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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
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recommendation, or favoring by the United States Government or any
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do not necessarily state or reflect those of the United States
Government or any agency thereof.
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INTRODUCTION

The vérification test report is submitted as part of the
Verificationiplan, SHC 3023, submitted as part of NASA

contract, NAS 8-32242, with Colt Inc. of Southern California,
Energy Systems Division. Verification phase of this cdntré%t

is divided'into three sections: Dévelopment, Qualificafio;

and Acceptanée. The Development and Qualification phases Have
been completed at the Colt Inc. Solar Test Facility locéted in
.Rancho Mirage, California. Acceptance is condﬁcted at eacﬁ of
two Operational Tesf Sites, installed also as part of NAS 8-32242.
The Operational Test Sites are located on an administration build-
ihg‘at the Department of Transportation, Amtrac Highspeed Test
Facility, located in Pueblo, Colorado, and also on the{Visitors
'Center at the Yose@ite National Park in California. These,instai-
lations provide so&ar space heating with domestic water heafing

at the Pueblo Operational Test Site, and provisions for future
domestic water heéting at the Yosemite Operational Test Site.

Each installation utilizes solar panels developed by Colt Inc.

of Southern California.

The Colt solar panel has been designed.from research and develop-
ment conducfed at the Los Alamos Scientific Laboratories in Los
Alamos, New Mexico. As a result of approximatély four yearglof_
Los Alamos technology, a highly efficient solar panel was.déﬁeloped
utilizing a seam welded, presgure expanded, dﬁal sheet, steel, |

flat plate absorber, coated with black chrome on a dull nickel

viii



Asubstrate. This solar panel is being utilized at the Los Alamos
Scientific Laboratorles' new Natlonal Secur1ty and Resources Study
Center However, thls solar collector panel proved to be costly
to manufacture, and suppllers of primary components were not able
to prov1de the same components on a production basis. At this time,
during the beginning of the design phase, Colt mod1f1ed the design
to meet production limitations; Through'intensiveﬁresearch, oevel—

~ opment and design, essential components of this steel panel were
redesigned. to ellow for efficient production-line manufacture.
Components for twenty two of these solar panels were purchased
and assembled at Colt's Rancho Mirage test facility. Nineteen have
been installed on the fecility roof as part of the Development and
Qualification Phase for the solar space.and domestic hot water

heating system tests.

The eteel panei proﬁed to be ineffectiﬁe for two reaeonsf first,
7the panel weight was excessive. Each panel weigheo 225 pounds,
dry, and proved to be cumbersome and difficult to install on
engled and elevated positions. Second, assembly and fabrication

costs were higher than the solar market could tolerate.. The retail

price ofhthis panel would have to be approximately $25.00 to $28.00°
a‘equare foot. For these reasons, Colt elected to retain the closed
loop technology utilizing oil as the heat transfer fluid but re-
design the eolar panel using aluminum as the main structural element
and for the absorber plate. The resulting design is todayk.pro-
duction panel, which includes housing walls faoricated from 6063-T5

anodized aluminum extrusions. The absorber plate is an 011n Brass,



Roll-Bond aluminum plate, selectively coated with Caidwell
Solar-sorb paint, C 10773/66. Fully assembled, the aluminum
panel weighs 93 pounds, and can beqretailed for $10.00 to
$11.00 per square foot. Quantity production énd automation
of fabrication pfocesses are expected to reduce these costs

in the future.

The original scope_of the contract called for Colt to assemble
‘and install only three solar panels to conduct the Development
phase testing with the plan that panels would be added or Te-
placed, as required to utilize fhe Colt building as an Opef-
ational Test Site. It was subsequently decided to instLall all
nineteen panels during Development and'Qualifiéétion, to obtain
full system tegt results. A decision was made later, by NASA,
that the Colt facility would not be one of the two Operational
Test Sites. The A$Ceptance phase will be concluded by-analysis

of the data collected from each vl thesc Operational Tést Sites.

A simplified Heating and Hot Water System Schematic is presented
in Figure 1. The Verification Cross-Reference Matrix indicating

Response Page Number is given as Figure 2.
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1.0 FUNCTION - SYSTEMS AND COMPONENTS
1.1 HEATING SYSTEM PERFORMANCE

Colt has defined the following set of 6perating criteria: for
thermal sforage temperatures 90 °F and below, solar space heating
is not possible; for thermél storage temperatures of 1056F and
higher, auxiliary space heat is not required;'for thefmal storage |
tank temperatufes of 90°F - 105°F auxiliary space«hé#t is supple-

mented hy a solar pre-heat.

The solar test facility is a 3200 square foot building. Reference
.to the ASHRAE standards set forth in the 1973 SystemslHandbook,
established 1800 cubic feet per minute as the optimum air flow
rate through thé system heat duct. ‘Solér space‘heafing results

“are presented in Table 1.1-A.

.

FLOW STORAGE TANK AIR TEMPERATURE
RATE TEMPERATURE | RISE PER PASS .
GPM oF oF

9.2 108 20.5 .
9.4 a s 23.6

9.3 | 125 | 28.6

9.3 | 137 34.7.

