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SECTION I
INTRODUCTION

Under Cooperative Agreement DE-FC03-79CS30310, the U.S. Department
of Energy, the Columbia Gas System Service Corporation and the USS Chemicals
Division of United States Steel Corporation jointly funded a project to
design a 50,400 square foot solar energy system to provide 150 psi industrial
process steam for the production of polystyrene at the USS Chemicals Haverhill,
Ohio plant. The design phase of the project (Phase I) was conducted during
the ten month period from September 28, 1979 through July 31, 1980, and

was divided into five tasks:

Task 1 - Preliminary Design

Task 2 - Economic Analysis

Task 3 - Environmental Assessment
Task 4 - Safety Analysis

Task 5 - Detailed Design

Individual final reports on Tasks 1 through 4 were submitted to the U.S.
Department of Energy - San Francisco Operations Office during the course
of Phase I. The material in these task 1 through 4 Reports will not be
reproduced, for the most part, in this report. This report presents

information on Task 5 - Detailed Design.
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SECTION II
INDUSTRIAL PROCESS

A. Selection of Industrial Partner

The Co]umbié Gas System Service Corporation evaluated many of
our industrial natural gas customer'é plants as potential sites for a solar
industrial process heat installation. The USS Chemicals Haverhill plant in
Haverhill, Ohio was selected because the plant offered a combination of éite
characteristics necessary for a successful industrial process heat solar
installation. Some of these characteristics are: excellent air quality at
the site; daily solar radiation comparable to, or better than, other sites in
Columbia's seven state distribution area; potential for widespread‘applicatiqn
of the specific solar technology to industry throughout the industrial north-
east, in general, and the Ohio River valley, in particular; availability
of Tand surrounding the polystyrene plant within the USS Chemicals Haverhill

complex; large continuous steam loads; and enthusiastic -desire of the company's

-management to participate in the project.

B. Selection of Industrial Application

| There is large potential for widespread application of the specific
solar technology that would be utilized in this project. A survey by Battelle-
Columbus Laboratories] indicated that 70% of the steam used by industry nation-
ally is in the temperature range 212°F-350°F. The proposed solar energy system
for this project will supply steam at a temperature of 373°F, and thus is
directly applicable to the 70% of the national usage of steam identified by

Battelle.

1 "Survey of the Applications of Solar Thermal Energy Systems to Industrial
Process Heat", BCL, January, 1977, Volume II, Page 6
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There is also tremendous potential for widespread application of the

proposed solar technology in industrial applications in the geographic area

for the project. A recent study by Columbia indicates that 80% of our
industrial customers' steam requirements are in the temperature range of
212°F to 350°F. Table 1 compares the quantities of energy used nationwide

to produce steam by the industries studied by Battelle, and the quantities
used by Columbia's customers to produce steam in these same industries. The
right hand column in Table 1 shows the percentage of national energy require-
ments for industrial process steam that is accounted for by Columbia's
industrial customers on an industry by industry basis. A much larger percent-
age of the national energy requirements for industrial process steam would be
accounted for by all industrial customers with solar radiation in the range
of 1250 to 1450 Btu/sq. ft.-day typified by the Ohio River Valley and the
Haverhill plant. Large sections of the midwest and industrial northeast have
solar radiation in this range.

Many of the industries with the largest national energy requirements
for process steam are concentrated in (or have significant percentages of
their capacity located in) the midwest, east north central, west north central
and middle Atlantic regions. Of relevance for this proposal, BatteHe2 shows
the U.S. capacity for producing polystyrene in each state and reports, "From
the point of view of solar energy, it is noteworthy that only 16 percent of
the polystyrene capacity is in states with high insolation." An endless array
of other industry statistics could be recited to further document the tremendous
industrial capacity in the "mild belt" of the nation. It is important to
demonstrate the feasibility of solar energy in this region.

Without question, solar energy is a scarcer resource (and concomitantly

more costly) in southern Ohio than in Arizona. However, the traditional forms

2 IBID, Volume 1I, Page 479



ANNUAL ENERGY REQUIREMENTS - PROCESS STEAM PRODUCTION

1

National E
1Oé1

ergy Reguirements
BTU/year

Columbia Customer Requirements2 Columbia Customer Requirements
10° BTU/year As A

Industry 212°F - 350°F 2> 350°F 212°F - 350°F > 350°F % of National Requirements
Aluminum 38,400,000 215 Not significant
Automobiles and Trucks 1,400,000 16,069 1.1%

Cement -
Ceramics 340,173 None shown in Battelle Report
Concrete Block & Brick 9,700,000 4,600,006 . 216,700 102,770 2.2%
Gypsum 31,900,000 731,998 2.3%
Chemicals 212,000,000 12,079,902 5.7%
Coal Mining & Cleaning -
Copper -
Food Processing 68,000,000 25,300,000 4,580,000 1,705,208 6.7%
Glass 9,800,000 284,123 2.9%
Lumber 13,100,000 2,500,000 345,100 65,872 2.6%
Mining 43,700,000 -
Paper & Pulp 465,000,000 5,804,109 1.2%
Petroleum Refining 120,000,000 380,000,000 859,600 2,722,080 0.7%
Plastics 7,600,000 9,400,000 1,558,200 1,927;347 20.5%
Rubber 5,400,000 1,835,596 34.0%
Steel & Iron 65,000,000 2,106,800 3.2%
Textiles 191,000,000 4,300,000 1,256,000 28,277 0.6%

]"Survey of the Applications of Solar Thermal Energy Systems to Industrial Process Heat", BCL, January, 1977
2Co1umb1’a's "Industrial Customer Classification Information System".

TABLE 1- -



of energy with which solar must compete tend to be more costly in the north-
east than in the southwest.

There is tremendous potential for widespread application of this
solar technology in the chemical industry, which is currently one of the most
dynamic growth industries in the United States. In the "Summary of Process
Heat Requirements Including Extrapolations" presented in the Battelle report3,
chemical industry requirements account for 50% of the steam utilized in the
212°F to 350°F range, and over 40% of all industrial steam and hot water.
The Ohio River Valley, from Pittsburgh to Louisville, is one of the largest
chemical producing areas in America, and provides a vast opportunity for the
commercialization of solar energy. Much of the chemfca] industry in this
ared is presently served by the Columbia Gas System and its 96 affiliated and

non-affiliated retail distribution companies.

C. Selection of Industrial Process

During the preliminary design task, USS Chemicals evaluated the con-
sumption of 20 psig, 50 psig, 150 psig steam at the Haverhill plant. The survey
of steam uses in close proximity to the candidate solar collector array site
was undertaken to determine the best use for the solar energy collected at the
Haverhill site. After evaluating piping run ]engths, solar system cool
down/warm-up thermal losses, solar system operating losses, solar collector
efficiency at operating temperature, and the quantity and profile of steam
usage, Columbia and USS Chemicals selected a 150 psig steam application in the
reactor area of the polystyrene plant. This particular steam lToad offers the

advantage of high continuous steam usage 24 hours per day, 365 days per year.

3 IBID, Volume II, Page 11
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This application also has the shortest possible solar system piping run,
which will minimize installation cost and cool down/warm-up and operational

heat losses.

