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INTRODUCTION 

The verification test report is submitted as part of the 

Verification Plan, SHC 3024, submitted as part of NASA 
. . .  

contract, NAS 8.-32242, with Colt Inc. of Southern California, 

Energy Systems Division. Verifica~ion phase of this contract 

is divided into three sections: ~bvelo~ment, Qualification 
. . 

and Acceptance. The Development and Qualification phases Lave 

been completed at the Colt Inc. Solar 'Test Facility located in 

.Rancho Mirage, California. Acceptance is conducted at each of 

two Operational Test Sites, ilistalled also as part of NAS 8-32242. 

The Operational Test Sites are located on an administration.bui:ld- . . .  . 

ing at the Department of'Transportation, Amtrac Highspeed Test 

Facility, 1ocated.in Pueblo, Colorado, and also on the Vis'itors 

Center at the Yosemite National Park in California. These instal- 
i: 

lations provide solar space heating with domestic water heating 

at the Pueblo Operational Test Site, a.nd provisions for fu'ture 

domestic water heating at the Yosemite 0yar.ational Test. ~ i t c .  

Each installation utilizes solar panels developed by Colt Inc. 

of Southern California. 

The Colt solar panel has been designed from research and develop- 

ment conducted at the Los Alamos Scientific ~aboratories 'in Los 

Alamos, New Mexico. As a result of approximately four years of 

Los Alamos technology, a highly efficient solar panel was developed 

utilizing a seam welded, pressure expanded, dual sheet, steel, 

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

viii 



s u b s t r a t e .  This s o l a r  pane l  i s  be ing  u t i l i z e d  a t  the ' .Los  Alamos 

- S c i e n t i f i c  Labora to r i e s '  new Na t iona l  S e c u r i t y  and Resources Study 

'Center. However, t h i s  s o l a r  c o l l e c t o r  pane l  proved t o  b.e c o s t l y  
. . 

t o  manufacture,  . . and s u p p l i e r s  . . o f  primary components were n o t  a b l e  

t o  p rov ide  t h e  same components on a  p roduc t ion  b a s i s .  A t  t h i s  t ime ,  

dur ing  t h e  beginning o f  t h e  des ign  phase ,  Col t  modi f ied  t h e  des ign  

t o  meet p roduc t ion  l i m i t a t i o n s .  Through i n t e n s i v e  : , research,  deve l -  

opment and des ign ,  e s s e n t i a l  components o'f t h i s  s t e e l  pane l  were 

r edes igned .  t o  a l low f o r  e f f i c i e n t  production-line,manufar.ture. 

Components f o r  twenty two of  t h e s e  s ' o l a r  pane l s  were purchased 

and assembled a t  C o l t ' s  Rancho Mirage t e s t  f a c i l i t y .  Nineteen have 

been. i n s t a l l e d  on t h e  f a c i l i t y  roof  a s  p a r t  o f  t h e  Development and 

Q u a l i f i c a t i o n  Phase f o r  . the  s o l a r  space and domest ic  ho t  wate r  

h e a t i n g  system t e s t s .  

. . 
The s t e a l  panel  prpved t o  be i n e f f e c t i v e  f o r  two reasons :  f i r s t ,  

, t h e  pane l  weight  was e x c e s s i v e .  Each pane l  weighed 225 pounds, 
. . . . 

dry ,  and proved t o  be cumbersome and d i f f i c u l t  t o  i n s t a l l  on 

angled and e l e v a t e d  p o s i t i o n s .  Second, assembly and f a b r i c a t i o n  

c o s t s  were h ighe r  than  t h e  s o l a r  market cou ld  t o l e r a t e . .  The r e t a i l  

p r i c e  of t h i s  pane l  would have t o  be approximately  $25.00 t o  $28 .00 '  

a  square  f o o t .  For t h e s e  r ea sons ,  Col t  e l e c t e d  t o  r e t a k n  t h e  c l o s e d  

loop technology u t i l i z i n g  o i l -  a s  t h e  hea t  t r a n s f e r  f l u i d  b u t  r e -  

des ign  t h e  s o l a r  pane l  u s i e g  aluminum as  t h e  main s t r u c t u r a l  element 

and f o r  t h e  absorber  p l a t e .  The r e s u l t i n g  des ign  i s  today: p ro -  

duc t ion  pane l ,  which i nc ludes  'hous ing  w a l l s  f a b r i c a t e d  from 6063-T5 

anodized aluminum ex t rus . ions .  The abso rbe r  p l a t e  i s  an O l i n  Brass ,  



@ ' 
Roll-Bond aluminum p l a t e ,  s e l e c t i v e l y  c o a t e d  w i t h  Caldwell  

S o l a r - s o r b  p a i n t ,  C 10773/6'6. F u l l y  assembled,  t h e  aluminum 
1 

pane1 ,weighs  9 3  pounds,  and can be r e t a i l e d  f o r  $10.00 t o  

$11.00 p e r  squa re  f o o t .  Quan t i t y  p roduc t i on  and automat ion 

o f  f a b r i c a t i o n  p r o c e s s e s  a r e  expec t ed  t o  reduce  t h e s e  c o s t s  

i n  t h e  f u t u r e .  

The o r i g i n a l  scope o f  t h e  c o n t r a c t  c a l l e d  f o r  C o l t  t o  assemble  

.and i n s t a l l  on ly  t h r e e  s o l a r  p a n e l s  t o  conduct  t h e  Development 

phase  t e s t i n g  w i t h  . t h e  p l a n  t h a t  pi lnels  would be  added o r  r e -  

p l a c e d ,  as r e q u i r c d  t o  u t i l i z e  t h e  C o l t  b u i l d i n g  a s  an Oper- 

a t i o n a l  T e s t  S i t e .  I t  was subsequen t l y  dec ided  ro i n s L a l l  a l l  

n i n e t e e n  pane l s  d u r i n g  Development and Q u a l i f i c a t i o n ,  t o  o b t a i n  

f u l l  sys tem t e s t  r e s u l t s .  A d e c i s i o n  was made l a t e r ,  by NASA, 

t ha ' t  t h e  Col t  f a c i l i t y  would n o t  be one of  t h e  two O p e r a t i o n a l  

Tes.t  S i t e s .  The Acceptance phase w i l l  be concluded by a n a l y s i s  
i' 

o f  t h e  d a t a  c o l l e c t e d  froin each ljl: t h c s c  O p e r a t i o n a l  Tes t  S i t e s .  

