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ABSTRACT

This document is the final technical report on a solar space heating demonstration
project. It describes an integrated system providing solar énergy 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, containiné a water—to-air coil. The system design wasl
based on solar energy pfoviding 627 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 feét of flatfplate 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 scheduie 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 heafing seasons disclosed the need for some major
modifications to avoid freeze-ups and improve effic;ency and reliability. These
modifications were implemented during 1978 at a total cost of $38,382. 1In 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 thg modifications were completed. in

January, 1979.



1.0 INTRODUCTION

In June, 1976, the generic design of the solar.space heating system for the
West'Chestef Work Center was completed by InterTechnology Corporation (ITC) as
part of their "Solar Heating & Cooling of Buildings - Phase 1" contract with the
U.S. Energy Research and Development Administration (ERDA). The basic scheme
for building heating and the sizing of the solar compdnents was optimized by ITC
and presented by ERDA to Bell of Pennsylvania in a package consisting 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 rea;ons for the modifications are detailed in
Section 3.0 of Reference 10.1. The generic arawings 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.



The major modifications to the géneric design involved the addition of a separate
holding tank (300 gallon capacity), to contain the nifrogen used for pressurizing
the solar collection loop. This tank also serves as the container 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 gollec-

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 bpefation
during the 1978-79 heating season showed noticeable gradual improvement. Opera-
tion during February,i1979, whichlincluded 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 systéem 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.



2.1.2.

2.1.3.

2.1.4.

2.1.5.

2.1.6.

2.1.7.

2.1.8.

The Storeroom section of the building (approximately 82 ft.
X 43 ft.) is heated by a conventional fan-coill unit which
uses solar heatéd water, backed up by an electrical boiler

as needed.

The heat source for the heat pumps during the heating season
is water heated by solar energy; backed up by an electrical

boiler as needéd.

The heat sink for the heat pumps during the cooling season
is water cooled by passing through a closed-circuit cooling

tower.

The solar array consists of eighty-eight fiaf plate collector
panels, arranged in two equal rows. The gross area is 2112
sqg. ft. and the effective éollecfion area is 1900 sq. ft.
The panels were installed facing tfue.South, tilted at 55°

from horizontal.

Thermal energy storage is provided by a 6000 gallon capacity

tank, installed above ground in the mechanical room.

Auxiliary heat is provided by an 80 kilowatt electric boiler,

incorporating five elements of 16 kilowatts‘eaéh.

Heat rejection during the cooling season is provided by a
closed circuit cooling tower located in the mechanical room,

connected with outside air intake and discharge ducting.



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.

2.2.2.

2.2.3.

The solar collection léop 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 abdve>
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 ﬁump".

The Office heéting 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 7Q°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.

The Storeroom heating loop circulates storage water through
the "Fan-coil unit”, usihg 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



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.

i 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.

2.3.2.

2.3.3.

2.3.4.

Differential Temperature Controller: This is used to initiate
the sequence for collection of solar energy whenever it senses
a set temperature differential of_leF 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.

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.

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

below 40°F.

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.



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 deéired.

2.3.7. Storeroom temperature controller: This is a wall-mounted
thermostat used to position a three-way valve which éupplies
wéter 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.



3.0 DESIGN SUMMARY

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

1

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 was 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 biping_and th; compo-—
nents located abové the water level in the sgorage tank wquld have drained
into the tank every time the pﬁmps were de—~activated. This would have
caused the introduction of air, which could not be easily vented when
pumps.were.fe+activatéd. Also, the-introduction of ai; 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 collectioﬁ loop, water would remain in its place even
when pumps are shut down. To permit draining of the water out of the
collectors for the sake of freeze avoidénce, a "Holding‘Tank" was added;

tb whichvwéter drained out of.the colléctgrs is divérted by aptomatic posi-
tioning of two pairs of valves. This holding tank is pressurized witﬁ
nitrogen which, when displaced by water drained out of the collectoré, is
transferred upwards to fill the voids in the colléctors and keep the
system pressufized.' In addition to .the holding tank, a "Refill Pump"” was
added to accomplish 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—p&sition 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 plping 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 10.1l.

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 was to invite thirteen manufac-

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

accordance with NBS1R 74-635: 7Method'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

warranty 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 envirommental 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
of fered the best return for the investment. This procedure 1s described in

detail in Chapter 4.0 of Reference 10.1.

Based on cost mefit figures and other cohsiderations, 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 10.1l.

4.0. CONSTRUCTION SUMMARY

Following the selection of Golz and Wick, Cohsulting Engineers of Philadelphia,
Pennsylvania, as the "Integrating contractors”, six mechanical contractors were
invited to bid on the building HVAC system, including the solar heating poftion,
on a "Time and Material” basis with a "Not-to-exceed” total sum. Out of the six
bidders, Hummel Engineering Corporation of Philadelphia, Pennsylvania, was
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-rums. . -

The highest cost over-run (95.9%) ﬁas incurred in conjunction with the éutomatic
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
vstruc;ural 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 hetal workers. Other major cost over-runs, ranging
from 34% to 667%, 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 enough. 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, énd found it necessary later—on to re-do

some of the piping to accommodate flow-sensor requirements.

5.0 OPERATION SUMMARY

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

October, 1977. 1In the first few weeks of operation, when outdoor temperatures
seldom fell below freezing, there were very few operational problems. However,
with the advent of freezing ﬁeather, 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 fhe 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. Héat—tracing of the automatic ven; traps: Four automatic -

| vent traps located above the collector panels, and conpecting
the return headers'to the holding tank to permit-nitrogen'
flow between the panelé 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 aréund
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 éir 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 levellrequired to maintain a.3°F differential

'betweeﬁ.the absorber plate surface and.the-storage water.
This was accomplished by de-activation of the cifculation
pump, leaving the water in ;,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




5.1.3.

5.1.4.

14

the outdoor piping may freeze before the absorber plate tem—

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

below 45°F.

Valve sequence time delay: The solar collection loop controls

include two sets of pneumatic valves: One sét, V, and VB’

A
connects the collectors to the Holding Tank and the other set,
Ve and Vp, 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. 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.

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,
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.1.5.
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giving a false signal to the float switches "F$-1,2,3 and 4"
that the'collectors had been completely filled. This éignal
would thén 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 éhrough the ‘automatic vent
traps. A time-delay relay was also installed to keep the
refill pump running for five minutes after the first "Collec-
tors Full” signal is fecefved. '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.

Prevention of refill pump cycling: It was discovered that

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

Storage Tank opens a few seconds before valve "V¢", which
connecfs 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
pump "P1" and re-starting pump’ "P5". To correct this difi-
ciency, pneumatic restrictors were modified to slow down the

opening of valve "VD".



5.1.6.

