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ABSTRACT 

This document is the final technicql report on a solar space heating demonstration 

project. It describes an integrated system providing solar energy space heating 

for a 9982 sq. ft., newly built, one-story building. Functionally, the building 

consists of two sections: An Office and a Storeroom. The Office section is heated 

by solar-assisted water-to-air heat pump units. The Storeroom section is heated 

by an air-handling unit, containing a water-to-air coil. The system design was 

based on solar energy providing 62% of the heating load, with the balance to be 

supplied by heat pump power and a back-up electric boiler. The system includes 

1900 active (2112 gross) square feet of flat-plate solar collectors, and ,a 6000 

gallon above-ground indoor storage tank. Freeze protection is provided by a grav­

ity drain-down scheme combined with nitrogen pressurization in a closed circuit. 

The major subcontractors for the installation of this system were selected in 

July-August, 1976. After several schedule revisions, the installation was com­

pleted and the project was dedicated officially on October 25, 1977. Cost over­

runs, which amounted to 45.6% above the estimate, can be attributed mainly to the 

fact that this was the first solar project experience for.everyone involved. 

\ 

System operation during two heating seasons disclosed the need for some major 

modifications to avoid freeze-ups and improve efficiency and reliability. These 

modifications were implemented during 1978 at a total cost of $38,382. In addi­

tion, the cost of repairing the damage caused by a 1977-78 freeze-up was $25,173. 

Solar energy collected during the 1978-79 heating season was only 77 million Btu's, 

less than half the design expectations. This can be attributed to the fact that 

the system was not operating at par until the modifications were completed-in 

January, 1979. 
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1.0 INTRODUCTION 

In June·, 1976, the generic design of the solar space heating system for the 

West Chester Work Center was completed by InterTechnology Corporation (ITC) as 

part of their "Solar Heating & Cooling of Buildings - Phase I'' contract with the 

U.S. Energy Research and Development Administration (ERDA). The basic scheme 

for building heating and the sizing of the solar components was optimized by ITC 

and presented by ERDA to Bell of Pennsylvania in a package con~isting of generic 

drawings and specifications. Those drawings were included as Appendix A of 

Reference 10.1. 

The solar heated building is one of two buildings situated on a five acre lot 

(Figure 1). It is ·located at 966 Matlack Street, West Goshen Township, Chester. 

County, Pennsylvania. The building is T-shaped (Figure 2) with one axis running 

south to north. It consists of an Office section at the top of the T and a 

Storeroom section at the stem of the T. The building is used as the home base 

for telephone installers, repairmen and construction workers. 

To maximize collection efficiency, the solar energy collection scheme selected 

by ITC was an open, gravity drain-down system rather than one using a glycol 

antifreeze solution in conjunction with.a heat exchanger. With ERDA's concur­

rence, Bell of Pennsylvania modified the generic design to render the system 

pressurized instead of open. The reasons for the modifications are detailed in 

Section 3.0 of Reference 10.1. The generic drawings and specifications were 

revised to reflect engineering changes and additional detailing necessary for 

guidance of the HVAC subcontractor in the proper installation of the system as 

designed. The drawings used for construction of this project are included in 

Appendix A of this report. The specifications for the entire HVAC system are 

included in Appendix C of Reference 10.1. 
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The major modifications to the generic design involved the addition of a separate 

holding tank (300 gallon capacity), to contain the nitrogen used for pressurizing 

the solar collection loop. This tank also serv·es as the containe·r for water 

which is drained out of the collector and associated piping. The addition of the 

holding tank necessitated additional controls to provide for refilling the collec­

tors prior to resumption of normal solar energy collection and storage. 

Following completion of the system installation, it was placed in operation for 

the first time in October, 1977. However, many difficulties were encountered, 

necessitating prolonged shutdowns during the 1977-78 heating season and the exe­

cution of major modifications over a period of several months. System operation 

during the 1978-79 heating season showed noticeable gradual improvement. Opera­

tion during February, 1979, which included a 15 day stretch of continuous sub­

freezing weather, was quite satisfactory. 

This report encompasses the entire project. It summarizes information on the 

design, construction and operation of the system, which appeared in References 

10.1, 10.2 and 10.3, respectively. Included in this report are details of our 

experience with the system during its first two heating seasons. 

2.0 SYSTEM DESCRIPTION 

2.1. Design Scheme: 

The design drawings for this system are included in Appendix A. The main 

features of the system design are: 

2.1.1. The Office section of the building (approximately 145 ft. X 

43 ft.) is heated in the winter and cooled in the summer by 

20 unitary heat pumps. 

'• 
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2.1.2. The Storeroom section of the building (approximately 82 ft. 

X 43 ft.) is.heated by a conventional fan-coill unit which 

uses solar heated water, backed up by an electrical boiler 

as needed. 

2.1.3. The heat source for the heat pumps during the heating season 

is water heated by solar energy, backed up by an electrical 

boiler as needed. 

2.1.4. The heat sink for the heat pumps during the cooling season 

is water cooled by passing through a closed-circuit cooling 

tower. 

2.1.5. The solar array consists of eighty-eight flat plate collector 

panels, arranged in two equal rows. The gross area is 2112 

sq. ft. an9 the effective collection area is 1900 sq. ft. 

The panels were installed facing true .South, tilted at 55° 

from horizontal. 

2.i.6. Thermal energy storage is provided by a 6000 gallon capacity 

tank, installed above ground in the mechanical room. 

2.1.7. Auxiliary heat is provided by an 80 kilowatt electric boiler, 

incorporating five elements of 16 kilowatts each. 

2.1.8~ Heat rejection during the cooling season is· provided by a 

~losed circuit cooling tower located in the mechanical room, 

connected with outside air ~ntake and discharge ducti~g. 
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2.2. System Components: 

Figure (3) is a simplified flow diagram of the solar heating system. There 

are three main loops which are built around the 6000 gallon water storage 

tank: 

2.2.1. The solar collection loop circulates storage water through 

the collector panels, using the "Solar water pump". The 300 

gallon "Holding tank" is used to store a mixture of nitrogen 

and water. In the solar collection mode of operation, most 

of the nitrogen will be in the holding tank. In the drain-

down mode, water drained from the collectors and piping above 

the roof line will be in the holding tank. Prior to resumption 

of solar collection, this water is transferred to the collectors 

by the activation of the "Refill pump". 

2.2.2. The Office heating loop circulates storage water through twenty 

water-to-air "Heat pump units", using the "HP units pump". 

During periods when the storage water temperature is below 

70°F, the temperature of water fed to the heat pump units 

is regulated by a mixing valve which mixes water heated by the 

electric boiler with storage water to produce the 70°F minimum 

temperature required. The "Cooling tower" is activated during 

the cooling season to dissipate heat removed from the office 

space by the heat pumps. 

2.2.3. The Storeroom heating loop circulates storage water through 

the "Fan-coil unit", using the "AHU pump". An auxiliary 

branch off this loop is used to supply hot water to four 

forced flow heaters "FFH'' located in the corridors of the 
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office section at each entrance to the building, using the 

":FFH pump". The "Electric boiler" which.straddles this loop 

is activated only when the water temperature leaving the 

boiler is below 105°F. 

2.3 System Controls: 

Drawing M-5, Appendix A, describes the operation of the system controls, 

which consist of the following major elements: 

2.3.1. Differential Temperature Controller: This is used to initiate 

the sequence for collection of solar energy whenever it senses 

a set temperature different.ial of _l8°F between a typical 

absorber plate and water stored in the main tank. It will 

also act to shut down the solar water pump whenever the temper-

ature differential drops below 3°F. 

2.3.2. Four float switches: These are located just above the solar 

collectors and serve to shut down the refill pump and activate 

the solar water pump when they sense that all collectors have 

been refilled. 

2.3.3. Low limit temperature sensor: Attached to a typical absorber 

,plate, this sensor will act to initiate a drain cycle of the 

water to the holding tank whenever it senses a temperature 

2.3.4. High limit temperature sensor: This sensor is located within 

the storage tank and acts to stop the collection of solar 

' 

energy whenever it senses a temperature above 190°F. 
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2.3.5. Heat pump loop temperature sensor: This sensor acts to posi­

tion an automatic valve that mixes heated water with return 

water, so that the temperature of the water supplied to the 

heat pump units is controlled at 70°F. 

2.3.6. Heat pump units controls: Each of these units has its own in­

tegral thermostat to permit setting by the occupant of each 

office as desired. 

2.3.7. Storeroom temperature controller: This is a wall-mounted 

thermostat used to position a three-way valve which supplies 

water to the coil in the air handling unit. It is also used 

to position outside air and return air dampers according to 

the season of the year. 

2.3.8. Forced-flow heaters controls: Each forced-flow heater, used 

to heat the corridors of the building, is controlled by a 

wall-mounted thermostat which positions a three-way valve to 

provide the required flow of hot water to the unit. 

2.4. Performance Monitoring: 

In consultation with IBM-Huntsville, the instrumentation required to monitor 

the performance of the system, in accordance with ERDA's document "SHC-1006": 

Instrumentation Installation Guidelines", was selected and incorporated into 

the design drawings. A list of the instrumentation appears in Table (1). 

In addition to the ERDA instrumentation, Bell installed a parallel readout 

for 30 temperature measurements using thermocouples connected to "Series 

400A Trendicators" manufactured by Doric Scientific Division of Emerson 

Electric Company. 
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3.0 DESIGN- SUMMARY 

The design of the system, described in Chapter 2.0 of this report, evolved from 

the generic design drawings and specifications which were prepared by InterTech­

nology Corporation (ITC) and presented by ERDA to Bell of Pennsylvania in June, 

1976. The main features of the design scheme developed by ITC ~s kept intact, 

except for changing the system from open to closed with nitrogen pressurization. 

3.1. Modifications to the Generic Design: 

With an open system, all the water contained in the piping and the compo­

nents located above the water level in the storage tank would have drained 

into the tank every time the pumps were de-activated. This would have 

caused the introduction of air, which could not be easily vented when 

pumps were re~activated. Also, the"introduction of air would have·accel­

erated corrosion· and scale-formation within the system, which includes 

components having small water passages that can get clogged easily~·-

With a pressurized system, no air is likely to be introduced because, 

except for the solar collection loop, water would remain in its place even 

when pumps are shut down. To permit draining of the ~ter out of the 

collectors for the sake of freeze avoidance, a "Holding Tank" was added, 

to which ~ter drained out of the collectors is diverted by automatic posi­

tioning of two pairs of valves. This holding tank is pressurized with 

nitrogen which, when displaced by ~ter drained out of the collectors, is 

transferred up~rds to fill the voids in the collectors and keep the 

system pre·ssurized. - In addition to the holdi-ng tank, a "Refill Pump" ~s 

added to ac·complish the task of refilling the collectors prior to the 

resumption of normal solar energy collection into the main storage tank. 
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To accommodate the pressurization scheme, controls were modified by adding 

four float switches above the collectors, which serve to shut-down the 

refill pump, re-position several valves, and activate the solar collection 

pump. The detailed operation of all controls is described in drawing M-5, 

Appendix A. The latest version of the solar collection loop controls is 

described in Appendix B. 