A s i m p l i f i e d  H e a t i r ~ g  and Hot Water System Schematic i s  p r e s e n t e d  

i n  i.'igure 1 .  The V e r i f i c a t i o n  Cross -  Reference  Ma t r i x  i n d i c a t i n g  

Response ,,Page Number i s  g iven  a s  F igure  2 .  
* 
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1 . . O  FUNCTION - SYSTEMS AND COMPONENTS 

1.1 HEATING SYSTEM PERFORMANCE 

. Col t  has  d e f i n e d  t h e  f o l l owing  s e t  o f  o p e r a t i n g  c r i t e r i a :  f o r  

thermal  s t o r a g e  t empe ra tu r e s  9 0 4 .  and below, s o l a r  space  h e a t i n g  

i s  no t  p o s s i b l e ;  f o r  the rmal  s to r ' age  t empe ra tu r e s  o f  1 0 5 ~ ~  and 

h i g h e r ,  a u x i l i a r y  space  h e a t  i s  n o t  r e q u i r e d ;  f o r  thermal  s t o r a g e  
. . 

t ank  t empe ra tu r e s  o f  9 0 ' ~  - 1 0 5 ' ~  a u x i l i a r y  space  h e a t  i s  s u p p l e -  

mented hy a s o l a r  p r e - h e a t .  

The s o l a r  t e s t  f a c i l i t y  i s  a  3200 squa re  f o o t  b u i l d i n g .  ~ e f e r e n c e  

t o  t h e  ASHRAE s t a n d a r d s  se t  f o r t h  i n  t h e  1973 Systems Handbook, 

e s t a b l i s h e d  1800 c u b i c  f e e t  p e r  minute '  a s  t h e  optimum a i r  f low 

r a t e  th rough  t h e  system h e a t  duc t .  S o l a r  space  h e a t i n g  r e s u l t s  
. .  

a r e  p r e s e n t e d  i n  Tab le  1 . 1 - A .  

TABLE  1.1-A 
SPACE HEATING SYSTEM PERFORMANCE 

AIR TEMPERATURE 
RISE P E R .  PASS 

OF 

20.5 - 
23.6 

28.6 
34.7. 

39.1 

45.2 

48.2 

F L O W  
R A T E  
GPM 

9.2" 

9.4 
F. 

9.3 
9.3 

9.4 

9.3 

9.0 

STORAGE 'TANK 
TEMPERATURE . 

OF 

108 

115 

125 
137 

15 1 

' ' 156 

170 



: ÿ he Tab le  p r e s e n t s  t h e  t empera ture  r i s e  through t h e  l i q u i d - t o -  . . 
. . .  

; a i r  h e a t  c o i l  l o c a t e d  i n  t h e  system. a i r  duc t  for . therma1,  s t o r a g e  
1 I 

. . . : t ank  t empera tu re s .  F igure  1 . l - A  i l l u s t r a t e s  space  h e a t i n g  p e r -  
. . I 

. ,  1 

' > .  . 
.. formance a n d - e f f i c i e n c y .  Th i s  d a t a  was c o l l e c t e d  a s  p a r t  o f  t h e  

I I 

. . 
: : "'Transient Thermal S to rage  Tank Test" ,  ( s ee  s e c t i o n  1 . 4 ) .  Q u a l i f i -  

, ;  . ; 
, I  

, c a t i o n  i s  given by s i m i l a r i t y .  Acceptance w i l l  be g iven by 

t e s t i n g  of  t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  

Domestic w a t e r  i s  hea t ed  by means of a  copper t ube  hea t  exchanger 
' 4  

, submerged i n - t h e  thermal  s t o r a g e  t a n k ,  p l a c e d - i n - l i n e  betwccn t h e  

.,"omestic wa te r  s u p p l i e d  from t h e  c i t y  and t h e  domest ic  w a t e r  

: s t o r a g e  tank.  A thermal  s t o r a g e  tank  t e m p e r a t u r e . o f  150°F was 

a e s t a b l i s h e d  a s  t h e  base  temperature  t o  measure system performance.  

The r e s u l t s  i n d i c a t e  a  t empera ture  r i s e  of  71.6OF, y i e l d i n g  an 
i: 

average domestic wa te r  t ank  tempera ture  of 1 4 0 ' ~ .  An t i c ipa t ed  

thermal  s t o r a g e  tank  tempera tures  w i l l  g e n e r a l l y  be  greater  than 

~ S O ' F ,  and thus  domestic wa te r  s t o r a g e  tempera ture  can be  expected 

t o  be g r e a t e r  t han  1 4 0 9 ,  ~ i e c e s s i t a t i n g  t h e  i n s t a l l a t i o n  of  a water  

temperd'ture tempering v a l v e .  Q u a l i f i c a t i o n  i s  g i v e g  by s i m i l a r i  Ly . 
Acceptance w i l l  be g iven by t e s t i n g  o f  t h e  o p e r a t i o n a l  t e s t  s i t e  

i n s t a l l a t i o n .  

1 . 3  COLLECTOR PERFORMANCE 

0 
The c o l l e c t o r  des ign  po in t '  was f o r  a  15 F r i s e ,  p e r  pass  through 

t h e  c o l l e c t o r  bank a t  des ignv '  flow r a t e .  Performance r e s u l t s  i n d i c a t e  

a 2 4 ' ~  temperature  r i s e  a t  des ign flow r a t e  of 19 GPM. This  d a t a  
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was c o l l e c t e d  w i th  t h e  fo l lowing  c o n d i t i o n s  : average  ambient 

a i r  t empera ture ,  7 8 U ~ ;  and average thcrmal  s t o r a g e  tank  temper-  

a t u r e ,  1 5 0 ~ ~ .  R e s u l t s  o f  va ry ing  c b l l e c t o r  f low r a t e s  on 

c o l l e c t o r  AT a r e  p r e s e n t e d  i n  Table 1.3-A. 