Polystyrene is produced at USS Chemicals Haverhill plant by a batch
suspension polymerization process. In the process, styrene monomer is dis-
persed into droplets in an agitated vessel containing water and carefully
measured amounts of suspension agents and additives. Polymerization initiated
by heat addition and the use of catalysts and consisting of controlled time
and temperature sequences, results in the formation of beads of polystyrene.
This polymerization process would utilize the steam generated by the solar

energy system. The beads are dried using steam heat and then sold or extruded

“to form pellets for sale. A simplified block diagram of the polystyrene

‘batch production process is shown in Figure 1.
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SECTION III
SOLAR ENERGY SYSTEM

‘A. Solar System Diagram

A simplified schematic diagram of the Haverhill Solar Energy System
is presented in Figure 2. This diagram highlights the solar energy system
major components, all of which will be covered in more detail in later
sections of this report.

The solar energy system design includes a 50,400 square feet of single-
axis tracking, concentrating solar collectors. The solar collector loop pump
will be activated when there is sun available. The solar system will include
multiple solar collector loop pumps which will be automatically staged to give
a lTow solar collector loop flow rate when there is nominal solar radiation
available. High solar collector loop flow rate will be selected when there is
max imum solar radiation available. Pump staging is utilized in the design to
conserve electric pumping energy.

After flow is established in the solar collector Tcop, the controls
cause the solar collectors to rotate up towards the sun into the tracking position.
A synthetic oil solar collector loop heat transfer fluid was selected for this
application to prevent freezing of the solar fluid and to permit the collector
field to deliver 500°F fluid to the steam generator. At maximum radiation
conditions, the heat transfer fluid is heated from 390°F to 500°F in the solar
collectors. The hot fluid goes from the solar collectors to the tube side of
the unfired steam generator which is shown in Figure 2. The heat in the heat
transfer fluid is used to generate 150 psig steam and in this process the heat
transfer fluid is cooled from 500°F down to 390°F. The heat transfer fluid
is then returned to the inlet side of the solar collectors and the 150 psig

solar produced steam is delivered to the polystyrene process.
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The water level in the unfired steam generator is maintained by
primary and back-up condensate pumps. The maximum steam generation rate
of the solar energy system will be about 11,000 pounds per hour which is
below the instantaneous steam requirements of the polystyrene unit. There-

fore, no thermal energy storage will be required with this system.

B. Solar System Layout and Component Location

The solar collectors will be sited in a rectangular area that conforms
to the N-S, E-W road system throughout the Haverhill plant complex to efficiently
utilize land area and to minimize the piping runs. The axis of the collectors
will be aligned with plant East-West as shown on Drawiﬁg M-1, page 39. Plant
North is 65 degrees East of true North. After evaluation of several different
solar collector array layouts, the project team selected a layout of three
banks of solar collectors with each bank containing 20 rows. Each row of
collectors will have six, 20 foot long reflector panels. Drawings M-1 and M-5
present this layout. With the selected layout only one supply and one return
header are required.

A 120 foot long solar collector "row" consists of six panels all driven
by a single drive motor. The Haverhill solar collector array has three solar
collector "rows" placed end to end as shown on Drawing M-1. Fluid flows in
series through these three solar collector rows. There are 20 parallel sets of
three series-connected collector rows. Fluid flow is in parallel through these
20 sets of three series-connected collector rows. All solar collector loop
plumbing will be located above grade.

The solar collector array will be fenced in order to include the solar
collector array within the USS Chemicals Haverhill plant security area. An

access road to the collector field will be placed along the plant East side of

10
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the collector array. The soil under and around the collectors will be
sterilized and locally available graded slag will be applied to the entire
area. A limestone deposit often occurs on solar collectors when crushed
rock is applied to the area under and around solar collectors. Graded slag
is much cleaner than crushed rock and is also less expensive to purchase in
the Haverhill, Ohio area.

Drawing M-2, page 40, shows the location of the steam generator build-
ing at the northeast corner of the solar collector array. A new steam line
approximately 90 feet long will connect the steam generator to the Haverhill
plant 150 psig steam system. This location for the steam generator yields

extremely short solar collector loop heat transfer mains to the steam generator

and also very short steam lines to connect with the existing plant steam

system. Drawing M-2 also shows the location of the condensate receiver

and the steam generator feed pumps.

Drawing M-3, page 41, contains the solar system piping schematic and
presents the interconnection of all of the solar system components. Drawing
M-4, page 42, shows the location of the solar system components in the steam

generator building.

C. Solar System Operation, Control and Safety Provisions
The control system is designed to automatically operate and control the
Haverhill solar energy system and all subsystems. The solar energy system is

designed to operate unattended. Safeties are designed to automatically protect

“the solar energy system and to prevent any hazardous conditions in the event of

equipment malfunction or failure. An alarm circuit will be run from the solar
energy system to the polystyrene plant operators' console which is attended

24 hours per day. This alarm circuit would notify the polystyrene plant
operator when out-of-tolerance solar energy system parameters are detected.

The following sections detail the automatic controls and safeties.



s

o) WA o= am

1. Solar Collector Operation, antro] and Safeties - Solar Kinetics provides
a central direct normal 1light swipch which is an aluminum casting that contains
three phototransistors with sun shédes that block out approximately 80% of the
diffuse solar radiation. When any of the three phototransistors detect normal
solar radiation above 95 BTU/hr—ft2 (adjustable) a contact closure occurs in

the central direct normal light switch. The solar controller detects this contact
closure and if this contact closure persists for 15 minutes the solar controller
issues a "start" command to the pump controller which starts the solar collector

loop pump. After a 2 minute delay, if fluid flow is established in the solar

. collector loop, the solar controller directs the solar collectors to rotate

(in a "“fast track" mode) out of the stow position and into an angular position
where each individual collector row can automatically track the sun.

As each of the 60 collector rows approaches the sun within 20° of focus,
a light switch meunted on each solar collector row switches that row from fast
track to the "auto-track" mode under the control of the shadow-well tracker
for that individual row. The collectors continue in the "auto-track" mode until
the central direct normal light switch detects a solar radiation level below
95 BTU/hr—ftz. At this point the solar controller directs the solar coliector
Toop pumps‘to continue running but directs the solar coI]ectors to remain
stationary. The solar collectors are maintained in this non-tracking mode for
45 minutes. If the central direct normal light switch senses solar radiation

2 during this 45 minute period, the solar collectors are

above 95 BTU/hr-ft
returned to the "auto-track" mode. If the direct solar radiation does not
increase above the minimum level required for tracking during this 45 minute
period, the solar controller directs the solar collectors to return to the

stow position.



Gy ou S8 O WA Sm 6N Som SN G0 G M) M AP an oN O By an

13

Safeties are built into the solar collector controls to prevent hazard-
ous conditions from occurring. The solar collectors would be automatically
returned to the stow position by conditions of high-wind speeds, loss of solar
collector loop flow and over-temperature. Each solar collector drive system
has a high-pressure hydraulic accumulator which has sufficient stored energy

to drive that solar collector row to the stow position in the event of loss

of electric power. During the loss of electric power, a 5 kW battery D.C. to
A.C. inverter system provides A.C. power for the solar collector control logic
and for solenoids associated with the hydraulic power units that drive the

collectors to the stow position.

2. Solar Collector Loop Pump Operation and Control - This subsection discusses

only the operation and control of the solar collector loop pumps. A discussion

of the engineering details for the solar collector loop pumps will appear in

a later subsection. The solar collector loop for the Haverhill solar energy
system must operate over a vefy wide temperature range, from 0°F to +500°F.

The solar coliector loop controls are designed to start a ﬁositive displacement
pump (Pump P-13001, shown on Drawing M-3, page 41), when the solar collector
loop is cold and the heat transfer oil is very viscous. When the central direct

normal Tight switch detects direct solar radiation above 95 BTU/hr-ft2

a fieid
relay closes. After this level of direct normal solar radiation has persisted for
15 minutes the solar controller sends a “start" signal to the Pump Controller,

shown on Drawing E-3, page 49, which will start Pump P-13001.

