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ABSTRACT

This document reports on the test and evaluation stage of 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. 14
The building is located at 966 Matlack Street, West Goshen Township,'Chester
County, Pennsylvania. Functionally, the building consists of two sections: An
Office and a Storeroom. The Office section is heated by solar—assisﬁed water-
to—-air hgat 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 a
back-up electric boiler. The system includes 1900 active (2112 gross) square
feet of flat-plate solar collectors, and a 6000 gallon ahove—ground indoor
storage tank. Freeze protection is provided by a gravity drain-down scheme

combined with nitrogen pressurization in a closed circuit.

System operation dufing the 1977-78 heating season disclosed some major deficiencies
in both the design and installation of the system, wﬁich caused the system to

freeze and required it to be shut down for prolonged periods. Severa} major
modifications and repairs were undergone during 1978, as detailed in this

report. : *

System operation during the 1978-79 heating season showed noticeable gradual
improvement. Operation during February, 1979, which included a 15 day stretch
of continuous.subfreeéing weather, was quite satisfactory. However, there is
room for further improvements aimed at minimizing maintenance requirements

and maximizing energy savings.
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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 consisting of
generic drawings and specifications. Those drawings wefe included as Appendix A

of Reference 9.1.

The solar hgated building is one of two buildings situated on a five acre lot
(Figure 1). It is T-shaped (Figure 2) with one axis running south to mnorth.

It consists of an Office section at the top of the T and a Storeroom section at

the sfem 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 9.1. The generic drawings and specifications were

revised to reflect engineering changes and additional detailing necessary for
guidande 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.
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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 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

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

Foliowing éompletion of the system installation, it was placed in operation for -
the first time in Oétéber, 1977. ﬁowever, many difficulties.were encountered,
necéssitating prolonged shutdowns during the 1977-78 heating season and ;he exe—~
cution of major modifications over a period of several months. For this reason,
it was necessary to postpone for one year the issuance of this report, which

was initially intended to cover only the first six months of system operation.
Thus, this report deals with the operational history over two heating seasons,
from October 1977 through March, 1979. It provides details of what had to

be done to improve the system operation and evaluates its performance.

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.

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

43 ft.) is heated by a conventional fan—-coil unit which uses

solar heated water; backed up by an electrical boileriaé needed .



2.1.3.

©2.1.4.

2.1.5.

2.1.6.

2.1.7.

2.1.8.

2.2. System
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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.

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 éighty-eight flat plate collector

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

ft. and the effective collection area is 1900 sq. ft. The

panels are installed facing true.South, tilted at 55° from

horizontal.

Thermal energy storage 1is provided by a 6000 gallon capacity

tank, installed above ground in the mechanical roém.

Auxiliary heat is provided by an 80 kilowatt electric boiler,

incorporating five elements of 16 kilowatts each.

Heat rejection during the cooling season is provided by a

closed circuit cooling tower located in the mechanical

room, connected witﬁ‘outside air intake aﬁd diécharge ducting.

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
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"Holding~tank” 1is 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 resump~-
tion of solar collection, this water 1is transferred to the
collectors by the activation of the "Refillvpump". : T
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 ofiwater fed to the heat pump
units is regulated by_a mixing valve uhich mixes water heated
by the“electricvboiler with storage water to produce the'70°F
minimum temperature;required. The';Cooling touer" 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
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.

2.3.2.

:2‘. 3. 3.

'20.304-

2.3'5.

2.3’6.
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Differential Temperature Controller: This is used to

‘initiate the eequence‘forhcollection of solar energy when-

ever it senses a set temperature differential of 18°F bet-.
ween a typical absorber plate and water stored in the main -
tank. It will also act to shut down the solar water pump

whenever the temperature differential drops below 3°F.

AFour'fleat switches: ~These are ldcated just'above the solar

collectore»and serve to shut down .the - refill pump and activate

the solar water pump - when they sense that all collectors have

been refilled.l

LOWulimit 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 be-

low 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. °

Heat pump loop temperature sensor: This sensor acts to position

an automatic valve that mixes heated water with return water,

80 that the temperature of the water supplied to the heat pump

units is controlled at 70°F.

‘Heat pump units controls: Each of these units has its own

integral thermostat to permit setting by the occupant of each

office as desired;




Pége~8
2.3.7. Storeroom temperature controller: This is a wall-
| mountea thérméstét‘ﬁsed té position a three-way valve'A
whiéhisupblies‘wa;er to the‘céil in ﬁhe”aifhhandiing'dﬁit..
' It_is also uséd to pséttidﬁ‘oﬁtside aif and-returnvair

‘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, 1s 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 IRM~Huntsville, the instrumentation required to moni-

tor 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

appeafs in Table (1).

In addition to the ERDA instrumentation, Rell installed a parallel read-
out for 30 temperature measurements using thermocouples connected to

"Series 400A Trendicators” manufactured hy Doric Scientific Division of

Emerson Electric Company.

3.0 "OPERATIONAL HISTORY

As stated in Referen;e 9.2, this solar system was put in operation in October,
1977. During thglearly part of the_1977-78 heating season, when outdoor temper-
atures selﬂomiwent below freezing,‘thefé were very few opergtional p;oblems,

As the Qeather'got col@er, we began_touexperience,océasions"when the system

would not drain automatically at the end of the day.



Page 9

As shown ;n Section "A-A" qf.drawing ;A-lo-l"ﬂaﬁd in drawing "M~5" (Appendix A), .
there are f;ur ;Fisher No..30" éutomgtic.ventlvélves conneéting the highest
point'of eaéb.of four solar array sections to the nitrogen lines. These valves
were inténded to prevent water from entering the nit?ogen‘piping during éystem
operation. At timés when the outdoor ambient temperature was below freezing

and the system:did not drain, it was discovered that drainage could bé‘accomplished
by applying heat, using an acetylene torch, to the vent valves. Thus, there

was evidence that ' a freéze-up of Wéter'vaﬁbr”within the valve porté was causing
the problem. - In mid December, 1977, it was decided £0’heat—frace these valves

by wrapping electrical heat tape ;round'them. However, before this modification
was implemented, we experienced our first freeze-up damage ;6 the collector

panels.