F igu re s  1.3-A t h r o u g h . l . 3 - C  i l l u s t r a t e  t y p i c a l  s o l a r  c o l l e c t i o n  

e f f i c i e n c i e s .  F igure  1.3-D i s  a  comparative p r e s e n t a t i o n . o f  

energy c o l l e c t e d  f o r  va ry ing  pump flow r a t e s  between t h e  Devel-  . 

opment and Q u a l i f i c a t i o n  phase c o l l e c t o r s .  F igure  1 .3 -E  p r e s e n t s  

t h e  Q u a l i f i c a t i o n  phase c o l l e c t o r  e f f i c i e n c y  u t i l i z i n g  ASHRAE 

93-77  p l o t t i n g  c r i t e r i o n .  Q u a l i f i c a t i o n  i s  given b y  s i n i l a r i t y .  

Acceptance w i l l  be g iven by t e s t i n g  o f  t h e  o p e r a t i o n a l  t e s t  s i t e  

i n s t a l l a t i o n .  

1 . 4  THERMAL STORAGE PERFORMANCE 

, 

Thermal s t o r a g e  t ahk  h e a t  l o s s  was de t e rmi~ led  a t  two des igna t ed  

t empera tu re s ,  1 5 0 ~ ~  and 170 OF. Two d i s t i n c t  t e s t s  were conducted 

a t  t h e s e  des ign  tempera tures .  The f i r s t  t e s t  was a  s t a t i c  t e s t ,  

i n  which conduct ive  h e a t  l o s s  through t h e  v e s s e l  w a l l s  and po ly-  

u re thane .  i n s u l a t i o n  t o  t h e  sur rounding  e a r t h  was determined wi th-  .. 
o u t  any energy be ing  added t o  the '  s t o r a g e  tank .  The second t e s t  

was a  t r a n s i e n t  t e s t ,  dur ing  which t ime t h e  space h e a t i n g  system 
/ 
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DEVELOPMENT PHASE COLLECTOR 
----- QUALIFICATION PHASE C O L L E C T O R  

FIGURE 8.3- D 



kD = AVERAGE COLLECTOR FLUID TEMPERATURE 

RATURE 

F I G U R E .  1 . 3 - E  . 



wi th in  t h e  . the rmal  t e s t  f a c i l i t y  was con t inuous ly  ope ra t ed .  , i i  
'V, 

;! ,  his t e s t  i n d i c a t e d  thermal  s t o r a g e t a n k  tempera ture  deg rada t ion  
I .  

I due t o  conduct ion through t h e  v e s s e l  w a l l s ,  combined w i t h  space 
' Y 

h e a t i n g  by means of  t h e  l i q u i d - t o - a i r  h e a t  .exchanger i n  t h e  

b u i l d i n g  h e a t i n g  a i r  duc t .  Tes t  r e s u l t s  a r e  shown i n  Tables  

g 1.4-A and 1.4-B. Figures  1 . 4 - A  and 1 . 4 - B  g r a p h i c a l l y  d i s p l a y s  
1 2 .  

t h e  1 7 0 ' ~  da t a .  Figure 1.4-C r e p r e s e n t s  thermal s t o r a g e  p e r -  

formance dur ing  a  p e r i o d  of  s o l a r  ene'rgy c o l l e c t i o n .  Q u a l i f i -  
' 9 

c a t i o n  f o r  thermal  s t o r a g e  performance' i s  given by s i m i l a r i t y .  

Acceptance w i l l  be g iven  by t e s t i n g  o f  t h e  o p e r a t i o n a l  t e s t  s i t e  

. i n s t a l l a t i o n .  

The h a b i t a b i l i t y ,  o f  occupied spaces  w i t h i n  t h e  s o l a r  t e s t  f a c i l i t y  

, i s  determined by a n a l y s i s ,  qoupled w i th  v i s u a l  i n s p e c t i o n .  There 
2 

have been no i n s t a n c e s  o f  exces s ive  h e a t ' o r  humidi ty  w i t h i n  t h e  

; s o l a r  t e s t  f a c i l i t y .  Q u a l i f i c a t i o n  i s  g iven by s i m i l a r i t y .  Ac- 

t ceptance w i l l  be g iven through i n s p e c t i o n  o f  t h e  ope ra5 iona l  t e s t  
i 

r 

'$ s i t e  i n s t a l l a t i o n .  

6 .7 

1.6 ENERGY TRANSPORT EFFICIENCY 

Thermal losse ' s  i n  both '  t h e  . c o l l e c t o r  f l u i d  c o l l e c t i o n . / t r a n s f e r  

loop and t h e  thermal s t o r a g e  v e s s e l  f l u i d  loop a r e  given i n  

Tables .1.6-A and 1.6-B. Qua l i f i c , a t i on  i s ' g i v e n  by s i m i l a r i t y .  

Acceptance w i l l  be g i v e n b y  t e s t i n g  o f  t h e  o p k r a t i o n a l  t e s t  s i t e  

i n s t a l l a t i o n .  



TABLE 1.4-A 
S T A T I C  THERMAL STORAGE TANK PERFORMANCE 

TYPICAL DAY 
TANK TEMP, 150 OF 

4 

T Y P I C A L  DAY 
TANK TEMP 1 7 0 ~ ~  

T I M E  

16140 

18:40 
20~40 
22:40 

00139 
2 239 

4t39 

6 ~ 3 9  
8 ~ 3 9  

d 

T I M E  

20800 

21 :OO 
2 2: 00 
2 3 ~ 0 0  
/00100 
Q O : 5 9  

1 :59 

2 :59 - .  

335 9 

4 159 

5 :59 
6 :59 

AVERAGE 
TANK 

TEMPERATURE 
'OF 

156,l 

155.8 
155.2 
154.6 
153.9 
153.3 

152.9 

152.0 
151.5 

a 
AVERAGE 

TANK 
TEMPERATURE 

OF 

170.7 

170.2 
1 69.8 
169.3 
16 8.9 
168.5 

168.1 

I 6 7.7 
-.- *-..--. 

