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ABSTRACT 

This document reports on the construction 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. 

The building is located at 966 Matlack Street, West Goshen Township, Chester 

County, Pennsylvania. Fun~tionally, the building consists of two sections: 

An Office and a Storeroom. The Office section is heated by solar-assisted 

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

handling unit, containing a water-to-air coil. Solar energy is expected 

to provide 62% of the heating load, with the balance provided by a back-up 

electric boiler. The system includes 1900 active {2112 gross) square feet 

of flat-plate solar collectors, and a 6000 gallon above-ground indoor stor­

age tank. Freeze protection is provided by a gravity drain-down scheme com­

bined with nitrogen pressurization in a closed circuit. 

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

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

completed 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 in­

volved. 
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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 were 

included as Appendix A of Reference 6.1. 

The solar heated 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 

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

room 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 sel­

ected 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 concurrence, Bell of Pennsylvania modified the generic design to 

render the system pressurized instead of open. The reasons for the mod­

ifications are detailed in Section 3.0 of Reference 6.1. The.generic 

drawings and specifications were revised to reflect engineering changes 

and additional detailing necessary for guidance of the HVAC subcontractor 

in the proper installation ofthe 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 s~lar collection loop. This tank ~lso serves as the 

container for water which is drained out of 'the collecto'r and associated 

piping. The ~ddition of the holding tank necessitated additional controls 

to provide for refilling the collectors prior to resumption of normal solar 

energy collection and storage. 

Although this report is dated May, 1979, its contents apply only to work done 

through October, 1977, when the solar space heating system was placed in oper­

ation for the first time. 

2. 0 SYSTE.M DESCRIPTION 

2.1. Design Scheme: 

The design drawings for .this syst~m 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 

sola~ heated water, backed up by an electrical boiler as needed. 

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

water: heat.ed by solar energy, backed up by an electrical boiler 

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

is water cooled by passing through a closed-circuit cooling 

tower. 

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

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

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

panels are installed facing true South, tilted at 55' from 

horizontal. 

2.1.6. Thermal energy storage is provided by a 6000 gallon capaci~y 

tank, installed above ground in the ~echanical room. 

2 .1. 7. Auxiliary heat is provided by an 80 kilowatt electric boiler, 

incorporating five elements of 16 kiiowatts each. 

2.1.8. Heat rejection during the cooling ~eason is ~rovided by a cooling 

tower located in the mechanical room, connected with outside air 

intake and di~charge 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. The solar collection loop circulates storage water through the 

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

"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 
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drained from the collectors and piping above tqe roof line 

will be in the holding tank. Prior to resumption of solar 

collection, this water is transferred to the collectors by 

the activation of the "Refill pump". 

2.2.2. The Office heating loop circulates storage water through 

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

pump". During periods when the storage water temperature 

is below 70°F, the temperature of' water fed to the heat pump 

units is regulated by a mixing valve which mixes water heated 

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

minimum temperature required. The "Cooling tower" is activated 

during the cooling season to dissipate heat removed from the 

office space by the heat pumps. 

2.2.3. The Storeroom heating loop circulates storage water through the 

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

this loop is used to supply hot water to four "forced flow 

heaters "FFH" located in the corridors of the 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: 
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2.3.1. Differential Temperature Controller: This is used to 

initiate the sequence for collection of solar energy when­

ever it senses a set temperature differential of l8°F bet­

ween a typical absorber plate and water stored in the main 

tank. It will also act to shu~ down the solar_water pump 

whenever the temperature differential·drops below 3°F. 

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

collectors and serve to shut down the refill pump and activate 

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

been refilled • 

. 2.3.3 .• Low limit temperature sensor: Attached toa 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. 

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

the storage tank and acts to stop the collection of solar 

energy whenever it senses a temperature above 190°F. 

2.3.5. Heat pump loop temperature sensor: This sensor acts to position 

an automatic valve that mixes heated water with return water, 

so that the tempe,rature 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 

integral thermostat to permit setting by the occupant of each 

office as desired. 
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2.3.7. Storeroom temperature controller: This is a wall­

mounted thermostat used to position a three-way valve 

which supplies water to the coil in the air handling unit. 

It is also used to position outside air and return air 

dampers according to the season of the year. 

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

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

mounted thermostat which positions·a three-way valve to provide 

the required flow of hot water to the unit. 

2.4. Performance Monitoring 

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

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

Instrumentation Installation Guidelines", was selected and incorporated into the 

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

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

for 30 temperature measurements using thermocouples connected to "Series 400A 

Trendicators" manufa~tured by Doric Scientific Division of Emerson Ele~tric 

Company. 

3.0 CONSTRUCTION PROCEDURE 

3.1 Consulting Engineering 

Due to the need for an integrating contractor for this solar project, Bell 

of Pennsylvania commissioned Golz and Wick, Consulting Engineers of Philadelphia 

to do the following: 
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3.1.1. Modify and amplify the generic drawings and specifications. 

3.1.2. Check the shop drawings. 

3.1.3. Supervise the installation. 

3.1.4. Prepare an operating and maintence manual. 

3.1.5. Perform other related work as necessary for the successful 

completion of the project. 

3.2. Construction Subcontracting: 

The construction schedule for this building required that "Invitations 

to Bid" be issued by June 9, 1976, which was only a few days after receipt 

of the generic drawings. Knowing that the solar system drawings and 

specifications would undergo some significant changes, Bell of Pennslyvania 

decided to accept bids on the solar system on the basis of "Time and material", 

with a "Not-to-exceed" total sum. Each of six mechanical contract invitees 

was directed to state in his bid, the percentage factor for overhead and profit 

and his "Not-to-exceed" figure. 

On July 2, 1976, the sealed bids were opened. The "Not-to-exceed" total sum 

.. 
I 

ranged between $145,000 and $215,000 and the overhead and profit mark-up ranged 

I between 6% and 15%. There was a discrepancy among the various bids in that the 

bid with tJ.le lowest mark-up was associated with the highest "Not-to-exceed" 

figure. Bell of Pennsylvania, reasoning that all bidders are equally capable of 

providing the labor and materials for approximately the same cost, decided to 

award the subcontract to the bidder with the lowest overhead and profit mark-up 

regardless of his high "Not-to-exceed" figure. Besides, this bidder, Hummel 
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Engineering Corporation, had a reputation of doing high quality work. 

After Hummel Engineering was notified of being selected ~s the subcon-

tractor for the solar system, the drawings and specifications were finalized 

and a solar collector panel manufactured by Heliotherm, Ipc., was selected. 

The subcontractor was then asked to provide a breakdown of his estimated 

cost of various components of the system. This breakdown is listed in 

Table (2). 

