Down {L£L°) Comments
l 1=4 47,81,94 47880 Normal Operation, except:
| 47-Hydraulic pressure switch
failure
l 81-Row controller failure
| 94-Hydraulic oil leak
‘ S5=T7 Field Maintenance -~ intermittent
operation
DAS Maintenance - no data
' 8 47,81,9% 47880 Normal operation after 10:00 AM
; 9-13 47,81,94 47880 Normal operation
l 14 47,81,94 continuous 47880 Normal operation
91,106 after 13:00 35280 North field shutdown in attempt
l to inhibit transient operation,
flow maintained throughout
ok entire fleld
l 15«24 47,81,(911-106 35280 Same as 4-14
I 25 47,94%,58-63,80-90 30240 North field activated, one-half
of South field deactivated in
attempt to inhibit transient
l operation
26-28 47,9%,58-63,80-90 30240 Same as 4-25
' 29 47,94,59-90 21840 North field activated except
row 94, one=fourth of South
| field (48-58) activated
‘ l 30 47,9%,59-90 21810 Same as 4-29
1
l c-58




TABLE II. MONTHLY PERFORMANCE SUMMARY TABLE - 4/83

INCIDENT BOLAR ENEROY

ON A IN THE
HORIZ COLLECTOR . COLLECTOR COLLECTOR PARASITIC ND. OF

BURFACE PLANE - ENEROY ARRAY EFF. ARRAY EFF. ENERQY ENERQY CHANCES OF
JULIAN () F-}) " COLLECTED BASED ON (1) BABED ON (2) DELIVERED USED MIBSING
DAY  (DATE) BTU/8GFT BTU/SGFT  BTU/BOFT x 2 BTU, /8O0FT PIV/SOFTY DAlA
1 4 1 2087. 6 473. 0 57.9 2.8 12.1 57.9 5.9 0.0
92 4 2 2260. 1 609. 9 81.7 3.6 13. 4 81.7 6.0 0.0
93 4/ 3 23%3.7 6462 70. 4 3.0 10.9 70. 4 5.9 0.0
94 4/ 4 138%. 0 923. &6 202. 6 14. 6 28.7 202 6 5.6 0.0
95 4/ 9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
96 4/ & 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
a 98 4/ @8 1684. 7 1189.7 264. 0 16. 9 23. 9 204.0 8.0 0.0
| 99 4 9 1042. 9 0.2 0.0 0.0 0.0 0.0 0.9 0.0
3 100 4/10 217%.0 963. 1 387.1 17.8 40. 2 387.1 6.3 0.0
101 4/11 2006. 2 1089, 1 324.2 16.2 29.9 324. 2 10.7 1.0
102 4/12 1983. 3 840. 0 245.0 12. 4 29.2 243.0 10.1 0.0
103 4/13 2497.2 1381. 9 994.2 16.0 20.9 394. 2 14.2 0.0
104 4/14 2344. 9 934.7 229.7 9.8 43.0 229.7 11.0 1.0
108 4719 2038. 9 0.0 304. 4 14.9 #unee 304. 4 8.9 10.0
106 4/16 16886. & 0.0 6.6 0.4 ananw 6.6 1.6 0.0
107 4717 1279. 6 0.0 3. 4 6.9 snnee 83 4 2.3 0.0
108 4/18 1347.7 0.0 -38. 0 -2.0 sanns -38.0 4.7 0.0
109 4/19 971. 3 0.0 -10.2 -1.0 anann -10. 2 2.8 0.0
110 4/20 1477.7 0.0 146. 4 9.9 ssaun 146. 4 7.3 0.0
111 4/21 1348. 3 0.0 541 4.0 snnee 54,1 2.4 0.0
112 4/22 1172. 0 0.0 0.0 0.0 0.0 0.0 1.1 0.0
113 4/23 619.3 0.0 0.0 0.0 ., 0.0 0.0 1.1 0.0
114 4724 1764. 1 0.0 149. 1 8.1 nnann 1491 3.3 0.0
115 4723 2428. 9 1323. 0 170. 4 7.3 13.9 176. 4 9.8 0.0
' 116 4/264 2160.3 638. 9 170.8 7.9 26.7 170.8 7.9 1.0
117 4/27 1030. 7 9. 4 -14.7 -1.4 -19.3 -14.7 1.9 0.0
118 4/20 13%7.0 238. 8 0.9 0.1 0.4 0.9 2.9 0.0
119 4/29 1474. 3 403. 4 262.7 17.8 69. 1 . 262.7 . -0.4 00
120 4/30 909. 23 0.0 0.0 0.0 0.0 0.0 -8.9 0.0

TOTALS 49063. 8 10947.7 3566 4 7.9 a2. 6 3566. 4 134.0 13.

AVQO 1669. 0 409. 9 132. 4 1321 5.0




INCIDENT SOLAR ENERGY ON A HORIZONTAL SURFACE (BTU/SQFT)
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TABLE III. CLEAR DAY PERFORMANCE TABLE - 4/10/83 (JULIAN DAY 100)
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II. ZProiect Deacription

Application: Preheat of process hot water for parts
washing. :
Site: 37° 44' N. Latitude, 122° 15' y,

Longitude, Elevation = 108°',

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

Auxiliary Fuel: Natural gas.

Collectors: 504300 ft2 of Solar Kinetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal om N-S axis, 30 AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 £t2),

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpm.

Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
Btu/hr, peak daily - 78.6 x 106 Btu/day.

Phase 1 Cost (Design): $143,045

Phase 2 Cost (Construction): $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. '

PARABOLIC TROUGH
SOLAR QOLLECTORS

HOT WATER PROCESS
RETURN LINE

FIGURE 1. SYSTEM SCHEMATIC
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III. Qperating Exparience

The operational status of the collector field was changed several times
during May in an attempt to prevent the overtemperature problea in the

past (see previous monthly reports). During May some DAS problems were
experienced and some maintenance items were dealt with as well.

First of all, the operational status of the collector field is summarized
in Table I and Figures 2-7. Table I describes the operating scenario and
lists the active portion of the total collector area while Figures 2.7
graphically portray the status of each of the 60 collector drive rows.
According to CTCo personnel, the overtemperature problem was finally
prevented on May 26. The collector field is now operating such that any
delta-T satrings which are down intentionally do not have any flow through
them. It is seen that at present two-thirds of the collector field has
been deactivated and isolated to prevent overdriving the plant process heat
system.

As plant heat load increases and available solar energy decreases, more
delta-T strings will be activated to maintain the portion of the load
carried by the collector field.

During the period 5/10 - 5/15, the DAS experienced disk drive problems. At
the same time, the tape drive on the backup datalogger was not properly
functioning, so that no data at all were collected during this period. The
source of the disk drive problem was in software and was resolved on 5/15.
A switch failure prevented operation of the datalogger tape drive which was
disabled during the remainder of the month.

Finally, the collector field maintenance is summarized in Table II. It is
seen that for the period 5/1 - 5/10, up to four drive rows were out of
service for maintenance related problems. During the period 5/10 - 5/31,
three drive rows were out of service., The drive rows down for maintenance
are considered in the active area summary in Table I.

Also shown in Table II are the expenditures to date for maintenance. A
record of these costs is being maintained by Caterpillar and represent
total expenditures (i.e., labor and materials) by CTCo in maintaining the
solar systenm. '

Iv.  System Performance
A. Monthly Summary

Figure 8 and Table III summarize the performance of the solar system for
May 1983. Recall that, at any given time of the month, only a portion of
the collector field is active. To determine the total collector field
energy ouput the appropriate value for the array active area shown in
Table I must be used with the performance results tabulated in Table III.
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B. Daily Summary

Figure 9 and Table IV summarize the collector system performance for
May 18. A8 a result of controlling the desteering problem by deactivating
portions of the collector field, the performance of the remainder of the
field approaches the maximum efficiency possible for this collector model.
This can be seen by reviewing the efficiency values listed in Table IV.
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TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION l
May 1983
Aot.tvozlru I
Date (£t°) Comments
1=-12 21840 South Field: 11 drive rows up l
North Field: 15 drive rows up
Full flow to entire field.
13 25200 South Field: 15 drive rows up, no flow to l
down delta-T strings.
North Field: 15 drive rows up, full flow. I
14-18 25200 Same as 5/13
19 20160 South Field: 9 drive rows up, no flow to l
down delta-T strings.
North Field: 15 drive rows up, full flow.
20=-22 20160 Same as 5/19 l
23 21840 South Field: 11 drive rows up, no flow to |
down delta-T strings. l
North Field: 15 drive rows up, full flow.
24-25 21840 Same as 5/23 I
26 15960 South Field: 11 drive rows up, no flow to
‘ down delta~T strings. l
North Field: 8 drive rows up, no flow to
down delt.a-'r. strings. I
27=-31 15960 Same as 5/26
|
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TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY

m Date —Obaervation/Action

BH-81 5/10 28 V transformer repaired, row returned to
servigce.

BH=-93 5/10 0il leak repaired, tracker head failure,
row left out of service.

BH-47 47 Pressure switch failure, row still out of
service during May 1983.

BH-67 5/10 Pressure switch failure, row out of
service before 5/10.

Maintenance expenditures, May 1983: $1053.24

Maintenance expenditures, February-May, 1983: $2456.11
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I TABLE III. MONTHLY PERFORMANCE SUMMARY TABLE - 5/83
INCIDENT SOLAR ENEROY
l OGN A IN THE
HORTZ COLLECTOR COLLECTOR  COLLECTOR PARABITIC
. SURFACE PLANE ENERGY ARRAY EFF.  ARRAY EFF.  ENERQY ENERGY
JULIAN (1) (2) COLLECTED uun ON (1) BASED ON (2) DELIVERED USED
l DAY  (DATE) BTU/SGFT BTU/SGFT  BTU/SGFT % BTV, /80FT  BTU/SGFT
121 %/ 1 2232.3 9s.3 38. 1 1.7 39.9 39. ¢ 1.2
122 9%/ 2 2000. 4 707. & 129. 9 6.9 18. 3 129. 3 5.2
123 % 3 2314.0 1366. 8 407.1 17. 6 29.8 407. 1 6.6
124. 3/ & 14%0. 0 70.7 14.7 1.0 20.8 14.7 1.7
129 S/ 9 1300. 1 232. 8 398 2.8 19. 4 3s. 8 3.2
126 9/ 6 2667.0 629. 9 306. 6 11. 9 49.0 306. & 10.3
127 % 7 2938. 0 2%9.2 93.2 a7 3.0 93.2 s. 4
120 9/ 8 27%3.0 2043. 2 734.7 26.7 3.9 734.7 8.7
129 9/ 9 2797.8 1982. 3 s61. 3 20. 1 20.3 s61. 9 11.1
l 130  9%/10 26. 8 21. 6 0.9 2.0 2.4 0.9 0.2
131 /11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
132 s%/12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
133 /13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
134  3/14 0.0 0.0 0.0 0.0 0.0 0.0 0.0
139 s/19 0.0 0.0 0.0 0.0 0.0 0.0 0.0
136  5/16 2520. 5 1674. 6 728.8 28. 9 43.9 728. 8 8.t
137 8/17 2760. 2 2103.9 839.0 30.3 39.7 83%.0 10.2
138 %/18 2682. 2 2182. 6 939. 9 3%.0 43.0 939. 9 9.9
; 139 /19 2800. & 2183. 9 768.8 27.4 3s.2 768.8 7.8
140  3/20 2762. 3 2441. 9 940. 2 34.0 38.9 940. 2 8.8
141 /21 2799. 4 1649.7 964. 1 20. 9 3s.2 564. 1 6.4
142 S/22 2%%2. 6 1243. 2 434. 1 17.0 34.9 434, 4 4.3
l 143 3/23 2%16.9 923. 2 227.7 9.0 24.7 227.7 4.9
144 3/24 2370. 3 1410.8 624, 1 26.3 44.2 624. 1 s.1
143 9/29 2390. 3 774.7 268. 2 11. 2 38. 6 268. 2 3.9
146  S/26 1592. 2 1602. & 723. 1 4. 4 43. 1 723. 1 s 4
147 /27 2688. 8 2264. 9 926. 3 34.9 40.9 926. 3 8.0
148 5/28 1807. 3 0.6 0.0 0.0 0.0 0.0 0.0
149 /29 1933. 3 0.0 0.0 0.0 0.0 0.0 0.0
1%  5/30 2621.8 1881. 2 633.7 24.2 33.7 633.7 6.3
' 131 5/31 2%87.0 1948. 1 1097.9 40.9 54.3 1057. 9 7.3
TQTALS 59413.8 31673.8  11992.9 20.2 37.8 11992.9 149.4
I aAVe - 2376.6 1377.1 521.4 521.4 6.2
l Cc-77




CLEAR DAY PERFORMANCE GRAPH 5-18-83
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TABLE IV. CLEAR DAY PERFORMANCE TABLE - 5/18/83 (JULIAN DAY 138)

INCIDENT SOLAR ENEROY NORTH FIELD SOUTH FIELD TOTAL S8YSTEM
ON A IN THE COLLECTOR COLLECTOR
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR

AMB WIND SURFACE PLANE ARRAY TEMP ARRAY TEMP ENERGQY ARRAY EFF. ARRAY EFF. PARABITIC
TEMP SPD ) (2) FLOW RATE IN ouT FLOW RATE IN OUT COLLECTED BASED ON (1) BASED ON (2) ENERGQY

HOUR F MPH BTU/HR-FT2 BTU/HR-FT2 oPM F F oPM F F BTU/HR-FTR % X BTU/HR-FY2
1. 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0
2. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0
3. 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
4. 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00
9. 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
6. 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
7. 366 0.8 93.2 21.9 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. 0 133.0 220.9 230. 3 176. 6 220.0 229. 9 76. 3 39.2 42. 4 1.9
9. 72.9 2.9 199.3 203. &4 133.7 222.2 2368. 8 178. 1 2W1.9 236.2 103. 4 32.9 91.8 1.9
‘P 10 73.3 4.0 263. 1 227.2 136. 2 226. 3 24%.9 179. 4 223.6 242. 8 129.0 48.7 36.06 1.9
~ 11 74.1 4.2 311.9 240.3 136. 6 231.8 23%3.2 181. 6 230.9 2%0.7 144. 9 446. 4 60.3 L9
0 12 76.4 4.9 333. 3 237.0 136. 4 2332.1 2%3. 3 180.0 231.2 291.7 147. 2 43. 9 57.3 1.9
13 76.6 6.1 333.1 201.7 133. 9 232.2 293. 6 179. 1 231.7 2%1.9 147.3 44.2 92.3 1.9
14 76.0 9.0 321.0 2683. 2 139. 6 228.3 248. 3 179.3 227.2 246. 3 143. 2 43.2 91.3 1.9
15 79.2 9.4 277. 6 242. 9 133. 2 230.8 247.9 177. 4 230.1 247.1 124. 9 44. 8 91.3 2.0
16 73.3 9.4 219.7 203. 3 133. 1 237.3 2%0. & 177.3 236. 6 25%0. 2 99.3 43. 2 48. 4 2.1
17 71.9 8.6 142.7 16.3 49.0 229.2 227. 6 63. 9 230.0 231. 9% 12.3 8.6 73. 9 0.8
18 70.8 6.6 72. 4 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
19 66.9 7.1 18. 6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 60.9 7.0 0.0 00 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0
21. 359.4 6.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22. %59.4 3.8 0.0 0.0 0.0 0.0 0.0 00 00 00 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. 00 00 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0
TOTALS 2680. 6 213%8.0 11203. 4 41.9 22.0 18. 9
AVG 69.6 6.1 206. 2 ' 196.3 117. 8 226.0 234. 7 154. 4 224.3 233. 5 102. 1 1.2
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: Department of Mechanical Sciences
- July 20, 1983
Monthly Progress Report No. 41
Reporting Perfod June 11, 1983
through July 8, 1983

CONTRACT TITLE AND NUMBER:

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 in the accompanying
performance report.