9.4 151 . 39.1

9.3 156 45.2

9.0 170 48.2

TABLE I.1-A

SPACE HEATING SYSTEM PERFORMANCE



' Q Tﬁe Table presents the temperature rise through the liquid-to-

: %ir heat coil located in the system air duct for thermal storage
?_ﬁank temﬁeratures. Figure 1.1-A illustrateé spaﬁe heating per-
formance and efficiency. This data was collected as part of the
"Transient Thermal Storage Tank Test', (see section 1.4). Qualifi-

'éation is given by similarity. Acceptance will be given by

testing of the operational test site installation. -
1.2 HOT WATER SYSTEM/SUB-SYSTEM PERFORMANCE

Domestic water is heated by means of a copper tube heat exchanger
:'submerged in" the thermal:storage tank, placed in-line betwcen the
domestic water supplied from the city and the domestic water
storage tank. A thermal storage tank temperature of 150°F was
established as the base température to measure system performance.
The results indicate a temperature rise of 71.6°F, yielding an

p
average domestic water tank temperature of 140°F. Anticipated
thermal storage tank temperatures will generally be greater than
150°F, and thus domestic water storage temperature can be expected
to be greater than 140°F, necessitating the installation of a water
temperature tempering valve. Qualification is given by similarily.
Acceptance will be given by testing of the operational test site

installation.
1.3 COLLECTOR PERFORMANCE

. o . . ’
The collector design point was for a 15 F rise per pass through
the collector bank at design"flow rate. Performance results indicate

a 24°F temperature rise at design flow rate of 19 GPM. This data
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was collected with the following conditions: average ambient
air temperature, 78°F; and average thcrmal storage tank temper-
ature, 150°F. Results of varying collector flow rates on

collector &T are presented in Table 1.3-A.

‘Figures 1.3-A through 1.3-C illustrate typical solar collection
efficiencies. Figure 1.3-D is a cohparative pregentation.of
energy collected for varying pump flow rates between the Devel-
opment and Qualification phase collectors. Figure 1.3-E présents
the Qualification phase collector éfficiency utilizing ASHRAE
93-77 plotting criterion. Qualification is given by similarity.
Acceptance will be given by testing of the operational test site

installation.

1.4 THERMAL STORAGE PERFORMANCE

Thermal storage tahk heat loss was determined at two designated
temperatures, 150°F and 170°F. Two distinct tests were conducted
at these design temperatures. The first test was a static test,
in which conductive heat loss through the vessel walls and poly-
urethane. insulation to.the'surrounding earth was determined,with-

out any energy being added to the storage tank. The second test

was a transient test, during which time the space heating system

7



 COLLECTOR FLOW AVERAGE TEMPERATURE

RATE RISE PER PASS .
GPM : OF :

10 | 28.2

13 26.8

16 | . 25.7

9 | 23.9

23 22.5

TABLE 1.3-A
COLLECTOR PERFORMANCE




INCIDENT HND COLLECTED IN BTU/HR

ENERGBY

T SOLAR RAD AT I ON uziguzes: “z | | BHER 1

i L L L | T N . |

¥ 1 L L § L b L) 1

a8 .
211 121314

SYSTEM PERFORMANCE
182 izm g Z 4 48 DATA POINTS
175 * B '
H = T .
e H 254  SOLAR INSOLATION
183 4 _ 11a u_:l auq (BTU/HR)
is=d N s 1 :
isad Z W =AU ==
sl T K H a2+ :
1w 4 Jeefd Z =214 PUMP FLOW RATE——
tasl > H — a4 (GPM)
isal Y O s ' ~
2s4 Z K < Y I o
zad YW eelyd B e}
s 4 — I H L 51
red Y X q X
e L — Ld ¥ 18+
e84 - eel X sl
ss«_-b- h_ : D il \"
S8 4 18| 14 E . f
es 4 — H L %% .
emd Z DI e = 124
s+ 0O L,
2l — H X )
ssi 2 ~ H 3 '®+%
sal YW saf 0L = ¢
ss 4 W H & |  AMBIENT | . ‘
sad M H I 1 . - _ | , '
us 4 | X E o 7 + AIR N, ‘ \: ESEE&;{TED
wad OO s=e b S E 4 T;EMPERATURE - (BTU/HR)
Zz + VUV H YL (°F) '
as | I ——EFFICIENCY
22 wefd J = 4
s 4 i 8 -
1 : !

+ B { 2 3 4 5/8 7 8 9

e i S i st i

N 17 18 | 2821 22 23

FIGURE 1.3-A



IN BTU/HR

/

INCIDENT AND <DOLLECTED

ENEREY

178 4

'y - |
L |

T L] L]

188
178 4

u

LEELS

165 J
168 J
1ss J
152 J
Y ]
142 J
135
132
125 J
123 J
115 J
118 4
185
188
g
=T
Bs
e .
75
78 .
&S .
&8 .
ES
£a
ys
w@
3s
38 .
25
28 J
15
e d

T t. L Ty ey v L2

L4 ¥ v L]

LB 1 4

L v LR L] 1) LR S L 4 | B 4

AJ .

COLLECTION EFF ICILENCY AND .

AMBIENT AIR TEMPERATURE

7R

|3

4a

L 3
.
L]
"
[ ]
a
-
-
]
| ]
n
-
[}
ul
-
-
a
Ll
]
[ ]
a1
»
a
"
| ]
-
-
-
u
[ ]
"
a
.
o
]
]
.
»
o
[ ]
a
[ ]
.
u
-
.
a
.
H -
-
-
o
a
]
-
[ ]
.
]
]
-
"
]
n
]
.
-
-
nl
]
-
n
s
]
1]
L]
]
[
]
-
a
]
-
1]
a
.
L]
]
"
1.
1
.
]
s
"
w
-
'
"
.

