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EXECUTIVE SUMMARY

A study is made of a solar energy system for space heating and 
domestic hot water loads. The Renault and Handley Building, 
referred to do Oakmead Industries site, is a commercial office 
and manufacturing facility located in Santa Clara, California. 
The building has approximately 60,000 square feet of floor area 
The solar system has 2,622 square feet of liquid flat-plate 
collectors with a 6,500-gallon storage tank. The solar energy 
system installation is a retrofit which did not achieve its 
design solar fraction. The system, however, operated well and 
required minimal maintenance.

Performance data of the solar system was collected by the 
National Solar Data Network for two heating seasons, from 1980 
to 1982. Highlights of the performance of the solar system 
during the two heating seasons are:

• The collector array exhibited good collector array 
efficiency. The storage tank is oversized which 
provided low collector inlet temperatures. The 
overall operational collector efficiency was kS%- 
The overall collector efficiency was 38%.

• The solar system had low operating energies which 
provided for good energy savings. The system 
averaged over $2,000 savings each year.

• The solar system provided 5^% of the space heating 
load and k3% of the DHW load.

• The DHW load was larger than expected. As a result 
pump Pk was undersized and if larger, the solar 
contribution could have been greater, realizing 
higher effective savings.

Weather conditions were well below the long-term 
average for Santa Clara, California. The average 
insolation was 1,483 BTU/ft^-day compared to the 
long-term average of 1,599 BTU/ft^-day.
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SECT I ON 1

INTRODUCTION

Several of the solar systems monitored by the National Solar Data 
Network’ (NSDN) have been selected for "case studies," an in-depth 
history and analysis. This report is a study of the solar system 
at Oakmead Industries, a space heating and domestic hot water 
(DHW) system for a 60,000-square-foot office and manufacturing 
building in Santa Clara, California. The solar system was de­
signed by Western Energy, Inc. of Palo Alto, with technical super 
vision from Pacific Sun, Inc of Menlo Park, California.

The building is of sing1e-story , s1 ab-on-grade construction with 
5 inch thick tilt-up concrete walls. North, east and west facing 
glazing systems are bronzed, thermopane glass. The northern 
section of each building is bermed to the glazing level. The 
roof structure is insulated to an equivalent of R-19-

2
The building utilizes approximately 2,600 ft of high-performance 
flat-plate collectors, mounted at A 5° on the north overhang. 
Additionally, the building uses 1,A00 ft^ of vertical air-collec­
tors affixed to the south wall. The liquid collectors supply 
heated water for perimeter space heating and service hot water 
generation. Storage is provided by 6,500-gallon atmospheric 
pressure water tank. The mechanical system is capable of accommo 
dating the future absorption cooling equipment.

The south wall a i r-co1 1ector system is designed to augment the 
south perimeter heating systems. During the heating season, 
return air from the perimeter ducting is drawn through the air 
collector. The air collectors are operated during the daylight 
hours only, and utilize the energy as it is available. A 
southern overhang protects the array from overheating in the 
summer. The solar system operated well and was one of the better 
performers monitored by the NSDN.
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SECTION 2

BUILDING DESCRIPTION

2.1 LOCATION

The Renault and Handley Building, referred to as Oakmead Industries, 
is one of two nearly identical solar heated buildings located at 
the Oakmead Industrial Park in Santa Clara, California. This com­
mercial building contains approximately 60,000 square feet of floor 
area and is normally occupied six days a week, not including Sunday. 
The solar energy system installation is a retrofit and was origi­
nally designed to provide 85% of the annual heating requirements 
and 90% of the annual hot water demand. However, a significant new 
hot water load was added after the design projections. North, east, 
and west facing glazing systems are of bronzed, thermopane glass.
The northern section of each building is bermed to the glazing 
level. The roof structure is insulated to an equivalent of R-19 •

2.2 SYSTEM DESCRIPTION

The building has two central heating zones, one for the north zone 
of the building and the other for the south zone. The north zone 
heating system provides space heating for the central electronics 
area and for several offices. The north zone is heated by a combi­
nation of solar energy from a liquid-based flat-plate collector 
array and an auxiliary gas-fired furnace. The south zone is heated 
by a hybrid passive/active solar energy system installed on the 
south wall, solar energy from the liquid flat-plate collectors, and 
by an auxiliary gas-fired furnace. Refer to Figure 1.

Liquid-Based Solar Subsystem - The liquid-based solar collectors 
utilize a 10% by weight solution of propylene-glycol in water as the 
heat transfer medium for collecting solar energy. The flat-plate 
collector array faces due south at a tilt of 45 degrees from the 
horizontal on the north overhang. The array is 2,622 square feet in 
area. The collector surface is enhanced with a black chrome selec­
tive surface and a single layer of water-white crystal glass.

The collector array is connected with storage and loads through the 
primary heat exchanger. The heat exchange step has been included 
so that positive, chemica11y-based freeze protection methods can be 
employed.

Energy removal from the/heat exchanger is accomplished by means of 
a recirculation loop oh the storage side. This loop, designated as 
a Thermal Control Loop (TCL), provides a connection between the heat 
exchanger, the 6,500-ga 1 1 on storage tank, and north and south zones 
space heating subsystems. The Thermal Control Loop strives to main­
tain a temperature between 120oF-125°F. Pump P3 maintains a con­
stant flow of 45 gpm at the Thermal Control Loop, while valve AV2 
modulates flow in and out of the Thermal Control Loop.
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Air Collectors on South Wall

Liquid Collector Array on North Facia

Oakmead Industries Solar Site 

OAKMEAD INDUSTRIES
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Valve AV2 acts in two modes. In the charge mode, when collected 
energy exceeds that of the building demand, valve AV2 modulates 
flow to and from the storage tank. When flow occurs to and from 
storage, valve AVI provides makeup water by modulating flow from 
either the top or bottom of the tank to maintain 120°F in the TCL 
loop. This strategy maintains 120°F in the TCL and delivers solar 
energy to storage.

In the discharge mode, valve AV2 controls the rate of energy re­
moval from the storage tank. The Thermal Control Loop is maintain­
ed at the set point by appropriate additions of warm water from 
the top of the storage tank by valve AVI. Energy additions to the 
loop are in response to the building heating loads as seen through 
HX2 and HXA hot water coils. Pump P2 circulates water to these 
coils upon demand from the temperature control system. The ther­
mal control loop logic provides a constant operating temperature 
for the hot water coils, while at the same time preventing unneces­
sary full flow conditions through the storage tank.

Other major components of the liquid-based subsystem include a 
storage tank, a heat rejection unit, and the domestic hot water 
system. The heat rejector unit dissipates excess solar energy 
when temperatures exceed the control set point. The storage tank 
stores the available energy in a 6,500-gallon insulated steel tank. 
A two-tank domestic hot water system will draw energy from the 
main storage system as necessary. A heat exchanger, HX6 located 
in a 120-gallon preheat tank, separates the potable water from the 
main storage tank.

Air-Based South Wall Solar Subsystem - During final design of the 
building, it was decided to incorporate a novel, relatively low 
cost solar subsystem in the south wall. The south wall incorporates 
1,400 square feet of vertical air collectors. A major design objec­
tive was to arrive at a configuration adaptable to a Trombe-type 
collection system with little interference with the wall-casting 
procedure. The southern walls were modified to include inlet and 
cutlet ports for air flow. The ports are spaced laterally on nine- 
foot centers and have a vertical spacing of nine feet.

The thickness of the concrete wall, 5-5 inches, is identical to that 
of the east and west walls. Because daytime heating is stressed at 
this site, the system deemphasizes the storage effects of the wall 
mass. (By way of comparison, a residentia 1 -based Trombe wall would 
be on the order of 18-inches thick.) The absorptivity of the wall 
surface has been enhanced with a f i e 1 d-app 1 i ed black paint. Other 
design details include horizontal, perforated sheet-metal strips to 
control lateral air flow, and a f i e1d-i nsta 1 1 ed glazing system. The 
glazing system consists of a double layer of low-iron, tempered 
glass attached with standard concrete fasteners, and flashing de­
tails. A six-foot overhang shades the vertical collector system, 
protecting the array from overheating during the summer seasons.
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During operation, return air is drawn into the south wall system 
via the lower registers. The air rises within the two-inch gap 
formed between the wall and glazing. Flow is induced, in part, by 
natural thermosiphon effects, and, in part, by a slight vacuum 
created in the perimeter duct distribution system. The heated air 
returns to the building interior via the upper ports and then 
enters a-collection plenum. The collection plenum is, in turn, 
connected to the south perimeter distribution system. Discharge 
air from the south wall can be further conditioned by a hot water 
coil, HXA, supplied by the liquid-based solar subsystem. An auxil­
iary duct-mounted gas heater serves to meet demand in the event 
that the combined efforts of the solar subsystems are insufficient 
to meet the load.

During the summer months, the perimeter ai r-d i stribution system is 
rendered inoperative. The collector array is protected from over­
heating by an architectural overhang.

The manufacturers of the major solar system equipment and compo­
nents are listed below.

Equ i pment/Components 

Col lectors 

Heat Rejector Unit 

Heat Exchanger

Preheat Tank

DHW Tank

Storage Tank

Valves (AVI 6 AV2)

Controls

Pump PI

Pump P 2

Pump P 3

Pump P4

Manufacturer

Revere

American Standard

Bell & Gossett

B u f f a 1 o

National

Saracco Mfg.

S t a f a Cont ro1 System

S t a f a Control System

Bell & Gossett

Bell & Gossett

Bell S Gossett

Grundfos

Model Number

S u n - A i d

Fanex 224

Shell + Tube 
WU-i28-44

Cus tom-made 

AG 

AG

1 522-1i AAB 

60-1i AA 

60-1i AA 

UP-25-42SF
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2.3 OPE RAT IONAL MODES

The system, shown schematically in Figure 2-1 , has eight modes of 
solar operation.

Mode 1 - Liquid Collector Subsystem-to-Therma1 Control Loop - In
this mode, fcollector loop pump PI starts if the collector plate 
stagnation temperature is greater than 120°F. An adjustable time 
delay relay provides an off delay for pump PI (normally five min­
utes). At the end of the delay period, pump PI will continue to 
operate if the collector plate temperature is 5°F greater than 
the Thermal Control Loop (TCL) temperature. Pump P3 is inter­
locked with pump PI to provide constant operation of collector to 
TCL. Pumps PI and P3 are deactivated when the differential tem­
perature between the collector plate and the TCL falls below 5°F.

Mode 2 - Liquid Collector Subsystem Protection - If the collector 
plate tempe ra tu re exceeds 2 AO* F oT the top oT the storage tank is 
greater than 200°F, valve AV3 connects the solar loop to the heat 
rejector, energizes the heat rejector fan, deenergizes pump P3, 
and energizes pump PI. This provides collector protection from 
extremely high temperatures. This mode is deactivated when the 
plate temperature falls below 2kO°F or the storage tank falls be­
low 200°F .

Mode 3 ~ Thermal Control Loop to Storage (Liquid Subsystem) - In 
this mode, solar energy is transferred to storage when the TCL 
temperature exceeds 120oF. Valve AV2 modulates flow to and from 
storage while valve AVI provides makeup water from the top or 
bottom of the storage tank. This mode is completely controlled 
by the operation of valves AVI and AV2.

Mode k - Thermal Control
This mode is energized wh 
Pump P2 is interlocked to 
ture is greater than 80°F 
greater than 80°F. Solar 
south space heating zones 
ing or the temperature in 
80°F .

Loop-to-Space Heating (Liquid Subsystem) -
en there is a demand for space heating, 
operate with pump P3 if the TCL tempera- 
or the storage tank top temperature is 
energy is provided to the north and 
until there is no demand for space heat- 
the TCL and storage tank falls below

Mode 5 ~ Stor age-to-DHW Subsystem (Liquid Subsystem) - In this 
mode, solar energy is transferred from the storage tank to the DHW 
preheat tank if the DHW preheat tank is less than 160°F, storage 
tank is greater than 100°F, and the storage tank temperature is 
10°F greater than the DHW preheat tank. Pump P4 is activated to 
deliver energy to the DHW subsystem and deactivates when the dif­
ference between the storage tank temperature and the DHW preheat 
tank falls below 5°F.
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Mode 6 - Auxiliary Space Heating (Liquid and Air Subsystems) - 
This mode activates when there is a need for space heating and 
solar energy is insufficient to meet the demand. The auxiliary 
gas-fired furnace will provide the remaining building space heat­
ing demand. (There are two gas-fired furnaces for the north and 
south heating zones.)

Mode 7 ~ Auxiliary Hot Water Heating (Liquid Subsystem) - In this 
mode, auxiliary hot water is provided by an electric heater. If 
solar energy is insufficient, then the electric hot water heater 
provides auxiliary energy upon demand. The DHW tank is maintained 
at a control set point of approximately l40oF.

Mode 8 - Air Collector Subsystem-to-Space Heating - This mode 
activates when there is a need for space heating in the south 
zone only. If the temperature in the air collectors is greater 
than 8 5 0 F , then the fan in the auxiliary furnace will activate to 
deliver heated air to the south zone. This mode is deactivated 
when the temperature in the air collectors falls below 85°F or 
there is no space heating demand in the south zone. (The return 
plenum damper is closed during the summer months.)

9





SECTION 3

SYSTEM PRELIMINARY DESIGN

3.1 REQUIREMENTS

The Oakmead Industries office and manufacturing facility in Santa 
Clara, California was designed to be the nation's first industrial 
plant complex heated by solar energy. Oakmead Industries is part 
of a $3 million complex, which will include three buildings on a 
15 acre site. With the projection that natural gas supplies were 
going to be severely depleted, Raymond Handley, President of the 
developing firm decided to erect such a project. The project was 
meant to prove that solar energy can heat the complex efficiently 
and economically.

The following describe the preliminary design as presented to 
Energy Research and Development Administration on November 1, 1976.

3.2 DESCRIPTION

The solar energy system will consist of both hydronic and forced 
air types. The hydronic system will consist of 110 three inches 
by eight inches copper flat plate solar collectors in two rows 
across the kS foot concrete Fascia in the front part of the build­
ing. During collecting hours, water circulates through these 
collectors and heat collected is stored in a 12,000 gallon, lined, 
insulated steel storage tanks. When space heat is called for, 
water is pumped through a heat exchanger in the storage tank 
before being circulated to a fan-coil unit in the area requiring 
heat. If the temperature of the space is maintained near required 
levels, no back-up heat is required. If the temperature in the 
space drops below the required temperature, a back-up boiler is 
activated to supply the required heat. If the return water tem­
perature of the fan-coil distribution line is above the tempera­
ture of the water in the storage tank, a solenoid valve is acti­
vated to bypass the solar storage tank.

Hot water used in the bathrooms is preheated in a heat exchanger 
placed in the storage tank on its way to the hot water heater.
If the water entering the heater is warm enough, no back-up heat 
is required. Otherwise the solar pre-heat will provide a percent­
age of the requirement.

The forced air solar energy system will be located on the south 
facing vertical walls of the two buildings. It will consist of 
tilt-up concrete walls painted black with Ka1wa11 plastic glazing 
framed in about six inches out from the wall surface. Air will 
be ducted in at the bottom of the wall and during solar collect­
ing hours in the heating season, a blower will blow air across 
the black wall surface. This solar preheated air from the exterior 
will serve as a higher air temperature fresh air source rather than 
the ambient outside air.



The industrial building consists of 60,120 square feet. Construc­
tion of the building is of tilt-up concrete panels, concrete floor 
slabs, and flat built-up roofs. Surrounding the building will be 
courtyards, outdoor dining areas, seating areas, landscaped walk­
ways and parking. The industrial building will be built on 
sepculation by Renault & Handley, and the mechanical and electrical 
systems will be determined later.

The following details were submitted by Renault S Handley to the 
U.S. Energy Research and Development Administration, November 1, 
1976.

SYSTEM AND SUBSYSTEM PERF0RMANCE/TECHNICAL DATA

A. CLIMATOLOGICAL DATA

For the proposed project site provide the following information

1. Latitude: 37° N

2. Heating Degree Days

Yearly: 2566

January: 508
2

3. Peak Daily Insolation: 2280 BTU/ft on horizontal surface

A. Yearly Sunshine: 85%*

B. COLLECTOR Commercial/Brand Name: Solera *3^92

1. Type of Collector

a. Plate Plate: Copper absorber, copper tube

2. Transparent Cover

a. Materials

(1) Type: fgTT clear tempered glass

b. Commercial Identification: Clear tempered glass

c. Solar Spectrum Transmissivity: Available in standard
references

Actual number not available - This number calculated by dividing 
yearly measured solar radiation by computer calculated yearly 
possible solar radiation.



SYSTEM AND SUBSYSTEM PERFORMANCE/TECHNICAL DATA (Continued)

Solar Spectrum Reflectivity: Available in standard
references

Infrared Transmisivity: Available in standard
references

Infrared Reflectivity: Available in standard references 

Number of Covers: 1

Combustibility: Not combustible

Edge Treatment: Standard tempered glass edge treatment

Physical Properties

Density: Available in standard references(1 ) 

(2)

(3)

(*»)

(5)

Linear Coefficient of Expansion: Available in
standard references

Thermal Conductivity: Available in standard
references

Specific Heat: Available in standard references

Tensile Strength: Available in standard
references

(6) Compressive Strength: Available in standard
references

(7) Weight: Available in standard references

3. Absorber Plate

a. Absorptive Coating

(1) Materials

(a) Type: Flat black enamel

(b) Commercial Identification: Flat black engine
enamel

(2) Solar Spectrum Absorptivity: 95%

(3) Infrared Emissivity: 95%

1 3



SYSTEM AND SUBSYSTEM PERFORMANCE/TECHNICAL DATA (Continued)

b. Base Plate

(1) Materials

(a) Type: Copper

(b) Commercial Identification: .010 soft copper
sheet

(2) Thermal Properties

(a) Thermal Conductivity: Available in standard
references

(b) Specific Heat: Available in standard
references

(3) Physical Properties

(a) Linear Coefficient of Expansion: Available
in standard references

(b) Density: Available in standard references

(c) Tensile Strength: Available in standard
references

(d) Compressive Strength: Available in standard
references

(4) Bonding Materials

(a) Type (Brazed, Soldered, etc.): Soldered

(b) Composition: 50% tin, 50% lead

(c) Commercial Identification: 50/50 solder

4. Insulation

a. Materials

(1) Type: Urethane foam

(2) Composition: Rigid foam

(3) Commercial Identification: Trymer CPR 9545,



SYSTEM AND SUBSYSTEM PERF0RMANCE/TECHNICAL DATA (Continued)

b. Outgassing Characteristics

(1) Outgassing Temperature: Not available

(2) Gas Given Off: Not available

(3) Any Condensation: Not available

c . P hy s i cal Properties

(1 ) Linear Coefficient of expansion: Available in
in standard references

(2) Density: Available in standard references

(3) Thermal Conductivity: Available in standard
references

(A) Specific Heat: Available in standard references

(5) Coefficient of Cubical Expansion: Available in
standard references

(6) Dimensions: 1" Thick below absorber,
3/4" thick on sides

5. Outer Base Enclosure

a. Materials

(1 ) Type: Aluminum

(2) Commercial Identification: Extruded aluminum

(3) Combustibility: None

b . P h y s ical Properties (As Applicable)

(1 ) Linear Coefficient of Expansion: Available in
standard references

(2) Density: Available in standard references

(3) Thermal Conductivity: Available in standard
references

(4) Specific Heat: Available in standard references

(5) Coefficient of Cubical Expansion: Available in
standard references

(6) Dimensions: 35" x 93"



SYSTEM AND SUBSYSTEM PERF0RMANCE/TECHN I CAL DATA (Continued)

c. Thermal Conductivity: Available in standard references

6. Composite Collector

a. Cooling/Transport Fluid

(1) FI u i d

(a) Commercial Identificat ion: Water

(2) Quantities of Fluid in Coll ec to r :

(a) Fluid: 2 Quarts

(3) pH : Variable, depending on local water supply

(*0 1 on Content: Variable, depending on local water
supply

(5) Mine ral Content: Variable, depending on local
water supply

(6) Durability (Service Life): Variable, depending 
on local water supply

(7) Properties

(a) Thermal Conductivity: Available in standard 
references

(b) Specific Heat: Available in standard

(c) Density: Available in standard references

(d) Viscosity: Available in standard references

(e) Coefficient of Cubical Expansion: Available
in standard references

b. Performance Data: Provide test or Performance Analysis
Data along with information detailing the conditions 
under which the data were generated. Active systems 
require that test results be submitted rating the solar 
collector in accordance with the NBS "Method of Testing 
for Rating Solar Collectors Based on Thermal Perfor­
mance," Document NBSIR 7^“365, or through other pro­
cedures which will provide similar performance informa­
tion, as determined by ERDA.

(1) Collection Period (Time of Day):

1:00 p.m. to 3:30 p.m. 

1 6



SYSTEM AND SUBSYSTEM PERF0RMANCE/TECHNICAL DATA (Continued)

(2) Maximum expected temperature under no flow condi­
tions: 260°F

(3) Discuss provisions for protecting collector under 
no flow conditions. No materials are used in the 
collector that cannot withstand at least 310°F.

(4) Collector Array Characteristics
2

(a) Total Area: 23 ft /collector x 110 project
collectors = 2530 ft^

2
(b) Solar Window Area: 22 ft /collector x 110

project collectors = 2420 f t ^

2
(c) Weights of Collector and Framing: 4 Ibs/ft

3.3 THERMAL CALCULATIONS

The following was obtained from the proposal submitted on November 1, 
1976 to the U.S. Energy Research and Development Administration by 
Renault £ Handley.

SOLAR ENERGY CALCULATION METHOD

The following method of calculating the solar radiation 
available to a tilted collector when only the radiation 
data for a horizontal surface is available was taken from 
articles by B. Y. H. Liu and R. C. Jordan, published by 
ASHRAE. The method involves breaking the available data 
into its direct and diffuse components, and then re­
combining them after taking into account factors for col­
lector geome try.

BUILDING SUMMARY

TOTAL ENERGY 
REQU1REMENTS 
108 BTU/YR

SOLAR E 
UT1L1ZA 

WATER SYSTEM

NERGY
T 1 ON

AIR SYSTEM
TOTAL SOLAR 
CONTR1 BUT 1 ON

Space
Heating 11.9 37S* 2U 61 %

Water
Heating 2 . 5 50%* -

See Note A



ENERGY UTILIZATION

I NSOLATI ON 
AVA I L A 6 L £ 

BTU/FT2 - N.S.
** 5 ” Tl LT | SO" Till

COLLECTOR 
EFF I C I ENCY 

*
Water

UNIT ENERGY 
COLLECTED 

BTu/FT2- H.S.*
COLLECTOR

AREA
FT2

ENERGY 
COLLECTED 

1Qfl BTU/H . S . *
TOTAL ENERGY 
COLLECTED IQ8 BTU/H.$.*

System 3 A6,I 10 50 i 173,055 2 , 500 ^.38

A i r
7.19

System 266,360 65 1 73, 121 I ,600 2.81

--See Note B

'"Note A

Since the collected solar heat applied towards heating domestic hot 
water will vary with the fluctuating storage tank temperatures during 
the heating season, it is difficult to calculate an exact percentage 
of solar contribution towards each heat demand. We have therefore 
assumed that all heat collected during the heating season will be 
applied to space heating. There are however, six months out of the 
year when excess heat is collected and the storage tank will maintain 
its maximum operating temperature. During these months 100 percent 
of all domestic hot water needs will be solar heated resulting in an 
at least 50 percent year round solar contribution towards water heat- 
i ng .

• ■ Note B

Units are BTU/SqFt/Heating Season or BTU/Heating Season. Since 
space heating season does not extend year round, we felt it was 
misleading to include energy collected during the summer months 
which cannot be utilized.

the



SOLAR RADIATION AVAILABLE

Total monthly average solar and oky rad ia t1 on on ho r 1 zon ta
(San Jose State University 1963-1973)

JAN 685.7 btu/ft2-day JUL 2280.6
FEB 1039-6 AUG 2194.3
MAR 1389.1 SEP 1745.3
APR 1866.9 OCT 1183.4
MAY 2125.7 NOV 783 . 1
JUN 2209.8 DEC 632.6

Total monthly average solar radiation on horizontal surface at 
air mass = 0

= 2A/it x lo x (cos (lat) cos (s.d.) sin (ws + ws rad 
sin(lat) sin (s.d.))

Where:

1 a t

s.d.