As the solar collector outlet temperature increases, the pump controller
is designed to stop the low-flow-rate positive displacement pump (Pump P-13001)

and start a high-flow-rate, high-efficiency centrifugal pump (Pump. P-13003,
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shown on Drawing M-3, page 41). Pump P-13001 will run until the solar collector
outlet temperature reaches 150°F. At that point Pump P-13001 is stopped and
Pump P-13003 is started.
The solar system is designed to operate with one centrifugal pump on
during most of the operating hours. During periods of very high solar insolation

pump P-13003 will remain running and a second pump P-13004 will be started when

the solar collector outlet temperature reaches 480°F (adjustable).

Should the solar collector outlet field temperature reach 500°F (adjustable)
which is expected to occur less than 1% of the solar system seasonal operating
time, the pump controller will continue running pumps P-13003 and P-13004 and
will restart pump P-13001.

As the solar radiation decreases and the solar collector outlet temperature
decreases, the solar collector Toop pumps will be staged off in the reverse
order that they were started.

There js a backup solar coliector loop pump (Pump P-13002) plumbed into
the Haverhill solar energy system. This pump is designed for manual control
and can be used as a direct replacement for any of the three primary solar

collector loop pumps should one of them fail.

3. Steam Generator Operation, Control and Safeties - This subsection discusses

only the operation and control of the steam generator. A discussion of the

steam generator engineering details will appear in a later subsection. The steam
generator will be supplied with a normally closed pneumatic 3-way diverting
valve. Solar collector loop fluid will bypass the steam generator until the
solar collector loop temperature (as measured near the steam generator) reaches

400°F (adjustable).
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At temperatures above 400°F, the steam generator controls are designed
to actuate the diverting valve and direct the solar collector heat transfer
fluid to the tube side of the generator. An automatic stop and check valve
will allow any steam generated to flow from the shell side of the steam
generator into the 150 psig steam main.

The steam generato? feed water pump (Pump P-817A(R), shown on Drawing M-3
page 41), will operate when the pump controller receives a "start" signal from
the solar collector. A modulating Tevel control furnished with the steam
generator will modulate a pneumatic feed water control valve to allow feed water
to enter the steam generator at the same rate that steam is generated.

Several safeties will be incorporated in the unfired steam generator.

The steam generator sheliside will be protected by an ASME Section I steam
safety valve. The tube side will also be protected by a relief valve. A
pneumatic steam pressuke control, furnished with the steam generator, will
dire;t the heat transfer fluid diverting valve to the bypass position if the
steam pressure rises above 175 psig (adjustable). A backup steam generator
feed water pump is included in the solar system. Backup Pump P-817B(R) will
automatically start should Pump P-817A(R) fail.
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SECTION IV
" SOLAR SYSTEM COMPONENTS

A. Solar Collectors

_ During Task 1, the Preliminary Design, Columbia evaluated four 1ine-
focusing, concentrating solar collectors for the 150 psig steam application
in the polystyrene unit at the USS Chemicals Haverhill plant complex. The
following four.collectors were analyzed:

1. Acurex 3001

2. General Electric TC-300

3. Solar Kinetics T-700

4. Suntec SH-1655
Columbia held discussions with these manufacturers, evaluated their solar
collector hardware and visited‘large commercial and industrial process heat
installations using these collectors.

Columbia evaluated technical information and actual cost quotations
on these collectors. Based on collector cost quotations, estimated installation
cost, estimated maintenance cost, measured single collector module peak per-
formance, estimated solar collector array seasonal performance, and estimated
solar collector durability, the Haverhill solar energy project team selected
the Solar Kinetics T-700 solar collector for this project.

The T-700 solar collector has been under development by Solar Kinetics
for several years. Technical information and catalog data on the col]ectdr
is available from Solar Kinetics and will not be reproduced here. There are
several design improvements in the T-700 that have recently become available
and would be incorporéted in the Haverhill solar energy project. A modular

drive pylon assembly has been designed which includes a self-contained



hydraulic power supply and tracker electronics. Solar Kinetics has incor-
porated a shadow well tracker that has greater sensitivity and is less
influenced by diffuse radiation than earlier shadow band tfackers. The

control system for the hydraulic pump has been redesigned to minimize pump
operation. The hydraulic pump is now actuated only when both of two conditions
exist: accumulator pressure less than 700 psi + the presence of a tracking
signal (i.e. a need for tracking power). The drive pylon assembly now also

includes automatic sun acquisition at high speed and a new fail-safe emergency

stow.

Solar Kinetics is'developing several other improvements. One of these
improvements, a new 10 foot long modular sealed receiver assembly, will probably
be available for the Haverhill solar energy system. This modular receiver

assembly has significantly less pressure drop than the present absorber tube

‘and solar collector fluid pumping power would be correspondingly reduced. The

sealed assembly should also improve the life of the absorber selective surface.

B. Solar Collector Loop Heat Transfer Fluid

Because winter temperatures in Haverhill, Ohio are frequently below
32°F, using water for the solar collector loop heat transfer fluid is not
feasible unless the fluid is heated in the pipes or drained into heated
vessels during periods of freezing temperatures. These approaches are not

energy efficient and are costly to implement.

‘The Haverhill solar energy system is designed to operate with collector
outlet temperatures of up to 500°F. The heat-transfer agents most commonly
used in this temperature range are petroleum-derived heat-transfer oils. There
are many heat-transfer fluids made by many manufacturers that are applicable
to the temperature range of interest for the Haverhill solar energy system

(0°F - 500°F).
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Several physical and thermal characteristics were considered in the
selection of a heat transfer fluid for this application. The flammability
and toxicity of the fluid are of great importance to the Haverhill project
design team. Therefore, the first two screening steps for potential heat
transfer fluids were (a) high fire point and (b) low toxicity, using the
Sterner and Hodge acute toxicity classification system. The third screening
step was to select heat transfer fluids with a usable temperature range equal
to, or greater than, 0°F - 500°F. A list of heat transfer fluids passing the
first three screening steps is presented in Table 2. Some of the properfies

of these ftuids are given in Table 3.

As a fourth step in the screening process a heat-transfer efficiency
analysis was conducted for the heat transfer fluids listed in Table 3.
This analysis computes a heat transfer efficiency factor (HTEF) which is
an expression of the ratio of the heat transfer coefficient to the frictional
energy expended pumping the fluid.

In this analysis the HTEF increases with increasing values of specific
heat, thermal conductivity, and density and decreases with increasing values
of viscosity. Some of the fluids, such as Dowtherm J, which are very good

from a HTEF standpoint, do not have sufficiently high fire points for the

Haverhill application and thus were eliminated in earlier screening steps.

Table 4 presents values for the four physical properties that are required to
calculate the Heat Transfer Efficiency Factor. The Heat Transfer Efficiency

Factors did not vary greatly for the fluids that remained in consideration

after the first three screening steps.
Of the twelve heat transfer fluid that remained after the four screening
steps, the polyalphaolefins appear to have the best combination of properties

for this application. Of the polyalphaolefins, Gulf Synfluid 4cs has the best



combination of physical properties for the Haverhill application. Two other
polyalphaolefins, BRAYCO 888HF and Ethyl ESH-4, were not selected because
they do not have as high a fire point or as high a heat transfer efficiency
factor as Synfluid 4cs. Two other polyalphaolefins, Ethyl ESH-6 and Synfiluid
6cs, were not selected because of their higher viscosity at low temperature

and lower HTEF.