COLLECTOR FUMP FLOW RATE

- N W £ o Jd @
L

I N GAL/7MIN

28 4

18
18 J
17 4

SOLAR RADIATION
SYSTEM PERFORMANCE

2811128308

SOLAR INSOLATION
(BTU/HR)

PUMP ‘FLOW RATE —
(GPM)

a ! 2 4 5 7

2 s 8 g
Lobohububobibnbydadan

o

Bl A

A1t 1213 14 I8 16

gii1ig3Isa - - .

116 DRTA " POINTS

——AMBIENT AIR
TEMPERATURE
©F)

—|—COLLECTED
ENERGY
(BTU/HR)

—=EFFICIENCY

FIGURE 1.3-B

Lbdedataely [l[lhllllllj

' g 28 21 22 23
i.-,l.;%i.l-]nIlllllhhldll



INCIDENT AND COLLECTED

IN BTU/HR

ENEREGY

g=T"]
7
173
§=13
2
1ss
152
THS
KT}
1 35
132
12
122
s
e
as
¥-T
as
=1
ss
s
7s
72
=13
B
ss

. ==

us
“a
as
33
25
23

I

12

: i-lllllllLllllll‘lllllllllllll]l
%{#e%%%%gfllITlll'lITITI'III'ITII'TTY‘FTIII1

1
| B

COLLECTION EFEICITENCY HND

AMBIENT RARIR TEMPERATURE

COLLECTOR PUMP FLDNARHTE

N WL N 0N oW

IN GAL/MIN

SOLAR INSOLATION

SOLAR RRAD I AT ION
SYSTEM PERFORMANCE

“a2pgyanal

17a DRTAH

(BTU/HR)

-

AMBIENT AIR

- TEMPERATURE
{°F)

-
ANAN

8
I

|

“wagregsaa

— PUMP FLOW RATE
(GPM)

ENERGY
COLLECTED
(BTU/HR)

—EFFICIENCY

FIGURE 1.3 -C

POINTS |



- BTU/FT2-HR

" ENERGY COLLECTED

250 -

200-

150 +.

100 -

504

+

)

T

-DEVELOPMENT PHASE COLLECTOR
— — —— —QUALIFICATION PHASE COLLECTOR

/] I | ]

i
L

0.5 1.0 s 20 2.5
" PUMP FLOW RATE - GALLONS/FT?2-HR

FIGURE 1.3-D

D

L



0T
COLLECTOR EFFICIENCY

100 —— Tp = AVERAGE COLLECTOR FLUID TEMPERATURE
" T, = AMBIENT AIR TEMPERATURE
"I =SOLAR INSOLATION
80
60 -+
40 T
20 —1-
é
= = + = + + ;
| 2 3 .4 5 6 7
I

FIGURE - 1.3 -E



-

within the .thermal test facility was continuously operated.
This test indicated thermal storage tank temperature degradation

due to conduction through the vessel walls, combined with space

- heating by means of the liquid-to-air heat .exchanger in the

- building heating air duct. Test results are shown in Tables

1.4-A and 1.4-B. Figures.1.4ﬁA and 1.4-B graphically'displays
'the 170fF‘daté. Figure 1.4-C represents thefmal storage per-

formance during a period of solar energy collection. Qualifi-
cation for thermal storage performance'is‘given by similarity.

Acceptance will be given by testing of the operational test site

~installation.

1.5 HABiTABILITY OF OCCUPIED SPACES

The habitabilityiof occupied spaces within the solar test facility
is determined by analyéis, coupled with visual inspection. There
have been no'inst;nces of e#cessive heat'or humidity within the
solar_tést facility. Qualification is given by similarity. Ac-

ceptance will be given through inspection of the operational test

site installation.
1,6’ ENERGY TRANSPORT EFFICIENCY

Thermal losses in both the .collector fluid collection/transfer

. loop an&‘the thermal storagé vessel fluid loop are given in

Tables 1.6-A and 1.6-B. Qualification is‘givén by similarity.
Acceptance will be given by testing of the operational test site

installation.
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TYPICAL DAY TYPICAL DAY
TANK TEMP. 150 °F TANK TEMP ITO°F
AVERAGE AVERAGE
TIME TEM:%%:(\TURE TIME . T;M:é?ﬁi"(rune
16:40 1566.1 20:00 170.7
18:40 155.8 - - 21:00 - 170.2
20:40 . 1586.2 22: 00 169.8
2240 '154.6 '23:00 169.3
00:39 - 153.9 - -00:00 168.9
2:39 153.3 00:59 168.5
" 4:39 152.9 | :59 168.1
1 6:39 152.0 2:59 | 1677 |
8:39 151.5 3-59 167.3
4:59 166.9
5:59 166.5
6:59 166.0
TABLE 1.4-A
STATIC THERMAL STORAGE TANK PERFORMANCE
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- TYPICAL DAY TYPICAL DAY
TANK TEMP 150 °F. TANK TEMP  170°F
AVERAGE AVERAGE
TANK | TANK
TIME TEMngATURE TIME TEMPEOI:.ATURE
|7:00 150.9 17:00 172.7
19: 00 145 4 19:00 165.8
21:00 136.5 21:00 157.8
23 :00 131.0 23:00 150.9
0059 126.2 00:59 144 .9
2 59 121.9 2:59 138.3
4:59 118.0 4:59 127.0
- 6:59 114.4 6:59 121.2
7:59 112.8 - 7:59 120.9
TABLE |.4-8B