167.3 

166.9 
1 66.5 
166.0 

I ,  



TAB'LE,  1 . 4 - B  
TRANSIENT THERMAL. STORAGE T'ANK P E R F O R M A N C E  : 

TEMPERATURE TEMPERATURE 

23 00 
0059 

2 159 

.4 :59 
6 :59 

7 159 1 1 12.8 7:59 120.9 
J d 

131 .O 
126.2 
121.9 

( I  8.0 

' 1  1.4.4 

29100 
00859 

2159 
--- 

4 159 
6 :59 

150.9' 
144.9 
138.3 

A 

. I  27.0 
121.2 
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TABLE 1 . 6 - A  

THERMAL LOSS IN CQLLEC.TOR FLUID. LOOP 

* 

TIME 

I 9:OO 
I0:OO 

I 1  ZOO 

12100 

* 1 :OO 
2:OO 

3:OO 
4 800 

FLOW 
RATE 

GPM 

l8.l 
- 1  9.9 

21.4 

' 22.4 

22 6 
22.8 

22.3 
22.0 

FLUID TEMPERATURE 
EXITING COLLECTOR 

O F  

146,3 - - 
165.7 

179.2 

188.4 

187.4 
186.1 

176.7 
170.9 

FLU1 D TEMPERATURE 
ENTERING EXCHWGER 

O F  

144.9 
164.3 

177.8 

187.0 

186.1 
184.9 

175.7 
190.0 

% 

AT 
O F  . 
1.4 
1.4 

1.4 

1 .4 

1 ,3 
1.2 - 

1 .O 

8.9 
4 



TABLE.. 1 . 6 - B  

THERMAL LOSS IN THERMAL STORAGE FLUID LOOP 

' AT 
, O F .  . 

l..5 

. I  . 

3.4  
, 

5 .6  

5.9- 

. 4 . 0  

.4  

b 

WATER TEMPERATURE 
ENTERI N G C O I L  

F 

171. 7 

163.1 

15.1 . 9  ' 

343.2 

, 137.0 

131.3 . .  . - 

828.6 

WATER TEMPERATURE 
EXITING TANK 

O F 

173.2 . . 

163.2 

155.3 

148.8 

142.9 

135.3 

129.0 . 

. T I M E  

171 30 

19130 

2 1 130 

238 30 

1'130 

3'130 

4130 - 

FLOW 
RATE 
GPM 

7.8 

10.0 

12 .O 

12.9 

13.8 

1 4.3 

14.5 



Control  of  t h e  h e a t i n g  and ho t  wate r  systems has  been t e s t e d  and 

proven t o  o p e r a t e  as  de f ined  by des ign  c r i t e r i a .  Cont ro l  of  t h e  

h e a t i n g  system i s  accomplished by means o f  t empera ture  swi t ches  

i n s t a l l e d  w i t h i n  t h e  thermal  s t o r a g e  v e s s e l .  One swi t ch ,  which 

opens when t h e  wa te r  temperature  i s  9 0 ' ~  and below, i s  i n  s e r i e s  

wi th  t h e  c o n t r o l  l o g i c  o f  t h e  s o l a r  h e a t i n g  system; t h u s  t u r n i n g  

o f f  s o l a r  h e a t i n g  when t h e  wate r  t empera ture  i s  9 0 ' ~  o r  below. 

A.second swi tch  i s  s e t  t o  open when t h e  wate r  i n  t h e ' t h e r m a l  

' s t o r age  v e s s e l  i s  1 0 5 ' ~  an'd g r e a t e r .  Th i s  sw i t ch  i s  s e t  i n  t h e  

c o n t r o l  l o g i c  o f  t h e  a u x i l i a r y  h e a t i n g  sys tem,  t h u s  d i s a b l i n g  t h e  

a u x i l i a r y  system when wa te r  s t o r a g e  tempera tures  a r e  1 0 5 ~ ~  and 

above. These swi tches  have been t e s t e d  r ' epea ted ly  and f u n c t i o n  

c o r r e c t l y .  Both. a r e  p a r t  o f  t h e  c o n t r o l  l o g i c  o f  a  s t a n d a r d  
I 

room the rmos t a t ,  t allowing space tempera tures  t o  be s e t  between 

5 5 ' ~  and 9 0 ' ~ .  

The domestic wa te r  s t o r a g e  tank  i s  a  s t a n d a r d  e l e c t r i c  h o t  wate r  

tank w i t h  t h e r m o s t a t i c  c o n t r o l  t o  t h e  a u x i l i a r y  element a l lowing  

f o r  1 2 0 ~ ~  t o  1 4 0 ' ~  temperature  wa te r .  Q u a l i f i c a t i o n  - of t h i s  phase 

i s  g iven by s i m i l a r i t y .  Acceptance w i l l  be g iven  by t e s t i n g  of 

t he  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  

1 . 8  AUXILIARY ENERGY 

The e l e c t r i c '  r e s i s t a n c e  a u x i l i a r y  h e a t i n g  system was t e s t e d  by 

d i s a b l i n g  t he  s o l a r  h e a t i n g  ,System and was conducted du r ing  . . a  

pe r iod  of  average room ambient t empera ture  o f  6 9 . ~ ~ ~ .  A i r  i n l e t  



and o u t l e t  t empera tu res  were measured and r e s u l t e d  i n  an average  

a i r  t empera tu re  r i s e  o f  1 0 . 3 ' ~  through t h e  a u x i l i a r y  hea t  s o u r c e .  

Q u a l i f i c a t i o n  i s  g iven  by s i m i l a r i t y .  Acceptance w i l l  be g iven  

by t e s t i n g  o f  t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  



2.0  MECHANICAL. - SYSTEM AND COMPONENTS 

2 . 1  SYSTEMDESIGN CONDITIONS , , 

The s o l a r  energy c o l l ~ c t i o n  system des ign  c r i t e r i a  a r e  a s  

fo l lows :  t o t a l  c o l l e c t o r  f l u i d  f low r a t e ,  19 g a l l o n s  per  minute ;  

t empera ture  r i s e  p e r  pass  through c o l l e c t o r  bank, 1 5 " ~ ;  and system 

o p e r a t i n g  pressure ,  approximately  30 PSI. The thermal  s t o r a g e  f l i l j d  

des ign c r i t e r i a  a r e  a s  fo l l ows :  wate r  f low r a t e ,  9 .3  GPM, and a i r  

f low r a t e ,  1800 CFM. 