5.1.7.
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Drain malfunction alarm: Due to the fact that this system

ié left una;tended most of the time, it was deemed ;dvisable
to bé able to transmit an automatic élarm, around the clock,
in caée the system does ﬁot;drain when it should. To accom-
plisﬁ-this, it was neceséafy to provide watérllévei sensors
iﬁ six out.of eight risers conhecting the éollectors with the
Holding ténk. These sensors were installed to sense whether

the water level has dropped below the roof when insolation

‘became inadequate for colléétioﬁ of solar energy while the out-

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

not occurred within thirfy ﬁinutes, 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 nébessari to force the system to drain

before it freezes.

Refill pump overtime alarm: When the system is operating
ndrmally, it takes aboutvfive to seven minutes of refill-pump

operation to fill all of the collectors and the piping above

‘the roof.l following this event, ﬁhe refill pump shuts down

automaticélly in preparation for the resumption of solar energy
collecfion. TﬁereAmay be occasions when a system mélfunction
causes tﬁe refiil pump tovrﬁn overtime, either due to a block-
aéé in ﬁhé system of ina&equate water quantit& 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 ciréulation 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, regardless of the need '
for heat by the equipment served. It was later determined that by confining -
the activation of fhese two pumps to periods when the equipment served by
them need heaﬁ,‘weAwould not only save pump operational energy, but also
minimizé the undesirable addition of electrical heat to the storage tank.
Accordingly, the'puﬁp controls were so modified. Additionally, to guard

. against any possible freeze-up of stagnant water in the coil of the .air
handling unit, which may be caused by cold air leaking through the outside
air damper, a temperature sensor éttached 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 pane1~connéctions: Aé shown in the dotted lines
of Figure 6, the connections betwgen the supply headers and
each solar panel were originally installed.with a 90° elbow
.and inciuded a flow measuring and adjustment dévice having
a 3/16 inch orificé. It was determined that this arrangemeﬂt
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 éir damper was replaced with a tighter one,

guaranteed to have no more than 27 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 with
slight ripples, others with out-of-plane warpage severe enéugh to
have dislodged the plexiglas cover. In additioﬁ, seven panels de-
veloped leaks in the end waffle section. The collector manufacturer
disclaimed any resbonsibility for the damage to the absorber platef,
basing that on the occurrence of freeze-ups. An independent investi-
gation, conducted later in September 1978 by the Franklin Institute
Research Laboratory, a;tributed the warpage to both freezing and lack
of adequate allowance for differential expansion. However, Beli 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 sd 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, puﬁctuated by two lengthy shutdowns.

6.1.2. The accuracy of the data was not considered reliéble 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
cause& by instanténeous sampling every five minutes. Correc-
tion of this deficiency had to be accomplished by adding

totalizing devices for two flowmeters.

6.1.3. Temperature 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'feports

were generated until then, the SDAS was very useful in providing information
for 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 ;eports
prior to November, 1978, tﬁe discqssion 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-
lponents are located within the confines of this building, any
energy losses from storage are considered to have been utilized
towards sétisfying the space heating load. This procedure
would not be accurate in a project wﬁere the storage tank is
located underground or outside the main building; in which

case losses from storage are real.
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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 Reference
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 uninéulated 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.

Solar fraction: This parameter is simply the ratio of solar
énergy 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 systém performance. Especially noticeable are the month-
by-month increases in solar collection efficiency and elec-
trical energy savings. These improvements can be éttributed
to progress in the gutomatic 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 ;egard, because
the ratio of operational incident solar energy to total inci-
dent solar enérgy 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. 1In
February, when this ratio Qas the highest achieved, it was
still only 0.71. This is an indication that solar collection
time could be further improved. Oﬁe'way to Increase this
ratio 1s to re-adjust the differential temperature controller
settings (between the absorber plate and storage water) so
that there will be less frequent drain—and—réfill cycles on
partly-cloudy days an& longer periods of solar collection on

sunny days.

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 thé.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 han&ling 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 discoveréd 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.

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, wﬁen the system
operation is not interrupted by drain-and-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.

Comparison with projecfed performance: Table 4 lists several
paramegers 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 lbop 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 improvemént 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 differentlal 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 sensof
wiring, which currently runs through the same conduit as the powér 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 trapé did get stuck in the closed
posifion, thus cauéing water to stagnate in the collecfors. To remedy this
problem, it is planngd to reﬁlace these automatic vent traps with solenoid
;alves, thch will open and close, as needed, iﬁ response to electrical
signais originating at tﬁe float switches. The solenoids have the additional
ad&ant;éé of iérger openings (3/4;), in lieu of the 3/16"»pof;s in the vent

traps.

Appendix B contains a narrative description and associated drawings of the solar
collection controls, 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 experience. Many of the mistakes that
were made éan be attributed to the novelty of such an undertaking. However, the
mere fact that it is termea 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 Iinherently 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 systems require even more complex

controls than "Open drain-down" systems.

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

nomlic analysis should be undertaken to compare the cost 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.

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.

It would be highly desirable to purchase an entire solar system from
a single source, if possible. Warranties on individual components.

purchaséd from several different sources have little value.

Because of unfamiliarity of most installers with the pecuiiar require-
ments of a solar system, it is essential that more complete details
be included in the design dra&ings and specifications than is customary
with standard HVAC systems. These details should all be finalized

prior to requesting bids from installation subcontractors.

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.

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.

J

8.11. Solar experience of both the consulting engineer and the installation

subcontractor is vitally important.

9.0 CONCLUSION

In spite of the difficulties eﬁcountered, Beli of Bennsylvania is pleased to hgve
co-operated with ERDA (now part of the U.S. Department of Energy) in execufing
this solar demonstration pfoject.’ It has provided us, our consultants, suppliers
and contractors with a unique opportunity to gain valuable experience in the
design, conétruction 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.

10.0 REFERENCES

10.1. "System Design Report”, CO0-4048-78-1, March, 1978.

10.2. "Construction Report”, DOE/CS/4048-2, May, 1979.

10.3. "Interim Test and Evaluation Report”, DOE/CS/4048-3, July, 1979.
10.4. "Monthly Performance Report”, SOLAR/2012-78/11, November, 1978.
10.5. "Monthly Performance Report”, SOLAR/2012-78/12, December, 1978.
10.6. "Monthly Performance Report"”, SOLAR/2012-79/01, January, 1979
10.6. "Monthly Performance Report”, SOLAR)2012—79/02; February, 1979.

10.6. “Monthly Performance Report”, SOLAR/2012-79/03, March, 1979.




FIGURE 1
PLOT PLAN

(1) TNO1d

SOLAR HEATED BUILDING

VEH. SERV.
BLDG.