3.3. Project Cost Estimation 

In negotiating the contract with ERDA, Bell of Pa. submitted the following 

cost estimate: 

Total HVAC system estimated cost based on 
Table (2) breakdown 
Add 5% General Contrac_tor's mark-up 
Electric power wiring and conduit 

·Extra structural roof supports 
Integrating contractor's fee 
Service manual preparation 
In-house engineering effort 
Display board and brochures 
Report preparation 

Total 
Less cost of a conventional system 

Incremental cost 

$201,300 
10,065 
29,700 
11,000 
12,000 
4,000 
5,000 
5,000 
9,000 

$287,065 
60,450 

$226,615 

ERDA indicated a desire to award the contract to Bell on the basis of 

a fixed lump sum. At that time, it appeared that the financial risk to 

Bell by following that procedure was not great, in view o~ the "Not-to-:-

exceed" protection incorporated into Bell's "Cost plus" subcontract with 

Hummel Engineering. The final outcome was that Bell had to bear the entire 

burden of a considerable cost over-run, which was necessitated by modification 

to the design and specifications undertaken during construction. 
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The contract between ERDA and Bell of Pennsylvania which was executed 

on September 30, 1976, was for a total sum of $201,429.00, being 

ERDA's share of the cost of this project. 

3.4 Contract Data 

Two main contracts were executed by Bell of Pennsylvania in connection 

with this project: 

3.4.1. With Golz and Wick - Consulting Engineers 
Architects Building 
Philadelphia, Pa, 19103 
Telephone: (215) 568-0661 

!' 

This contract, dated June 28, 1976, commissioned Golz and Wick to provide 

engineering services in their capacity as the Integrating Contractor. 

Payment for these services were to be based on 2.5 times the payroll rate 

of technical employees invol~ed, plus expenses for transportation, reproduction 

and postage without markup·. 

3.4.2 With R. Ranieri - General Contractor 
One Maple Avenue 
Hatboro, Pa., 19040 
Telephone: (215) 672-1020 

who, at Bell of Pennsylvania's direction, engaged: 

Hummel Engineering Corporation-HVAC Subcontractor 
141~ S. Front Street 
Philadelphia, Pa., 19147 
Telephone: (215) 468-8000 

r 

By this contract, dated January 10, 1977, the above parties agreed to furnish 

all labor and materials required for the installation of the heating ventilating 

and air conditioning system, including the solar heating portion. Payment for 

these services was to be based on cost plus a fixed fee of 6%, not to exceed 
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$202,046* to Hummel Engineering. With the addition of 5% fee due R. Ranieri, 

the guaranteed not to exceed cost was specified as $212,148. 

3.5. Major Suppliers 
. 

Following is a summary list.of major suppliers of various equipment and 

services on this project: 

Architects - ' 

Generic System Designer 

Structural Engineers 

Integrating Contractors 

General Contractor 

Mechanical Contractor 

Solar Collector Supplier 

Automatic Controls Supplier 

The Wright/Klett Association 
4JJ York noacl 
Jenkintown, Pa, 19046 

InterTechnology Corporation 
100 Main St. 
Warrenton, Virginia, 22186 

Long & Tann, Inc. 
115 s. 21 Street 
Philadelphia, Pa, 19103 

Golz & Wick 
Architects Building 
Philadelphia, Pa, 19103 

R. Ranieri 
One Maple Avenue 
Hatboro, Pa, 19040 

Hummel Engineering Corporation 
1418 s. Front St. 
Philadelphia, Pa., 19147 

Heliotherm, Inc 
Lenni, Pa., 19052 

Honeywell, Inc. 
P.o. Box 916 
Valley Forge, Pa., 19481 

The excess of this figure over the sum of Table (2) is for .four spare solar 

panels. 



Heat Pumps Units 

Thermal Storage Tanks 

Panel Supports 

3.6. Schedules 

Walsh and Curley 
(Distributors for the Singer Co.) 
42 Cassatt Ave. 
Berwyn, Pa, 19312 

Adamson Co., Inc. 
7 Eas~ 16th Street 
Richmond, Virginia, 23224 

Fisher Steel, Inc. 
w. Browning Road and Railroad Ave. 
Bellmawr, .N.J. , 08030 

Construction of the West Chester Work Center was started on August 13, 1976 

and was initially projected for completion by December 31, 1976. It was ·soon 

realized that it was unrealistic to .expect the solar heating system to be in 

operation in such a short time, because of the lead time rieeded for final 

selection of all the solar system components and the usual delays in delivery. 

What was thought to be a realist1.c schedule was developed in November, 1976', 

calling for completion of the building construction by March 15, 1977 and the 

solar heating system by April 15, 1977. Although the building was actually 

occupied by employees in late April, the completion of the solar heating system 

was not accomplished until October, 1977. Some of the reasons for the schedule 

slippage were: 

3.6.1. Bad weather in early 1977. 

3.6.2. Delays in finalizing the performance monitoring instrumentation 

and subsequent delivery of such sensors. 

3.6.3. The need for making design changes while construction was going on. 
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3.6.4. Unfamiliarity of the subcontractor with the special 

requirements of a solar system. 

3.6.5. Problems with material procurement. 

3.7 Installation History 

Most of the major equipment required for this project were ordered in 

October and November, 1976. Some of the hardware was delivered to the 

subcontractor in November and December, 1976. Installation of the indoor 

part of the system was commenced in January, 1977. 

One of the problems encountered at this stage was caused by a delay in 

finalizing the selection and ~ubsequent delivery of the ERDA flow sensors 

which are used for performance monitoring. This problem necessitated the 

installation of temporary spools in the piping at locations.where the sensors 

were to be installed later. When the sensors arrived with detailed installation 

instructions, the contractor found it necessary to do some re-routing of 

the piping, to comply with the requirements o~ upstream and downstream distances. 

This problem caused not only some delay in the completion schedule, but 

also a substantial increase in labor cost. 

Other problems encountered were caused by the incorporation of certain 

revisions to the drawings and specifications to provide additional details 

required for proper installation. The subcontractor construed these as 

engineering changes and charged extra for them. Among such items were the 

following: 
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3.7.1. Substitution of copper tubing with silver solder joints 

.for the initially specified steel pipe with screwed fittings: 

This substitution was expected to result in enough reduction 

in labor cost to almost offset the·additional cost of materials. 

As it turned out, both labor and materi~ls were higher than 

the estimate. 

3.7.2. The requirement to use Teflon hose with bronze wire braid rein­

forcement in the connection between each panel and the headers: 

This requirement was not clearly defined in the original speci­

fications. The subcontractor's estimate was based on using 

plain rubber hose. 

3.7.3. The requirement to install "Pete's plugs" and "Balvalve­

indicators" at each panel's inlet: These devices, intended 

to permit measurement of pressures, temperatures and flow rates 

for each individual panel, were not clearly required in the 

original specifications. Consequently, they were not included 

in the estimate. 

3.7.4. The requirement that all automatic valves be bubble-tight: 

This requirement was not clearly stated in the original speci­

fications, but was later deemed necessary for successful per­

formance of the system. 

3.7.5. The addition'of duplicate temperature and flow measurement 

devices: Because of uncertainty as to the timing of removal 

of the ERDA instrumentation, Bell felt a need to add a few 

venturia and thermocouple wells in the piping system to provide 
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permanent monitoring capability. These were not included in 

the estimate. 

3.7.6. The beefing-up of the panel structural supports: Our 

structural engineer redesigned the support structure to be 

made of 2 1/2" X 2 1/2" X 5/16" in lieu of 1 1/2" X 1 1/2" 

X 1/8". This necessitated employing iron workers in lieu of 

sheet metal workers, according to Union rules. 