On Decambef 27, 1977, the first workday following a 3~day weekend during Which
the outdqbr temperéturé plunged ﬁnexpectedly to‘as low as 17°F, two leaky panels
were discovered by noticing 1cic1es hanging underneath. Reéo?ded data, feceived
later from'IBM (Huntsville), convinced us that the system could not be fefilled
completely with water, when the refill pump started automatically in response
to adequate insolation on December 26, 1977. The data showed that although the
refill pump confinuéd'runnidg for 7.5 hours, water neéver reached the level of
all four float-switches, which would have caused automatic shutdown of the
refill pump and activation ofvthe main circulgting pump. It became quite
evident that at least one 6f the four veﬁt Qaives.must have been blocked by
frozen moisture in its port, thus preventtng‘the nofmal transfer of nitrogen
from the panels to the holding tank. This event necessitated a shutdown of the
system between December 27, 1977 and January 24, 1978, which was the time |

required to implemeﬁt'the heat~trace installation.
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Within a few days fqllowing the'reactivation of the system, several additional
panels started to leak, indicating that the freeze problem had not been
~eliminated. On February 3, 1977, it was decided to shut-duwn the system and

conduct an extensive investigation.

Upon dissambiing several of the hose connéctiohs between the supply headers and
individual panels,.it was discovered-that some résidual water éxisted in theée
connections several days after the system had heen drained. These connections
had been installed with a minimal slope and they incluﬁéd a device called
"Balvalve-indicator” manufactured by Gerand Engineering'Compahy;= This device
provides the capability to measure and ad just the flow rate through each
individual panel. It can also be used as a shut-off valve. Close examination
of this device disclosed that (a) it contains a small (3/16 inch) sharp édgéd
orifice, (b) parts of the device which protrude through the insulation, thus
conducting heat to the ambient; are in the immediate vicinity of the orifice.
There was a strong suspicion that the minimal siope of the connection and the
existence of the Balvalve were Eausing blockage due to ice formation, tﬁﬁé
préventing normal operation of the system and causing some panels'tb freeze and

leak.

Following a period of several weeks, in which we studied thé alternatives évaii4i
able to us to remedy the problem, it vas decided to modify all 88 connections”'
between the supply headers and each panel, as shown in Figure (4), to accomplish -

the following: ‘

1. Replace the "Balvalve-indicator” by a simple shut-off valve, to be
installed ‘vertically.

2. Maximize the slope of the connection in the direction of the header.
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An al;ernative, which had been;considered, was to leave the plumbing as-is and
apply electrical heat-trace to all ;onnectidﬁs."WHile’this approach would have
been less costly than the plumbing modification, it was rejected because‘af low
reliability. It was feared that any power failure or accidental break in the
electrical circuit would nullify the protection against freezing. Aléo,'this‘
alternative would have somewhat increased the usage of electrical power needed

to operate the system.

To further safeguard against possible freeze-ups in the future, the drain-down
control system was modified by adding an outside air temperature sensor, which
acts to’iﬁitiaté drain—doyn whenever the solar collection pump is shut down
automatically while the ambient temperature is below 45°F. Prior to this
modification, drain-down occurred only when.a typical abhsorber plate temperature

4droppédybelow 40°F.

The above'modificatfbns were completed by April 20, 1978, and the system resumed
normal operation for the short time left in the 1977-78 heating season. However,'
several leaky collector panels were valved off individually until they could be

repaired or replaced.

Another problem we confronted had to do with buckling in about one-half of the
flgt'edges in the "Rollbond”, absorber plates. Both Heliotherm, the collector
manufacturer, and Olin Brass, the absorber plate manufacturer, attributed‘the 5
buckling to the freeze-up of water within the flow,passages. Bell of Pgngsyl-
vania was not convinced that the freeze-up was the exclusive cause of the
buckling, because it occurred at random. Bell commissioned a study of this
phenomenon by the Franklin Institute Research Laboratories (FIRL), which
concluded that the buckling resulfed from both the freeze-up and inadequate.

allowance for differential expansion in the collector assembly. FIRL recommended
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that the screw holes which fasten each absorber plate to its frame be-enlafged

to permit some relative movement due to teﬁperature variations.

Duriné the 1978 summer season, the Department of Energy (DOE) Project Manager
and his éonsultants participated in analyzing these'proplems and atténded‘é
site meeting on August é, 1978, with reprgsentatives of Bell of Pennsylvanig,
Golz and Wick, Hummel Engineering Corporafion;‘Heliotherm aﬂd Olin Brass. AE
this.méeting, decisions were made to introduce f;rther modifications to improve
the system operation and reliabiliéy. Details of these modifications are

discussed in Sections 4.4 through 4.9 of this report.

:During the 1978-79 heating season; the system was operated in thé manual mode
through January 8, 1979, pending completion of a thorough check—but of its
controls. Between January 9 and Marchv3l, 1979, the operation of the system,

in the automatic mode, waé safisfactory, but there were minor ﬁroblems'associated
with lack of‘stabiiity of the volume of water containgd in the holding tank.
There was also soﬁe cycling between the refill pump and main circulating pump

af the start of daily solaf'collectioﬁ. Anothgr problemaencounfered was
occasional d;ain;down of ﬁhe system at times when insglation was adequate_fér ‘

continuation of solar collection.

4.0 SYSTEM MODIFICATIONS

Operation of this system disclosed several“defigiencies, which reqﬁired certain
remedies to improve its reliabiiity and/or efficiency. A discussion of these

items, in chronological order, follows:

4.1 Heat-tracing of the Vent Valves:

This improvement was the first one introduced becaﬁse the need for it was

quite evident from the fact that heat from an acetylene torch was occasionally
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needed to“force the system to drain'oq ce;;ain_gays, when the ou;dodr
temperature Qas below freezipg. What waskdoné physiéallylwas to. wrap
glectric resistance wire around each of four float switches and automatic
vent va1§e3.4 These assemblies were then enclosed within tﬁolinsulatéd
boxes to minimize anyvioss of heat to the cold §utdoor ai;.sﬁfrounding
them: Thermostatic surface-contact elements were p;ovided to energize the
heafers as needed to maintain the vent valves at a.ﬁinimum tgmpératﬁre of

@édF at all times. The cost of this improvement ﬁas $4195.

4.2 Plumbing Modifications:

As discussed in Section 3.0, this modification was necessitated by the
‘occurrenée of freeze-ups'even after tﬁe vent valves were heat—traéed.
Physically, it involved extensive rewérk of all the connectionsAbetWeen thé:
supplylheaders and each panel. As shoﬁn in Figure (4), the "Balvaive-
indicators”, which pefmittéd the measurement and ad justment of the.water~
flow rate to each individual panel, were eliminated. The loss of this
caﬁability was reluctantly accepted, sacrificing some effiqigndy fof.ﬁhe i
sake of improving reliability. We shall never know whéther i; Qoﬁld'ﬁave
been'enbugh to just repésition these devices in a vertical pos;tion, in
lieu of eliminating them altogether. But, following a bad experience, the
tendency 1s always to be ultrafconservativg. In ofder to‘permit'valving-
off individual panels in case of trouble,,butterfly.valves were installed
iﬁ“a vertical position at each branch cénheéting the4supp1§ header tb'a’
panel. The re-worked plumbing was re-insulated, with the additional |
provision of a second layer of insulation around the area of the:valve

stems. The cost of this improvement was $11621.