Solar Constant = 426.7 BTU/FT^-H 

Latitude = 37.5° for Palo Alto 

Aug. Solar Declination of Month

ws = Sunrise/Sunset Hour Angle

cos ws = - (t a n ( 1 a t) ) (tan ( s . d . ) )

JAN 1392.44 btu/ft2-day JUL 3645.18
FEB 1918.56 AUG 3210.46
MAR 2453 • 50 SEP 2762.70
APR 3070.25 OCT 2140.20
MAY 3 53 1 .28 NOV 1554.87
JUN 3734.01 DEC 1277.60

For JAN:

Daily Total Rad. Measured = .492*
Daily Total at A.M. = 0

Daily D i f f u s e Rad . = -375
Daily Total Measured

The ref0 re:
Diffuse Radiat ion = .375 x 685-7 - 257. 1 BTU/FT -DAY
Direc t Ra dia t i on = .685. 7 - 257-1 = 428.6 BTU/FTZ-DAY

*From graph by Liu and Jordan
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DIFFUSE DIFFUSE RAD DIRECT RAD
TOTAL(BTU/FT2-DAY)( BTU/FT2 - DAY )

JAN • 375 2 57 ■, 1 428.,6
FEB • 330 343 ., 1 696 ,• 5
MAR .310 430 .,6 958 ,. 5
APR . 290 541 ., 4 1 325.• 5
MAY .295 627., 1 1 498 ,.6
JUN .300 662 ..9 1 546 ,.9
JUL .275 627., 2 1653.. 4
AUG .225 493 ..7 1 700 ..6
SEP .270 471 ., 2 1274 . 1
OCT • 325 384,.6 798 ,.8
NOV • 375 293 .. 7 489.. 4
DEC .380 240 ,, 4 392,. 2

Total Radiation Available = Diffuse Rad x Percent of Sky Seen by 
Collector + Direct Rad. x Tilt Angle Factor

Collector Tilt = 45.0° to the South

Amount of Sky Seen = 180° - 45° = 75%
TW*

Tilt Angle Factor:*

JAN 2.189 JUL . 764
FEB 1 . 762 AUG .916
MAR 1 .332 SEP 1.196
APR 1.001 OCT 1 .609
MAY .806 NOV 2.073
JUN . 728 DEC 2.349

Total Average Daily Radiatiion Available on P roposed Solar Collectors

JAN 1131.0 BTU/FT2-DAY JUL 1733.6
FEB 1484.6 AUG 1928.0
MAR 1599.7 SEP 1877.2
APR 1732.9 OCT 1573-7
MAY 1678.2 NOV 1234.8
JUN 1623.3 DEC 1101.6

The foilowing was ob t a i ned f rom Pacific Sun, Inc., in a letter to
Western Energy, Inc.

From tables published by U.C. Berkeley, Engineering Dept.
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Our heat-loss calculations are based on the building surface areas, 
tabulated below. The appropriate R- and U-values are also shown.

Bldg. #2 R-Va1ue U - V a 1 u e

G 1 a z i ng (Double Pane) 4,100 ft2 R-1 . 7 0.58

Roof Area 60,000 R- 1 9 0.053

Wa 1 1 Area 12,500 R-1 1 0.091

Steel Doors 620 ^R- 1 M . 0

Floor Area 60,000 - -

The floor losses were taken to be 1.5 Btu/ft -hr, based on a year- 
round groundwater temperature of 55°F. This figure is based on 
experimental measurements^ by the National Bureau of Standards, as 
reported in the ASHRAE Handbook of Fundamentals. Edge losses are 
included. Aside from the floor calculations, our areas and U-values 
are in good agreement with your preliminary figures.

It was assumed that heat loads attributable to air exchange were 
dominated by the ventilation requirements. We feel this is a 
reasonable approach considering the use of modular, weathertight 
construction and fixed windows. We are, of course, discounting 
any gross infiltration due to openings of the steel delivery doors. 
This factor can only be determined when the tenant has been deter- 
m i ned.

2
A recent ASHRAE summary of office building ventilation requirements 
indicates an acceptable range of 10-15 cfm/person. If one assumes 
an occupation density of 1 person/100 ft^ and 12.5 cfm/person, we 
arrive at total ventilation requirement of 7500 cfm. This value 
should be on the high side, since a density of 1 person/100 ft^ 
is considered an upper limit for most office buildings. The pro­
duction area will probably experience a much lower occupation rate. 
Then, too, special tenant-spec i f i ed ventilation requirements 
(perhaps process-re1 ated) would require reassessment.

The assumed ventilation requirements can be expressed in equivalent 
"volume changes," based on a 16' ceiling height and the appropriate 
building areas. The 7500 cfm yields the same result. We will 
further assume that the ventilation system is operated only 12 hrs/ 
day.

The heat loss calculations for both buildings are summarized in 
the following table.

NBS Report BMS-103.

J. Kern and H. Spoormaker, "Fresh-Air Supply." ASHRAE Journal, 
July 1976.
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DEGREE-DAYS 
PER MONTH

HEAT LOSS 
(BTU/MO NTH)

JUL 1 A —

AUG 1 7 —

SEP 2 1 —

OCT 107 9-3 x 1 0

NOV 303 1 A . 7 x 1 0

DEC A8 1 19-6 X 1 0

JAN 508 20.3 x 1 0

FEB 367 16.5 x 1 0

MAR 335 15.6 X 1 0

APR 231 12.8 x 1 0

MAY 127 10.0 x 1 0

JUN 55 —

These figures might be reduced significantly by a "night setback" 
scheme applied to the thermostatic controls. The method should be 
particularly effective in the Santa Clara region, where degree-days 
accrue primarily during the late evening and early morning.
Studies3 have shown that an 8°F setback routine can result in 
yearly residential fuel savings of about 15% in regions accruing 
about 3000 degree-days/year . Commercial savings should be com­
parable.

Water Heating Energy - The active system can supply all of the hot 
water demands from mid-May to mid-October - 5 months.

1200 gal/day = 10A x 10^ BTU/summer season

3 D. Quentzel, "Night-Time 
March 1976.

Thermostat Setback," ASHRAE Journal,
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3.4 COST ESTIMATES

The capital cost of the solar system was estimated on March 10, 1977 at 
$253,369. The breakdown for two solar buildings on the complex was as 
follows:

MATERIALS (Western Energy)

Solar Collectors (242 each, Type C, Mill Finish
Solera 3492, $199 each)

$ 48,158.00

Solar Storage Tanks
10.000 Gallons, Fiberglass, Lined, 12 Ft. Diam. x
12 Ft. High, R-25 Insulation
12.000 Gallons, Fiberglass Lined, 12 Ft. Diam. x
14 Ft. High, R-25 Insulation

5,000.00

5,500.00

Pipe and Fittings 6,788.42

Framing for Collectors 5,806.52

Pumps and Controls 1,630.00

6£% Sales Tax
$ 72,882.94

4,737.39
$ 77,620.33

Miscellaneous
(Fork Lift Rental, Travel, Dues to Local Union
Solder, Gas)

1,410.00

Pipe Insulation 10,339.00

Installation 24,500.00
$ 113,869.33

Design and Engineering and Project Administration 6,500.00

$ 120,369.33

HVAC System (Skyline Heating & Sheet Metal 
piping, boiler standby units, valve 
controls, piping insulation

93,000.00

Solar Passive System (Pacific Sun) 40,000.00

TOTAL 253,369.00
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3.4.1 Operational

Solar System Cost Effectivenss

Solar System Cost (Payback)

Backup Energy Costs 
without Solar

Therefore

$ ,0002144/BTU/Yr

16.44 yrs.

$10,931/Yr.
32,448

$21,517 Savings/Yr
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SECTION 4

SUBSYSTEM PRELIMINARY DESIGN

The following section is excerpted from correspondence from 
Renault' & Handley to the U.S. Energy Research and Development 
Administration, November 1, 1976.

ENERGY UTILIZATION ERDA USE ONLY

. SOLAR ENERGY COLLECTION - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1. AVERAGE ANNUAL INSOLATION, UPON COLLECTOR SURFACE BTU/SQ. FT./YR.

 See Table IT

2. UNIT ENERGY COLLECTED, BTU/SQ. FT./YR. .See taf>JLe_II_ _ _ _ _ _

3. TOTAL ENERGY COLLECTION, BTU/YR. _ _ _ _ _ See table II_ _ _ _ _

4. SOLAR SPACE HEATING USAGE, BTU/YR. _ _ _ _ _ _ _ _ 7. - 19x10^_ _ _ _ _

5. SOLAR HOT WATER USAGE, BTU/YR,_ _ _ _ _ _ _ l.25::I0°_ _ _ _ _ _ _ _

6. SOLAR COOLING USAGE, BTU/YR. Not applicable_ _ _ _ _ _ _ _ _ _

7. TOTAL SOLAR ENERGY USAGE, B’l'U/YR_ _ _ _ _ _ _ _ _ _ _ 8.44x10?_ _ _ _

8. INSTALLED SOLAR COLLECTOR, $ BTU/YR. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ N/A_

9. INSTALLED SOLAR ENERGY SYSTEM, $ BTU/YR_ _ _ _ _ _ _ _ _ _ _ _ _ N/A_

. BUILDING ENERY LOAD

10. SPACE HEATING, BTU/YR- - - - - - - - - - - - - - - - - - 11.9xlQ-- - - - - - - - - - - - - - - - - - - - - - - - -

11. HOT WATER, BTU/YR_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 215xl08_ _ BTU/Yr_ _ _ _ _ _ _

12. COOLING, BTU/YR_ _ _ _ _ _ _ _ Not applicable_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
O

13. TOTAL ENERGY LOAD, BTU/YR_ _ _ _ _ _ _ _ _ _ _ _ _ 14^4x10_ _ _ BTU/Yr

14. TOTAL, BACK-UP ENERGY USAGE, BTU/YR_ _ _ _ _ _ _ _ _ _ _ _ 5.96x10^.
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. SOLAR SYSTEM OPERATIONS

15. SOLAR SYSTEM OPERATING COST, $/YR.- - - - - - - - - - - - - - - - - - - - - - - - - - N/A- - - - - - - - - - - - - - - - -

16. SOLAR SYSTEM MAINTENANCE COST, ?/YR. - - - - - - - - - - - - - - - - - - - - - - - - N/A- - - - - - - - - - - - - - - - -

17. TOTAL SOLAR SYSTEM OPERATIONAL COST $/YR- - - - - - - - - - - - - - - - - N/A- - - - - - - - - - - - - - - -

• CLIMATIC DATA

LATITUDE_ _ _ _ _ 37^- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1

DEGREE DAYS: HEATING _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - COOLING _Not applicable

SEASON WINTER SUMMER

AYE. TEMP_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 48.4 0 F_ _ _ _ _ _ _ _ _ _ _ 65.9 0 F_ _ _ _ _ _ _ _ _ _ _ _

AYE. INSOLATION_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 213 LY/_Pay_ _ _ _ _ _ _ _ _ _ _ _ _ LY /Day_ _ _ _ _ _ _ _

4.1 COLLECTOR

PROJECT INFORMATION SUMMARY DATA SHEET 3

C SOLAR ENERGY SYSTEM
ERDA USE ONLY

SOLAR COLLECTOR

1. TYPE Copper flat plafo

2. MFGR: (SI Wes tern Energy, Inc.

AREA See Table IT
LIQUID AIR

OPERATING FLOWSee equipment schedule 
4340 PSI on Solar-MechanicaL

5r

ABSORBER COATING -Flat Black Enam 
OTHER COMMENTS
TRANSFER FLUID ^y$r°nlc: jf^er

• GLAZING gyftronic: tfmgeyed glass
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Table II. BUILDING 2

ACTIVE PASSIVE
SOLAR SOLAR TOTAL HEAT

COLLECTION COLLECTION SOLAR LOSS SOLAR
(BTU/MO) x 107 %

OCT 6,. 1 4,• 5 1 0 .. 6 9.. 3 1 00

NOV k ,. 7 4,■ 3 9.. 0 1 4 ..7 61

DEC k .. 2 4 .. 1 8 ,. 3 1 9 •,6 42

JAN k .. 4 3 . 7 8 ,. 1 20,. 3 40

FEB 5 .. 2 3 .• 5 8.. 7 16,. 5 53

MAR 6 .. 2 3 .4 9 ■. 6 15,.6 62

APR 6 .• 5 2 ,.6 9.. 1 1 2 ,.8 71

MAY 6 ,. 5 2 . 0 8 .. 5 1 0 ,. 0 85

TOTALS 43 •. 8 28 ,. 1 118,. 8

Based o n :

2500 ft2 Active col 1 e c t o r s , 50% efficiency.

1 600 ft2 Passive co Hectors,, 65% efficiency
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PcrO A ’o C.. ;

SOLAR PANEL
DESCRIPTION
Collector Uses

- SPACE, DOMESTIC WATER, SWIMMING POOL 

HEATING .

Collector Composition

- all copper absorber and tubing.
- flat-black absorber coating (selective 

SURFACE optional) .

- continuous thermo-press* solder bond.

- polyurethane foam on sides and back of

ABSORBER.

- water resistant backing.

- extruded aluminum weatherproof frame 
(anodized aluminum, bronze, or black 

paint optional) , and tempered glass.

WAR RA NTY
The Solera* solar collector unit is

WARRANTEED TO BE FREE FROM DEFECTS IN 

MATERIALS AND WORKMANSHIP. IF WITHIN 
3 YEARS FROM INSTALLATION A DEFECT BE­

COMES APPARENT, THE MANUFACTURER WILL, 

UPON WRITTEN NOTICE BY PURCHASER, AND AT 
MANUFACTURER'S OPTION, REPAIR OR REPLACE 

THE DEFECTIVE PARTS. TRANSPORTATION 

COSTS INCURRED IN REPAIR OR REPLACEMENT 

SHALL BE PAID BY THE PURCHASER.

TRADEMARK OF 'WESTERN ENERGY, INC."

PERFORMANCE DATA
Efficiency (see figure 1)
F LEX I Bl Ll TY

- ADAPTABLE TO ALL HYDRONIC SOLAR COM­

PONENTS.

- CAN BE USED IN FORCED AIR OR HYDRONIC 

D I S T R 1 BUTION .
- VARIOUS PIPING LAYOUTS POSSIBLE (SEE 

FIGURE 3) .
- ROOF, WALL OR GROUND LOCATION POSSIBLE.

- ADAPTABLE TO NEW AND EXISTING CON­

STRUCTION .

D URA BIL I TY
- TOUGH CONSTRUCTION DESIGNED FOR 20 

YEAR MINIMUM LIFE.

Maintenance

- OCCASIONAL RINSING OF EXTERIOR GLAZING

- SNAP-OFF GLAZING CLIP FOR EASY INTERIOR 

ACCESS

S ize and Weight

35 in. x 93 in. x 3.5 in.; 95 lb.( w/glass)
89 cm. 2 3 6 cm. 8.9 cm. 43 kg.

INSTA L LA Tl ON
- QUICK SWEAT SOLDER OR CLAMP CONNECTIONS.

- NAILING STRIP FOR EASY STRUCTURAL 

CONNECTION.

- COMPLETE INSTRUCTIONS INCLUDED WITH 

EACH ORDER.

rFIGURE 1
COLLECTOR EFFICIENCY

A FIGURE 3
PIPING ARRANGEMENTS

FIGURE 2
COLLECTOR SECTION



O E SC R I PTI ON
The Solera Swim* solar energy pool heat­

ing SYSTEM IS DESIGNED TO SUPPLY NEW AND 

EXISTING POOLS WITH THE HEAT REQUIRED TO 
MAI NTA I N COM PORTABLE SWIMMING TEMPERATURES. 

AN OPTIONAL PART OF THE SYSTEM INCLUDES A 
THERMAL POOL COVER DESIGNED TO EXTEND THE 
NORMAL SWIMMING SEASON INTO THE COLDER 

MONTHS. The POOL COVER IS ALSO RECOMMENDED 
IN SYSTEMS WHERE THE SOLAR COLLECTORS ARE 
THE SOLE POOL HEATING SOURCE.

The Solera Swim* pool heating system con­
sists of: (see schematic below)
1. Solera* 3492 copper solar collectors 

with the thermo-press* (patent pending) 
continuous solder bond, (see back side of
THIS SHEET FOR MORE DATA) .

2. Solers Swim* control system including: a

DIFFERENTIAL TEMPERATURE THERMOSTAT, 

THERMOMETER, A CHECK VALVE, A DRAIN VALVE, 

AND A PRESSURE RELIEF VALVE.
3. Water Cozy-Aqua Blanket,®, made of i" in­

sulating ETHAFOAM(g)( 2 LB . /CU . FtJ PLASTIC 

FOAM CUSTOM FITTED TO FLOAT ON THE SURFACE 

OF THE POOL. THIS THERMAL COVER ACTS AS A 
POOL COVER KEEPING DEBRIS OUT OF THE POOL, 
AND ALSO CUTTING EVAPORATION AND CHEMICAL

losses. The foam has an ultraviolet ray

STABILIZER TO GIVE IT A LONG USEFUL LIFE.

MAINTENANCE
Occasional rinsing of exterior glazing of 
solar collectors.

* "A Trademark of Western Energy, Inc."

INSTALLATION
Complete installation instructions 

AVAILABLE FROM WESTERN ENERGY, I.NC., 

including: orienting and sizing the 
system, solar collector structural 

connections, piping connections and

CONTROL SYSTEM HOOK~UP.

OTHER SOLAR COLLECTOR USES
The Solera* 3492 solar collectors

CAN ALSO BE USED TO HEATSPAS, BUILD­
INGS OR DOMESTIC HOTWATER IF YEAR 

ROUND SWIMMING POOL HEATING IS NOT
required. Contact Western Energy, 
Inc., for more i nformation about how

TH I S CAN BE DONE .

WARRANTEES
See the Solera* 3492 Solar collec­

tor WARRANTEE ON THE BACK SIDE. THE
Water Cozy-Aqua B lanket q carrie s
AN 18 MONTH WARRANTEE (6 MONTH FULL,
12 months prorated) on defective

MATERIALS AND WORKMANSHIP.

SOLERA SWIM *
POOL SOLAR HEATING 
SCHEMATIC DIAGRAM

SOLAR COLLECTORS

I

POOL

V.
23
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4.2 STORAGE

• TYPE: Steel with lining
• CAPACITY: (GAL.) _ _ _ _ _ _ _ _

12,000 Gallon:
. HEAT EXCHANGER TYPE jCqmt
. BURST PRESSURE 4340 PSI
. HEAT TRANSFER 

COEFFICIENT Not yet specified 
(HEAT EXCHANGER)

System and Subsystem Performance/Technical Data—Continued

C. Storage

1. Type (Tank, Rock Bed, etc.)_ _ _ _ _ _ _ _ Tank- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2. Materials
a. Type Steel 1/4". cylindrical, horizontal_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

b. Finishes Interior: Coal tar emulsion/Exterior: Urethane foam. R»20

c. Commercial Identification Underground warm water_ storage—tank.- - - - - - - - - - - - - -

3. Physical Dimensions:

a. Height_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

b. Width_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Z2.-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c. Length   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —327"—.- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4. Thermal Properties*
a. Thermal Conductivity_ _ _ _ _ _ Available in standard references- - - - - - - - - - - - - - - - -

_ , . n ii n iib. Coefficient of Thermal expansion_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
u ii ii 'I „5. Operating Temperature Range- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - —- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1
II II II II -DOT6. Operating Pressure Range*_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ —- - - - -  PSI
it ii " n7. Burst Pressure*_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ —- - - - — rSi
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4.3 HEATING

1.

2.

3.

4.

T Gas fired boiler (see heating, ventilating & air conditioning 
*p Tin solar mechanical sheet in supporting drawings)

Commercial Unit

a. Type See E.l._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

b. Risft See E.l._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

c. Commercial Identification _ _ _ _ _ _ _ _ _ _ _

Coefficient of Performance (COP, if applicable, data versus pertinent operating conditions (am­
bient temperature etc.) See E.l.

Total Heating Capacity See E.l.

The total heating capacity of the solar system shall be no less than - - - - - - - - - - - - - - - BTU/HR at

_ _ _ _ _ _ _ _ _ _ CFM of air flow entering at_ _ _ _ _ _ _ _ _ _ °F dry bulb and- - - - - - - - - - - - - - - - r,c relative

humidity. Exposed heated panel (baseboard or ceiling) temperafures shall not exceed- - - - - - - - °F.

4.4 HOT WATER SUBSYSTEM

1. Type Gas fired (not vet specified)

System and Subsystem Performance/Technical Data-Continued
2. Commercial Unit

a. Type Not yet specified_____________
b. Size Not yet specified_______________________
c. Commercial Identification Not yet specified _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3. Hot Water (Back Up System) :- - - - - - - - - - - - - - - gallons of potable (of useable) hot water shall be

delivered at no less than- - - - - - - - - - - - - - - gal/min at temperature no less than_ _ _ _ _ _ _ _ _ _  0F. Re-
No t applicable - City water

covery time shall be no greater than_ _ _ _ _ _ _ _ _ hours, will be preheated in a heat
exchanger in the storage tank

4. Code and Safety Standard Certified Under_ _ _ _ _ _ _ _ nn i f-s way rn the hot water
tank.
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4.5 PIPING

1. Provide Sketch/Block diagram of Proposed Solar System giving dimensions and subsystems/ 
components location and identification.

2. Piping Details
a. n.-pmpfpr Varies (refer to solar energy system schematic)_ _ _ _ _ _ _ _

b. Length of Run Varies (refer to solar energy system schematic)

c. Materials Coppe r_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3. Piping Insulation

a. Type Foam jacket type (refer to solar energy system schematic)

b. Thickness _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

c. Performance _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4. Transport Media for each element

a. Type Water_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

b. Flow Rate 100 GPM GPM (Liquid) __________ CFM (Air)

c. Specify Pressure drop between components, ^0 Ft. of head loss between_ _ _ _ _
collectors and solar storage tank

5. Provide Flow diagram for Proposed Solar Energy System.
(refer to solar energy system schematic)

4.6 SYSTEM

1. Operating Requirements

a. The maximum electrical energy required to drive the solar portion of the system at its rated

40



System ami Subsystem Performance/Technical Data—Continued 

capacity shall be no greater than 34.72____ K.W. Water requirements for cooling condens­

ers and/or air humidification shall be no greater than not:______gal/hr.
applicable

b. SuBsystems/Components requiring electrical energy:

1. Pumps 34.72 kw Function Solar collector water supply_________

2. Fans___________ kw, Function not applicable_________________________

3. Controls___________ kw, Function_.004 kw/hr___________________________________

4. Other___________ kw, Function_______________________________________________

2. Design Load Data:

ANNUAL SUMMARY TABLE

Month Heating (BTU)xlO° Hot Water (BTU)xlO8 Cooling BTU
bldg.#2 bldg .'#2

not applicableJanuary 2.03 .21

February 1.65 II

March 1.56 11

April 1.28 II

May 1.0 It

June Neg1 i g i b1e II

July II It

August U It

September M II

October .93 It

No%’cmber 1.47 II

December 1.96 11

Yearly Total 11.88 2.5

Peak (BTU/HR) 677,233 77,777



3. Provide the following Summary of System Performance Data:

SOLAR ELECT. ENERGY AUX1L1 ARY SYSTEM HEAT EQUIVALENT ENERGY
MONTH BLOG ENERGY

COLLECTED
REQUIRED FOR 
COMPONENT

ENERGY
(BTU)

LOSS £ 8TU) REQUIRED FOR CON­
VENTIONAL SYSTEM 

(BTU)
J AN 2 8. 1 X !07 1 . 08 X 1 o7 12.7 x 107 .685 X 1 O7 20.3 X 10
FEB 2 8.7 X ID7 1 .06 X 107 8.2 x 107 .635 X 1 O7 16.5 X 1 0
MAR 2 3.8 X 1 O7 t . 06 X 107 6. x I07 .386 X 1 O7 15.6 X 1 0
APR 2 3. I X 107 1 . 06 X ,07 4 x 1 o7 .273 X 107 12.8 X l 0
MAY 2 8.5 X 1 o7 1 . 06 X 1 O7 1 .8 x 1 o7 .255 X 1 O7 10.0 X 10
JUN 2 * * None * *

JUL 2 * * None * *

AUG 2 * « None * *
SEP 2 * * None . *

OCT 2 10.5 X .o7 1 . 06 X ,07 None .626 X 1 o7 3.3 X 1 0
NOV 2 3 X to7 1 .06 X .o7 6. 1 x ,07 .65 X 1 o7 16.7 X 1 0

DEC 2 8.3 X I o7 1 . 06 X 1 o7 11 .8 x ,07 . 698 X l O7 13.6 X 1 0

•Not Computed.
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SECTION 5

CONSTRUCT ION

5. 1 CODES AND REGULATIONS

The contractor shall coordinate and obtain inspections required 
for the work herein. All work performed hereunder shall conform 
to building and safety codes and ordinances and the rules and regu­
lations of any legal body having jurisdiction. When these speci­
fications require or describe materials or construction of better 
quality or larger size than required by the governing codes, rules 
and regulations, the provisions of the specification shall prevail, 
contractor shall provide a working system without extra cost to 
the owner even though the work is not specified herein or indicated 
on the drawings. Nothing shown in the drawings nor in these speci­
fications shall be considered as authorizing any installation that 
violates the requirements of such codes. In addition, the instal­
lation shall conform to, as minimum starda'ds, all rules and regu­
lations that apply in the following publications: 1

A. National E lectrical Code (NEC) 1971 ed i t i on .

B . Title 8, California Admi 
Regulations, sub-chapter 
Safety Orders.

nistrative Code, Basic Electrical
5, Low Voltage and High Voltage

C . Electrical Code, City of Santa Clara.