SUMMARY STATUS ASSESSMENT AND FORECAST:

Current operation will continue until Tong-term changes in the plant

heat load require changes in the operation of the collector system. A site

visit 1is being planned for early August to check the DAS calibration and
operation. This activity will be coordinated with the CTCo plant person-

nel.
Respectfully submitted,
Steven T. Green
Research Engineer
STG:dle
Encl. APPROVED:
cc: Dr. R. L. Bass, SwRI
Ms. C. L. duMenil, SwRI ??WD
Appropriate DOE Personnel Danny M. Defferfau

— hSolar IPH Technical Advisors Project Manager

S
. TEXAS, AND WASMINGTON, O.C.

e ——
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MONTHLY REPORT No. 8

REPORT PERIOD: June 1, 1983 - June 30, 1983
REPORT NO.: CTCo-8

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. Prolect 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' ¥,
Longitude, Elevation = 108°,

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

Natural gas.

50400 f£t2 of Solar Kinetics tracking,
parabolic line focus, T-T00 collectors.
Roof mounted, horizontal on N-S axis, 30AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 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 105 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.

FIGURE 1.

PARABOLIC TROUGH
SOLAR COLLECTORS

SYSTEM SCHEMATIC
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III. Qperating Experience

The solar system operated in much the same configuration as during
the latter part of May, with changes being made in the maintenance status
of some of the rows. The DAS again experienced problems in June.

Table I and Figures 2-4 summarize the operation of the collector
field for June 1983, It was found that the collector operation mode
for the month of June prevented the over-temperature and defocusing prob-
lems; therefore, the current status will be maintained until the plant heat
load warrants the use of an additional portion of the field.

It should be noted that on June 23 and June 30 it was discovered
that most of the active collectors had missed focusing on the sun at start-
up. The central controller light switch was adjusted on both occasions in
attempts to prevent future occurrences.

Table II summarizes the maintenance activity for June. Of the cur-
rent maintenance problems, the ones related to the hydraulic circuit are
the most troublesome. Because the hydraulic oil being used attacks the
roofing material, CTCo plant personnel are sensitive to any leak probleams.
It is hoped that the petroleum based oil can be replaced by a water based
hydraulic fluid to prevent damage to the roof 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, if present, can be prevented.

The DAS experienced data disk problems in June. This was due to the
installation of a bad disk for the period June 3 to June 16. The perfor-
mance results reported below for this period have been rehabilitated from
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 of 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 flowmeter
is backed up by a redundant flowmeter; unfortunately, only the computer is
connected to both sensors. It is difficult 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 of the collector field for
June 1983. As indicated in Table IV, the efficiency results for June 9,
June 14, and June 17 are in error. This is due to incorrect measurements
of the collector plane radiation for those three days. A review of the
detailed data reveal that the readings for the remainder of the month are
acceptable. This is an intermittent problem that will be more closely
monitored.
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—Comments

11 drive rows up, no flow to
down delta-T strings

8 drive rows up, no flow to
down delta-T strings
12 drive rows up, no flow to

down delta-T strings

8 drive rows up, no flow to
down delta-T strings

. TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION
June 1983
ActivezAroa

—Date (£t°)
6/1=6/7 15960 South Field:
North Field:
6/8-6/13 16800 South Field:
North Field:
6/14-6/30 15960 South Field:

6/23 -

6730 -

North Field;

11 drive rows up, no flow to
down delta=T strings

8 drive rows up, no flow to

‘down delta-T strings

Most of active rows missed focusing at

startup.

T75% of active rows missed focusing at

startup.
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BH-94

BH-69
BH-81

BH-47
BH-67

BE=-U47

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY

5/10
6/6

6/8

6/13

June 1983

Observation/Action

Tracker head failure, row deactivated

Receiver tube glass chipped, rows remained
activated.

Replaced faulty hydraulic pressure switch
Rows brought back to service

01l leak through seal on new pressure
switch, row deactivated

Cc-88



TABLE III. ’
MONTHLY PERFORMANCE SUMMARY TABLE - 6/83

INCIDENT SOLAR ENERGY

ON A IN THE
HORIZ COLLECTOR COLLECTOR COLLECTOR PARASITIC

BURFACE PLANE ENEROQY ARRAY EFF. ARRAY EFF. ENERQY ENERQY

JULIAN (1) (2) COLLECTED BASED ON (1) BASED ON (2) DELIVERED UBED
DAY (DATE) BTU/SGFT BTU/SGFT BTU/BGFT % % BTU, /SGFT BTU/SGFT

152 67 1 2378. 2 1322. 8 609. 3 25. 6 46. ) 609. 3 5.8
153 6/ 2 2032. 1 1031. 8 $31.8 26.2 51.5 531.8 4.7
194 &/ 3 2218. 4 1906. 4 796. 9 39.9 41.8 796. 9 6.9
195 &7 4 2435%.1 1773. 4 746. 8 30.7 42.1 746.8 6.0
196 'YAK-) 2609. 7 2648. 8 1163. 3 44. 6 43. 9 1163.3 8 4
197 &/ 6 2242. 6 1619. 4 966. & 43. 1 39.7 966. & 7.2
198 &7 7 2379. & 1902. 7 e81. 1 37.0 46.3 881.1 7.3

¢ 199 &/ B 2047.2 1001.7 318.3 19.9 31.8 318.3 4.3
& 160 67 9 2097. 1 Q3R 224. 9 10.7 _ 224. 9 5.2
161 6710 2113.7 1223. 9 124.0 59 10. 1 124.0 3.3
162 6711 2421.1 1999. 7 849. 1 33.1 42.9 849. 1 6.1
163 6/12 2670. 1 2859. 9 1089. 1 40. 8 38. 1 1089. 1 8.6

164 6/13 2623. 1 2826. 9 1180. 0 43.0 41.7 1180.0 85"
165 6714 2057. 4 75%. ¢ 483. 9 23. 3 — 483. 5 5.0
164 4719 23%0.0 2086. 3 a93. 9 38. 1 42. 9 893. 9 6.9
167 6716 2362. 9 2640.7 1043. 2 40. 4 39.9 1043. 2 8.9
168 6/17 2851. 1 1336. 9 812. 3 28.5 _ 812. 3 9.7
169 4718 26849. & 2821.7 1018. 9 35.8 36. 1 1018. 9 8.5
170 6/19 2801. 9 2707. 1 972. 9 34.7 35.9 972. 9 8.4
171 6/20 2672. 8 2562. 9 853. & 31.9 93.3 853. & 9.6
172 &/721 2753. 1 2785. 4 1009. 8 36.7 36.3 1009. 8 10. 1
173 6722 2778. 4 2853. 2 924. 9 33.3 32. 4 924. 9 10. 1
174 6723 2581. 9 2114. 3 616. 1 23. 9 29.2 618. 1 7.2
175 &/724 2815. & 2018. & 983. 1 34.9 34.9 983. 1 8.7
176 6725 2811. 6 2836. & 975. 2 34.7 34.4 975. 2 8.9
177 6/26 2755. 3 2789. 0 950. 1 34.5 34. 1 950. 1 87
178 &/27 1875. 3 647. 4 75.0 4.0 11. 6 75.0 2.7
179 &/28 1306. 5 400. 9 105. 5 8.1 26.3 105. 5 2.1
180 &6/29 2574. 9 21464. 6 727.58 28. 3 a3. 6 727.5 7.1
1681 6/30 2421. 8 1145. 8 396.7 16.4 34. 6 396.7 b7
TOTALS 73103.9 57912.1  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 active area values for the appropriate periods (see Table 11),
it is found that the total collector field energy output for June was
360x106 Btu. -

B. Daily Summary

Table IV and Figure 6 summarize the clear day performance of the collector
field for June 26.
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TABLE IV. CLEAR DAY PERFORMANCE TABLE - 6/26/83 (JULIAN DAY 177)

INCIDENT SOLAR ENERGY NORTH FIELD S0UTH FI1ELD TOTAL SYSTEM
ON A IN THE COLLECTOR COLLECTOR
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR

AMB WIND SURFACE PLANE ARRAY TEMP ARRAY TEMP ENERGY ARRAY EFF. ARRAY EFF. PARASITIC
TEMP SPD (1) (2) FLOW RATE IN ouT FLOW RATE IN QUT COLLECTED BASED ON (1) BASED ON (2) ENERQY

HOUR F MPH BTU/HR-FT2 BTU/HR-FT2 GPM F F GPM F F BTUW/HR-FT2 % k3 . BTU/HR—FT2
1. 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
2. 0.0 00 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
3. 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00
4. 0.0 00 0.0 0.0 00 0.0 00 0.0 00 0.0 0.0 0.0 00 0.0
S. 0.0 00 0.0 0.0 0.0 Q0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6. 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0
7. 92.7 4.4 995.7 Q00 0.0 00 0.0 0.0 0.0 00 00 0.0 0.0 0.0
8. 61.1 5.3 127. 2 143. 1 53. 2 166.2 1685. 8 85. 4 168.3 179. 6 6.8 5.4 4.0 1.8
?. 661 4.3 209. 9 257. 9 64. 4 186. 9 201. & 144. 0 180. 6 202.7 98. & 47. 0 30.2 2.7
100 71.6 2.6 264. 4 263. 5 4.7 190. 4 206. 8 144. 9 192. 6 206. 8 104.0 379.3 39.95 2.7
a 11 &7.0 6.6 309. 5 268. 6 84. 9 198.7 213. 6 145. 0 199.1 213.7 100 &6 J2.8 37.8 2.7
1 12 66.0 9.4 342.5 268. 9 84. 8 205. 4 220. 2 1344.7 205.3 220. 3 102. 9 30.1 5. 6 2.7
8 13 66.3 10.9 3%91.2 301. 2 4.7 211.8 226. 6 144. 6 211.1 226. 5 103. 6 29. 6 34.5 2.7
14 64.9 11.3 344.7 308. 3 84. 5 217.9 233. 5 143. 8 217.1 232 4 104. 9 30. 4 34.0 2.7
19 64.9 12 6 302. 0 303. 68 84. 4 223. 4 238. 9 143. 8 222. 4 237. 5 103. 1 34.1 3.9 2.7
16 67.0 6.0 220.7 2087. 4 84.0 227.7 242. 1 143. 4 226.7 240.9 96. 4 43.7 33.5 2.6
17. 695.3 11.2 134.3 233. 95 a83.5 230.1 241. 4 142. 5 229.1 241.0 78. 6 58. 5 31.0 2.6
18. 61.9 14.1 68.3 112. 6 43 4 228.1 232. 3 77. 6 227.1 233. 2 29.2 42. 6 25. 9 1.6
19. 59.4 15 4 28. 4 Q0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20. 56.3 13. 6 00 00 0.0 00 0.0 0.0 00 00 0.0 00 0.0 00
21. 54.9 12.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
22. 0.0 00 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 00 0.0 0.0
23. 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
24. 0.0 00 0.0 00 0.0 00 0.0 00 0.0 00 0.0 0.0 00 0.0




CLEAR DAY PERFORMANCE GRAPH 6-26-83

m- L l L] [ 1 r L I T l 1 q T ] L [ L3 I L I
=~INCIDENT SOLAR ENERGY ON A/ TAL SURFACE (BTU/HR-SGFT)
L o-INCIDENT SOLAR ENERGY IN TOR PLANE (BTU/HR-SQFT)
a-ENERGY COLLECTED (BTU/HR
291. }-  ~-ENERGY DELIVERED (BTU/M 4
= -PARASITIC ENERGY USE cj
g 233,
:
S 178.
[t
a
A%
o
J
g 116.
Wi
8.3
0. 08

9.80 2.00 400 6.00 9.00 10.9 12.0 14.0 16.0 18.0 20.0 2.0 24.9

HOUR OF DAY

FIGURE 6.

Cc-93




SOUTHWEST RESEARCH INSTITUTE

POST OFFICE DRAWER 28810 © 6220 CULEBRA ROAD * SAN ANTONIO, TEXAS. USA 78284 © (812) 684.81110TELEX 76-7387

Department of Mechanical Sciences

August 19, 1983

Monthly Progress Report No. 42

Reporting Period July 9, 1983
through August S, 1983

CONTRACT TITLE AND NUMBER:
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 was available throughout the month of July; how=-
ever, there were only six days of normal operation due primarily to the
plant shutdown during the perfod July 5 to August 2.

SUMMARY STATUS ASSESSMENT AND FORECAST:

The danger of leaking hydraulic fluid destroying the roof material
has {ncreased with the failure of two additional drive pylons. SwRI and
CTCo personnel will implement a permanent solution to this problem before
any more repairs to isolated fa{lures are performed. See the accompany ing
performance report for a more detailed description of these failures.

Respectfully submitted,

e b

Steven T. Green
Research Engineer

STG:dle

Encl. APPROVED:

cc: Dr. R. L. Bass, SwRI
Ms. C. L. duMenil, SwRI . D..%-??? D
Appropriate DOE Personnel Danny M, Deff;hbaug
Solar IPH Technical Advisors Project Manager
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MONTHLY REPORT No. 9

REPORT PERIOD: July 1, 1983 - July 31, 1983
REPORT NO.: 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
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II. RProlect Descrdption

Application: - Preheat of process hot water for parts
. washing. -
Site: 37° 44' N, Latitude, 122° 15' W,

Longitude, Elevation = 108°'.

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

Auxiliary Fuel: Natural gas.

Collectors: : 50400 ft2 of Solar Kinetics tracking,
parabolic line focus, T-700 collectorsa.
Roof mounted, horizontal on N-S axis, 30 AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 rt2).

Fluid Type, Flow: Treated water, North field -~ 330 gpm, South
fleld - 120 gpm. .