4.3 Drain Control Modification:
' This‘modification was Introduced as an édditional measure to protect against

freezing. The original controls called for the cessation of solar energy
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collection when insolation is below the 1eve1'required to.maintainra 3;F
differential between the absorber plate surface and the storage water. |

This was accomplished by de-activation of theﬁcirculation pump; leaving the
water in‘a stagnant condition within the collectors and outdoor piping~

until the absorber plate surfacé éemperature drops below 40°F, thus'initiating
'za:drain—down. A risk inherent in this procedure is that some elements of

the outdoor piping may freeze before the absorber plate‘ttherature sensor
has had a‘chance to drain the‘sistEm{ To nininize‘Such.risk, we uroceeded

to add an outdoor temperature sensor, which acts to drain the system whenever

the solar collection pump 1is inactive while the outdoor temperature 1is

below 45°F. The cost of this Improvement was $599.

4.4 Cycling of Heat Utilization Pumps:

Reference to the "Flow diagram” in sheet "M=4" of Appendix .(A) shows 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, regardless of the need for heat by the

1 Y.

equipment served. It was~later'deternined that by confining the‘actiuation
Of‘these two pumps to ;eriods when the equipment served bylthem-need heat,
we would not only save oump operational energy,"but also minimize the
undesirable addition of electrical heat 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 unit'
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" 1if the coil temperature drops below 40°F. The‘modification
to punp'"P3" control was to activate it whenever the outdoor temperature

-

falls below 55°F. The cost of this improvement was $1531.



%t

_Page 15

4.5 Valve Sequence Improvement:

The gélar collection loop controls iﬁclude two sets of pneumatic valves:
Qne set, VA and VB’ connect the collectors to the Holding Tank and the
other set, VC and Vps connect the collectors to the Storage Tank. The

initial system control was such that while one set of valves 1is closing,
the other set starts to open. That procedure created a situation where.the
two tankg become interconnected for a few seconds, resulting in some
migration of water‘in one direction or #nother depending on which fank-hgd
a momentarily higher pressure. This situation was espécially bad in case
the water quantity in the Holding Tanﬁ begame inadequate fo refill the
collectors completely. Under those circumstances, the refill pump wouldd
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. The cost of this improvement was $632.

"4.6 Drain Malfunction Alarm:

Due to tﬁe fact that this system is left unattended most of the time, it
wag deemed advisable to be able fo transmit an automatic alarm, around the
clock, in case ;he sysfem does not drain'when it should. To accomplish
this, it was necessary to provide water level sensérs in six out of eight
risers connecting the collectors with the holding tank. These water level
sensorslwere iﬁstalled to sense whether the Qater level has dropped below
the roof when insolation became inadequate for collection of solar energy
while the outdoor temperature was below 45°F. 1In 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 alamm would cause a serviceman to be dispatched
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to the site, in order to do what is necessary to force the system to drain

befo;e it freezes. The cost of this ;mprovement was $2896.

4.7 Refill Pump Overtime Alarm:

’When the system is operating nommally, it takes about five tblseven minutes
‘of'refill-pump operation fo fi1l all .of the collectors and the piping above
the roof. Following this event, the refill pump shuts down automatically
in'prgparagion'for the tesumpcion of .solar energy collection. There may be
qccasions‘when a system malfunction éauses the refill pump to run overtime,
either due to a blockage in theasysqém_on 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 gfter fifteen minutes of operation, simultaneously trans-
qitting a remote alarm similaf to the one described in section 4.6 abdve.

The cost of this improvement was $690.

4.8 Outside Air Damper Improvemenf:

The air handling unit serving the Storeroom had cpn;éntiénéi outside and
return air dampers. Spch dampefs,-éveﬁ.in the closed boéitibn, can have

alr leakage rates of iS to 25%. 1In order to minimiz;'heat ioss from the
heating coil to outside air, it was deemed -advisable to replace the existing
outside éir damper with a tighter oné, which is”guaranfeed to have no more

than 2% leakage rate. The cost of this improvement was $518.

4,9 General Cheqkout of Control Syétem:

Following execution of all of the abdve modifications, and before the system
Waé to be operated automatically, it was decided to conduct a'complete chéck-
out of the con;rollsfstem fuhcfion‘ag,the start of the,1978—79'heating seaéon.

A technician from Honeywell was assigned. to this- task. Over a period of
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eight weeks between November 11, 1978 and‘Januarj 8,‘1979; abproxiﬁately

210 man-hours were sbent on this taskﬁ The resulﬁing'imprbvements were as

follows:

4.9.2,

4.9.3.

4.9.1. A check of the control wiring disclosed some loose cdnﬁections,

broken wires and incorreét'wifing.‘ All of these deficiencies

‘were corrected.

Initially,'thé‘réfillithof 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 collec-
tors, giving a false signal to the float switches "FS-1,1;3A

and 4" that ‘the collectors had been completely filled. This

- gignal would then switch the operation prematurely frbm

"P5" to "P1", causing the two pumps to cycle back and forth.
To cdrrect this problem, the control was msdifiea 80 thaé

following the first "Collegtors‘Fu1l" signél which the float
switches geceive, valye "Vﬁ" gloses to allow aﬁy additioqgl_
w;térvreguited fo enter the colle;tors_from the.bbttom on;y,

thus driving any trapped nitrogen out through the automatic

vent traps. A time-delay relay was also installed to keep

the refill pump running for five minutes after the first
"Colleétors Full” signal is received. During that interval,
pump "P1" wouldvstart, but any water it pumps out of the

Storage Tank would be blocked by valve "Vo" being in a closed

‘position.

It was discovered that valve "VD" 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 éfofage'
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tank to the collectors. This situation was causing the water
level at float switches "FS-1,2,3 and 4" to drép momentarily,
shutting down pump "P1" and re4startiﬁg.pﬁmp "PS"; To correct
this deficlency, pneumétic restrictors wére modi fied to slow

down the opening of valve "Vp".

Following the execution of the above improvements, the system
was put into automatic operation on January 9, 1979. The cost

of these improvements was $8676.