Tes t  r e s u l t s  r e f e r enced  i n  Sec t ion  1 . 0 ,  i n d i c a t e  t , ha t  t h e  system 

design c r i t e r i a  a r e  met o r  exceeded,.  i n  a l l  cases . .  Continuous 

ope ra t i on  has produced n e i t h e r  n o i s e  no r  e r o s i o n - c o r r o s i o n  i n  t he  

p i p i n g  o r  duc t s  and a s s o c i a t e d  f i t t i n g s ,  i n  e i t h e r  t h e  h e a t  t r a n s f e r  

f l u i d  p ip ing  loop ur i n  t h e  thermal  s t o r a g e  f l u i d  p i p i n g  l oop .  
i' . . 

A l l  components have ope ra t ed  wi thout  f a i l u r e  o r  r u p t u r e  b e f o r e ,  
. . 

during, and s i n c e  t h e  v e r i f i c a t i o n  t e s t  phase.  

F l u i d  flow i n  t h e  c o l l e c t o r  bank i s  c o n t r o l l e d  through ba l anc ing  

va lves  a s  . p a r t  of  t h e  main manifold.  T e s t i n g  r e s u l t s  r e f e r enced  

i n  Sec t ion  1 . 0 ,  Table 1. 3 - A ,  show t h e  c o l l e c t o r  AT f i r  a  wide 

range of f low r a t e s .  

Entrapped a i r  i s  removed through a  ven t  l o c a t e d  a t  t h e  h igh  p o i n t  

i n  t he  hea t  t r a n s f e r  loop.  A i r  i s  a l s o  purged con t inuous ly  through 

an a i r  sc rubber  and ven t  l o c a t e d  w i t h i n  t h e  system. 

Adequate provis ion!-  f o r  t h e  thermal  expansion of t h e  hea t  t r a n s f e r  

f l u i d s  has been provided through t h e  'use  o f  a 15 g a l l o n  expansion 



t a n k .  Continued t e s t i n g  i n d i c a t e s .  t h i s  volume t o  be s u f f i c i e n t  

o v e r  t h e  f u l l  range o f  o p e r a t i n g  tempera tures  and p r e s s u r e s  

exper ienced .  Q u a l i f i c a t i o n  of  t h e  system des ign  c o n d i t i o n s  i s  

g iven  by s i m i l a r i t y .  Acceptance w i l l  be g iven  t.hrough i n s p e c t  i on  

o f  t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  

2.2. MECHANICAL STRESSES 

T e s t i n g  of  a l l  system components has i n d i c a t e d  t h a t  mechanical  

s t r e s s e s  t h a t  a r i s e  w i t h i n  t h e  system do n o t  cause  damage o r  

mal func t ion  of t h e  system o r  i t s  components. There has been no 

v i b r a t i o n  i n  p i p i n g ,  duct i r ig ,  i n s t rumen ta t i on  l i n e s  ' o r  cont.to1 , 

d e v i s e s .  V ib ra t i on  from moving p a r t s  w i t h i n  t h e  pumps and a i r  

c i r c u l a t i n g  fans  has n o t  p'roduced any v i , s ab l e  damage o r  exces -  
. . 

s i v e  n o i s e ,  nor  has  t h e r e  been any wate r  hammer i n  t h e  f l u i d  

t r a n s f e r  l i n e s .  
i 

Vacuum r e l i e f  p r o t e c t i o n  i s  of  i n t e r e s t  w i t h i n  t h e  c o l l e c t o r  

fluid ' t r a n s f e r  loop on ly .  A l l  components have. been des igned 

t o  w i t h s t a n d  c o l l a p s i n g  p r e s s u r e s  i f  s u b j e c t e d  t o  vacuum.. The 

. expans ion  tank  w i t h i n  t h e  loop has been ASME t e s t e d  and approved. 

Vacuum r e l i e f  p r o t e c t i o n  i s  no t  n e c e s s a r y  .in any o t h e f  f l u i d  

t r a n s f e r  loop,  because ' t he se .  systems a r e  o p e r a t i n g  a t  a tmospher ic  

p r e s s u r e .  

Adequate compensation f o r  thermal expansion of t h e  absorber  p l a t e  

was des igned i n t o  t h e  c o l l e c t o r  pane l .  T e s t i n g  has v a l i d a t e d  t h e  

e f f e c t i v e n e s s  o f  t h e  des ign .  Q u a l i f i c a t i o n  of t h i s  s e c t i o n  i s  

g iven  by s i m i l a r i t y .  Acceptance w i l l  be g iven through i n s p e c t i o n  

o f  t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  



2 . 3  LEAKAGE PREVENTION 

A l l  s o l a r  c o l l e c t o r s  were p r e - t e s t e d  a t  1 . 5  M.E.O.P. There 
1 

were no f a i l u r e s  dur ing  t h e s e  t e s t s  t o  d a t e .  Continued o p e r a t i o n  

has produced no l e a k s  i n  t h e  thermal  f l u i d  s t o r a g e  t r a n s f e r  l i n e s .  

The domestic wa te r  system which i s  d i r e c t l y  connected t o  t h e  

po t ab l e  wa te r  supply  system has  n o t  l e aked .  Tes t i ng  and i n s t a l l a -  

. t i o n  was performed i n  accordance w i th  l o c a l  codes.  

The duct  systems f o r  t r a n s p o r t i n g  a i r  have been des igned i n  

accordance wi th  t h e  s t anda rds  con ta ined  i n  t h e  ASHRAE Systems 

Handbook 1973. T e s t i n g  of t h i s  system has  i n d i c a t e d  no d i s c e r n a b l e  

l e a k s .  Q u a l i f i c a t i o n  of t h i s  s e c t i o n  i s  g iven  by s i m i l a r i t y .  

Acceptance w i l l  be g iven by t e s t i n g  o f  t h e  o p e r a t i o n a l  t e s t  s i t e  

I n s t a l l a t i o n .  

2 . 4  COLLECTOR. AJUSTMENT 

. , .  . 