Other modifications to the generic design involved various revisions to 

the piping system, such as increasing the slope of the supply headers, 

increasing the number of risers from four to twelve and adding a branch 

off the collection loop connecting to the holding tank and refill pump. 

The closed-circuit "Cooling Tower", needed for heat rejection from the 

"Heat Pump Units" during the cooling season; was moved from the roof to 

inside the. mechanical room. Outside air ducts for supply and exhaust 

were connected to the cooling tower. 

All of the modifications to the generic design are described in more detail 

in Chapter 3.0 of Reference 10.1. 

3.2. Selection of Solar Collector Panels: 

Back in 1976, there were very few collector manufacturers who could provide 

performance data on their products, certified by an independent testing 

agency. That situation made the task of selecting a collector panel for 

this project difficult and time consuming. 

The procedure followed in panel selection w.as to invite thirteen manufac­

turers to submit bids, each including an efficiency plot generated·in 

accordance with NBSlR 74-635: ".Method of Testing for Rating Solar Collec-

tors Based on Thermal Performance". Additional information requested from 
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the bidders included materials used for panel components and the type of 

w~rranty offered. 

In order to translate the bidders' submittals into Btu's per dollar, various 

values of efficiencies, read from the bidders' submittals, corresponding to 

the pertinent environmental parameters (Tfluid-Tambient) were divided by the 
Insolation 

cost of an installed panel in dollars per square foot. These quotients 

become cost merit figures, by which it was possible to determine which panel 

offered the best return for the investment. This procedure is described in 

detail in Chapter 4.0 of Reference 10.1. 

Based on cost merit figures and other considerations; the solar panel 

selected for this project was Heliotherm Model DC24SC. A brief description. 

a partial cross· section and an efficiency plot of this solar collector 

appear in Table 2 and Figures 4 and 5, respectively. More details about 

this panel appear in Appendix D of Reference 10.1. 

4.0. CONSTRUCTION SUMMARY 

Following the selection of Golz and Wick, Consulting Engineers of Philadelphia, 

Pennsylvania, as the "Integrating contractors", six mechanical contractors were 

invited to bid on the building HVAC system, including the solar heating portion, 

on a "Time and Material" basis with a "Not-to-exceed" total sum. Out of the six 

bidders, Hummel Engineering Corporation of Philadelphia, Pennsylvania, rwas 

selected to furnish and install the system. The estimated incremental cost of 

the solar heating system was $226,615. On this basis, Bell of Pennsylvania 

negotiated its contract with ERDA for a fixed lump sum of $201,429. A listing 

of major suppliers for this project appears in paragraph 3.5 of Reference (10.2). 
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For reasons discussed in Reference (10.2), the completion of this installation 

took six months longer than originally planned and resulted in cost over-runs 

amounting to $109,942. Table 3 of Reference (10.2) contains an itemized break­

down of the cost over-runs. 

The highest cost over~run (95.9%) was incurred in conjunction with the automatic 

controls for the solar collection loop. This item, which was subcontracted to 

Honeywell by Hummel Engineering, was grossly underestimated initially. The second 

highest cost over-run (93.5%) was incurred in conjunction with the solar panel 

structural supports. The reasons given for this cost increase were the use of 

heavier structural steel elements than originally estimated and the need to use 

iron workers in lieu of sheet metal workers. Other major cost over-runs, ranging 

from 34% to 66%, were incurred in conjunction with the piping, the storage tank, 

the Integrating Contractors' fees and the visitors' display room. 

One of the items contributing to both schedule delays and cost increases had to 

do with the fact that the performance-monitoring sensors were not finalized and 

delivered to the installer early enou~h. Because the building had to be occupied 

by April, 1977, the HVAC subcontractor was told to proceed with the piping instal­

lation prior to receipt of the sensors, and found it necessary later-on to re-do 

some of the piping to accommodate flow-sensor requirements. 

5.0 OPERATION SUMMARY 

Upon completion of the construction stage, the solar system was activated in 

October, 1977. In the first few weeks of operation, when outdoor temperatures 

seldom fell below freezing, there were very few operational problems. However, 

with th~ advent of freezing weather, several deficiencies were discovered as a 

result of freeze-ups which occurred in late December, 1977, and late January, 
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1978. It became necessary to shut down the solar collection loop, pending the 

execution of the following modifications to both the controls and the hardware: 

5.1. Solar Collection Loop Controls Modifications: 

Among the control system modifications which had to _be introduced 

were the following (See Flow Diagram, Drawing M-4, Appendix A): 

5.1.1. Heat-tracing of the automat.ic vent tr~ps: Four automatic 

vent traps located above the collector panels, and connecting 

the return headers to the holding tank to permit·nitrogen 

flow between the panels and the tank, were getting stuck due 

to freeze-up of water vapor in their small ports.· To remedy 

this situation, electrical resistance wire was wrapped around 

each of the four float switches and automatic vent traps. 

These assemblies were then enclosed within two insulated boxes 

to minimize any loss of heat to the cold·outdoor air surround­

ing them. Thermostatic surface-contact elements were provided 

to energize the heaters as needed to maintain the vent valves 

at a minimum temperature of 45 °F at all times.· 

5.1.2. Drain control modification: The original controls called for 

the cessation of solar energy collection when insolation 

drops below the level required to maintain a 3°F differential 

between the absorber plate surface and the storage water. 

This was accomplished by de-activation of the circulation 

pump, leaving the water in a. stagnant condition within the 

collectors and outdoor piping until the absorber plate surface 

temperature drops below 40°F, thus initiating a drain-down. 

A risk inherent in this procedure is that some elements of 
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the outdoor piping may freeze before the absorber plate tern-

perature sensor has had a chance to drain the system. To ... 
minimize such risk, we proceeded to add an outdoor temperature 

sensor, which acts to drain the system whenever the solar 

collection pump is inactive while the outdoor temperature is 

'. 

5.1.3. Valve sequence time delay: The solar collection loop controls 

include t'WO sets of pneumatic valves: One set, VA and VB, 

connects the collectors to the Holding Tank and the other set, 

Vc and Vn, connects the collectors to the Storage Tank. The 

initial system control was such that while one set of valves 

is closing, the other set starts to open. That procedure 

created a situation where the two tanks become interconnected 

for a few seconds, resulting in some migration of water in one 

direction or another depending on which tank had a momentarily 

higher pressure. 
'I 

This situation was especially bad when it 

caused the water quantity in the Holding Tank to become inade-

quate to refill the collectors completely. Under those circum-

stances, the refill pump would never stop and normal solar 

collection cannot be initiated automatically. To remedy this 

situation, it became necessary to introduce an automatic time 

delay between the sequence of operation of the two different 

sets of valves. 

5.1.4. Prevention·of nitrogen trapping during refill: Initially, 

the refilling of the collectors was done through both supply 

and return risers. This was causing some nitrogen to be 

trapped momentarily within at least some of the collectors, 



15 

giving a false signal to the float switches "FS-1,2,3 and 4" 

that the collectors had been completely filled. This signal 

would then switch the operation prematurely from "P5" to. "Pl", 

causing the two pumps to.cycle back and forth. To· correct 

this problem, the control was modified so that following the 

first "Collectors Full" signal which the float switches 

receive, valve "VB" closes -to allow any additional water 

required to enter the collectors from the bottom only~ thus 

driving any trapped nitrogen out through the automatic vent 

traps.. A time-de!ay relay was also installed to keep the 

refill pump running for five. minutes after the first "Collec­

tors Full" signal is· received. During that interval, pump 

"Pl" would start, but any water it pumps out of the Storage 

Tank would be blocked by valve "Vc" being in a closed position. 

5.1.5. Prevention of refill pump cycling: It was discovered that 

.valve "V0 " in the return line from the collectors to the 

Storage Tank opens a few seconds before valve "Vc"• which 

connects the supply line from the storage tank to the collec­

tors. This situation was causing the water level at float 

switches "FS-1,2,3 and 4" to drop momentarily, shutting down 

p_ump "Pl" and re-starting pump'"P5". To correct this difi­

ciency, pneumatic restrictors were modified to slow down the 

opening of valve "Vn"· 
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5.1.6. Drain malfunction alarm: Due to the fact that this system 

is left unattended most of the time, it was deemed advisable 

to be able to transmit an automatic alarm, around the clock, 

in case the system does not-drain when it should. To accom-
. . 

plish this, it was necessary to provide water level sensors 

in six out of eight r~sers connecting the collectors with the 

holding tank. These sensors·were installed to sense whether 

the water level has dropp~d below the roof when insolation 

became inadequate for collection of solar energy while the out-

door temperature was ~elow 45°F. In the event that this has 

not occurred within thirty minutes, an alarm is transmitted 

to a remote station where there is an attendant available 24 

hours a day, seven days a week. The receipt of. such an alarm 

would cause a serviceman to be dispatched to the site, in 

order to do what is necessary to force the system to drain 

before it freezes. 

5.1.7. Refill pump overtime alarm: When the system is operating 

normally, it takes about five to seven minutes of refill-pump 

operation to fill all of the collectors and the piping above 

the roof. Following this event, the refill pump shuts down 

automatically in preparation for the resumption of solar energy 

collection. There may be occasions when a system malfunction 

causes the refill pump to run overtime, either due .to ·a block-

age in the system or inadequate water quantity in the holding 

tank. Such a malfunction can be a prelude to a system freeze-

up. It was deemed advisable to install a timer that would 

shut-down the refill pump automatically after fifteen minutes 
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of operation, simultaneously transmitting a remote alarm simi­

lar to the one described in section 5.1.6 above. 

5.2. Heat Utilization Loop Controls Modifications: 

There are two circulation pumps "P3" and "P4", which supply hot water to the 

forced-flow heaters and the air-handling unit, respectively. These two 

pumps were set initially for continuous operation, regardles~ of the need · 

for heat by the equipment served. It was later determined ·that by confining 

.the activation of these two pumps to periods when the equ.ipment served by 

them need heat, ·we would not only save pump operational energy, but also 

minimize the undesirable addition of electrical hea.t to the storage tank. 