CHESTER COUNTY FUND INC,
8¢

1
PRIVATE HOMES



FIGURE 2
FLOOR PLAN

145°- 4"

Mechanical Room

Oftfices Offices <
- Q
.Restrooms l
‘ ]
S
Storeroom
5
8
£
o
2
Scale: None 4

‘__4.___________‘ 43; .'4-1

4

(z) FTWNI1d

6¢




Fill Line

Nitrogen Line

Holdg |
Tank:
Nitrogen
& Water |

FIGURE 3
SIMPLIFIED FLOW DIAGRAM

SWR = Solar Water Return
AHU = Air Handling Unit
FFH = Forced Flow Heaters
= Heat Pump

HP

l ______ — e oo e a— — Fan
| == < Jr- < Coll
) Unit
N I ‘l > ‘ I ANU Pump
9 ! Y
&/ /e | |
%3 & Electric | | —6 ' }->-
‘L/ I ' Boiler |
FFH Pump
FFH
¢ 7T\ | : | ;\ > L —<€ {Typ.)
_______ {4)
AR ¥ |
- | Cooling |
WATER Tower
Rofill STORAGE ' I
Pump TANK | 1
- | |
. 1 G 1
\va |
Solar HP Units
Water Pump A
Pump Heat Pump __]
Legend: Unit (Typ.)
SWS = Solar Water Supply {20 Units)

(g) MIN914

o€



Clazing

Sar Cap—nv--——qo .

Frame
Rall

Corner
Connector
Angle

Sealant Tape~

FIGURE 4

COLLECTOR CROSS SECTION

No.xlglul"c“
Thermoformed
Cover With Integral Ribs——

Copper

ROLLBOND
Absorber Plate ——o

'\XXX\\\\\\\QSD

Integral
Mounting
Flange

LY * \\
AN \:I AN

4

YN S S\ \VV ' . : ]
‘ backing Shest

R
Mount ing Surface

V4
—_—

“HELJOTHERM BC_SOLAR COLLECTOR

Y HNOI1d

1€




32

FIGURE 5
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Table 1

PERFORMANCE MONITORING INSTRUMENTATION

(a) Temperature Measurements

Range (oF) Thermowell Probe
No. Designation Name Min. Max. Part Part
) No. No.
1 TO29 (T-29) Outside Ambient Air -10 100 1S4 $53-pP85236
2 T102 (T-1) Collector Array Inlet 40 180 F203018 $57-P50236
(T-2) Water Temperature
k| TD102 (T-2A) Collector Array Differential 0 75 F203uU18 $53-P50236
Water Temperature
4 Ti09 (T-9) Collector Array to Storage 40 200 F203U18 $57-P507236
(T-8) Tank Inlet Temperature
5 TD109 (T-9A) Collector Array to Storage 0 75 " F203U18 5$53-P50236
Tank Differential Temperature
6 T205 (T-5) Storage Tank Top Water 40 200 F2030300 $53-P330
Temperature
7 T206 (T-6) Storage Tank Center Water 40 200 F203U300 $53-P130
Temperature
8 T207 (T-7) Storage Tank Bottom Water 40 200 F203U780 $53-P810
Temperature
9 T421 (T-20) Storage Tank To FFH and AHU 40 200 F203U18 $57-P50236
(T-21) Loop Inlet Water Temperature :
10 TD421 (T-21A) Storage Tank to FFH and AHU 0 50 F203U18 $53-P50236
Loop Differential Temperature
11~ T423 (T-22) Storage Tank to HPU Loop 40 200 F203U18 $57-P50Z36
(1-23) Differential Temperature
12 TD423 (T23-A) Storage Tank to HPU Loop 0 15 F203U18 $53-r50236
Differential Temperature
13 Th4111L0 (T-11) Lo Side F203uU18 S$53-r50736

Supplementary Heat (Boiler)
Differential Temperature

pe



No. - Designation Name Range (oF) Thermowell Probe

Min. Max. Part Part
i No. No.
14 TD411HL (T-11A) Hi Side - - F203U18 $53-P50236
. . Supplementary Heat (Boiler)

Differential Temperature

15  TD427HL (T-27) Hi Side ' F203U7 §53-P40Z36
FFH Circ. Differential Water
Temperature

16 TD427L0 (T-27A) Lo Side - - F203U7 S43-P40236
FFH Circ. Differential Water -
Temperature

17 T425 (T-24) AHU Inlet Water Temperature 100 250 F203U18 §57-P50236

(T-25) .
18 TD425 (T-25A) AHU Differential Water 0 50 F20U18 §53-P50236
. Temperature .
19 T413 (T-12) Heat Pump Loop Inlet F203U18 §57-P50236
(1T-13) Temperature (leating) (Hi side) :

:20 TD413  (T-13A) Heat Pump Loop Differential ' F203U18 5$53-P50Z36
Temperature (lleating) (Lo side)

21 TD513* " Heat Pump Loop Differential ' * *
(Cooling) (opposite of TD413)

22 TD519L0 (T-19) Cooling Tower Differential ' F203U18 §$53-P50236

' Temperature (Lo side)

23 TD51941 (T-19A) Cooling Tower Differential F203V18 $53-P50236
Temperature (Hi side)

- 24 T628 (T-28) . Ambient Temperature Typical 50 85 : - $53-P85Z36
Office . -

*NOTE: Measurement TD513 is the opposite sign of
measurement TD413. No additional sensors -
‘ . are required. However, a separate channel
: is required in the SDAS for TN513.

-

G¢




(b) Flow Rate Measurements

Range (GPM) Model
No. Designation Name Design. Max, No.
25 wiotr (F-1) Collector Array Flow Rate 52 60 MKV-2 1/2-J01
26 w403 (F-3) Supplementary Heat (Boiler) 97 MKV-2-J01
Flow Rate or 100
45
27 W4l0 (F-10) Storage Tank from FFH and 45 55 MKV-2-J01
AHU Loop Flow Rate
28 w41l (F-11) Storage Tank from HPU Loop 52 60 MKV-2 1/2-J01
Flow Rate
29 W12 (F-12) Storage Tank to FFH and AHU 97 MKV-2-J01
Loop Flow Rate or 100
: 45
30 w413 (F-13) Storage Tank to HPU Loop 52 60 MKV-2 1/2-301
' Flow Rate
31 w408 (F-8) Air Handling Unit Flow Rate 35 MXv-2-J01
. or 40
Less
32 w404 (F-4) FFH Flow Rate 10 10 MKXV-1-J01
33 w406 (F-6) Heat Pump Loop Flow Rate 52 60 MKV-2 1/2-J01
34 w409 (F-9) Cooling Tower Flow Rate 52 60 MKV-2 1/2-J01