TRANSIENT THERMAL STORAGE TANK PERFORMANCE
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LT

" THERMAL LOSS IN COLLECTOR FLUID  LOOP

FLOW FLUID TEMPERATURE FLUID TEMPERATURE

TIME RATE EXITING COLLECTOR ENTERING EXCHANGER DT

1 GPM | °F °F °F

- 9:00 | 181 146.3 - 1449 1.4
10:00 [ -19.9 165.7 1 164.3 1.4
11:00| 21.4 179.2 177.8 1.4
12:00 | 224 188.4 187.0 14
T 1:00 | 226 I87.4 186.1 1.3
2:00 | 22.8 186.1 184.9 1.2
3:00 | 22.3 176.7 175.7 1.0
4:00 | 22.0 170.9 170.0 0.9

TABLE 1.6-A




81 -

WATER TEMPERATURE

FLOW | WATER TEMPERATURE
TIME RATE EXITING TANK ENTERING COIL DT
GPM oF °F °F -
17+ 30 7.8 173.2 171.7 1.5
19:30 | 10.0 163.2 163. 1 R
21:30 12.0 155.3 151.9 3.4
23:30 12.9 1488 1432 5.6
1:30 13.8 142.9 137.0 5.9
3:30 14.3 135.3 13§.3 4.0
4:30 14.5 129.0 - 128.6 .4
TABLE 1.6 -B

THERMAL LOSS IN THERMAL STORAGE FLUID LOOP



1.7 CONTROL

Cbntrol of the heating and hot water systems has been tested and
proven to operate as defined‘by design criteria. Control of the
heating system is accomplished by means of temperature switches
installed within the thermal storage vessel. One switch, which
opehs when the water temperatﬁre is 90°F and belbw, is in series
witﬁ the control logicAof the solar heating sysfeﬁ;bthus turning
off solar heating when the watér temperature is 90°F or below.

A second switch is set to open when the water in the thermal
storage vessel is 105°F and greater. This switch is set in the
control logié of the auxiliary heating system, thus disabling the
auxiliary system when water storage temperatures are 105°F and
abo&e. These switches have been tested repeatedly and function
corréctly. Botﬁ»aré part of the control logic of a standard

room thermostat,féllowing space temperatures to be set between

55°F and 90°F.

The domestic water storage tank is a standard electric hot water
tank with thermostatic control to the auxiliary.elemént alldwing
for 120°F to 140°F témperature water. Qualificatiog of this ﬁhase
is given by similarity. Acceptance:will be given by testing of

the operational test site installation.
1.8 AUXILIARY ENERGY

The electric resistance auxiliary heating system was tested by
disabling the solar heating system and was conducted during a

period of average room ambient temperature of 69.2°F. Air inlet

19



and outlet temperatures were measured and resulted in an average
"air temperature rise of 10.3°F through the auxiliary heat source.
Qualification is given by similarity. Acceptance will be given

by testing of the operational test site installation.
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2.6 MECHANICAL- - SYSTEM AND COMPONENTS
2.1 SYSTEM DESIGN CONDITIONS

The solaf energy colléétion éystem design criteriéAare'as
follows:A-total collector fluid flow rate, 19 gallons per minute;
temperature rise per pass fhrough collector bank, 15°F; and system
operating préssure, approximately 30 PSI. The thermal storage fluid
design criteria are'as follows: water flow rate, 9.3 GPM, and air

flow rate, 1800 CEM.

Test results referenced in Section 1.0, indicéte that the system
design criteria are met or exceeded, in all cases. Continuous
opefation has produced neither noise nor erosion-corrosion in the
piping or ducts and.associated fittings, in either the heat transfer
fluid piping loop or in the thermal storage fluid piping loop.

. ; .

All components have operated without failure or rupture before,

during, and since the Verifiéétion test phase.

Fluid flow in the collector bank is controlled through balancing
valves as part of the main manifold. Testing results referenced
in Section 1.0, Table 1.3-A, show the collector AT for a wide

range of flow rates.

Entrapped air is removed through a vent located at the high point
in the heat transfer loop. Air is also purged continuously through

an air scrubber and vent located within the system.

Adequate provision: for the thermal expansion of the heat transfer

fluids has been provided through the ‘use of a 15 gallon expansion

Al



tank. Continued.testing indicates this volume tbbbe sufficient
over the full range of operéting temperatures and pressures
experienced. Qualificatibn of the system design conditions is
given by Similafity. Acceptance will be given through inspection

of the operational test site installation.
2.2 MECHANICAL STRESSES

Testihg of all system components has indicated that mechaniéal
stresses that arise within the system do not cause damage or
malfunction of the system or ité components. There has beeh no
vibration in piping, ducting, instrumcntation lines or contral
devises. Vibration from moving parts within the pumps and air
circulating fans has not produced any visable damage or exces-
sive.noise, nor has there been any water hammef‘in the fluid

transfer lines.

v

;
Vaduumvreliéf protection is of interest within the collector
fluid'trahsfer loop only. All components have been designed

to withstand collapsing pressures if subjeéted to vacuum. The
.expansion tank within the loop has been ASME teéted and approved.
Vacuum rélief protection is not necessary in any othef fluid
transfer loop, because these systems are operating at atmosﬁhéric

pressure.