19



"HEAT TRANSFER FLUID
COMPOSITION AND TEMPERATURE RANGE

Usable Temperature

Number Trade Name Producer Composition ' Range °F
1 BRAYCO 888 HF Bray 0i1 Co. Polyalphaolefin -80 to +550
2 Dowtherm LF Dow Chemical Alkylated Diphenyl- Diphenyl —25-Nt0 +600
3 Ethyl ESH-4 Ethyl Corp. Polyalphaolefin Oxide -90 to +600
4 Ethyl ESH-6  Ethyl Corp. Polyalphaolefin -90 to +600
5 ‘Mobiltherm 600  Mobil 0il ' Alkylated Aromatic +5  to +600
6 Synfluid 4cs Gulf 011 Po]ya1phao]efin -100 to +600
7 Synfluid 6cs Gulf 0il Polyalphaolefin -90 to +600
8 Therminol 55 Monsanto Alkylated Aromatic- 0 to +600
9 Therminol 60 Monsanto Polyaromatic Hydrocarbon -60 to +600

10 Therminol 66 Monsanto Partially Hydrogenated Terpheny1 0 to +650
11 Sun-Temp Resource Technology N.A. -40 to +671
12 UCON HTF 500 Union Carbide Inhibited Polyalkylene Glycol -35 to +500
N.A. - Not Available from Manufacturer
TABLE 2 Y



HEAT TRANSFER FLUID
THERMAL PROPERTIES

Pour Point Flash Point Fire Point Auto Ignition
Number Trade Name °F °F °F v °F
1 BRAYCO 888HF -85 440 475 730
2 Dowtherm LF -25 260 280 1020
3 Ethyl ESH-4 -90 435 475 740
4 Ethyl ESH-6 -90 460 510 760
5 Mobiltherm 600 0 350 390 ' 710
6 Synfluid 4cs ~-100 445 495 710
7 Synfluid 6cs -90 465 520 710
8 Therminol 55 -40 355 410 675
9 Therminol 60 -90 310 320 835
10 Therminol 66 -18 355 382 705
11 Sun-Temp -40 380 N.A. 824
12 UNCON HTF 500 -35 540 600 750
N.A. - Not Available from Manufacturer
TABLE 3

L



HEAT TRANSFER FLUID PHYSICAL PROPERTIES AT 400°F

Specific Heat * Conductivity Density Viscosity

Fluid (BTU/1b - °F) (BTU/hr-ft - °F) (1b/cu_ft) (1b/hr=ft)
Brayco 0.650 (a) 0.0732 (a) 45.1 (b) 2.447 (b)
Dowtherm LF 0.520 0.067 55.6 0.895
Ethyl ESH-4 0.690 0.065 43.7 2.032
Ethyl ESH-6 0.590 0.067 44.1 2.734
Mobiltherm 0.560 0.0620 53.7 2.438
Synfluid 4cs 0.669 0.0737 (a) 45.0 1.935
Synfluid 6c¢cs 0.590 0.0745 (a) » 45,1 2.449
Therminol 55 0.611 0.0627 - 47.3 . 1.887
Therminol 60 0.543 0.0681 54.6 1.303
Therminol 66 0.534 0.0612 - 55.0 2.068
Sun-Temp 0.560 (c) N.A. 56.2 2.974 (a)
UCON HTF 500 0.560 0.0810 56.6 7.457

(a) A+ 300°F

(b) Columbia Gas engineering estimate from available data

(c) A+ 72°F

N.A

. Not available from manufacturer

TABLE 4

gZZ



SECTION V
ON-SITE DATA SYSTEM

The on-site data system for the Haverhill solar energy system has three
functions: (1) automatically gather analog sensor data, (2) convert and
process this data, and (3) provide a permanent record of the reduced data
in digital form. The on-site data system is designed to operate unattended.
The fo]]owingvsubsectiohs identify the intent of the on-site data system and

the specific data system components and sensors that would be employed.

A.- Solar System Performance Evaluation

The site data system is designed to provide an accurate record of |
daily, monthly, and yearly energy information; such as solar energy available
at the site, solar collector energy output, solar collector loop piping cool-
down/warm-up losses, system operational losses and useful energy delivered
to the process load. Additionally, the data system is designed to provide:
real time diagnostics on all solar energy system components. Instantaneous

solar radiation, temperatures, and fluid flows will be measured and displayed

on-site. Instantaneous energy flows and component efficiehcies will be computed

and also displayed on-site.

The Haverhill solar energy system will be evaluated using energy balance
methods.  The following three subsystems of the solar energy‘system will be
individually analyzed:

1. Solar Collector Array

2. Solar Collector Loop Piping

3. Steam Generator
For each subsystem the energy entering, energy leaving, and internal energy

change will be computed.
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The Haverhill data system is designed to gather analog sensor readings,
to complete A to D conversions, to complete engineering unit conversions, and

to store a permanent record of this data every minute on a tape cartridge.

'This data may prove to be invaluable in analyzing subtleties of the solar

energy system during system start-up and shakedown. The following data will

be acquired and recorded:

Total solar energy available on horizontal plane
Total solar energy available on fixed tilted plane
Direct normal beam radiation

Diffuse radiation on fixed tilted plane

Collector array inlet and outlet temperature

)
)
)
)
)
f) Collector array flow rate
) Ambient temperature
) Wind speed

) Temperature and pressure of process steam delivered to Toad

) Flow rate for process steam delivered to load
k) Parasitic power consumed

In addition to the basic sensor readings, the data system will calculate

energy flows and system efficiencies. At the end of each hour this data will
be summed and averaged as applicable. These hourly sums and averages will be
printed out at the site as well as stored on the cartridge tape unit. The

stored hourly averages will be retrieved as required to produce single day

tables, monthly summary tables, and yearly summary tables.

B. Data System Major Components
The Haverhill data system provides significant data gathering capability

and flexibility. The data system includes a Hewlett Packard 3052A Automatic
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Data Acquisition System linked to a Hewlett Packard 9835A programmable desktop
computer. The computer is equipped with a 12" CRT, which allows viewing of 20
lines of program or data at a time; four additional 1lines are reserved for
keyboard entries and system comments. Peripheral equipment will include a
Hewlett Packard Model 9871A Pfinter, whi&h is a character impact printer with
printing speed of 30 characters per second. This printing system will provide
hardcopy output at the site and will simplify recokd‘keeping and'month1y
report writing.

The Data Acquisition System also includes a Hewlett Packard Model 9875A
Cartridge Tape Unit for peripheral mass storage. This unit provides a reliable
means of data storage for backup of the hardcopy print output and for further
data processing such as yearly energy balance summaries.

The Hewlett Packard 3052A is a fully automatic data acquisition system.
Analog signals from the solar system sensors are searched by a Hewlett Packard
Model 3295A Scanner and connected to a Hewlett Packard Model 3455A Digital
Voltmeter. The 3455A DVM is a 6-digit integrating volt meter with DC, AC, and
resistance measurement capability. The 3455A DVM has high accuracy, good
sensitivity, and high noise rejection. Analog signals from the scanner are
converted to digital signals by the 3455A DVM.