Accordingly, the pump controls -were so modified. Additionally, to guard 

against any possible freeze-up of stagnant water in the coil of the .air 

handling uni-t, which may be caused by cold air leaking through the outside 

air damper, a temperature sensor attached to the surface of the coil was 

provided to start pump ~'P4" if the coil temperature drops below 40°F. The 

modification to pump "P3" control was· to activate it whenever the outdoor 

temperature falls below 55°F. 

5.3. Hardware Modifications: 

5.3.1. Header to panel-connections: As shown in the dot~ed lines 

of Figure 6, the connections bet-ween the supply headers and 

each solar panel were originally installed with a 90° elbow 

and included a flow measuring and adjustment device having 

a 3/16 inch orifice. It was determined that this arrangement 

had to be changed to avoid possible freeze-ups. All 88 

connections between the supply headers and each panel were 

modified as shown by the solid lines of.Figure 6. 
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5.3.2. Outside air damper improvement: The air handling unit 

serving the Storeroom had conventional outside and return 

air dampers. Such dampers, even in the closed position 

can have air leakage rates of 15 to 25%. In order to 

minimize heat loss from the heating coil to outside air, the 

original outside air damper was replaced with a tighter one, 

guaranteed to have no more than 2% leakage rate. 

5.4 Collector Panel Repairs: 

Early in 1978, it was discovered that approximately half the solar 

collector panels exhibited various degrees of warpage, some witQ 

I 
slight ripples, others with out-of-plane warpage severe enough to 

have dislodged the plexiglas cover. In addition, seven panels de-

veloped leaks in the end waffle section. The collector manufacturer 

disclaimed any responsibility for the damage to the absorber plates, 

basing that on the occurrence of freeze-ups. An independent investi-

gation, conducted later in September 1978 by the Franklin Institute 

Research Laboratory, attributed the warpage to both freezing and lack 

of adequate allowance for differential expansion. However, Bell of 

Pennsylvania did not press its case against Heliotherm on this matter. 

Another defect discovered in the collector panels was relative shrink-

age of the plexiglas covers, which resulted in gaps between them and 

their frames. Some of the gaps were so wide as to allow rain water 

to accumulate inside the panels. In this case, Heliotherm agreed to 

provide a better seal between each cover and its frame. 

In order to render all the panels operable for the 1978-79 heating 

season, consideration was given to either straightening out the badly-

warped plates or replacing them with new ones. Economic and schedule, 
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considerations resulted in a decision to straighten out most of the warped 

panels, while replacing the ones which were beyond repair. 

5.5. Modification and Repair Costs: 

The costs incurred in' connection with the above modifications and repairs 

amounted to $63,555. A breakdown of these costs appears in Sections 4.10 

and 5.0 of Reference 10.3. 

6.0 SYSTEM PERFORMANCE 

6.1. Historical Narrative: 

Although data from 24 temperature sensors, 10 flow sensors and 12 power 

sensors were accumulated continuously since October, 1977, the first mean­

ingful performance report to be issued by IBM-Huntsville was for November, 

1978. The reasons for this delay were: 

6.1.1. The system operation during the 1977-78 heating season was 

sporadic, punctuated by two lengthy shutdowns. 

6.1.2. The accuracy of the data was not considered reliable by IBM 

during the first year of operation. The temperature probes 

were partially influenced by the ambient temperature, thus 

needing external insulation. Some of the floWmeter data, 

where the flow rates·change abruptly, reflected inaccuracies 

caused by instantaneous sampling every five minutes. Correc­

tion of this deficiency had to be accomplished by adding 

totalizing devices for twa flowmeters. 

6.1.3. Temperat~e differential sensors originally installed were 

found to be not as accurate as absolute temperature sensors. 

Therefore, all temperature data had to be converted to abso­

lute readings. 
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IBM completed the required modifications to the site data acquisition 

system (SDAS) on November 2, 1978. While no meaningful performance ·reports 

were generated until then, the SDAS was very useful in. providing information 

fo~ trouble shooting at times when the system was malfunctioning. Typical 

of such useful information was knowing the timing of activation of various 

pumps and the simultaneous insolation rates. 

6.2. Performance Parameters: 

Because of the unavailability of meaningful monthly performance reports 

prior to November, 1978, the discussion of system performance will be con­

fined to only five months of the 1978-79 heating season. Table 3 represents 

a summary of significant performance parameters for each month. Most of the 

terms used in this Table are self explanatory and their values were taken 

directly from References 10.4 through 10.8. However, the values of the 

following parameters, appearing in the Table, differ from those listed in 

the IBM Monthly Performance Reports as discussed below: 

6.2.1. Solar energy used: For the purpose of this report, this para­

meter has been computed as the collected solar energy during 

the month. modified by any addition or removal of energy from 

storage, as the case may be. Because all of the system com­

ponents are located within the confines of this building, any 

energy losses from storage are considered to have been utilized 

towards satisfying the space heating load. This procedure 

would not be accurate in a project where the storage tank is 

located underground or outside the main building, in which 

case losses from storage are ·real. 
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6.2.2. Space heating load: For the purpose of this report, this 

parameter has been computed as the sum of the solar energy 

used, auxiliary thermal energy and system operating energy. 

This computation differs from the values listed in Ref~rence 

10.4 through 10.8, which were computed from direct measurements 

of flow rates and temperature drops of the water circulating 

through the various heating devices. The logic behind the 

procedure followed .in this report is that any heat lost from 

the uninsulated piping system is dissipated within the building 

space and therefore contributes towards satisfying the space 

heating load. Also, it is assumed that even the energy used 

to run the pumps and fans is converted into heat which gets 

dissipated within the building space. 

6.2.3. Solar fraction: This parameter is simply the ratio of solar 

energy used to the space heating load. Due to the fact that 

values for these two parameters used in this report differ 

from those listed in References 10.4 through 10.8, it follows 

that the monthly solar fraction will also differ. 

6.3. Observations: 

A discussion of significant observations follows: 

6.3.1. Solar collection and electrical savings: A glance at the 

numbers listed in Table 3 shows progressive improvement in 

the system performance. Especially noticeable are the month­

by-month increases in solar collection efficiency and elec­

trical energy savings. These improvements can be attributed 

to progress in the automatic operation of the system, which 

permitted taking better advantage of available solar energy. 
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There is room for further improvement in this regard, because 

the ratio of operational incident solar energy to total inci­

dent solar energy is still too low. This ratio is a direct 

measure of the fraction of the time when the collection pump 

is active while solar energy is available for collection. In 

February, when this ratio was the highest achieved, it was 

still only 0.71. This is an indication that solar collection 

time could be further improved. One.way to increase this 

ratio is to re-adjust the differential temperature controller 

settings (between the absorber plate and storage water) so 

that there will be less frequent drain-and-refill cycles on 

partly-cloudy days and longer periods of solar collection on 

sunny days. 

6.3.2. Space heating load: Monthly space heating loads are expected 

to be proportional to the difference between average building 

temperature and average ambient temperature for the month. 

Table 3 shows that the space heating loads for November and 

December were much higher than would be expected on the basis 

of the weather. This was caused mainly by a fault in the con­

trols of the air handling unit, used to heat the Storeroom, 

which made the fan run all night, drawing outside air through 

a leaky damper and across the heating coil. This fault was 

later discovered and corrected by making the fan shut down at 

night and by replacing the conventional outside air damper 

with one having less than 2% leakage. 

6.3.3. Daily solar collection: The IBM Monthly Performance Reports 

(Reference 10.4 through 10.8) include collector performance 
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parameters on a daily basis. Examination of these parameters 

indicates vividly that on clear sunny days, when the.system 

operation is not interrupted by drain-arid-refill cycles caused 

by intermittent reductions in insolation, it is possible to 

collect up to 2.2 million BTU's per day, at an average daily 

collection efficiency as high as 47%. This is an indication 

that the system has a very good potential performance, Which 

can be enhanced by taking the necessary measures to reduce 

unnecessary drain-and-refill cycling on partly-cloudy days. 

6.3.4. Comparison with projected performance: Table 4 lists several 

parameters Which are significant in comparing the 1978-79 

solar collection with design expectations. It is important 

to note, by comparing lines (3) and (6), that the actual 1978-

79 insolation was quite different from the historical long 

term values for each of the five months listed. However, since 

the solar collection efficiencies, actual and long term, are 

based on the respective insolation, it is valid to view those 

efficiencies as measures of how well the system performed. 

Thus, comparison of line (8) with line (5) indicates poor per­

formance for the first three months listed, due to the fact 

that the collection loop was being operated in the manual mode 

while undergoing the improvements described in paragraph 4.9 

of Reference 10.3. The actual collection efficiency for 

February, 1979, came close to prediction (32.5% versus 37.1%), 

indicating a considerable improvement in the operation of the 

collection loop. This improvement did not hold as well for 

March, 1979, mainly because March weather included several 
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warm days, when solar collection was interrupted automatically 

due to the storage water temperature having approached its 

high limit of 190°F. 

7.0 FUTURE IMPROVEMENTS 

At the conclusion of the 1978-79 heating season, an appraisal was made of the sys­

tem operation, with a view towards further performance improvement. This appraisal 

resulted in the following decisions: 

7.1. Differential Temperature Controller: 

The existing controller was a light duty residential model, which was sus­

pected of somewhat erratic operation. It was therefore decided to replace 

it with a newer model (Honeywell No. R7412A).which has provisions for on­

site re-adjustment of the differential settings. This will provide us with 

the capability to experiment with the differential settings in order to 

minimize the drain-and-refill cycles on partly cloudy days. New temperature 

sensors, compatible with the new differential controller, are to be installed 

at both the absorber plate and the storage tank. In addition, the sensor 

wiring, which. currently runs through the same conduit as the power wiring 

for the heat-trace· tape, will be replaced with shielded cables to avoid any 

possible interference with the true sensor signal. 

7.2. Automatic Vent Traps: 

There are four "Fisher Type 30" traps located above the level of the solar 

collectors, intended to prevent water from entering the nitrogen .piping 

leading to the holding tank. These traps are expected to open automatically 

at the initiation of a drain operation, to permit the introduction of nitro­

gen from the holding tank into the solar collectors. There has been some 
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suspicion that on some occasions, the traps did get stuck in the closed 

position, thus causing water to stagnate in the collectors. To remedy this 

problem, it is planned to replace these automatic vent traps with solenoid· 

valves, which will.open and close, as ~eeded, in response to electriGal 

signals originating at the float switches. The solenoids have the additional 

advantage of larger openings (3/4"), in lieu of the 3/16" ports in the vent 

traps. 