D . Standards, Institute of Electrical and El ectronic Engineers

E . Standards, Underwri ters Laboratories, Inc •

F . Occupational Safety and Health Act.

G . Rules and Regulations - service Electric Util i t y.

H. Rules and Regulations - serving Telephone Utility.

1 . Rules and Regulations - Fire Marshal's office.

J . The Uniform Plumbing Code.

5.2 BID DATA

SOLAR COLLECTOR SPEC IFI CAT IONS

1 . General

The contractor shall install and plumb 256 modular, high- 
performance flat plate solar collectors in strict accordance 
with the layout and plumbing diagrams in the mechanical draw­
ings and specifications elsewhere in this document.
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Collector Specifications

The flat plate solar collector shall have the following thermal, 
mechanical and optical characteristics:

A. Absorber plate. The absorber plate shall have tube spac­
ing, plate thickness and bondingcharacteristics (if appli­
cable) so as to provide superior thermal performance. 
Absorber plate and flow passages are to be of copper.

B. Abso rbe r coa ting. The manufacturer shall supply a black 
chrome e1ectrodeposited selective optical surface to the 
absorber plate. The surface shall be applied to a nickel- 
flash substate by a firm fully qualified and experienced 
with coating processes controlled within the tolerances 
demanded by solar selective surfaces. The coater shall 
be Olympic Coatings or a firm of equal technical ability. 
The absorptivity shall not be less than 0.92, and the 
infrared emissivity shall be no greater than 0.10.

C . Glazing, 
mit tance 
shall be

Tempered glass with 
of 30.5% (equivalent 
provided.

a single-sheet solar 
to 3/16" water white

trans-
glass)

D. Insulation. Back insulation shall have minimum insulating 
value of R-10. Provisions to reduce edge losses shall be 
included in the design.

E. Frame. The collector shall be mounted in a weather-tight 
aluminum frame which can be supported at its end points 
without additional structural support. Provisions for 
field replacement of glazing shall be included.

F. Sizing. Collector modules shall have exterior gross 
dimensions of 35" x 93", with an effective area of 
20.86 ft2.

G

H

I

Thermal performance. The manufacturer shall provide 
thermal performance test results compiled by a recognized, 
independent testing facility. Testing procedures will 
follow NBS Interim Report 112-7^-635: "Method of Testing 
for Rating Solar Collector Based on Thermal Performance."

Guarantee. Manufacturer shall guarantee the collectors 
(excluding glazing) for a minimum of five years against 
manufacturing and material defects.

Manufac tu rer. Collectors shall be SunAid oversize modu 
lar units as manufactured by Revere Copper and Brass, 
Inc., Rome, New York.

Handling Procedures

The contractor shall provide suitable lifting equipment to 
safely unload the solar collectors upon delivery. Further,



A. All employees engaged in the installation and handling of 
collectors shall be provided with suitable eye protection 
in the event of glass breakage, as well as hand protec­
tion to prevent burns.

B. Prior to filling and testing, collector glazings shall be 
protected with a non-abrasive opaque covering (such as 
black plastic film) to prevent unnecessary overheating 
under non-ci rcu1 ating conditions.

C. Prior to installation on the roof structure, the contrac­
tor shall review his installation plan with the engineer, 
emphasizing those provisions directed at minimizing col­
lector damage. The contractor shall be liable for any 
and all collector damage attributable to careless and/or 
unprofessional handling procedures.

A. Piping P rocedu res

Once secured to the collector support structure, the collectors 
shall be plumbed with copper or brass fittings and high tem­
perature silicone rubber hose in strict accordance with the 
drawings and applicable piping/p1umbing specifications. These 
include:

A. Observance of all professional procedures for connections 
pi ping.

B. Careful adherence to the plumbing specifications, includ­
ing but not limited to thermal expansion joints, balancing 
devices, air control fittings and piping logic.

C. Collector piping and manifolds shall be adequately sup­
ported by the structure, with all due consideration to 
thermal expansion effects.

5. Testing and Filling Procedures

The contractor shall perform all necessary testing and filling 
procedures in strict accordance with the start-up and Accept­
ance Test Program (ATP). The contractor is especially warned 
to avoid situations which would lead to collector freezing.
The execution of the precautionary methods are completely 
the responsibility of the contractor, and the contractor 
shall be liable for any and all damages attributable to 
neg1igence.

the contractor shall take full responsibility for the safe
storage of said collectors until such time as they are in­
stalled. Upon installation, the following procedures are to
be foil owed.
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6. Insulation

The contractor shall have all collector manifolding
headers and piping specialties insulated, 
work shall not commence until all hydraulic 
the collectors loops has been completed and 
tion has been received from the engineer.

Insulation 
testing of 
authoriza-

TANKAGE

General

All the provisions of the General Conditions, Supplementary 
General Conditions, and any applicable provisions elsewhere 
in the contract documents shall apply to the work of this 
section as fully as if repeated herein.

Scope

The contractor shall furnish a 6500-gallon steel atmoshperic 
pressure tank, API 620 construction, for each of the two build­
ings. Tank details shall be in accordance with drawing MS-5. 
The contractor shall submit shop drawings to the engineer for 
approval before initiating construction.

Rigging and Mounting

The contractor shall bear full responsibility for receiving 
the tanks on site and placing said equipment in the buildings, 
Due to the building configuration, tanks cannot be positioned 
by crane. The contractor shall develop a plan to transport 
the tank through a 12' x IV rear service door and position 
it upon the structural pad according to the drawings. This 
plan shall be submitted to the engineer for approval.

Type

The tank shall be of steel, designed for atmospheric pressure 
(API 620 construction).

Tank Lining

Epoxy, or approved equal, suitable for treated hot water stor­
age (212 ° F max, 18 0 ° F continuous) with ] 5% makeup per year 
commercially applied and fully replaceable at 
life. All fittings and weldments shal

end of service 
be properly coated.

C a pacity

The tank shall have a capacity of 
from bottom plate to fill level.

6500 gallons as measured
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7. Fill Valve

Tank shall include an automatic fill float valve with a maximum 
fill rate of 25 gpm with 75 psi supply pressure.

8. Penetrations

Port layout as shown on drawings. All ports 1" and larger 
shall be 125 lb flange with a minimum 8" clearance from the 
tank wall to accommodate 6" of insulation. Instrumentation 
ports as indicated shall be 3/V FPT and closed off with brass 
plugs.

9 • Manhole/C 1eanout

As required by code, a 2k" diameter bolt-down hatch shall be 
positioned as shown on drawings.

10. Seismic Loading

As required by code for Zone k. Bolting pattern and detail 
shall be submitted to the Architect for approval.

1 1 . Lifting Lugs

As required to facilitate unloading and installation on site. 
Note that tank cannot be crane-positioned on site. Submit 
layout and detail for approval.

12. Surface Preparation

Tank exterior shall be cleaned and painted with one coat of 
grey primer in preparation for insulation. Interior shall be 
cleaned of debris and washed down.

MECHANICAL ROOM 1

1 . General

An interior mechanical room 14‘ x 36' shall enclose major com­
ponents of the solar energy systems, as shown on the drawings.

2. Major Equipment

A. 6500-gallon atmospheric pressure hot water storage tank.

B. Heat transfer package.

C. Circulation pumps and automatic control valves.

D. 120-gallon domestic hot water storage tank (solar).

E. ' 80-gallon electric domestic hot water storage tank (backup).

k 1



F. Motor Control Panel (MCP).

G, Temperature Control Panel (TCP).

H . IBM data - acquisition package (ERDA-speciified and supplied)

1 . Space accommodation is included 
one 25_ton Arkla absorption chil

for the
1 1 er .

future addition of

3. Structural Pad

Structural concrete pad shall be provided for the 6500-gallon 
hot water storage tank, as required by manufacturer's speci­
fications. Pad shall be insulated from the floor slab with 
R-5 or greater urethane or equal.

k. Walls

Walls shall be full height, f1oor-to-cei 1 ing , water-resistant 
sheet rock.

5. Observation Window

One double-glazed 2'-0" x 3'“0" observation window shall be 
provided as indicated.

6. Insulation

Ceiling and partition walls shall be insulated to R-19 and R-11 
respectively, for heat and sound insulation.

7. Access

Double 3,“0" x 6'-8" high doors shall be provided as indicated 
for future equipment installation and replacement. Subsequent 
building floor plans should maintain provisions for future 
placement of an ARKLA 25_ton absorption chiller (31 x 10' x 6')

8. Water Containment

Room perimeter shall be provided with a 4" high conrete curb 
for emergency water containment.

9. Utilities/Drainage

Mechanical room shall be provided with city water, natural gas, 
200V AC 3 PH, 200 AMP and 100V AC 1P H 50 AMP service. At least 
one 4" floor drain shall be provided.

10. Venti lation

Power ventilation with outside make-up air shall be provided. 
Capacity shall be 600 cfm and be thermostatically operated 
with manual override.
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Fire Protection1 1 .

As required by code, and shall include two 10 BC fire extin- 
quishers, CO^ or Halon.

SOLAR-RELATED HEATING AND VENTILATING EQUIPMENT

1. General

All the provisions of the General Conditions, Supplementary 
General Conditions and any applicable provisions elsewhere 
in the contract documents shall apply to the work of this 
section as fully as if repeated herein.

2. Scope

The work covered by this specification shall include fur­
nishing all labor, material, equipment and services to 
construct, install and place in operation specific piping, 
ducting, fans, hot water coils and pumps related to the 
solar portion of the overall HVAC system, to the extent 
indicated and as shown on the accompanying plans and 
specified herein, and subject to the General Conditions 
of the contract. All the work covered under this section 
of the specification shall hereinafter be referred to as 
the solar mechanical system.

B. A partial system of temperature contro1s shall be furnished 
and installed complete as hereinafter described. All 
wiring, conduit and electrical cable, complete with all 
electrical accessories and materials, as required for 
the installation of the temperature control system, shall 
be furnished and installed under the solar mechanical 
section of the contract, but shall conform to the speci­
fication requirements as set forth under the electrical 
section.

3.

C. Thermal and acoustic duct and pipe 

Work Not Included in This So 1 ar-Re 1 a ted

insulation.

Section

A. Work involving unitary air handlers, air distribution and 
direct expansion air-conditioning systems which will be 
covered under a separate, non-solar specification.

B. Electrical connections to all motors, electric starters, 
disconnect and over-current protective devices, unless 
specifically called for by this contractor, or unless the 
equipment is furnished as an integral part of the mechani­
cal system equipment, as hereinafter specified or noted
on the drawings.
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c.

D .

Hot

A.

B .

C .

D .

E .

F .

G •

H .

Electrical wiring and conduit, except where 
called for, on the drawings, or hereinafter 
fication, to be furnished by the mechanical 
such as certain temperature control wiring,

specifically 
in this spec 
contractor; 
etc.

Work involved in zone-to-zone a i r-d i stribution systems, 
ineluding installation and testing.

Water Fan Coil Heating Circuit
2

Hot water coils sihall be Trane type W, 33" x 48", 11 ft 
face area, 4 row, 18 fin series, with water side turbulators.

Necessary plumbing and piping specialties shall be in­
stalled as per the mechanical drawings and component 
schedules.

Unless otherwise shown on the drawings, all piping shall 
be run parallel to the building construction. All piping 
shall be thoroughly cleaned and maintained in a clean 
condition throughout construction. Temporarily plug or 
cap end of pipe as necessary to maintain this condition.

Hot water supply and return shall be hard drawn, type
"L" copper tube, made up wi th wrought or forged copper
fitting s and 95“ 5 tin-antimony solder See i n s u lation
section of this specification for i n s u 1 a t i on r eq u i re­
men t on piping systems.

All coi 1 connections shall be made w i t h brass n i pp 1 e s .

Unions Copper to FPT M u e 1 1 e r No . C-109
Copper to Copper M u e 1 1 er No . C- 107

FI anged Unions With Tube Stop Mue 1 1 er No . F- 9 00

Adapter s Copper to MPT Hue 1 1 e r No . C-101
Copper to FPT Mue 1 1 er No . C-102

"Epco" o r approved equa 1 i so 1 a t i ng fittings shall be 1 o-
ca ted at a 11 junctions in piping systems where di s s i m i 1 a r
metals jo i n .

All v a Ives listed in t h is schedule are Nibco, uni ess
o the rw i se noted.

Type Size Range Number

Bal 1 2" and sma Her 5 - 595-Y , 400 W0G, bronze,
exterior handl e

Gate 2-1/2" and larger 5-113, 200 W0G, b ronze

A part i a 1 system of temperature controls shall be fur-
n i shed and installed as per the control specifications.



I. All screwed valves shall be IPS threaded. Valves in cop­
per tube shall be installed with male IPS to sweat copper 
adapters.

5. Piping Hangers, Supports, Anchors and Guides

A. Supports, hangers, anchors and guides shall be provided 
for all horizontal and vertical piping. Submit shop de­
tails, before construction of all piping 1-1/2" diameter 
and over and all piping in shafts. Shop drawings are to 
show locations and joints, hangers, etc.

B. Anchor points as shown on drawings or as required shall 
be located and constructed to permit the piping system 
to take up its expansion and contraction freely in oppo­
site directions away from the anchored points.

Guide points for expansion joints shall be located and 
constructed wherever required or shown on drawings and 
at each side of an expansion joint or loop, to permit 
only free axial movement in piping systems but shall not 
be further than 3 pipe diameters on each side of joint.

C. All pipe supports shall be designed to avoid interferences 
with other piping, hangers, electrical conduits and sup­
ports, building structures and equipment.

D. Provide all steel required for support of pipes other 
than steel shown on structural engineer's drawings.

E. Pipe supports shall be of the following type and figure 
number as manufactured by Grinnell, or as approved, and 
as hereinafter indicated:

R i ng Hanger........................................
Clevis Hanger..................................
Clevis Roller Hanger . . .
Two Rod Roller Hanger. . .
U-Bolt ...................................................
Roll Chair ........................................
Adj. Steel Pipe Stanchion. 
Welded Steel Bracket . . .
Riser Clamp........................................
Pipe Alignment Guide . .
Double Bolt Pipe Clamp . .
Welded Beam Attachment . .

269
260
181
171
137
175
259
195 or 199 
261 
256 
295 
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F. Hanger Rods shall conform to the following table:

Pipe Size Rod Diameter

1/2" to 2" 
2-1/2" to 3-1/2" 

4" to 6"

3/8"
1/2"
5/8"
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G. At the contractor's option, trapeze hangers may be used 
where parallel runs of pipe occur if proper allowance for 
piping expansion is provided. All rods on trapeze hangers 
shall be 1/2" minimum size.

H. Wherever insulated pipe is supported by ring hangers, the 
rings shall pass freely around the insulation. The insu­
lation shall be protected at a point of contact with ring 
hangers or trapeze bar, as the case may be, by means of 
Insul-Shield protection saddles.

I. Hanger spacing shall be as follows:

1) 10 feet on center pipe sizes 2" and over.

2) 6 feet on center pipe sizes 1-1/2" and under.

J. A pipe support shall be provided on the top of each branch, 
regardless of length.

K. Special pipe hanger and equipment support fabrications 
shall be furnished and installed as indicated in detail 
on the d rawing s.

6. South-Wall Air Collector System

A. The contractor shall furnish and install the South-wall 
solar air collection system, complete with ducting, 
dampers and necessary temperature controls, as detailed 
in the drawings and elsewhere in these specifications.

B. The size and characteristics of the air handler shall be 
specified in the conventional HVAC specification (client- 
specific). It is noted herein that all blower components 
shall be capable of withstanding temperatures of 160°F. 
Blower drive motors shall be externally mounted of Class B 
designation.

C. South-wall ducting shall be damper relieved such that South- 
wall glazing will not be exposed to a vacuum greater than 
2.0" H20.

D. The collector glazing system shall be installed in strict 
accordance with the drawings and manufacturer's specifi­
cations. Outer glazing of the double-glazed unit shall 
be patterned low-iron glass as approved by the Engineer. 
Particular care shall be directed towards the grouting 
and weatherproofing of the vertical glazing system.

E. Concrete wall surfaces covered by the South-wall collector 
shall be painted by qualified personnel with a dark brown 
paint, as specified by the architect.

F. Interior ducting and registers shall be in accordance with 
the plans and specifications. Metal duct work shall be
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fabricated according to accepted practice, as delineated 
in the following paragraphs.

7. Rectangular Sheet-Metal Duct Work

A. All rectangular supply, return and exhaust ducts, access 
doors, single-leaf dampers and plenums shall be fabricated 
from prime grade galvanized steel sheets of lock form 
quality and shall be constructed in accordance with appro­
priate tables of the latest ASHRAE "Guide and Data Book" 
and with SMACNA "Duct Manual and Sheet Metal Construction 
for Ventilating and Air Conditioning Systems" handbook.

B. Standing seams will be permitted in equipment areas.

C. Fabricate access doors in ducts and single-leaf dampers 
of 18-gauge material.

D. Duct dimensions shown are internal. Where ducts are lined 
internally, fabricate ducts with allowance for thickness 
of lining such that inside dimensions equal the indicated 
duct size. See insulation specification.

E. Each duct or plenum shall be diagonally cross-broken for 
rigidity.

F. Make all joints in ducts air-tight; seal all openings, 
joints and seams with Foster 30-02 flame resistance duct 
sealant.

G. All duct bends, fitting, transitions, etc., shall be fab- 
bricated in accordance with Fabrication Standards, as 
shown on the drawings.

H. Support ducts to joists or similar structural members. 
Ducts with a greater side of 31" or more shall be sup­
ported on trapeze-type hangers consisting of 1-1/2" x 
1-1/2" x 1/8" angle and 3/8" diameter hanger rods hung 
from support brackets bolted to structural members. See 
also special fabrications as shown on the drawings. Duct 
supports shall be eight (8) feet maximum on center.

I. Special duct fabrications not fully described in this 
specification shall be per details on drawings.

8. Round Duct Work and Fittings

A. All round duct work and fittings shall be as manufactured 
by United Sheet Metal Company or an approved equal 
manufacturer.

B. Duct shall be spiral fabricated from standard galvanized 
steel sheet conforming to the following schedules.
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Duct Diameter Guage Steel

3" to 8" 25
9" to 22" 24

23" to 28" 22
29" to 36" 22

Fittings shall be United Sheet Metal, or approved equal
in acco rdance w ith the follow ing schedule:

90° tee Type IT-3
Con ica1 90° tee Type L-Con. T - 3
34° el 1 Type E0-45
90° el 1 Type E0-90
Reducer Type LR-1
CPL Type 1-14-1
45° tee Type LL-3

Make all joints in duct air-t ight; seal all openings,
joints and seams with Foster 30-02 f1ame-resistant duct
sealant.

9. Duct Specialties

A. Splitter Dampers. All splitter dampers shall be fabri- 
ca ted from 1S-gauge galvanized steel sheet and shall be 
securely attached to damper operator.

B. Damper Operators and Bearings. Young, or approved equal,
No. 4 0 3 B lever type, with matching end bearing.

10. Insulation

A. General . Unless noted otherwise, all insulation shall be 
Fiberglas, or approved equal, material. Application shall 
be performed in accordance with the best accepted practice 
of the trade and the manufacturer's recommendations. The 
performance of all insulation work shall be by experienced 
insulation applicators. Piping insulation shall be instal­
led after the specified tests have been applied to the 
piping systems, and the systems have been inspected and 
approved. Fiberglas trade names and/or numbers have been 
used to establish a standard of quality.

B. Hot Water Supply and Return Piping

1) Refer to Insulation Section.

C. Duct Insulation (Exterior)

1) Insulate all supply duct and plenums with 1" thick
Fiberg1 as-faced duct wrap, types ED-100, as manufac­
tured by Owens Corning Fiberglas Corporation, or 
approved equal
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2) Insulation shall be wrapped tightly on the duct work 
with all circumferential joints butted and longitu­
dinal joints overlapped a minimum of 2". Adhere 
insulation with 4" strips of insulation bonding 
adhesive, at 8" o.c. Additionally, secure insula­
tion to the bottom of concealed rectangular duct 
work 24" wide with suitable mechanical fasteners at 
not more than 18" o.c.

3) On circumferential joints, the 2" flange on the fac­
ing shall be stapled with 9/16" flare-door staples 
on 6" centers and taped with minimum 3" wide foil 
reinforced Kraft tape. On longitudinal joints, the 
overlap shall be stapled (9/16" flare-door staples) 
on 6" centers and taped with minimum 3" wide foil 
reinforced Kraft tape. All pin penetrations or 
punctures in facing shall also be taped.

11. Space Temperature Controls

A. Furnish all labor, materials, equipment and services as 
necessary for the proper installation of system of auto­
matic temperature control, as indicated in schematic 
diagrams on the so 1 ar-mechanica 1 drawings.

B. The temperature control system shall be as manufactured 
by Barber-Co 1man, or approved equal, in accordance with 
schematic diagrams on the drawings.

C. All electric wiring, conduit and other electric devices 
required to complete the installation of the temperature 
control systems shall be installed by the temperature 
control contractor and shall comply with all requirements
as set forth in the electrical section of this specification.

D. The furnishing and installation of the complete control 
system shall be by the respective temperature control 
manufacturer or by the manufacturer's authorized 
representative.

E. All pneumatic tubing, except in boiler rooms shall be 
"FR" plastic tubing. Pneumatic lines in boiler rooms 
shall be type "L" hard copper tube.

F. All wiring required for the installation of the control 
system shall be in conduit, except an approved cable may 
be used in low-voltage wiring.

G. After completion of the installation, the contractor shall 
adjust all thermostats, control valves, motors, and other 
equipment provided under this contract. He shall place 
them in complete operating condition subject to the ap­
proval of the architect.
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H. The final connections and supervision of all control
wiring and interlock wiring shall be the responsibility 
of the temperature control contractor.

I. The contractor shall submit to the architect for approval 
the required number of shop drawings of the entire control 
system before starting work.

J. Upon completion of the work, the contractor will provide 
diagrammatic layouts of the automatic control system 
specified herein. Layouts shall show all control equip­
ment and the function of each item shall be fully de­
scribed.

DOMESTIC HOT WATER

1 . General

These specifications are intended to complement the piping 
notes shown on the plumbing drawings and the general piping 
specifications. Therefore, both plans and specifications 
should be reviewed by the contractor for information regard­
ing materials and methods for the Domestic Hot Water system.

A. Install piping generally level, free of traps and unnec­
essary bends to conform with system requirements, and 
provide space for other work. Piping is to be free of 
unusual noises and installed to avoid any possible gal­
vanic action by isolating dissimilar metals with suitable 
dielectric insulating fittings. Dielectric unions shall 
be "EPCO" or approved equal .

B. Inspect each piece of pipe, tubing, fittings and equip­
ment for defects and obstructions. Protect enameled or 
polished equipment from damage, tool marks, etc.

C. All piping shall be hard drawn, type "L" copper tube,
made up with wrought or forged copper fittings and 95“5 
tin-antimony solder applied in strict accordance with 
manufacturer's directions.

D. Threaded connections shall be avoided where possible.
Apply Teflon tape or liquid Teflon to male pipe threads 
and not inside fittings.

2. Components

The 
i n g

Domes tic Hot 
componen t s:

Water system shall be comp rised of the foilow

A. 120-gal Ion solar tank. 120-gallion stone-lined tank with
internal copper fin tube double-wall heat exchanger.
Ford Storex TC-120 DW. (Pacific Sun, Marketing Division: 
(415) 328-4588)
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B. 80-Gallon Back-Up Tank. Electric, commercial grade, 18 
kw, 240VAC, 3 phase, 123 GPH at 60°F rise. A.O. Smith 
model DRE-80 or equal.

C. Tempering Valve. Watts N170L, 1", bronze body, 100°-
13 0 * F temperature range. Set at 110°F.

D. Heat Exchanger Circulating Pump P4. Grundfos UP-25-42 SF 
1/20 hp, two speed, all stainless steel, isolation valve 
flange connection, 110VAC.

E. Combined Check Valve. Balance valve and flow meter for 
heat exchanger circulating loop (pump P4) shall be a
Taco Monitor No. 781, 3/4" NPT, range 1.5-8 gpm, or equal.