Design Energy Delivery: 143 x 109 Btu/yr, peak hourly 8.6 x 106
Btu/hr, peak daily - 78.6 x 105 Btu/day.

Phase 1 Cost (Design): $143,045

Phase 2 Cost (Conmstruction): $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. "

PARABOLIC TROUGH
SOLAR COLLECTORS

HOT WATER PROCESS
RETURN LINE

FIGURE 1. SYSTEM SCHEMATIC
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III. Qperating Experience

The solar system was available for operation throughout the month of July.
Minor changes were made to the system to accommodate the several matinten-
ance actfons described below. The DAS operated without trouble through the
entire month,

Table I summarizes 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
problems 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 is
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 hydraulfic of1 circuit leaks out of
service until a permanent solution to the leak problem and assocfated
problems can be found. Recall that the petroleum-based fluid currently in
use destroys the roofing material on the CTCo plant. SwRI and CTCo are
1nvestigating 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 system performance for the month of
July. It 1s 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 this period, the process heat system was operated for
occasional plant maintenance needs.

B. Daily Summary

Table IV and Figure 6 summarize system performance for July 5, 1983. It
s seen that the system 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 32.0%.
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TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION
} July 1983

Activoz?rea

Date (ft Comments

7/1-1/2 15960 South Field: 1l drive rows up, no flow to
down delta-T strings

North Field: 8 drive rows up, no flow to
down delta-T strings

7/3-7/6 14280 South Field: 9 drive rows up, no flow to
down delta-T strings except
for string BH69/BH47

North Field: 8 drive rows up, no flow to
down delta~T strings

7/7-7/31 17640 South Fileld: 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

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY
July 1983

Drive Row Date QObservation/Action

BH=-94 5/10 Tracker head failure, row deactivated

BH=-47 6/13 011 leak through seal on new pressure
switch, row deactivated :

BH-69 7/3 011 leak, BH=69 due to faulty tube con-

nection, BH-84 due to lower seal on
hydraulic cylinder

Cc-98
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TABLE III. MONTHLY PERFORMANCE SUMMARY TABLE - 7/83

INCIDENT SOLAR ENERGY

ON A IN THE
HORIZ COLLECTOR COLLECTOR COLLECTOR PARASITIC
SURFACE PLANE ENERGY ARRAY EFF. ARRAY EFF. ENERGY ENERCY
JUL IAN (1) (2) COLLECTED BASED ON (1) BASED ON (2) DELIVERED USED
_ DAY (DATE) BTU/SGFT BTU/SGFT BTU/SGFT % % BTU, /SGFT BTU/SGFT

182 7/t 341.7 -0. 1 Q.0 0.0 0.0 0.0 .01
1683 7/ 2 2768. 8 0.0 0.0 0.0 0.0 0.0 3
194 7/ 3 2792. 7 -0. 1 0.0 0.0 0.0 0.0 0.3
189 7/ 4 1719. 1 0.0 0.0 0.0 0.0 0 Q 0.1
186 7/ 3 2776. 6 22084. 6 731.0 26. 3 32.0 731. 0 & 7
187 77 & 29%0. 1 2086. &6 653.7 23. &6 31. 3 &%3. 7 6 2
188 77 7 247%. 1422. 6 507. 9 20. 9 3%.7 S07. 3 9 3
189 7/ 8 2822. 3 1878. 9 &73. 1 23. 8 3%. 89 &73. 1 & 3
190 77 9 2809. &6 -0. 3 0.0 0.0 0.0 0.0 Q0.3
191 7/10 2799. 9 0.9 0.0 0.0 0.0 0.0 0.3
192 7/11 26818. 8 4464. 8 106.7 3.8 23.0 106. 7 2.0
193 7/12 2917. 2 -9.7 8 4 0.3 ~-86.3 e 4 s.7
194 7/13 2701. 3 1524. 7 $23. 9 19. 4 34. 4 323 9 32
195 7/14 2762. 0 -0.4 0.0 0.0 0.0 0.0 0.0
196 7/18 2777.7 0.0 0.0 0.0 0.0 0.0 c.0
197 7/16 2347. 8 0.0 0.0 0.0 00 0.0 0.0
198 7/17 2332. 1 0.0 0.0 0.0 0.0 0 0 00
199 7718 2124. 2 0.0 0.0 0.0 0.0 Q.0 00
200 7/19 2599. 4 0.0 0.0 0.0 0.0 0.0 0.0
201 7/20 2690. 2 0.0 0.0 0.0 9.0 Q.0 0.0
202 7721 2703. &6 0.0 0.0 0.0 0.0 0.0 0.0
203 7/22 1740. 9 0.0 0.0. 00 Q.0 0.0 0.0
204 7/23 2233. 9 0.0 0.0 0.0 Q.0 0.0 0.0
20% 7/24 982. 9 0.0 0.0 0.0 0.0 0.0 o0
206 7/29 2083 & 0.0 0.0 0.0 Q.0 0.0 Q.0
207 7/26 2434 . 8 0.0 0.0 0.0 0.0 0.0 0.0
208 7/27 2317.0 0.0 0.0 0.0 0.0 0.0 0.0
209 7/28 2346. 0 0.0 0.0 0.0 0.0 0.0 0.0
210 7/29 2448. 4 1.4 1.0 00 73.9 1.0 3.0
211 7/30 1832. 7 11. 0 9.9 09 B86. 2 L. 39
212 7/31 2569. 1 0.0 Q.0 Q.0 Q0 0.0 0.0

TQTALS 73833. ¢ 9664. 3 3214. 8 4 4 33.3 3214. 8 45. 3
AVG 2381. 7 311. 8 103. 7 103. 7 1.3
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INCIDENT SOLAR ENERGY ON A HORIZONTAL SURFACE (BTU/SQST)
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TABLE IV. CLEAR DAY PERFORMANCE TABLE - 7/5/83 (JULIAN DAY 186)

INCIDENT SOLAR ENERGY NORTH FIELD SOUTH FIELD TOTAL SYSTEM
ON A IN THE COLLECTOR COLLECTOR
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR

AMB WIND SURFACE PLANE ARRAY TEMP ARRAY TEMP ENERGY ARRAY EFF.  ARRAY EFF. PARASITIC
TEMP SPD (1) 2) FLOW RATE IN QUT  FLOW RATE IN OUT COLLECTED BASED ON (1) BASED OM (2) ENERGY

HOUR F  MPH BTU/HR-FT2  BTU/HR-FT2 GPM F F GPM F F  BTU/HR-FT2 % % BTU/HR-FT2

A

1 00 00 0.0 0.0 0.0 00 00 0.0 00 00 0.0 0.0 0.0 0.0
2 0.0 00 0.0 0.0 0.0 00 00 00 00 00 0.0 0.0 0.0 0.0
a 0.0 00 00 0.0 0.0 00 00 0.0 00 0.0 oo 0.0 0.0 o0
4 00 00 0.0 00 0.0 0.0 00 Q.0 00 00 0.0 0.0 0.0 0.0
5 0.0 00 00 00 00 00 00 Q.0 00 00 00 0.0 0.0 Q0
& 00 00 0.0 0.0 0.0 0o 00 00 00 00 0.0 00 0.0 0.0
7. 52.7 2.3 44 5 00 oo oo 00 0.0 Q0 0.0 0.0 0.0 0.0 0.0
8 604 25 92.5 0.0 0.0 no oo 0.0 00 00 0.0 00 0.0 0.0
9 &84 3.1 2135 229 8 70. 4 1241 125 2 104. 7 124 2 125. 0 6.3 3o 2.7 27
10 69.3 4.3 2628 274.3 820 124. 6 136.3 118. 7 124.5 134 9 75.9 28. 9 272.7 2.9
11. &9.0 52 308 2 275. 9 83.7 135 2 150 9 124. 3 135.3 149.2 104.8 34.0 38.0 2.9
a 12 699 5.8 3435 296.7 84 & 148. 7 1651 132. 6 149.4 162.8 108.4 31.6 36.5 30
t 13 708 8.9 2354.8 311. 5 84.7 1641. 6 178. 9 1392 162.9 176 1 111.4 a4 3%.8 30
Py 14 702 8.2 340 4 313.9 64 4 170.9 189.9 139. 7 173 1 186.8 118 9 34.9 az 9 30
= 15. 67.9 9.5 305 6 308. 7 84. 1 171.9 190. 5 139 7 1738 1865 113 0 a7.0 36 6 30
16, 8.2 92 2347 286. 5 83 a 182 9 199 4 140. 6 185 5 196.0 9% 1 40. 6 335 2.9
17 662 115 154.9 0.0 00 00 oo 0.0 0.0 00 0.0 00 oo 0.0
13. 64.2 9.9 81.5 0o 00 00 00 00 00 00 0.0 00 0.0 0.0
19 61.1 85 34.5 0.0 0.0 0.0 0.0 Q.0 00 00 00 00 00 Q0.0
2 57.2 &7 03 00 00 00 00 00 000 no 0.0 0.0 0.0 00
21. S56.4 7.3 00 0.0 00 oo 00 oo 00 00 0o 00 00 0.0
22. 00 00 0.0 0.0 0.0 00 00 00 00 00 00 0.0 00 0.0
23 0.0 00 0.0 00 0.0 o0 00 a0 00 00 0o 00 0.0 0.0
24, 0.0 0.0 0.0 0.0 00 00 0o 0.0 0.0 00 00 0.0 00 0.0

TATALS 2775. 9 2297. 2 735. 0 26 9 32.0 23. 3
AVG 64.B8B &6 9 198. 3 287. 2 82 2 1952.5 167.0 129. 8 153. 6 164. &6 1.9 1.6
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II. Proiect Description
Application:

Site:
Process Schedule:

Auxiliary Fuel:

Collectors:

Fluid Type, Flow:

Design Energy Delivery:
Phase 1 Cost (Design):

Phase 2 Cost (Comstruction):

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 system
will deliver a maximum of 8.6 x 106 Btu/hr.

Natural gas.

50400 ft2 of Solar Kinetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizoatal on N-S axis, 30 AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
ft2; South field, 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 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.

PARABOLIC TROUGH
SOLAR COLLECTORS

FIGURE 1. SYSTEM SCHEMATIC
r-108



I1I. Qperating Exparience

The operation® of the solar system was changed during the month of August to
accommodate a new plant load profile. Adjustment to the central controller
was also necessary to prevent collectors from missing focusing during
startup. The DAS was inspected and modified during August as well.

A summary of the solar system operation i1s 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 1s 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 1oop which is above the threshold of the process 1ocop 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 1n whole or 1n part occasionally missed focusing on the sun at
startup. The central controller 1ight 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 1ight sensor related to variations in the solar altitude angle.

Figures 2 and 3 depict the collector drive row status for the month of
August. _The active collector area was 17640 ft< for August 1-9 and
19320 ftZ for August 10-31.

The solar system maintenance costs are summarized in Table II. These costs
are tabulated by month for the operational phase of the project which began
in February. It 1s seeg that mafintenance cost, normalized to collector
array size, is $0.15/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 15-August 19, the DAS was inspected and sensor
calibrations were checked. The only sensors requiring calibratfon 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: S = 44,054 (V) - 176.21
Correct: Horizontal Plane S = 38,3275 (V) - 153.310
Collector Plane Total S = 38,4766 (V) - 153.910
Collector Plane Diffuse S = 37.7437 (V) - 150.975

S = radfation, Btu/ftzlhr V = sensor output, mA
Cc-109




TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION

August 1983
ActivezArea
—Date (f£°) Comments
8/1-8/9 17640 South Field: 13 drive 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
8/10-8/31 19320 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
8/1 - 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.
8/15-8/19 - Calibration of DAS sensors and modifications
to software
8/19 - Water in tracker head on Row BHS58, Row does
not properly focus
8/22 - Most of the array passed sun during startup.
Array was refocused at 12:45 PDT. Central
controller sensitivity adjusted
8/23 -~ Rows BH=50, =53, -87 passed sun. Rows were
refocused at 12:45 PDT
8/29 - Most of the array passed sun during startup.
Array not refocused
8/31 - Begin manually stowing collectors at 3:00

P.M. because control system flow switches
oscillate during automatic shutdown (see
Comments for 8/1)

Cc-110
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TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY
February-August 1983

Cost _ Total Cost
Labor Materials Total to Date

Q8 MActivity Hours. $ 3 $ 3

February o Repair Row BH-92 : 18.0 433.37 -0- 433.37 433.37
o Manually refocusing collectors periodi- ’
cally because of startup sequence failure

March

(=)

Maintenance of Row BH-47 hydraulics 27.2 693.91 -0~ 693.91 1127.28
Maintenance of Row BH-81 controls

o0 Adjustments to system oepration due to

overtemperature conditions

(<}

>
©
-
wdly
b
(=]

Maintenance of Row BH-94 hydraulics 12,0 215.59 -0- 275.59 1402.87
Adjustments to system operation due to
overtemperature conditions

©

£€11-0

Reinstall Row BH-81 controller 34.8 793.24 260.00 1053.24 2456.11
Reinstall BH-94 hydraulics

Maintenance of Row BH-67 hydraulics

Adjustments to system operation due to

overtemperature conditions

0000

June o Repair Row BH-47, -67 hydraulics 35.0 87.10 200.00 1037.10 3493.21
o Manually refocus fleld because of
startup sequence faflure

July o Maintenance of Row BH-69 hydraulics 10.0 246.31 -0- 246.31 3739.52
o Adjustments to system operation to
match output to load

Manually refocus rows that miss sun 20.0 529.27 -0- 529.27 4268.79
Routine 1inspection

Deactivate Row BH-47/-69

Activate Row BH-48/-70

Repair DAS printer

August

000O0CO

IIII I NS S NS S SN S-S SN ..




It 1s seen that the actual solar radiatfon values are 87% of the ones
tabulated in the performance reports prior to this, The data presented in
Monthy Reports 1-9 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 (FEK-244) degradation rate. The results
of this inspection and a similar one conducted during April 5, 1983 are
shown below.

Average Specular Reflectance (%) Degradation
Row 4/5/83 8/16/83 fct. pts per day
BH-48/-70 81.2 73.7 0.0564
BH-65/-87 80.9 59.8 0.1586
BH-91/-99 8l.4 57.6 0.1789
BH-95/-103 80.6 56.6 0.1805
Average - - 0.1435

These measurements were taken with a Devices and Services Model 15R

(Ser. No. 0l1) 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 rafn 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 degradatfon rate compared to the other
test rows, is on the east end of the building. The east end of this CTCo
building faces a residential section of San Leandro while the west end
faces an industrial section and San Francisco Bay. It {s thought that
fewer air 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. System Performance
A. Monthly Summary

The collector array performance for August 1983 is summarizerd in Table III
and Figure 4. It 1s seen that a different format for presenting the data
is used this month. This change 1s 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 1s seen that 1ittle 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 relfable performance can be reported for
that day.