Appendix B contains a narrative description and associated drawings of the solar 

collection con.trols, based on the incorporation of the above-mentioned improve-

ments. 

8.0 LESSONS LEARNED 

The principal lesson learned on this project is that, to accomplish a successful 

solar project, there is no· substitute for expe~ence. Many of the mistakes that 

were made can be attributed to the novelty of such an undertaking. However, the 

mere fact that it is termed a demonstration project implies that changes are to 

be expected to accomplish progress. Some of the specific lessons learned were: 

8.1 Although "Drain-down" solar systems are inherently more efficient 

than those using antifreeze combined with a heat-exchanger, they 

require more complex controls which render them less reliable and 

more troublesome. 

8. 2 "Pressurized drain-down" solar s·ystems require even more complex 

controls than "Open drain-down" systems. 

8.3 Prior to selection of the basic collection scheme, a thorough eco­

nomic analysis should be undertaken to compare the co·st· effectiveness 
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of drain-down systems with those using anti-freeze in combination with 

a heat exchanger. This analysis should take into consideration such 

matters as the comparative maintenance costs caused by relative com­

plexity of the controls. Also, in the case of drain-down systems, a 

thorough study of the relative merits of "open" versus "pressurized" 

systems should be undertaken. 

8.4. It is a good idea to select one particular solar panel prior to com­

pletion of the detailed design of the system. The selection of the 

panel should take into .consideration not only thermal efficiency, 

but also structural integrity. 

8.5. It would be highly desirable to purchase an entire solar system from 

a single source, if possible. Warranties on individual components. 

purchased from several different sources have little value. 

8.6. Because of unfamiliarity of most installers with the peculiar require­

ments of a solar system, it is essential that more complete details 

be included in the design drawings and specifications than is customary 

with standard HVAC systems. These details should all be finalized 

prior to requesting bids from installation subcontractors. 

8.7. Maximum effort should be exerted towards "Fixed lump sum" contracting 

in preference to "Cost plus fixed fee" type of contract, even if the 

latter include a "Not-to-exceed" clause. 

8.8. Performance monitoring instrumentation should be finalized and detailed 

at an early stage to permit incorporation into the design drawings and 

specifications. 
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8.9. Delivery of needed hardware should be planned carefully in advance of 

the start of construction. 

8.10. Advertised claims by control manufacturers should not be taken at 

face value. 

8.11. Solar experience of both the consulting engin~er and the installation 

subcontractor is vitally important. 

9.0 CONCLUSION 

In spite of the difficulties encountered, Bell of Pennsylvania is pleased to have 

co-operated with ERDA (now part of the U.S. Department of Energy) in executing 

this solar demonstration project. It has provided us, our consultants, suppliers 

and contractors with a unique opportunity to gain valuable experience in the 

design, construction and operation of a fairly complex solar space heating system. 

It is hoped that this report will be of benefit to future users of solar energy. 
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Table I 
PERFORMANCE MONITORING INSTRUMENtATION 

(a) Tem~erature Measurements 
Range (oF) Thermowell Probe 

No. Designation Name Min. Max. Part Part 
No. No. 

1 T029 (T-29) Outside Ambient Air -10 100 IS4 SS3-P85Z36 

2 Tl02 (T-1) Collector Array Inlet 40 180 F203U18 S57-P50Z36 
(T-2) Water Temperature 

3 TD102 (T-2A) Collector Array Differential 0 75 F203Ul8 S53-PSOZ36 
Water Temperature 

4 Tl09 (T-9) Collector Array to Storage 40 200 F203Ul8 S57-P50Z36 
(T-8) Tank Inlet Temperature 

5 TD109 (T-9A) Collector Array to Storage 0 75 . F203Ul8 S53-P50Z36 
Tank Differential Temperature 

6 T205 (T-5) Storage Tank Top Water 40 200 F203UJOO S53-P330 
Temperature 

7 T206 (T-6) Storage Tank Center Water 40 200 F203UJOO S53-P330 
Temperature 

8 T207 (T-7) Storage Tank Bottom Water 40 200 F20JU78.0 SS3-P810 
Temperature 

9 T421 (T-20) Storage Tank To FFH and AHU 40 200 F203Ul8 S57-P50Z36 
(T-21) Loop Inlet Water Temperature 

10 TD421 (T-21A) Storage Tank to FFH and AHU 0 50 F203Ul8 S53-P50Z36 
Loop Differential Temperature 

11 T423 (T-22) Storage Tank to HPU Loop 40 200 F203Ul8 S57-P50Z36 
(T-23) Differential Temperature 

12 TD423 (T23-A) Storage Tank to IIPU Loop 0 15 F20JU18 S53-P50Z36 
Differential Temperature 

w 
13 TD411LO (T-11) Lo Side F203Ul8 SS3-PSOZ36 """ 

Supplementary Heat (Roiler) 
Oif ferent.t.a 1 Temperature 
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No. . Designation Name Range (oF) Thermowell Probe 
Min. ltax. I:' art Part 

No. No. 

14 TD411Hl (T-llA) Hi Side F203Ul8 S53-PSOZ36 
Supplementary Heat (Boiler) 
Differential Temperature 

15 TD427Hl (T-27) Hi Side F203U7 S53-P40Z36 
FFH Circ. Differential Water 
Temperature 

16 TD427LO (T-27A) Lo Side F203U7 S43-P40Z36 
FFH Circ. Differential Water 
Temperature 

17 T425 (T-24) AHU Inlet Water Temperature 100 250 F203Ul8 S57-P50Z36 
(T-25) 

18 TD425 (T-25A). AHU Differential Water 0 50 F20Ul8 S53-P50Z36 
Temperature 

19 T4'-3 (T-12), Heat Pump Loop Inlet F203Ul8 S57-PSOZ36 
(T..:.13) Temperature (lleating) (Hi side) 

20 TD413 (T-13A) Heat Pump Loop Differential F203Ul8 S53-P50Z36 
Temperature (Heating) (Lo side) 

21 TD513* Heat Pump Loop Differential * 
(Cooling) (opposite of TD4ll) 

22 TD519LO (T-19) Cooling Tower Differential F203Ul8 S53-P50ZJ6 
Temperature (Lo side) 

23 TD519Hl (T-19A) . Cooling Tower Differential F203Ul8 S53-PSOZ36 
Temperature (Hi side) 

. 24 T628 (T-28) Ambient Temperature Typical 50 85 S53-P85Z36 
Office 

*NOTE: Measurement TD513 is the opposite sign of 
measurement TD413. No additional Rens~rs w 
are required. However, a separate· channel (JI 

is required in the SDAS for TD513. 



(b) Flow Rate Measurements 

No. Designation Name 

25 WlOl (F-1) Collector Array Flow Rate 

26 W403 (F-3) Supplementary Heat (Boiler) 
Flow Rate 

27 W410 (F-10) Storage Tank from FFH and 
AHU Loop Flow Rate 

28 W411 (F-11) Storage Tank from HPU Loop 
Flow Rate 

29 W412 (F-12) Storage ·Tank to FFH and AHU 
Loop Flow Rate 

30 W413 (F-13) Storage Tank to HPU Loop 
Flow Rate 

31 W408 (F-8) Air llandling Unit Flow Rate 

32 W404 (F-4) FFH Flow Rate 

33 W406 (F-6) Heat Pump Loop Flow Rate 

34 W409 (F-9) Cooling Tower Flow Rate 

Range (GPH) 
Min. Design. 

0 52 

0 97 
or 
45 

25 45 

0 52 

0 97 
or 
45 

0 52 

0 35 
or 
Less 

0 10 

0 52 

0 52 

Hax. 

60 

100 

55 

60 

100 

60 

40 

lO 

60 

60 

Hodel 
No. 

MKV-2 1/2-JOl 

MKV-2-JOl 

MKV-2-JOl 

MKV-2 1/2-JOl 

MKV-2-JOl 

HKV-2 1/2-JOl 

MKV~2-J01 

MKV-1-JOl 

MKV-2 l/2-JOl 

MKV-2 1/2-JOl 

w 
0'\ 



(c) Power Measurements -----·-------.:...:..;'---'----'------------·------:-:- ---- ----Model 
No. 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

Designation 

EPlOl (KW-1) 

EP105 (KW-5) 

EP403 (KW-3) 

EP404 (KW-4) 

EP408 (KW-8) 

EP412 

EP409 (KW-9) 

EP402 (KW-2) 

EP407 (KW-7) 

EP510 (KW-10) 

EP511 

1001 

Name No. , 

Solar Collector Pump P-1 Power PC5-14 

Solar Panel Refill Pump P-5 Power PC5-14 

Forced Flow Heaters Circ. Pump P-3 Power PC5-19 

Air Handling Unit Circ. Pump P-4 Power PC 5-5 

Air ltandling Unit (AHU-1) Power PC5-23 

Forced Flow Heaters Total Fan Power (4 Units) PC5-l 

Supplementary Heat Electric Boiler Power PC5-80 

Heat Pump Units Circ. Pump P-2 Power PC5-14 

Total Power to lleat Pump Units PC5-62 

Cooling Tower Power Fan PC5-53 

Cooling Tower Pump Power PC5-19 

Insolation PSP 

w 
""-1 



ELEMENT 

Cover 

AIr Gap/Spacer 

Absorber Coating 

Absorber 

Insulation 

Frame 

Perimeter Sealant 

Backing Sheet 

TABLE 2 

SOLAR PANEL DESCRIPTION 

CONSTRUCTION & HAT UALS SUHHARY 

MATERIAL/SOURCE FEATURES/COMMENTS 

0.10 ln. Plexlgln "G" bcellent UV and lmp~~ct resl.stance; 20 year proven lifetime In 
Polymethylmethacrylate Florida without transmission decrease. Maximum rransmlsslon 
Rohm ' Haas (T • 0.92) rigid plastic collector cover available. Thermo-

fonned covers provide light-weight, stiffness and Improved high 
temperature performance. Impact resistance exceeds that of 
tempered glass. Widely used for skylights and general glazing 
In many commerlcal architectural applications. 

0.8 ln./Silicone Rubber foam and Thermally stable, low conductivity materials will not outgas at 
Po I ysu If one rod collector operating or no flow equilibrium temperatures.· 

Black Chrome electroplate over Coating has proven stable optical/radiation characteristics, 
nlckle a > 0.95 for excellent thermal efficiency at reasonable cost. 
Harshaw C~lcal Company E! 0.10 

0.04 ln. ROLLBOND CDA 122 Copper The highest efficiency flat plate absorber construction avail-
OLIN Brass Co. able. ROLLBOND Is becoming an Industry standard for quality, 

high performance collectors. 