Information from the digital voltmeter common data bus will interface
with the on-site HP 9835A desktop computer, which will process and store data
and‘direct output to the printer and/or cartridge tape unit. The on-site
computer will scan and read the sensor data and will compute instantaneous
collector array efficiencies, solar energy delivered to the polystyrene process
and fossil fuel savings. The desktop cdmputer will also integrate the solar

energy available, the solar energy delivered and all other solar system energy

flows.
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The data acquisition system will also be used for temperature balancing
the solar collector field. The outlet temperature for all collector rows can
be displayed on the HP 9835A screen simultaneously. At operating temperature
the f]ow in each collector row will be adjusted to produce the same collector
outlet temperature from each row. The Haverhill design team would Tike to
ensure that no individual solar collector row has an outlet temperature that
exceeds a bulk fluid temperature of about 500°F. At this temperature the
maximum fluid film temperature in the solar collector absorber tube should
not exceed 540°F. The maximum continuous service temperature recommended by

Gulf for Synfluid 4cs is 600°F.

C. Specific System Sensors

The sensors selected for the Haverhill data system are those necessary
to support the energy balance calculations. Sensors used to instrument
the Haverhill solar energy system will be 1ocated as shown on Figure 3.
Sensor type, manufacturer, and model number are shown in Table 5. A detailed

description of each type of sensor is provided below.

Solar Radiation Measurement

Since the Haverhill solar energy system will utilize concentrating,
tracking solar collectors, it is necessary to measure total horizontal
radiation, total radiation on a fixed tilted plane, direct beam normal
radiation and diffuse radiation.

e Total horizontal radiation and total radiation on a fixed tilted plane
will be measured with an Eppley Laboratories, Inc. pyranometer Model PSP.

Instrument Sensitivity 9 Microvolts per watt per
square meter

Impendance 650 ohms

Temperature Dependence : 1% over ambient temperature

range, -20°C to 40°C
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CHANNEL IDENTIFICATION NOMENCLATURE SENSOR _TYPE MANUFACTURER & MODEL
1 1001 Total Horizontal Radiation Pyranometer Eppley PSP

2 1002 Total Radiation on Fixed Tilted Plane Pyranometer Eppley PSP

3 1003 Direct Normal Beam Radiation Pyrheliometer w/ solar tracker Eppley NIP w/ST-1

4 1004 Diffuse Radiation on Fixed Tilted Plane - Pyranometer w/shadow band Eppley PSP w/SBS

5 1005 Total Radiation on Fixed Tilted Plane (Backup to 1002) Pyranometer Eppley PSP

6 1006 Direct Mormal Beam Radiation (Backup to 1003) Pyrheliometer w/solar tracker _Eppley NIP w/sT-1

7 vVoo1 Wind Velocity Windspeed Transducer Weather Measure SKYVANE 17w102—p
8 T0O01 Ambient Temperature RTD YSI 4116PT w/radiation shield
9 T101 Collector Row 1 Qutlet Temperature RTD YSI 4116PT

10 T102 Collector Row 2 Outlet Temperature RTD YSI 4116PT

11 T103 Collector Row 3 Outlet Temperature RTD YSI 4116PT

12 T104 Collector Row 4 Qutlet Temperature RTD YSI 4116PT

13 T105 Collector Row 5 Outlet Temperature RTD YSI 4116PT

14 T106 Collector Row 6 Outlet Temperature RTD YSI 4116PT

15 T107 Collector Row 7 Outlet Temperature RTD YSI 4116PT

16 T108 Collector Row 8 Outlet Temperature RTD YSI 4116PT

17 T109 Collector Row 9 Outlet Temperature RTD YSI. 4116PT

18 T110 Collector Row 10 Outlet Temperature RTD YSI 4116PT

19 Tm Collector Row 11 Outlet Temperature RTD YSI 4116PT

20 T112 Collector Row 12 Outlet Temperature . RTD YSI 4116PT

21 1113 Collector Row 13 Qutlet Temperature RTD YSI 4116PT

22 T114 Collector Row 14 Outlet Temperature RTD- YSI 4116PT

23 T115 Collector Row 15 Qutlet Temperature RTD YSI 4116PT

24 T116 Collector Row 16 Outiet Temperature RTD YSI 4116PT

25 T117 Collector Row 17 Outlet Temperature RTD YSI 4116PT

26 T118 Collector Row 18 Outlet Temperature RTD YSI 4116PT

27 19 Collector Row 19 Qutlet Temperature RTD- YSI 4116PT

28 T120 Collector Row 20 Outlet Temperature RTD YSI 4116PT

29 Ti21 Collector Array Outlet Temperature RTD YSI 4116PT

30 Ti22 Solar Loop Temperature In Route to Steam Generator RTD - YSI 4116PT

31 T123 Solar Loop Temperature Inlet to Steam Generator RTD YSI 4116PT

32 Ti34 Solar Loop Temperature Qutiet from Steam Generator RTD YSI 4116PT

33 T137 Collector Array Header Inlet Temperature RTD YSI 4116PT

34 7138 Collector Array Header Inlet Temperature @ Row 10 RTD YSI 4116PT

35 T139 Collector Array Header Inlet Temperature @ Row 20 RTD : YSI 4116PT

36 W100 Solar Collector Loop Flow Rate Impact Flow Meter Ramapo MARK V

37 EP100 Solar Collector Loop Pump Motor Electric Power Watt Transducer Scientific Columbus DL-A2

Scientific Columbus DL-A2-6070

38 EP101 Collector Array Tracking Drivemotors Electric Power Watt/Watt-Hour Transducer

39 D100 Valve Position Switch Contact Closure aquare 0

40 WA00 Condensate Flow Rate Impact Flow Meter yarone oK v
a T451 Steam Generator Fiuid Temperature RTD ¥s1 g]]sp

42 T452 Steam Generator Fluid Temperature RTD YSI 44]gp1

43 1453 Steam Generator Outlet Steam Temperature RTD ITT/Barton 753
44 P453 Steam Generator Outlet Steam Pressure Pressure Transmitter ITT/Barton 752_]
15 Wa53 Steam Flow Rate AP Transmitter ITT/Barton 72
46 Wa54 Steam Flow Rate AP Transmitter sci :ff9" col
47 EP461 Condensate Pump Motor Electric Power Watt Transducer y51e2];6;$ ofumbus DL-AZ
48 - T462 Steam Generator Condensate Inlet Temperature RTD

SPECIFIC SENSOR LIST
TASLE 5
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Linearity I 0.5% from O to 2,800 watts
per square meter

Response Time 1 second

e Diffuse radiation will be measured with an Eppley Laboratories, Inc.
pyranometer MODEL PSP mounted on an Eppley Shadow Band Model SBS.

o Direct normal beam radiation will be measured with an Eppley

Laboratories, Inc. normal incidence pyrheliometer Model NIP mounted
on the power driven Eppley Solar Tracker Model ST-1.

Pyrheliometer

Instrument Sensitivity 8 Microvolts per watt
per square metqr
Impedance 200 ohms
Temperature Dependence I 1% over ambient temperature

range, -20°C to 40°C

Linearity ¥ 0.5% from 0-2,800 watts
per square meter

Response Time 1 second

Solar Tracker

Pointing Accuracy. ¥ 0.25% daily
Latitude Setting 0° to 90°
Declination Setting -23.5° to +23.5°

Temprature Measurements

\11 system temperatures will be measured with Yellow Springs Instruments
(Ysr) Industprig]olatinum resistance temperature detectors. Each RTD will
be SPring loade, in a thermowell with a connector head and with a signal
conditioning transmitter.
The use of signal conditioning transmitters to convert the resistance
Output of platinum thermometers to a two-wire, 4 to 20 mA signal is good

INstrumentation practice where the lead length is more than 25 feet and



where the possibility of electrical noise pickup exists. _Signa] conditioning
transmitters are highly recommended for platinum resistance thermometers used
in industrial environments, such as Haverhill, where the signal carrying
wires may be in proximity to powerrlines and where resistance, especially at
connections and contacts, can be expected to change with time.