4.10 Modifications Cost Summary:

To recap the items listed above, the total cost of all modifications was

$31,358., broken down as.follows:

~ Heat-tracing of vent valves $41095.
Plumbing modifications 11621.
Drain control modifications 599.
Cycling of heat utilization pumps ‘ 1531.
valve sequence improvement 632.
Drain malfunction alarm 2896.
Refill'pﬁmp overtime ala?m 690.
Outside air damper improvement 518.
General checkout of control system 8676 .
$31,358.

In addition, the Integrating Contractors' fees, for‘consulting work they per-

formed in connection with these modifications, amounted to $7,024.
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5,0 COLLECTOR PANEL REPAIRS

~

Early in 1978, it was discovered thaf’gpproximately half ;he solgr collector
édnels exhibited varioug degrees of warpage, some with slight ripples, others
vith ou;—of—plane warpage”severe enough to have dislodged the plexiglas cover.

In addition, seven panels'developeq leaks in‘the‘end.waffxe section. The
collector.manufactﬁrer disélaimed any responsibility'fqr the damage to the
absorber plates, basing that on the occurrence of freeze-ups. An independent
“{nvestigation, conducted latér in September 1978 by the Franklin Institute
Research Laboratory, attributed the wafpage 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 defecp disQovefed in the collector panels was,reiative shrinkage of the
plexiglas covers, which resulted in gaps between them and their frames. The
gaps weré so wide as to allow rain water to accumulate inside tﬁe panels. In
this case, Heliothemm agreed to provide a better seal between each cover and its

frame.

In order to render all the panels opérébie for the 1978-79 heating season,
consideration was given to either straightening out the'badiy-warped plates or

replacing them with new ones. Economic and schedule considerations resulted in

a decision to straighten out most of the warped panels, while replacing the
ones which were beyond repair. The total cost for this work was $25,173, as

follows:

5.1. Purchase anduinstallation of 12 new panels: $14,969.
5.2. Removal, straightening and re-installation
of 27,warpedlpanelé: v o $9, 000.
" 5.3. Enlargement of the screw holes on 20 panels

to accommodate differential expansion: $1,204.
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6.0 SYSTEM PERFORMANCE

6.1 Historical Narrative:

Although data from 24 temperature sensors, 16 flow senosrs and 12 power.
sensors were accumulated continuously since October, 1977, the first
nmeaningful 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 yéar of operation.~ The témperéture probes
wéré partially influenced by the ambient ﬁémperéture, thus
needing external insulation.» Some of the flowmeter data,.
where thé flow réte; change abruptly, reflected inaccuracies
caused by instantaneous s;mpling eQery five minutes. Correc-
tion of: this deficiency had to be éccomplished by'adding
totalizing devices for two flowmeters.

6.1.3. ’Teﬁperature differential sensors ofiginaily installed were

| found to be not as accurate as absoluté tempefature sensors.
Therefore, all tempefature data had.td be converted to °

absolute readings.

IBM completed the require& modifications go the site data acquisition

system (SDAS) on November 2, 1978. While no meaniﬁgful'performance

reéofts were generated until then, the SDAS was very usefﬁl in‘froviding
informafion for trouble shooting at times when thg system'was malfunctioning.
Typical of such useful information was knowing the timing of activat;on

of various pumps and the simultaneous insolation rates.

]
>
]
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6.2 Performance Parameters:

Because of the unavailabiliity of mééningful monthly performance reports
prior to November, 1978, the discuséion of system performance w%ll be
confined to only five months of the 1978—?9 heating season. ’Table (2)
represents a summary of significant performance parémeters for each month.
Most of the terms used in this Table are self explanatory and their values -
were taken directly from Refereﬁcesl(9.3) through (9.7). However, the values
of the following parameter;,'appeériﬁg”fﬁ‘the Table, differ from those

listed in the IBM Monthly Performance Reports as discussed below:

6.2.1. ”So;ar énergg uséd: For fhg éﬁrpose of this repért,.this
parameter ﬁas been computed as the collected solar energy
Quriqg the month modified by anyvaddigion or removal of
energy from stqragé, as the case may be. Because all of
- the‘system,componénts ;re located within éhe confines of
this building, any énergy losses from storage are considered
to - have been'utiliged towards satisfying the space heating
load. This.proqedure wquid'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 réal.

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 Reference

(9.3) through (9.7), 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

o
s 1
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the uninsulated-pipingnsystem.is.dissipatediwithin the building
space and therefqre 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
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'(9.3)-through (9.7), 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 (2) 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 imbrovenents can be attributed
to progress in the automatic operation of the system, which

permitted taking better advantage of available solar energy.

There is room for further improvement in this regard because

the ratio of operationaltincident solar energy_to total

incident 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
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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.

Space heating load: Monthly space heating loads are expected to
be proportional to the difference between average building tem-
perature and average ambient .temperature for the month.

Table (2) shows that the space heating loads for November and

December were,much'higherlthan'would be expected on the basis

cf the weather. This was caused mainly by-a fault in the
controls 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.

Daily'solar collection: lhe“lBM.MonthlyﬁPerformance Reports
(Reference 9.3 through 9;7) include collector performance
parameters on a daily basis. ‘Examination cf these.parameters
indicates vividly that on clear snnny days, when the system

N
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 BTﬁ'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.
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7.0 LESSONS LEARNED

Among the lessons learned on this project were the following:

7.1. Although "Draln-down" solar systems are ihhefeﬁtly more efficient

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

require more complex controls which render them less reliable and

more troublesome.

7.2. "Pressurized drain-down" soélar‘systems require even more complex

controls than "Open drain-down"” systems.

7.3. When the installation of a solar system is contracted on a "Time and

materials” basis, it is difficult to get the installer to make any

necessary corrections at his own expense or at least without profit.

7.4. Selection of a solar collector panel should take into consideration

not only thermal efficiency, but algo structural ihtegrity.

7.5. 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.

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

face value.

7.7. Solar experience of both the consulting engineer -and the installation .

subcontractor is vitally important.