9¢



. (c) Power Measurements

Model
l No. Designation Name No. .
35 EP101 (KW-1) Solar Collector Pump P-1 Power PC5-14
36 EP105 (KW-5) Solar Panel Refill Pump P-5 Power PC5-14
37 EP403 (KW-3) Forced Flow Heaters Circ. Pump P;3.Power PC5-19
38 EP404 (KW-4) Air Handling U&it Circ. Pump P-4 Power PC5-5
39  EP408 (KW-8) Air Handling Unit (AHU-1) Power PC5-23
40 EP412 " Forced Flow Heaters Total Fan Power (4 Units) PC5-1
41 EP409 (KW-9) Sﬁpplementary Heat électric Boller Power PC5-80
42 EP402 (KW-2) Heat Pump Unifs Circ. Pump P;Z Power ?CS—I&
43 EP407 (KW-7) Total Power to lleat Pump Units PC5-62
44 EP510 (KW-10) Cooling Tower Power Fan fCS—SJ
" 45 EP511 Cooling Tower Pump Power - PC5-19
46 1001 Insolation | PSP

LE



TABLE .2

SOLAR PANEL DESCRIPTION

CONSTRUCTION & MAT

REALS SUMMARY

ELEMENT MATERIAL/SOURCE FEATURES/COMMENTS

Cover 0.10 (n. Plexiglas 'G" Excellent UV and Impact resistance; 20 year proven 1ifetime In
Polymethyimethacrylate Florida without transmission decrease. Maximum transmission
Rohm & Haas (t = 0.92) rigld plastic collector cover avallable. Thermo-

formed covers provide light-welight, stiffness and Improved high
temperature performance. Impact resistance exceeds that of
tempered glass. Widely used for skyllights and general glazing
In many commericel architectural applications.

Alr Gap/Spacer

0.8 In./St1icone Rubber foam and
Polysul fone rod

Thermally stable, low conductivity materials will not outgas at
collector opereting or no flow equilibrium temperatures. -

Absorber Coating

B8lack Chrome electroplate over
nickle
Harshaw Chemical Company

Coating has proven stable optical/radiation characteristics,
3 0 95 for excellent thermal efficiency at reasonsble cost.
< 0.10

Absorber

0.04 in. ROLLBOND CDA 122 COpper The highest efflciency flat plate absorber construction avall-
OLIN Brass Co. able, ROLLBOND Is becoming an Industry standard for quallty,
high performance collectors.
Insulation 2.0 In. Thermax TF600 Polylsocyanurate ~ Tested for two weeks as @ lab oven door: with 350F on hotslide,
closed-cell foam, Aluminum foll-faced 70F on coldside, no warpage, deformation or degradation occured.
Celotex Corporation .
6063 TS5/Aiuminum Extrusion Attractive |ightweight framing of weather resistant aluminum

Frame

alloy normally used for architectural applications. Readily
paintable.

Perimeter Sealant

Architectural glazing tape; closed-cell
foam, sllicone inner, PVC outer, adhe-
sive coated

UV resistant, used similarly for weather seals in coﬁmerclnl
and Industrial glazing.

Backing Sheet

0.025 In. Glass-reinforced Acryllc
sheet .

Tough, weather-resistant, molsture and fungus-proof sheet
protects back of insulation board against mechanical and

environmental damage.

8¢



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 (Z) 50.6 B 46.2 ’46.6 45.6 39.3
Energy Added to Storage (Million Btu) 0.43 0.39 -0.41 1.72 0.28
Auxiliary Thermal Energy (Million Btu) 21.11 . 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) o 39.80 68;22 46.92 53.84 30.21
Solar Fraction (%) : 21.4 26.4 25.7 36.8 71.6
Collection Operational Energy (KWH) - 62 l 89 82 133 167 |
Electrical Energy Savings (KWH) . 113 938 1470 2898 2119
Average Ambieﬁt Temperature (°F) 52 : 43 38 31 51
Average Building Temperature (°F) 70 67 65 .67 68

6¢



TABLE 4

SOLAR COLLECTION COMPARISON

November December January February March

1. Clear Day Insolation Rate (BTU/ftz) | 1889 1768 1925 2189 2229

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

3. Long Term Monthly Insolation (Million BTU) 63.43 56.72 56.71 72.49 83.18

b, Collecfed Solar Energy Prediction (Million BTU) 26.88 25.60 23.20 26.89 30.93
5. Predict£on of Collection Efficiency (%) 42.4 45.1 40.9 37.1 ‘ 37.2
6. A1978—Z9 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.

2 collector area.

Line 3: Computed = line 1 x line 3 x number of days x 2112 ft
Line 4: From ITC "Preliminary Design Report”, C00-2688-2, January 28, 1976.

Line 5: Computed = (Line 4) / (Line 3) x 100

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

Line 8: Computed = (Line 6) / (Line 7) x 100

0}/
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'AUTOMAYIC ARRAY DRAINAGE®"- WHEN COLLECTOR PLATE TEMPERATURE

IS 4OF OR BELOW, Vo AND Vp SHALL CLOSE, AND Va, VB AND Vy AND vgg
SWALL OPEN WH!REUMN THE COLLECTOR ARRAY wiLL DRAIN INTO THE

HOLDING TANK DISPLACING THE NITROGEN CHARGE WHICH WiILL FILL THE COLLECTOR
ARRAY AND THE PIPING ABOVE THE ROOF. WHEN THE COLLECTOR PLATE TEMPERATURE
RISES ABOVE THE STORAGE TANK TEMPERATURE, VALVE Vgy SHALL CLOSE
AND THEN THE REFILL PUMP SHALL BE STARTED AND SHALL RUw
UNTIL STOPPED BY FLOAT SWITCHES MNUMBERLD 1, 2,3 AND 4, AT
WHICHK TIME VALVES Va,Vy AND Vg SHALL CLOBE ANMD VALVES
Ve AND Vp SHALL OPEM. FLOAT SWITCHES | THRL 4 TO BE WIRED 1M SERES.
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WITH SWITCH S-| INDEXED TO "MANUAL DRAIN"

1. VALVES Ve AND Vp SHALL BE HELD CLOSED  VALVES Va Vg, Vee

AND Vi SHALL BE HELD OPEN.
2. PUMPS P-1 AND P-3 SHALL BE INOPERABLE.

WITH SWITCH S-] INDEXED 1O "AUTOMATIC DRAIN AND FiLL*

ASSUMING ARRAY TO BE DRY, DRAINED INTO HOLDING TANK , VALVES
Ve ANDVp HELD CLOSED, VALVES Va,Vs, Vit AND Vn HELD OPEN,

SUBSEQUENT OPERATION SHALL BE AS FOLLOWS:

3. WHEN ARRAY TEMPERATURE SENSED BY T-i1 RISES ABOVE STORAGE

TANK TEMPERATURE SENSED BY T-2 BY AN ESTABLISHEL

DIFFERENTIAL (18° OR AS LATER SELECTED), VALVE Vgr SHALL CLOSE
AND PUMP P.S SHALL START. WHEN SOLAR ARRAY IS COMPLETELY
FILLED AS SENSED BY FLOAT SWITCHES FS) THRU FS4 PUMP P-§
SHALL BE STOPPED AND VALVES VA,Va AND V)4 SHALL BE CLOSED
AND VALVES Ve AND Vp SHALL BE OPENED. VALVE Vgg SHALL BE
HELD CLOSED WHILE VALVES Va AND Vg ARE CLOSING; AFTER

VA AND Vg ARE CLOSED VALVE Vg SHALL OPEN,

4. WHEN ARRAY IS COMPLETELY FILLED AS SENSED BY FLOAT SWITCHES

F31 THRY FS4 PUMP P-| SHALL BK OPERABLE

5. WHENEVER ARRAY TEMPERATURE SENSED BY T-1 IS GREATER
THAN STORAGE TANK TEMPERATURE SENSED BY T-2 BY AN
ESTABLISHED DIFFERENTIAL (18° OR AS LATER SELECTED),
PUMMP P-l SHALL START.