The s o l a r  pane l s  were i n s t a l l e d  on t h e  s o l a r  t e s t  f a c i l i t y  i n  

accordance wi th  t h e  s tandards ,  g iven i n  ASHRAE Handbook and 

P r o d u c t s  D i r ec to ry  1974. These c r i t e . r i a  s p e c i f i e d  a  c o l l e c t o r  - 
t i l t  angle  o f  45Ofrom h o r i z o n t a l .  As t h e  c o l l e c t o r s  have been 

i n s t a l l e d  i n  a  s i ng ' l e  bank t h e r e  i s  no mutual  shadowing o f  

c o l l e c t o r s .  Q u a l i f i c a t i o n  of t h i s  s e c t i o n  i s  given by s i m i l a r i t y .  

Acceptance w i l l  be given through i n s p e c t i o n  of t h e  o p e r a t i o n a l  

t e s t  s i t e  i n s t a l l a t i o n .  



2 . 5  SUB-SYSTEM .ISOLATION 

Both t h e  c o l l e c t o r  f lu i 'd  t r a n s f e r  and thermal  s t o r a g e  f l u i d  
. . 

t r a n s f e r  sub-systems oper .a te  mutua l ly  e x c l u s i v e l y  o f  ,one ano the r .  

Q u a l i f i c a t i o n  of t h i s  s e c t i o n  i s  given by s i m i l a r i t y ' .  ~ c c e p t a n c e . '  

w i l l  be g iven  through in spec t io ' n  of  t h e  o p e r a t i o n a l  t e s t ,  s i t e  

i n s  t a l l a t i o n .  ' 

2 . 6  HEAT TRANSFER FLUID QUALITY '. 

The c o l l e c t o r  f l u i d  s p e c i f i e d  f o r  t h i s  i n s t a l l a t i o n  is  S h e l l  

Thcrmis C.(33) mineral  o i l . ,  Th i s  o i l  has had many y e a r s  o f  proven 

expe r i ence  i n  t h e  p roces s  h e a t  i n d u s t r y  and must on ly  be p r o t e c t e d  

from an a i r  i n t e r f a c e  a t  . e l e v a t e d  tempera tures  t o  i n s u r e  years '  o f  

t r o u b l e  f r e e  s e r v i c e .  A s t a n d a r d  bottom e n t r y  baske t  s t r a i n e r  i s  

s u p p l i e d  a s  p a r t  o f  each system f o r  tile f i l t e r i n g  and remove1 oi: 

contaminants .  Entirapped a i r  i s  con t inuous ly  scrubbed and ven ted  

from t h e  system ( r e f e r e n c e  s e c t i o n  2 . I ) .  The a i r  i n t e r f a c e  mentioned. 

above is  :avoided by implementing a  c o l d  expansion t ank .  

System duc t  a i r  i s  adequa t ly  p r a t c c t c d  by f i l t r a t i o n  on t h e  r e t u r n  

a i r ,  o r . " suc t ion  s i d e  of  t h e  f a n .  - 
F l u i d  t r ea tmen t  f o r  t h e  s h e l l  Thermia C i s  n o t  a  concern a s  it 

r e t a i n s  i t s  p r o p e r t i e s  throughout  i t s  s e r v i c e  l i f e .  Normal p r e -  

c a u t i o n s  r equ i r ed  f o r  f r e e z e  and b o i l  p r o t e c t i o n  a r e  no t  neces sa ry  

w i t h  t h e  S h e l l  Thermia C minera l  o . i l ,  because o f  t h e  ve ry  h igh  . . 

(455' F) f l a s h  p o i n t ,  and low ;(1o0F) p o u r  p o i n t .  Q u a l i f i c a t i o n  

i s  given by s i m i l a r i t y :  Acceptance w i l l  be g iven  through in spec -  

t i o n  of  t h e  ope ra t i ona l '  t e s t  s i t e  i n s t a l l a t i o n .  



. . 
A l l  p i p i n g  has '  been i n s t a l l e d  i n  accordance  w i t h  l o c a l  plumbing 

codes and t o  s t a n d a r d s  c o n s i s t a d t  w i t h  t h e  ASHRAE 1973  Systems 

Volume. ~ u a l i f i c a t i o n  i s  g iven  by s i m i l a r i t y .  Acceptance w i l l  

be g iven t h rough  i n s p e c t i o n ' o f  t h e  oper . a t iona1  t e , s t  s i t e  i n s t a l l a -  

t i p n .  . . 

2 . 8 '  EXCESSIVE PRESSURE AND TEMPERATURE' PROTECTION 
. . 

The p r e s s u r e  r e l i e f  v a l v e  s u p p l i e d  a s  p a r t  of  t h e  c o l l e c t o r  f l u i d  

loop plumbing i s  s e t  a t  50  PSI. I t  i s  ven t ed  t o  atmosphere and 

a l lows f o r  f l u i d  d r a i n - o f f .  The p r e s s u r e  r e l i e f  v a l v e  was t e s t e d  

. . a t  50 PSI and o p e r a t e d  c o r r e c t l y .  Q u a l i f i c a t i o n  i s  ,given by . . ,  . . 

. . 
s i m i l a r i t y .  ~ c c e p t a n c e  . w i l l  be g iven  by t e s t i n g  . o f  t h e .  o p e r a t i o n a l  

t e s t  s i t e  i n s t a l l a t i o n .  

, 



3 . 0  STRUCTURAL - SYSTEMS AND COMPONENTS 

3 .1  STRUCTURAL DESIGN BASES 
. . 

The s t r u c t u r a l  de s ign  o f  . t h e  h e a t i n g  and hot  wa te r  systems 

i n c l u d i n g  connec t ions  and s u p p o r t i n g  s t r u c t u r a l  e lements  has  

been analyzed and i n s t a l l e d  accord ing  t o  a r c h i t e c t u r a l  s t a n d a r d s  

and n a t i o n a l l y  accep ted  codes.  The Development and Q u a l i f i c a t i o n  

phases  o f  t h i s  c o n t r a c t  were conducted a t  t h e  Col t  Inc .  Rancho 

Mirage C a l i f o r n i a  T e s t  F a c i l i t y .  The Col t  f a c i l i t y  employed a  

roof  . i n t e g r a t e d  c o l l e c t o r  a s  compared t o  t h e  f l a t  roof  t r u s s  

mounted c o l l e c t . n r s ,  t o  be . i n s t a l l e d  on each o p e r a t i o n a l  t e s t '  s i t e .  