Adequate compensation for‘thermal expansion of the absorber plate
was designed into the collector panel. Testing has validated the'
effectiveness of the design. Qualification of this section is

given by similarity. Acéeptance will be given through inspection

of the operational test site installation.
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2.3 LEAKAGE PREVENTION

/

All solar collectors were pre-tested at 1.5 M.E.O.P. There
were no failures during these tests to date. Continued operation

has&produced no leaks in the thermal fluid storage transfer lines.

The domestic water system which is directly connected to the
potable water supply system has not leaked. Testing and installa-

tion was performed in accordance with local codes.

The duct sysfems for transporting air have been designed in
accordance with the standards contained in the ASHRAE Systems
‘Handbook 1973. Testing of this system has indicated no discernable
.leaks; Qualification of this section is given by similarity.
Acceptance will be given by testing of the operationai test site

installation.

2.4 COLLECTOR AJUSTMENT

Théléolar panels were insfalled on the solar test facility in
accordance with the standards given in ASHRAE Handbook and
'Prodﬁcts~Directory 1974. These criteria specified a éollectdr
tilt angle of 45°from‘horizontal. As the collectors';ave been
installed in a single bank there is no mutual shadowing of _
cbllectors, Qualification of this section is given by similarity.

. Acceptance will be given through inspection of the‘operational

test site installation.
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2.5 SUB-SYSTEM ISOLATION-

Both the coliector fluid ;;ansfer and thermal storage fluid
transfer sub-systems operate mutually exclusively of one another.
Qualification of'this section is given by similarity. Acceptance;
will be given through inspection of the operational test site

installation.'
2.6 HEAI TRANSFER FLUID QUALITY

The collector fluid specified for this installation is Shell

Thcrmia C(}S) mineral oil. This oil has had many years of proven
experience in the process heat industry and must only be protected
from an air interface at -elevated temperatures to insure years of
trouble free service. A standard bottom entry basket strainer is
supplied as part of each system for the filtering and removel of
contaminants. Enﬁfapped air is continuously scrubbed and vented
from the system (reference éection 2.1), The air interface mentioned.

above is avoided by implementing a cold expansion tank.

System duct air is adequatly protccted by filtration on the return

air, or“suction side of the fan.

-

Fluid treatment for the Shell Thefmia C is not a concern as it
retains its properties throughout its service life. Normal pre-
cautions required for freeze and boil protection are not necessary
with thé Shell Thermia C mineral oil, because of the very high
(455°F) flash point, and low 110°F) pour'point. Qualification

is givenvby similarity. Acceptance will be given thfough inspec-

tion of the operational test site installation.
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2.7 PIPING SUPPORTS

All piping has‘been installed in accordance with iocai plumbing
codes'andvto.standéfds consistant with the ASHRAE 1973 Systems
Volume. Qualification is given by similarity. Acceptance will

be given through inspection of the operational test site installa-

" tion.
2.8 EXCESSIVE PRESSURE AND TEMPERATURE'PROTECTION

The pressure relief valve supplied as part of the collector fluid
loop plumbing is set at 50 PSI. It is vented to atmosphere.and
allows for fluid drain-off. The pressure relief valve was tested
~at 50 PSI and operated correctly. Qualification is ,given by
similarity. Atceptanceiwill be given by testing4of'the operationa1

test site installation.
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3.0 STRUCTURAL - SYSTEMS AND COMPONENTS
3.1 STRUCTURAL DESIGN BASES

The structural design of the heating and hot water systems
including connections and supporting structural elements has

" been analyzed and installed according to architectural standards
and nationally accepted codes. The.Development and Qualification
phases of this contract were conducted at the Colt Inc. Rancho
Mirage Caiifornia Test Facility. The Colt facility employed a
roof .integrated collector as compared to fhe flat roof truss
mounted collectors, to be .installed on each operational test site.
Therefore, many of the'structural requirement; and criterion are
dissimilar. Acceptance at the operational test site will be given

through -inspection.

It is anticipated?that.the basic structural design criteria
applicable in all three phases, Developmént, Qualification and
Acceptance is the stress analysis of the Colt Inc. coiléctor truss
supports utilized at the operational test sites. This analysis

has been completed and the results are indicated in Exhibits 3.1-A
and 3.11B. Included are the applicable safety factors incorporated

into the structure design.-
3.2 FAILURE LOADS AND LOAD CAPACITY

Ice loads and vehicular loads are not applicable in the Rancho
Mirage Test Facility location. AcceptanCe at the operational

test sites will be given through inspection.
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3.3. DAMAGE CONTROL

*

The Struétural elements and connections of the Heating and hot
water'systems ﬁave been designed to withstand service loads
without damage of unacceptable magnitude. Acceptance will be
given through inspection of the operational test site installa-

tion.
3.4 CYCLIC LOADS

All structural elements énd connections of the heating and hot
water systems have been instélled according to national plumbing
codes and shall withstand the application of cycic loads expected
during the service life. Acceptance at the operational test sites

will be giﬁen through ihspection.