@. WHENEVER DIFFERENTIAL SENSED 8Y T-1 AND -2 (T-| BEING THE
HIGHER) FALLS BELOW AN ESTABLISHED DIFFERENTIAL (3°0R A3

LATER SELECTED), PUMP P-| SHALL 3ToR

7. WHENEVER STORAGE TANK TEMPERATURE RISES ABOVE IS0F.

PUMP P=l SHALL NOT OPERATE

&. WHEN ARRAY TIMPLRATURE SENSED BY T-3 DROPS TO 40F OR AS

LATER SELECTED, VALVES Vg AND Vp SHALL BE CLOSED
VALVES Va , Ve, Vy AND Vgg SHALL BE OPENED WHICH wilL
CAUSE ARRAY TO DRAIN BY GRAVITY INTO HOLDING TANK,

A —

PUMPS P-t AND P-3 SHALL BE HELD OFFT

COLLECTION SYSTEM .

é - V:‘H b-Qlla
g
s
D L_—l
woome]
TIH- stoRAGE TANK
JSOLAR ARRAY
DRAINAGE SWITCH PUMP P.\
J G -
4 4
i
55§§ CONTROL_OF SOLAR ENERGY
<0

YEAR - ROUND OPERATION '

'
2.

3
4.

SWITCH B-2 INDEXES SYSTEM TO "SUMMER® OR"WINTER OPERATION. N

WHEN THE STORAGE TANK TEMPERATURE DROPS TO 70 F OR AS LATER
SELECTED (SENSED BY T-4),VALVES Vr AND Vg SHALL OPEN AND
VALVE Vg SMALL CLOSE THEREBY PERMITTING BOILER TO BE HEAT
SOURCE.

VALVES Vi, Vy AND Vo ARE MANUALLY POSITIONED.

VALVE V-1 SHALL BE POSITIONED EULL OPEN TO HEAT PUMP RETURN
WATER WHENEVER PUMP P-2 |3 NOT RUNNING.

WITH S-2 INDEXED TO 'SUMMER"

S.

©
7
-3

2.

COOLING TOWER OUTSIDE AIR DAMPERS D-| AND D-2 SHALL OPEX,

. MANUAL VALVES Vi AND Vy SHALL BE OPENED, Vg SHALL BE CLOSED.

COOLING TOWER SPRAY PUMP AND FAN ARE MADE OPERABLE.

ON A RISE IN TEMPERATURE TO 85F T-5 SHALL STARYT COOLING TOWER
SPRAY PUMP, ON A FURTHER RISE TO 90F T-5 SHALL START COOLING
TOWER FAN. ! .

V-1 SHALL BE HELD POSITIONED TO FULL FLOW FROM HEAT PUMP
RETURN LINE (CLOSED TO HEAT SOURCE S OF STORAGE TANK { BOILER)

WITH 3.2 INDEXED TO "WINTER®

CONTROL OF HEAT PUMP

—

cooumG

Towen

0.

LOOP SUPPLY AND RETURN

COOLING TOWER OUTSIDE AIR DAMP‘I’RS D4 AND D-2 SHALL BE KELD CLOSED.
MANUAL VALVES Vi AND Vy SHALL BE CLOSED, Vz SHALL BE OPEN. B

. COOLING TOWER SPRAY PUMP AND FAN SHALL BE HELD OFF.
. ONAFALLING TEMPERATURE T-5 (86T 75F ORAS LATER SELECTED) SHALL °

1

GRADUALLY POSITION V-I TO PASS HEAT SOURCE WATER (STORAGE
TANK OR BOILER) TO PUMP P.2.

NOTE 1 :

BOILER CONTROLS, INCLUDING LEAVING WATER TEMPERATURE,
ARE FACTORY INSTALLED INTEGRAL WITH THE BOILER.

, OLTsIOKE I~
4 AR l %
X
]
£
L& -2
RETURN v?—Lﬂ‘:’L*
~m
v-3' T
~ AHU Nt (Room)

YEAR - ROUND OPERATION

. ON ARISING TEMPERATURE T-3 GRADUALLY CLOSES V-4
TO THE COIL.. ON A FURTHER RISE, AND AFTER V-4
FULLY CLOSED TO THE COIL, T-3 SHKALL GRADUALLY OPEN
D-1 SIMULTANEOUSLY GRADUALLY CLOSING D-2. T-2 SHALL
OVERRIDE T-3 TO PROVIDE A LOW LIMIT ON AIR LEAVING
UNIT.

Z. WITH AMU N!) NOT RUNNING , D-I SHALL BE MHELD CLOSED,
D-2 HELD OPEN, AND V-4 SHALL BE POSITIONED TO PASS
HWS THRU THE COIL.

3. T-1, ON LOW TEMPERATURE, SHALL STOP AHU NI, CLOSE
D-i, OPEN D-2 AND POSITION V-4 TO PASS WWS THRU
THE COIL.

CONTROL OF AHU N2}

WWR
] HWS
— —/
AS-2 |
i HEATER N2
-5
(Room)
P-£ SWITCH

YEAR - ROUND OPERATION

1. ON A FALLING TEMPERATVRE T-5 SHALL START
UNIT HEATER FAN MOTOR AND FULLY OPEN
VALVE AS-2.

CONTROL OF UNIT HEATER NE%|

46

? P-C SWITCH ’ -

6 *1-FORCED FAN HEATER

As.‘.)'%
L

T-4
(Room)

YEAR - ROUND OPERATION

. ON A RISING TEMPERATURE T-4 SHALL QRADUALLY
POSITION AS-l TO BYPASS COIL. WHEN AS -I
IS FULLY CLOSED UNIT FAN SHALL STOP.

CONTROL OF :
FORCED FLOW HEATERS FFI THRU 4

|
HPR—y [=KP3

| b~ HEAT PUMP UNIT

L

EACH HEAT PUMP UNIT SHALL HAVE FACTORY INSTALLED
INTEGRAL THERMOSTAT, AUTOMATIC MEATING /COOLING
CHANGEOVER FEATURE , OFF - Hi- LOW SPEED SWITCH AND

PROVISION FOR RANDOM STARTING OF THE UNITS. AFTER
THE OCCUPANT HAS SELECTED TME DESIRED SETTING ON
THE THERMOSTAT, THE UNIT WiLL PROVIDE HRATING OR

COOLING AS NEERDBED TO MAINTAIN THE SET POINT.