8.0 CONCLUSION

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

cooperéted‘with ERDA (now part of the U.S. Department of Energy) in executing
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this solar demonstrdflon pro ject. If h;é éfovided us, ouf‘consultants, sﬁppliers
and gontrag;org with a unique opportunity to.gain.valuaﬁle'experience in the
design,.consfruct}pn and operation.of a fairly complex solar space heating
system. It is hoped that this report.will bevoffbenefit to future users of

solar energye.
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Table 1 )
PERFORMANCE MONITORING INSTRUHENTATION

(a) Temperature Measurements

Supplementary Heat (Bofler).
Differential Temperature

. : Ra;\ge (oF) Thermowell Probe
No. Designation Name Min. Max. Part Part
NO . No .
1. TO29 (T-29) Outside Ambient Alir -10 100 1S4 $53-P85236
2 TI02 (T-1) Collector Array Inlet 40 180 F203U18 §57-P50236
(T-2) Water Temperature ‘ -
‘3 D102 (T-2A) Collector Array Differential 0 75 F203U18 SS3—P50236_:
Water Temperature L
4 T109 (T-9) Collector Array to Storage 40 200 F203U18 $57-P50236
(T-8) Tank Inlet Temperature L -
.5 TD109 (T-9A) Collector Array to Storage 0o 75 ' F203U18 $53~P50236 -
Tank Differential Temperature
6 T205 (T-5) Storage Tank Top Water 40 200 " F203U300 $53-P330
Temperature
C T N S . )
7 . T206 (T-6) ~ Storage Tank Center Water 40 200 _F203U0300 -§53-P330
- Temperature . :
8 . T207 (T-7) Storage Tank Bottom Water - 40. 200 F203U780. " S53-P810
Temperature : A
9 T421 (T—ZO) 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 F203018 $53-P50736
. Loop Differential Temperature s )
.11 T423 (T-22) Storage Tank to'HPU Loap 40 200 F203U18 $57-P50Z36
(T-23) Differential Temperature - ’ 7
12 TD423 (T23-A) Storage Tank to HPU Loop 0 15 F203U18 $53-P50236
Differential Temperature - : :
13 - TD411L0 (T-11) Lo Side ‘F203u18 . SS3-PSOZ36

0¢ 9884



>Name N ‘ Range (oF)

No.. Designation Thermowell Probe
: ’ Min. Max. Part” Part
No. No.
14 TD“LIHI (T-11A) Hi Side ’ - - F203U18 $53-pP50236
: ‘Supplementary Heat (Boiler)
- Differential" Temperature
15 TD427R1 (T-27) Hi Side o C : F203U7 553-P40Z36
T o . 'FFH Circ. Differential Water ' ! C
Tepperature
16 . TD427L0 (T-27A) ‘Lo Side - = : ° - - ' F20307 S43-P40Z36
FFH Circ. Differential Water
. Temperature
17 T425- (T-264) AHU Inlet Water Temperature 100 250 F203U18 $57-P50236
(T-25) ’
18 ° TD425 (T-25A) AHU Differential Water 0 so F20U18 $53-P50Z36
- Temperature
19 T413°  {T-12) ' Heat Pump Loop Inlet F203018 $57-P50236
(T-13) . Temperature (Heating) (Hi side)
20 TD413 (T-13A) ' Heat Pump Loop Differential F203018 $53-P50236
_.Temperature (lleating) (Lo side)
21 TD513* Heat Pump "Loop Differeiitial * *
(Cooling) (opposite of TD413)
22 . TDS19L0 (T-19) ~ Cooling Tower Differential F203618 . S$53-P50236
'-Temperature (Lo side)
23 TDS51:9H1 kT-19A) Cooling Tower Differential F203U18 SSJ-PSOZ36
Temperature (Hi side)
24 T628 (T-28) Ambient Temperature Typical 50 85 - SS3-P§5256
o ' 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 TD513.

Té aded



(b) Flow Rate Measurements

- _ Range (GPM) Model
No. Designation - Name - Min. Design. Max. No.
25 w101 (F-1) Collector Array Flow Rate 0 52 60 'MKV-2 1/2-J01
26  W403 (F-3) Supplementary Heat (Boiler) 0 97 'MKV-2-J01
. Flow Rate : or 100
45
27 W410 (F-10) Storage Tank from FFH and 25 45 55 MKV-2-J01
. AHU Loop Flow Rate '
28 w41l  (F-11) Storage Tank from HPU Loop 0 52 60 MKV-2 1/2-J01
Flow Rate : .
29  W412 (F-12) Storage Tank to FFH and AHU 0 97 _ MKV-2-J01
S : Loop Flow Rate ' ~ ' or 100° -
45
30 w4l3l (F-13) Storage Tank to HPU Loop 0 52 60 MKV-2 1/2-J01
o Flow Rate - ’
- 31 w408 (F-8). Air Handling Unit Flow Rate 0 35 MKV-2-J01
or 40
Less
32 w404 (F-4) FFH Flow Rate . - . . 0 10 10 MKV-1-J01
.33 w406 (F-6) - Heat Pump Loop Flow Rate 0 52 60 MKV-2 1/2-301
34 w409 (F-9) "Cooling Tower Flow Rate 0 52 60 MKV-2 1/2-J01

2¢ o9%6g



(c) Power Measurements

Insolation

Model
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
57 EP403 (wa3) Forced Flow Heaters Circ. Pump P-3 Powef“ PC5-19.
38 EP4O4 (KW-4) Air Handling Unit Circ. pJ{nb P-4 Pover PC5-5
39 EP408 (KV-B) Air Handling Unit (AHU-1) Power PCS;23
40 EP412 | Fo;ced Flow Heaters Total Fan Power (4 Units) PC5-1
41 EP409 (KW-9)' Supplementary Heat Electric Boiler Power - PC5-80
42 EP402 (KW-2) Heat Puﬁp Units Circ. Pump P;Z Power PC5-14
43 EP407'(KW—7) Total Power to Heat Pump Units PC5-62
44 EP510 (KW-10) . Cooling Tower Power Fan PC5-53
'45 EP511 | Cooling Tower Pump Powét PC5-19
46 1001 PSP

€€ o9%d
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TABLE (2)

- 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
' 7c°1iected Solar Energy (Million Btu) 8.93 13.03 11.66 21.53 21,90
'i{éollécciah.szic;ency (%) 16.5 20.3 -26.8A, 32.5 23.7
3'Qpéfafibna1 Coliéétion Efficiency (%) .50.64 46.2 46;6 45.6 39.3
'Eneggy,Added to S;drage (Million Btu) 0.43 0.39 ~0.41 1.72 0.28 -
‘f Auxiliary Thermal Energy (Million Btu) 21.11 28.10 29.57 27.15 5.32
'éystem.Opérating‘ﬁﬁergf (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 (%) 3.4 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