F . DHW Circulating Pump P5 • Grundfos U M- 2 5“18, 1/35 hp, one-
speed, all stainless steel, union connection, 110VAC.

INSULATION 1

1 . General

Due to the importance of insulation in solar piping loops, ap­
plication work shall be performed in strict accordance with the 
best accepted practice of the trade, and the manufacturer's 
recommendations. The performance of all insulation work shall 
be by experienced insulation applicators. Piping insulation 
shall be installed after the specified tests have been applied 
to the piping systems, and the systems have been inspected and 
approved. Fiberglass trade names and/or numbers have been used 
to establish a standard of quality. The nature of this demon­
stration project requires the physical appearance of exterior 
and mechanical room piping to represent the highest standards 
of workmanship in the insulation trade.

2. Initiation of Work

Insulation work shall not commence until all piping and hy­
draulic circuits have been inspected, leak-tested and accepted 
by the engineer.

3 . Tank Insulation

Six-inch thick fiberglass blanket (R-20 or greater at 200°F) 
Johns-Manvi11e 1000 Spin-Glas or equal. Insulation shall be 
compatible with 212°F tank temperature. Insulation shall be 
covered with a 0.016" aluminum jacket. Pipe penetrating the 
tank shall be insulated according to pipe insulation speci­
fications. Tank bottom shall be insulated with 3" thick 
fiberglass board (R-10 or greater at 200°F), Johns-Manvi11e 
1000 Spin-Glas or equal, between supporting I-beams.
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4. Pipe Insulation

A. Unless noted otherwise, all insulation shall be fiber­
glass or approved equal.

B. Collector, domestic and heating hot water supply and re­
turn piping shall be insulated with preformed glass fiber 
pipe insulation having a minimum density of six (6) pounds 
per cubic foot complete with factory applied all service 
jacket (ASJ). Domestic hot water supply and return piping 
shall be 1" wall thickness. All other fiberglass insu­
lation shall be 2" wall thickness.

C. The ASJ applied in accordance with manufacturer's instruc­
tions and with all fittings, corners and valves covered 
shall be the finished surface for piping runs exclusive 
of all exterior piping and all mechanical room piping.

D. Mechanical Room piping shall be finished by covering with 
CertainTeed Snap*Form, one-piece, PVC, molded jacket cover 
secured by stainless steel tack fasteners inserted into 
the jacket throat overlap seam. All pipe insulation 
straight runs shall be jacketed with matching PVC sheet 
stock and end joints taped with 2" tape end overlap on 
itself, facing down. Finish shall be applied in strict 
accordance with manufacturer's recommendations.

E. Alternate finish shall be canvas applied in the following 
manner:

1) Preformed fiberglass pipe insulation shall be pro­
vided complete with factory applied presized glass 
(PSG) cloth jacket. Paste jacket and butt strips 
in place and size with a dilute coat of Seal-fas, 
Foster's 30-36 (3 parts Seal-fas to 1 part water).

2) In general, all fittings, valves, instrument ports 
and circuit setters shall be insulated with "Zeston" 
fitting closures. In cases where certain sizes or 
shapes are not manufactured, fittings, valves, 
flanges and other irregular pipeline accessories 
shall be insulated with mitered sections of pipe 
insulation on fittings greater that 2" in size, and 
0C-110 insulation cement on fittings smaller than
2" in size. Where necessary, oversized pipe insu­
lation shall be used for flanges, valves and other 
irregular pipeline accessories. Fittings, valves, 
flanges and other irregular pipeline accessories 
shall be covered with 8-ounce canvas dipped in 
Seal-fas. Torn canvas strips will not be permitted, 
but shall be neatly cut to prevent any visible 
ragged edges .

3) Seal off all cut ends of insulation with canvas and 
Sea 1 - fa s .
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F. Silicone hose insulation on the collector array piping 
shall be FR/Armaflex closed cell foam, 3/V1 wall thick­
ness or equal. FR/Armaflex shall be slipped over hose 
prior to connection wherever possible. Where the slip-on 
technique is not possible, foam insulation shall be slit 
and applied to the pipe and the seams and butt joints 
sealed with Armaflex 520 adhesive. Butt joints between 
Armaflex and header connection and collector frame shall

A) After size coat has dried thoroughly, finish all
insulation surfaces with a second, undiluted coat
of Seal-fas.

be wea thersealed with s i 1 i cone c h a u 1 k One coat of wh i t e
A rma f1 ex Finish v i n y 1 1 a cq u e r type coa ting shall finish
the foam i n s u 1 a t i on .

Exterior fibe rg 1 a s s i n s u 1 a tion shall be protected with a
0.010" a 1 urn i n urn o r 0. 01 0" s t a i n 1 e s s s tee 1 jacket. facto ry
or field app1 ied , to the s tandards of Johns-Manvi lie Mi c ro
Lok 650 factory a pp 1 i e d me t a 1 jacket.

TEMPERATURE-CONTROL SYSTEM 

1. General

A. The temperature control system shall be solid-state elec­
tronic type as manufactured by Barber-Co1man Company or 
approved equal.

B . The system shall1 be in s ta 1 1 ed by the control manufacturer

C . A 1 1 1ow-vo1 tage control wi ring and 1 iine-voltage interlock
w i r ing shal 1 be i n s ta 1 led by the temperature control
manufacturer.

D. The installation shall conform to the National Electrical 
Code and all local codes.

2. Operating and Maintenance Instructions

Furnish to the Owner three sets of Operating and Maintenance 
Instructions, including as-built drawings.

3. Temperature Control System

Furnish and install a factory-prewired temperature-control 
panel with all equipment mounted internally and prewired to 
numbered terminal strips. All temperature setpoints and ad­
justments shall be at the temperature control panel.

59



k. System Operation»

Collector loop pump PI starts if collector plate temperature 
is greater than 130°F. Pump P3 is interlocked to operate 
with PI.

An adjustable time delay relay, energized by collector plate 
thermostat, provides an off-delay for PI (Nominally 5 min­
utes). At the end of the delay period, pumps PI and P4 con­
tinue to operate if the temperature at the collector plate 
is 5°F greater than the loop temperature.

In the charge mode, valve AVI connects the PA loop to the 
center and bottom of the storage tank and valve AV2 modulates 
to maintain 120°F loop temperature. As the PA loop tempera­
ture increases, valve AV2 modulates to allow more water flow 
into the storage tank.

Fan coil pumps P2 and P3 are energized by their respective 
zone thermostats. These pumps are interlocked to operate 
only if the loop temperature exceeds 90°F or if the water 
temperature at the top of the storage tank exceeds 90°F.
Pump PA is interlocked to operate with either P2 or P3-

If, when the pump PA is energized, the loop temperature 
falls below 110°F, valve AVI changes position to supply 
water from the top of the tank and the action of AV2 is 
reversed to modulate flow of water from the tank, to the 
loop. AV2 strives to maintain a 120°F loop temperature.

For stability, the system is returned from discharge mode to 
the charge mode in two stages. When the PA loop temperature 
exceeds 125°F, an adjustable time delay is energized. At 
the end of the delay period, the charge mode is engaged (AV2 
reversing logic, AVI changing position) if the loop tempera­
ture remains at 125°F or greater.

If the collector plate temperature is 2A0°F or the tempera­
ture at the top of the storage tank is greater than 200°F, 
valve AV3 connects the solar loop to the dump coil, energizes 
the coil fan, de-energizes PA, and energizes PI.

If DHW storage tank temperature is less than 1A0°F and main 
storage tank temperature is greater than DHW storage plus 
10°F, then DHW tank heat exchanger pump PA is energized.

If DHW return line temperature is less than 100°F, the DHW 
circulation pump P5 is energized.

All temperatures herein are field adjustable.
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5. Perimeter Zone Controls

The temperature of air supplied to the perimeter zones shall 
be reset in accordance with variations in outdoor temperatures

Anti-drain control for Perimeter System control valves Mk and 
V5 shall perform two functions:

a) Modulate H.W. flow through perimeter coils.

b) Act as shutoff valves connected so that on a stop 
command for pump P2 the valves will be driven closed 
before pump P2 is de-energized.

6. South-Wall, Air Heating System

A. Return air for the south perimeter heating system air 
shall be routed through the South-wall solar heating 
array.

B. When heating is called for, entering air temperature to 
the blower shall be limited to the reset schedule require 
ment with the modulating bypass damper as shown on the 
drawings.

C. When no heating is required, the South-wall system shall 
be totally deactivated.

7. Guarantee

All equipment shall be guaranteed for a period of one year 
from the date of acceptance.

5.3 SCHEDULES

Construction of the project is to begin in December of 1976 and 
completion of construction is scheduled for June of 1977. Some 
of the solar energy system work such as burial of the storage tanks 
and some of the underground piping will be carried out in the early 
construction stages. Most of the solar installation work on both 
the hydronic and air systems will be executed near the final 
stages of construction; such as placement of the solar collectors, 
most of the piping layout and the control system wiring.

The following milestones reflect an updated schedule:

Design Review Initial

Initial
50% Comp 1ete
90% Complete (Final

8-16-77
10-28-77
10-28-77

Revised
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Solar System's Contract Initial Rev i sed

Bid Request
Awa rd of Contract

Equipment Delivery

Solar System

Solar System Installation 
Complete Installation 
Initiate Operation

Complete Acceptance Test

1-78
5-78

C
Or^i

LA

5-78
1 0-78 6-79
6-78 6-79

1-79 7-79

5.4 COST

The final construct!ion cost for
DOE pa i d $168, 3 34 . The cost is
proj ec t ed cost from June 1978 is

the system was $370,843 of which 
anticipated to be $735/MBTU. The 
detailed as follows:

Direct Material

Col lectors
Special Installation

$75,792
15,248

(plumbing & collector 
hook-up

Collector installation 
Collector Framing

$ 3 2 K 
$24 . 
$19.

Consultants

Managemen t
Des i gn/Bids/Acceptance

15,000 
16,144

Other Direct: Subcont r a c t s

Installation 234,268 
Special Plumbing 6,125 
Special Construction 1,116

TOTAL $363,693 (6/78)



5.5 RELIABILITY

System ami Subsystem Performance/Technical Data—Continued 

7. Design Life and Maintenance

a. Describe Periodic Maintenance provisions and requirements.To be supplied at time of installation
b. Specify design life of all components (if available).

1. TTeatinjr 20 VTR-

2. C.nolinfr Not Yet Specified vrs.

3. Auxiliary Energy _ Not Yet Specified vrs-

4. Storage 20 yrs.

5. Potable 20 yrs.

6. r.oller.tor 20 yrs.

7. Energy Transport _ 10-15 vrs.

8. Controls 10-15 vrs.

9. TTot Water 20 vrs.

10. Pumps 10-15 VTR.

11. Fans Not Specified yrs.

12. Other yrs.

c. Provide Warranty period and extent of coverage of the proposed Solar Energy System and 
subsystems.

3 years on solar collectors, 1 year on most of the remaining 
parts of the system.
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5.6 ENERGY CONSERVATION CONSIDERATIONS

Energy Conservations Techniques used in this Project Include:

1. The use of light reflective materials on the building to cut 
down the heat gain in the warmer months. Also, the solar
COLLECTOR EFFICIENCY SHOULD BE SLIGHTLY INCREASED DUE TO THE 
REFLECTION OF THE SUN'S RAYS INCIDENT UPON THE ROOF INTO THE 

SOLAR COLLECTOR.

2. The use of overhangs on the south side of the building will
ALLOW SOLAR PENETRATION ONTO THE BLACK SOLAR AIR WALL IN THE 
COLDER MONTHS. DURING THE WARMER MONTHS WHEN THE SUN IS 
RELATIVELY HIGH, THE OVERHANGS WILL SHADE THE SOUTH WALLS 
DURING THE HEAVIEST HOURS OF HEAT GAIN.

3. The use of economizer cycles in the building’s mechanical
SYSTEMS WILL ALLOW THE MOST ENERGY CONSERVING MIXTURE OF 
INSIDE AND OUTSIDE AIR TO BE CONDITIONED.

4. The use of R-I9 insulation in the ceiling, R-1I insulation in
THE WALLS, AND THERMOPANE GLAZING WILL HELP TO INSULATE THE 
BUILDING AGAINST EXCESSIVE HEAT GAIN AND HEAT LOSS.

5. The use of skylighting on top of the building over activity
AREAS WILL HELP TO CUT LIGHTING ENERGY USE. THE EXACT SKY­
LIGHTING SCHEME WILL BE WORKED OUT WHEN THE CLIENT’S SPACIAL 

REQUIREMENTS ARE KNOWN.

6. The use of deciduous trees along the southern portion of the
BUILDING WILL ALLOW SOLAR PENETRATION IN THE COOLER MONTHS, 
WHILE PARTIALLY SHADING THE BUILDING IN WARM MONTHS.

7. The use of various heating and cooling, zones will allow the
USE OF HEATING AND COOLING ONLY IN THE AREAS WHERE IT IS NEEDED.

8. The use of preheated ventilation air from the air solar energy
SYSTEM ALONG THE SOUTH WALLS WILL CUT DOWN THE QUANTITY OF 
COLD OUTSIDE AIR THAT MUST BE DRAWN IN.

9. The use of a night SET-BACK thermostat will allow room temp­
erature DROPS DURING NON-WORKING NIGHT AND MORNING HOURS, 
CUTTING BACK OVERALL HEATING REQUIREMENTS FOR THE FULL DAY . * 1

1. D. Quentzel, "Night-Time Thermostat Setback", A S HR A E 
JOURNAL, March, 1976.
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5.7 PROBLEMS

During initial selection of contractors, a change in contractors 
caused a delay.
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SECT I ON 6

ACCEPTANCE TEST I NG

6.1 TEST PLAN

A. AM equipment and installations shall be operated by the 
contractor, and he shall demonstrate that all system are 
performing according to the requirements of the specifi­
cations and to the satisfaction of the owner and engineer

B. Upon completion of the tests, the contractor shall submit 
in triplicate to the architect and engineer a written re­
port containing the following:

1) Certification that 
pe r fo rmed.

al 1 r eq ui red tests have been

2) Certification that a 1 1 eq uipmen t f u r n ished under this
contract has been tested and is ready for operation.

3) Valves: Test all valve bonnets for t ightness. Test-
operate all valves a t 1 east once from closed-to-open-
to-closed position wh i 1 e valve i s under test pressure

Test all automatic valves, inclu ding solenoid valves,
expansion valves. water -r egu1 a t i n g v a Ives, pressure-
reducing valves, pressure-re1 i ef valves for proper 
operation at the setting indicated. Test pressure- 
relief valves not less than three times.

4) Piping Specialties: Test all thermometers, pressure
gauges and water meters for accurate indication, 
automatic water feeders, air vents, trap primers 
and vacuum breakers for proper performance.

Test all air vent points to ensure that all air has 
been vented.

Test all other piping specialties for proper operation.

SYSTEM STARTUP AND ACCEPTANCE TEST PROCEDURE 1

1. General

Testing and startup of the so 1 ar/mechan i ca 1 piping system shall 
be accomplished under strictly controlled conditions. Special 
precautions must be taken to avoid freeze damage of the solar 
collector array. The contractor should note that, because of 
radiative losses to the night sky, collector plates can be 
freeze-damaged even though ambient temperatures are above 32°F. 
In addition, general piping cleanliness is of the utmost impor­
tance to avoid blockage of the small collector flow passages.



Under no circumstances shall the system be filled with water
or heat transfer fluid without direct authorization from the
engineer.

2. Cleaning

Before $ny filling or testing operations commence, all equip­
ment and piping shall be thoroughly cleaned of iron and copper 
cuttings, teflon tape and other foreign matter. Cleaning shall 
be a continuous process during installation. Particular 
attention should be given to:

A. Solar collector array

B. Pump packing glands or mechanical seals

C. Valve seats and glands

D. Flange and union faces or seats

E. Strainers, orifices, gauge glasses, instrumentation ports

3. Collector Protection

During and after installation and prior to circulating water 
through solar collector panels, glass covers shall be protected 
with a nonabrasive opaque covering (such as black plastic film) 
to prevent unnecessary overheating of the solar panels. Aborber 
plates can reach temperatures approaching 400°F under full sun 
and no-flow conditions, preventing easy filling of the system 
for testing, cleaning and charging. Only after water is cir­
culating through collector absorber fluid passages and the 
energy dump coil is operational, shall the contractor remove 
glass cover protection material.

A. Safety Provisions

The contractor shall furnish all test pumps, gauges and equip­
ment so as to adequately test all safety controls and devices. 
The contractor shall submit to the architect and engineer a 
written report stating that all safety controls have been 
properly tested and that they are in perfect operating 
condition.

5. Pretest Inspection

Before any hydraulic testing commences, the contractor and/or 
hi's representative shall supervise an on-site tour of the me­
chanical system with the engineer and architect. The entire 
mechanical system shall be inspected for overall piping logic, 
proper installation of piping specialties (including, but not 
limited to, pump alignment, piping closure), general workman­
ship and readiness for filling and testing. Filling and test­
ing shall not commence without the architect's and engineer's 
prior approval.
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6. Filling and Leak Testing
Fill and testing of the solar co11ector/hot water coil loop 
shall be made only on approval of the engineer. Test and make 
tight at 75 psi water (gauge). Retain for four hours, repair 
all leaking joints as directed and re-test. Under no circum­
stances shall the solar collector loop be filled during freez­
ing weather or allowed to remain filled except during super­
vised testing until the final filling for operation. Damage 
resulting to the solar collectors during unauthorized fill and 
testing shall be the responsibility of the contractor.

7 • Collector Loop Flushing

Upon successful completion of 1eak-testing, clean water shall 
be circulated through the collector loop with pump PI for a 
period of one hour.

A. Flow rates in the collector loop shall be set at approxi­
mately 50 GPM.

B. All air vents, vacuum breaks, air controllers and similar 
piping specialties will be checked for proper operation.

C. At the end of the one-hour circulation period, all strain­
ers shall be cleaned and inspected for abnormal debris. 
Circulation shall be resumed until strainers' conditions 
indicate that the piping system is clean.

The system shall be thoroughly drained after successful 
completion of the aforementioned tests. Under no circum­
stances shall the contractor allow untreated water to 
remain in the collector loop when freezing conditions are 
even remotely possible.

Collector Loop Washing

Wash system with a 1-2% solution of sodium orthosi1icate com­
patible with steel, copper and brass or copper alloy. Drain 
completely and rinse with city water to remove dirt, pipe 
scale and other impurities. Clean all strainers. This is the 
final operation prior to filling the system with the propylene 
glycol water antifreeze heat transfer solution.

9. Collector Loop Charging

The contractor shall fill the system through the chemical in­
jection pump with the specified antifreeze heat transfer fluid 
to 30 psig, venting all high points and equipment of air and 
gases. As air is released from the system under circulation, 
maintain proper expansion tank level by adding heat transfer 
fluid through the injection pump. Heat transfer fluid shall 
be a 30/70 mix of Dowfrost inhibited propylene glycol and 
water.

69



After the glycol/water mixture is circulating through the col­
lector array and the energy dump coil is fully operational, 
the contractor shall remove the glass cover protection material 
and shall thoroughly clean collector glass covers to ensure 
maximum performance of the collector.

1 0 . Filling of Storage Tank

Upon successful completion of the aforementioned tests, the 
contractor shall fill the 6500-gallon storage tank with city 
water. Filling shall commence only after thorough cleaning 
of the tank internals. During filling the tanks shall be 
carefully inspected for leaks or abnormal structural conditions.

1 1 • Filling and Testing of Storage Loop

The contractor shall pressure test the hot water storage loop 
at 100 psi gauge, inspect and correct leaks. Loop pump P3 
shall then be engaged and, with valve AV2 in full bypass mode, 
the loop flow shall be adjusted to approximately 50 gpm and 
run for a period of 30 minutes. At the end of this period, 
all pertinent strainers should be cleaned and inspected for 
foreign matter. Repeat flushing as necessary.

12. Corrosion Inhibitor

Corrosion inhibitor shall be provided for the hot water stor­
age and tank loop at 1 pound per 50 gallons. It shall also be 
added as required to the glycol/water collector loop to main­
tain proper pH and buffering. Inhibitor shall be Calgon CS.

A. Composition. Combination of sodium nitrate, borax, ben- 
zotriazole and inorganic corrosion inhibitors.

B. Physical Form. Light tan, free-f1owing, granular product 
with bulk density of 79 lbs/ft3.

C. Solubility. k ounces per gallon at 75°F.

D. pH Value. pH of a 1% aqueous solution of 25°C shall be 
7.5 minimum.

E. Water Insoluble Matter. Less than 0.1% by weight.

F. Performance

1) Controls corrosion 
multi metal systems.

of ferrous, non-ferrous and

2) Compatible with glycol-base antifreeze 
form sludge.

and w i 1 1 not

3) Will not adversely 
water seals and val

affect pump glands, 
ve packings.

rubber hose,
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*0 Will not cause dermatitis when handled by operators 
with reasonable care.

5) Safe for use in high-temperature systems.

G. Stock. The contractor shall provide the owner with one 
100 lb drum of Calgon CS and one Calgon test kit No.
K-0065 for determing CS residual in glycol system.

13. Warning

Under no circumstances shall the glycol-based collector loop 
be subjected to any chromate corrosion protection treatment. 
Calcon CS shall be the only pH control used without express 
written permission of the engineer.

14. Hydraulic System Balancing

After the system has been tested as outlined, all heat transfer 
fluid systems shall be balanced and all control devices adjusted. 
The final balancing of the system shall be performed by a firm 
who maintains a staff of competent personnel experienced in 
balancing and adjusting hydronic systems. The name of this 
firm that the contractor proposes to engage to perform this 
work of balancing the system shall be submitted to the archi­
tect for approval prior to final acceptance of the system.
The balancing firm shall submit a report in triplicate certi­
fying to the proper performance of the system. The following 
information shall be included in the report:

A. Motor current read i n g s and v 0 Itage readings.

B . Flow in GPM at all 
operating modes.

s pec i f i e d points under all spec!f i ed

C . Static pressure at 
operating modes.

de s i gna ted points under al 1 s peci f i ed

D . Water quality analysis.

15. Thermal Performance Tests

Upon successful completion of the aforementioned mechanical 
and hydraulic testing and balancing procedures, the contractor, 
in conjunction with the temperature controls sub - contractor, 
shall verify that all operational control modes are working to 
the satisfaction of the owner. The contractor should recog­
nize that these tests may span several days or weeks before 
all modes are fully tested, although constant system monitor­
ing is neither expected nor desired. During these tests, and 
under different operational modes, the following data are to 
be compiled:

A. All loop flow rates in GPM.
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B. All pertinent loop temperatures.

C. Selected tank temperatures.

D. Insolation values.

These data will be supplied to the engineer for compilation and 
preliminary assessment of system performance. It is not un­
likely that some modifications to circuit or control logic will 
be dictated, and such work will be subject to negotiation of 
price and terms under the covenants of the general specifi­
cations.

1 6 . DHW Startup Procedure

The contractor shall exercise the following sequence of events 
to activate the solar DHW system.

A. 1" isolation valves shall be placed in their normal oper­
ating position, as indicated on the plumbing schematics.

B. Electric backup heater thermostat shall be set at 110°F.

C. Mixing valve shall be set to provide 110°F outlet water 
temperature.

D. DHW circulator aquastat shall be set to engage circulation 
pump P 5 at 100°F water temperature in the return lines.

E. Set circulator pump P5 flow rate at 1.0 GPM.

F. Solid-state differential temperature controller for the 
heat exchanger pump shall be set at the minimum "on" 
differential of 10°F.

G. With the 6500-gallon hot water storage tank filled, en­
gage P4 with speed selector on "low" and set the flow 
rate at 6 GPM. If the specified flow is not in range 
of the low speed setting, change the speed selector to 
"high" and establish a 6 GPM flow through the heat ex­
changer. Set the controller to automatic mode.

17 - Collector Array Cleaning

Upon successful completion of all system tests, the collector 
array glazing shall be carefully washed down with a mild de­
tergent and cold water solution and rinsed thoroughly. High 
water pressure cleaning equipment shall not be used to avoid 
glazing seal damage and leakage.
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SECTION 7

SYSTEM THERMAL PERFORMANCE

7.1 SOLAR SYSTEM

This section will report in detail the solar system performance 
in the 1980-1981 and 1981-1982 heating seasons.

The flow of solar energy through the Oakmead Industries solar 
system is presented in Figure 2, for the 1980-1981 season. This 
Energy Flow Diagram represents the amount of energy collected, 
transported, lost, and consumed at each point in the system. The 
Energy Flow Diagram shows good solar energy collection and good 
distribution to the loads. A high loss of 82.32 million BTU is 
noted between the liquid collector and storage tank. This loss 
represents collector loop losses, storage to load loop losses, 
and energy losses in April and May when the north zone solar 
control continually delivered solar energy when there was no 
space heating load.