HEAT PUMP UNIT CONTROL:

REV. DESCRIPTION

DATE] SHEEY TITLE

TEMPERATURE CONTROL DIAGRAMS

DATE w77 | WEST CHESTER WORK CENTER

SCALE
NONK

DRAWN 8Y
Gew

BELL OF PENNSY LVANIA
ONE PARKWAY
PHILADELPHIA, PENNSYLVANIA

SHEET NO.
A SOLAR ENERGY
PROJECT IN COOPERATION M - 5
WITH THE ENERGY RESEARCH

AND DEVE LOPMENT ADMINISTRATION | JOB NO.
000092-S
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- B OA "WTAME —-—.B
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NOTE: NO

WMOALANG MAINTENANCE
LADDER SHALL

|

NOTE: ALL MECHRANICAL AND ELECTRICAL
NOTES, PAPIWNG ETC. ARE TYPWCAL FOR
B|WOTH ROWS OF SOLAR PANELS

l
|

17y
suova wam defFr THRY ROOF

ELECT.CONTRACTOR

W OOMW

Ve PROVIDED
[ ne SOLAR TNERGY COLLECTORS (Z ROWS) —d
Lo 7 . 7% K- Xa. oXe- X7 X oXom oke- ole- oL Xe. ot
[Z'CONDunT 34 4 T° CONDULET wiTit

Z CONDUTT DOW/MA THRU

2
ROOF. PROVIOE FLASWED : VAGED nus Saneo

LANK COVER. («rv&‘cau)

INBULATED Piw»qQ.
smopoe sy gwaer [
EAPANBITN JOVMTY

U6 MANUAL AIR PURGE e Dow

) 1YY MITROG BN Line SELFLOAT SWITCH |
[k ' DHTHGU 0P DETAIL OM BECT. A=A -
' r _ ryoaT| swiren - .
n=am=; »
BLoME swe YT SLoML SwS v —y——1 BLIST WS YI/FT. [
= L TV ROOS
- ) ' ('i;.)- 1°Swa DN
i ~
f'xiyan'/a’e BART_E
bbb OIS

MAINTAIN Y8’ CLEARANCE
OVER INBULATION JACKEY

xeq

1" INSULATED SwWR

AN - @' u-BoLY (2" ROD)
z sTEEL PLATE ] W
TED TO ANGLE s,

FRAMC SADpLE
WELD KinDORF Eso 223 17272 12" KINDORF
CHANNEL TO B b . P 12 QA.
STEEL PLATE ~ CHANNEL ¢ B-900 (12 GA.)
. \ SEC MPT SUPPORT DETAIL
SLOTTED BOLT HOLES N
IN STECL PLATE
\ R HOSE
CORRUGATED xg'sTEE\. ¥
METAL PANEL—*] WASHER A
MECPRENT GASK! & COLLECTOR MANEL
e \
3222 ¥4 L _WELDED A\
OETWEEN VERTICALLY 4 vl v N
INCLINED 4L'S a'x3¥a'xYae A
L— 2y ava’s e A\

IYPICAL RETUORN CONNECTION
AND PIPE SUPPORT
sScCALE: 3"v1'-O"

NOTE: PITCH ALL PIPING
TOWARD sSupPPLY HEADl:n/j SLoPE

PETE'S PLUG
M. Erars. AT TER

/ ¥e’ BALVALVE INDICATOR

COLLECTOR

PITCH OOWN _————————
sURPLY rz'/rr

TYPICAL SUPPLY CONNECTION
- : SCALE: I*%: 1-0" -

KINDORYF #C -756G PORCELAIN

"' HosE UP To

X O
FISHER TYPL 2O 178’ aiTacasn
ALTO. VAT TRA® KA MRS ELBOW
.

MOT

FLOAY SWITCW DRTANL
OCLLURD ONLY 4
TMLE: SET PATT WOOF
PLAN FOR LOCATIONS

. 1%~

12 GAVOR STTE.
FLANGED SAStve

4

MIULATED COPPIR MimgE

BRAZL COPPER
COUNTERFLASHING
HOOD TO MIPFE

COPPER FLASHING

INSULATED COPPER Mg

DETAIL OF INSULATED PIPE

THRU THE ROOF

COLALELTOR ™A WG

SECTION "A'-"A°
Y2 }'-0" &

SCALEL:
NEOPRENE GASKETS

ANGLE ﬂuuz-.l
Y4" STEEL PLATE BOLTED
TO ANGLE FRAME —

WELD RINDORS CHANNEL
TO STEEL PLATE

\.i'aw.s oR SWR
WITH 2° INBULATION

- Ye©

& U-BOLT (Y2" ROD) 325 3% e Kee:
1Y % 152 WINDORE CHANNEL
® B-900 (12QA)

KINDORF ¢ .-75¢
PORCELAIN SADOLE
SLOTTED BOLY HOLES

IN STEEL PLATE

NOTE: MIPFrE SUPRORY DRTAIL 'S
TYPICAL FOR SURPLY AND RETURN
PIPING. SUPPORTS TO BE
ON 3'-0" CENTIRS,

PIPE SUPPORT DETAIL
NO SCALK

GOLZ & WICK
CONSULTING ENGINEERS
TR

ABOCIA
L W WUST A W. SUZZARD L O MR
- PHILADELIMIA. PRNMSVLYANIA

DETAIL
NO SCALE

NO SCALL

IA.

N CORMUGATS!
UM VD RAFO!
AND BOTH BN

D METAL SADANG
MATONTALLY (BACK
o)