¥¢ odeq



APPENDIX A

Design Dra‘;rings
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OVERLAPPRING SIGHT 801"
GLASSES To covEm G000 GAL. PruGGeED PROVIDE 14 TAPPED
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! ! NOTE:
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FACTORY FABRICATED AIR HANDLING UNIT SCHEDULE ' . HEAT PUMP SCHEDULE
FAN DATA WMOT. DATA HEATING COIL_ OATA EILTENS T~ PD CADAMER OPERATION WINTER OPERRTON, ]
oy MAX: ey Al ﬁk_\w“ﬂ‘ Pes | REMaRYS Ve PP service NOMIECE ooy | . KRB TOTAL TCOMP Tras THEAT OF | LWT [EWT[EAT [HEATING [COMP | FAN [WeATer | (urr
NO- | CFM [SR) OF [BHPLEAN | MHP S PEOBL oSG 7 ~ NO. CFM| crm wo [°F [CaTwe weur [\ (oo | Y | | ok i) | uemelveumoos = |
AR -1 (4000|277 1455 [274] 3 2 so]ss [a1 [ ' [hof >33 —_ 2" THROW BWAY weaa| CLERICAL  T420] 70 [ a.5] 5.6 [az [s25]ca.1]is,231 }1.77 [.13 ] 20,188 [103]0[70 [19,000]1.66 | .13 [i12,930] 2.
NOTE: STATIC DEFLECTION O BE I ' “5_,3'253“-;83;%% 230 40 | 1.9 [e.0]az 825631 ]| 7,20 1.1t |oa| 1,088 [l03{70 |70 [\aeco [1.10 [.09 &40 je2.9
MR 1,18 E&“E@ 210f 40 [23[e.2]az [s2.5]e0.1] 9,769 ] 1.24- Lo 14,055 [ioa|0[70 [13,000 [1.24 [ .02 |esco e

FAN SCHEDULE
FAN l PERFORMANCE ~_LITA, CONSTRUCTION __ DATA__[MOT. DATA| TANKS
Al NOTES R EACH OF THE FOLLOWING SHALL BE A.SM.E. CONSTRUCTED
NO. HERVCEl o ;52 FTpSM RPM BHP| TYPE FAN . MHP REMARKS ES COOLING TOWER SCHEDULE A FOR 50 PSI WORKING PRESSURE AND SHALL BEAR THE
. . A SM.E. _LABEL. TANKS SHALL HAVE GAUGE GLASSES AS
EF-\ | oo | @10 |25 [easo| 150 | — ENT éxﬂﬁj‘é‘rea Vo Vv-BELT DRWVE . AMBIENT [ eo. | Fan_ | Puvp [maxium REQUIRED TO COVER THE CENTER 2/3 OF EACH TANK.
p — |CENTRI aL " LOCATION GPM [EWT LWT | 7 IMOTOR IMOTOR ICPERATING EXPANSION TANK NS = NOMINAL 18 GAL. HORIZONTAL
EF-2 [PhET 275 5153705 1915 ROOF EXHALSTER 4 |v-eET ORve w8 °F Pt [R.e | KPP |WeGHT, LBS 12"DIA. X 36" cONG. -
-3 FURMGE2 155 (.25(3165 [ 0n | — [RERRE /4 V-BELT DRIVE ROOF BTy s2 loalaz .21 5 > 3000 HOLDING TANK - NOMINAL 300 GAL.VERTICAL,
- O"DIA. « " HIGM.
_ —_[CENTRI g |
EF-4 SORIGE 2155 |.25|3165 |0 OOCF EXHAUSTER /4 V-BELY DRwe & s ‘3‘:,;’:‘.,3‘?@.“,‘,
% 1" GQEN'L SERVICE AIR COMPRE SSOR
. 3/4PURGE VALVE .

AIR COMPRESSOR SMALL BE EQUAL TO GARDNER-DENVER
. MODEL ACA 2 x2Y2, 4 CU.FT. PER MIN. AT I50PSI, 888 RPM
_NO_TE . ¥4 HP MOTOR | V- BELT DRIVE wWiTH BELT GUARD.
ALL PLUMBING INDICATED ON THIS
DRAWING I3 SHOWN FOR WORK
CO-ORDINATION ONLY AND IS NOT
INTENDED To BE A PART OF THE