For the entire month, system efficiency was 34.4%
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TABLE IIT. MONTHLY PERFORMANCE SUMMARY TABLE - 8/83

INCIDENT SOLAR ENERGY

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/SGFT BTU/BGFT 8GFT KBTU % % KBTU
8/ 1 213 2337.7 810.3 17640. s728. 1 13.9 40.1 260. 8
87 2 214 2216. 6 0.0 17640. 0.0 0.0 00 11. 9
8/ 3 2193 &39. 1 661. 9 17640. 4280.0 38.0 26.7 191.7
as & 216 990.8 1108. 3 17640. 2979.3 17.89 15. 2 193. 9
8sr s 217 2280. 4 1931.7 17640. 10390. 4 25.8 38. 9 331.2
8/ & 218 2170.7 -0.7 17640. 0.0 0.0 0.0 19.7
as 7 219 2018.3 1963. 1 17640. 5974. 9 16.8 21.7 378.2
e/ a8 220 2122.3 1680. 7 17640. 11087. 3 29. &6 az. 4 368. 3
as 9 221 2161. 4 1964. 6 17640. 9943. 1 25.0 4.6 348. 8
8/10 222 1968. 4 1346. 7 19320. 9301. 4 24.5 35.7 315.7
as11 223 2127.9 1718.8 19320. 136887. 4 33. 8 41. 8 408. 8
o 8/12 224 2011.8 1347. 6 19320. 10860. & 27.9 41.7 23s.3
- 8/13 223 1956 & -0.2 19320. 0.0 0.0 0.0 17. 1
G a/14 226 1080. 4 -0.2 19320. 0.0 0.0 0.0 14.9
8713 227 1495. 4 1209. 7 19320. 10244. 8 39. 93 43.8 296. 1
8/16& 228 120. 9 144. 1 19320. 695.7 28.1 23. 6 44.2
8/17 229 0.0 0.0 19320. 0.0 0.0 0.0 0.0
as18 230 0.0 0.0 19320. 0.0 0.0 0.0 0.0
a/19 231 192. 6 0.0 19320. 0.0 0.0 0.0 . 8.7
as20 232 1919. 6 0.7 19320. 0.0 0.0 0.0 18. 4
8/21 233 2091.8 1251. 7 19320. 8604. 8 21.3 35. 6 2%3.9
8/22 234 . 2078. 2 19510. 1 19320. 9679.8 24.1 33.2 469. 4
8/23 23% 2160.0 1923. 6 19320. 11898.0 28.5 32.0 479. 1
as/24 236 2132. 2 1837. 1 19320. 119%4. 9 29.0 33.7 4%3. 4
8/23 237 1370. 6 468. 4 19320. 2286. 9 82 27. 8 19%.0
as26 238 2106. 8 1987. 1 19320. 9599. 7 23. 5 31.2 329.0
as27 239 1931.3 0.0 19320. 0.0 0.0 0.0 18. 7
as/28 240 2093. 2 1795. 3 19320. 12063. 0 29.8 34. 8 3%6. 1
asa29 241 1626. 1 11.7 19320. 208S. 0 S 925. 5 307.7
8/30 242 1899. 8 1411.0 19320. 84%6. 7 23.0 31.0 393.7
8/31 243 1393. 7 483. 1 19320. 2742. 7 10. 5 29. 4 214. 6
TOTALS 50814. 4 26966. 3 174445, &6 18. 3 34. 4 7009. 4
AVG 1792. 2 929. 9 6016. 1 241.7
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B. Clear Day Performance

The hourly performance of the collector array on August 1l 1s summarized in
Table IV and Figure 5. It is shown that the peak efficiency was 49.0% with
an energy delivery rate of 1843 KBtu/hr while the all-day efficiency was
40.6% with an energy delivery of 13548 KBtu.
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CLEAR DAY PERFORMANCE TABLE - 8/11/83 (JULIAN DAY 223)

TABLE IV,

ARRAY ACTIVE AREA = 19320 SQ. FT.
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: 13547.7 2.9 40. 6
o 223.6 23%.7 179. 2 224.7 237.1 1305.3

81.

1725. 9
191. 8

2120.7
7.1 163.7

TOTALS

AVO 72.1
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This report documents the last month of one-year of operation.
The cost and manpower plans for the second year will be included in
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SUMMARY STATUS ASSESSMENT AND FORECAST:

The solar system and DAS operated smoothly during the month of
September with only minor maintenance required. This activity is dis-
cussed in the accompanying monthly performance report.
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Contact: D. Deffenbaugh, 512/684-5111, ext 2384

PROJECT SITE: Caterpillar Tractor Co.

1930 Davis Street
San Leandro, California

c-121




o i

II.  Prodect Description

Application: - Preheat of process hot water for parts
washing.
Site: 37° 44' N. Latitude, 122° 15' y,

Longitude, Elevation = 108°'.

Process Schedule: Peak energy requirement is 9 x 106 Btu/hr
' of hot water at 235°F. The solar systenm
will deliver a maximum of 8.6 x 1056 Btu/hr.

Auxiliary Fuel: Natural gas.

Collectors: 50800 ft2 of Solar Kinetics tracking,
parabolic line focus, T-T00 collectors.
Roof mounted, horizontal on N-S axis, 30AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 rt2).

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpa.

Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
Btu/br, peak daily - 78.6 x 100 Btu/day.

Phase 1 Cost (Design): $143,045

Phase 2 Cost (Construction): $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 "bhoilers®

to relieve some of the boiler load. Total plant requirement is an average of
836 gpm at 235 F.

PARABOLIC TROUGH
SOLAR COLLECTORS

VALVE

FIGURE 1. SYSTEM SCHEMATIC
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III. QOperating Experience

The solar system operation was not changed during the month of September
from the conditions of the end of August. Minor maintenance was required
in the collector field and on the Acurex datalogger. The PDP 11/23 DAS
operated without problem throughout the month.

A summary of the solar system operation is presented fn 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
matntenance. ~

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 PDP 11/23 system,
however, operated normally throughout the entire month so system perfor-
mance can be reported.

The costs for operation and maintenance of the solar system are presented
in Table II. It is seen that in the eight months for which these costs
have been accounted the unit cost of 0&M are approximately SO.IS/year/ftz
of collector areas. This amount includes all expenditures for O&M
activities by CTCo personnel.

Iv. dystem Performance
A. Monthly Summary

The performance of the CTCo solar system is summarized in Table III and
Figure 4. It 1s seen that while the system was not operatfonal 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 heating_system for Monday
operations. The system delivered approximately 133.9%10° Btu during the
month for a system efficiency of 29.8% based on the actual collector plane
radiation. Peak daily efficiency was 37.0% on September 11,

B. Clear Day Performance

The performance for a typfcal clear day is shown in Table IV and Figure 5
for September 11. It 1s seen tgat the system operated 8:00 a.m. and 6:00
p.m. (PST) and provided 13.5*%10° Btu over the entire day.

It {s also observed that the collector plane radiation drops to near zero
while the system seems to remain operating. This 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 elimiante 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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Date
9/1-9/30

9/9

9/28

Active.,Area
(ftZ?

_ TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION

September 1983

_Comments

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

Datalogger cassette record not operating
properly.

Outlet hose on row BH-49 leaking. Hose
removed for repair.
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TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY
September 1983

Cost
Total Cost
Labor Materials Total 2/83 - 9/83
0 & M Activity Hours_ $ h Y 3 —_3
0 Routine inspection and DAS disk changes 20 498,52 178.00 676.52 " 4945.31

0 Remove hose from Row BH-49

o Checkout datalogger cassette recorder

LZ1-0




P T
TABLE III. MONTHLY PERFORMANCE SUMMARY TABLE - 9/83 |

INCIDENT SOLAR ENERGY

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/SGFT  BTU/SGFT  SGFT KBTU % % KBTU
L]

9/ 1 244  2060.9 1997. 6 19320. 9911. 8 24.9 321 333. 1

9/ 2 =245  2021.1 1525. 4 19320. 9916. 3 23 4 33. 6 324. 9

9/ 3° 246  2024.1 1.6 19320. 0.0 00 0.0 19. 1

9/ 4 247  1998.9 0.2 19320. 0.0 0.0 0.0 20.9

9/ 5 248  1981.2 1916. 3 19320. 13040. 7 34.1 35.2 416.9

9/ 6 269  1795.3 1009. 9 19320. 5558. 9 16.0 28.5 231. 6

9/ 7 25  1297.6 282. & 19320. 1473. 9 5 9 27.0 - 97.2

9/ @ 231 1879. 9 1017.@ 19320 6207 4 17.1 31. 6 233.5

9/ 9 292  1934.7 1530. 5 19320. 8930. 1 23. 6 30. 2 32¢. 8

9/10 293  1949.2 0.7 19320. 0.0 0.0 0.0 18. 4

Q@ /11 234  1971.6 1896. 0 19320. 13553. 9 3s. 6 az. o 456. 4
- 9/12 2%%  2113.0 1429. 1 19320. 8700. 6 21.3 31.5 320. 7
P 9/13 2%  1874.2 1432. 8 19320. 8499 1 235 30.7 317.2
9/14 297  1745.8 1132. 4 19320. 5774. 1 17. 1 26. 4 29@. 9

9/15  2%8  1806.2 1151. 3 19320. 4115 0 17.5 27. 5 282. 2

9/16 299 16437 938. 1 19320. 5118. 4 16. 1 28.2 223. 5

9/17 260  1758.9 -0.1 19320. 0.0 0.0 0.0 17.6

9/18 261 1735. 4 1244.8 19320. 8160. 1 24.3 33.9 291.7

9/19 262  1498.8 1379. 6 19320. 7469. 5 22.8 26.0 317.7

9/20 263 1775.8 1513. 6 19320. as13. 4 24.0 29.1 334. 1

9/21 264  1234.1 223. 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

9/28 267 16399 -0.3 19320. 0.0 0.0 0.0 18. 2

9/2% 268  1295.0 -0.3 19320. 0.0 0.0 0.0 18. 8

/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 X

/28 a7 1395. 2 618.7 19320. 2216.6 8 2 19. 5 182. 7

9/29 272 662. 1 -0.2 19320. 0.0 0.0 0.0 14.8

9/30 273  1106. 4 126.0 19320 99. 0 0s a1 128. 7

TOTALS AB@97.9  23202. 4 133942. 6 14.2 29.8 5675. 2
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TABLE IV. CLEAR DAY PERFORMANCE TABLE - 9/11/83 (Julian Day 254) A

ARRAY ACTIVE AREA = 19320. SQ. FT.

INCIDENT SOLAR ENERQY NORTH FIELD SOUTH FIELD TOTAL SYETEM
ON A IN THE COLLECTOR COLLECTOR
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR
AMB WIND SURFACE PLANE ARRAY ) TEMP ARRAY TEMP ENERGY ARRAY EFF. ARRAY EFF. PARASITIC
TEMP SPD 1) (2) FLOW RATE IN auT FLOW RATE IN OUT COLLECTED BASED ON (1) BASED ON (2)  ENERGY
F F GPM F F KBTU/HR % % KBTU/HR

HOUR F MPH BTU/HR-FT2 BTU/HR-FT2 GPM

1. 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 00

2 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 oo

3 00 00 0.0 0.0 0.0 00 0.0 0.0 00 00 0.0 0.0 0.0 00

4 00 00 0.0 0.0 0.0 00 0.0 0.0 00 00 0.0 0.0 0.0 0.0

s 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 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 0.0

7 sa.0 0.1 17. 6 0.0 0.0 00 00 6.0 00 0.0 0.0 0.0 0.0 0.9

8 76.0 -0.1 77.7 3s. 1 17. 2 124.9 129. 4 31.7 124.7 131.8 59. 7 4.0 a8 12.2

9. 79.7 1.3 137.9 202.8 €@3. 0 148.5 156. 3 150. 9 147.8 158. 4 1115 0 41.8 28.5 4.2

10. 78.3 3.4 191.7 207.0 83. 6 154 6 164.2 163 & 154.8 167. 6 1434. 5 3.7 35.9 43 2

o 11. 79.% 3.3 231.5% 214.9 83 7 161.1 170.3 170. 1 161.0 173.0 1390.3 31.1 339 43 &
L 120 841 4.3 2%4.7 227.8 83 7 169.1 179.0 174. 7 168.9 181.7 1503.3 30. 6 34.2 43 ©
W 13 688.4 65 2621 246.0 83 3 179.7 190.7 178. 3 179.4 193.0 1640.0 32 4 34.5 43. @
© 14 923 7.6 2470 2%6. 4 82 9 189.1 201.3 182 8 188.8 203.7 1820. 3 3g. 2 36.8 437
19, 99.3 8.7 243 4 262. 6 g2 8 198.3 211.0 184. 7 197.8 213. 6  1927.1 41.0 38. 0 45. 8

16. 94.0 9.9 179.1 245 3 g3. 0 206.5 219.0 185. 2 2059 220 & 1812 & s2. 4 38. 2 4. 7

17. 91.7 10.9 99.9 0.1 81.3 206.5 211.2 180. 3 206. 5 213.8 83s. 6 43.3 rannn 4. 9

18. 87.0 7.3 30. 2 1.7 443 197.7 196.8 9. 7 197.9 197. 2 -21. 4 _— — 29 2

19. 79.8 4.7 0.0 0o 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 1.0

20. 76.6 2.0 0.0 0.0 0.0 oo o0 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 00 o0 0.0 0.0 0.0 0.0 0.0 0.0 0.9

2. 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 0o

23. 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0

2. 00 0.0 00 0.0 0.0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

' TOTALS 1972.9 1899. 7 13517.0 35. 9 36. 8 4%4. 4
AVG B82.4 4.7 164.4 172.7 73.5 176.0 184.1 154. 4 175.8 186.8 1228.8 0.3
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The cost and manpower plans for the final year of operation are
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.

Respectfully submitted,
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Steve T. Green
Research Engineer

STG:dle
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cc: Dr. R. L. Bass, SwRI
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II. Erolaqt Deaoription

Applicntion:. Preheat of process hot water for parts
S washing.
Site: 37° 43* N. Latitude, 122° 15! y,

Longitude, Elevation = 108°',

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

Auxiliary Fuel: Natural gas.

Collectors: 50400 £t2 of Solar Kinetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal on N-3S axis, 30AT
strings @ 240 ft per string. 60 drive

strings (2 per row). (North Field, 13440
£t2; South field, 36960 ft2).

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpnm.

Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
Btu/br, peak daily - 78.6 x 106 Btu/day.

Phase 1 Cost (Design): $143,045

Phase 2 Cost (Construction): $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.