2.0 ln. Thermax TF600 Polylsocyanurate Tested for two weeks as a lab oven door: with 350F on hotslde, 
closed-cell foam, Aluminum foil-faced 70F on coldslde, no warpage, deformation or degradation occured. 
Celotex Corporation 

6063 T5/Alumlnum Extrusion Attractive lightweight framing of weather resistant aluminum 
alloy normally used for architectural applications. ReadIly 
palntable. 

~rchltectural glazing tape; closed-cell UV resistant, used similarly for weather seals In commercial 
foam, silicone Inner, PVC outer, adhe- and Industrial glazing. 
slve coated 

' 

0.025 ln. Glass-rel~forced Acrylic Tough, weather-resistant, moisture and fungus-proof sheet 
sheet.· protects back of Insulation board against mechanical and 

environmental damage. 
w 
co 



TABLE (3) 

SYSTEM PERFORMANCE SUMMARY 

November· December January February March 
1978 1978 1979 1979 1979 

Total Incident Solar Energy (Million Btu) . 54.02 64.28 43.53 66.27 92.47 

Operational Incident Solar Energy (Million Btu) 17.65 28.22 25.04 47.20 55.72 

Collected Solar Energy (Million Btu) 8. 93 13.03 11.66 21.53 21.90 

Collection Efficiency (%) 16.5 20.3 26.8 32.5 23.7' 

Operational Collection Efficiency (%) 50.6 46.2 46.6 45.6 39.3 

Energy Added to Stor.age (Million Btu) 0.43 0.39 -0.41 1.72 0.28 

Auxiliary Thermal Energy (Million Btu) 21.:u 28.10 29.57 27.15 5.32 

System Operating Energy (Million Btu) 10.19 7.39 5.28 6.88 3.27 

Solar Energy Used (Million Btu) 8.50 12.73 12.07 19.81 21.62 

/ 
Space Heating Load (Million Btu) 39.80 48.22 46.92 53.84 30.21 

Solar Fraction (%) 21.4 26.4 25.7 36.8 71.6 

Collection Operational Energy (KWH) 62 89 82 133 167 

Electrical Energy Savings (KWH) 113 938 1470 2898 2119 

Average Ambient Temperature (°F) 52 43 38 31 51 

Average Building Temperature (•F) 70 67 65 67 68 

w 
1.0 



TABLE 4 

SOLAR COLLECTION COMPARISON 

November December January February March 

1. Clear Day Insolation Rate (BTUift 2) 1889 1768 1925 2189 2229 

2 0 Long Term Sunshine (%) 53 49 45 56 57 

3 0 Long Term Mo.nthly Insolation (Mill_ion BTU) 63.43 56 0 72 56.71 72.49 83.18 

4 0 Collected Solar Energy Prediction (Million B1TU) 26.88 25.60 23.20 26.89 30.93 
i 

s. Prediction of Collection Efficiency (%) 42.4 45.1 40.9 37.1 37.2 

6. 1978-79 Actual Insolation (Million BTU) 54.02 64.28 43.53 66.27 92.47 

7. 1978-79 Collected Solar Energy (Million BTU) 8.93 13.03 11.66 21.53 21.90 

8. Actual Collection Efficiency (%) 16.5 20.3 26.8 32.5 23.7 

Notes: 

Line 1: From ASHRAE 1978 "Applications Handbook", Table 3, page 58.6, .for surface facing South tilted at 55° 
from horizontal. 

Line 2: From ITT 1976 "Solar Heating Systems Design Manual", Table on page A-6, for Philadelphia. 

Line 3: Computed = line 1 x line 3 x number of days x 2112 ft 2 collector area. 

Line 4: From ITC "Preliminary Design Report", C00-2688-2, January 28, 1976. 

Line 5: Computed = (Lini 4) I (Line 3) x 100 

Lines 6 and 7: From IBM Monthly Performance Reports, References 10.4 through 10.8 

Line 8: Computed = (Line 6) I (Line 7) x 100 
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- CIRSC'TlC:N 011 RON 

..JL 'THI!!!RMOM&T!!!!R W/WEU. 
t..--·- \OL.lJME t:II'MPI!!R 

(!) "llERMOST«f 

~ OIAME"'ER 

-L.C- LICleAaiT 

-~- L.aJVER _.__ 
~ ~ 

~ STfWNER 
~ aa:::K VAL'VE 

i GLa!IE \Al.VE 

t t.tAMlAL. AIR \IIMT 

t ~~ 
A¥ MOTOR. 

t:::l ME:TERIN~ VE:NTURI 

GE.NtRMr !>pTE'::! 

AE!!BREVIATOI5 

cws CCNCBE!eR ~ ~"( 

CWR ~ WIO'ER RET\At 
HWS HOT WA"11!R s.FP\.V. 
HWR HOT W.An:R RET\AM 
9NS SCl.M WIII'ER SFR.,"( 

~ ~ WA"11!:R ~ 
CO CEI~IMGo CIFF\r.3ER 

CGI 

CR 

f 

CEILING GR\LLE 

C!;:IU~ REG,\&TER 

Cl.eiC FftT PER ~ 
~ AIR HANCUNIS "*IT 
Nl( NEO( 

HP WEAT AJMP 
BTU eRmeH -neRMAL Llln' 

EWT ~NG Wlm:R 1&P. '"f: 

eAot GAL.LClNS ~ Ml~ 
ece ~ CRt aa..s lDP.,. 
LCe LE~ CR"t eu.B "1liiW> "f: 
RPM Rl!loOUJllONS PER MINUTe 

SP STATIC~ 

1D4 TOTAL 0\'NAMIC. HEAO 

Eli-IP 8R~E WClR'5e I=ONER 

lllloiP ~ HORSE FOMiR 
R:1T R:1TAT10N 

015 01SCHARGE 
FAll FEET~ t.41NU11! 

C1lT\.ET "a..ocnv 
~ OfFERtHnAL. '4AL.V!! 
RlF1CE F\.OW Heota'ER 
TIP SPEeti) 

1-1?.:> 1-\li:.A.T P'U"'IP sUPP\...Y 

1-\PR 1-110:..._1 PUMP R'ETU'R~ 

N.O. 

C. A.. 

~OR.MALL'( C..LO':>ED 

~O~MA.LI..'( OP'E-'N.­

C.OMPRE':>'i>'EO A.IR 

1. HEA...T NJN'IP uNIT co""~""~'=- .... '~ os:v-, ..... s 5!-I.A..LL e.E PI'Pt.o 
TO FITTING> PR.OVIDEO. SE:£ PLUlv'\ei~G, 'OR.A..V'-1.1 NGt. 

2. DUC..T C.O .... STR.UC..T\0~ A..~D !:>UPPOR.T 5'"""-'-L e>'E. A..S 'PE~ 
LA.TE~T '=>N'\A...C..NA.. G.UIO'C:. ='Q. LO""' PR.ESSU"'-1:: OUC..T\NOR~ 

~ C.O·OR.DI>-.IA..T'E.. E"-AC.\ 0\l'"~U'S'E.R LOC...._\\ON'=> \NIT\-\ 
li:.L'e:C.."T~IC.A...I... A.N'D A.RC.'"'\TE:C.\UR"'-'- :::>RA...INING':> 

s:'LOA.'T SWITCH V'ro/ITH ~PDT 5VV\T'-\-\ (Ft>R 
OeTECTIO""-l 01=' -N,.._'TE~ ._.,"-l.'E &'C.\J:)'\#t.l 
'R,OO P, OU'T 0~ F"~~'L\NQ C.OND\T\0-...'Q) 

DETAIL- •A• ~ 
SCALC': 3/<4-'" •I ·-o· 

~ATE WEST CHE.STE.R WORK CE.NTE.R IHEET NO. 
/1\ .. _-:_. ... ~ _,., ......... a- .. -7, 

/rz.\ ,__, PER BUU.aT,....... >12-~ MECHANICAL FLOOR PLAN ~ 
I;J;UN~E~2J~··;.~"".::..a----------------1A SOLAR E.NE.RCOY 
SCALE BE.LL OF PE.NNSYLVA:--!IA PROJECT IN COOPERATION M-1 

SYMBOL LIST AS SHCIINN ONE: PARKWAY WITH THE. E.NE.R~Y RESEARCH·,....-~---1 
DRAWN 8Y PHILADELPHIA, PE:NNSYo..VANIA ANDDEVELOPMENTAOMINISTRATION ~~ H0 

O!:OCA-~ 



1 
N 

PART ~LOOR PLAN & 

L 

OUT:!>IIX AIR I"'TAI<E: 
PENT>iOU.S£ 

co;•o·c~\ 

9 
AR,.AY Z.A 

SECTION "A"- "A" 
SCALf::: •/4"• t'-0" 

9 .t ARJIItAV &II 

NOTte: S£1: DRAWINCi A .. lOA. ,-cJIIt 
CO&.'-EC:TOA. QI.PPO,_T AND 
PIPING\· 

b 
9 

I AIUOAY lA 

MECHANICAL ROOM A..AN 
AND SECJ;IDNS 

o-EF-2 

9 

,J 

J 

OVERiLAPPit.IQ ~14MT 
Ciii..A.S.S!:S TO C.OVC'IIt "' 
CENTC• ¥'.3 O'F' T.A.NI<-:·-

I 
I 

.. .. .. ... .. 
a 
D 
~ 
~ 

~ 

... ... 
ii 
~ 
u 
\< 

~ 

" .. .. 
:> 
:t 
.(• 

I 
0 
I! 
';., 

"' ~ • :> 
II. 

" ;( .. 

.. 
~ 
u .. 
~ 
~ s 
1 
0 .. .. 
~ .. 

PaOVIO~ 14 TAPPED 
PAD5 E"AGH 2.12." SIZE 

1z•w JC ,...l.• 11.• H C:.ONC:~C:TE ,:..C'A.S 
WITt-4 G." HlqH STANDARD TANW

1
.5.ADDL.II:S 

• 

I 
S.TORAG E TANK DE:TAJ L 

I 

'l 
NOTE: ~. 

·~ 
z. 
·~ 

SCALE.: V4' o 1 - o' 

EXTEND TANt< F'ITTIN~.S TO CLEAR TANK 
INSULATION: 

TANK .5HAL-L- Bit WA.TitA TIC4HT 
1 
ALL STEEL.. 

C.ON.STRUCTtON IN AC.CORDANCE WIT ... 
APPL.ICA.Si.C i.OCAL. CODC AND 5HA~ alE 
IIUILT n::t• 50 Pal ~KINQ JIIRIES.SI.JAC 
AND SHAL-L.. BCAA A.~ME I.ABC&.. 