Y4 PURGE /ALVE /

= e HYAC CONTRACT.
- co KcTOR
PUMP SCHEDULE A ' mTR0qEN KaRAvS oy Tiom ool
e - g . 172" N\ TROGEN VNSOLATS
[PERFORMANCE  LIATA | CONGTRUGTION _ DATA MY DATA : 3 _j p = OUT3IDE AIR(SHIELDED)
SEEN aoor T RoO" T-ord
No. | SERVICE o, THlrew| BHP | TYPE PUMP U MHe REMARKS : 1 L
. — |CENTIRIR - - - LAl swiicH 4" -& & FLOAT SwitcH
P-1 |SOLAR COLLECTOR] 52 | 46 7150 CRATRIEuGAL 2 -8 + 2|4+ 43 43S e
P-2 [HEAT PUMPS |52 |46 750 — [CRB SEYa- | — | 2 + $1% $'4 %1% 9 BACKFLOW PREVENTER
e : re Toas
P-3 [FORCED FLOW HEATERS |10 [ 20 IS0 — INUINE CIRCULATOR| — Ys H ; L / 2 2
§ 2 r 1; 2" QU FiL r_—_-.._ ———L——_——T-L—‘—-L—*- {
P-4 |AIR HANDLING UNIT |35 120 1750 —_ INLINE CIRCULATOR — 2 CH & Y012 = fe=TOW2 Y d
- 2§ ad' va @l . PRV l HWS & HWR PIDING | — i
RS |REFILL PUMP 48 [50 ns0f —  [ENB suenan — 2 = =24 . yoo Toen . | o P o
" — .~ .}’_‘&.‘I‘l_‘ PO L g | G Y — Fen ¥ t
e A rotaTre veny TRAR H e 3 TANK AIR PURGE ','r uan tosrs - . wao P4 vars N2
B It HEATER N2 - TRANE MOMDEL P HIZE B8O, 1/iS WP MOTOR, 120V.- 14, ISORPM b o NS \R& Vaca~ 2 &I_U,_, ExPTANK Yos110
NOMINAL RATING OF SB.8 MBH WITH 200F WATER OW TROG EN § P ool B e 3 I" o b Tuin - e .- —
20 TD OROP S.9TGPM WilL OPERATE WITH 1IOF wWaTeR o gt 4 HOSE WiITH Tl - _vau | gi Ryt AU ) Py . )
- QeoUCED SuTPUT. o BiLLING VALVE: El s 43 } 38 L ot N Vol
X 5 EH 4= Yoaun ToArIW d 4
. Yy RELIEF YALVE él |: 2] "5 17409 S0 Ya |
) ORAIN Lo DinG TANK /Z - 0 4d—l" \3‘_-; A
FORCED FLOW HEATERS SCHEDULE sws cswa sena -1 |
e — S— S - - 22" — : ' ' To 2PN {— has * T—} 70 FFHg
T FAN_DaTA AIR-ON__HEATING MOTOR l 11 tpam w = G Y
NO CFM | EXT. | RPM QO . WATER CA WATTS REMARKS : sPray Piue =
* INOMINAY SR | MAX. | EDB [GPM [RO.FT] . ren ‘ - Ustonage ekt iy 4
VALV N A
FFH-1| 200 [ — [1100 |@O" | I [0.24 | 110 | GOOO 8% — iy .o N s . ot tac rme
p - A u DR vt A Bt Ya'FiLLiva comm: UPSEWPR 21 BING, ey /—Z'lz firrd)
FFH-2] 200 | — [ 1100 | @0 | 0.24 | 110 | @000 85 - L 9 . e EFH
—— e e ey et Ctams w— + —— - wiow N
—— . R —_ » PROVISION FOR FLOW METER- ]
FFH-3 | 200 oo 1 e0” | -1 |o24 | 11O | @000 e5 A Ty JoMETER et woTss 243 HRI WAZ HP3 P-4 HP.S HP.G  Toas .i““ HP-7 WRB WRO WBO MW
. —_ * —_ L == ngaTou s
FFH-4| 200 Hnoo | 0 | 0.24 | HO | SO00 a5 A ¢:P « AC. WATT TRANSDUCER l % /_”2- / KEAT PUMP UNIT
\
- MY : TIGHRT CLODING &
2 - : | oo =y —= >
OTE | - W ADOITION Yo THE PROVIBION for THERWMOWELL AWD rﬂo&t e o o P . = = oo we = am =
=" AT EacH OF TJIST |NDICATED POBIMONS PROVICE A THimwowtTEr /A A\ NQIR! 1 K T H P
MOUNTED 1l A SIPARABLE WILL A% SpLCFitO. TAUTOMATIC ARRAY DRAINAGE"- WHEN COLLECTOR PLATE TEMPERATURE 2 " ¢ — Tozs . 3/4“ Tve
. Nlamay tac IS 4OF OR BELOW, V& AND Vp SHALL CLOSE, AND Va, Ve AND V) AND Veg s oo § ,
Hojed: ‘%‘.u‘s':"‘.‘JS."c.“‘io’“‘po".‘.‘gl‘ﬁf"u&?.i‘;‘.‘&t‘“{%n‘imi‘l . A SUALL OPEN WHEREUPON THE COLLECTOR ARRAY WILL DRAIN INTO THE ’ ] FOR ALL LNITS
AARCO O/ CQuaL ROW ViuTiRl A3 4Ptarito. HOLDING TANK DISPLACING THE NITROGEN CHARGE WHICH witl FILLTHE COLLECTOR - HRID HRIQ HP.I1B HRIT HP G SYELDTTT O HRID HRI4 HRID HPI2
HOTE ¥ PRoviouS Fo mtaMowkLS aro FLowntins T me av ARRAY AND THE PIPING ABOVE THE ROOF, WHEN THE COLLECTOR PLATE TEMPERATURE ’ )
T SPEcfy WAN v ' N * v RISES ABOVE THE STORAGE TANW TEMPERATURE, VALVE Ves SHALL CUOSE —~ NOTE:IN ALL PTPTRXG BUT AUTD TC
PatPento Ay LA0A- AND THEN THE REFILL PUMP SHALL BT 3ITARTCLD AN‘D‘ SHANLL RUw &Aé FLOW DIAURAM S‘R&\Nm SOVAR CE\_LE"CA#OQ APL\-;L):(‘\G
VUNTIL STOPPED OY FLOAT SWITCHES N UMBEALD 1, 2,3 AND 4 AT 5 . NQ LE PROVIDE AUTO. AR VENTS ON AL H\(“J“ .
WHICH TIME VALVES Va,Vg AND Vg SHALL CLOSE AMD VALves SdAt>> SCA - - M - - . .
Yo AND Vg SHALL O®gW. ;\.o:'r awnrc‘u:s I THRU & TO BE WIRGED 1M SERIES. POINTS ANID WHERE INDICATED ON DRKW.\NGS_ ,

PROVIDE DRAIN -OFFS AT ALL LOW POINTS.
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WITH SWITCH S- | INDEXED TO "MANUAL DRAIN® ) Page 41