3.5 CUTTING OF STRUCTURAL ELEMENTS

As there has been no cutting of structural elements at the Rancho
Mirage Test Facility nor will there be cutting of structural
elements at either of the operatibhal-test sites, this section is

not applicable to the report.
3.6 CREEP AND RESIDUAL DEFLECTION

This section is neither applicable in the Developmeant and the
Qualification phase, nor is it applicable in the Acceptahce phase.
None of the loads imposed by the collector panels'afé sufficient

to cause creep-or residual deflection of any sort.
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3.7 HAIL RESISTANCE

The heating and hot water system components and supporting : P

structural eiements exposed to the natural environment are
‘caﬁable of résisting impact by hail without unacceptabie damage.
This reQdirement is not applicable to the Rancho Mirage Test
Facility, because of the totai lack of hail in this climate.

~ Actual anélyéis of this requirement at each operational test
site is left for similarity to results of tﬁe analyses conducted
at the Los Alamos Scientific Laboratories -in Los'Alamds, New
Mexico. Los Alamos is 1in éne of the highést hail impact areas
in the World. Their collector which uses the same glazing, aﬁ

the Colt collector, has not been damaged.
3.8 CONSTRAINT LOADS

The Colt facility?Was designed to accommodate the solar loads from
all panels and piping. The analysis was signed by a professional
engineer. ‘Both the operational test sites utilized existing
structures. All load calculations were made b&_thevbuilding

owner and struﬁture to support the collectors has been provided

by the'building owner. . -

3.9 PONDING CONDITIONS

-

Ponding conditions are not applicable in either the Development
and Qualification, nor Acceptance phases of this contract. None
of the roof surfaces, where collectors have been mounted, will

permit ponding.
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4.0 SAFETY - SYSTEMS AND COMPONENTS
4.1 'PLUMBING AND ELECTRICAL INSTALLATION

The design and installation of the systems for heating and hot
water and their components have been conducted in accordance
with nationally recognized plumbing and electrical codes.
Qualification'is given by similarity. Acceptance will be given

through inspectibn of the operational test site installation.
4.2 FAIL-SAFE CONTROLS

The heating and hot water systems have been designed to be fail-
safe in the evént-of damagg to the system components or in the
event of'a power failure. The oil circulating loop is designed
to operatevat.a pressure'bf 25.- 30 PSI. A standard preséuré
religf valve, présqt'at 50 PSI, has been installed within this
loop. ' This valveihas béen tested and does operate correctly when

pressures exceed 50 PSI.

Each éiftulating'pump is installed with a motor controlier'and
indi?idually resetabie'circuit:breéker'switchés. These switches

are supélimented by individual back-up switches located at the

main circuit breaker panel. The auxiliary resistance strip heater,
‘located in the air duct work, 1is prétected by two limiting»thermo-
sfatié‘switches.l One~§Wit¢h is,autoﬁaticaliy:reset, the second
‘switch must be manually reset. These switches weré tested under

the following conditions: the air flow circuiating fan was disabled,

and the resistance stfip heater was switched on. The automatic
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thefmostatiﬁlswitchAbpenéd éfterAtwo minutes of dpefation, and
the manuél thermoéﬁatic‘switéh opened after an additional two
minuteé'of operation; Quaiification is.given by siﬁilarity.
Atcéptance will be given by testing of the opérétional test

site inétallation.
4.3 'FIRE SAFETY

The design énd installation of the heating and hot water system
‘and their gomponents:provide the maximum level of firé safety
which is consistant with applicable codes and standards. Qual-
ificatién is given by similarity. Acceptanceiwill be'given'

through inspectioﬁ'of the operational test site installation.
4.4 TOXIC AND FLAMMABLE FLUIDS

The working colléc;or fluid has been designated as Shell Thermia
C(33). AThis is'arnon-fokic.and essentially nqn—flammable fluid
in temberature ranges in‘excéss of 250% of the actual measured
operating temperatures. Qualificétién{is given by Similﬁrlty.
Acceptance Will be given through inspection of the operational

test site installation.
4,5 SAFETY UNDER EMERGENCY CONDITIONS

The design and installation of the heating and hot water systems
does not impair the emergency movement of occupants 6fvfhe facility
or emergency personnel. .Building exits and opefating passageways
are located in a manner to~p¥ovide quick andAefficient movement

of building occupants during an emergency condition. Qualification
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is'given by'éimilarity. Acceptaﬁce will be given through

‘inépection of the operationél test site installation.
4.6 'PROTECTION OF WATER AND.CIRCULATED AIR

No material, form of constyuction, fixturé, appurtenance or item

of equipment has been~empioyed that will support the growth of
‘microorganisms or infroduce toxic substances, impurities, bacteria
or chém@cals into the potable water and air circulation systems.
Potablevwater in the domestic water heating sub-sysfem is protected
by a two boundry interface that has been set forth as a national
standard throuéh_HUD prerequisits. Qualification is given by
similarity. Acceptance will be given through inspection of the

operational test site installation.
4.7 EXCESSIVE SURFACE TEMPERATURES

lThe collector setrfortﬁ through the Development phase has recorded
étagnation temperatures as follows: empty--423’F, full--374°F.