The above-mentioned items are only a few examples of type of changes that 

can run up the cost and delay the completion of a novel project such as 

this. 

When the solar panels were ordered in November, 1976, a January delivery 

date was stipulated. However, while the manufacturer was prepared to expedite 

delivery, he was later told not to rush into production, since the subcontractor 

did not want to have to take delivery of _the panels until he was ready to 

install them on the building roof. After several requested postponements, 

delivery of the panels was made in early June, 1977, directly to the job 

site. A crane and riggers were ready to take the panels to the roof and 

mount them on the support structure. This was accomplished efficiently within 

two days only. Appendix "B" includes some photographs which were taken during 

that operation. 

Progress in completing the system installation was fairly slow during the 

summer of 1977. It was felt that since the system was not needed until the 

start of the heating season, there was no urgency to complete it before 

September, 1977. The subcontractor reduced his crew on this job whenever 

he had a need for utilizing his manpower elsewhere. 
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In complience with Bell's contract with ERDA, an on-site display room 

was provided which contains a professionally-produced exhibit for the 

benefit of visitors. The exhibit includes several charts explaining the 

operation of the solar system, a typical solar collector panel with a cut-out 

section and large size photographs of the panel installation procedure. 

In addition, slots were provided to distribute to visitors various brochures 

on solar energy, which were supplied to us by ERDA. 

By early October, 1977, the system was at a stage of completion which 

allowed putting it into operation. A dedication ceremony, attended ·by the 

President and other higher management of Bell of Pennsylvania, several local 

dignitaries and a representative of ERDA, was conducted on October 25, 1977. 

3.8. Cost Over-runs 

By the time the solar system was placed in operation in October, 1977, Bell 

of Pennsylvania incurred the following over-runs over the estimated costs listed 

in paragraph 3.3: 

3.8.1. 

3.8.2. 

3-8·3· 

Extra amount paid to the HVAC Subcontractor: $91,789. 

Extra mark-up paid to the General Contractor: $4,589. 

Extra amount paid to the Integrating Contractor: $10,618. 

3.8.4. Extra amount paid for the Display Room: $2946. 

The above sums do not include the extra time spent by in-house engineering 

on this project, which was considerable. 

Table (3) lists the actual cost of the various items appearing :ln Table (2), 

with percentage increase of each item over the estimate. Table (3) also adds four 

items which were not included separately in the estimated breakdown of Table (2). 
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4.0 LESSONS LEARNED 

Among the lessons learned on this project were the following: 

4.1. Because of unfamiliarity of most installers with the peculiar 

requirements of a solar system, it is essential that more complete 

details be included in the design drawings and specifications 

than is customary with standard HVAC systems. These details should 

-all be finalized prior to requesting bids from installation sub­

contractor.s. 

4.2. To the extent possible, bids should be requested from only sub­

contractors who have had prior experience with solar systems. 

4.3. Maximum effort should be exerted towards "Fixed lump sum" con-

tracting in perference to "Cost plus fixed fee" type of contract, 

even if the latter include a "Not-to-exceed" clause. 

4.4. Performance monitoring instrumentation should be finalized and 

detailed at an early stage to permit incorporation into the design 

drawings and specifications. 

4.5 Ample time should be allowed for developing the engineering drawings 

and specifications and for the procurement of hardware • 

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

completion of the detailed design of the system. 

4.7. Delivery of needed hardware should·be planned carefully in advance 

of the start of construction. 

4.8. A thorough economic analysis should be undertaken to compare the 

cost effectiveness of drain-down systems with those using anti-
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freeze in combination with a heat exchanger. This analysis 

should take into consideration such matters as the comparative 

maintenance costs caused by relative complexity 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. 

4.9. The experience of the design engineer in solar technology is of 

vital importance. 

5.0. CONCLUSION 

In.spite of the difficulties encountered, Bell of Pennsylvania is pleased 

to have co-operated with ERDA (now part of the u.s. Department of Energy) in 

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

suppliers and contractors with a unique opportunity to gain valuable experience 

in the design, construction and operation of a fairly c·omplex solar space heating 

system. It is hoped that this report will b~ of benefit to future users of solar 

energy. 

6 • 0 REFERENCE 

6. L "System Design Report", C00-4048-78-1, March, 1978. 
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Table 1 
PERFORMANCE .MONITORING INSTRUMENTATION 

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

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

1 T029 (T-29) Outside Ambient Air -10 100 IS4 S53-P85Z36 

2 Tl02 (T-1) Collector Array Inlet 40 180 F203Ul8 S57-P50Z36 
(T-2) Water Temperature 

3 TD102 (T-2A) Collector Array Differential 0 75 F203Ul8 S53-P50Z36 
Water Temperature 

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

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

N 
6 (T-5) 40 w T205 Storage Tank Top Water 200 F203U300 S53-P330 

Temperature 

7 T206 (T-6) Storage Tank Center Water 40 200 F203U300 S53-P330 
Temperature 

8 T207. (T-7) Storage Tank Bottom Water 40 200 F203U780 S53-P810 
Temperatl!re 

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

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

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

12 TD423 (T23-A) Storage Tank to JIPU Loop 0 15 F203Ul8 S53-P50Z36 
Differential Temperature 

13 TD411LO (T-11) Lo Side F20)Ul8 S53-P50Z36 
Supplementary Heat (Roller) 
Differential Temperature 



No. 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Designation Name 

TD411Hl (T-llA) Hi Side 
Supplementary Heat (Boiler) 
Differential Temperature 

TD427Hl (T-27) Hi Side 
FFH Circ. Differential Water 
Temperature 

TD427LO (T-27A) Lo Side 

T425 

TD425 

T413 

TD413 

FFH Circ. Differential Water 
Temperature 

(T-24) AHU Inlet W'ater Temperature 
(T-25) 

(T-25A) MfU Differential Water 
Temperature 

(T-12). 
(T-13) 

Heat Pump Loop Inlet 
Temperature (Heating) (Hi side) 

(T-13A) Heat Pump Loop Differential 
Temperature (Heating) (Lo side) 

TD513* Heat Pump Loop Differential 
(Cooling) (opposite of TD4lj) 

TD519LO (T-19) Cooling Tower Differential 
Temperature (Lo side) 

TD519Hl (T-19A) Cooling Tower Differential 
Temperature (Hi side) 

T628 (T-28) Ambient Temperature Typical 
Office 

Range (oF) 
Min. Hax. 

100 250 

0 50 

50 85 

*NOTE: Measurement TD513 is the opposite sign of 
measurement TD4l3. No additional sensors 
are required. Hm1ever, a separate channel 
is required in the SDAS for T0513. 

The::-mowell 
Par·: 
No. 
F203Ul8 

F20:3U7 

F20JU7 

F20lU18 

F20i118 

F201Ul8 

F20JU18 

* 

F203Ul8 

F20JU18 

Probe 
Part 
No. 
S53-P50Z36 

S53-P40Z36 

S43-P40Z36 

S57-P50Z36 

S53-P50Z36 

S57-P50Z36 

S53-PSOZ36 

S53-PSOZ36 

S53-PSOZ36 

S53-P8SZ36 



(b) Flow Rate Measurements 
Range (GPM) Model 

No. Designation Name Min. Design. Hax. No. 