At the Haverhill site some RTD's will have several hundred feet of lead
wire. The cost of the signal transmitter for these RTD's will be partially
offset by savings from the use of two wires instead of the four needed for

direct remote resistance measurement.

Yellow Springs Instruments

Resistance Temperature Device

Model Number 4116PT-139AP/P/EX
Resistance 100 ohms @ 32°F
Temperature tolerance I 0.18°F @ 32°F
Temperature range -328°F to 932°F
Thermowell Model L
(type 316SS)
Connection Head Model EX
Temperature Transmitter Model 1260/0-932/F/392
Temperature range 0°F to 932°F
Ambient operating range -13°F to 185°F
Accuracy I 0.1% of temperature span
Response time 10 milliseconds
Signal output 4 to 20 mADC
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System Flow Rates

e Solar collector fluid flow rate will be measured with a Ramapo

Instrument Company, Inc. target (impact) flow meter.

Model Number

Pressure rating

Primary sensing element
Flange rating

Temperature rating

Materials
Primary sensing element
Wafer type line housing
Seals

Flow range

Pressure drop

Accuracy
Repeatability

Signal output

MARK V-6"-W-0T1,
wafer housing body meter for
mounting between ANSI flanges

1,000 psi max.
ANSI 150# flange equivalent

-65°F to 750°F

17-4 PH SS
Carbon steel
Buna-N

60 to 600 GPM
0.2 psi at full flow

0.25% of full scale with
flow calibration

0.15% of reading
including hysteresis

4 to 20mADC linearized
with respect to flow

Flow meter accuracy is of particular interest for this project. We

have contacted several laboratories about the calibration of relatively

large flow meters (400 GPM, 6 inch 1line) with the heat transfer fluid of

interest (Gulf Synfluid 4 CS) at several different temperatures throughout

the range of operation for this application.

Changes in the flow meter

calibration as the temperature of the heat transfer oil changes from cold

31
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to hot (and the oil viscosity concommitantly changes from high to Tow)
must be identified and brought into the energy calculation software.

In addition to the total solar collector loop flow rate, the flow rate
through each individual collector row may be measured using a clamp-on ultra-
sonic flowmeter furnished by Columbia Gas. This flowmeter may be a
Controlotron Corp 241MP-1 Multipipe Portable Flow Display Computer. As dis-
cussed previous]y the solar collector rows will be temperature balanced, not
flow balanced. Since each solar collector row inlet and out]et temperature
is available, the energy delivered and efficiency of each individual'cpllector
row could be calculated with these flow meaSurements.

e Steam flow rate will be measured with Vickery-Simms Inc. calibrated

calibrated orifice plates. These will be of the paddle type, Model
MARK 52-SS. The differential pressure across the orifice plate will

be measured with an ITT Barton Differential Pressure Electronic
Transmitter with temperature compensation.

The electronics condition the differential pressure reading to provide
a 4-20mADC signal linearly proportional to flow rate. The steam

flow rate produced by the solar energy system wij] vary over a wide
range (from zero to 11,000# steam per hour). Because of this wide range
two separate Differential Pressure E]ectronic Transmitters will be used
to improve measurement accuracy at low flow rates. One Differential
Pressure Electronic Transmitter will be used for Tow steam flow rates
(below 3,500# steam per hour) and one for high steam flow rates (above

3,500# steam per hour).

Differential Pressure Electronic Transmitter

Model Number 752

Sensitivity 0.01% of calibrated span
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Accuracy 2 0.25% of rated span
includes linearity
hysteresis and repeatability

Repeatability I 0.1% of rated spaﬁ
Flow range
0 to 3,000# steam per hour O to 30 inches H20
0 to 10,000# steam per hour O to 200 inches H20
~ Static Pressure Range 3,000 psig
Signal output 4 to 20 mADC

System Pressures

e Steam generator outlet pressure will be measured with an ITT Barton

Pressure Electronic Transmitter

Model Number Model 753-1
Sensitivity 0.01% of calibrated span
Accuracy b 0.25% of rated span

(includes linearity,
hysteresis and repeatability)

Repeatability 1 0.10% of rated span
Pressure range 0 to 300 psig
Signal output 4 to 20 mADC Tinear with

respect to steam pressure
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Power Measurements

A1l solar energy system parasitic power will be measured with Scientific-
Columbus AC Watt Transducers. The power consumption for the solar collector
drive motors, the solar collector loop pumps and the steam condensate pumps
will be monitored. Watt readings will be taken at one-minute intervals. These
watt readings will be integrated over time with the HP 9835A desktop computer

to obtain electrical energy consumption.

Model Number DIGILOGIC DL-A2-Series
Accuracy 0.1% of reading
Analog output 0.1 mA DC

Wind Velocity

Wind velocity will be monitored with Weather Measure Corporation wind
sensor equipped with a DC Generator to give an output voltage proportional

to wind speed.

Wind Sensor Model SKYVANE I,
W102-P
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STRUCTURAL  NOTES

ALL STR. STEEL: ASTM sz; BOLTS A307; BOLTS A325;
STRUCTURAL TUBES AND PIPES ASTM AS00, GRADE B, Fy = 46
KSI;ELECTRODES ASTM A233 SERIES E60 OR E70.

COMPLY WITH AISC SPECS. FOR DESIGN, FABRICATION,
I TURAL STEEL FOR BUILDINGS.

PROVIDE ALL HOLES REQUIRED BY OTHER TRADES.

CONNECTIONS SHALL BE SHOP WELDED AND FIELD-BOLTED AND
SHALL OEVELOP FULL STRENGTH OF MEMBER. CONNECTIONS
SHALL BE DESIGNED BY THE STEEL FABRICATOR ACCORDING TO
THE ABOVE DESCRIBED REQUIREMENTS.

5. STEEL SUPPORTING OR NG TO MECHANICAL OR OTMER
EQUIPMENT AND ROOF OPENINGS AS SHOMN ON MECHANICAL
AND OR STRUCTURAL DRAWINGS ARE SHOWN FOR BIDDING
PURPOSES ONLY. CONTRACTOR SHALL RECONCILE EXACT SIZE
AND LOCATION.

6. USE NON-SHRINKING GROUT (EMBECO OR EQUIVALENT) UNDER
BEARING PLATES. (NON- METALIC)

7. COMPLY WITH AMS STRUCTURAL WELDING CODE, ANS D1.1-72.
STRUCTURAL SUPPORTS ARE DESIGNED FOR EQUIPMENT LOADS
SHOWN ON DRAWINGS. VERIFY EQUIPMENY WEIGHTS AND

DIMENSIONS AND CONTACT STRUCTURAL ENGINEER IF ACTUAL
MEIGHTS ARE GREATER THAN SHOWN,

CONCRETE

zga:
g
g

geazanigrg
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@) %%

{ag, ALY
T ug‘n! 2.