PARABOLIC TROUGH
SOLAR COLLECTORS

CIRCULATION PUMP
450 gpm

FIGURE 1. SYSTEM SCHEMATIC
C-134



I11. Qperating Exparienca

The solar system was available for operation throughout the month of
October. Several changes in the number of operating rows were made to
accommodate seasonal changes in the solar system performance. The DAS
operated smoothly during the entire month.

The operation of the solar system {s summarized {n Table I. It {s

seen that on 10/4 and 10/11 delta-T strings which had previously been
deactivated were brought back into service. As the amount of solar
radiatfon decreases, the active area of the collector array must be
increased to mafntain 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 1isted in Table III, It can
be seen that replacement tracker heads (on order since June 1983) were
received and immedfately used.

Iv. System Performance
A. Monthly Summary

The performance of the solar system {s summarized in Table IV and Figure
6. It 1s 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 1008 the utilization was only 74% (2B out of 31
days).

The horizontal radiation sensor was not operating properly on 10/31 so that
no radfation data can be reported for that day. The total and average
horfzontal radiation and the respective array efficiency values were
modified accordingly. The total monthly efficiency is 20% while the peak
daily efficiency 1s seen to be 31.6%.

B. Clear Day Performance
The hourly performance for 10/24/83 is shown 1n6TabIe YV and Figure 7. The

total energy delivery for this day was 9.37 *10 Btu at a day-long
efficiency of 23.4%. Peak hourly efficfency was approximately 33%.
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~ TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION

October 1983
ActivezArea
Date (f£5) Comments.
10/1-10/3 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
10/4-10/10 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
10/11-10/26 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
10/27-10/31 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

10/27 - Receiver tube glass on BH-49 broken. Row
, removed from service. '
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TABLE II. SUMMARY OF QUT-OF-SERVICE DRIVE ROWS
- October 31, 1983

‘__891.1.___Dn:a_ni.Las:_As:inn* ~Comment,

BH=-47 6-13-83 Hydraulic ofl pressure switch O-ring
fatlure

BH-48 9-28-83 Outlet water hose leaking at fitting
crimp

BH-49 10-27-83 Broken receiver tube glass

BH-69 7-3-83 Hydraulic oil1 hose leak

BH-70 9-28-83 See BH~-48

BH-84 7-3-83 Hydraulic o1l leak

TABLE III. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY

October 1983
_LCast
Labor Materfals Total
O & MActivity | Hours 2 ) 3
o Routine inspection 7 217.58 -0- 217.58
o DAS disk change
o Secure row BH-49
because of broken
glass
o Activate drives
to increase array
active area
o Seal row BH-49 tracker
head leak 1 31.09 -0= 31.09
o Replace leaking tracker
head on Row BH-58 1 31.09 -0- 31.09
o Replace faulty tracker
head on row BH-94 1 31.09 -0- 31.09
TOTAL 10 310.85 -0- 310.85

Total Cost for 2/83 - 10/8 = $5256.19
Cc-141
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TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 10/83

I INCIDENT SOLAR ENERGY
I ON A ON THE
HORIZ COLLECTOR ARRAY COLLECTOR COLLECTOR PARASITIC
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERGY
JULIAN (B8 (2) AREA COLLECTED BASED ON (1) BASED ON (2) USED
l DATE DAY BTU/SGFT BTU/SGFT SGFT KBTU % % KBTU
10/ 1 7 274 1232. 2 -0. 4 19320. 0.0 0.0 0.0 19.3
10/ 2 - 279 1277.3 0.0 19320. Q.0 0.0 0.0 16. 2
l 10/ 3 276 1492. 8 1087. 2 19320. 4472. 3 13. 3 21. 3 <93. 2
: 107 & 277 1512. S 8%2. 1 29400 69%8. 0 19. 6 27. 8 297. 8
10/ 3 278 1472. 38 S91. 2 29400. 3499. 3 12. S 31.6 206 3
10/ 6 279 1336. & 864 9 29400. 7282. 6 18. 9 28.7 297. 4
I 167 7 280 1361. 1 863. 8 29400. 7104.9 17. 8 28. 0 283. 8
16/ 8 261 1088. 3 0.0 29400. 0.0 Q.0 0.9 24. 6
to/s 9 282 1357. % 1126. 1 29400.- 9781. 9 24. 3 29.3 372. 2
10/10 283 1409. 1 912. 4 29400. 686. 3 1.7 26 286.9
10711 284 1408. 7 1058. 9 39480. 2422. % 15.1 20.1 366.0
10/12 283 1228. 4 369. 9 39480. 1336. 9 2.8 2.3 241.7
10/13 2846 1405. 7 730. 46 39480. 3224. 6 9.4 18. 1 350. 6
10/14 287 1359. 4 0.0 39480. 0.0 0.0 0.0 36. 6
10/13 ~ 288 1330. 1 -0.1 39480. 0.0 Q.0 0.0 36.0
10716 289 1013. 7 0.0 39480. Q.0 Q.0 Q.0 34.4
1¢/17 290 126%. 9 622. 3 39480. 43%38. 3 9.1 18. 9 *73. 8
10/18 291 1220. 0 503.3 39480. 3298. 3 6.8 16. 6 261. 3
10/19 292 1164. 5 635. 8 39480, 4929. 9 10. 7 19. 6 233. 1
l 1620 293 1207. & 75%. 3 39480. 37946. 3 8.0 12. 7 384 4
10721 294 1243. 7 973. 8 39480. 4269. 0 12. 8 16. 3 334 4
10/22 299 1237 2 1042. 7 39480. &311 4 13. 1 1. 8 381.9
10/23 296 859. 2 -0.3 39480. . 0.0 Q0.0 0.0 34. 3
10/24 297 1217. 3 1026. 3 39460. 10818. 3 21. 9 26. 0 372. 3%
10/2% 298 1172. 6 1148. 3 39480. 81946. 0 17.7 18. 1 414.0
13/2 299 1131. 3 1018. 1 39480. 3937. 6 13. 3 14.8 421. 2
10/27 300 522.0 139. 1 38640. 932. 8 27 17 7 145 4
13/28 301 811.1 139.8 38640. 688. 0 2.2 12. 7 159. 3
l 19/29 302 237. 4 -0. 4 38640. 0.0 Q.0 0.0 2.7
13/30 303 440. 7 -0.2 384640. 0.0 0.0 0.0 32 4
10731 304 -0.2 38440. .0 c.0 0.9 32. 6
TaTALS 35457.6 1649%97. 6 112429%. 1 9.2 20.Q 2693 7
I AVG 1181.9 530. 9 3626. 5 214. 0
l C-142
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TABLE V. CLEAR DAY PERFORMANCE TABLE - 10/24/83 (Julian Day 297)

ARRAY ACTIVE AREA = 39480. SG FT

lNCIDENT SOLAR ENERGY NORTH FIELD SOUTH FIELD TOTAL SYSTEM

ON A IN THE COLLECTOR COLLECTOR
HORIZ COLLECTOR COLLECTOR ARRAY COLLECTOR ARRAY COLLECTOR COLLECTOR
AMB WIND SURFACE PLANE ARRAY TEMP ARRAY TEMP ENERGY ARRAY EFF. ARRAY EFF. . PARASITIC
TEMP SPD (1) (3] FLOW RATE IN auTt FLOW RATE IN QUT COLLECTED BASED ON (1) BASED ON (2) ENERGY
HOUR F MPH BTU/HR-FT2 BTU/HR-FT2 GPM F F GPM F F KBTU/HR % % KBTU/HR
1. 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 009 00 Q.0 0.0 oo 0.0
2. 00 00 0.0 0.0 00 0o 0.0 0.0 0.0 00 0.0 0.0 00 0.0
<} 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0 00 00 0.0 00 n.o
4 00 o000 0.0 00 00 0.0 00 Q0 Q0 00 0.0 00 Q.0 Q0
S 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 o0 0.0 0.0 00 0.0
6. 0.0 00 0.0 00 0.0 0o 0.0 0.0 00 0.0 0.0 0.0 00 0.0
7. 508 02 0.0 00 0.0 o0 00 0.0 0.0 00 Q.0 0.0 0.0 1.3
8. 59.3 4.1 36. 4 0.0 00 0.0 00 Q0 0.0 o0 0.0 0.0 0.0 1.6
o] 9 &4t 2.3 89.0 101. 5 691 194. 6 186 4 242. 0 1?1. 1 188. 0 -476. 3 -13 6 -11. 9 S51. 4
L. 10 68.2 2.7 140 & 143. 4 .79. 0 214. 9 216. & 332.7 214.3 221. 9 1287. 0 23. 2 22.7 S6. 1
~ 11 &8.6 3.9 171. 6 145. 8 75.0 221 6 2241 333. 3 221 4 229.2 1347 3 19. 9 23. 4 85. 9
£ 12 69.2 6.9 188 3 168. 5 74. 6 221.2 224. 3 332.7 220.9 231.0 1727.8 23. 2 26.0 59.8
13 74.4 7.2 187.9 182. 5 74. 3 222. 5 227. 8 332. 2 224. 5 235. 4 1937 6 246. 1 26. 9 95. 9
14 73.5 87 170. 2 211. 3 74. 3 228. 9 235. 9 332 2 230. 0 245 4 2715. 7 40 4 32 6 35.2
15 74 . 4 10.3 120 4 &3.1 20 4 231.3 2395 4 1.8 234 3 248. 3 831. 1 16. 4 33 & 241
16 72.4 9.8 77. 9 0.0 00 0.0 00 Q.0 0.0 Q.0 0.0 0.0 0.0 2.7
17 69.9 8.0 27. 9 00 0.0 0.0 00 Q.0 0.0 0.0 0.0 0.0 0.0 2.4
18 é4.4 3.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 o0 00 Q.0 21
19. 62.2 3.9 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 00 0.0 2.1
20 59.2 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2
21. 5S58.2 3.3 00 0.0 00 00 00 0.0 0.0 00 00 00 0.0 2.0
22. 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 Q0
23. 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0
24. 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 00 00 00 Q.0 0.0
TOTALS 1218. 2 1016. 2 9370 2 19. 5 23. 4 370.7
AVG 66.1 5.3 121. 8 145.2 66 1 219.2 221 95 285. 3 219.5 228. 5 1338. 6 24. 7
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SOUTHWEST RESEARCH INSTITUTE

POST OFFICE ORAWER 28510 « 6220 CULEBRA ROAD * SAN ANTONIO, TEXAS, USA 78284 © (512) 684-8111TELEX 76-7387

Department of Mechanical Sciences
- December 15, 1983
Monthly Progress Report No. 46
Reporting Period October 27, 1983
through November 25, 1983

CONTRACT TITLE AND NUMBER:

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 cotinued this month with close attention paid to system
maintenance,

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.

Respectfully submitted,

Stee b

Steve T. Green

Research Engineer
STG:dle

Encl. APPROVED:

cc: Dr. R. L. Bass, SwRI
Ms. C. L. duMenil, SwRI
Appropriate DOE Personnel
Solar IPH Technical Advisors Project Manager

C-146

AS
., TEXAS, AND WASHINGTON, D C.




REPORT PERIOD:
REPORT NO.:

DOE CONTRACT NO.:
SwRI PROJECT NO.:

CONTRACT TITLE:
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II. Zroject Description

Application: ; Preheat of process hot water for parts
: washing.
Site: ’ 37° 43 N. Latitude, 122° 157 y,

Longitude, Elevation = 108',

Process Schedule: Peak energy requirement is 9 x 106 Btu/hr
of hot water at 235°F. The solar systenm
will deliver a maximum of 8.6 x 106 Btu/nr.

Auxiliary Fuel: Natural gas.

Collectors: 50400 ft2 of Solar Kinetics tracking,
parabolic line focus, T=-700 collectors.
Roof mounted, horizontal on N-S axis, 30AT
strings €@ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 £t2),

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field -~ 120 gpm.
Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
, ~ Btu/br, peak daily - 78.6 x 109 Btu/day.
Phase 1 Cost (Design): $143,045 '
Phase 2 Cost (Comstruction): $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.

PARABOLIC TROUGH
SOLAR COLLECTORS

VALVE

FIGURE 1. SYSTEM SCHEMATIC
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III. Qperating 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 experfenced 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
fatlure. This faflure 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.

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION
November 1983

ActivezArea
Date (ft°) Comments
11/1-11/30 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
11/14-11/30 - 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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TABLE II. SUMMARY OF QUT-OF=-SERVICE DRIVE ROWS
November 30, 1983

| —Row Date of last Action Comment.
| BH=47 6-13-83 | Hydraulic ofl pressure switch O-ring
fatlure
BH-48 9-28-83 Outlet water hose leaking at fitting
crimp
BH=-49 10-27-83 Broken receiver tube glass
BH-69 7-3-83 | Hydraulic o1l hose leak
BH=70 9-28-83 See BH-48
BH-84 7-3-83 Hydraulic o1l leak

TABLE III., CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY
October 1983

Cost.
Labor Matertals Total
0 & M Activity Hours $ $ $
o Routine inspection 5 136.80 -0~ 136.80
o DAS disk changes
o Field walkthrough
o Maintenance of central
controller micro=- 10 273.59 0= 273.59
processor
TOTAL 15 410.39 -0=- 410.39

Total Cost for 2/83 - 11/83 = $5666.58
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average flow listed in the summary 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
{s 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 tabuiated data.

A. Monthly Summary

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 s 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 43%. The system was
utilized during November 1-13 whenever weather permitted so that system

- utilization was 43% 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 19% with a
daily peak value of 26%.