The collector used in the Qualification phase develops temperatures
approximately 50°F lower in each caseAas'a result of the use of

a semi-selective surface. As the collector working fluid, Shell
Thermia C, can be safely operated in temperature ranges to 600°F,
it is determined that temperatures of the exterior surfaces of the
.heating aﬁd hot water systems will not create.alhazard. Acceptance

will be given through inspection of the operational test site

installation.
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5.0 . DURABILITY/RELIABILITY - SYSTEMS AND COMPONENTS
5.1 EFFECTS OF EXTERNAL ENVIRONMENT

The systems for'spacé héating.and domestic hot water heating
and their various sub-assemblies are not affected by external
environmental factors to any extent that will impair their

function during their design life.

The Decvelopment phase solar paﬂel housing is constructed of
stecel which has a baked enamel finish. The glazing material is
smooth ASG Sunadex glass. The Qualification phase collector

housing is constructed of 6063-T5, dark bronze anodized aluminum

extrusions, a 30637H14 aluminum back plate, and a cover plate of
ASG Sunadex glass. In both cases all component materials have
been selected toiwithstand external environmental effects through-
out the expected désign life. The glass cover plate material is
smooth to provide for a minimum of dirt retention. Accepfance
will be given through inspection of the operational test sife
instaiiation; |

5.2 TEMPERATURES AND PRESSURE RESISTANCE

-

System coﬁponents are capable df performing fheir intended
function for their design life when exposed to the temperatures
and pressures that ére developed within the éystem and sub-systems.
Reference to sections 2.8 and 4.7 provides analyses already given

through inspection of the operational test site installation.
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5.3 CHEMICAL COMPATIBILITY OF COMPONENTS

All system components are manufactured from,materials designed
to»bé compatable withvworking fluids contacted, The'collecfor
heat transfer fluid is a'noﬁrtoxic{ non-corrosive mineral oil,

and the only other working fluid is water. The collector fluid
heat exchanger is manufactured from stainless steel sheet material.
All fluid transbort lines are copper with either copper or brass

fittings.‘ Qualification is given by similarity. Acceptaﬂce will
be given through inspection of the operational test site installa-

~ tion.
5.4 COMPONENTS INVOLVING MOVING PARTS

. Ali ;hgck}valves, pumps; electric switches and similar componeﬁts
the”been selectéd after research hasldetermined'that individual
components Qill dpérate for their intended life span while
Asubj¢¢ted to the predetermihed temperatures and pressures estab-
lished as designed criteria within each system and sub-system;
Qualification is given by similarity. Acceptance will be given

throﬁgh inspection of the operational test site installation.

L3
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© 6.0 MAINTAINABILITY - SYSTEMS AND.COMPONENTS -
6.1 ACCESSIBILITY FOR MAINTENANCE AND SERVICING

.The system for Spa;e hgating and domestic hot water hgating'has
been desigﬁed and conspructed to brovide sufficient access for
general maintenance, convenient'servicing and monitoriné of all
system performance: All individual items of equipment and
components are acéessible for ihspection, service, repair, removal
or replacement withoﬁt dismaﬁtliﬁg any adjoining major‘piece of
equipment or sub-system. Appropriate-access has been ﬁrovided for
vsenﬁors that are used for'inspectjng and checking essentiallsystem
parameters, such as temperatufe, pressure énd voltage. System
7maintenahce éﬁd repaif has beén facilitéted by conveniently located
£i11 and drain valves. All essentialbfilters have been located so
as to provide fof ¢onvenient cleaning and replacément. The hot
water system has'geeﬁ Qalved to provide shut-off from the cold
water supply. Qualification is given by simiiarity. Acceptancc
1will be given through inspection'of the opérational test site

installation.

6.2 INéTALLATION, OPERATIQN AND MAINTENANCE MANUAL -

This manual has been provided and submitted on September 14, 1977.
.6.3 REPAIR AND’SERVICE PBRSONNELAV

Colt Inc. has developed a training program to-include installation
and maintenance of each operational test site equipment hardware.

This training program has been submitted on September 14, 1977.



7.0 FUNCTION - FACILITIES AND SITES
7.1 DESIGN

This section ig not applicable to the Development phase of this
program. The solar test facility ioCatéd in Réncho Mirage through
‘ which Qualification is given has béen architecturally designed to
be aesthetically pleasing. Consideration was given in the facility
and site design to the utilization of passive solar energy wherever
practical. Accepluance will be given through inspection of the

operational test site installation.

7.2 ADEQUATE SPACE

A

The solar test facility has been designed to give adequate space

to accommodate the solar heating and hot water systems. The roof
portion, housing the solar collectors, is pitched at the 45°ang1e
necessitated by tge latitude of the site location and provides

the 600 square feet necessary for the solar panels. The thermal
storage vessel has been buried externally to the facility, located
in a manner to proviae accessibility for draining and repairing
when necessary. Acceptance will be given through inspetfion of the

operational test site installation.
7.3 FUNCTIONING OF FACILITY AND SITE

The use of the facility and site is not impaired in anyway by the
heating and hot water system. All system compbnents'and equipment

are located in a utilitarian section of the facility which is
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essentially non-usable space for the normal function of that
facility. Acceptahce will be given through inspection of -the -

operational test site installation.
7.4 COMPATABILITY WITH CONVENTIONAL SYSTEMS

As the site selected was désigned’primarily as a soiar test and

" manufacturing facility, compatibility has been assuréd through the
initial engineering and;aréhitectural design phases. Acceptance
will be given through insbebtion of the operétiohal test site

installation.
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8.0 MECHANICAL - FACILITIES AND SITES /
8.1 INTERFACE WITH MECHANICAL OPERATION