NOT~• 
A..\..1.. PI...U~'e>I~C., .NOIC.I>o..1''C:'O ~N 11-11~ 0'1'1..-'.'N\"--G, 
1':> ~1-10\Nl-..1 FO~ C:.O·O.'R..OINI•.:noN ONI....Y A..~t) 
IS "lOT 1N1'~N'OE.'D TO. e,E. A. I='A..~\ 0 F T\-\E 
Hv..-...c. c.o ... n~c:.\. 

43 

DATE WEST CHE.STE:R tfORK CE.NTE.R IHEEY NO. 
lJ~U~"~"~2~1 ,~I'J~'r=G>~~---~~:__:....;_..:__;_f,:_..:._:_:...::; ___ ---1 A SOLAR EN&: RGjY 
SCALE BELL OF PE.NNJYL.VANIA PROJECT IN COOPERATION M-2 
A'S ~ ONE. PARKWAY I WITH THE ENERc;Y l=lESEARCH ~~~~---~ 
OAI'<WN IY PHIL.ADEL.PH lA > PEl-IN SYLVANIA ·AND DEVELOPMENT ADMINISTRATION 

.................................... ~-z~ .................................... . 



HOT WATER HEATING 
COIL CO\INECTIONS 

NO SCALE 

FILTER 

a:::NOeNSATE CONNEC"llCJ'.I 
SEE PI..UN81 ~ 

NOTE: PROVIC£ CU:.T CONMECTIOE. TO 
L.ClJ\IeR FOR OU'1'5Ic::e AI~ INT~I:. 

HEAl PUMP DETAIL 
NO SCAL.E 

PUMP • 
5TA~R 

Tl 
r 
I 
I 
I 
I 
L-

1/Z' 

r· 
I 
I 
I 
I 
I 
I 
I 

. I 

'-----H 
N 

L.----6<)1.1 A~TAT ~­
.-------~~ DE~~ ~~~ 

•(SMINU~ ~~-,.) 

STORAGE TANK 
PUMP CONTROL CETAIL 

NO SCALE 

DETAILS 

·r 
• 

. i 
I 

. ! 
I 

EX~AUST FAN DETAIL 
lNTAI<E ~ SMUR 

NO~ 

44 

rQATC VAWE ~A BL.KC'D·ov." 

'It· 

·-·: i 
I . uov. 

2·"•1~ t 

COOLING \OWER 5PRA..'( 

YA." TYPE' ~L. .. SOFT 
CoPPlE" "TUIIC 
C0NN£Cf01l MIN. 
ta.• LONG. 

CHEMICAL FEED SYSTEM WITH CONDUCTIVITY 
CO~TRO~~ED BLEED-OFF 

~ 
A.\..\.. PL.UM61NG INOIC.A.T'C:.IJ C'-1. Tl-0<1:.:. 
::::lRA.N•"-lC.. ·5 5\-\0V'.I.N Fol \/'.lOR\<. 

~ ....,.0 .SCAL..C. 
c=:=..OoNA . ."TI0"-1 C.."-1\..'( ·'-Nt'l 1=- NCJT 
.'-TE:NO'E.D -o B'E.. A. 'F-'A..h i .. -:-~· TI-l£ 
HVA.C. C.0"-1\RA.<-- \. 

DATE WEST CHESTER WORK CENTER 
~J;::u;:'":_;Zl~,l:_::~~76:_.r----_;;_-_;;__-:-.....;.------1 A SOLAR ENE R ~ Y 

SCALE BE:.LL OF' PENN SYLVANIA PROJECT IN COOPERATION M -3 
SHEET NO. 

A5 SHOI\IN ONE:. PARKWAY WITH THE E.NE.RC>Y RESEARCH --------1 
DRAWN IY P~l LADELPI-liA, PENNSYLVANIA AND DEVELOPMENT ADMINISTRATION 08 NO. 

~-s 



.........-~------~~-~-~-'""·"-"-------·--~~"~·=--~--------------------------------------------------...,.,..,....,~---------....._--
4~ 

FACTORY FABRICATED AIR HANCl.ING UNIT SCHEDULE HEAT PUMP SCHECULE 

UNIT FAN QII.TA MOT. 0\,-A ~EA.,-ING COIL ~TA. Fl~ 

1~x· ~1r~ 
AIR WATER ~~ NQ. CFM s.P. ~HP MHP RE~ n'PI!! 

5-P.IEDBL De 16Roil .a\.ltW IIRa:JTV 

AHU·l 4000 Z'lz' 14'35 2..74 I 3 1/2"1 <:oles 31j I j110 1!133 - z· "fllRJN IIWAY 

F'IJMP NOM 
OUT· PO SUMM:R ........._, I~ WI~~ION 

'Soi!RVICE SID~ 
~ ~IMAIR ~fAN CDMP N(). AIR ~ Hem ar l;'" ~ ~ ~~~ ~ I£ATCP LINT 

CFM C. F. ... F DB W8 "W:i' t1.'N I1E.IODI OR(91UII ~ IRfOcilt ~ "F 

~A Clf~ :1- 4%0 70 ~-5 5.'- qa 82.5 10~.1 14,2.31 1.77 .13 '20,188 10~ "lO 70 1'3,000 I.Goc& .13 12.,'~30 c&:Z.~ 

:r.ro.~ AU~ R 230 40 1-9 10.0 qz 82.5 IO'J.I 7,210 I. II .oq 11,088 I~ "10 70 IC\800 1.10 .QCI 10,40 '-'2 ·':l raw 
IIR-1,11 ~~ ~ Z10 40 2.~ 10.2 q-z 82.5 ~-I 9,7~ 1-24 .at 14,0!:>5 103 "'10 70 13,000 1.'2A ,09 esoo '-2-"----·-

FAN SCHEDULE 
Mar. DlT-' TANKS 

M~P 
REMARKS Coc:LINGa TOv\IE.R SCHEDJLE& EAC~ OF THE r=OLLOWING 5HAL.L &E A.S.M.E. CON.STA.UCTEO 

F"OR 50 P31 'NOF\KING PRESSURE AND SHALL. &EA.'l !.l-IE 
A.~.tt.ot.l!:. ~ABEL... TANKS SWAL.L. HAVE: CiAUC1E. (iii-A~S£.5 A.5 
REQUIRED TO COVCR 'TH!; CI!NTER Z/3 01' EACH TANK. 1/fio SEL,- DRIVE 

1/4 v-ea.,. ~ 
1/4 v-ea...,- ORNE 

1/4 V-eE\,]' C:A\V~ 

PUMP SCHEDULE & 
:lin A ~,-A MCI1- DllA 

RJMP 
SI!RVICJ!! 

~ 1PH = ReM ARMS 
NO. FT. RPM ~ 'TYPE PUMP lloiHP 

P•l ~AR CCJ,_ _f'CnR 52 ·~ 150 ~~~·I'U!'i~~- 2 

P-2 HEAT PUMPS 52 ~ 1"7'5( ~S'SUCTION 2. 

P·3 I'OR'CED now H£ATERS 10 '20 ~ - INLIIIIE. CIRCULATOR - V! 

P-4 AIR HANDLING UNIT 35 2.0 1750 - IN LIN!. CIRCULATOR - '/z 

1='-~ REFILL PUMP 48 50 ~ - i~'ti 'S'J~¥~<t.~ .. - z 

& u~1'T ,..~S .... TE.Il ..a!1- 'T'ClAt<e. "'ocLI. .. .,. ~I'Z-1!. eo, 111s 11.P. "'<>ToR, 12o.t-1•, IISoR­
wo,.,w,.,l. RA.TIWC, oF --f> II.I~H WITH '2.00F W6.'Tf.~ OM 

~IT CFM 
NO. ! ............. 

FFW~I 200 

'FFW-2 ~ 

FFH~ 2100 

~H·A 200 

20 TO DROP ~.en 4P>o\ -.,.11.1. 0-l:lA'TI!. Wi'TH I \OF W6TL.:I OW 
lftC\ICLC> 0\lTP\I'T. 

FORCED FLON HEATERS SCHEDULE 
F6N ~ ;A AIR-eN HEATINcS M010R 

El(T. RPI\4 COIL W.«t'ER 1~). R&M~ 
WAT1'5 SP. MAX. EOS GPM P.D_ I"T. ''"'" · 

- 1100 (,(). I 0.'14 110 G.OOO e~ -
- 1100 (i,O. I 0.~4 110 (iOO() ~ -
- 1100 (i,O. I 0.'14 110 CQOOO. es -
- 1100 (i,O. I 0.'14 110 CQOOO ee. -

I 

& "r. •. :~o:~~~~~ r:,;: ... ~': 'it~EI\· 
& ~£p • "'-~ \NA.TT T~>.l5tlUC:£"­

(TC.) • TICio~T C:\.O~I .... G, & 

LOCA.TION 

R:)OF 

AMBIENT 

W6 •p 

;e 

~· 
aAUTOMATIC ARRA..,.. OAAINAC.E•- WHEN COLLECTOR PL.ATP:TE....,PERATURE • 
1.5 40,. OR e.E~OW, Vc AND Yo !>Jo<AI.L CLO-SE, AND VA, Ve AND VN AND VtE 
~lolA.~ I. OPEN WHI!II!I:UPON TMI: COL.L.ECfOR ARRAY WILL DRAIN INTO TME -
.o\.Dllt.G TANK DtSPL.ACING TWK N1Til04E"N 04AII:(ilt WHIC)..t \NIL.L. ~IL.L Tl-lli' COLLECTOR 
ARII.O.Y AND TMI: PI PIN CO AIIDVI: THI: ROO ... WHii.N THE COI.LKCTOit PLATE' Tr .. PI:RATURE 1111.1'(11 ~-I'UTT 
RISC.~ ~ TK'G. ~TOlt.trrr..G..._ "TI>..~\4. T".._M.P;;:QA.T~"C, VJ...L\1~ "•• !lo~lt...\..\.. c:..u:>~~ -
,t...trr.JO T~.._t..l T"'~ R~'tl'\\..\.,. PUMP ~~"'-.\..\... et& '!a.TA.1iitT£.'D ....... U;) SI>M.Ilr....\..\... P,.U\.l •-
Ut-.lT\\.. '::ITOPP&.O &Y P'\.OAT &WITC.'"'6.~ ...., ~M.ta.&~'fi.O '• Z.. 'til ...._t.lD 4- ... A.. T 
'\IV~IC'"' TIM..E VA.LVII!:S V.-..,Vo /loo~O 'I& S.\-\ ...... LL C.\..0!11&. A..~O 'VA..\..VI!o" 
Vc AND "'• .H.At...~ O~at..a. F"\..OA,.'T aWtTC.\-4C.'i. 1 T\4,qU 4 ~a£ W\R-.t:> ~~ &~~,~~. 