25 WlOl (F-1) Collector Array Flow Rate 0 52 60 MKV-2 1/2-JOl 

26 W403 (F-3) Supplementary Heat (Boiler) 0 97 MKV-2-JOl 
Flow Rate or 100 

45 

27 W410 (F-10) Storage Tank from FFH and 25 45 55 MKV-2-JOl 
AHU Loop Flow Rate 

28 W411 (F-11) Storage Tank from HPU Loop 0 52 60 MKV-2 1/2-JOl 
Flow Rate 

29 W412 (F-12) Storage Tank to FFH and AHU 0 97 MKV-2-JOl 
Loop Flow Rate or 100 

45 

30 W413 (F-13) Storage Tank to HPU Loop 0 52 60 MKV-2 1/2-JOl 
Flow Rate 

N 31 W408 (F-8) Air Handling Unit Flow Rate 0 35 MKV-2-JOl (.}'1 

or 40 
Less 

32 W404 (F-4) FFH Flow Rate 0 10 10 MKV-1-JOl 

33 W406 (F-6) Heat Pump Loop Flow Rate 0 52 60 MKV-2 1/2-JOl 

34 W409 (F-9) Cooling Tower Flow Rate 0 52 60 MKV-2 1/2-JOl 



N 
en 

No. 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

Designation 

EP!Ol (KW-1) 

EP105 (KW-5) 

EP403 (KW-3) 

EP404 (KW-4) 

EP408 (KW-8) 

EP412 

EP409 (KW-9) 

EP402 (KW-2) 

EP407 (KW-7) 

EP510 (KW-10) 

EP511 

1001 

(c) Power Measurements 

Name 

Solar Collector Pump P-1 Power 

Solar Panel Refill Pump P-5 Power 

Forced Flow Heaters Circ. Pump P-3 Power 

Air Handling Unit Circ. Pump P-4 Power 

Air Handling Unit (AHU-1) Power 

Forced Flow Heaters Total Fan Power (4 Units) 

Supplementary Heat Electric Boiler Power 

Heat Pump Units Circ. Pump P-2 Power 

Total Power to Heat Pump Units 

Cooling Tower Power Fan 

Cooling Tower Pump Power 

Insolation 

Model 
No. 

PC5-14 

PCS-14 

PCS-19 

PCS-5 

PCS-23 

PC5-l 

PC5-80 

PCS-14 

PCS-62 

PCS-53 

PCS-19 

PSP 



TABLE (2) 

HVAC SUBCONTRACTORS ESTI~~TE 

MATERIAL LABOR TOTAL 

1) SOLAR PANELS $24,179. $8,751. $32,930. 

2) STORAGE TANK 9,730. 1,600. 11,330. 

3) ALL PIPING CONNECTING 
SOLAR PANELS WITH STORAGE 12,360. 16,800. 29,160. 
TANK 

4) AUTOMATIC CONTROLS 
FOR SOLAR COLLECTION 2,250. 4,200. 6,450. 

5) NITROGEN PRESSURIZATION 
EQUIPMENT 3,650. 3,500. 7,150. 

6) COOLING TOWER 6,280. 2,800. 9' 080 •. 

7) AIR HANDLING UNIT 5,400. 3,800. 9,200· 

8) 20 HEAT PUMP UNITS 12,920. 4,800. 17,720. 

9) ELECTRIC BOILER 2,650. 800. 3,450. 

10) ALL WATER PUMPS 6,250. 1,600. 7,850. 

11) ALL PIPING DOWNSTREAM 
OF STORAGE TANK 15,520. 22,200. 37' 720. 

12) AUTOMATIC CONTROLS FOR 
HEATING EQUIPMENT 2,500. 4,500. 7,000. 

13) STRUCTURAL SUPPORTS 
FOR SOLAR PANELS 6,825. 5,425. 12,250. 

14) WATER TREATMENT 2,200. 920. 3,120. 

15) SHEET METAL EXHAUST 2,000. 3,300. 5,300. 

16) FORCE FLOW HEATERS 950. 640. 1,590. 

TOTALS $115,664. $85,636. $201,300. 

27 



TABLE (3) 

ACTUAL COSTS AND OVER-RUNS 
:,.; r·• 

I MATERIAL I LABOR I TOTAL I 
!Actual Costl% IncreaseiActual Cost!% IncreaseiActual Cost!% Increase! 

I 
I 

~ 

I 
1) SOLAR PANELS $24,521 I - :· 1. 4 $9,400 7.4 $33,921 3.0 I 

I I 
2) STORAGE TANK 11,628 I 19.5 3,551 121.9 15,17 9 34.0 I 

I I 
3) ALL PIPING r I I 

CO~CTING .I I 
SOLAR PANELS 18,356 I 48.5 25,692 52.9. 44,048 51.1 I 
WITH SIORAG! I I 
TANK I I 

I I 
4) AUTOMATIC I I 

CONTROLS FOR 5,565 I 147.3 7,070 68.3 12,635 95.9 I 
SOLAR I I 
COLLECTION I I 

I I 
5) NITROGEN I 

PRESSURIZATION 4,425 21.·2 4,796 37.0 9,221 29.0 I 
EQUIPMENT I 

I 
6) COOLING TOWER 6,111 0 2, 712 0 8,823 0 I ,. I 
7) AIR HANDLING I I 

UNIT 5,250 0 3,821 0 9,071 I 0 I 
I I 

8) 20 HEAT PUMP I I 
UNITS 15,978 23.7 7,208 50.2 23,186 I 30.8 I 

I I 
9) ELECTRIC I 

BOILER 2,521 0 981 22.6 3,502 I 1.5 
I 

10) ALL WATER 6,370 1.9 2,300 43.8 8,670 I 10.4 
PUMPS I 

I 
11) ALL PIPING I 

'" DOWNSTREAM OF 20,545 32.4 29,690 33.8 50,235 I 33.2 
STORAGE TANK I 

I 
12) AUTOMATIC 

CONTROLS FOR 2,621 I 4.8 4,551 1.1 7,172 2.5 
HEATING EQUIP. I 

I 
13) STRUCTURAL J 

SUPPORTS FOR 11,937 I 74.9 11,767 116.9 23,704 93.5 
SOLAR PANELS I 

I 
14) WATER TREAT- 2,525 I 14.8 1,416 53.9 3,941 26.3 

MENT I 
I 
I 
I 

28 
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TABLE (3) (cont.) 

ACTUAL COSTS AND OVER-RUNS 

,. 

l 

MATERIAL .. LABOR TOTAL I 
Actual Costl% IncreaseiActual Costl% IncreaseiActual Costl% Increase! 