The facility and site elements do not prevent the proper
mechan1ca1 functionlng of the heating and hot water systems
Through ana1y51s and inspection, englneering de51gn has precluded
the possibility of adjacent facilitles and planting arrangements
to'block or shade the solar peneis. Interier and exte}ior control
sensors have been located to provide ambient conditions; end/or
other operating parameters which are free of unnecessary inter-
ference from external factors, such as, shade and drafts. |
Acceptance w111 be glven through 1nspect10n of the operatlenal

test site installation.

. 8.2, MECHANICAL AND ELECTRICAL FUNCTIONING OF FACILITY AND SITE

The mechanical and electrical operation of the fecility or site
is not affected by’the heating and hot water systems. This
analysis is given through inspection at each operational test

site installation.
8.3 MECHANICAL AND ELECTRICAL FUNCTIONING OF CONNECTIONS

_The‘conﬁections between the ﬁeating and hot water systems and
the fac111ty function mechanlcally and electrically as 1ntended.
Plumblng connections between the solar components and the water
service and waste disposal systems were 1nsta11ed in accordance
: with'netional‘standard plumbing codes as applicable. All
electrical connections between the solar components and the

electrical system of the facility are in accordance with the |

national electrical codes.

39



9.0 STRUCTURAL - "FACILITIES AND SITES
9.1 STRUCTURAL INTEGRITY OF THE HEATING AND HOT WATER SYSTEMS

The facility'is not unduely affectéd.by the structural infegrity -
of the heéting and hot ‘water sysfems. All solar components havé:

: begn loﬁated SO as to'téke into account any possible movements

:in adjacen; strucfufes which could cause damage. This analysis

.is given through inspection of each'operétidnal tést site installa-

tion.
9,2 STRUCTURAL.INTEGRITY OF FACILITY

The structural integrity of the facility and'sitevelements will
not be unduely affected by the heéting and hot water systems.
Review of the stfucturél drawings, specifications and‘desigh
calculations, as Sqt forth in Chapter 3,'combined with inspection
of each operationél test site, assures adequate stru;tufal capa-
bility for carrying tﬁe increased loads imposed by thelsolar

components.
9.3 STRUCTURAL CONNECTIONS

Stfuctural connections between solar components and the facility
or site elements are capable of carrying the loads imposed by
the solar components. Strgss analyses have been conducted and
the ioads imposed have been compensated for'in the éngineerihg

design for each operational test site.
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10.0 SAFETY - FACILITIES AND SITES

10.1 SAFETY OF FACILITY AND SITE

The safe operation of the facility or site has not been affected
by the heating and hot water systems. This has been determined

“through inspection of each operational test site installation.
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11,0 DURABILITY/RELIABILITY'- FACILITIES AND SITES
‘11.1 DURABILITY:AND-RELIABILITY_OF THE HEATING AND HOT WATER SYSTEMS
The solar heéfing and hot_wéter systems in each operational test

site have been located in a manner so as to prevent any. impairment .

of their intended function due to adjacent vegétation[or'structures.
11.2' DURABILITY AND RELIABILITY OF‘FACILITIEStAND SITE

Care has been taken during installation so as to prevent any
excéssive deterioration of the roofing materials due to the presence
of the roof mounted collector ‘components. Care is also taken to

assure'water-tight integrity around all exterior.penetrétions.'
'11.3 DURABILITY AND RELIABILITY OF CONNECTIONS

The connections between the heating and hot water systems and
the facility that are exposed to external environmental factors
 have been installed so as not to undergo changes that will impair

their functions.
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12.0 ° MAINTAINABILITY - FACILITIES AND SITES®
12.1 MAINTAINABILITY OF HEATING AND HOT WATER SYS'I“EMS~

The solar componénts at each operationai test sife have been
iﬁstalled in a mannet so as not to prevent the practical main-
tainability of either the heating and hot water system components
or the facility. -All system components have been installed to
allow for eaée of servicing and/of replaéement. Pgrmaﬁent main-
tenance accessories, such as, hose bibs, drains, etc., necessary
for the maintenance of the heating and hot'water system, have been'

provided.
12.2 MAINTAINABILITY OF FACILITY AND SITE

The solar components at each operational test site have been
installed in such a manner as not to prevent the practical main-

tainability of the facility.
12.3 CONNECTIONS

The connections between the heating and hot water systems and the
facility have been installed in a manner so as to be readily

accessible for maintenance and replacement.
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13,0 VISUAL CHARACTERISTICS - FACILITIES AND SITES
13.1 VISUAL CHARACTERISTICS - FACILITIES AND!SITES

All solar heating and hot water system components have been
archlpqcturally 1ntegrated into each operat10na1 test 51te in |
a mapner so as to be.aesthetlcally pleasing. The effects of the
solgr'sub—systems on the mass, scale, grid-pattern, texture and
cql@r pof the facility have all been considered and incorporated

into the design.
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