The flow of solar energy for the 1981-1982 heating season is 
shown in Figure 3- During this period the air collector sub­
system was deactivated. Storage performance evaluation was 
invalidated, due to a problem with flow meter W201.

The solar energy coefficient of performance (COP) is presented 
in Table 2. The COP simply provides a numerical value for the 
relationship of solar energy used or collected and the amount of 
conventional electrical energy required to collect or deliver it. 
The greater the COP value, the more efficient the process. The 
overall solar energy system at Oakmead Industries performed at a 
weighted seasonal average solar COP value of 23.87. The collec­
tor subsystem functioned at a COP of 46.01, the DHW subsystem 
COP was 73-46 and the space heating subsystem COP was 91-05- 
The high COPs represent a low operating energy expenditure com­
pared to solar energy used, resulting in increased energy savings.

The overall solar energy system COP was 12.60 for 19 81 - 19 8 2 (see 
Figure 3 )• Note that as solar energy utilization increases, 
there is an increase in solar COP also. The collector subsystem 
operated efficiently at a COP of 36.55- Since the collector 
pump operated many times during the night, the solar COP was 
lower than expected. The DHW subsystem COP was very high during 
the summer months, but lower during the space heating season.
This performance was due to the fact that the heating subsystem 
has priority use of solar energy and also that pump P4 was oper­
ating continuously from December 1981 through April 1982. These 
factors resulted in the COP of 22.15- The space heating subsystem 
had the highest COP of 62.35- This value was reduced somewhat 
because pump P2 was operating continuously during June 1981 and 
July 1981 with no contribution to the load.
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Table 2. SOLAR COEFFICIENT OF PERFORMANCE
OAKMEAD INDUSTRIES

OCTOBER 1980 THROUGH MAY 1981

MONTH
SOLAR

ENERGY SYSTEM
COLLECTOR
SUBSYSTEM

DOMESTIC
HOT WATER

SOLAR
SPACE HEATING 

SOLAR

OCT 34.,02 67.,97 85. 47 161.,00
NOV 9..54 45..59 81. 11 91..41
DEC 23.,04 32.. 15 40.,00 130..65
JAN 19..95 28,.99 27..00 115..76
FEB 29,. 75 54,.94 44,.29 90 .38
MAE 26 .87 42,.06 44,.50 119 .24
APR 33 .20 81 .64 84,.75 102 . 18
MAY 7 .59 57 .69 95 .25 6 .44

WEIGHTED
AVERAGE 23 .87 46 .01 73 .46 91 .05

Table 3. SOLAR COEFFICIENT OF PERFORMANCE 
OAKMEAD INDUSTRIES 

JUNE 1981 THROUGH APRIL 1982

MONTH
SOLAR

ENERGY SYSTEM
COLLECTOR
SUBSYSTEM

DOMESTIC HOT
WATER SUBSYSTEM

SPACE HEATING 
SUBSYSTEM

JUN 6. 13 65.41 98. 11 0.00

JUL 5.32 49.96 62.64 0.00

AUG 6.46 42.73 63.64 0.00

SEP 9.96 41.97 75.22 0.00

OCT 6.64 39.98 54.38 0.00

NOV 12.26 22.96 9.86 81.59

DEC 10.06 20.35 4.22 78.96

JAN 13.62 26.31 4.13 78.39

FEB 21.25 41.01 7.82 36.20

MAR 14.38 25.41 4.97 91.69

APR 24.07 46.87 8.54 112.10

WEIGHTED
AVERAGE 12.60 36.55 22.15 62.35
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7.2 PREDICTED VERSUS ACTUAL

The as-built system was modeled using f-Chart Version 5• 1 • The 
manufacturer's collector performance parameters, together with 
the measured loads, temperatures and insulation data were used 
in this model. The f-Chart model predicted a solar fraction of 
5k% for the year, which is identical to the actual measured solar 
fraction during the 1980-1981 heating season. There are signifi­
cant variations throughout the season, however.

f-Chart Mea s u

OCT 90 82
NOV 59 46
DEC 29 45
JAN 26 37
FEB 60 63
MAR 51 57
APR 1 00 77
MAY 1 00 64

For the 1981-1982 heating season, f-Chart predicted a higher 
solar fraction (61%) than was actually measured (49%). The 
following presents the solar fractions for the specific months.

f-Chart Measured

JUN 1 00 60
JUL 1 00 60
AUG 1 00 65
SEP 1 00 63
OCT 97 26
NOV 52 48
DEC 38 40
JAN 34 31
FEB 54 56
MAR 57 51
APR 75 73

7.3 SOLAR SUBSYSTEM 

7.3.1 Collection

7.3. 1.1 Liquid Subsystem Performance

The Oakmead Industries solar site employs two types of collector 
arrays. The main collector array is a liquid flat-plate array 
which is utilized for DHW preheating, and for space heating for 
the north and south zones of the commercial building. The liquid- 
based collector array is composed of 116 Revere (two banks of 58

77



collectors each), Sun-Aid flat-plate collectors with a gross area 
of 2,622 square feet. The Sun-Aid collectors are single glazed 
with a selective surface. The collectors are oriented due south 
at a tilt of 45 degrees to the horizontal and are connected in a 
parallel series arrangement. The collectors are mounted on the 
north side facia of the concrete wall. A solution of 10% propyl­
ene glycol by weight in water is used as the transfer medium to 
the heat exchanger in the thermal control loop (TCL). The propyl­
ene glycol solution is circulated in the collector loop by collec­
tor pump PI which is activated by the collector controller. A 
heat rejector dissipates excess collected energy for collector 
protect ion .

The controls were designed to activate the collector when the 
collector plate stagnation temperature was greater than 120°F.
An adjustable time delay, nominally five minutes, maintained 
pump operation. At the end of the delay period, the collector 
pump would continue to operate if the plate temperature was 5°F 
greater than the TCL temperature. Otherwise, the pump would 
deactivate and the cycle will begin again. It should be noted 
that the TCL pump P3 operates in conjunction with the collector 
pump. This control device functioned extremely well until 
November 30 when the control device experienced problems and 
activated the collector pumps at night. Since November 30, the 
control device has not operated as well as before and system 
performance was degraded to a small degree. The control problem 
was corrected on March 25, but the controller operation was 
changed to function only on a temperature differential between 
collector plate temperature and TCL temperature.

The performance of the liquid collector is presented in Table 4 
for the 1980-1981 heating season.

During the eight-month period, there were 939-90 million BTU of 
solar energy incident on the liquid collector array. Of this total, 
798.63 million BTU were incident while the collector loop was 
operating. The collector subsystem collected 357.52 million BTU, 
representing 38% of the total available insolation and 45% of the 
energy available during collector loop operation.

Solar energy collection required 8.04 million BTU of operating 
energy for collector pump PI, TCL pump P3, and heat rejector fan 
power. To prevent the collector subsystem from overheating, 7-31 
million BTU of solar energy were rejected to the atmosphere.

The collector subsystem performed very well during the 1980-1981 
heating season except for the times when the collector pump was 
activated all day long. This was caused by sporadic control 
problems which occurred between November 30 and March 25- Overall, 
the collector subsystem performed well and provided a solar contri­
bution of 238.17 million BTU to the loads.
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Table k. LIQUID COLLECTOR SUBSYSTEM PERFORMANCE
OAKMEAD INDUSTRIES

OCTOBER 1980 THROUGH MAY 1981
(All values in million BTU, unless otherwise indicated)

MONTH

INCIDENT
SOLAN

RADIATION

COLLECTED
SOLAN
ENERGY

COLLECTOR
SUBSYSTEM
EFFICIENCY

i,*:

OPERATIONAL
INCIDENT

ENERGY

COLLECTOR
ARRAY

OPERATIONAL
EFFICIENCY

IV

ECSS
REJECTED

ENERGY

ECSS
OPERATING

ENERGY

SOLAR
ENERGY

TO LOADS

SOLAR
ENERGY

TO
STORAGE

DAYTIME
AMR I ENT 

TEMPERATURE 
(°F)

OCT I 3' 11 <.C.78E 3C 106.82 3 7 5.61 0.60 28.92 27.97 79

NOV 10- fcj 3' . 7t 3t 84.3*. 4 b C.S6 0.6b 25.96 33.05 71

DEC 9b.Ob 38.1b 40 90.90 4: 0.00 : 30.85 30.46 64

JAN ?b 3(- 29.90 35 74.6t 40 0.00 1 4b 22.32 25.72 61

FEE 1 Ob . s*# 4 ? . 8r 45 95.6- 50 0.00 0.8t m0.02 34.31 67

F1AN 115.55 51.37 45 108.25 48 0.00 1.3C 41.40 33.26 65

APR 155.12 63.19 41 127.63 50 0.55 0.75 37.55 46.01 72

MAY K.8.27 48. <.5 33 108.39 45 0.59 0.84 11.15 36.67 73

TOTAL 939 90 357.51 - 798.63 - 7.31 8.0m 238.17 267.45 -

AVERAGE 117 <.9 44.69 38(1) 99.83 45(,) 0.91 1.01 29.77 33 43 69

£ - Denotes rstirndted value. 
(1) Weighted average.

For the 1981-1982 heating season, the collector array efficiency 
was 39% while the collector array operating efficiency was 46%.
The collector performance was enhanced due to the lower collector 
inlet temperatures provided by the oversized storage tank. How­
ever, the collector array required the rejection of 56.10 million 
BTU for protection from high temperatures. The collector array 
performance is shown in Table 5-

The large losses (8l% of the losses) between collected solar energy 
and solar energy used occurred during DHW preheating from June 1981 
through October 1981. Another 11% of the losses was due to collec­
tor loop losses, and the remaining losses are attributed to storage 
and temperature control loop losses.

Some minor problems were experienced with the collector subsystem. 
The collector control activated the collector pump occasionally 
during the night. The problem occurred during low insolation 
levels that were apparently in the dead-band zone of the controls. 
The heat rejector unit had a low set point of approximately 17^0 F, 
which caused unnecessary energy rejection. Also, the collector 
manifold connections leaked during the summer months, when high 
temperatures were common.
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Table 5- LIQUID COLLECTOR SUBSYSTEM PERFORMANCE
OAKMEAD INDUSTRIES

JUNE 1981 THROUGH APRIL 1982
(Al 1 values in m i 1 1 iion BTU, unless o t h e rw i s e i n d ica ted )

MONTH

INCIDENT
SOLAR

RADIATION

COLLECTED
SOLAR

1 ENERGY

COLLECTOR
SUBSYSTEM
EFFICIENCY

(I)

OPERATIONAL
INCIDENT

ENERGY

COLLECTOR
ARRAY

OPERATIONAL
EFFICIENCY

(X)

ECSS
REJECTED

ENERGY

ECSS
OPERATING

ENERGY

DAYTIME 
SOLAR AMBIENT
ENERGY TEMPERATURE

TO LOADS ( *F)

JUN 152.96 56.25 37 122.95 46 0.00 0.86 8.83 82

JUL 151.78 54.46 36 117.34 46 0.00 1.09 8.77 79

AUC 151.53 52.99 35 116.73 45 21.48 1.24 8.91 78

SEP 138.39 49.52 36 107.55 46 15.73 1.18 13.54 79

OCT 130.19 45.98 35 97.10 47 16.35 1.15 8.70 74

NOV 81.57 33.75 41 73.79 46 2.47 1.47 24.89 67

DEC 64.89 27.67 43 61.76 45 0.00 1.36 19.72 62

JAN 95.12 40.52 43 91.75 44 0.00 1.54 31.32 57

FEB 101.94 46.34 46 90.88 51 0.07 1.13 40.59 66

MAR 102.16 41.67 41 98.21 42 0.00 1.64 33.93 61

APR 134.18 61.40 46 125.88 49 0.00 1.31 50.07 68

TOTAL 1,304.71 510.55 - 1,103.94 - 56.10 13.97 249.27 -

AVERAGE 118.61 46.41 J9(l) 100.36 460) 5.10 1.27 22.66 70

'Doaiiotaa Weighted Average.

The operation of the collector array can be seen in Figure ^, 
a collector efficiency plot. The line on the graph is plotted 
from the manufacturer's ASHRAE test parameter. The measured data 
falls one percent above the test panel results, but the measured 
slope is flatter. The control problem (extended collector pump 
operation) in the latter measured months degraded the collector 
performance by five percent.
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* MOST FREQUENT OPERATING POINT
• AVERAGE COLLECTOR EFFICIENCY

Revere Sun-Aid 
Flat-Plate, 2622 ft2 
Selective Absorber 
Single Glazed 
Propylene Glycol

Oakmead Industries

ASHRAE 93-77 Test Result

CTIN-TAVI, CFT»»2—HR-F/BTID

Figure b. Comparison of NSDN Measured Collector 
Performance vs. ASHRAE 93~77 Test Result 

Oakmead Industries, Santa Clara, CA

7.3.2 Storage

The solar storage tank at Oakmead Industries is a 6,500-gallon 
steel tank with six inches of fiberglass insulation. Storage 
performance is depicted in Table 6. For the 1980-1981 heating 
season the energy delivered to storage was 267.^5 million BTU 
while the energy removed from storage was 237-73 million BTU.
The changed energy in the storage was -1.82 million. The resul­
tant storage loss was 31-5** million BTU, which seems high. Flow 
meter W201 measures energy into and out of storage. This flow 
meter was installed near valve AV2 which modulates flow. This 
flow meter is not able to measure low flow rates and could have 
affected the high storage loss. Also during December, January, 
and March the energy removed from storage was greater than energy 
delivered to storage. This difference could be due to modulation 
effects that were not measured by flow meter W201.

The storage tank maintained an average temperature of 121°F and 
exhibited a storage efficiency of 88%. The storage subsystem 
performed well.
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Table 6. STORAGE PERFORMANCE
OAKMEAD INDUSTRIES

OCTOBER 1980 THROUGH MAY 1981
(Al11 val ues in mi 1 1 i on BTU, unless otherwise indicated)

MONTH TO
ENERGY

STORAGE
ENERGY

FROM STORAGE
CHANGE IN 

STORED ENERGY
STORAGE

EFFICIENCY (I)

AVERAGE 
STORAGE 

TEMP. (°Fj

EFFECTIVE
HEAT LOSS 

COEFFICIENT 
(BTU/hr °F)

LOSS
FROM

STORAGE

OCT 27.97 23.19 -2.16 75 157 0.62 6.99

NOV 33.05 28.56 -3.90 75 136 0.54 8.39

DEC 30.96 32.72 0.90 no 91 1 .50 -3.16

JAK 25.72 30.00 1.40 122 86 2.92 -5.68

FEB 39.31 30.56 -2.08 83 11c 0.66 5.81

MAE 33.26 33.71 0.79 104 96 2.37 -1.19

APR 96.01 30.92 3.33 79 139 0.52 11.76

MAY 36.67 28.05 -0.05 76 151 0.28 8.67

TOTAE 267.95 237.73 -1.82 - - - 31.59

AVERAGE 33.93 29.72 -0.23
88(1) 121 1.12 3.9*.

O) Weighted average

Table 7- STORAGE PERFORMANCE 
OAKMEAD INDUSTRIES 

JUNE 1981 THROUGH APRIL 1982

(Al 1 val u e s in mil lion BTU , unless 01 h e rwi se indicated)

MONTH
ENERGY TO 

STORAGE
ENERGY PROM 

STORAGE
CHANGE IN 

STORED ENERGY

STORAGE
EFFICIDICT

(I)

AVERAGE
STORAGE

TEMPERATURE
CD

EFFECTIVE
HEAT LOSS 

COEFFICIENT 
(BTU/ft2-hr*F)

LOSS FROM 
STORAGE

JUN 38.60 30.64 0.38 80 151 0.29 7.58

JUL 35.11 31.28 0.79 91 149 0.12 3.09

AUC 25.93 29.30 -0.16 93 157 0.05 1.79

SEP 29.54 28.80 0.08 98 152 0.06 0.66

OCT I I 0.53 I 152 I I

NOV I I -3.72 I 97 I I

DEC I I -0.69 I 86 I I

JAN I I 1.44 I 83 I I

FEB 1 I -1.67 I 94 I I

MAR I I -0.78 I 86 I I

APR I I 1.32 I 97 I I

TOTAL I I -2.98 I - I I

AVERAGE I Z -0.23 I 119 I X

I Denotes invalid data.
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The storage subsystem performance for the 1981-1982 heating season 
is depicted in Table 7- Most performance factors have been inval­
idated due to inaccurate measurements on flow meter W201 caused by 
the modulating valve, AV2, The storage tank did maintain an aver­
age storage temperature of 119°F with a high temperature of 157°F 
in August and a low temperature of 83°F in January. The storage 
tank may be slightly oversized for the system since the ratio of 
the storage capacity to collector area is 2.5 and a typical "rule 
of thumb" value is 2.00. However, this larger volume permitted 
lower collector inlet temperatures which increased the wintertime 
collector performance.

7.3-3 Space Heating

The space heating performance for the reporting period was good 
with solar supplying 57% of the total load. Solar energy was 
delivered for space heating by both the liquid and air collectors 
directly and from solar hot water storage. The space heating 
performance was lower partially due to collector control problems 
which removed energy from storage, and a problem with solar space 
heating pump P2 which remained off for the first 14 days during 
November. Overall, the space heating subsystem operated satis­
factorily for 1980-1981 heating season.

Oakmead Industries employs a unique recirculation loop between the 
liquid collector heat exchanger and the solar storage tank. This 
recirculation loop, designated as the thermal control loop (TCL), 
provides a connection between the heat exchanger, storage tank, 
and north and south space heating zones. As a result of this 
connection, the space heating subsystem is able to utilize energy 
from storage or energy directly from the collector loop. The TCL 
strives to maintain a constant 120°F water temperature to the 
space heating coils. Total control of this loop is accomplished 
by control valves AVI and AV2. (See System Description for addi­
tional details.) This strategy tends to minimize losses and uses 
energy directly from the collector loop when available.

The space heating performance for the Oakmead Industries solar 
site for the reporting period is shown in Tables 8 and 9.

The space heating load of 4A1.89 million BTU was satisfied by 
253-12 million BTU of solar energy and 189-05 million BTU of 
auxiliary thermal energy. The solar fraction of this load was 
57%. The space heating subsystem used a total of 49-70 million 
BTU. for operating energy.
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(All values in million BTU, unless otherwise indicated)

Table 8. SPACE HEATING SUBSYSTEM I
OAKMEAD INDUSTRIES

OCTOBER 1980 THROUGH MAY 1981

MONTH
SPACE

HEATING
LOAD

CONTROLLED
DELIVERED
ENERGY

TOTAL
SOLAR ENERGY 

USED

TOTAL
AUXILIARY
THERMAL
USED

SOLAR 
FRACTION 
OF LOAD 

(%)

BLDG
TEMP
(°F)

AMB
TEMP
(°F)

OCT 16.48 16.48 16.10 0.47 97 72E 68
NOV 46.38 46.38 20.11 26.27 43 72E 61
DEC 107.35 107.35 52.26 55.11 49 71E 57
JAN 96.87 96.87 39.36 57.51 41 70E 56
FEB 53.04 53.04 37.96 15.07 72 72E 60
MAR 79.35 79.35 50.08 29.34 63 70E 58
APR 38.63 38.63 33.71 5.03 87 I 62
MAY 3.79 3.79 3.54 0.25 93 I 64

TOTAL 441.89(2) 441.89(2) 253.12(2) 189.05(2)
- - -

AVERAGE 55.24 55.24 31.64 23.63 57(1) 71E 61

E - Denotes estimated value (based upon return air from the building).
I - Denotes invalid data.
(1) - Weighted Average.
(2) - A minor software error caused the heating load to be not exactly equal

to the sum of the solar energy used and the auxiliary thermal energy 
used. The average error is 0.06% and is insignificant.

The space heating subsystem provided a fossil fuel savings of 
421.88 million BTU, while incurring a solar specific electrical 
operating energy expense of 2.78 million BTU. The building tem­
perature was estimated at approximately 71°F.

On April 14, 1981, the north zone solar space heating control
began to operate continuously with the air handling unit time 
clock, despite no heating demand. A problem with the controller 
delivered solar energy to the north zone distribution system, but 
the fan' was off and the dampers were closed. This energy was lost 
to the environment and is shown as a loss on the Energy Flow 
Diagram (Figure 2), from storage to space heating. It was 
necessary to estimate the building temperature because the sensor 
was not properly located. Building return air temperature was 
used as an estimate of the building temperature.
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Table 9- SPACE HEATING SUBSYSTEM II
OAKMEAD INDUSTRIES

OCTOBER 1980 THROUGH MAY 1981
(All v a lues in mi 11ion BTU, unless otherwise i nd i ca t ed)

MONTH

SPACE
HEATING

LOAD

MEASURED 
SOLAR ENERGY 

USED

SOLAR
tnZRGY LOSSES

TO LOAD

TOTAL
OPERATING

ENERGY

SOLAR
SPECIFIC
OPERATING

ENERGY

FOSSIL
FUEL

SAVINGS

AUXILIARY
FOSSIL

FUEL

HEATING
DEGREE

DAYS

OCT 16.48 16.10 0.00 6.42 0.10 26.83 0.78 33

NOV 46.38 20.11 0.00 6.92 0.22 33.52 43.78 150

DEC 107.35 52.26 0.00 8.67 0.40 87.10 91.86 257

JAN 96.87 39.36 0.00 8.63 0.34 65.60 95.85 283

FEB 53.04 37.96 0.00 6.21 0.42 63.27 25.13 147

MAR 79.35 50.08 0.00 8.39 0.42 83.47 48.91 216

APR 38.63 33.71 0.00 3.71 0.33 56.19 8.37 139

MAY 3.79 3.54 0.00 0.75 0.55 5.90 0.42 67

TOTAL 441.89 253.12 0.00 49.70 2.78 421.88 315.10 1,292

AVERAGE 55.24 31.64 0.00 6.21 0.35 52.74 39.39 162

During the 1981-1982 heating season, the space heating subsystem 
operated well, but the performance could have been better.
Several problems lowered the space heating performance. The space 
heating time clocks caused the system to operate all day long in 
January and February 1982. This problem increased the space 
heating load which was primarily made up by auxiliary energy 
during the evening hours, and reduced the solar contribution to 
the DHW subsystem because the space heating subsystem has priority 
of solar utilization. From October 12, 1981 through November 6,
1981, no solar energy was used for space heating due to pump P2 
not operating. The high heating subsystem operating energy from 
July 22 through November 6 is due to the continuous operation of 
the south zone fan.

The space heating performance is presented in Tables 10 and 11.
The space heating load of 371*55 million BTU was satisfied by 
I87.O^ million BTU of solar energy and 184.51 million BTU of 
auxiliary energy for a solar contribution of 50%. Solar energy 
provided a fossil fuel savings of 311*73 million BTU or 3,053 
therms of natural gas.
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Table 10. SPACE HEATING SUBSYSTEM
OAKMEAD INDUSTRIES

JUNE 1981 THROUGH APRIL 1982
(All vallues in million BTU, un'less otherw i s e i n d i c a t e d )

MONTH

SPACE
HEATING
LOAD

CONTROLLED
DELIVERED

ENERCT
total solar 
ENERCT USED

TOTAL
AUXILIARY 
THERMAL USED

SOLAR
FRACTION
OF LOAD

(I)

AMB
TF.MP
CF)

JUN 0.00 0.00 0.00 0.00 0 71

JUL 0.00 0.00 0.00 0.00 0 70

AUC 0.00 0.00 0.00 0.00 0 70

SEP 0.00 0.00 0.00 0.00 0 70

OCT 19.20 19.20 0.00 19.20 0 65

NOV 42.17 42.17 22.03 20. 14 52 62

DEC 41.31 41 .31 18. 16 23. 15 44 57

JAN 09.74 89.74 29.75 59.99 33 50

FEB 62.37 62.37 37.93 24.44 61 59

HA* 57.32 57.32 32.09 25.23 56 56

APR 59.44 59.44 47.08 12.36 79 60

TOTAL 371.55 371.55 187.04 184.51 - -

AVERAGE 33.78 33.78 17.00 16.77 SoO) 63

(^Denotes weighted •w«r«|e.