I I 
15) SHEET METAL I I 

WORK 2,200 10.0 I 3,800 I 15.2 6,000 :p.z 
I I 

16) FORCJ;: FLOW I I 
HEATERS 950 0 I 640 I ' 0 1,590 0 

I I 
17) ERDA FLOW I I 

& TEMP. 954 * I 6,540 I * ~,494 * 
SENSORS I I 

I I 
18) ERDA POWER I I 

SENSORS & I 3,200 I * 3,200 * 
J-BOX I I 

I I 
19) BELL TEMP. I I 

MONI?:ORING 1,950 * I 501 I * 2,451 * 
SYSTEM I I 

I I 
20) ADDITIONAL I I 

ELEC. WORK 4,696 * I 14,350 I * 19,046 * 
TOTALS 149,103 28.9 143,986 68.1 293,089 45.6 

* Note: Items 17 to 20 were not identified as separat~ items in the original 

estimate (Table 2). 
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FACTORY FABRICATED AIR HAND ... ING UNIT SCHEDULE 
UNIT FAN t::)O.TA. MOT. ~TA. HEATING COIL ;:lii.T.II FIL~ 

NO. CFM s.P. ~· BHP!l'fr~ MHP 
AIR WA"lt:R .~IRE~ TYPI! . ~.P.fECleP..De 'Ro4IJ&it:w llfl!laTit I 

A~U-1 4000 Z.'h' 1.4'55 2..741 I 3 •Ja"l osol 85 31 1 I I'' 0 ~-n.l - z· TW~ A/NAY 
,, 

FAN SCHEDULE 
PE~MANCE ~TA CONSTRUCTION OI.TA 

F~ ~~VILE SP T'E> r-o: CFM v.G FA.4 RPM 

MCJT.D\TA 

MHP REMARKS NO'TE5 

EF·I CDIO .2.':> 2.850 "7'30 ,,~ V-BELT ORNe 

EF-2 ·q75 .315 3'105 9'15 1/4 v-ee..T ~ 

EF-3 .25 31105 <005 1/4 Y·BEL'T ORI'VE 

EF-4 .2':> 31C".>S <DO:> 1/4 v-BEL'T ORI'\/1:-

PUMP 'SCHEDULE & 

!RNP NCE :».'TA rHST'RU rtON ::»-'TA MQT. Oil" A 

seRVICJe GA.4 TPH OESSI REM~ 
NO. FT. RPM Bl-IP TYPE PUMP !'RWiiE MHP 

P·l ~-'R ca..LEC1CR 52 4" 1SO - ~~'@'~~ - 2 

P-2 HEAT PUMPS n 4" 115<: - 1~1U!r~~~~ - 2. 

P-3 ~OIICCD "LOW HEATERS 10 20 lnsc - IN~INt CIRCULATOR - \13 

P·4 AIR HANDL lNG UNIT 35 ~0 1750 - INLINE CIRCULATOR - '/2 

~!> RE:F"IL~ PUMP .48 50 1nsc - i~~T:~6¥.'6~1- - 2 

.&, J).J\"'f I-IEA.\E.A. H! 1 - T"Q..ta.H~ Moo£.\.. ··p· ~t"Z.e. So, tftS H.P. "-"o,.oQ, 1"2oV'.·I•, IISOQPM 
NQM\WA.\. QA,.IWC. OF ~8.~ N:~H \Jrlll,...-4. '2.00~ v.l~\e.Q OW 

L..NIT 
NO. 

FFH·I 

.FFH-2 

FFH·!> 

~FH·• 

'20 TO OA.oP ~.q"14PM WI\..L... OP~t:lA..,.E. Wff'"' \\O'F WA'T~Q OW 
G!!.Oo.IC!.O OU'i'Po.l'T. 

FORCED FLDN HEATERS SCHEDULE 
FAN DI>TA AIR-Q.I HEATING MOtOR 

CFM EXT. RPM COIL WATE.R 
~INAL ':aP. MAX. EDS GPM P.O. F'T. 

2.00 - 1100 ~o· I 0.14 

aoo - 1100 cQO" I 0.2'4 

200 - 1100 c&O" I 0.24 

200 - 1100 ~o· I 0.24 

C'Y' 1'-&T~J. 
110 G.OOO 

110. (QOOO 

110 ~ 

110 ~ 
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WATlS 

8'!> 

8!> 

es 
~ 

~· 

R&llll~ 

-
-
-
-

& "F., . =~o;~~~~~ 

& <}EP • "-C. 'NA.TT 

P'O. ~LOW METE.~­

o;,E.! >JOT·~ '21~ 

"AUTOMATIC AR~A"Y ORAINAC.£•- WHEN COL.LE'CTOil PLAT~ ~--~PERATURE 
1..5 40F' OR BELOW) Vc AND Vo SHAL.L. CLO.SC, AND VA, Va AND VH .tt.lrtiO VEE' 
5WAL.L. OPEN W~E.2£UP0N Tto41' COLLECTOR ARRAY WILL OllAtN INTO THE 
HO\.Dl"JG TANK DISPLACING T~l NIT20~£N Q.IAiil:(iiL WHICt-t WI~L. l='lt..L. THE' C.0LL£CT!:)~ 
ARA:AY A.ND THI P'IPIN(i ABOVE THit ~00 .... WHE.N THit COI..LirCTO• PLAT!' Tlllo4PERATURI. 
RIS~~ AJ!JCN. T~,._ ~TO~""-G'Ii. 'T..._~"'- t"S.MPBR .... T\.l1tC, Vki...V~ Vu S>H.-...\.\.. C:.\.O~'E 
At.JO TM£"'-l T~~ Sil~1f\~\.. PUM-P '!I.H.k\..\.. ~'& '!I.T.A..QT.._l::t ...._WO ~""""-.\..\.. P.U~ 

Ut..lT\\.. "=aTOPPII&CI ~y 11"\.0A.T ~WITC.'"'6.!1. """"UN\.fa.~Q.~O \, Z.. 3 ..... ~C ..... "- T 
V'n•I\C"" TIN\.E VA\...Vt!S VAo.~Vr:. ..... "'-1.0 Vc. &"""'-'-\.. C\..O~e,. Aro...""-lt:> ..., .... \..Vl;"!. 
Vc A.NO V• !tH..A.I..~ o•aw. ~I..OA..'T &WITG\-1";. .. I T\o(s;i~,\.,)4 "fO ~li: 'Wia•t:::t 1"-!o .SEt;;;t\i:,~. 

EQUIPMENT SCHEDJLES <1 
FLOW DIAGRAM 

HEAT PUMP SCHEDJLE 
PUMP NOM 

OUT· PO ~R~IlON Wl~~ION 

SI!R'.'ICE SID~ 
a:M ~ ~BitAR 1.,. -~~ ~AN Heln aF ~ ~ ~~~ 

CCMP F.w 

=~ NO. AIR L~ LWT 
CFM C.P:h4 "F DB W8 K'N ~ Ofl(81\111 I~ IAt(itlt "F' 

HJ:lB,t<l Clf~~ :uo 70 ~-5 5-~ qz 82.5 "'~·· 14,231 1-77 .13 20,188 10~ "lO 70 1'3,000 l.w~ .13 12,'~30 "Z-~ 
t~QI AL~R 230 40 1-9 IQ.O qz 82.5 "'·I 7,210 1.11 .or" 11,088 10~ '10 70 IQ800 1.10 ,oq 1&,40 '-2 .. '3 -~.2.0 
IHI'll,·ll ~~~ 210 40 2-~ c&.2 qz 82.5 ~.I 9,7fl3 1-24 ..()"1 14,0!!<5 ICS "10 70 13,000 1.74 ,09 8'500 c<.c.~ 

TANKS 

CC.:O.....ING TOv\IE.R SCHEDJLE &. ~AC~ OF THE' I='OLL.OWING 5HAL.L. !!.It A.S.M.I!:. CON.STR.ucTe:O 
FOR. 50 P,:,l NORKING PRESS~Rr; .a-.NO SHAL.~ BEA.~ T~! 
A·-"·M.I:. •ABEL... T ... NK,S SMAL.L. HAV~ ~AVCijE. "'\.A:!IS£3 A.5 
REQun:utD TO Cove-- Tto4lt C.!NTER 2/3 OF EAC ... TA~K .. 