D Y3 17
Q N 1” NIWLATED SWR

PIPE SUPPFORT, - SEE DEKTAN

Vo At

e ——
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va\u STANDARD ux'\‘;”g s
RADE  ALUMINMUA. DR R, 14 X
o wirn seeciaL Tom Atu\vrl/ﬁ \-DNG
\ ENGAGE | ANGLE
: S ACRVK.E OF CO\.\.IG‘\’O. &-'KVQ
WELDED STEEL ANGLEN ’ \ .
FRAMES OM CENTERS \\ .
con = ' \:n'.\t'.h' \\
PAMELS. SUBM T AN \
. N, N
N
! m\\\uti . )
N
N Y \ COLLECTOM PANMEL
u=c's Y | . .
\
] -
)
LYY V2
COPT HOMZONTAL A
ANGLE . DETAIL ‘A’ .
1 .
& MM
GAGE LieC !
| Z7COMDMNT  BY ELECT. CONTR.
! o SEL PIRE SUPPORT DETAIL
wPronTs &/ I
“ERS HEH wai'tb
3% I | : |I ~SAKTAL § 1DVeacy
f
b o WL OSSR
= A}
WA W £ [ R €] . NCLINED &'S. DRILL
. P i L We WEEPWOLED 12°0.C.
! 1
[ Hl
— e :I
ry ]
1]
» N THRY
Fytiel sgrioiiiy ||| \gg‘o_'ﬁ‘r-sxg‘_ FOR_ IMBULATED
N INSULATED SWS
CQ\.\.EW
i .
-——BUILT-UP ROOFING :
X NOTES ¢
—_——
TREATED WOOD BLOCK 1NG I. CORBUGATED METAL SIDING MUST BE PROVIDED AND ATTACHED
TO VERTICAL AND HORIZONTAL MEMBERS, SIDING TO B
RURS 1N HORIZOWNTAL DIRECTION.
2. PAINT CORRUGATED METAL SIDING AND ALL EXFOSED METAL
AND PIPING ABOVE THE ROOF WITH ONE COAT PRIMER
AND TWO COATS MABR ™A -SAA FLAXSEED SNAMEL
3. ALL BOLTS ARG We P ABTAL ATIOT WITh NUTSE.
. 4 STRUCTURAL STERL: ASTAM A 3&
S, consTRUCTON:
A) ANGLE FRAME TO BE ERECTED WLUNMB
b TEMPORARY BRACING 1N LOMGITUDINAL DIRECTION
b SHALL BE PROVIDED PRIOR YO INSTALLATION OF
N METAL SI\DING.
€) COMSTRUCTION SHALL COMFORM TO A.BC. 7T GD.
CoOLLELTOR
)
e’ STEEL WOoLT
CUT OUT UPRG LEG
LOCALLY IF NGB xg son
HOSZE CONNECTOW
AH——— PAMEL DLPPLY
274V e V8 W Bzrv.e:
Q‘Y\E.AL\Y \NE\\.-\H -
BUPPORT AND ALIGNMEMT. bw\\.\.
WE® WEEP HMOLRL ZO.C I
ST PR MTY OF THE BELL TELEPHOWE COMPANY O.F_M'\
WEST CHESTERWORKCENTER BY -7
MATL
THE WRIGHT/KLETT ASSDCIATION - ARCHITECTS
433 _OLD YORK RO. Paen o e ’A
T OFFICE. ¢ STORAGE  |PART._ROOF AN |/ ,!
- inlaie BUILDING COLVLECTIOR  DETAILS |IQilikriuee)
'“‘"M""‘“Gcw PAINTLD | EXXIETETD 7¢ |




ATC PANEL N°I

TYPICAL FOR | LOCATED IN MECH. Rt. 7

~ — -
' BM @
| DA | 5£7 70°
P31 307

| (EFFECTIVE SWITCHING DIFFERENTIAL * 3°)
|
L ® e

*

"'6'1..?51"_&_______ —— — —
L= 7]

STORAGE TANK
TEMP.

POS.I -WINTER
P0S.2- SUMMER

HEAT PUMP SUPPLY
WATER TEMP.

Y &
DA
RA SET 75°
@ Pe=2Y2 %
SET 85°
PB:10%.
18 ]
19 ]
O [-]
R W B

®

SET TO MAKE R TO W AT 8# (85°)
(WiLL BREAK ATG#, 81°)

w9
R 9 (21 ]
8 o

SET TO MAKE R TOo W AT 028 (90°)
SET TO BREAK AT 572§ (80°)

REFERENCE HONEYWELL DRAWING N2 9I6~76704-2X1

LOCATE NEXT
To ATC PANEL
N |

|
|
]
|

1
|
NG — k) |
soLeuoo \/A\.ves SOLEWOID VALVES r_ol,_G’_N_&)._ HWS i
. Asco 8246 e ’ N |
“r l Y :;;PM |
w ¥ 20' HD
8 [ |
I o el e !
4 R : FFH-1,2,3,4
] ; - !
3 2 —(it—( l—t\_‘)—de- HWS |
’; é ; ::-EPM |
. \ 20' 1D |
X COOLING TOWER |
/ |
i
- |
- TN
B [ yr T+
RoOF me] . ‘ ROOF LINE ' . @ NC @ I
” = L3 R T m s-io® |
—— F—-— ! (Ul !
@) ! ' ' 208/60/3 _J
\ 4
el o | e Waaniz
. _' | . | l | . _l T T" D2) NG M2
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_ . - l : ' SPRAY PUMP oA
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_ R 1T o ! ]
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| |- e BB e |
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H e ! i € TANK [ |
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HOLDING TANK $0' HD o N 4 |
T A |
L ; 7
5.23-79| RELOCATED AAu VALVES
4 3077 ADDED  SOLEMOVD  VALVES
: REV.] DATE REVIBION
! . —T——
! COMPOSITE CONTROL DIAGRAM T |otc.13, 78
WEST CHESTER WORK CENTER NO SCALE
v MATLACK STREET
i 1| WEST GOSHEN TWR, CHESTER CO, PA. | =™
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™ FLOAT SWiITCHES
° RS-} THRU 4
. : L A BhE i@
ATC PANEL N°i N U a2 — ?‘——]' (s bELAT)
| 1 — y
TYPICAL FOR | LOCATED IN MECH.ROGM 7. . ) & == Q) = L
: A : ?woguv) \&/ b d
SET S MIN. A (on pELAY)
20V. GO HZ
__.___.lsuc" W [~ SRE. 10, PNL.2 “r-1- Ly TO6 ouL's
. Ty o tumua e Bl o @—@ H—t— N
wHITE - | 2 ] (MAKE ON RISE) FILL PUMP CONTROL VALVE VB CONTROL .
. [ IE - 3 .
3 —{ 2 + ¢ 31 SR FILL PUMP_CONTROL DIAGRAM T
; . = F r T ¥ " - )
| A 3% e — & et Teml ev-e -4 : .
: % mJ | 7 F—— / \pdup P-\ sTaQTER o ! Lo
o 29 1—_—@ | 2 F— 1 L | ofF pELAY 1 © r?é?
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- £\ é
. |14 — DELAY FOR ARRAY EXCESSIVE FILL PUMP | . > &
. — SRaas 5 } Ep-i EILLED ALARM T RUN ALARM N ;L:AiTTi:IJC:tS (oFFDELAY)
2 . I3 - - - )
T ORANGE TIME DELAY 1 } PUMP P-2 STARTER H . (DA Ix) —_——— oUs
— i [ ] P, + N
ON DROPOUT o - )
BLLE SET S MIN, 18 COOLING TOWER PUMP STARTER -}~ 7 autast con L, © o .
9 F— q : LaTCH coi A TDI-4
5{ BLUE |20 | } COOLING TOWER PUMP STARTER ! I | \ i (OA )
2| p—— |
22 | ! | l aTcoiig muLay 3
’ : s | ! i
D) . @ 22 L __!;J Qo Bukete) COLLECTOR PUMP CONTROL DIAGRAM 1L
|24 ;
FACTORY SET: ° ™ % O
PUMP ON AT AT =18°. 221 ARRAY FILLED I PR
PUMP OFF AT AT = 3° fze }b—— TATARRMTTT O
Py F22 } T ARRAY
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| 30 e ees
r__-4 A 31 }Tz TANK S - S (cost imort)
2 32 —— r————— - - == — e ettes it Ay -
> e ARRAY . ) Ao e ey
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o @ . A. STAT e — — —— DRAIN DOWN CONTROL DIAGRAM TIT
ORANGE. LA )
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YELLOW ’ W
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E Y '
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A ' : WEST CHESTER WORK CENTER NG SCALE