Table 11. SPACE HEATING SUBSYSTEM (Continued) 
OAKMEAD INDUSTRIES 

JUNE 1981 THROUGH APRIL 1982

(Al 1 value s in mi11iion BTU , unless otherwis e i n d i c a ted)

MONTH

SPACE
HEATING
LOAD

MEASURED
SOLAR

ENERCT USED

TOTAL
OPERATING
ENERGY

SOLAR-
SPECIFIC
OPERATING
ENERCT

AUXILIARY
FOSSIL
SAVINGS

AUXILIARY
FOSSIL
FUEL

HEATING
DECREE-
DAYS

JUN 0.00 0.00 0.49 0.49 0.00 0.00 4

JUL 0.00 0.00 1.84 0.42 0.00 0.00 0

AUC 0.00 0.00 4.04 0.00 0.00 0.00 0

SEP 0.00 0.00 3.21 0.00 0.00 0.00 1

OCT 19.20 0.00 9.52 0.00 0.00 32.00 42

NOV 42. 17 22.03 9.57 0.27 36.71 33.57 120

DEC 41.31 18.16 8.33 0.23 30.27 38.38 262

JAN 89.74 29.75 10.68 0.38 49.58 99.99 455

FEB 62.37 37.93 9.54 0.44 63.22 40.74 180

HA* 57.32 32.09 9.06 0.35 53.48 42.05 293

APR 59.44 47.08 8.90 0.42 70.47 20.60 178

TOTAL 371.55 187.04 75.28 3.00 311.73 307.53 1,535

AVERAGE 33.78 17.00 6.84 0.27 28.34 27.96 140
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7.3-^ Domestic Hot Water

The DHW subsystem uses a solar heated preheat tank in series with 
an electric DHW tank. (Refer to site schematic.) A very signif­
icant change in the DHW consumption profile was made in September 
1980. A soldering type machine that requires hot water was 
attached to the DHW subsystem. The greater consumption of hot 
water significantly reduced the solar contribution in comparison 
to the original design figures. Since the design figures were 
not altered, it appears the DHW subsystem was poorer than ex­
pected. However, the DHW subsystem performed satisfactorily.
Vitro Corporation recommended the replacement of pump P4 to 
increase the solar energy contribution to the DHW subsystem.
This replacement was delayed due to electrical installation 
problems.

The DHW subsystem performance for the 1980-1981 season is depicted 
on Table 12.

The actual hot water demand of 97.01 million BTU was satisfied 
by A1 .1A million BTU of solar energy and 6 3-5 5 million BTU of 
auxiliary electrical energy. The hot water load of 10A.69 million 
BTU includes a standby loss of 7.68 million BTU. The solar frac­
tion of the load was 33% with a solar specific operating energy 
expense of 0.56 million BTU. The DHW subsystem provided an elec­
trical energy savings of AO.58 million BTU. A daily average of 
1,047 gallons of DHW was consumed at an average temperature of 
112°F.

Table 12. DOMESTIC HOT WATER SUBSYSTEM PERFORMANCE
OAKMEAD INDUSTRIES

OCTOBER 1 980 THROUGH MAY 1 981

(Al 1 values in million BTU , unless otherwise i n d i ca ted)

MONTH

HOT
WATER
LOAD

SOLAR 
FRACTION 
OF LOAD

(%)

HOT
water
DEMAND

SOLAR 
FRACTION 
OF DEMAND

(%)

SOLAR
ENERGY
USED

AUXILIARY AUXILIARY
THERMAL ELECT OPERATING
USED USED ENERGY

SUP. HOT
WATER WATER 
TEMP TEMP
(°F) C°FJ

HOT WATER 
CONSUMPTION 

(GAL)

OCT 18.82 68 15.85 66 12.82 6.00 6.00 0.15 68 115 41,263

NOV 13.45 54 12.32 54 7.30 6.15 6.15 0.09 67 117 29,272

DEC 11.08 11 10.48 11 1.20 9.88 9.88 0.03 63 106 29 ,h79

JAN 10.39 5 9.94 5 0.54 9.85 9.85 0.02 62 100 31,491

FEB 11.98 26 11.83 25 3.10 8.88 8.88 0.07 63 112 29,028

MAR 11.80 15 10.98 14 1.78 10.02 10.02 0.04 65 103 34,595

APR 13.63 50 12.95 49 6.78 6.85 6.85 0.08 69 121 30,167

MAY 13.54 56 12.66 56 7.62 5.92 5.92 0.08 71 123 29,030

TOTAL 104.69 - 97.01 - 41.14 63.55 63.55 0.56 - - 254,316

AVERAGE 13.09
3,0)

12.13 38 5.14 7.94 7.94 0.07 66 112 31,790

(1) Weighted average.
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Two problems lowered the DHW subsystem performance. The DHW con­
troller which activates pump PA was 5°F-10°F too high. This 
decreased the potential solar contribution. Also, the DHW control 
ler will not activate pump P1* unless the solar storage tank top 
temperature is greater than 100°F. The solar storage tank remain­
ed below 100°F during a large period of time, which resulted in 
the low solar contribution at these times. This low storage tem­
perature coincides with the space heating periods which have 
priority over the DHW subsystem. Despite these problems, the DHW 
subsystem operated satisfactorily and provided 39% of the DHW load

The DHW subsystem performance during 1981-1982 is displayed in 
Table 13. The DHW load was 131.91 million BTU. The solar energy 
used was 62.23 million BTU and the auxiliary energy used was 
69.68 million BTU, representing a solar contribution of 47%. The 
DHW demand was 123.17 million BTU, which shows very little standby 
losses. A total of 326,469 gallons of hot water was used at an 
average supply temperature of 69°F and a hot water temperature of 
116°F.

Table 13- DOMESTIC HOT WATER SUBSYSTEM 
OAKMEAD INDUSTRIES 

JUNE 1981 THROUGH APRIL 1982

(Al 1 va 1 u e s i n mi 1 1 i on BTU , u n 1 ess otherwise in dica ted)

MONTH

HOT
WATER
LOAD

SOLAR 
FRACTION 
OP LOAD

(I)

HOT
WATER
DEMAND

SOLAR
ENERGY
USED

AUX
THERMAL

USED

AUX
ELECT
FUEL

OPERATING
ENERCT

SUP
water
TEMP
Cp)

HOT
water
TEMP
Cf)

TEMPERED 
HOT WATER 

CONSUMPTION 
(GALLONS)

UNTEMPERED 
HOT WATER 

CONSUMPTION 
(GALLONS)

JUN U.84 58 13.90 8.83 6.01 6.01 0.09 72 127 30.444 27,769 E

JUL 14.53 60 13.40 8.77 5.76 5.76 0.14 73 127 29,559 26.899

AUG 13.63 65 12.27 8.91 4.77 4.77 0.14 72 127 26,946 24,538

SEP 21.38 63 20.71 13.54 7.84 7.84 0.18 73 109 68,514 62,785

OCT 13.82 63 13.36 8.70 5.12 5.12 0.16 71 128 28.221 26,094

NOV 9.39 31 8.72 2.86 6.53 6.53 0.29 70 115 23,336 20.317

DEC 7.27 21 6.63 1.56 5.71 5.71 0.37 67 115 16.547 15.114

JAN 9.96 16 9.27 1.57 8.39 8.39 0.38 66 111 2-..835 22,669

FEB 9.44 28 8.83 2.66 6.78 6.78 0.34 65 106 26.013 23,921

MAR 8.64 21 7.92 1.84 6.80 6.80 0.37 67 100 28,438 26,081

APR 8.96 33 8.16 2.99 5.97 5.97 0.35 66 107 23,616 21.373

TOTAL 131.91 - 123.17 62.23 69.68 69.68 2.81 - - 326,469 298,060

AVERAGE 11.99 47O) 11.20 5.66 6.33 6.33 0.26 69 116 29,679 27,096

(^Denotes Weighted Average. 
E Denotes estimated value.
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An increase in DHW demand occurred in September without a propor­
tionally greater impact on the solar fraction; i.e., solar fraction 
remained at 63%* This implies that the solar DHW subsystem is 
capacity limited due to design or equipment size. If a larger 
capacity pump and preheat coil were used, the DHW solar fraction 
might have increased. Another improvement could be to simply have 
the cold water supply run through an immersed heat exchanger in 
the hot storage tank. This would save operating costs and might 
lower initial capital costs. A control problem with pump P4 
caused the pump to operate almost continuously from December 1981 
through April 1982. This problem increased the operating energy 
costs with very little additional benefit. Overall, the DHW sub­
system performance was kl%.

7.3.5 Parasitics

Operating energy is defined as the electrical energy required to 
support the functioning of the collector, storage, space heating, 
and DHW subsystems without directly affecting their thermal states. 
This energy is interpreted as pumping energy, fan power, and 
electrical power required to operate the entire solar system in­
cluding those distribution fans in the conventional HVAC system.

Table 14. SOLAR UNIQUE OPERATING ENERGY 
OAKMEAD INDUSTRIES 

OCTOBER 1980 THROUGH MAY 1981

(All values inmillion BTU)

MONTH
ECSS

OPERATING
ENERGY

DHW
OPERATING
ENERGY

SHS
OPERATING
ENERGY

TOTAL
SOLAR UNIQUE 

OPERATING ENERGY
OCT 0.60 0.15 0.10 0.85
NOV 0.86 0.09 0.22 1.17
DEC 1.89 0.03 0.40 2.32
JAN 1.64 0.02 0.34 2.00
FEB 0.88 0.07 0.42 1.37
MAR 1.47 0.04 0.42 1.93
APR 0.81 0.08 0.33 1.22
MAY 0.84 0.08 0.55 1.47

TOTAL 8.99 Q.56 2.78 12.33
AVERAGE 1. 12 0.07 0.35 1.54
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At Oakmead Industries, the solar unique operating energy, that is 
used exclusively for the collection and delivery of solar energy, 
is classified in three subsystems. Pumps PI, P3, heat rejector 
fan, and south zone collector fan operate the energy collection 
and storage subsystems, pump P2 operates the space heating subsys­
tem , and pump P4 operates the DHW subsystem.

Measured monthly values of the solar specific operating energies 
for the Oakmead Industries solar system are presented in Table 14. 
Table l4 depicts the solar unique operating energy for each sub­
system during 1980-1981.

A total of 12.33 million BTU were consumed to operate the equip­
ment which collects and delivers solar energy. In addition to 
the solar exclusive equipment, other fans were used to transport 
auxiliary energy in the HVAC system. The entire system used 
59.25 million BTU of operating energy. The solar unique energy 
represents 21% of the total system operating energy.

Measured monthly values of the so 1 ar-spec i fic operating energy 
for 1981-1982 are shown in Table 15- The ECSS solar operating 
energy accounted for 71% of the tota 1 -spec i fic operating energy.

Table 15. SOLAR-SPEC IFIC OPERATING ENERGY 
OAKMEAD INDUSTRIES 

JUNE 1981 THROUGH APRIL 1982

(All values in million BTU)

ECSS DHW SHS TOTAL SOLAR
MONTH OPERATING ENERGY OPERATING ENERGY OPERATING ENERGY OPERATING ENERGY
JUN 0.86 0.09 0.49 1.44
JUL 1.09 0.14 0.42 1.65
AUG 1.24 0.14 0.00 1.38
SEP 1.18 0.18 0.00 1.36
OCT 1.15 0.16 0.00 1.31
NOV 1.47 0.29 0.27 2.03
DEC 1.36 0.37 0.23 1.96
JAN 1.54 0.38 0.38 2.30
FEB 1.13 0.34 0.44 1.91
MAR 1.64 0.37 0.35 2.36
APR 1.31 0.35 0.42 2.08

TOTAL
AVERAGE

13.97
1.27

2.81
0.26

3.00
0.27

19.78
1.80

90



7.4 ENERGY SAVINGS

Solar energy system savings are realized whenever energy provided 
by the solar energy system is used to meet system demands which 
would otherwise be met by auxiliary energy sources. The operating 
energy cequired to transport solar energy from the collector to 
storage is subtracted from the solar energy contribution to the 
loads to determine net savings.

The auxiliary energy sources for the space heating subsystem are 
two natura 1 -gas-f i red furnaces located in the north and south 
zones of the commercial building. The natura 1 -gas-fired units 
are considered to be 60% efficient for computing energy savings.

Energy savings for 1980-1981 are presented in Table 16. During 
this eight-month period, the solar system saved 28.81 million 
BTU of electrical energy and 421.88 million BTU of fossil fuel. 
These savings are equivalent to 8,436 kwh of electrical energy 
and 413,190 cubic feet (4,131.9 therms) of natural gas.

Table 16. 
OAKMEAD 

OCTOBER 1980

ENERGY SAVINGS 
INDUSTRIES 
THROUGH MAY 1981

(All values in million BTU)

DOMESTIC
SPACE HOT WATER TOTAL NET

MONTH
SOLAR

ENERGY USED

HEATING SAVINGS SAVINGS ECSS
OPERATING
ENERGY

ENERGY SAVINGS

ELECTRICAL
FOSSIL
FUEL ELECTRICAL ELECTRICAL

FOSSIL
FUEL

OCT 28.92 -0. 10 26.83 12.67 0.60 11.97 26.83

NOV 27.41 -0.22 33.52 7.21 0.86 6.13 33.52

DEC 53.46 -0.40 87.10 1.17 1.89 -1.12 87.10

JAN 39.90 -0.34 65.60 0.52 1.64 -1.46 65.60

FEB 41.06 -0.42 63.27 3.03 0.88 1.73 63.27

MAR 5186 -0.42 83.47 1.74 1.47 -0.15 83.47

APR 40.49 -0.33 56.19 6.70 0.81 5.56 56.19

MAY 11.16 -0.55 5.90 7.54 0.84 6.15 5.90

TOTAL 294.26 -2.78 421.88 40.58 8.99 28.81 421.82

AVERAGE 36.78 -0.35 52.74 5.07 1.12 3.60 52.74

The overall savings in dollars are approximately $2,095-90 for the 
eight-month period. The computed savings are based on an actual 
fuel rate at the site of $0.03 per kwh and 44.6 cents per therm of 
natural gas.
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Energy savings during 1981-1982 are presented in Table 17. The 
solar system provided a fossil fuel energy savings of 311.73 
million BTU and an electrical energy savings of 42.45 million 
BTU. These energy savings are equivalent to 3,053 therms 
(305,310 cubic feet) of natural gas and 12,429 kwh of electric 
energy. The savings in dollars are $2,023.66 based on an actual 
fossil fuel Tate of $0.50 per therm of natural gas and $0.04 per 
kwh of electrical energy.

Table 17. ENERGY SAVINGS
OAKMEAD 1NDUSTR1ES

JUNE 1981 THROUGH APR 1L 1 982

(All values in million BTU)

ECSS
SPACE HEATING DOMESTIC OPERATING NET ENERGY SAVINGS

SOLAR FOSSIL HOT WATER ENERGY FOSSIL
MONTH ENERGY USED ELECTRICAL FUEL ELECTRICAL SOLAR-UNIQUE ELECTRICAL FUEL

JUN 8.83 -0.49 0.00 8.74 -0.86 7.39 0.00

JUL 8.77 -0.42 0.00 8.63 -1.09 7.12 0.00

AUG 8.91 0.00 0.00 8.77 -1.24 7.53 0.00

SEP 13.5* 0.00 0.00 13.36 -1.18 12.18 0.00

OCT 8.70 0.00 0.00 8.54 -1.15 7.39 0.00

NOV 2A.89 -0.27 36.71 2.57 -1.47 0.83 36.71

DEC 19.72 -0.23 30.27 1.19 -1.36 -0.40 30.27

JAN 31.32 -0.38 49.58 1.19 -1.54 -0.73 49.58

FEB 40.59 -0.44 63.22 2.32 -1.13 0.75 63.22

MAR 33.93 -0.35 53.48 1.47 -1.64 -0.52 53.48

APR 50.07 -0.42 78.47 2.64 -1.31 0.91 78.47

TOTAL 249.27 -3.00 311.73 59.42 -13.97 42.45 311.73

average 22.66 -0.27 28.34 5.40 -1.27 3.86 28.34

7-5 ENVIRONMENTAL CONDITIONS

Oakmead Industries is located in Santa Clara, California at 37 
degrees N latitude and 122 degrees W longitude.

Month1y. va 1ues of the total solar energy incident in the plane of 
the liquid collector array and the average outdoor temperature 
measured at the site are presented in Table 18. Also presented 
in the table are the corresponding long-term average monthly 
values of the measured weather parameters. These long-term aver­
age weather data were obtained from nearby representative National 
Weather Service and SOLMET meteorological stations. The long-term

92



average insolation values are total global horizontal radiation 
converted to collector angle and azimuth orientation.

Table 18. WEATHER CONDITIONS FOR LIQUID SUBSYSTEM
OAKMEAD INDUSTRIES 

OCTOBER 1980 THROUGH MAY 1981

DAILY INCIDENT SOLAR 
ENERGY PER UNIT AREA

MONTH

(BTU/FT2 -DAY) AMBIENT TEMPERATURE (°F) HEATING DEGREE-DAYS COOLING DEGREE-DAYS

MEASURED
LONG-TERM

AVERAGE MEASURED
LONG-TERM

AVERAGE MEASURED
LONG-TERM

AVERAGE MEASURED
LONG-TERM

AVERAGE

OCT 1,687 1,685 68 63 33 90 139 19

NOV 1,330 1,362 61 56 150 276 40 0

DEC 1,170 1,154 57 50 257 456 0 0

JAN 963 1,200 56 50 283 481 0 0

FEB 1,442 1,481 60 53 147 350 6 0

MAR 1,422 1,760 58 55 216 322 6 0

APR 1,972 1,895 62 58 139 228 48 12

MAY 1,824 1 ,872 64 62 67 123 32 20

TOTAL 11,810 12,409 - - 1,292 2,326 271 51

AVERAGE 1,476 1,551 61 56 162 291 34 6

Note: Collector Tilt 45°

During October 1980 through May 1981, the average daily total 
incident solar radiation on the collector array was 1,476 BTU per 
square foot per day. This radiation was five percent below the 
estimated average daily solar radiation for this geographical 
area during the reporting period of 1,551 BTU per square foot per 
day for a south-facing plane with a tilt of 45 degrees to the 
horizontal. During the period, the highest monthly average 
insolation was 1,972 BTU per square foot per day during April and 
the lowest monthly average insolation was 963 BTU per square foot 
per day during January. The average ambient temperature during 
the reporting period was 6l°F as compared with the long-term aver­
age of 56°F. The highest monthly average ambient temperature was 
68°F during October, and the lowest monthly average ambient tem­
perature was 56°F during January. The number of heating degree- 
days for the period (based on a 65°F reference) was 1,292 as 
compared with the long-term average of 2,326. The range of heat­
ing degree-days was from a high of 283 during January to a low of 
33 during October. The number of cool ing degree-days for the 
period was 271 as compared with the long-term average of 51.
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The daily average ambient temperature was calculated using the 
same method as the National Weather Service (NWS). This method 
estimates the average temperature by averaging the daily maximum 
and minimum temperatures. The long-term weather data and refer­
ence data were recorded by the San Jose, California weather 
station.

Summary weather conditions are presented in Table 19 for 1981-1982. 
The weather conditions were poorer than expected due to less 
sunshine during the heating season. The ambient temperature was
6 3 0 F versus 
ture sensor 
tion due to

the long-term average of 60°F. However, this 
could have been measuring some heat from roof 
its location.

tempera- 
c o n v ec-

Table 19- WEATHER CONDITIONS 
OAKMEAD INDUSTRIES 

JUNE 1981 THROUGH APRIL 1982

DAILY INCIDENT SOLAR* 
ENERGY PER UNIT AREA

(BTU/FTZ-DAY) AMBIENT TEMPERATURE (°F) HEATING DEGREE-DAYS COOLING degree-days

MONTH MEASURED
LONG-TERM

AVERAGE MEASURED
LONG-TERM

AVERAGE MEASURED
LONG-TERM

AVERAGE MEASURED
LONG-TERM

AVERAGE

JUN 1,945 1,853 71 66 4 50 189 71

JUL 1,867 1,889 70 68 0 12 144 117

AUG 1,864 1,897 70 68 0 15 158 111

SEP 1,759 1,907 70 68 1 13 164 94

OCT 1,602 1,687 65 63 42 90 45 19

NOV 1,037 1,365 62 56 120 276 19 0

DEC 798 1,157 57 50 262 456 0 0

JAN 1,170 50 50 455 481 0 0

FEB 1,388 1,484 59 53 180 350 5 0

MAR 1,257 1,762 56 55 293 322 0 0

APR 1,706 1,897 60 58 178 228 19 12

TOTAL - - - - 1,535 2,293 743 424

AVERAGE 1,490 1,646 63 60 140 208 68 39

^Liquid collector subsystem at 45 degree tilt.
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SECTION 8

OPERATIONAL HISTORY

8.1 TYPICAL SYSTEM OPERATION

April 16, 1982 represents a sunny day of solar system operation.
The variation of key solar system parameters for this day is pre­
sented in Figures 5, 6 and 7. This day is representative of 
solar system operation during the entire reporting period, except 
when the collector pump was operating all day long.

Figure 5 shows the intensity of solar radiation on the collector 
array during the day. The figure depicts excellent sunshine 
throughout the day with a maximum intensity of 320 BTU/ft^-hr.
The insolation is measured at a collector orientation of 4$ degrees 
to the horizontal. The collector operating period is shown on the 
isolation curve.
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Figure 5- Typical insolation Data 
Oakmead Industries 

April 16, 1982

The collector array inlet and outlet temperature profile is present­
ed in Figure 6. The collector pump was activated at 0722 hours 
when the collector absorber plate temperature was higher than the 
temperature in the Thermal Control Loop (TCL). (Refer to System
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Description). The temperature differential between the collector 
inlet and outlet is small during startup conditions and the curves 
show a negative differential soon after startup. However, the tem­
perature increases very rapidly and so does the collector tempera­
ture differential after startup. But, as 09^6 hours, the flow to 
storage stops and results in a decrease in the collector inlet and 
outlet temperature differential.

COLLECTOR OPERATING PERIOD-

T1MC

Figure 6. Typical Collector Array Temperatures,
Inlet/Outlet 

Oakmead Industries 
April 16, 1982

At 1012 hours, storage flow starts again and causes the collector 
inlet and outlet differential to increase. The collector array 
temperature difference is very high now and illustrates good col­
lector performance. The collector pump is deactivated at 1636 
hours when the collector temperature difference decreases below 
the set point. The collector pump operating period is shown in 
this figure.

The storage tank temperatures are illustrated in Figure !• The 
storage tank shows very little stratification except during addi­
tion of solar energy from the collector array. From midnight to 
0337 hours, energy was removed from storage to the space heat­
ing and DHW subsystems. Between 0337 hours and 07^8 hours, only
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a small amount of energy was lost from the storage tank. Solar 
energy was added to the storage tank from 0748 hours to 0946 hours 
and from 1007 hours to 1838 hours. The tank temperature rose to a 
maximum of 113°F. Note that the middle tank temperature is greater 
than the top tank temperature during additions of solar energy to 
storage. This higher temperature occurs because solar energy always 
enters into the middle of the storage tank exactly where temperature 
sensor T203 is located. The sensor indicates the fluid temperature 
prior to mixing with the remaining fluid. From 1636 hours to mid­
night, solar energy is again used for the space heating and DHW 
subsystems. The storage performance is very highly dependent on 
the performance of control valves AVI and AV2.
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Figure 7- Typical Storage Fluid Temperatures 
Oakmead Industries 

April 16, 1982

8.2 SYSTEM OPERATING SEQUENCE

Figure 8 is a bar chart depicting the system operating sequence for 
April 16, 1982. This data correlates with the curves shown in Fig­
ures 5, 6 and 7, and provides some additional insight into those 
curves .

There are several observations to be made from Figure 8. The col­
lector to storage flow is regulated by modulating valve AV2 and 
does not supply flow to storage at all times. Due to the tempera­
ture control loop (refer to System Description), solar energy can 
be delivered from the collector heat exchanger directly to the space
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heating load. This design feature enhances the system performance 
because solar energy can be used directly. The space heating load 
is satisfied by a combination of solar and auxiliary energy. Due 
to a control problem with pump Pk, the pump was on at all times. 
Also, the electric resistance heater in the DHW tank operates most 
of the time to maintain the DHW tank at its internal set point 
temperature. The DHW usage pattern shows that most of the hot water 
is used during the day with sporadic usage in the evening and morn­
ing hours. The DHW usage is related to occupancy of the building.

□HN USAGE

AUXILIARY OHM HEATING

SOLAR OHM PREHEATING

AUXILIARY SPACE HEATING

STORAGE TO SPACE HEATING

COLLECTOR TO SPACE HEATING

COLLECTOR TO STORAGE

COLLECTOR OPERATION

III

I

mi

ii mil in

iiiiiiiiiiiii

.'T -

2 4 8 8 10 12 14 18 18 20 22 24

TIME (HOURS)

Figure 8. Typical System Operation Sequence 
Oakmead Industries 

Apri1 16, 1982

98



8.3 COLLECTOR SUBSYSTEM

The major problem which occurred with the collector subsystem was 
that the seals between the hose and aluminum insulation jacket 
needed to be refurbished. The cause of the damage was the sili­
cone rubber hose had been forced up against the sharp edge of the 
aluminum jacket which protects the manifold insulation. This 
occurred during manifold thermal expansion and contraction.
This problem had previously occurred in 1979; repaired, however, 
the cause was not reported.