B. Clear Day Performance
System performance on November 1l 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 23%. The peak hourly efficiency was 39%.
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TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 11/83

MONTHLY PERFORMANCE SUMMARY TABLE - 11/83

ON A ON THE
HORIZ COLLECTOR  ARRAY COLLECTOR COLLECTOR PARASITIC

BURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERQY
JUL.TAN (1) (2) AREA  COLLECTED BASED ON (1) BASED ON (2) USED
SQFT KATY % % KETY

117 1 308 _ 22. 38440. -668. —_— -79. 100. 1 POSSIBLE MISSINOG DATA
11/ 2 304 —_ 814. 30640. 8243, — 26. 464. 4
11/ 3 07 —_— 0. 28640. 0. — o. 28.2
117 & 308 0. 38640. 0. — 0. 28.0
11/ s 209 700. 308640, 3049. — 11. 387.7
117 & ato 1441, 196. 38440. 1922, 3. 23 118. 1
117 7 a1 475, 447. 38640. 2416. 13. 13. 266. 5

11/ 8 a2 261. 0. 38640. 0. 0. 0. 24.9 POSSIBLE MISSING DATA
117 9 313 208. 0. 38640. 0. 0. 0. 24.0
11710 314 193. 0. 30640. 0. 0. 0. 24.2
11711 31s 1648, 772. 38640. 67467, 10. 23. 395. 9
11712 316 722. 0. 38640. 0. 0. 0. 26.7
11713 317 494, 0. 38640. 0. 0. 0. 27.1
11714 218 1020. 0. 38640. 0. 0. 0. 24.2
a 11718 319 990. 0. 38640. 0. 0. 0. 2%.0
L1116 320 a7a. 0. 38640. 0. 0. 0. 2%.3
> 1117 a1 421, 0. 384640. 0. 0. 0. 231
W  11/18 322 968. 0. 38640. 0. 0. 0. 24.7
11719 3293 447. 0. 38640. 0. 0. 0. 24. 4
11720 324 694, 0. 38640, 0. 0. 0. 2%. 1
11721 2323 1019, 0. 38640, 0. 0. 0. 23.9
11722 326 406. 0. 38640. 0. 0. 0. 24.9
11723 327 269. 0. 38440. 0. 0. 0. 24.7
11724 328 33a. 0. 38640. 0. 0. 0. 28.0
11723 229 967, 0. 384640. 0. 0. 0. 26.8
11726 330 980. 0. 30640, 0. 0. 0. 23.7
11727 ast 998. 0. 38640. 0. 0. 0. 24.9
11/20 332 942. 0. 38440. 0. 0. 0. 24.2
11729 233 b&4. 0. 38640, 0. 0. 0. 24.1
11/30 354 247. 0. 38640. 0. 0. 0. 24.9
TOTALS 17203. 2971. 21748. J— 19 2347.0
ave 688. 99 223 28.2




INCEDENT SOLAR Em'f ON A HORIZONTAL SURFACE (BTU/SQFT>

pmeny

,’l 4 M-
T m Tl

INCIDENT 30LAM EMERGY I[N COLLECTOR PLANE (BTU SGFT)

]

1 332

S

1]

1 302

EMERGY COLLECTED (BTU/SQFT»

Soe-

mm ﬂ
ENERGY DELIVERED <BTU/SGFT>

1080+

o

FIGURE 3. MONTHLY PERFORMANCE GRAPH 11-83

C-154

1]




TABLE V. JIOURLY PERFORMANCE TABLE - 11-11-83 (JULTAN DAY 315)

ARRAY ACTIVE AREA = 384640. 8Q.FT.

——NORTH FIELD SOUTH FIELD I0TAL _SYSTEN
ON A IN THE AVERAGE AVERACE TOTAL HOURLY HOURLY TataL
AVO  AVO HORIZ COLLECTOR AVERAGE  OPERATING AVERAGE  OPERATING ENERQY COLLECTOR COLLECTOR ELEC ENERC
AMB WIND SURFACE PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED ARRAY EFF ARRAY EFF ¢+ ‘USED
TEMWP 8PD (1) ) OVER HOUR IN QUT QVER HOUR IN OUYT  OVER HOUR BABED ON (1) BABED ON (2) OVER HOUR
0UR _F__ MPH BIU/BGFT BYU/BOFT ePn E E £ F F KBTY X r % BRIV
1 0. o 0. 0. 0. o 0. 0. 0. 0. 0. 0. 0. 0.0
2 0. o 0. 0. 0. o 0. 0. 0. 0. 0. 0. 0. 0.0
3 0. 0 0. o. 0. o 0. 0. 0. 0. 0. 0. 0. 0.0
] 0. o 0. 0. 0. o 0. 0. 0. 0. 0. 0. 0. 0.0
L 0. o 0. 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0.0
6 0. o 0. 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0.0
7 94, ) a1, 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.3
8 % 2 44, o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.6
9 61. 3 91. 74. 74.  208. 199 220. 209 199. -752. sen see 4.6
o 10 61. & 126 7. 90. 220. 219. 326. 220. 221 119. 2. . 3.7
— 11 64 3 164 120. 90. 224. 227 327. 224, 229. 896. 13. 19. 9. 4
o 12 &4 3 180 a3. 73 222, 22%. 260 az2t. 227 723. 10. 23. 8.0
13 7. 3 227 164, 89 223. 229. 324. 222 294 2089. a4. 3a. 8%.6
14. &9 4 a7 190. ee 227.  236. 323. 227. 242. 26827. 34. 9. 9%. 6
15 67. & 192 76. 76. 228. 23a. ar7. 228, 233 863. 12 30. 84.1
16 &3 4 143. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 1.9
17 3. 9 a7. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 1.9
16 9%9. 3 s2. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.2
19 97. 1 42 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 2.1
20 9. o 36. 0. o. 0. 0. 0. 0. 0. 0. 0. 0. 2.1
a1 93 1 at. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.9
a2 (1) 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0
23 o 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0
a4 1) o 0. 0. 0. . 0. 0. 0. 0. 0. 0. 0. o. 0.0
TOTALS 1660 772 6767. 10 a3. 386. 7
ave &1, 3. 113 M7 09. 222 230 2% . 231 237, 1028, .8
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II.  Zroject Description

Application: - Preheat of procesa hot'water for parts
) washing.

Longitude, Elevation = 108°'.

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

Auxiliary Fuel: Natural gas.,

Collectors: ' 50400 £t2 of Solar Kinetics tracking,
parabolic line focus, T=-700 collectors. .
Roof mounted, horizontal on N-S axis, 30AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 £t2).

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpm.

Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
Btu/hr, peak daily - 78.6 x 100 Btu/day.

Phase 1 Cost (Design): $143,045

Phase 2 Cost (Construction): $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.

PARABOLIC TROUGH
SOLAR COLLECTORS

VALVE

FIGURE 1. SYSTEM SCHEMATIC
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ITII. QOperating Experience

The solar system was available for operation throughout the month
of December, but bad weather prohibited extensive operation. The data
acquisition system operated smoothly, with the exception of a pressure
transmitter. .

The operation of the solar system is summarized in Table I, All
available rows were brought into service on December S5th. 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 Monthly Report CTCo-5 and CTCo-6,
March and April, 1983).

Maintenance activities for December are summarized in Table II. The
only non-routine tasks performed were the installation of new hydraulic
circuit components. Because of 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-of-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 of each of
the drive rows in a plan view of the array.

While reviewing the data for December, a pressure transducer was
discovered to be producing an erroneous signal. This has no effect on the
acquisition of thermal performance data; however, the replacement of this
transducer is scheduled for the next SwRI site visit.

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION

December 1983
ActivezArea
—Date (££°) Comments
12/1=12/4 640 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
12/5=-12/31 47040 South Field: 38 drive rows up, no flow to

down delta-T strings

North Field: All 16 drive rows operational
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TABLE;II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY

December 1983
Cost
Labor Materials Total
—_—0 &M Activity  Hours $ $ &

o Routine inspection 10 310.85 =0=- 310.85

o DAS disk changes

0 Field walkthrough

o0 Hydraulic drive com-

ponents installed 7.3 175.76 =0~ 175.76
TOTAL 17.3 486.61 -0~ 486.61

Total Cost for 2/83 - 12/83 = $6153.19

TABLE III. SUMMARY OF OUT-OF~SERVICE DRIVE ROWS
December 31, 1983

—Row_ Date of Last Action Comment

BH-47 12-83 0il pressure switch repaired but not
filled with oil

BH-48 9-28-83 Outlet water hose leaking at fitting
crimp

BH-49 10=-27-83 Broken receiver tube glass

BH=69 12-83 0il hose replaced but not filled with
oil

BH=-70 0-28-83 See BH-48

BH=84 7-3-83 Hydraulic oil leak
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IV. System Performance
A. Monthly Summary

The solar system thermal performance for December, 1983 is summarized in
Table IV and Figure 4. It is seen that very little solar radiation was
available for most of the month., By reviewing Table IV it may be claimed
that the radiation threshold for operation of 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 light sensor circuit in the
central controller. If only the days for which there is positive energy
delivered is considered the overall monthly efficiency is approximately
9.9% with a total energy delivery of 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 16%. The peak hourly efficiency was 32%.
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TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 12/83

INCIDENT_SOLAR_ENERGY

ON A ON THE
HORIZ COLLECTOR ARRAY COLLECTOR COLLECTOR PARASITIC
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF. ENERGY
JUL IAN 1) (2) AREA COLLECTED BASED ON (1) BASEDR O (2) USED
-DATE___DAY BTU/SGFY __ BIUY/S@ET  SOFT __ _ KBIY __ ____ % ___ % _ _ ______ WATU _ o )
125 4 335 499, 0. 38640. 0. 0. Q. 24. 5
12/ 2 336 968. 494. 38440. ' 2hH4A. 7. 14 337. 7 .
127 3 d37 409. 0. 30640. Q. 0. 0. 30. 5
12/ 4 338 971. 677. 38440. 4140. 11. 14 339 Q
12/ 8 339 739 431. 47040. 1125. a. & N6 1 PIISSIALE MISSTHG DAT:
12/ & 340 543. 84. 47040. -679. -3 -17 121.7
127 7 341 &91. 0. 47040. 0. 0. Q. 36 A
12/ 8 342 300. 0. 47040. [} 0. 0. 34 <
127 9 343 230. 0. 47040. 0. 0. 0. 39 1
12710 344 101. 0. 47040. 0. 0. 0. 32. 8
12711 345 977. Q. 47040. 0. 0. 0. 33. 0
12712 3446 571%. 0. 47040. -2464. -9. ARNAN 94. 0
12713 347 235. 0. 47040. 0. 0. Q 33. 4
12714 3448 ?20. 76. 47040. -2454 -6. ~68 321 9
12719 349 300. 0. 47040. 0. 0. 0. 29. 2
aQ 12716 350 145. Q. 47040. 0. 0. 0 27.7
L 12/17 351 771. 0. 47040. 0 0. 0. 0.7
o 12718 3as2 a214. 0. 47040. 0. 0. 0 28. &6
w 13719 353 S511. -12. 47040. -2668. ~-11. 475, 144. 0
12720 354 946 &83. 47040. 3221. 7. 10. 463. 3
127,21 353 320. 0. 47040. Q Q. Q. 24.8
12/22 356 101. 0. 47040. Q 0. 0. 27. 3
13723 337 210. 0 47040. 0. 0. 0. 29. 0
12724 330 78. 0. 47040. 0. 0. 0. 27.3
12729 359 2469. 0. 47040. Q 0. 0. 24. 8
12726 360 ats. 0. 47040. Q. 0. 0. 32.3
12727 361 S536. 148. 47040. 20. 0. L8 122. 2
t2/28 362 &97. 19S. 47040. -314. -2. -6&. 289.0Q
132/29 3463 471. 40. 47040. -1191. -9. ~-63. 1.7
12730 364 209. 0. 47040. Q. 0. Q 29.0
12/31 3693 794. 438. A47040. 2626. 7. 13 248. 9
TOTALS 14434 3254, 3830. 1. 3. 3486 1
AVG A472. 103, ————— e R e e VA S
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TABLE V. HOURLY PERFORMANCE TABLE - 12/4/83 (JULIAN DAY 338)

ARRAY ACTIVE AREA = 38640. 5Q. FT.

-HOURLY RADIATION ~ ____ NORTH FIELD _ _ . ___ SOWVH FJELD _ _~ _ _ ~ " JoraL_sveren _ _ _ T T
ON A IN THE AVFRAGE AVERAGE | 101AL HOURLY HOURLY TaTAL
AVG  AVE HORIZ COLLECTOR AVERAGE  OPENATING AVERAGE  OPERAT ING ENENGY COLLECTOR COLLECTOR ELEC FWLKCY
AMR  WIND GUNFACE  PLANE FLOW RATE TEMPERATURE  FLOW RATE TEMPERATURE  COLLECTED  ARRAY EFF ARRAY EFF USED
1EMP  SPD (1) ) QVER HOUR IN OUT  OVER HOUR IN OUT  OVER HOUR RASED ON (1) BASED ON (2) QVER HOIWR
HOUR_F__ MPH BTU/SGFT BTY/SGFT 6P _ _ E_ ___F _GPH i3 E. WBTY % __ % ___WEIM
| o o 0 0. 0. 0 0. o. 0. 0. 0. 0. 0. ., 00
2 0. o 0 0. 0. 0 0. 0. 0. 0. 0. Q. 0. 00
3 0. o. 0 0. 0. 0 0. 0. 0. 0. 0. 0. 0. c.o
4 0. o o 0. 0. ) 0. 0. o 0: 0. 0. 0. Qo
s 0. o. Q 0. 0. o 0. 0. 0. LY 0. 0. 0. o0
6 0. o o 0. 0. 0 0. 0. 0. 0. o 0. 0. 00
7 43 A 0. 0. 0. o 0. 0. o. 0. 0. 0. 0. 1.8
8 43 o 12. 0. 0. 0. 0. 0. o. 0. o. 0. 0. 22
9 48. o 57. 50. 57. 1%.  151. 108. 159 151, -49 ane any 3s 2
10 s1. 2 100. a3. 96. 167.  169. 223 189 171 3sa. 9. 1 52 %
11 %3 7. 140. 92. 97.  163. 164 216. 165, 166, 247. 9 7. 52 &
12 52. 10 190. 124, 96. 163, 146 226. 165 170. 713 12, 19 52 e
13 s8. 10 162, 161, 94. 168. 173 250. 170. 179 1364 22. 22. 33 a
14 s8. 9. 149, 149. 92 177. 184 273.  179.  t90. 1829. a3 32. 34 0
a 19 57. 9. 109. 18. 23. 182, 188 70. 184, 184 127. 3. 18. 212
I 16 55 10 64, 0. 0. 0. 0. 0. 0. 0. o 0. 0. 2%
o 17 93 & 19. 0. 0. 0. 0. 0. 0. 0. 0 0. 0 213
~ 18 49. 9 0. 0. 0. 0. 0. 0. 0. 0. 0 0. 0 22
19 48. & 0. 0. 0. 0. 0. 0. 0. 0. 0 o 0 22
20 47. . 0. 0. 0. 0. 0. 0. 0. 0. o 0. 0 22
21 45, 1. 0. 0. 0. 0. 0. o. 0. 0. ) 0. o 2.1
22 0 o. 0. 0. 0. o. 0. 0. 0. 0. o 0. 0 0.0
23 o 0. 0. 0. 0. 0. 0. 0. 0. 0. o 0. 0 oo
24 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 0. 0 0.0
TOTALS 971. 677. 140 11. 16 331
ave _ 31 &, 107. 1s _ 88, _167. 170 . ____@le. 169, 173.___ __70Q. - - - &7 __
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. Department of Mechanical Sciences
February 20, 1984
Monthly Progress Report No. 48
Reporting Period December 24, 1983
through January 20, 1984

CONTRACT TITLE AND NUMBER:

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 activities are discussed 1n detail in the accompanying
Performance Report, CTCo~15.