LOCATION 

R:X)F 

A.MBIENT 

we.,.. GPM 

70 5'2 

P.D. FAN PUMP MA.')(IM\JM 
!WT LWT Peol MOtOR MO'TOR CPERAiTI~ 

H.P. H.P. WEIGHT, LB& 

lOa qz .a s 1/5 :3000 

~ 
ALL PLUMDINCi INDICAT£:0 ON THIS 
ORAWINCi IS S~OWN F'OR WOR..C 
CO .. OROINAT•CJN ONL...Y ANO 1.$ NOT 
I""'TI:,..DI:O 'TO ISE A. PART 01" THe:. 
HV'AC: CONT<I ... CT. 

EJC.PANSION TAN)( N!.l - ,..;OMI...,AL.. 18 ~AI-. HCH\IZONTAL, 
12."01A. X 3_... ;..ON(i. 

HOL..DI N(i TAN I<- NOMINA~ 300 GA.t....VItR.TIC.At..., 
30 .. 0IA . .c "'~- ~IGH. 

<4EN' L SE~VICE: •AI~ COM PRE: SSOR 

AIR COM~~E:SSOR .SHAL-L... B. EQUAL... TO CjAQDNEQ·OENVE.r:t 
MOCE'L... A,CA 2, 2.Y2. i 4 CIJ. F'T. PltQ. MIN. AT I ?0 P~l) 886 R.Phoi 
~+ HP MOT~~, V- SE'~T DQIVC WITH SEL.T GUARD.· 

& IN~OI..Il•••,'TIO~ 1001 

~ 0UT51D£ AIR(5HICL.DCD) 
--- T·O'lq 

[.!',':' C'lUO TOAI.L 
t-.E'AT ~"""P VNIT.S 

(or• •. u;;: II'>J TYP. 
o~~•c.IE) 

&&£FLOW DIAGRAM N:::rTC: IN "-.L\. ~ BUT' "'-UTCMA.TIC A.\.\. Y 
DR-'.IN."-0 ~ COI...I.E.C~ PIPING,, 
PROVICE:. A.I.JTO. Alil ~~~::, 0'-l A.I.L ~IG~ NO SCALI! 
1'01'-lTS "-NDWWc:~E INDIC.A.TED ON DRJ>-..WI~CO~. 
PROVIDE: D~A.IN ·O~rS AT A"" "OW POINTS. 

SHEET NO. 

M-4 
DATE WEST C.HESTE:R WORK CEI-JTER 

~JU;;:";"'~:z.~1 '.::1'~'::·~r....;;;......_;;..........;; __________ "1 A SOLAR El-.llt RCOY 

SCALE .i!lo~LL. OF' P£NNSYLVANIA PRO.JE:CT IN COOPERATION 
165HONN ONE: F=>ARKWAY WITH THE E:NE:RG,Y RESE.ARCH .. .....,-~---1 
DRAWN 8Y PHILACELPHIAJ PE:NNSYLVANIA ANDDE.VE.~OPMENTADMIN:STRATION 0~-~ 
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SOLAR ENERGY 

-- ~-~wR 
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WITH SWITCH 5·1 INOE)(.£'D TO "MANUAL DRAIN'' 

I. ~i~~V~: ~~:~~ ~~ ;~L.~L~~~~E!--D CLOSED 1 VALVE3 VA,\(&, V£!: 

2. PUMP!S P~l AND P~~ !iHAL.L ~E INOPCRAeL.£. 

WITH SWITCH S~J IND£.XCD TO •AUTOMAJIC DRAIN AND ~ILL • 

~:SSUMINCi ARRAY TO eE DRY, D~A.IN£0 INTO I-40L.OIN0. TAN I<, VALVE~ 
Vc AND Vo HELD C:L.OS!'O, VALVE'S VA, Va, Vet AND VH HELD OPEN, 
SUBSEQUENT OPE.R.ATION SHALL SE AS J:'OLLOVVS: 

3. WHEN A 'tRAY TE'MP!'RATiJR[ SENSED BY T~ I RISES AIIOVE ~TOR~E 
TANI< TLMPERATU~E S~N~tD BoY r~z. BY AN ~~TABL.IS~EC 
OI~~~AENTIAL. (1& 0 OR A~ LATER .:liL.EC:TirO), VALV~ Vu: 51-fALL c;~O.SI' 
ANO PUMP ~·S -'~ALL. .START. WHEN SOLAR ARA.AY IS C~PLETE'LY 
I='IL.LEO A~ ~IIN.SI'D &V ~OAT SWITC:HC-5- ~~~ THRU F'S4 PIJt..4P P·5 
SJ..4ALL M' STOPP£0 AND VALVES VA, Va AND VH .SHALL &II' CLO~ .. D 
ANO VALVES Vc. AND Vo SHALL. B~ OPiiNiLO. VALVE. V •• SHAL.L.. BE 
HELD CLOSED W~IL£ V.A.L.V~.5o VA AND Va AR.C: CLOSING;. A~TER 
VI\ Ah!D Va AR[ CLOSED VALVE \111 SHALL. OPEN. 

4-

s. 

.... 

7-

&. 

W._.EN ARRAY ISCOMPI.ETILL.Y C"(LLE'O AS St'NS£"0 &"'( I='LOAT ~WITCHES 
F'~l T1-4RU F"~4 PUMP P·l S._.AL.L 1!1&' OPERAI!H.Ii: 

WI1[1".!"VIt~ AR.RA'¥ TEMPEIItATUIII:I: SENSEO I!S)'" T-1 ~~ C1R~AT~R 
T~AN STORAG~ TANK TEMPE.A.ATURC SE'N.S~O &Y T·2. &'1" AN 
ESTABLISHED DIF~ItftENTIAL (1&• 0111: .A~ ~ATitR: SEL.ItCTE'C), 
PUMP P-1 ~HALL- STA..RT. 

WHe:NEVER. OIJ"F"ER,E"NTIAL. SENSED BY T-1 AND T·2 (T-1 BEING THE 

HIG><ER) ""~~!> e.e:cow "'"' e:.sTA&'-I"'"'"'O Dl••e:RENTIA~ (3"oRA5 
LATE Fit SE:LE'CT;:O ), PUMP F'-1 5!-IAL..L ~TOP 

WHENEV'R 5TORA4C TANioC TEMPERATUR:IL RISii:S ABOV'£ tf30F: 
PUMP P-1 ~HAL.L. NOT O~CRATC. 