The following figures show a detail of the hose during the original 
design and the as-built condition. In the original design the 
rubber hose is well removed from the insulation jacket due to the 
copper manifold extension’ being longer. In the as-built condition, 
the copper extension was shorter and the hose was exposed to the 
cutting edge of the aluminum jacket.

For the connections with severely damaged hose, 3 inches should 
be trimmed off the manifold end. The flared tip of the tube 
could then be cut off and an extension tubing soldered to the 
manifold stub-out.
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8.4 CONTROL SUBSYSTEM

Of the system problems which occurred at Oakmead Industries, the 
largest group happened to the control subsystem. The following 
depicts the problems which occurred over a two year period.

The controls were designed to activate the collector when the 
collector plate stagnation temperature was greater than 120°F.
An adjustable time delay, nominally five minutes, maintained pump 
operation. At the end of the delay period, the collector pump 
would continue to operate if the plate temperature was 5°F greater 
than the TCL temperature. Otherwise, the pump would deactivate 
and the cycle will begin again. It should be noted that the TCL 
pump P3 operates in conjunction with the collector pump. This 
control device functioned extremely well until November 30, 1980
when the control device experienced problems and activated the 
collector pumps at night. Since November 30, the control device 
has not operated as well as before and system performance was



degraded to a small degree. The control problem was corrected on 
March 25, 1981 but the controller operation was changed to func­
tion only on a temperature differential between collector plate 
temperature and TCL temperature.

Subsequently, the collector control problems allowed for unneces­
sary removal of solar energy from storage. The north zone space 
heating control began to operate continuously with the air han­
dling unit time clock, despite no heating demand. A problem with 
the controller delivered solar energy to the north zone distri­
bution system, but the fan was off and the dampers were closed.
The energy was lost to the environment.

Also, the collector pump operated all day and night at times due 
to improper control operation. This resulted in energy loss 
through the collectors and energy removed from storage. The 
problem occurred during low insolation levels that were apparently 
in the dead-band zone of the controls.

The heat rejector was improperly activating at a lower set point 
temperature of 17^°F, which caused unnecessary energy rejection.

The storage to preheat tank pump, Pk, had a control deficiency 
which operated the pump all day long after November 1981 through 
April 1982 .

The DHW controller, which activates pump P4 was 5°F to 10°F too 
high. This decreased the potential solar contribution. Also the 
DHW controller would not activate pump Pk unless the solar storage 
tank top temperature was greater than 100°F. The solar storage 
tank remained below 100°F during a large period of time, which 
resulted in the low solar contribution. The low storage tempera­
ture coincides with the space heating periods, which has priority 
over the DHW subsystem.

On April 14, 1984, the north zone solar space heating control
began to operate continuously with the air handling unit time 
clock, despite no heating demand. A problem with the controller 
delivered solar energy to the north zone distribution system, 
however the fan was off and dampers were closed. The energy was 
lost to the environment.

8.5 SPACE HEATING SUBSYSTEM

A few problems occurred to the space heating subsystem.

Pump P2 for space heating remained off for the first 14 days 
during November 1980.

Solar space heating was not utilized until November 6, 1981 
while there was space heating beginning on October 12, 1981.
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The space heating time clocks caused the system to operate all 
day long in January and February 1982. This problem increased 
the space heating load which was primarily made up by auxiliary 
energy during the evening hours, and reduced the solar contribu­
tion to the DHW subsystem because the space heating subsystem has 
priority of solar utilization.

The south zone fan was operating at all times from July 22, 1981
through November 6, 1981 to recirculate interior air. This
system was deactivated during the 1981-1982 heating season.
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SECT I ON 9

SUMMARY AND CONCLUSIONS

The performance of the Oakmead Industries solar system Is summa­
rized in Tables 20 and 21 for the 1980-1981 and 1981-1982 heating 
seasons, respectively. The solar fraction of the load was in
the 1980-1981 heating season and kS% in the 1981-1982 heating 
season. The solar fraction combined was 52%, significantly below 
the design solar fraction of the high 80%.

Table 20. SOLAR SYSTEM THERMAL PERFORMANCE 
OAKMEAD INDUSTRIES 

OCTOBER 1980 THROUGH MAY 1981

(All va lues in mi 1 1 i 0 n BTU , unless 01 he rwii s e i n d ica ted )

SOLAR SOLAR AUX1L1AR1 ENERGY ENERGY SAVINGS SOLAR

MONTH
ENERGY

COLLECTEI
SYSTEM

LOAT
ENERGY

USEE THERMAL FOSSIL ELECTRICAL
OPERATING

ENERGY FOSSIL ELECTRICAL
FRACTION

(V

OCT 4C 78E 35.30 28.92 6.47 0.76 6.00 7.17 26.83 11.97 82

NOV 39 59.83 27.41 32.42 43.78 6.15 7.87 33.52 6.13 4t

DEC 60 7t 116.93 5? 64.99 91.8e 9.88 10.59 S'7.10 -1.12 45

JAN 47.5- 107.2t 39.90 67.36 95.85 9.85 10.29 65.60 -1.46 3~

FEB 46 90 65.02 4 i 0b 23.95 25. 13 8.88 7 . It 63.27 1.73 6_*

MAH 61.83 91 . 15 51 8t 39.36 48.91 10.02 9.9C 83.47 -0.15 5'

APR 66 13 52.2t 40.49 11.86 8.37 6.85 U . 60 56.19 5.56 7 7

MAY 48 4t 17.33 11.1b 6.17 0.42 5.92 1 .67 5.90 6.15 bu

TOTAL 413.61 546.58 294.26 252.60 315-10 63.55 59.25 421.86 28.81 -

AVERAGE 51.70 68.32 36.78 31.58 39.39 7.94 7.41 52.74 3 60 54° ’

E - Denotes estimated value 
(1) Weighted average.

Several minor problems were encountered during the first season, 
with a small impact on system performance. These included collec­
tor control problems, incorrect time clock settings for the north 
zone heating distribution subsystem, a failure of pump P2 in 
November 1980, a larger than expected DHW load, and an improper 
control set point for the solar preheating DHW mode. These prob­
lems are summarized below and are discussed in more detail in the 
Subsystem Performance sections.

The liquid collector subsystem experienced intermittent control 
problems, which caused the collector and thermal control loop (TCL) 
pumps, PI and P3 to run all day and night. Although the problem
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Table 21. SOLAR SYSTEM THERMAL PERFORMANCE
OAKMEAD INDUSTRIES

JUNE 1981 THROUGH APRIL 1982
(All va lues in mill ion BTU, unless 01 h e rwi s e i n d i ca t ed)

SOLAR
ENERGT SYSTEM SOLAR ENERGT AUXILIARY ENERGY OPERATING ENERGY

SOLAR
savings FRACTION

MOHTH COLLECTED LOAD USED THERMAL FOSSIL ELECTRICAL ENERGT FOSSIL ELECTRICAL (X)

JUN 56.2S 14.84 8.83 6.01 0.00 6.01 1.44 0.00 7.39 60

JUL 54.46 14.53 8.77 5.76 0.00 5.76 3.07 0.00 7.12 60

AUG 52.99 13.68 8.91 4.77 0.00 4.77 5.42 0.00 7.53 65

SEP 49.52 21.38 13.54 7.84 0.00 7.84 4.57 0.00 12.18 63

OCT 45.98 33.02 8.70 24.32 32.00 5.12 10.83 0.00 7.39 26

NOV 33.75 51.56 24.89 26.67 33.57 6.53 11.33 36.71 0.83 48

DEC 27.67 48.58 19.72 28.86 38.58 5.71 10.26 30.27 -0.40 40

JAN 40.52 '99.70 31.32 68.38 99.99 8.39 12.50 49.58 -0.73 31

FEB 46.34 71.81 40.59 31.22 40.74 6.78 11.01 63.22 0.75 56

MAR 41.67 65.96 33.93 32.03 42.05 6.80 11.07 53.48 -0.52 51

APR 61.40 <8.40 50.07 18.33 20.60 5.97 10.56 78.47 0.91 73

TOTAL 510.55 503.46 249.27 254.19 307.53 69.68 92.06 311.73 42.45 -
AVERAGE 46*41 45.77 22.66 23.11 27.96 6.33 8.37 28.34 3.86 49 ( 1 )

(^Denotes Weighted Average.

occurred sporadically, it decreased collector subsystem and system 
performance by rejecting stored energy through the collectors. 
Despite this control failure, the collector subsystem was able to 
maintain an average operational efficiency of bS%.

The performance of the air collector subsystem could have been 
improved. Some of the potentially available solar energy could 
not be utilized due to the control set point being too high. If 
adjusted, the performance would have improved.

The time clocks for the space heating subsystem were set incorrect­
ly which increased the space heating load for the building. The 
time clocks activated the heating system too early in the morning 
which increased the usage of auxiliary energy. If the time clocks 
had been operating properly, the space heating load would have 
been smaller and system performance would have improved.

Solar space heating pump P2 failed to operate on the first 1 A days 
of November. This failure prevented the delivery of solar energy 
for space heating and lowered system performance.



Due to a higher than expected DHW demand, pump P4 between solar 
storage and the DHW preheat tank was to be replaced with a larger 
pump to accommodate the higher load. However, pump Pk has not been 
replaced and the solar contribution is lower. Also the DHW con­
troller set point was 5°F-10!F too high, which resulted in less 
solar ene.rgy being delivered to the DHW subsystem.

All of these problems contributed to the lower than expected perfor­
mance, but the solar system still attained a solar fraction of 5k%.

The summation of solar energy used and auxiliary thermal energy 
does not always equal the system load. These small differences 
are due to minor problems in the software bridging program. The 
interpolation of small amounts of missing data sometimes caused 
the sum of the solar and auxiliary energies not to equal the system 
load. The maximum difference is 0.25%-

During the June 1981 through April 1982 reporting period, the 
Oakmead Industries solar energy system supplied 49% of the space 
heating and Domestic Hot Water (DHW) loads. The solar system 
provided 50^ of the space heating load and 47% of the DHW load as 
compared to the design expectations of 85% for the space heating 
subsystem and 90% for the DHW subsystem. Solar system operation 
accounted for a fossil fuel energy savings of 3,053 therms (100 
cubic feet) of natural gas and 12,429 kwh of electrical energy. 
These energy savings are equivalent to $2,023.66 based on actual 
utility rates. The system thermal performance is summarized in 
Table

The solar system operated well and encountered very little mainte­
nance. Good solar collector array efficiency and low operating 
energy accounted for the good energy savings. The oversized stor­
age tank provided low collector inlet temperatures which enhanced 
the collector array efficiency. The solar portion of the DHW sub­
system was underdesigned for the actual loads measured. If pump P4 
were larger or if the cold water supply had a heat exchanger im­
mersed in the storage tank, the solar contribution could have been 
greater, with higher effective savings and less equipment costs. 
Control, HVAC, and design deficiencies lowered the system perfor­
mance below expectations. The major deficiencies are summarized 
b eIow . •

• The space heating time clock schedule operated the HVAC 
equipment beyond the normal occupied periods and caused 
larger quantities of auxiliary energy to be used.

The solar storage tank is oversized.

• The col 
due to

ector pump operated all day and night at times 
mproper control operation.



The heat rejector was improperly activating at a lower 
set point temperature.

The storage to preheat tank pump, P^, had a control 
deficiency which operated the pump all day long after 
November 19 81 .

Solar space heating was not utilized until November 6, 
while there was space heating beginning on October 12.

The south zone fan was operating at all times from July 22 
through November 6 to recirculate interior air. This 
resulted in larger quantities of operating energy being 
used.

The collector connections leaked during part of the summer 
when high collector temperatures were common.
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APPEND I X A

NATIONAL SOLAR DATA NETWORK 
PROGRAMMATIC INFORMATION

One of the principal objectives of the National Solar Heating and 
Cooling Demonstration Program established by the National Solar 
Heating and Cooling Demonstration Act of 197^ was the collection 
and evaluation of solar information, and its dissemination to 
potential users. In order to achieve this objective and to ensure 
that all related activities are conducted uniformly, the National 
Solar Data Program, including the National Solar Data Network 
(NSDN), was established.

Approximately 5,000 residential and commercial solar demonstra­
tion sites have been established since the inception of the 
National Solar Heating and Cooling Demonstration Program. Approx­
imately 150 of these sites were instrumented and included in the 
National Solar Data Network.

The Department of Energy (DOE) had responsibility for the solar 
energy program; however, other government agencies were signifi­
cantly involved. Those agencies include the Department of Hous­
ing and Urban Development, the National Aeronautics and Space 
Administration, the Department of Defense, the National Bureau 
of Standards, Argonne National Laboratory, and the Department of 
Health, Education and Welfare. State and local governments, 
portions of the private sector, and other groups within DOE were 
active participants.

The National Solar Data 
analyze data from solar 
enable determination.of 
ically, the data which 
this program is used to

Program had a major goal to collect and 
sites throughout the United States to 
solar energy system performance. Specif- 

is generated and collected in support of

1. Improve the general knowledge and understanding of the 
performance and operating characteristics of solar
ene rgy systems .

2. Develop definitive solar energy system performance 
criteria.

3. Provide a basis for component and system improvements.

A. Estimate the economic importance of solar energy systems 
in reducing the consumption of conventional fuels.

The National Sola 
goal. Accurate, 
a variety of sola 
exposed to differ 
organized, mainta 
consistent system

r Data Network provided data to meet this major 
consistent, and orderly data was obtained from 
r energy systems, located in many buildings and 
ing climatic conditions. The data was collected 
ined and analyzed at a central point assuring 
analysis and performance evaluation.



Figure A-1. Schematic Diagram of the NSDN Teleprocessing Network

To meet the goals and objectives of the National Solar Data Pro­
gram, the National Solar Data Network was operated for the Depart­
ment of Energy by Vitro Corporation. The network concept was 
based on automatic collection of data from remote solar sites and 
transmission of this data to a central computer facility. Thus, 
the National Solar Data Network was developed to gather, convert, 
transfer, and analyze solar system data using six basic steps 
(see Figure A - 2) .

1. Evaluate each site and its instrumentation requirements.

2 . Select sensors and pe rsona lize standardized data a c q u i -
sition 
men t s .

equipment i n order to meet specific site requ i re

3 • 1 n s t a 1 i1 and check out in s t rumen ta tion on si t e .

k . Retrieve automatically col lected site data over the
telephone network on command from a central computer 
fac i 1 ity .

5. Process data in centrally located computers; this in­
cludes error checking, performance evaluation computa­
tions, and data base maintenance.
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6. Analyze data received and document this analysis in a 
standard report format for distribution.

PERSONALIZATION OF* 
STANDARD EQUIPMENT3 INSTRUMENTATION.

INSTALLATION 
AND CHECKOUT

RETRIEVAL OF DATA 
OVER TELEPHONE NETWORK

CENTRAL DATA PROCESSING SYSTEM

COMPUTER 
PROCESSING 
OF DATA

USE OF CUSTOM 
SYSTEM PERFORMANCE 
EQUATIONS

6 ANALYSIS AND DOCUMENTATION

Figure A-2. Instrumentation, Monitoring and Analysis Process

The following discussion will define each step in detail.

Site Evaluation

First, a careful study of the solar energy system design of each 
demonstration site was conducted. Using detailed information 
supplied by the solar system designer and the site contractor, 
the system and its environment was investigated to establish 
performance evaluation equations and associated site monitoring 
instrumentation requirements. The details of the site instru­
mentation were documented in the Instrumentation Installation 
documents generated for each solar site. (See Figure A-3.)
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Figure A-3- Site Study - Generates Instrumentation Requirements 
and Performance Evaluation Equations

Performance evaluation factors were determined using the energy 
balance concept. Simply stated, energy entering a system (or 
subsystem) is equal to the sum of energy leaving the system, 
energy accumulated in the system, energy transferred through 
thermal leakage, and conversion inefficiency. As stated in the 
Instrumentation Program, the sensors selected were those neces­
sary to accurately and economically determine this energy balance.

Performance factors were used to:

1. Determine fossil fuel and electrical energy savings
resulting from use of solar energy for space heating, 
space heating, space cooling, and hot water systems.



2. Determine total heating, cooling, and hot water thermal 
energy demands and the fraction of each supplied by 
solar energy.

3 • Measure solar energy system e f f i c ii e n c y for converting
a v a i 1 a b 1 e sola r energy i n.t o useful1 thermal energy.

k . Mea s u re t he rma 1 performance of major subsystems or
components and thermal interactions between collector 
array, storage, and energy conversion equipment.

5. Measure occupant's energy usage by means of parameters 
such as temperature level maintained and hot water demand.

6. Determine major system operational characteristics and 
degradation over life of the demonstration.

7. Obtain records of incident solar radiation and other 
pertinent site environmental parameters that affect 
system performance over life of the site.

Personalization of Standard Equipment

The second step was to select 
data acquisition equipment to 
the Instrumentation Program, 
dardized set of sensors which 
patibility with the Site Data 
minimize software development

sensors and personalize the standard 
meet the requirements specified in 
Sensors were selected from a stan- 
has been established to ensure com- 
Acquisition Subsystem (SDAS) and to 

The SDAS is a microprocessor- 
controlled electronic unit, which collects data from the sensors, 
stores the data, and on command transmits it to the central 
facility. (See Figures A-A and A-5.) The scanning process, data 
treatment procedure, and other functions of the SDAS are directed 
by a microprogram, which was custom developed for each SDAS, 
according to the Instrumentation Program for a specific site. 
Additional personalization was provided through unique wiring of 
the SDAS and its associated junction-box (see Figure A- 6) , as
described in the sensor Installation Plan. Figures 
A-ll show some of the sensors employed to monitor a 
Hot Water system.

A - 7 through 
solar Dome Stic
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Figure A-4.
SDAS Unit mounted 
on wall. A micro­
terminal is used 
to obtain sensor 
measurements for 
on-site tests.

Figure A-5- 
SDAS without cover 
reveaIs internal 
powe r supply, tape 
recorder and arith­
metic processor.
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Figure A-6.
SDAS with the associated 
electrical junction box. 
Equipment was normally 
wall-mounted in area 
easily accessible.

Figure A-7•
Eppley Pyranometer mounted 
in the plane of the solar 
col lectors

Figure A-8 .
Electrical power sensor 
with current sensor coil 
used to monitor opera­
tional energy.
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Figure A-9*
Resistance thermal devices 
(RID) were used to provide 
accurate temperature meas­
urements. Stainless steel 
thermal wells were threaded 
into pipes and house the 
RTDs .

Figure A-10.
Hersey totalizing flow 
meters provide flow rate 
data for variable flow 
loops. Not shown, Ramapo 
flowmeters used for 
constant flow rate loops.

Figure A-11.
WeatherMeasure wind speed 
and direction vane and 
ambient air temperature 
sensor were particularly 
important on Passive 
Solar Sites.
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On-Site Installation and Checkout

The third step was the installation and checkout of the SDAS and 
the sensors. The site contractor installed the supplied sensors 
in accordance with specific installation procedures and verified 
that the wiring was correct before the SDAS is connected. Sensors 
were connected to the SDAS through a junction-box, which was wired 
according to the Installation Plans and attached to the SDAS by 
standard interface cables. The SDAS was connected to the National 
Solar Data Network through a telephone interface installed by the 
local telephone company. Figure A-12 depicts a typical junction- 
box properly wired to reduce line losses and to allow easy access 
for trouble shooting.

Figure A-12. The junction-box was mounted on a plywood sheet 
mounted on masonry wall. Wires were terminated 
with crimped terminals and attached to terminal 
boards .

After the SDAS has been installed, checkout procedures were initi­
ated to verify correct local operation of the sensors and data ac­
quisition equipment. Portable monitors were used to obtain a 
direct readout in Engineering Units of the system measurements and 
thereby verify that the solar system and SDAS are performing 
correctly.

The final checkout step was to verify correct transmission of the 
data to the Central Data Processing System (CDPS).
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Retrieval Over Telephone Network

After the site data acquisition equipment had been installed and 
checked out, data retrieval began. Data was transferred from the 
on-site SDAS to the Central Data Processing System (CDPS) using 
the standard commercial telephone network. Each SDAS scanned 
sensor inputs every five minutes and stored the raw data on a 
cassette tape. The Communications Processor, IBM System 7, at 
the CDPS, automatically called each SDAS daily. The -SDAS identi­
fied itself and then rewound and played back the data sorted on 
its cassette tape. The Communications Processor received the 
data, performed error checking and formatting operations, and 
passed the data to a data storage tape. The SDAS cassette tape 
was then rewound and proceeded to gather new data. The data 
storage tape was transferred to the main computer, IBM 3033, for 
processing.

Analysis and Reporting

The energy balance method of systems analysis was used to evaluate 
the performance of solar systems. Figure A-13 illustrates this 
process. By carefully monitoring the energy flow patterns 
throughout the system, this method not only provided a measure of 
efficiency for each major component, but it also provides a 
built-in check of the instrumentation.

Each of the NSDN solar sites was analyzed on a monthly basis.
Data collected daily was integrated and performance factors were 
generated using customized software. Figure A-I^t is a summary page 
for the month of March for one NSDN site. The purpose of this 
page was to provide the reader with all of the pertinent infor­
mat i.on regarding the solar system's performance without burdening 
t h'e reader with details. The remainder of the monthly report 
contains daily statistics, which could be used to explain opera­
tional anomalies. In addition to the monthly reports, the solar 
analysts also received plots of specific sensor values on a daily 
basis. This enabled the analysts to detect problems as they occur.

Seasonal reports were also prepared for each of the NSDN sites at 
the end of the solar system's load season. Since the performance 
of an individual system was based upon a large number of uncontrol­
lable variables, the evaluation of a system over a larger time 
horizon was frequently preferable. The seasonal reports provided 
the same information as a monthly report, however, the conclusions 
may be drastically different than an individual monthly analysis. 
The reports also acted as a better check of the system's perfor­
mance since most systems were designed to operate efficiently 
over a long time horizon, not a given month.
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GENERAL SITE DATA:

INCIDENT SOLAR ENERGY..........

COLLECTED SOLAR ENERGY ........
AVERAGE AMIS I ENT TENI'ERATURE . . . 
AVERAGE BUILDING TEMPERATURE . . 
ECSS SOLAR CONVERSION EFFICIENCY
ECSS OPERATING ENERGY..........
TOTAL SYSTEM OPERATING ENERGY. . 
TOTAL ENERGY CONSUMED..........

455.417 MILLION DTU 
39533 BTU/SQ.FT. 

154.887 MILLION BTU 
13445 BTU/SQ.FT. 

28 DEGREES F
v/v U£«U£«<3 x

0.29
4.340 MILLION BTU 
19.662 MILLION BTU 

194.070 MILLION BTU

SUBSYSTEM SUMMARY:
HEATING SYSTEM TOTAL

LOAD 152.371 152.371 MILLION BTU
SOLAR FRACTION 87 87 PERCENT

> SOLAR ENERGY USED 132.849 132.849 MILLION BTU
OPERATING ENERGY 15.321 19.662 MILLION BTUro AUX. THERMAL ENERGY 19.522 79.522 MILLION BTU
AUX. ELECTRIC FUEL 19.522 19.522 MILLION BTU
AUX. FOSSIL FUEL N.A. N.A. MILLiON BIU
ELECTRICAL SAVINGS 123.774 119.433 MILLION BTU
FOSSIL SAVINGS N.A. N.A. MILLION BTU

SYSTEM PERFORMANCE FACTOR: 1.168

N.A. DENOTES NOT APPLICABLE DATA.

REFERENCE: USER'S GUIDE TO THE MONTHLY PERFORMANCE REPORT OF THE NATIONAL SOLAR DATA PROGRAM, FEBRUARY 28,
1978, SOLAR/0004-78/18. READ THIS BEFORE TURNING PAGE.

Figure A-l4. Monthly Report: March 1980
Site Summary: Oakmead



Comparative reports were also prepared periodically for classes of 
solar systems. A single comparative report may be based on 20 or 
more domestic hot water or space heating systems for the purpose 
of highlighting the effectiveness of systems in a particular 
environment or under specific load conditions or to identify 
system components which consistently operate well.
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MOTK: OU RMS. iHAU-RZ TVA/J l"0 t/S£ C^C.R TEE.
on otrnioe. pRoezo, mount rcxo on MX oR PiRC

\

nm TANZ Our LET
no &

OAT* JVM ri vision nicono CK

DHW TANF CONSTRUCTION REcpuiKES Pro Surface 
PtotE PGR ocrruET temp 
measurement. Mount 
AS CuDSE TO BRA^S NIPPLE/
TANK Connection as PDSSigJE
WRAP n/ 3/4" 1^40. A RMA Pc EX

STORAGE tank. f*.oe>E

/SEAL ^/SJUCOUE 
/ ADHESIVE
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HPE INSULATOR/

TMPE0-O-l.IT
fEU.W

' > V'' \ . \

NOTE PtPE MPPLES

SEE -TX/f 5- S

J/2"? Hole 
THRU CPKlOUTTE 
FILL w/SEAjlANT

Paint Sensor. / 
wires wirn blau. 
iainT as rayioucu
APPLIED ON WALL

-sensor, carle 
ToT-tSOK

JUNCTION BOX
n

*rv SENSOR 5730/ 
Bunded no concrete
WITH THIN LAVER. OF 
DON CORNING 732 
-DCE SO/TUED-
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-
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—
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FtG £ SOU TN WALL.