Respectfully submitted,

—~— 1#¢;,//é;é4247
| Steve T. Green
Research Engineer

STG:dle
Encl.

cc: Dr. R. L. Bass, SwRI
Ms. C. L. duMen{il, SwRI
Appropriate DOE Personnel
Solar IPH Technical Advisors

APPROVED:

4

- ——

L
L . /.7: /
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Project Manager °*

C-170




MONTHLY REPORT NO. 15

REPORT PERIOD: January 1, 1984 - January 31, 1984
REPORT NO.: 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. 0. Drawer 28510
6220 Culebra Road
San Antonfo, 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. Projegt Description

Application: - Preheat of process hot water for parts
. washing.
Eklt‘: 37,. nu' No l;atiJ“lde, 122:. 15' "o

Longitude, Elevation =z 108°'.

Process Schedule: Peak energy requirement is 9 x 106 Btu/hr
of hot water at 235°F. The solar system
will deliver a maximum of 8.5 x 106 Btu/hr.

Auxiliary Fuel: Natural gas.

Collectors: 50400 f£t2 of Solar Kinetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal on NS axis, 30AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 f£t2).

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpm.

Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
Btu/hr, peak daily - 78.6 x 106 Btu/day.

Phase 1 Cost (Design): $143,045

Phase 2 Cost (Comstruction): $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. '

PARABOLIC TROUGH
SOLAR COLLECTORS

VALVE

CIRCULATION PUMP
450 gpm

FIGURE 1. SYSTEM SCHEMATIC
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III. Qperating Experience

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 summarized in Table I. It 1s 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
in 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 1in
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
1s 0.165%/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 85% of the value achieved by
thoroughly cleaning the mirror surface.

Iv. System Performance

A. Monthly Summary

The solar system thermal performance for the month of January 1s summarized
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 probiem 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 jdentified. A replacement pyranometer and transducer
are being calibrated for shipment to CTCo for installation by plant
personnel.
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TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION
: January 1984

ActivezArea
Date (£f£5) Comments
1/1-1/9 43680 - South Field: 36 drive rows up, no flow to
down delta-T strings.
North Field: A1l 16 drive rows operational.
1/10-1/11 - Solar system and DAS down for maintenance.
North Field washed.
1/12-1/31 47040 South Field: 40 drive rows up.

North Field: Al11 16 drive rows operational.
Full flow to both fields.

TABLE II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY
January 1984

Cost
Labor |Materials | Total
O & MActivity Hours $ $ $
o Routine inspection 4 124,25 - 124,25
o DAS disk changes
o Field walkthrough
o Drive row troubleshoot
.and repair 10 250.00% -- 250.00
o Wash North Field 4 100.00*%| 160.00 260,00
(Subcontract)
o Replace BH-49 receiver
tube 4 100.00% - 100.00
0 Replace 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 perfobmed by SwRI personnel. The costs
were determined using the approximate CTCo average labor rate.
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TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS
) January 31, 1984

Row Date of Last Action Comment.

BH-49 1/712/84 Tracker head leaks. Requires re-
placement.

BH-59 1/12/84 4-way valve leaks hydrualic fluid.

BH-64 1712784 460/120 VAC transformer bad.

BH-84 1712784 Hydraulic drive piston leaks,

TABLE IV. MIRROR REFLECTANCE

Average Row Reflectance (%
Date Comment BHfBS BH-87 | BH=95 { BH=103 | BH=91 | BH=-99
8/16/83 58.5 | 61.0 | 57.1 ] 56.1 57.7 | 57.4
1/710/84 33.9 | 36.5| 33.5| 39.8 32.6 | 33.6
1/11/84 North Field rinsed. - - 70.6 | 73.1 70.5 | 67.7
Mirror reflectance ,
at well washed spot
= 83.2%
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TABLE V. MONTHLY PERFORMANCE SUMMARY TABLE - 1/84

C IDE R_ENE
ON A ON THE
HOR1Z COLLECTOR  ARRAY COLLECTOR COLLECTOR PARASITIC
SURFACE PLANE ACTIVE ENERQY ARRAY EFF. ARRAY EFF. ENERGY
JUL IAN (1) (2) AREA COLLECTED BASED ON (1)  BASED ON (2) USED
-DATE DAY BTU/SGFT _ BTU/SGFT  SGFT KBTY 4 4 KBIY .
1/ 1 1 908. 544. 43480. 4641, 12. 20. 297. 4
1/ 2 2 494. 702. 43680. 5617. 26. 18. 446. 4
1/ 3 <] 847. 487. 43680. 1555. 4. 7 422.2
1/ 4 4 910. 637. 43680. 2568. 7. 9 453. &6
1/ 5 S 912 650. 43480. -587. -1 -2 467.7
1/ 6 6 914. 611. 43680. 1969. 5. 7 458.7
1/ 7 7 269. 0. 43680. 0. 0. o 57.9
1/ 8 e 229. 0. 43680. 0. 0. 0 59.8
1/ 9 9 90. 0. 43480. 0. 0. 0 25.9
1/10 10 DAS DOWN FOR PREVENTATIVE MAINTENANCE
1/11 1 - DAS DOWN FOR PREVENTATIVE MAINTENANCE
% 1/12 12 642, ea. 47040. -2791. -9. -71. 328. 0
= 1/13 13 779. a39. 47040. 5886 16. 15. $37. 1
o 1/14 14 50. 441. 47040. -1580. -48. -a. 503. 2
1/15 19 0. 0. 47040. 0. 0. 0. 57.5
1/16 16 0. 71. 47040. ~-4164. 0. -124. 376. 1
1717 17 2. 964. 47040. 4884, 7193. 15. 534. 5
1/18 18 0. 442. 47040. 1411. 0. 7. 450.8
1/19 19 390. 965. 47040. 2245. 12. a. 528. 9
1/20 20 291. 254. 47040. -1271. -9. -11. 333.5
1/21 21 442. 0. 47040. 0. 0. 0. 51.1
1722 22 11 0. 47040. o. 0. 0. 57. 4
1/23 23 742. 3s58. 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, $59.2 .
1/26 26 1094. 998. 47040. 6957. 14. 195. 603. 1
1/27 27 1059. 724. 47040. a9e1. 8. 12, 508. 0
1/20 28 1175 0. 47040. 0. 0. o. 57.0
1729 29 957. 0. 47040. 0. 0. 0. 63 4
1/30 30 214, 893. 47040. 7448. 74. 16. 565. 4
1/31 at 0. 592. 47040. 2770. 0. 10. 432. 5
TOTALS 15344, 12640. 54728. a. 10. 10215. §
AVe © T T T T TaR9, 437. o 1936, 392.39
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B. Clear Day Performance

The performance of the solar system is summarized for two clear days in
Table VI and VII. This information is shown graphically in Figures 5 and
6. The effects of row-to-row shading and rinsing the North field wiil 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 radiation decreases. This is
due to the row-to-row shading.

Recall that at the CTCo site, the collector drive tracking sensor is
mounted on the western edge of the collector mirror. This edge is the one
which is first shaded by the row to the west in the afterncon. When this
occurs, the collectors stop tracking, so that no more radiation {s 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 is 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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TABLE VI. HOURLY PERFORMANCE TABLE - 1/2/84 (JULIAN DAY 2) |

ARRAY ACTIVE AREA = 43680 SQ. FT.

OUR D 0 NORTH FIELD SOUTH FIELD ] TOTAL SYSTEM ]

ON A IN THE AVERAGE AVERAGE TOTAL HOURLY HOURLY ToTAL

AVG AVQ HORIZ COLLECTOR AVERACGE OPERATING AVERAGE OPERATING ENERGY COLLECTOR COLLECTOR ELEC ENEROY
AMB WIND SURFACE  PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED  ARRAY EFF ARRAY EFF USED

TEMP 6PD 1) (2) OVER HOUR IN ouTr OVER HOUR IN aut OVER HOUR BASED ON (1) BASED ON (3) -OVER HOUR
HOUR_F MPH BTU/SGFT BTU/SGFT GPM F F oPM F F KBTIV % % KBTY
|

1 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. Q. 0. 0.0
3 0. 0. 0. 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0
4 0 o 0. o 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0
9 0. 0. 0. (o] 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
7 44, a. 0. o 0. 0. 0. 0. 0. 0. 0. 0. 0. 1.7
8 45, 4. 0. 0 0. 0. 0. 0. Q. Q. 0. 0. 0. 1.9
9 48. 1. a 28 a5 124 125. 57 124 124 a. 1. 1. 24. 0
10 52. 1. (=1 a9 106 124 126. 161 129 127 2693. 7. 7. 51.0
(l') 11 59. 1. 135 96 107 124 129. 163 124 125 107. 2 3. 31.3
- 12 57. 3. 117 107 111 124 129 166 124 131 805. 16 17 91.3
,°_.° 13 64. 3. 65 137 119 129 136 1468 129. 142 1444, St 24 51.3
14 &4, 7. 11. 140. 127. 140. 148, 172. 139. 158. 2145. "an 31. 521
15 &63. b. 4. a7. 128. 147. 192. 175. 147. 153. 798. nan 21. 952.0
16 b1 6. 39. -17. 126. 147, 147. 179. 147. 147. 75. q. (T2 49. 9
17 59. 9. 9. 13. 108. 142. 142 151. 142. 141. -&9. »an [ Y2 51.0
18 83, 2. 0. 0. 0 0. 0. 0. 0. (0] 0. 0. (o] 2.2
19 31 2. 0. 0. o 0. 0. 0 0. (o] 0. 0. 0 2.2
20 49. 0. 0. 0. 0 0. o o 0. o 0. 0. (o] 2.3
21 47. 1. 0. 0. 0 0. 0 0 0. 0 0. 0. o 2.1
22 0 0. 0. 0. 0 0. 0 0 0. () 0. 0. (1] 0.0
23 0 0. 0. 0. 0 0. (] (4] 0. 0 0. 0. o 0.0
24 0 0. 0. 0. o 0. 0 0 0. o 0. 0. o 0.0
TOTALS 494 702. 9617 26. 18. 4349. 1
AVQ 94, 3, 78 as 113, 134 137, 161 134 140, _681, 8.8




TABLE VII. HOURLY PERFORMANCE TABLE - 1/24/84 (JULIAN DAY 24)
ARRAY ACTIVE AREA = 47040 SQ. FT.

HOURLY RADIATION _NORTH_FIELD SOUTH FIELD I0TAL SYSTEN

ON A IN THE AVERAGE AVERAGE TOTAL HOURLY HOURLY TOTAL

AVG  AVe HORIZ COLLECTOR AVERACE  OPERATING AVERAGE  OPERATING ENERGY COLLECTOR COLLECTOR ELEC ENEROY
AMB WIND SURFACE PLANE FLOW RATE TEMPERATURE  FLOW RATE TEMPERATURE COLLECTED ARRAY EFF  ARRAY EFF USED

TEMP &PD (1) (2) OVER HOUR IN OUT  OVER HOUR IN OUT  OVER HOUR BASED ON (1) BASED ON (2) OVER HOUR

HOUR _F  MPH BTU/SGFT BTY/SGFT _GPM F F __oPM £ F KBTY % % _KBTY
1 0. o. 0 0. 0. o 0. 0. 0. 0. 0 0. 0. ' 0.0
2 o o o 0. o. o 0. 0. o. 0. ) 0. 0. 0.0
3 o0 o 0 0. 0. 0 o. o 0. 0. o 0. 0. 0.0
4 0. o. o 0. 0. 0 0. o 0. o. 0 o. 0. 0.0
s 0 o o 0. 0. o 0. 0 0. 0. o 0. 0. 0.0
& 0 o 0 0. 0. o 0. 0 0. 0. 0 0. 0. 0.0
7 as. . 0 0. 0. 0 0. 0. 0. 0. 0 0. 0. 3.4
8 48, 1. o 0. 0. 0 0. 0. 0. 0. o 0. 0. 4.0
9 985 2 42 99 118. 214 212. 266. 213 208. -822 nan P 50. 4
10 56 2 97 114 120. 221 220. 329 221 223, 705 15 13 60. 4
11 99. s 137 122 120. 223. 231 329. 223. 225 699 11 12 60. 4
12 60. 4. 137 138 120. 223, 235 328. 226, 229. 1093 16 16 60.2
13 &4 s 125 164 119.  228. 242 327. 228 235 1782 30 23 59.3
14 &5 4. 105 181 115. 231 248 327. 232, 24t 2436 49 29 99.2
@ 15 &S 4. 47 159 115, 232, 245 326. 232. 239 1685 76 22 $7.7
516 63 2, 55. -17. 118. 225 225 325. 225, 225 0 o 0 58. 8
o 17 &3 A 20. 0. 118. 224 221 325. 224. 221 -615 run e 57.8
18 59. o 0. 7. 21. 204 222. 58 224. 221 -106 0 wen 19. 4
19 Ss& o0 0. 0. 0. 0 0. 0 0. 0 0 0 0. 4.2
20 3. o 0. 0. 0 0 0 0 0. o 0 0 0. 4.4
21 %2, 1. 0. 0. 0 0 0 0 0. 0 o 0 0. 3.9
2 o o o. 0. o 0 o 0 0. 0 0 0 0. 0.0
23 o0 o 0. 0. o 0 0 0 0. 0 o 0 0. 0.0
24 0 o 0. 0. o 0 0 0 0. 0 0 0 0. 0.0
TaTALS 766. %4, 6819, 19. 19. 563. 7
AVe 5B, 2 90, 103, 116. 229 232 319, 223 227 743, 11.3
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TABLE VIII
1E
anuary 2, 1984 January 24, 1984 |
|
Collector Plane North Fileld South Field Collector Plane North Field South Field
Radfation Output Output Radiation Output Output
Solar_Time Btu/hr-ft2 Btu/hr-ft2 Btu/hr-ft2 Btu/br-ft2 Btu/hr-ft2 Btu/br-ft2
8 - - - 22 -21 -22
9 45 1 0 111 20 5
10 90 6 7 115 30 8
11 98 4 4 127 34 g
12 111 20 22 146 47 19
13 144 32 40 172 63 35
14 163 40 51 180 71 47
15 51 15 10 95 30 12
16 -18 4 2 -13 0 -6
17 18 -1 -3 9 -8 -12
Total 702 121 132 964 266 97
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II.  Prolegt Description

Application: . Preheat of process hot water for parts
- washing.
~ Site: 37° 44* N, Latitude, 122° 15" y,

Longitude, Elevation = 108¢.

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

Auxiliary Fuel: Natural gas.

Collectors: 50400 £t2 of Solar Kimetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal on N-§ axis, 30AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 £t2),

Fluid Type, Flow: Treated water, North field - 330 gpm, South
field - 120 gpm.

Design Energy Delivery: 14 x 109 Btu/yr, peak hourly 8.6 x 106
Btu/br, peak daily - 78.6 x 106 Btu/day.

Phase 1 Cost (Design): $143,045 '

Phase 2 Cost (Construction): $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.