W._.ltN ARRAY T£MPE.RATU"C 5l'N&CO DV T-~ OFoiOP.S To 40~ OR AS 
LATC.R SELiirCT~D, VALVIi:S Vc AND Vo SI-4AL.L 81!!: Cl-OSED 
V'AL..VC .S VA 1 V&, Vi"' AND V 11 ~~At.. I.. B£ OPILN~O WHICH WltL 
CAUSE ARR~Y TO OR:AIN B,.. GRAVIT"( INTO I-(0L01NG TANK. 
PUMP5 P-t AND P~~ 5HAL..L s• M~t..D 0~~ 

COLLECTION SYS.TEM 

YEAR- ROUND OPEQATIO"" 

1. SWITCH 9·2. tNOE)(.S 5YSTf:M TO •suM"'4ER• OR.W/Nftll" oPERATION. 

'2.. WHEN T~E STOQAG~ TANK TCMPtR.ATURE OAOPS TO 70 ~.OFt AS ~o.ATER 
5£\.ECTI:O (SE'W$(0 l!l"t'T-")~VALV£5 Y~ 'A .. D V4 SMALL OPEN AND 
VALVE' V'1. SHALL CLOSE. THI'Rit&Y P~RMITTING &OILtA 70 BE I-I tAT 
SOURC:It. . 

3. VALVES V.c, Vy AND~ ARE MANUALLY PO&ITIONE'D. 

4. VALVe: V·l ·!lt-4ALL &E P051TtON£0 ~UL.L OPitN TOH~T PUMPR.ETURN 
WATER WHENIEVE.A PUtr.4P P·Z. I~ NO{R..UNNIN~. 

WIT"' .5·Z INOI'K&C TO "SUMMER" 

5. C.OOLIN(t TOWE.R OUTSIDE AI~ O.MPf!AS 0·1 AND 0-2 SHALLO~N. 

(Q. MANUAL VALVE'$ VJIC AND'Vy 5WALL &r OP£NK.O, Va.Sl-4AU. e£CLO.SED. 

7· C00LtN(4 TOWr~~t 5PI\AY PUMP AND ~A"" ARt MA.Dit OP'EAA.IILC. 

&. c:INA.Rt:t>E INTI"MPII:"AlU"'~ TO$'iF' T·S 5\.IALL 3TAR'I'COOUNG lOW~ 
sPRAY PUMP,ON A ;'Ufl'TME.R Rl~[ TO ~OF T·!i SWA\.L 3TAQT COOLING 
TO.VE~ r'AN. 

~. V·l 5>~LL U I-I fLO POSITIONCO TO I='L)LL s:'LO\N' ~R:OM I-(£AT PU~P 
RI.TUR,.. LINE. (C.LD5ED TOHI'.tr.T SOURCES OF !ITO~Aq£ TANI( ... 801\..IA.). 

WITI-4 5· 2 I""DEJCrn TO •WINTER." 

10. COOLING TOWU OUT~ID& AI"- DAMPI'R5 D--1 AND 0·2. ~ALl &I MC\..0 CLD~ED. 

II. ~AHUA.L 'I,._LVIS VA AND V"( SHALL&£ CL.O~ED 1 Vz 5HALL. SC' OPEN. 

12. COOL.IN(i lOWCjlt; SPRAY PUMP AWO ~AN :,HAL~ &K ~ELD OF"r'. 

13. ONA.rALLING TEt-4niiiATURE T·S (SET 75F ~A~ LATI:A. SaLECTID) SHALL 
~R.AOUALL'( PO~I'TION \lei" TO ~.SS HlAT SOURCI' WA"T".-: (STOR:A.q£ 
lANI<OR li!ae?ILER) TO PUhtP P·2.. 

~: 

!>OIL•"- CONT~OL.5o, INCLUDING LCAVINQ WATER l~MI'II"A"TLJA:C, 
AR:E' ~.ACTOR.Y IN$"TALL.ED INTI'QAAL WITH TWE BOIL.ER. 

CONTROL 0~ HEAT PUMP LOOP SUPPLY AND RETURN 

37 
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TEMPERATURE CONTROL DIA~RAMS 

OUT~IOII: ...... 

YF:A~ - ROUND OPK'RATION 

I. ON A Rl51""4 T<M,.EI'IATURI: T·3 COF>ADUAC~"Y' CLOSCS V-4 
TO Tl-tE COIL.. ON A F"URTHEA F\ISC, AND AVTII'R V·4 15 

~~~L;;,.c~~T!I:N~S~~E coC.."::.~1(l.,. S~~~~~Ag~:~;..~.:'c~ 
OVERRIDIL T- 3 TO PROVtE>£' A L.OW l-IMIT ON AIR LE'A.VINCi 
UNIT. 

Z.. WITt-4 AHU Nil NOT llUNNING 
1 

0~1 S.._.ALL. &li HELD CLOSED,.~ 
D-2. H£1..0 oPEN,ANO V-4 SH,.4~L 8E PO..,.IT'ION-.D TO PA~S 
HW:l lHRU THE CD1~. 

3. T-1, ON LOW Tt:MPCI:tATUR&, S._.ALL. ~TOP .AHU
1 

N!I_,CLO.SE 
0-1, oPEN 0-2 ANO PO~ITION V-4 TO PAS~ .... WS T1-41lU 
THE COIL .. 

CONTROL OF AHU N!!l 

----~---- ~~--
1 ~w& 

YEAR:· ROUND OPERATION 

T T·S 
(ROOM) 

I. ON A F"AL.L.INCO TEMPI!:RATLIIII!I: T·S S ... A~~ STAilT 
UNIT ... EATER FAN MOTOR ANO I'"UI..LY OP&N 
VAI..VI!: AS·~. 

CONTROL 01=" UNIT HE:'ATER N'll 

I 
'• 

---r---
1 

~RC&D ~,..,., HI'ATI'A 

YE'AR .. ROUND C)f'C.ATION 

I. ON A RISING T£'MPitttATUI=ItC T~4 S .... AtL.L. <:;RAOUALL.Y 
PO~ITION A~-1 TO B"'t'PA.SS COIL. WNEN AS-I 
15 ~ULLY CLO~IED UNIT !!'AN S._.AL\.. STOP. 

CONTROL 01=" 
FORCED !=LOW HEATERS J:"J:"I THJ:<U 4 

I'P"~bP.:> l . • "IA"T PUMP UNIT 

L 

EACI-4 HEAT 'PUMP UNIT ~MAL-~ 1-ol.AVE F"AC'TOtllV IN$TAL.L&D 
I.,_.T~RA~ TI-IEAMO.STA'T) AUTOMAltC ).(EAT I N(i /C.OOt.INCi 
CWANGEO'V'ER F='EATUA.It, C:.F:.. ~~- L..O\I'V SPE•O SWITCH AND 
~~~ION FOR RANDOM STARTING' 0!:= TH• t.JNIT.$. AI='TEII 
THE OC:C:U-NT· HAS SE~ECTI!.C> THE. O~SIIli:C> SETTINCO ON 
THE TH£RMO,TAT T ... E UNIT Wil-l- P•OVIDI!!: "1&ATINQ 0~ 
C:OOL.ING A.S Ne&bEo TO MAINTAIN T!ootlt ~lET POINT. 