MATLACK STREET Snmend
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WEST GOSHEN TWR,CHESTER CO,, PA. [
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PULADELPAA, PENNSYLVANIA
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NOTE: NO ROLLING MAINTENANCE
LADDER SHALL BE PROVIDED

H e

NOTE: ALL MECHANICAL AND ELECTRICAL
NOTES, PIPING ETC. ARE TYPICAL FOR

SOLAR TERNERGQY COLLECTORS (Z ROWSE) -{
EAPANSION FITT jIYY CONDUT (2. N !
/ A |
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METAL PANEL:
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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
ANY PURPOSE, INDEX THE SOLAR ARRAY SWITCH S-1 TO
"MANUAL DRAIN". THIS WILL OPEN VALVES V,. Vg, Vg,
Vgg AND THE SOLENOID VALVES AT THE TOPS OF THE
ARRAYS, SIMULTANEOUSLY CLOSING VALVES Vg AND .Vp.
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 HOLDING
TANK SHOULD BE APPROXIMATELY 4 PST.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.

B-1.
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AUTOMATIC DRAIN-DOWN 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)

THERMOSTAT T-4 IN THE STORAGE TANK,
R-~5 WHEN THE TANK TEMPERATURE RISES TO 190F.
THE RELEASE OF RELAY R~5 (A LATCHING-TYPE
RELAY) WILL OPEN CONTACT R5-2 WHICH DE-
ENERGIZES RELAY R-1 CAUSING DRAIN-DOWN.

- SIMULTANEOUSLY, CONTACT R5-1 WILL CLOSE,

LIGHTING AN ANNUNCIATOR. R-5 WILL REMAIN
RELEASED UNTIL MANUALLY LATCHED BY PUSHING

THE RESET BUTTON. THIS IS TO PREVENT AUTOMATIC
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 TEMPERATURE HAS DROPPED TO
APPROXTMATELY 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 DRAIN-DOWN WHEN THE
COLLECTOR PLATE TEMPERATURE DROPS TO 4OF.

o)) CONTROLLER C-1, CONTACT Cl-2, WILL DE-ENERGIZE
" RELAY R-1 AND CAUSE DRAIN-DOWN WHEN THE FOLLOW-
ING TWO CONDITIONS OCCUR SIMULTANEOUSLY:

(1) THERE IS AN INSUFFICIENT DIFFERENTIAL IN
TEMPERATURE BETWEEN THE ARRAY AND THE
STORAGE TANK (PUMP P-1 WILL NOT BE
OPERATING) . | | |

(2) THE OUTSIDE TEMPERATURE IS BELOW 45F.

THE DRAIN-DOWN STATUS IS SUPERVISED BY FOUR ELECTRONIC
LIQUID LEVEL SWITCHES ABOVE THE ROOF AND TWO FLOAT
SWITCHES BELOW THE ROOF WIRED THRU THE CONTACT OF
TIME DELAY RELAY TD5 TO ENERGIZE RELAY R4, THE
OPERATION IS SUCH THAT AN ALARM IS INITIATED IF
DRAIN-DOWN IS NOT ACCOMPLISHED WITHIN THE TIME
PERIOD ESTABLISHED BY RELAY TDS. THIS ALARM IS SENT
AUTOMATICALLY TO A REMOTE OFFICE. | ‘

ADDITIONALLY, THE ARRAY WILL BE DRAINED WHENEVER
THE MANUAL/AUTOMATIC DRAIN SWITCH IS INDEXED TO
"MANUAL DRAIN".
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NORMAL SEQUENCE OF OPERATION

1.

ASSUMING THE ARRAY TO BE DRAINED AND SOLAR ENERGY
BEINC 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 fO ENERGIZE RELAY R-1
WHICH OPERATES RELAYS TD-3 AND TD-6 AND STARTS REFILL
PUMP P-5. AN AUXILIARY NORMALLY OPEN CONTACT ON THE
STARTER FOR P-5 OPERATES TO ENERGIZE RELAY EP-1
WHICH IN TURN CLOSES VALVE Vgp 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 FILLED ARRAYS IS SOMETIMES
ERRONEOUS, THE NORMALLY OPEN AND NORMALLY CLOSED
CONTACTS OF THE FLOAT SWITCHES ARE USED TO CONTROL
THE SOLENOID VALVES AND RELAY TD-3 TO MAINTAIN THE
FILL PUMP P-5 IN OPERATION, WITH VALVE Vg NOW CLOSED,
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

B-4.
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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 APPROXIMATELY FIVE MINUTES. DURING THIS
PERIOD, EXCEPT FOR MOMENTARY BREAKS AS NITROGEN
ESCAPES PAST THE FLOAT SWITCHES AND SOLENOID VALVES,
COLLECTOR PUMP P-1 IS OPERATING AGAINST CLOSED VALVE
Vc. WHEN RELAY TD-3 TIMES OUT, ENDING THE EXTRA
PERIOD OF ARRAY FILLING BY PUMP P-S,IPUMP 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 EP1ll WHICH

IN TURN WILL OPERATE TO CLOSE VALVES V,, Vg AND Vy,
AND OPEN VALVES Vi AND Vp THUS PERMITTING COLLECTION
OF SOLAR ENERGY. IN THE EVENT THAT THE SYSTEM HAD
NOT COMPLETELY FILLED BEFORE RELAY TD6'ﬁAD TIMED
OUT, PUMP P-5 WOULD AUTOMATICALLY BE STOPPED AND A
-CONTACT WOULD MAKE TO SEND AN ALARM TO A REMOTE OFFICE.

B-5.
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TIME DELAY RELAY TD2 OPERATES TO HOLD VALVE VEE
CLOSED TO PREVENT BACK DRAIN INTO THE HOLDING

- TANK WHILE VALVES V AND VB ARE CLOSING. WHEN TD2

A
" TIMES OUT EP1l 1S DE-ENERGIZED AND Ve OPENS.

THE CONTACTS OF FLOAT SWITCHES FS-1 THROUGH FS-4
: fHAT CLOSE ON WATER RISE ARE SERIES CONNECTED AND
PERMIT OPERATION OF COLLECTION PUMP P-1 WHEN THE
ARRAY IS FILLED.

WHEN THE T-1 TO I;Z DIFFERENTTIAL 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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