I. VALVES Vc AND Vp SHALL BE HELD CLOSED,VALVES Va,Ve, Vit AT S l <
¥ 1 AND Vi SHALL BE HELD OPEN. E Wl
2. PUMPS P-i AND P-3 SHALL BE INOPERABLE. £ —T_ s
-
WITH SWITCH_S-| INDEXED 10 "AUTOMATIC DRAIN _AND FILL® ’.'g. SurmLY ' |
ACTURN
ASSUMING ARRAY TO BE DRY, DRAINED INTO HOLDING TANK , VALVES AR _— cJ I
Ve ANDVp HELD CLOSED, VALVES Va,Vs, Vet AND Vi HELD OPEN, \ 7-3 T |
SOLAR SUBSEQUENT OPERATION SHALL BE AS FOLLOWS! AHU Nty : (woom)
ARRAY 3. WHEN ARRAY TEMPERATURE SENSED BY T-1 RISES ABOVE STORAGE : ! | P 3WITEH
' TANK TEMPERATURE SENSED BY T-2 BY AN ESTADLISHED AS-1
DIFFERENTIAL (18° OR AS LATER SELECTED), VALVE Vg SHALL CLOSK n
AND PUMP P-§ SHALL STARYT. WHEN SOLAR ARRAY IS COMPLETELY L 1~ FORCED FAN HIATER
FILLED AS SENSED BY FLOAT SWITCHES F8) THRU FS4 PUMP P.5 | -
: SHALL BE STOPPED AND VALVES VA ,Va AND V) SHALL BE CLOSKD T
AND VALVES Ve AND Vp SHALL BE OPENGD. VALVE Vgg SHALL BE (ROOM)
HELD CLOSED WHILE VALVES Va AND vg ARE CLOSING, AFTER .
VA AND Vp ARE .CLOSED VALVE VEr SHALL OPEWN, YEAR - ROUND OPERATION o YEAR - ROUND OPERATION
4. WHEN ARRAY |S COMPLETELY FILLED AS SENSED BY FLOAT SWITCHES 1. ON ARISING TZMPERATURL T-3 GRADUALLY CLOSES V-4 1. ONA RISING TEMPERATURE T-4 SHALL GRADUALLY
FS1 THRU FS4 PUMP P-| SHALL BE OPCRABLE TO THE COIL. ON A FURTHER RISE, AND AFTER V-4 15 POSITION AS-l TO BYPASS COIL. WHEN AS -|
[ 5. WHENEVER ARRAY TEMPTRATURE SENSED BY T IS GREATER D R o L A A s 'S FULLY CLOBED UNIT FAN SHALL STOP.
D-i SIMULTANEOUSLY GRADUALLY CLOSING D-2. T-2 SHALL
- THAN STORAGE TANK TEMPERATURE SENSED BY T-2 BY AN OVERRIDE T-3 10 PROVIDE A LOW LIMIT ON AR LEAVING
v ESTABLISHED DIFFERENTIAL (18° OR AS LATER SELECTED), ONIT. i CONTROL OF
" w il : PUMPE P-l SHALL START. Z. WITH AHU NtI NOT RUNNING , D-1 SHALL BE HELD CLOSKOD, " FORCED FLOW HEATERS HEATERS FF| THRU 4
. b @. WHENEVER DIFFERENTIAL SENSDSED BY T-1 AND T-2 (T-1 BEING THE D-2 HELD OPEN, AND V-4 SHALL BE POSITIONED To PASS
2 H
vex Ve HIGHER) FALLS BELOW AN ESTABLISHED DIFFERENTIAL (3°0RA3 HWS THRU THE COIL. '
- - ALL STO®™ X
5 3 LATER SELECTED), PUMP P-| SHALL STO 3. T-1, ON LOW TEMPERATURE, SHALL STOP AHU N!I, CLOSE
4 _ VO" "9/ 7. WHENEVER STORAGE TANK TEMPERATURE RISES ABOVE 190F. O-i, OPEN D-2 AND POSITION V-4 TO PASS HWS "THRU.
§ M s PUMP P-| SHALL NOT OPERATE THE colL. )
£ 8. WHEN ARRAY TEMPLRATURE SINSED BY T-3 DROPS TO 4OF OR AS HPR—y [=HPs
La LATCR SELECTED, VALVES Ve AND Vp SHALL BE CLOSED |
ar - | VALVES Va, Ve, Vn AND Vgz SWALL BE OPENED whicH witL CONTROL OF AMHU N¢2i N |
e 8 LG CAUSE ARRAY TO DRAIN BY GRAVITY INTO HOLDING TANK, ‘ . H L EAT PUMP UNIT
PUMPS P-1 AND P-3 SHALL BE HMELD OFF . L
- —
T2H- sorage Tanx
SOLAR ARRAY —— ey e —— L L, T ‘ . .
\ DRAINAGE SWITCH PUMP P.L Nl WS ! EACH HEAT PUMP UNIT SHALL HAVE FACTORY INSTALLED
= T . INTEGRAL THERMOSTAT, AUTOMATIC HEATING /COOLING
a3 S | ' CHANGEOVER FEATURE, SFF-HI- LOW SPEED SWITCH AND
Py - ! PROVISION FOR RANDOM STARTING OF THE JNITS. AFTER
24 ¢w - ' ; THE OCCUPANTY HAS SELECTED THE DESIRED SETTING ON
X 35 . THE THERMOSTAT, THE UNIT WiLL PROVIDE HEATING OR
!"és CONTROL OF SOLAR ENERGY COLLECTION SYSTEM e —— COOLING AS NEEBED TO MAINTAIN THE SCT POINT.
3
<0 AS-2 | '
| [T REATER N2
. s HEAT PUMP UNIT CONTROL
YEAR - ROUND OPERATION T KEom)
). SWITCH 8-2 INDEXES SYSTEM TO "SUMMER" OR"WINTER' OPERATION. P-& swTcH

2. WHEN THE STORAGE TANK TEMPERATURE DROPS TO TOF.OR AS LATER
SELECTED (SENSED BY T-4) VALVES VF AKD VG SMALL OPEN AND
VALVE Vg SHALL CLOSE THEREBY PERMITTING BOILER TO 8K HEAT YEAR - ROUND OPERATION .

SOURCE. I. ON A FALLING TEMPERATURE T-5 SHALL START

3. VALVES Vi, Vy AND Ve ART MANUALLY POSITIONED. UNIT HEATER FAN MOTOR AND FULLY OPEN i

4. VALVE V-] SHALL BE POSITIONED FULL GPEN TO HEAT PUMPRETURN VALVE A3-2.
WATER WHENEVER PUMP P-2 |3 NOT RUNNING.

CONTROL OF UNIT HEATER N%I

WITH $-2 INDEXED TO ‘SUMMER"

5. COOLING TOWER OUTSIDE AIR DAMPERS D-1 AND D-2 SHALL OPEN.
©. MANUVAL VALVES Vi AND Vy SWALL BT OPENED, Vg SHALL BE CLOSED.
7. COOLING TOWER SPRAY PUMP AND FAN ART MADE OPERABLE.
8

ON A RISE IN TEMPERATURE TO 85F T-G SWALL START COOUING TOWER
SPRAY PUMP, ON A FURTHER RISE TO 90F T-5 SHALL STARY COOLING
TOWER FAN.
9. V.l SHALL BE KELD POSITIONED TO FULL FLOW FROM HEAT PUMP
RETURN LINE (CLOSED TO HEAT SOURCE S OF STORAGE TANK § BOILER), \

Py WITH S-2 INDEXED TO "WINTER®
10. COOLING TOWER OUTSIDE AR DAMPERS D AND D-2 SHALL BE KELD CLOSED. i
1), MANUAL VALVES \}. AND Vy SHALL BE CLOSED, Vz SHALL BE OPEN.
12. COOLING TOWER SPRAY PUMP AND FAN SHALL BE HELD OFF.

13. ONAFALLING TEMPERATURE T-§ (SET 73F ORAS LATER SELECTED) SMALL
GRADUALLY POSITION V.| TO PASS HEAT SOURCE WATER (STORAGE .
TANK OR BOILER ) TO PUMP P-2. .
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NOTE 1 :

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

CONTROL OF HEAT PUMP LOOP SUPPLY AND RE.'I:URN
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CORRUGATED METAL SIDING MUST BE PROVIDED AND ATTACHED
TO VERTICAL AND HORIZONTAL MEMBERS, 31DI\NG TO BE
RUN W HORIZOMNTAL OI'RECTION.

PAINT CORRUGATED METAL SIDING AND ALL EXPOSED METAL
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