Ther 'efore ,  many o f  t h e  s t r u c t u r a l  requirements  and c r i r e r i o n  a re  

d i s s i m i l a r .  Accep tance . a t  t h e  o p e r a t i o n a l  t e s t  s i t e  w i l l  be g iven 

I t - i s  a n t i c i p a t e d , t h a t  . the  b a s i c  s t r u c t u r a l  de s ign  c r i t e r i a  

a p p l i c a b l e  i n  a l l  t h r e e  phases ,  Development, Q u a l i f i c a t i o n  and 

Acceptance i s  t h e  s t r e s s  a n a l y s i s  o f  t h e  Col t  1 n t .  c o l l e c t o r  t r u s s  

suppor t s  u t i f i z e d  a t  t h e  o p e r a t i o n a l  t e s t  s i t e s .  Th is  a n a l y s i s  

has been completed and t h e  r e s u l t s  a r e  i n d i c a t e d  i n  E x h i b i t s  3.1-A 

and 3.1-B. Included are t.he a p p l i c a b l e  s a f e t y  f a c t o ~ s  i nco rpo ra t ed  

i n t o  t h e  s t r u c t u r e  des ign .  . 

3 . 2  FAILURE LOADS AND LOAD CAPACITY 

I c e  l oads  and v e h i c u l a r  l o a d s  a r e  no t  a p p l i c a b l e  i n  t h e  Rancho 

Mirage Tes t  F a c i l i t y  l o c a t i o n .  Acceptance a t ' t h e  o p e r a t i o n a l  
'. . 

t e s t  s i t e s  w i l l  be g iven through i n s p e c t i o n .  
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3 . 3  - DAMAGE CONTROL 

The s t r u c t u r a l  e l e m e n t s  and c o n n e c t i o n s  o f  t h e  h e a t i n g  and h o t  

w a t e r  sys tems  have been d e s i g n e d  . t o  w i t h s t a n d  s e r v i c e  l o a d s  

w i t h o u t  damage o f  u n a c c e p t a b l e  magni tude .  Acceptance w i l l  be 

g iven th rough  i n s p e c t i o n  of  t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a -  

t i o n .  

3 . 4  C Y C L I C  LOADS 

A l l  s t r u c t u r a l  e l e m e n t s  and c o n n e c t i o n s  o f  t h e  h e a t i n g  and h o t  

w a t e r  sys tems have been i n s t a l l e d  a c c o r d i n g  t o  n a t i o n a l  plumbing 

code'; and s h a l l  w i t h s t a n d  t h e  a p p l i c a t i o n  of  c y c i c  l o a d s  e x p e c t e d  

dur ing  t h e  s e r v i c e  l i f e .  Acceptance a t  t h e  o p e r a t i o n a l  t e s t  s i t e s  

w i l l  be g i v e n  th rough  i n s p e c t i o n .  

3 .5  CllTTING OF STRUCTURAL ELEMENTS 
i' 

A s  t h e r e  has  been no c u t t i n g  o f  s t r u c t u r a l  e l e m e n t s  a t  t h e  Rancho 

Mirage T e s t  F a c i l i t y  n o r  w i l l  t h e r e  be c u t t i n g  o f  s t r u c t u r a l  

e l ements  a t  e ' i t h e r  o f  the' o p e r a t i o n a l -  t e s t  s i t e s ,  t h i s  s e c t i o n  i s  

n o t  a p p l i c a b l e  t o  t h e  report . .  

3 . 6  CREEP AND RESIDUAL DEFLECTION 

This  s e c t i o n  i s  n e i t h e r  a p p l i c a b l e  i n  t h e  Development and t h e  

Q u a l i f i c a t i o n  p h a s e ,  n o r  i s  it a p p l i c a b l e  i n  t h e  Acceptance phase .  

None o f  t h e  l o a d s  imposed by t h e  c o l l e c t o r  p a n e l s   re s u f f i c i e n t  
, 

t o  cause  c r e e p - o r  r e s i d u a l  d e f l e c t i o n  of any s o r t .  



3 . 7  HA1 L RESISTANCE . . 

' )' . 
The h e a t i n g  and h o t  w a t e r  sys t em components and s u p p o r t i n g  p .. : 

i ' 

s t r u c t u r a l  e l e m e n t s  exposed  t o  t h e  n a t u r a l  envi ronment  a r e  

. c a p a b l e  o f  r e s i s t i n g  impact  by h a i l  w i t h o u t  u n a c c e p t a b l e  damage. . 

T h i s  re.quirement i s  n o t  a p p l i c a b l e  t o  t h e  Rancho Mirage T e s t  

F a c i l i t y ,  because  o f  t h e  t o t a l  l a c k  ' o f  h a i l  i n  t h i s  c l i m a t e .  

A c t u a l  a n a l y s i s  o f  t h i s  . r e q u i r e m e n t  a t  e a c h  o p e r a t i o n a l  t e s t  . . 

s i t e -  i's l e f t  f o r  s i m i i a r i t y  t o  r e s u l t s  o f  t h e  'analyses cunclucLell 

a t  t h e  Los Alamos S c i e n t i f i c  L a b o r a t o r i e s  i n  Los Alamos, New 

Mexico. Los Alamos i s  i n  one o f  t h e  h i g h e s t  h a i l  impact a r e a s  

i n  t h e  w o r l d .  T h e i r  c o l l e c e o r  which u s e s  t l ie  same g l a z i n g ,  as  

t h e  C o l t  c o l l e c t o r ,  has  n o t  been damaged. 