NOTES

COMPLY WITH SPECIFICATIONS FOR STRUCTURAL CONCRETE FOR
BUILDING (ACI-318-77, ACI-301 3 ACI-315) AND ADDITIONAL
PROVISIONS SPECIFIED,

COPY OF "FIELD REFERENCE MANUAL®™ ACI PUBLICATION

AT PROJECT FIELD OFFICE. USE CRSI
D PRACTICE FOR PLACING REINFORCING BARS,

3, PROVIDE CONCREYE WITH FOLLOWING 28 DAY STRENGTH:

4000 PSI WITH ENTRAINED AIR--CONCRETE EXPOSED
TO THE WEATHER IN THE FINISUED STRUCTURE.

4000 PSI WITHOUT ENTRAINED AIR--ALL OTHER
SEE CHEM-COMP, CEMENT-

1

2,

KEEP COPY
SP-15(72
RE

4. TESTING LABORATORY TO SUBMIT ORE COPY OF ALL CONCRETE
TEST REPORTS DIRECTLY TO STRUCTURAL ENGINEER.

6. PROVIDE REINFORCING STEEL WITH 40 KSI MINIMUM YIELD.

BEND ALL HORIZONTAL WALL AND FOOTING BARS 1'-0° m
CORNERS OR PROVIDE CORMER BARS WITH 2'-0" LAP,

7. FOUNDATIONS DESIGNED FOR SOIL PRESSURE OF 3000 PSF,
NOTIFY ARCHITECT IF FOUNDATION CONDITIONS
DIFFER SIGNIFICANTLY FROM SOILS EXPLORATION INFORMATION
MADE LABLE TO CONTRACTOR.

8. COPIES OF THE SOILS AND FOUNDATION INVESTIGATION REPORT
ARE :&élfABLE FOR INSPECTION IN THE OFFICES OF THE
ARCH. .

§. STRUCTURAL

SHOWN ON DRANINGS.
DIMENSIONS AND CONTACT
WEIGHTS ARE GREATER THAN SHOWN.

SUPPORTS ARE DESIGNED FOR EQUIPMENT ‘LOADS
VERIFY EQUIPMENT WEIGHTS AND
STRUCTURAL ENGINEER IF ACTUAL

10. ALL W.W.F. SHALL BE PLACED WITHIN THE TOP 1/3 OF
THE SLABS.

11. ANCHOR, GUIDE AND PIPE SUPPORTS

A. ALL SUPPORTS OR *PLANT NORTH" SIDE OF COLLECTOR
FIELD SHALL BE KEPT AT A CONSTANT ELEVATION
3% (MIN.) ABOVE FINAL GRADE.

B. ALL SUPPORTS ON “PLANT EAST® AND “PLANT WEST"
OF COLLECTOR FIELD SHALL BE SLOPED DOWN AT A
CONSTANT GRADE TOWARD "PLANT SQUTH® AND KEPT

AT A MINIMUM OF 3= ABOVE FINAL GRADE.

FOUNDATION PLAN FOR COLLECTOR FIELD

DESIGNED BY
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CHECKED BY
MG,
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PLAN VIEW OF TOWER PIPE SUPPORT
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MECHANICAL NOTES MECHANICAL. SYMBOLS
|. PIPING AND DUCT LAYOUT IS ONLY SCHEMATIC, EXACT LOCATION OF PIPES AND ——  OMESTIC TENPERED WATER | —ijjl Pz, twoT
DUCTS T0 HE COORDINATED ON JOB WITH BUILDING STRUCTURE, AND WORK OF OTHER([ —..™ = “rC ™ = i comes
CONTRACTORS. —CN— DAMESTIC COLD WATER LIKE | — 3¢ prpe aycHoR
2 SUPPORT ALL STEEL PIPE AT INTERVALS OF NOT MDRE THAN 10 FT., COPPER PIPE || —me—  womorc sor wies o —¢—  cowcaimic Revemn
AT 8 FT., UNLESS OTHERWISE SHOWN. —HR— DOMESTIC HOT WATER LINE ————  ECCENTRIC REDUGER
. STH STORM LINE ()-c— P-TRAP (PLAN VIEW)
3. OPENINGS THROUGH OUTSIDE WALL FOR LOUVERS AND SHUTTERS BY GENERAL S
» ! CONTRACTOR, ALL LINTELS AND WEATHERTIGHT SETTING OF STATIONARY LOUVERS TTSMeS saImAY Lhe TR UIITELS & oke
AL (117) BY GENERAL CONTRACTOR. ‘ TV vewum P T
i —0— oas LIKE —fphb—  Y-TvPE sTRAINER
. 4. NOTIFY GENERAL CONTRACTOR OF SIZE AND LOCATION OF ALL RECESSES AND OPEN- || o yeems sssvice tne P atnveRr - rian i
lﬂ-umzam INGS REQUIRED FOR MECHANICAL WORK, —i— AR LE X oAGE cock
# wfng. 3 . RUN ALL DRAIN LINES INDIRECT TO NEAREST FLOOR DRAIN. TS COMBINED SEER BALANCE VaLvE
) - —_ —CN3— CHILLED WATER SUPPLY AATE VALVE
pyiz v”‘,,?,‘,_——l""” 2 o, o INSTALL AIR VENTS AT HIGH POINTS OF THE SYSTEM, AS SHOMN ON THE DRAWINGS || —owm—  cururen warer nevom X BALAfCE FITTING
ot _ AND AS REQUIRED FOR PROPER AIR VENTING OF SYSTEM. CS——  CONDENSER WATER SUPPLY i‘ SRATN VALVE
1"z = 7. STEAM PIPING SYSTEM - PITCH STEAM AND CONDENSATE MAINS DOWN IN DIRECTION f| —<"——  cowesseR wares reru e PUOBE VAV
\ OF FLOW 1/4* IN 10 FT. —_— HOT WATER SUPPLY ] SOLENOTD VALYE
\ —_——_— EOT WATER RETURN /| CHECK VALVE
N ! ;ﬁﬂ?lwg ToleTgsNT&B%Tﬁ:SFm TOP OF MAINS. PITCH 1 IN ——p—- DRAIN LINE 7 745, CCOK OR BALANCE VALVE
a1t - ET. . —np5— PRESSURE STEAN = SREVED
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—LIQem LIQUID LINE FUB ' W AREA DRAIH
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m e CPD CONDEMSATE PUMP DISCHARODE i Esm
—FOs— FUEL OIL SUPPLY IRB BOX OR VALVE
== FOR=— PUEL 0IL RETURN — -
{‘-J\ —— "ow oo =
| o—— SUPPLY RISER
- RETURHN RISER C=#4="] porPLr DUCT-DOWK
) e . CAPPED LINE C RETURN OR EXHAUST DUCT-UP
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GOLLECTOR coNTROLD

OHIO MODEL ENERGY CODE DATA:

EXTERIOR DESIGN CONDITIONS (BASED ON 97-1/2% WINTER, 2-1/2% SUMMER).

WINTER 9:& D.8.

SUMER 92°F, D.B. / 72°F. W.B.
DEGREE DAYS HEATING 4344

DEGREES NORTH LATITUDE 38° 35

INTERIOR DESIGN CONDITIONS

HEATING 72%F. .
COOLING 7%, b

8
.B. / 50% R.H,

INFILTRATION

BASED ON 11 C.F.M./L.F. OF CRACK FOR DOORS )
BASED ON 0.5 C.F.B./L.F. OF CRACX FOR WINDOWS

ENVELOPE SYSTEN L-VALUES (BTUMR - #7.2 . °F.)