PARABOLIC TROUGH
SOLAR QOLLECTORS

THROTTLING
VALVE

FIGURE 1. SYSTEM SCHEMATIC
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III. Qperating Experience

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 1s summarized in Table I. It is seen
that 6-8% 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 (BH-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 1s 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 1s 1000 psi. CTCo found, however, that the hydraulic
pressure controls were set at approximately 1200, They have begun the task
of resetting the pressure 1imit switches to 800 psi.

The field was rinsed during several rainstorms i{n February. The effect of
this rinsing activity {is 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.

TABLE I, CATERPILLAR SOLAR SYSTEM OPERATION
February 1984

Active,Area

—Date (F£2) _ Comments

2/1=2/15 47040 Four drive rows inoperative, full flow to
entire collector array.

2/16-2/29 46200 Five drive rows ifnoperative, full flow to
entire collector array.

2/29 Power fallure caused data system to shut
down,
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TABLE.II., CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY
February 1984

_Cost
. Labor | Materials | Tota)
Q& MActivity ' Hours| § 3 -3
o Routine inspection 10 291.29 =-0- 291.29
o DAS disk changes
o Field walkthrough
o Rinsing collector field
during rain 2 58.26 -0~ 58.26
0 Hydraulic drive system
maintenance 8 233.03 -0- 233.03
o Control board trouble~
TOTAL 22.5 655.40 -0~ 655.40

Total estimated maintenance costs for 2/83 - 2/84 = $7642.84

TABLE III. SUMMARY OF OUT-QF-SERVICE DRIVE ROWS
January 31, 1984

Row_ Date of Last Action _Comment

BH=49 1/12/84 Tracker head leaks. Requires re-
placement.

BH=-59 1/12/84 4-way valve‘1eaks hydrualic fluid.

BH=64 1/12/84 460/120 VAC transformer bad.

BH=-69 2/9/84 Control board fatlure.

BH-84 2/16/84 011 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 5. First, it {s seen that the field
exhibited a 27% efficiency for the month of February with an energy
delivery of 1.36 ¥108 Btu. The peak daily efficiency was 37% 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 fn Table V
and Figure 6. The peak efficiency during this day was 47%. 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 {s, thus, 3.3% of the delivered energy.

The system energy delivery is separated into the portions delivered by the
north and south field in 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 efficiencies for 1/2/84, the
completely dirty case. The increase in efficiency 1s partially due to more
favorable incidence angles, but it is clear that rainwashing can greatly
improve collector performance.
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TABLE IV. MONTHLY PERFORMANCE SUMMARY TABLE - 2/84

NCIDENT S R_E (]

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 PBTY/SGFT _ BTU/SGFT . SGFT KBTU h__. R 4 HKBTU |

]

2/ 1 32 0. 0. 47040. 0. 0. 0. 594.68 l

2/ 2 a3 0. &96. 47040. 4870. 0. 13. 4460. & |

2/ 3 34 0. 466. 47040. 2059. 0. 9. 449 3 |

2/ 4 3s 0. 0. 47040. 0. 0. 0. 61.3 |
2/ 3 36 0. 0. 47040. 0. 0. 0. 64. 5
2/ & 37 0. 572. 47040. 2799. 0. 10. 381. 2
2/ 7 38 0. 0. 47040. 0. 0. 0. 539. 0
2/ 8 a9e 0. 208. 47040. -13%44, 0. -16. 287. 1
2/ 9 40 0. 0. 47040. 0. . 0. 0. 58. 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
fﬁ 2/13 44 4. 2. 47040. ~1372. ~7464. HRRRY 94. 2
e 2/14 45 836. 730. 47040. a354. 21. 24. 493. 9
8 2U/13 46 71. 1. 47040. -1504. ~493. AR &69. 1
2/1é6 47 1262. 690. 446200. 16947. 29. 53. 463. 1
2/17 48 a7. 1002. 46200. 17860. 44595, 39. 622. &6
2/18 49 409. a21. 46200. 12945. &8. 34. $529. 6
2/19 S0 519. 0. 46200. 0. 0. 0. $8.3
/20 91 308. 0. 446200. 0. 0. 0. b4. 6
2/21 92 1074. 93. 46200. &6952. 14, 139. 8971.2
2/22 33 904. e33. 446200. 14291, 34, az. 490. 2
2/23 54 458. 799. 446200. 11899, 36. 32. 425. 0
2/24 93 a1. &96. 46200. 586%9. 136. 18. 487. 9
2/23 36 0. 1084. 46200. 18028. 0. 36. &834. 1
2/24 37 0 0. 44200. 0. 0. 0. 99.1
2/27 98 0. 742. 46200. 107889. 0. 1. 310.0
2/28 39 0. 323. 46200. 1898. (o] 13. 347.8
2/29 &0 0 34. 446200. ~1026. 0o -&6. &6. 1

TQTALS &254. 10701. 1357493. 47. 27. 8574.

)
AVe 216. 369. 4681, — 293.7
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TABLE V. HOURLY PERFORMANCE TABLE - 2/22/84 (JULIAN DAY 53)
ARRAY ACTIVE AREA = 46200 SQ. FT.

HOURLY_ RADIATION NORTH FIELD SQUTH FIELD TOTAL _SYSTEM

ON A IN THE ; AVERAGE AVERAGE TOTAL HOURLY HOURLY TaraL

AVG AVG HORIZ COLLECTYOR AVERAGE OPERATING AVERAGE OPERATING ENERGY COLLECTOR COLLECTOR ELFC FMERGY
AMD WIND SURFACE  PLANE FLOW RATE TEMPERATURE FLOW RATE TEMPERATURE COLLECTED  ARRAY EFF ARRAY EFF UcEDR

TEMP SPD (1) ) OVER HQUR 1IN ouT OVER HOUR IN out OVER HOUR BASED ON (1) BASED ON (2} QVER HOUR

HQUR _F MPH BTU/SQFT _BTU/SQFT GPM F F GPM__ F F: KBTY % % . KB TL
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 Q. 0. 0. 0. 0. 0.0
4 0. 0. 0. 0. 0. 0. 0. (o} 0. 0. 0. 0. 0. 9.0
5 0. 0. 0. 0. 0. 0. 0. 0o 0. 0. ] 0. 0. 0.0
6 0. 0. 0. 0. 0. 0. 0. o 0. 0. 0. 0. 0. Q.0
7 42. 5. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 33
] 45. 2. 8. 0. 0. Q. 0. 0. 0. 0. 0. 0. 0. 37
9 48. 4, 53 34 33 201 193 59. 198 185 -591 P un 21.7
10 51. 3. 94 148 117 210 224 314 210 222! 24647 61 39. 58. 9
11 54, 4, 130 159 116 216 231 320 215 228 2828 47 39. 95. 3
q: 12 96 4. 134 164 113 220 237 a7z 220 234, 3262 53 43. 59.8
- 13 59. 4, ~131 144 114 221 235. 315 221 234, 3027 S0 46. 64,1
:g 14 &0. 6. 130 130 115 220 233. a1z 220 233 2851 47. 47. 59. 8
15 57. 7. 114 57 116 215 218. 319 215 219 748 14. 28. 56. 5
16 S4. &. a1 -2 104 211 212. 266 211 211. 48 1. »n 56.7
17 54. 8. 28. 0. a9 208 201. e81. 208 198 -528 uw P 3t 1
18 S1. 6. 0. 0. 0o 0 0o 0. o 0. 0. 0. 0. 4.5
19 50. 4. 0 0. o 0. o 0. 0. 0. 0. 39
20 49, 1. (] 0. 0 (v} o 0. 0 0. 0. 0. 0. 4.1
21 46. 0. 0 0. 0o 0 (o} 0. o 0. 0. 0. 0. 3.8
22 ) 0. ) 0. 0 0 [} 0. o 0.’ 0. 0. 0. 0.0
23 o 0. o 0. ) 0 (4} 0. 0o 0. 0. 0. 0. 0.0
24 0 0. (o} 0. o (o} (4} 0. 0 0. o 0. 0. Q.0
TOTALS %04. 833. ) 14291. 34. az. 4g89. 2
AVG 32, 4 100. 111 107. 219 _ 229 289. 219. 224. 1904. 9.7
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TABLE VI

DATE
danuary 2, 1964 JﬂPHﬂU_ZQJM -
Collector Plane North Fleld South Fleld Collector Plane North Field South Field Collector Plane North Field South Field
Radiation OQutput Output Radiation Output Output Radiation Output Output
| Solar Time | Btu/hr-ft2 | PBtu/hr-ft2 | Btus/hr-ft2 | M_M_WL | Btubr-ft2 | ptu/hr-ft? | Btu/hr-ft2

8 -_— — -—_ 22 =21 ~22 0 0 0

9 45 1 0 111 20 5 88 7 7

10 Q0 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 . 8l 15 10 % 30 12 30 -6 6

16 -18 4 2 -13 0 -6 -4 2 -0

17 18 -1 3 9 -8 -12 0 -1 -10
Total 702 121 132 964 266 g97 83 288 282

(17%) (19%) (28%) (10%) (35%) (34%)

661D
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1I1. Project Deagription

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! y,
Longitude, Elevation = 108°'.

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

Natural gas.

50400 £t2 of Solar Kinmetics tracking,
parabolic line focus, T-700 collectors.
Roof mounted, horizontal on N-S axis, 30AT
strings @ 240 ft per string. 60 drive
strings (2 per row). (North Field, 13440
£t2; South field, 36960 £t2).

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

P

$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 requiFement is an average of

836 gpm at 235 F.

-

FIGURE 1.

PARABOLIC TROUGH
SOLAR COLLECTORS

VALVE

SYISTEM SCHEMATIC
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III. Qperating Experience

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 summer, CTCo personnel plan to keep as many rows operating as
possible which 1s a departure from the operating philosophy during the
spring and summer 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 1imit. 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 1imits 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 mafntenance activity
was performed during March.

TABLE I. CATERPILLAR SOLAR SYSTEM OPERATION

March 1984
ActivezArea -
—Date (ft) Comments
3/1-3/5 46200 Five drive rows inoperative. Full flow to
array.
3/6 47040 Four drive rows inoperative. Full flow to
array. :
3/7 48720 Two drive rows inoperative. Full flow to
: ' array. )
3/8 47880 Three drive rows inoperative. Full flow to
array.
3/9-3/31 46200 - Five drive rows inoperative. Full flow to
array.
3/4 - Power failure caused DAS to shut down.
3/20-3/21 - DAS failure; cause unknown.
C~204
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TABLE -II. CATERPILLAR SOLAR SYSTEM MAINTENANCE SUMMARY
March 1984

Cost
Labor Materials Total
O & MActivity Hours  _$ $ $

0 Routine inspection 10 253.82 -0- 253.82

0 Repair pyranometer
transmitter 4 101.53 -0- 101.53

o Electrical trouble-
shooting and repairs 38 964.55 -0=- 964.55

- Replace BH-64
transformer

- Replace BH=-49
tracker

- Replace BH-69
transformer

- BH-88 Temp switch
faflure

Hydraulics trouble-
shooting and repairs 38 964.55 -0~ 964.55

= Replace BH-59 4-way
valve seals

BH=78 pump seal
failure

BH-83 011 leak

BH=59 seal leak

Reset BH-67
pressure switch

TOTAL 90 2284.46 2284.46

Total estimated maintenance cost for 2/83 - 3/84 = $9927.30
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TABLE III. SUMMARY OF OUT-OF-SERVICE DRIVE ROWS
) March 31, 1984

—Row Rate of Last Actiop Comment.

BH-59 3/9/84 | Hydraulic oil leak.

BH-78 3/8/84 Hydraulic pump seal failure,
BH~83 3/9/84 Hydraulic of1 leak.

BH-84 2/16/84 Hydraulic cylinder seal faflure.
BH-88 3/9/84 High temperature switch failure.
Iv. System Performance

A. Monthly Summary

The daily performance for the month of March, 1984 1is summarized in Table
IV and Figure 7. The efficiency of the collector array was 22% for the
month with a peak dafly efficiency of 39%. The low overall efficiency is
the result of the unfocusing described above.

B. Clear Day Performance

The solar system performance on March 6, 1984 is summarized in Table V and
Figure 8. There was very 1ittle 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 58% at 1600 with an
overall daily efficiency of 39%.
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TABLE IV

MONTHLY PERFORMANCE SUMMARY TABLE - 3/84

INCIDENT SOLAR ENERGY -
ON A ON THE
HORTZ COLLECTOR  ARRAY COLLECTAR COLLECTOR PARASITIC
SURFACE PLANE ACTIVE ENERGY ARRAY EFF. ARRAY EFF ENERGY
JULIAN (1) 2) AREA COLLECTED BASED ON (1)  BASED ON (o) USED
DATE DAY __BTU/SGFT BTU/SGFT SQFT KBTU % % o . __KBTU
3’1 61 0. 663. 46200. 8132, 0. 27 494, 4
a2 62 592. 1019. 46200. 11408. 42, 24 607.3 '

3/ 3 63 1527. 0. 46200. 0. 0. 0. 51.0

3/ 4 &4 DAS DOWN
3/ 5 45 576. 430. 46200. 2743 10. 14. 282. 6
3/ 6 66 1538. 1153 47040. 21005. 29 3s. 569. 2
3/ 7 &7 596. ag. 48720. -1229. -4, -52 188. 2
3/ 8 68 898 446, 47880. 3702. 9. 17. 338. 8
3/ 9 69 733. 194. 46200. -187. -1. -2 193. 9
3/10 70 1196. 607. 46200. 4274, a. 15 422 2
3/11 71 1059. 0. 46200. 0. 0. c. 39. 6
3/12 72 1312, 1071. 46200. 14736. 24, 30. 475. 7
3/13 73 80. 1. 46200. -1227. -33. Annnn a0 9
o 3/14 74 7091, 257. 46200. 1032. 3 9. 250. 4
) 3/15 75 1317. 617. 46200. 10394. 17. 36, $50. 2
» 3/16 76 844, 275. 46200. -728. -2. -6 316. 4
o 3/17 77 1437. 1210. 46200. 76805. 12. 14, 6392
3/18 78 1388 0. 46200. 0. 0. 0. a1.4
3/19 79 1530. 1149, 46200. 11817. 17. 22. 6839. &

3/20 80 DAS DOWN

3/21 81 DAS DOWN
3/22 a2 515. 226. 446200 2330. 10. 22, 283. 0
3/23 e3 1576. 1099. 46200. 9473 13. 19; 530. &
3/24 04 1596. 759. 46200. 6059, a. 17; 516. 0
3/2s es 1258 0. 46200. 0. 0. 0! 43.5
/26 86 1384. as1. 46200. 3193 5. 8. 450. 4
3/27 a7 2087. 1270. 46200. 12003. 12 20 728.8
3/28 ea 2