EQUIPMENT SCHEDJLES <1 
FLOW DIAGRAM 

GFM 

52 

RD. FAN PUMP ~IMIJM 
~ LWT P-.51 MOtOR MC1TOR ~·~ I-I.P. I-I.P. 

~~~~~~: ~:N~~ N!. I - NOMINAL 18 4'A\.... HORIZONTAL, 

lOa C\2. .2, s 1/3 3000 HOLOING TANK- NOMINAL.. 300 4AL..VERTIC.AL, 
3o·orA.It. ~<D-I·U~H. 

ge:N' L SERVICE AIR COM PRE: SSOR 

NOTE 

AIR COMI" ... E$50'" .5HAL.L. Bit EQUAL. TO (4AR0NE .. ·DENVE:.R 
IWIOOr:L. ACA 2. •2.~ 1 4 CU.J:'T. PCR MIN. AT 15"0P:!I, 888RP ... 
2(+ HP MOTOA 7 V- BE'L.T DRIVE. WITH BIEL.T ~UARD. 

ALL PLUMI!IJNCO INDICATE:D ON THIS 
DRAWING IS SHOWN FOR INOA!o< 
CO·OACINAT•ON ONL.V AND I.S NOT 
INTII:NOED TO !IE A PART 01" TH!:. 
I-IVAC CONTRACT-

& \N&Ot...A..'T\0"'-- %.001 

-c ~.;:~DC -'1R(5Ht£LDED) 

(ONE 1"-l TYA 
orr1c.£) 

DIAGRAM IOTE:IN "-LL~ BUiAlfTDM"-TICA..LLY 
OR"-IN.~ 5QU..A ~\.EC~ P\P\1-.lG, 
PROVIM. AUTO. A.JR Vl:.NT~ ON A..\.L ~IGI-\ 

I.I!CT. ~1:0 TO ALL. 
ME'A'! DUMP UNIT$ 

SCALE 
F'OII>JTS A..Nt:>WI-\~R.E \ND\C. ..... TEO ON DR"-.\NINQ'So, 
PROVIDE: D~AIN·OI'F'S AT ALL LOW POINTS. 

DATE WEST CHESTER WORK CENTER 
~..IU;;N;IE~~~I,:_:I~'J_:7·~~-_;_.::..:~.::..-..:.. __ ..;_;, _______ --1 A SOLAR E ..... E RCOY 

SCALE _BE:LL OF' PE:NNSYLVANIA PROJE:CT 11>-1 COOPERATION M -4 
ASSHCMIN ONE: PARKWAY WITH THE E:NERG,Y RESEARCH .. =~~--i 
DRAWN l'f PHILAOE:LPI-!1 AJ PENNSYLVANIA AND DEVELOPMENT ADMIN:STRATION 08 NO-

~-~ 

SHEET NO. 



L 

AOA 

T-2. 

PU.,.PP.I 

CONTROL OF' SOLAR 

,----- --~-HWR 

~.--- --. ---~.----~..------ HWS 

I r----, 1 

I: I 

I l 
I 1 

•T~~~"'t I 
11 

I ~ 
I 

L--~---L-------------, 
I 
t 
f f 
"' "' 

1. ..... 
s~ 
ul!. 

WITH SWITCH S-1 INDE~S:D TO "MANUAL DRAIN" 

I. VALVE'.S V~ AND Vg •HALL 8£ 1-fF,:l.[) CLOSF.:D J VA,LVJ;~ VA 
1 
Va, VEE 

AND V~ot SHALL BE HELD OPE'N. 
Z. F>UMP~ P·l AND F>- ~ 31iALL BE INOPS:RABLE. 

WIT~ SWITCH 5·1 INDV<f:D TO ~AUTOMAJIC DRAIN AND F'iLL• 

A5!iiUMIN(4 ARRA'Y TO eE DRY, D~AINEO INTO .... OLOINQ TANK J VALVE.~ 

Vc ANDVo HELD CL0$!'0, VALVE"S VA:. Va, v 1 r AND VH HELD OPEN, 
5UBSEQUS:NT Of>CitATION 5HALL. BE' A:!> I'OLLOWS: 

:3. WHE"' AI!RAY TEMF>I:Il'ATUFU SENSED !!>Y T·l RISES AaovE 3TOR"'4S: 
TANI< TS: ..... PEII'ATU ... E SEN3ED BY T·Z. BY AN &:STABLISHEC 
OI,.Fi:IUNTIAL (18° 01\ AS LATE lit SELI:CTI'D), VALVE VIE SHALL CLOSE 
AND PUMP P·!> SHAl-L. STAIItT, WHEN SOLAR ARilAY I~ COM .. LETELY 
I'ILLED AS 51:1'<51:0 I!IY "LOAT :SWITCHES 1'"51 THRU FS4 PU ... P P•!> 
SHALL M STOPPS:D AND VALVES VA, Va AND VH SHALL !IE CLO.S .. D 
AND VALVES Vc AND Vo SHALL BE OP .. NS:D. VALVE VIlE :5HALLI!IE 
HELD Cl-OSED W"ILE VALVES VA AND Va ARII CLOSING;; A"TEIIt 
VA A"D v. ARE CL.OSED VALVE Vu SHALL OPEN. 

4· WHEN ARRAY IS C.OM .. LI:TS:LY I'ILLirD AS SlrNSED ay "LOAT SWITCHES 
1'51 THRU F"54 PUMP P·l SHAI..L &IE OPEPIAaLE 

S. WHEN EVE ... ARRAY TEMPEIIATUIItE SENSED I!IIY T-1 IS GjREATER 
n.IAI'< STORAGE TAN>< TEMPERATURE SENSED I!IY T-2. I!>Y AN 
ESTAI!!oL.ISHED DI .. I"ERI!:.NTIAL. ( 18° Ollt AS LATE II SEI..ECTED), 
PVM,_ P·l S>IAL.L. STA.RT. 

~. WHENEVEA OIO'F"'I:RENTIAL :5ENSED By T-1 AND T·2. (T-1 BEING THE 
HIGHER) I'ALL~ 11>1:1-0W AN E:ST ... IlL1:5HEO OIFF&:RENTIAL. (3°-AS 
LATEI'l S&LI':CTO:Dh PUMP P•l .SHAl-l.. l5T<>P · 

7. WHENE"'!'IIt 5TC>ItA4£ 1'...,.1< T£MPERAT'UJU RISES A~ 1'301': 
PUMP P•l SHALL NOT O,.ERATO:. 

~. WHEN AIIIIA"( TEMPERA~ :SEN&ED ay T-3 DROP~ To 40F" OR AS 
LATCR SI:LifCTED, VAL..VII:S Vc: AND VD SHALL BE CLO.SED 
\/AL.V'CS VA, Va, VH AND Vas SWALL H OPENED WHICW ~.II'{.L. 
CAUSE ARRAY 1'0 DRAIN I!IY GRAVITY INTO "'OLDINCii TANK, 
PUM .. :S P•l AND P•!!l :5HAI..L •• >1ELD 011"1": 

COLLECTION SYSTEM 

VEAR- ROUND OPE QAT ION 

t 
I 

l 

J, SWITCH 9·~ INOE)(I:5 SYSTEM TO "SUMMER" OR'WII•TU" oPERATIC>!'<. , 

1:. WHEN THE STOR"<;C TANIC TEMPI:IIATUR£ DROPS TO 70. OR AS 'ATU 
SELECTED (SE~SID ln'T•A),VALVU "' _.IODV<; 5NALL opoEN AND 
VALVE V& SHAL.L CLOSE THIUaY F>E"MITTINCii IW>IL.ER TO K HEAT 
60URCE. 

3. VALVES V,., Vy AND \<1. ARE MANUALLY PO&ITIONIE'O. 

4· VALVE 11·1 """'LL &It POaiTIONED ~ULL OPE" TO HEAT PUMP R!lURN 
WATER WHO:NIIVER PUM,. F>-2. IS NOT A. ...... NING. 

WIT>i .S· Z INDI'.<IID TO "SUMMER" 

$. COOLIN(i TDWII.R OUTSIDE AIR lli1"•4PER.S D•l _.ND 0·2 SNALLO"N. 

10. MANUAL. VALV~S V'.- ANO Vy $WALL &~ Ofi'EN&D, Va,SHA""'- M' CLO.SIED. 

1· COOLINCO ~Ell !SPI'AY -p _.NO O'AN ARI -DO: OPEAAaLE. 

8. ON A llt0$1: IN TI'M"'E"ATURE "'t> 8,. T·'5 SHALL STAIItT COOUN(i TOWill 
sPRAY PUMP, Of"' A ~UA'TMER Rl-'~ TO .,OF T-S' SWAL.L ~TART COOLING 
TOWER O'.AN. 

3. V·l ~HALl.. U ... ~LD Po.SITIONI£0 Tb ~ULL. FLOIN' 5='5lOM HEAT PUMP 
IIETUII.I'< LINE {ca.DSED TOMCAT 50URCES 01' :OTOII."'GI: TAN I( 4! l!oOILE"). 

WITH 5· 2. INDEJI£0 TO "WONT£R" 

10. COO\.INCi TOWilA OUTS I DC _.Ill. D_. .. PCRS O-lAND D-2. SHALL IIC HI'LD CLDSID. 

II. MANUAL. 1/~LVIrS V,c AND Vv SHALL M CLO.XD, Vz &HAL~ Sir OPEN. 

12. C:.OOLINCi '1'DWPl SPR,t..y PUM~ AND r"AN ~WALL 811. lot~LD CJ'T. 

13. ONA~ALLING TIM .... _TURE T·S (MT 75F ""AS LATEII. SIL~CTID) SHALL 
COJIADUAL.L.Y J>OaiTION V•l TO PlOSS HEAT souo:cr WAT£11 (STDitA<IE 
T""ICOR IIOILI:Il) TO PUMP P•1. 

~: 

&OILCit CONTROL~, INCLUDING LI"AVINQ WATE.Il TE.h'IP'IE'tAlUkC., 
Alt[" F'.ACTORY INS 'TALL ED INTCqAAL: WITH Tt-4£ BOIL.ER. 

CONTROL 0~ HEAT PUMP LOOP SUPPLY AND ~E:TURN 

t-"...;.;;;o:..;.v..,. 1------D;;.;::E.;;S;.;C;;;,.;.R.;..I..;.P_T..;....I 0"'-N--------+DA.;.;..;.~,E !IHILET TITl-E 

TEMPERATURE CONTROL DIA~RAM5 

.,. 
~ c c -· >-! T-Z. 
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---------- -----

DESCRIPTION OF CONTROLS 

FOR 

SOLAR ENERGY COLLECTION SYSTEM 

BELL OF PENNSYLVANIA, WEST CHESTER WORK CENTER 

FILLING 

1. BEFORE ATTEMPTING TO ADD WATER TO THE SYSTEM FOR 

&"'T PURPOSE, INDEX THE SOLAR ARRAY S~-liTCH S-1 TO 

"MANUAL DRAIN". THIS WILL OPEN VALVES VA. VB, VH, 

VEE AliD THE SOLENOID VALVES AT THE TOPS OF THE 

ARRAYS, Sll1ULTAl{EOUSLY CLOSING VALVES Vc AND VD. 