ROOF .078
NALLS .068
GLASS 1.13

DUCT INSULATION SHALL BE fY£THICX, | # DENSITY, R-VALUE - 3.6
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COLLECTOR FIELD CONTROL

UPON SENSING SUFFICIENT SUNLIGHT FOR 13 MINUTES, (FROM THE REMOTE
MOUNTED SUN SENSOR), THE COLLECTOR FIELD CONTROL PANEL ISSUES A
"TRACK READY" SIGNAL. RELAY F-1 THEN STARTS THE "LEAD" SOLAR
FLUID PUMP (P-13001) AND THE "LEAD" STEAM GENERATOR FEEDWATER
PUMP (P-817A). AFTER A 3 MINUTE DELAY TO ALLOW FLUID FLOV TO BE
ESTABLISHED (FS-13001), THE SOLAR CONTROL PANEL DIRECTS THE COL-~
LECTORS OUT OF THE STOW POSITION TO START THE TRACKING PROCESS.
EACH INDIVIDUAL COLLECTOR ROW CONTROLLER HAS SUFFICIENT AC-
QUISITION TIME TO FOLLOW THE SUN IF THEIR "TRACK READY" SIGNAL IS
MAINTAINED OR REPEATED WITHIN A ONE HOUR PERIOD. IF THE SOLAR
CONTROL PANEL DOES NOT SENSE SUFFICIENT SUNLIGHT FOR A 435 MINUTE
PERIOD, IT WILL PROVIDE A “STOW" SIGNAL TO THE FIELD. AT THIS TIME,
THE COLLECTORS WILL BE DRIVEN TO THE STOW POSITION, PUMPS STOPPED
AND SYSTEM WILL REMAIN THERE UNTIL THE SUN SENSOR IS RE-ENER-
GIZED,

OTHER CONDITIONS THAT WILL CAUSE STOW ARE:

POWER FAILURE, LACK OF SOLAR RADIATION, RAINFALL, HIGH WIND
SPEED, LOW FLUID LEVEL (LS 13003), FLUID OVERTEMPERATURE (7S-13002),
LOW FLUID FLOW (FS-13001), LOW STEAM GENERATOR WATER LEVEL (LS-
13001), AND HIGH STEAM GENERATOR WATER LEVEL (LS-13002).

THE ACCUMULATED, PRESSURIZED HYDRAULIC FLUID IN THE TRACKING
SYSTEM DRIVE HAS SUFFICIENT POWER TO STOW THE COLLECTORS IN
THE EVENT OF A/C POWER LOSS. A BATTERY INVERTER SYSTEM WILL
SUPPLY EMERGENCY POWER TO OPERATE CONTROLS AT EACH DRIVE
PYLON DURING LOSS OF POWER. STOW POSITION WILL BE MAINTAINED
DURING THE POWER OUTAGE.

SOLAR FLUID PUMP SEQUENCE

UPON A SIGNAL FROM THE COLLECTOR FIELD CONTROL PANEL, RELAY F-1
WILL CLOSE AND PUMP P-13001 WILL START. A PROPORTIONING TEMPERA-
TURE TRANSMITTER, (TT-13002), SHALL SENSE THE TEMPERATURE IN THE
SOLAR SUPPLY LINE AND SEND A SIGNAL TO THE TWO "DIALAPAK® STEP
CONTROLLERS. PUMP P-13001 RUNS UNTIL THE SOLAR FLUID SUPPLY
TEMP ERATURE REACHES F. AT THAT TIME PUMP P-13001 STOPS AND
PUMP P-13003 STARTS, WHEN THE SOLAR FLUID REACHES 480°F, PUMP P-
13003 REMAINS RUN'IglNG AND PUMP P-13004 IS STARTED. WHEN THE SOLAR
FLUID REACHES 300°F., PUMPS P-13003 AND P-13004 REMAIN RUNNING AND
PUMP P-13001 IS RESTARTED,

AS THE SOLAR ENERGY DECREASES AND THE SOLAR SUPPLY FLUID TEM-
PERATURE DROPS, THE PUHPS WILL BE STAGED OFF IN THE REVERSE
ORDER THAT THEY WERE STAR

WHENEVER PUMP P-13003 OR P-1300% OPERATES A CORRESPONDING SOLE-
NOID VALVE SHALL OPEN ALLOWING COOLING WATER TO FLOW THROUGH
THE PUMP BEARING COOLING JACKET.

PUMP P-13002 IS A BACKUP FOR PUMPS P-13001, P-13003 OR P-1300%, AND
WILL BE MANUALLY SWITCHED AT THE MOTOR CONTROL CENTER,

STEAM GENERATOR CONTROL

A PNEUMATIC TEMPERATURE SENSOR (TS-1300i) LOCATED IN THE SOLAR
SUPPLY LINE SHALL, THROUGH A PNEUMATIC RELAY, CONTROL THE 3-
WAY PNEUMATIC DIVERTING YALVE TO THE BYPASS POSITION WHEN THE
SOLAR SUPPLY LINE TEMPERATURE DROPS BELOW 330

A PNEUMATIC STEAM PRESSURE CONTROL (PC-13001) SHALL CONTROL THE
PNEUMATIC DIVERTING VALYE TO THE BYPASS POSITION IF THE STEAM
PRESSURE RISES ABOVE THE SET PRESSURE (160 PSD,

THE PNEUMATIC MODULATING LEVEL CONTROL (LC-13001) SHALL MODU-
LATE THE TWO-WAY PNEUMATIC FEEDWATER CONTROL VALVE TO ALLOW
FEEDWATER TO ENTER THE STEAM GENERATOR AT THE SAME RATE THAT
STEAM IS BEING GENERATED., STEAM GENERATOR FEEDWATER PUMP P-
817A SHALL OPERATE WHENEVER RELAY F-1 IS CLOSED, P-817B SHALL RUN
WHEN P-317A FAILS.

TRACKER CONTROL

OPERATION EXPLANATION

AUTOMATIC TRACKING
Autamtic tracking of Solar Kinetics' collectors is accomplished through
the use of an electronic 11ght sensor "shadow-wel1® tracker on each trackable
row and a central controller which uses a minimm direct normal 1ight switch.
The tracker head which uses a curved lens with a wintmm aperture opetng and
three sensors determines the presence of minimm direct normal 11ght levels
and then directs the drive system to an electronic balance.

When the central direct normal 1ight switch indicates minimm present direct
normal Jevels for a minfmum per’iod of 15 minutes, the central controller
1ssues a "track ready” command which may be used to start the fluid pump.
After a 5 minute delay to &1low fluid flow to be established, the two collector
control wires are given a "+ signal which directs the collectors out of stow
positfon. This signal 1s contfnued for a minfmm period which will allow each
row to acquire the sun. As'w:h collector row approaches the sun and falls
within 20° of focus, one of the 11ght sensers will switch the row from “++*
t0 "+-.7 The "+*" signal {s the automatic track signal and 1s mafntained
until the nfnioum direct normal Tight 'Iayﬂ is not mat, At .this point, a
“-+* signal provides for centra) dead band and all collectors will remafn in
dead band untfl the central controller resusbs the signal "s+*, or automatic
track signal. Each tracker has sufficient acquisition aperture to reacquire
the sun if this signal s replaced within one kour. If direct normal mffmuns
are not wet for a presst period up to 45 minutes, the centra) controller will
provide a "—* stow signal. The collectors will be driven to the stow positiod
at this time and will Pemain there until the offginal automatic scemarfo is
reinitfalized. Other.conditfons will provide a »--* signal to stow the col-
lectors. Some of these conditions are : Nightfall, rainfall, high wind
apeeds or other field contact closure devices such as flow switches and tempera-
ture switches provided by the owner. The accumulated, pressurized hydradite
fluid in the tracking system has suffjcfent power to stow the collectors in the
event of A/C power Tine loss which wiTl cbviously provide a "—~" signal. A
smll O/C fuverter s supplied with the system to provids the power to-drive
two solenoids on each drive pylon for'this loss of power, hazard condition.
The battery 1nvqrtar system will vary with the size of the collector field
and provide up to 66 watts of inverted power for each row.
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