FIG H ABSORBER Plate TEAAPERATUKE

weatherproof 
JUNCTION Box

Controls junction
BOX (EXISTING)

MOTE: MATL. SV DoE / CONTRACTOR 
INSTALLATION By HNjFtC SUMfJNC.

WEATHEP PROOF HEAO

F132
• ^ TRANSITION 

FITTING®
1/2"-14 NPT

MOUNTING PLATE

AIH DUCT TEMPERATURE

FIG I OUTSIDE AMBIENT 
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MOUNTING TUBE
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Figure B-13- Temperature Measurement Detai Is
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PLOW RATE IN5 TRUMEN TAT/ON

NAME VN
T-fL* SC* •>

KjNjQE (uWcm)
[ M//U TdcSkShT AEAX.

liquid
rtflf ■
TYrtE .

Plow
P/AE
v*E

A'R P'z-Qtv Mooeu
OOCr NONAtR
l . w , *r .

32 WlOO Collector l.ooP Pl.qw RATE 7 \ 50 IO Co 2-tfc NUCV-Z-l/2 •

33 WISE ! ■ , South Wall a/efloW ■ east o IOOO.ISPO - /SV

34 WlStr] SouTHWAll AIRFLOW. WEST o /OOO 1500 i<*y

35 UiZOO Control loop plow 7 SO 70 ' Co 2-/2 AACV-Z-'/Z j

3L W2oi TAHX OJAROE / DISCHARGE PLOW 7 SO 70 Cu 3-Vi M2V-2- Zz.

37 WSoo 044/ MAXE-UP, TOTALIZER o' 25 Cu 1" BADGER
-1

36 W30Z DHW HK PLOW RATE / 2.5 /O Cu W MV//- ¥4 i

39 W4CO NORTH COiL PLOW 3. S' 25 35 Co 11/2" /42V- 1- 'Zz 1

40 W40I South coil Plow 3.5 ZS 3S Cu 1/2“ MV-Z-l-'/Z 1

41 F4oo NORTH AMC ELKNALE NAT CaAG AL4Z5 |

42 T40I South AUK. fotHAt-E NKn AL4ZS

v 0 Two Inch [2’) size Howiwttrs pr lets shell be preceded by a mlnlnuM of ten (10) 
diaweters, followed by six (•) diameters of uninterrupted flow line and should 
not contain flexible lines.

Two and one-half Inch (2-1/2") size flowmeters or larger shall be preceded by a 
minimum of twenty (20) diameters and followed by ten (10) diameters of unlnterupted 
flow line and should not contain flexible lines.

i 2) Flowmeters shall be located in the horizontal position If possible.

(3) Material selection shall be galvanically compatible to the system design.

v4, Pipe thread sealing compound may be used on all pipe threads In accordance with 
local codes.

( Flowmeter by-pass (isolation) optional depending on the criticality of circuit
and is required only if the system must be operational during flowmeter maintenance 
or repair. In areas where the fluid cannot be drained, Isolation valves must be 
provided to prevent excessive loss of transport fluid.

(6') Standard conduit 1/2" - 14 NPT Internal pipe threads. Installation optional unless 
required per local codes, ligld conduit shall be terminated at the sensor end with 
flexible conduit.

nrvisiON nacono

_ TO BE SUPPLIED BY

(Ragulator required 
only if connected to 
MAIN SUPPLY)

'A>IPf WA. MIN.
(STRAIGHT RUN)

h-'■ wee dia —#

(STRAIGHT RUN)

SMALL PIPE FLOWMETER DIMENSIONS
r- - —1 _ ...

PIPE PIPE
STRAIGHT STRAIGHT

1 PIPE RUN LENGTH RUN LENGTH
SIZE "D" "L" "H" MODEL (UPSTREAM) (DOWNSTREAM) _ - -

UN) (IN) (IN) (IN) NUMBER ("A") CB") MOOtt CONHECtlOH
HO ir»Gi npt MO»LG c 0

1/2 840 4.0 11 938 MKV 1/2 10 « _
a/« 1.0S0 4.0 12.126 MKV-3/4 10 0 t \.1 II , 4 ,

1 316 5 0 12.438 MKV 1 10 6
1 6C 6.0 12 750 MKV 1 1/4 10 6 1 1 * l/a 1 1/4 WC #

. 1- 1/7 1.9 60 13.0 MKV-1 1/2 10 a ACU» v« « •
1 2 7 375 8.0 13.5 MKV -2 10 6 1 }“ 1 ». —
1 21/2 2 876 9 0 14.0 MKV 2 1/2 20 10

3500 eo 15.126 MKV -3 20 10 ] . . ...

u.
,7,.,.

• f AC wa measurement ut ! re. pt 1 se pow, r in the s at eta a • ccmne ted
a> liown Lei w. The> units pr ovule a 10" n 1!Ivolt output ut teniiv.it.’:t., In J 1 1 hr a toil pow 1 ratio •
(E* •pie: V . S, r.e 'HI mv 0 power eading

CIRCULAR SCHIBEC 
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GRADUATIONS
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A Wife MEA/rs

NO. | NAME.
AWBCK. I

I .

<3 Ep/oo 

-14 ) EPIOI 
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4‘i ffPto, 
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Control loop pump power. , PS 

DRW HEAT EXCHANGER PUMP. P4 

HEAT IN G Coil ORculatinc, pump. PZ 

north PERIMETER ahu 

South peri meter ahU 

j DHW Bkac up TANE ELEMENT'

.

1 CaH&bJZiVCfjl FVi-L. ScA-C iNPvrs

mtx ■ LOJ'i i APPS Rp**

240 4 1.0

240 3 .75
240 3 CS

120 2 .25

240 3 -TS

1000 -all».)

3 PHASE 3 WIRE 60Hz MODELS

3

3

3
2
3
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I u—•
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-TO MR DtTMm.PTP

7»aa DRTAEPliJKO 
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I
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\ -

O
( wV'b 3%BV.3’. V. 2 
^xJZ'/aSST'.S'.r* 3 'na 

Y 2' • •»
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SI IOOI

52 1002

53 voot
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PSP
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W/OI-P- DC /S’AO
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SEC _
COLLECTOR.!. 45“ TILT INS-3,4

......See ‘
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SEE r/WS- io

SINGLE PHASE 60 Hz MODELS
CASE SIZE -H"

/

t}.'

o' o°
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4^!-*

U «l#j» U HI Wt; TriniOuff

-^4-
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5QLAK. BYSTEn SOETIATC

%

UE.TAIL A
EQ'JI°nENT SOHECIXE

»C-I. SOLAW C PLUG TOW >

SoccNA*34t> Tvpk C Coulecto**, Alumini 
Building No. 1, to have t32 Collcctors 
Building No. 2, to navi I 10 Collectors

Nevada Tank and Casing cylindrical *
FARSCRTITE COAL TAR EMULSION
• T-1 TO SK 9«" DIA . * J94" 12000 GAL. STKCL TANK 
*T-2 TO SK *3" DIA. X 327" 10000 GAL. STEEL TANK
Each tank to sc insulated on site with srray on polyurethane foam i
TNICKNCSS EQUIVALENT TO B-23.

M-1.* MI-i >11AT
Water to water coffer tuse neat exchangers

• ell • Gossett centrifugal fumfs. Model 1331 2A• «i" Bronze f 
with 2HP, 230/4*0 VAC, 1730 RPM motor.

IMbmiATIOM M0TE5

»OI—AR CONTROL BVTKM

Differential thermost/
SYSTEM TO SE MOUNTED II
TH- ' ANn TH-S to be m>

rs, FUMFS, AND SOLENOID VALVES FOR EACH SOLAR 
RESFECTIVE SYSTEMS MECHANICAL ROOM . THERMISTORS

UNTED ON SOLAR COLLECTOR AS CLOSE TO RUSBCR GROMMET

ATER STORAGE TANKS

* OCCUFAMCY

ITTED PUMF

JUa PHTBIBUTION PUMPt

• FACE HEATING SYSTEM CIRCULATING FI MFS. TO SE SPECIFIED WHEN HEATIN'

OTT-I, OTT-a, PTT-3, DTT-4, DIFFERENTIAL TtMPKRATURE THKRMOBTAT*

Hamfsnire Controls Corf bra tiot;, Temtite 224 Differential Temperature Controls 

TH-I. TH-2, TH-3, TH-4, Th-5, TH-«, TH-7. TH-9, THCRMIBTORB

Hampshire Controls Corporation, TT300 Sensor Proses
TH-2, TH-3, TH-6, TH-6 To SE LOW TEMPERATURE SENSORS
TH-I, JH-4, TH-5, TH-3 To sr. high tempi.rature sensors

SV-I, >V -2, S V -3, SV-4, SOLENOID VALVES

SV-I, ANO S v-l TO SE HYORO-RAIN MODEL I0I-2FC NORMALLY OPEN ELECTRIC VALVE 
WITH FLOW CONTROL ANO 24 VAC SOLENOID.
SV-2 ano SV-4 to be Hydro-Rain 102 Series 3-Way electric valve with flow
t JNTHOL ANO 24 VAC SOLENOIDS.
Exact size to be specified when heating system is finalized.

STORAGE TANK TO SOLAR COLLECTORS AS CLOSE TO TANK AS IS POSSIBLE. THERMISTORS 
TH-3 AND TH-7 TO SE MOUNTED ON FIFE LEAVING STORAGE TANK TO SPACE HEAT 
CIRCULATING SYSTEM AS CLOSE TO STORAGE TANK AS IS POSSIBLE. THERMISTORS TH~4 
AHO TH-3 TO BE MOURTED OH SPACE HCATIHC CIRCULATING SYSTEM RETURN FIFE IN 
MECHANICAL ROOM. ALL THERMISTORS TO SE WRAPPED WITH INSULATION AND WATERPROOF 
TAPE .

PIP1KC NOTK»

»OlAH CPUIECTOR MOUNTING

John 
brooks 

bowl associates

Figure B-15- Solar Mechanical System
Drawing #1
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FLAM VEk) Cf FMTKL Cfl 1ROCH LAM3UT

itnTlJlITl laMluIIELfilEll]-at DETAIL E? FOIL TlP:CAL 
CCLLSCTOK. MOL/OTIfOG DETAILf)

BLDG

HEAT EJ(CHNOO«.

^TCRAfcE TAXJfc.-STORAGE TAWK.

O-KjJ HEATER-DHOJ HEATER. — 
MCLHAAMCAL rCOTT 

OHIO SUPPLY *— -> DHOJ SUCTLV
EAJC-UP BOILER.

5PACE HEAT SOffT-T 
3PACL HEAT RCTURWJ

STALE HEAT bimj 
SfVLL HEAT RETURAJ

SEE. 'jELTICK A-A TOR. VlEL. AJOf.LE TAM£/0

5*." HIGH STRUCT jRA_ ftEAH CF F*CA PAAJLL

LXAVE I' 5PNUW& 
CCU-fr-TORS CrvER.

DA. * 5'’ -AivJCHOR. BOLTS 
W7C C5EAMS T/PSOAR COLLECTORS s

CEAM AMD OUTER. EDGE 
OF COU.EOTOR MOUOTIWfr

ROUOH RLjp ROM0EJES TYP.*/b'C*\. ■ »’LONH COUNTER

BUILDMCjS FOR- 
RLMAOLT i HAWOLEY 
OAlCnEAD V/U-A&E

2500 ELCATIIWO RALO ALTO, CALIF. 
SCOTT BLVD SANTA CLARA, CALIF.

SILAR - S'SEZl

Figure B-16. Solar Mechanical System
D rawing #2
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/IElo' TAJC^fO 
FOI?- DETAIL P>

/

john 
brooks 

bovd associates

BLi-DH&j FOR 
RIKAULT i I AMR i V 
OWIEAD VILLAGE

iCAH-IS3I_ajfc- “

2.50CJ Ei. FATIIMO RFLO ALTO, CALIF. 
SCOTT a-VD. SAWTA CIARA, CALIF. THreXip ifr i /\

HVAC ^VSTEm

WALLtS MECHANICAL ENGINEERING 
1775 S*. lit St. IW^. U
Sm Jo*. C«tif<K»« 9(112

409*211-8770

HEATING. VCNTILATINO AND AIH CONOITIONINO 

DESIGN CON9IDKWATIOH9

OTHOUT «««OBTI

NSI5TANT WITH OTMIN I

H.V.A.C. ~ SYSTEM CONFIGUWA TION

System shaci consiit or a mc

; No. I. I.S00 h
% TAMOSY LO*» A

-A A AAHANOfMCNT OP A OOP TOP PACKAOI AIA 
r (PPICICNCY AA TI MO (A.R.I.) OP 7.9 OA 
i 90,000 BTUH total coouiA*. Unit* will 
I'HCaSUAE OAOP 67.SMBH NOT WATIA NKATINO 

TONE SIZE WILL BP. L 2700 SOU A AC PEET.

i—A TC O TO UNIT COILS E AOM SOLA A S rOAASE 
□ UP WITH A CAS/OIL PIAED SOI LEA. I, I29MBH 
■ o* Building No. 2, boileas belecteo pon loa
iCIENCY ABOVE 90B. WaTEA C I AC U LA TING PUMPS 
^ WE A IS PAOPOATIONAC TO WATEA PLOW.

ITILATIOM A IA > • THE Al A

'.A.C. - SYSTEM C ON TR O L

TWO MOOES OP CONTAOL, OCCUPIED AMO UNOCCUPIED. 
, UNIT PAN WILL BE CYCLED UN OS A CONTAOL OP A 

IEAMOSTAT, WITH NO OUTSIDE AIA INTAOOUCEB. WHEN ZONE LI ON TE 
AAE ON, FAN WILL OPCAATE CONTINUOUSLY WITH TMEAMOSTAT CONTAOLLINO NEATINO,
"ECONOMY* cycle and coolino in accoaoance witn zone demand.

I ZONC/MOOULE SHALL M 
1 LIEMTE IN A ZONE AAE 
r SETBACK

ZONE OEMAHD. WITN BACKUP BO I LI A

AtBouth zones, t

H.V.A.C. - MODUI-AR BYSTEM ADVANTAOEB

: DUCT WOAK P

) I SC AE TE ZONES PEAMIT MAPI

A MOASEPOWEA, LOWE A DUCT WOAK

. SYfjTEn

Figure B-I7- Solar Mechanical System
Drawing #3
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APPENDIX C

SOLAR TERM 1NOLOGY

Absorptivity The ratio of radiation absorbed by 
a surface to the total radiated 
energy incident on that surface.

Active Solar System A system in which a transfer fluid 
(liquid or air) is circulated (by 
pump or fan) through a solar collec­
tor.

Air Conditioning Popularly defined as space cooling; 
more precisely, the process of 
treating indoor air by controlling 
the temperature, humidity, and dis­
tribution to maintain specified 
comfort conditions.

Ambient Temperature The surrounding air temperature.
Array An assembly of a number of collector 

elements, or panels, into the solar 
collector for a solar energy system.

Auxi1 ia ry Energy In solar energy terminology, the 
energy supplied to the heating or 
cooling load from other than the 
solar source, usually from a conven­
tional heating or cooling system. 
Excluded are operating energy, and 
energy which may be supplemental in 
nature but does not have the auxil­
iary system as an origin; e.g., 
energy supplied to the space heating 
load from the external environment 
by a heat pump.

Auxiliary Energy Subsystem In solar energy terminology, the 
auxiliary energy system is the con­
ventional heating and/or cooling 
equipment used as a supplement or 
backup to the solar system.

Backflow Reverse flow.
Backflow Preventer A valve or damper installed in a 

pipe or duct to prevent reverse flow 
of the fluid.

Beam Radiation Radiated energy received directly, 
not from scattering or reflecting 
sources.



Collected Solar Energy The thermal energy added to the 
heat transfer fluid by the solar 
col lector.

Collection Subsystem The assembly of components that 
absorbs incident solar energy and 
transfers the absorbed thermal 
energy to a heat transfer fluid.

Collector Array Efficiency Same as Collector Conversion Effi­
ciency. Ratio of the collected 
solar energy to the incident solar 
energy. (See also Operational Col­
lector Efficiency.)

Collector Conversion 
Efficiency

Ratio of thermal energy output to 
solar energy incident on the col­
lector array.

Concentrating Solar
Col lector

A solar collector that concentrates 
the energy from a larger area onto 
an absorbing element of smaller 
area.

Conditioned Space The space in a building in which 
the air is heated or cooled to 
maintain a desired temperature range.

Control System or
Subsystem

The assembly of electric, pneumatic, 
or hydraulic, sensing, and actuating 
devices used to control the operating 
equipment in a system.

Cooling Degree-Days The sum over a specified period of 
time of the number of degrees the 
mean daily temperature is above 65°f.

Cooling Towe r A heat exchanger that transfers waste 
heat to outside ambient air.

Diffuse Radiation Solar radiation which is scattered by 
air molecules, dust, or water drop­
lets and incapable of being focused.

Drainback Automatic draining of the collector 
array and piping to storage each time 
the collector pump shuts off.

D r ain down A system equipped with automatic or 
manual valves which drain the solar 
collectors and collector piping to 
prevent freezing in the event of cold 
weather.

C - 2



Duct Heating Coil A 1iquid-to-air heat exchanger in 
the duct distribution system.

Effective Heat Transfer 
Coefficient

The heat transfer coefficient, per 
unit plate area of a collector, 
which is a measure of the total 
heat losses per unit area from all 
sides, top, back, and edges.

Ene rgy Gain The thermal energy gained by the 
collector transfer fluid. The 
thermal energy output of the col­
lector.

Energy Savings The estimated difference between 
the fossil and/or electrical energy 
requirements of an assumed conven­
tional system (carrying the full 
measured load) and the actual elec­
trical and/or fossil energy require­
ments of the installed so1 ar-assisted 
system.

Expansion Tank A tank with a confined volume of air 
(or gas) whose inlet port is open to 
the system heat transfer fluid. The 
pressure and volume of the confined 
air varies as the system heat trans­
fer fluid expands and contracts to 
prevent excessive pressure from 
developing and causing damage.

F-Cha r t A computer program developed by the 
University of Wisconsin Solar Energy 
Laboratory, which calculates solar 
heating system performance and 
economics.

Fixed Collector A solar collector that is fixed in 
position and cannot be rotated to 
follow the sun daily or seasonably.

Flat-Plate Collector A solar energy collecting device con­
sisting of a relatively thin panel of 
absorbing material. A container with 
insulated bottom and sides and covered 
with one or more covers transparent to 
visible solar energy and relatively 
opaque to infrared energy. Visible 
energy from the sun enters through the 
transparent cover and raises the tem­
perature of the absorbing panel. The 
infrared energy reradiated from the 
panel is trapped within the collector
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Flat-Plate Collector 
(Continued)

Focusing Collector

Fossil Fuel

Glazing

Heat Exchanger

Heat Transfer Fluid

Heating Degree-Days

Incidence Ang1e

Incident Solar Energy

Insolation
Instantaneous Efficiency

because it cannot pass through the 
cover. Glass is an effective cover 
material (see Selective Surface).
A concentrating type collector using 
parabolic mirrors or optical lenses 
to focus the energy from a large 
area onto a small absorbing area.
Petroleum, coal, and natural gas 
derived fuels.
In solar energy terminology, the 
transparent covers used to reduce 
energy losses from a collector panel.
A device used to transfer energy from 
one heat transfer fluid to another 
while maintaining physical segrega­
tion of the fluids. Normally used in 
systems to provide an interface be­
tween two different heat transfer 
fluids.
The fluid circulated through a heat 
source (solar collector) or heat 
exchanger that transports the thermal 
energy by virtue of its temperature.
The sum over a specified period of 
time of the number of degrees the 
mean daily temperature is below 65°P»
The angle between the line 
ating source (the sun) and 
normal to the plane of the 
being i rradiated.

to a radi- 
a line 
surface

The amount of solar energy irradiat­
ing a surface taking into account the 
angle of incidence. The effective 
area receiving energy is the product 
of the area of the surface times the 
cosine of the angle of incidence.
Incoming solar radiation
The efficiency of a solar collector

. . Ti - Taat one operating point, --- j--- ,
under steady-state conditions (see 
Operating Point).



Instantaneous Efficiency 
Curve

Load

Manifold

Microclimate

Nocturnal Radiation

Operating Energy

Operating Point

Operational Collector 
Efficiency

Outgassing

A plot of solar collector efficiency 
against operating point, ——j——,
(see Operating Point).
That to which energy is supplied, 
such as space heating load or cooling 
load. The system load is the total 
solar and auxiliary energy required 
to satisfy the heating or cooling re- 
q uiremen t s.
The piping that distributes the trans­
port fluid to and from the individual 
panels of a collector array.
Highly localized weather features 
which may differ from long-term region­
al values due to the interaction of 
the local earth's surface with the at- 
mos phe re.
The loss of thermal energy by the 
solar collector to the night sky.
The amount of energy (usually electri­
cal energy) required to operate the 
solar and auxiliary equipments and to 
transport the thermal energy to the 
point of use, and which is not intend­
ed to directly affect the thermal 
state of the system.
A solar energy system has a dynamic 
operating range due to changes in 
level of insolation (l), fluid input 
temperature (Ti), and outside ambient 
temperature (Ta). The operating 
point is def i ned as:

Ti - Ta /°F x hr x ft2\
I \ BTU J

Ratio of collected solar energy to 
incident solar energy only during the 
time the collector fluid is being cir­
culated with the intention of deliver­
ing solar-source energy to the system.
The emission of gas by materials and 
components, usually during exposure 
to elevated temperature, or reduced 
pressure.
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Passive Solar System A system which uses architectural com­
ponents of the building to collect, 
distribute, and store solar energy.

Pebble Bed (Rock Bed) A space filled with uniform-sized 
pebbles to store solar-source energy 
by raising the temperature of the 
pebb1es.

Reflected Radiation Insolation reflected from a surface, 
such as the ground or a reflecting 
element, onto the solar collector.

Rej ected Ene rgy Energy intentionally rejected, dissi­
pated, or dumped from the solar system

Re t ro f i t The addition of a solar energy system 
to an existing structure.

Selective Surface A surface that has the ability to 
readily absorb solar radiation, but 
reradiates little of it as thermal 
radiation.

Sensor A device used to monitor a physical 
parameter of a system, such as tem­
perature or flow rate, for the pur­
pose of measurement or control.

Solar Conditioned Space The area in a building that depends 
on solar energy to provide a fraction 
of the heating and cooling needs.

Solar Fraction The fraction of the total load sup­
plied by solar energy. The ratio of 
solar energy supplied to loads divid­
ed by total load. Often expressed as
a percentage.

Solar Savings Ratio The ratio of the solar energy sup­
plied to the load minus the solar sys­
tem operating energy, divided by the 
system load.

Storage Efficiency, ns Measure of effectiveness of transfer 
of energy through the storage sub­
system taking into account system 
losses.

Storage Subsystem The assembly of components used to 
store solar-source energy for use 
during periods of low insolation.
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Stratification

System Performance Factor

Ton of Refrigeration

Tracking Collector

Zone

A phenomenon that causes a distinct 
thermal gradient in a heat transfer 
fluid, in contrast to a thermally 
homogeneous fluid which results in 
the layering of the heat transfer 
fluid, with each layer at a differ­
ent temperature. In solar energy 
systems, stratification can occur 
in liquid storage tanks or rock beds, 
and may even occur in pipes and ducts 
The temperature gradient or layering 
may occur in a horizontal, vertical, 
or rad i a 1 direction.
Ratio of system load to the total 
equivalent fossil energy expended or 
required to support the system load.
The heat equivalent to the melting of 
one ton (2,000 pounds) of ice at 3Z°F 
in 2k hours. A ton of refrigeration 
will absorb 12,000 BTU/hr, or 288,000 
BTU/day.
A solar collector that moves to point 
in the direction of the sun.
A portion of a conditioned space that 
is controlled to meet heating or cool 
ing requirements separately from the 
other space or other zones.

c-7
*U.S. GOVERNMENT PRINTING OFFICE: 1985-544-063/10813