WATER MAY NOW BE ADDED THROUGH THE SEPARATE FILL 

CONNECTIONS FOR THE HOLDING AND STORAGE TANKS AND 

AIR AND NITROGEN PRESSURES CAN BE ADJUSTED. WITH 

WATER LEVELS UP TO THE MARKS ON THE TANKS, WITH 

THE ARRAY DRY BUT WITH ALL PARTS OF THE HEAT PUMP 

LOOP FILLED, AND ALL AUXILIARY HEATING LINES FILLED, 

AIR PRESSURE IN THE STORAGE TANK SHOULD BE APPROXI­

MATELY 14 PSI AND NITROGEN PRESSURE IN THE ~OLDING 

TANK SHOULD BE APPROXIMATELY 4 PSI.WHEN TANKS ARE 

FILLED AND PRESSURES ARE CORRECT SWITCH S-1 SHOULD 

BE INDEXED· TO "AUTOMATIC" WHICH WILL PROVIDE THE 

NORMAL SEQUENCE OF OPERATION DESCRIBED LATER HEREIN. 
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Ab.T'bftATit_ bRAIN:P:OWN. CONtRoLS 

1. THERE. ARE SEVERAL CONTROLS BUILT INTO THE SYSTEM 

WHICH WILL AUTOMATICALLY CAUSE THE ROOF ARRAY to 

DRAiN INTO THE HOLDING TANK, AS FOLLOWS: 

A) tiiERHos'tAf !~4 IN THE: STORAGE TANK, 

ASSOCiATED WITH PE- 3, WILL RELEASE RELAY · 

R.~s WHEN THE TANK TD1PERATlJRE RISES TO 190F. 

THE RELEASE OF RELAY R~·s (A LATCHING-TYPE 

RELAY) WILL OPEN CONTACT R5-2 WHICH DE­

EifERGIZES RELAY R.-i CAUSING bRAIN-DOWN. 

SiMUiTANE6tJ'StY., CONTACT RS;..l WILL CLOSE, 

LIGHTU~G AN ANNUNCIATOR. R-5 WILL REMAIN 

RELEASED UNTIL 11ANUALLY LATCHED BY PUSHING 

THE RESET BUTTON, THIS IS TO PREVENT AUTOHATIC 

REFILLING OF THE ARRAY wHEN THE STORAGE TANK 

is UP TO TEMPERATURE AND THUS AVOID THE STEAM­

ING WHICH RESULTS FROM HOT WATER BEiNG INJECTED 

INTO·HOT ARRAY PANELS. OPERATING PERsONNEL ARE 

TO BE INSTRUCTED NOT TO PUSH THE RESET BUTTON 

UNTIL STORAGE TANK TEHPERATtJRE HAS DROPPED TO 

APPRbXL1ATELY 170F AND THE COLLECTION PLATE 

TEMPERATURE IS BELOW 220F. 
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B) CONTROLLER C-2,. CONTACT C2.-1, WILL DE-ENERGIZE 

RELAY R-1 AND CAUSE D.RAIN-DOWN WHEN THE 

COLLECTOR PLATE TEMPERATURE DROPS TO 40F. 

C) CONTROLLER C-1, CONTACT C1-2, WILL DE-.ENERGT:ZE 

· RELAY R-1 AND CAUSE DRAIN-DOWN WHEN THE FOLLOW~ 

ING TWO CONDITIONS OCCUR SI11ULTANEOUSLY: 

(1) THERE IS AN INSUFFICIENT DIFFERENTIAL IN 

TEMPERATURE BETWEEN THE ARRAY AND THE 

STORAGE TANK (?UMP P-1 WILL NOT ~~ 

-OPERATING) . 

(2) THE OUTSIDE TEMPERATURE IS BELOW 45F. 

2. THE DRAIN-DOWN STAJ'US IS SUPERVISED BY FOUR EL~CTRONIC 

·LIQUID LEVEL SWITCHES ABOV~ THE ROOF AND TWO FLOAT 

SWITCHES BELOW . THE ROOF WIRED ':r.HRU l'Jjl;: CONT:~CT OF 

TIME DELAY RELAY TDS TO ENERGIZE RELAY R4 .· THE 

OPERATION IS SUCH THAT AN ~ IS INIT~TED I;F 

DRAIN- DOWN IS NOT ACCOMPLISHED WITHIN THE TI'ME 

PERIOD ESTABLISHED BY RELAY TDS. THIS ALARM IS SENT 

AUTOMATICALLY TO A REMOTE OFFICE. 

3. ADDITIO.NALLY, TH;J;: ARRAY W~LL B~ D~;I:NED W!lE.NEYE~ 

THE MANUAL/ AUTOMAT;I:C ORAIN SWTTGI:i IS J:NOE~D ':['0 

"~UAL P.RAIN" .. 

B-3. 



NORMAL SEQUENCE OF OPERATION 

1. ASSUMING TH~ ARRAY TO B? DRAINED AND SOLAR ENERGY 

BEING NOW AVAILABLE, WHEN THE SOLAR COLLECTOR PLATE 

TEMPERATURE (SENSED BY SENSOR T-1) RISES ABOVE THE 

STORAGE TANK WATER TEMPERATURE (SENSED BY SENSOR T-2) 

BY A DIFFERENTIAL GREATER THAN THAT SET ON CONTROLLER 

C-1, CONTROLLER C-1 OPERATES TO ENERGIZE RELAY R-1 

WHICH OPERATES RELAYS TD-3 AND TD-6 AND STARTS REFILL 

PUMP P-5. -AN AUXILIARY NORr~LY OPEN CONTACT ON THE . ' 

STARTER FOR P-5 OPERATES TO ENERGIZE RELAY EP-1 

WHICH IN TURN CLOSES VALVE VEE ROUTING THE DISCHARGE 

OF PUMP P-5 TO THE; SOLAR ARRAYS. AT THIS POINT THE 

ARRAYS ARE BEING FILLED THROUGH BOTH THEIR TOP AND 

BOTTOM CONNECTIONS. THIS CONTINUES UNTIL FLOAT 

SWITCHES FS1 THROUGH FS4 ALL TRIP, INDICATING FULL 

PANELS. BECAUSE IT HAS BEEN FOUND THAT THIS FIRST 

INDICATION OF COMPLETELY FILLEP ARRAYS IS SO~ffiTIMES 

ERRONEOUS, THE NORMALLY OPEN AND NORMALLY CLOSED 

CONTACTS OF THE FLOAT SWITCHES ARE USED TO CONTROL 

THE SOLENOID VALVES AliD RELAY TD-3 TO MAINTAIN THE 

FILL PUMP P-5 IN OPERATION, WITH VALVE VB NOW CLqSED, 

FOR AN ADDITIONAL SET PERIOD OF TIME. DURING THIS 

EXTRA PERIOD OF OPERATION OF PUMP P-5, DURING WHICH 

ALL FILLING ACTION OF THE PUMP IS DIRECTED ONLY TO 

THE BOTTOM CONNECTIONS OF THE ARRAYS, THE NITROGEN 
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REMAINING IN THE ARRAYS IS FORCED TO THE TOP AND 

OUT THROUGH THE SOLENOID VALVES TO THE HOLDING 

TANK. THE FLOAT SWITCH CONTACTS ARE WIRED TO 

CLOSE THE SOLENOID VALVES AS SOON AS WATER RISES 

TO THE FLOAT SWITCHES. THIS EXTRA PERIOD OF FILL­

ING LASTS APPROXIMATE.LY FIVE MINUTES. DURING TIIIS 

PERIOD, EXCEPT FOR MOMENTARY BREAKS AS NITROGEN 

ESCAPES PAST THE FLOAT SWITCHES AND SOLENOID VALVES, 

COLLECTOR PUMP P-1 IS OPERATIHG AGAINST CLOSED VALVE 

Vc. WHEN RELAY TD-3.TIMES OUT, ENDING THE EXTRA 

PERIOD OF ARRAY FILLING BY PUMP P-5, PUMP P-5 WILL 

STOP AND RELAY TD-6 WILL BE DE-ENERGIZED. A NORMALLY 

CLOSED CONTACT ON THE STARTER OF PUMP P-5 WILL 

OPERATE TO ENERGIZE THREE-WAY SOLENOID EPll WHICH 

IN TURN WILL OPERATE TO CLOSE·VALVES VA, VB AND VH, 

AND OPEN VALVES Vc AND VD THUS PE&~ITTIN~ COLLECTION 

OF SOLAR ENERGY. IN THE EVENT THAT THE SYSTEM HAD 

NOT COMPLETELY FILLED BEFORE RELAY TD6 HAD TIMED 

OUT, PUMP P-5 WOULD AUTOMATICALLY BE STOP~ED AND A 

CONTACT WOULD MAKE TO SEND AN ALARM TO A REMOTE OFFICE. 
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2. TIME DELAY RELAY TD2 OPERATES TO HOLD VALVE VEE 

CLOSED TO PREVENT BACK DRAIN INTO THE HOLDING 

. TANK WHILE VALVES VA AND VB ARE CLOSING. WHEN TD2 

tiMES OUT EP1 IS DE-ENERGIZE? AND_VEE OPENS. 

3. THE CONTACTS OF FLOAT $WITCHES FS-1 THROUGH FS-4 

THAT CLOSE ON WATER RISE ARE SERIES CONNECTED AND 

PERHIT OPERATION OF COLLECTION PUMP P-1 WHEN THE 

ARRAY IS FILLED. 

4. WHEN THE T-1 TO T-2 DIFFERENTIAL. FALLS BELOW THE 

"PUMP OFF" SETTING ON CONTROLLER C-1, C-1 OPERATES 

TO STOP PUMP P-1. 

GOLZ, WICK & FISHER 

JUNE 11, 1979 
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