HEAT PUMP UNIT CONTROL 

DATI: . ' -
k•;:P;:R:I";""~~:_:"'.:_:7__jrW_:.E.:.S_T_C:...H-=.E..:.S..:.T_E:_R_W_O_R_Kf. _.C_E_N---'T_E:_R_.--1A SOLA~ ENE:RC,Y 

SHEET J'IO. 

SCAI..E BELL Ol'" PENNSYLVlNIA PR01E:CT ll•i COOPE:RATION 
IIONIL ON£ PARKWAY I WITH THE ENE:RGY RESEARCH .... ~~~---f 

D~~~ ISY PHILADE:.LP~IA, PENNSYLVANIA ANDotVE.LOPME:t.ITAOMINI!>TRAl"ION J0,;-0~~·'3·5> 
--~------L-------~ 
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·, 
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0'- >'>T'-""-B L D l-a 4--H-> NOT~: NO ~'-\""Cor, MA.I...,TS ... ""-...C.'C. 
\. .... OOo'<l,tll. !.~A..\.'1.. ~~ P110VIC•O 

1-------------_:_----------------SOl..A.a. -lt..J.CO:il'CtY C.O\.\.S.C.TOIII: S, (e ~&) ---------------------.4 

i: 
,-;=:;- I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I· I 
In,;: 

!~ ' 
L2" C.ONOUtT &Y 

([L.CCT. CONT!:~Art.GTOR 

N 0 T E:: AlL hUC.,.ANIC:-"L AND ELE:CTRtCAL 
NOTE.S.,.PtP\~.E.TC.. A.RE T"C'PIC.A.\.. F'"OQ 
60T~ 'RO""S OF S.O'I...A..'R PJit• .. •··Ui.\..~ 

I" s:Ws Ct-..~ 
T~'>~ roor/ 
U'---------

y ... ~ $,TEll L.. PLAT£. 
eDLTC'D TO ANG\..~ 
I="RAM£. 

WCt..D KH,.DOFI'.'J"" 
C.r4ANNCL TO 
STEC'L.. P~T£. ·•• 

MA.,\lro.JTA..Itrr..l. Ya" C.\.'-Ao.'L'.~'C 
0'1./EA IW&U\...A..,.IO"' J,a.,c.'(.e,T' 

~~ ~"A"f :.~ .... ~.'CIIIIN .10, .... .,. 

PART ROPE P' bN 
xe· ·' t«·rs; 

0 
1 

n:..o"t 

I 
CO~ HO•I'l.ON.,..,_\... 
A..NC.Lti, 

NOTE: !5 

C.ORA\JGA.,.T&O 
M..CT/1>..\. ~IDia..u:ir 

-:-t~ .. tr'L'a. t-t:' "-~'WV~I...D~O 
.. 'TYW'~1ii.N VttRTICAr,.\.1..'\ 
I""C.Io..I..,EO L.'~. OQ\L\­
:a;'a .. ""'-1£.-P\-\0\.'-~ 12,."0.C. 

I. CO~RVQATE.D '-4ETAL SIDING MUST B!: t:JIQO"""DCD AND ATTAC1-4EO 
TO VIE'IITICA.L. AND HORIZONTAL.. ,....E ..... B£RS. SICit-.J.C. T"O 6'E.. 
QU"-l 1"-J. \-40Q.IZO~T,.C....\.. OH<EC.\\0~. 

'Z. P'A.INT CORIII:UGiA.T£0 MltTAL StOtNG AND ALL EXPO~O MCTAL. 

DETAIL OF' INSULATED· PIPE: 
..... NO PlPINQ .-..&OVE TME ROO~ WIT~ ONE C.OA.."T ~l:tiM.'G. Q 

...._ND TVVO C.OA."t'C:. MA..~-4--5N'. ~\.A...'IC.5~EO -~~E\.... 

CORIItUCijATEO 
MET""L.. p.-.,NE'L._: 

3ll':.i!~:Y".z· .. 'f •• L V"'r..E1.CEO 
~I&.'E"-l 'lt.:.~'TIC .... \..\..Y 
l"~t;.I..\~\~JD L'S 

TYPICAL. RETURN CONN£:CTION 
AND PIPE SUPPORT 

SCALE:.: .3"=- 1'-o" 

TYPICAL SUPPLY CONNf:CTION 
SCAl-E.: 1'/z.·a 1'-o'" 

~ -~~~~ ,:~~~-;oui~~C~I:Il:ri:rii~· 
IJ7.."'&uTTC~~LL VALVIr. 

CO....L1EC.T011' ~A...lt..lE.\-

__.1-.v-- 5 E C T I 0 N 'A'- "A' 
SCAL.I!:: l!ft"• 1'-o· 

THRU THE ROOI" 
lo.IO !'CA.L.E 

,l)iz'•IYa• KINDORP' CI-4ANNIE'I_ 

• •- -,oo (•~ Go'·) 

~L.OfT&O ~LT HOLCS 
IN STE'IEI- ,_.L.ATC 

Pt~ t:;U~~ PK.TAor.tL.. IS 
TYPfCA.\.. FOR S~L..Y .N'tD lll&'TUIIIN 
P'IPINQ. !!IUP~TS TO II& 
ON Go'-o• C.IEN'TI[IItS. 

PIPE: 5 UP PORT 0 E: 1' A I L.. 
NO SCAL-E' 
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DETAIL 'A' 
NO SCALE: 

GOLZ. WICII: 
CONSUL 'I'ING INGINP.DS 

l.fw _,.,.4~LO.._ 
l'tln.AUt;LI'tfllo. P'lltfof!Gl'LWAMA 

,3. A.L\.. BO\..T~ A.R.-. 3Je·~ .a....~T' ........... A~07 VV•"T'\-1\ NUTe. 

4. ~TQ UC.T\.Ul.A..'t.. .T1i.S.\..~ At.. S.TM. 1t... 34'. 

5. C.ON~T~UC.Te>~: 

:Ve"' s.~~L •o'-..,.. 
C..UT OUT UP~IG.~'T \..c.ca 
L.O<:.A.\..\.. '( I~ N ..... ~ti. t) IJO. 
'M.O~I!.. CO"lNE.C.TI0\..4 

~~~~'Lt'-~ ~~t~\~ ~"'-~ 
AUPf:I'Oa.T A.. ..... ll), A..\..IG. .. M.hi.'T. t)lf\\..\.. 
3('e'" '"""Eti.P \40\..J;. .. 12."0.C:,, 

a.) A..~\..~ 'F'qAr..M~ T'O SE E11t.~~T .. C ~U"""''e 
b) T'CN\POR.,,..,111."'f ~ltA.C.\~ I~ ~OfWC.ITUQI~\,.. t)\Q.1i.C."t\O~ 

S.HA.\..\. e~ P'R.O"It)'G.b PQ.,OQ. T'O IN~TA,..\..'-. ..... 'TION OF 

META.\. ~'t:lo\NG. 
c_) CON.~Tit.UC.T\0~ 5~o\,.\..\.. C:.O~~O'Il\M.. TO A..\.&C. '70I .0. 
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Construction Photographs 
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