3 . 8  CONSTRAINT LOADS 

1 .  The ,Col t  f a c i l i t y , . h a s  d e s i g n e d  t o  accommodate t h e  s o l a r .  l o a d s  from 

a l l  . pan ' e l s  and p i p i n g .  The a n a l y s i s  was s i g n e d  by a  p r o f e s s i o n a l .  

e n g i n e e r .  'Both  t h e  o p e r a t i o n a l  t e s t  s i t e s  u t i l i z e d  e x i - s t i n g  

s t r u c t u r e s .  A l l  l o a d  c a l c u l a t i o n s  were made by t h e  b u i l d i n g  

owner and s t r u c t u r e  t o  s u p p o r t  t h e  c o l l e c t o r s  h a s  been p r o v i d e d  

by t h e  b u i l d i n g  owner. - 

3 . 9  PONDING CONDITIONS 

Ponding c o n d i t i o n s  &re  n o t  a p p l i c a b l e  i n  e i t h e r  t h e  Development i i 

and Q u a l i f i c a t i o n ,  n o r  Acceptance  p h a s e s  o f  t h i s  c o n t r a c t .    one 
o f  t h e  r o o f  s u r f a c e s ,  where c o l l e c t o r s  have been moun ted ,wi l l  

p e r m i t  ponding.  



4.0 SAFETY - SYSTEMS AND COMPONENTS 

. . 

4 . 1  PLUMBING AND ELECTRICAL INSTALLATION 

 he des ign  and i n s t a l l a t i o n  of t h e  systems f o r  h e a t i n g  and ho t  

water  and t h e i r  components have been conducted i n  accordance 

wi th  n a t i o n a l l y  recognized plumbing and e l e c t r i c a l  codes.  

Q u a l i f i c a t i o n  i s  given by s i m i l a r i t y .  Accept'ance w i l l  be g iven  

through i n s p e c t i o n  of t h e  o p e r a t l o n a l  t e s ' t  s i t e  i n s t a l l a t i o n .  

4 . 2  F.AI L-  SAFE CONTROLS 

The h e a t i n g  and ho t  wate r  systems have been des igned t o  be f a i l -  

s a f e  i n  t h e  even t  . o f  damage t o  t h e  system components o r  i n  ' t h e  

event  of a  power f a i l u r e .  The o i l  . c i r c u l a t i n g  l o o p  i s  des igned . 

t o  o p e r a t e  a t  a  p ressure .  of  25 - 30 PSI. A s t a n d a r d  p r e s s u r e  

r e l i e f  v a l v e ,  p r e s e t  . a t  50 .PSI, has been ins t . a . l l ed  w i t h i n  this 
. . 

loop.  This  v a l v e i h a s  been t e s t e d  and does o p e r a t e  c o r r e c t l y  when 

p r e s s u r e s  .exceed 50 PSI. 

. . .  

Each c i r c u l a t i n g  pump i s  i n s t a l l e d  wi th  a  motor c o n t r o l l e r  and 
. . 

i n d i v i d u a l l y  r e s e t a b l e  c i r c u i t - b r e a k e r  sw i t ches .  These swi t ches  

a r e  supplimented by i n d i v i d u a l  back-up swi tches  l o c a t e d  ' a t  t h e  

main c i r c u i t  b r eake r  pane l ;  The a u x i l i a r y  r e s i s t a n c e  s t r i p  h e a t e r ,  

. l o c a t e d  i n  t he  a i r  duc t  work, i s  p r o t e c t e d  by two l i m i t i n g  thermo- 

s t a t i c  sw i t ches .  , One swi t ch  i s  a u t o m a t i c a l l y ' r e s e t  , t h e  second 

s b i t c h  must be manually r e s e t .  These swi tches  were t e s t e d  under 

t h e  fol lowing c o n d i t i o n s :  t h e  a i r  flow c i r c u l a t i n g  fan was d i s a b l e d ,  

and t h e  r e s i s t a n c e  s t r i p  h e a t e r  was swi tched on. The au tomat ic  
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1 .  . * 

t h e r m o s t a t i c  s w i t c h .  opened a f t e r .  two minu tes  o f  o p e r a t i o n ,  and 

. t h e  manual t h e r m o s t a t i c .  s w i t c h  opened a f t e r  an a d d i t i o n a l  two 
. . 

m i n u t e s  o f  o p e r a t i o n .  q u a l i f i c a t i o n  i s  g iven  by s i m i l a r i t y .  
1 .. 

~ c c e ~ t a n c e  w i l i  be g i v e n  by t e s t i n g  o f  t h e  o p e r a t i o n a l  t e s t  

s i t e  i n s t a l l a t i o n .  

4 .3  , F I R E  SAFETY. 

The d e s i g n  and i n s t a l l a t i o n  o f  t h e  h e a t i n g  and h o t  wa te r  sys tem 

. . and t h e i r  components' p r o v i d e  t h e  maximi.lm l e v e l  o f  f i r e  s a f t t y  

which i s  c o n s i s t a n t  w i t h  a p p l i c a b l e  co'des and s t a n d a r d s ,  Qual-  

i f i c a t i o n  is g iven  by s i n \ i l a r i t y .  Acceptanc.e . w i l l  be g iven  
. . 

th rough  i n s p e c t i o n - . o f  t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  

' ' ' 4.4 TOXIC AND FLAMMABLE FLUIDS 
. . 

. . 
The working c o l l e c t o r  f l u i d  h a s  been d e s i g n a t e d . a s  S h e l l  Thermia 

. . 
C(33).  . T h i s  i s  a' non- t o x i c  and e s s e n t i a l l y  non- flammable f l u i d  

i n  t e m p e r a t u r e  r a n g e s  in .  e x c e s s  o f  250% o f  t h e  a c t u a l  measured 

o p e r a t i n g  t e m p e r a t u r e s .  q u a l i f i c a t i o n  . i s  . given  by S i r n i l a r i  ty . 
Acceptance w i i l  be g iven  th rough  i n s p e c t i o n  o f  t h e  o p e r a t i o n a l  

t e s t  s i . t e  i n s t a l l a t i o n .  . 
4 . 5  SAFETY UNDER EMERGENCY CONDITIONS 

The d e s i g n ' a n d  i n s t a l l a t i o n  of  t h e  h e a t i n g  and h o t  w a t e r  systems 

does n o t  impa i r  t h e  emergency movement o f  occupan t s  of  t h e  f a c i l i t y  

o r  emergency p e r s o n n e l .  B u i l d i n g  e x i t s  and o p e r a t i n g  passageways 
1 : 

a r e  l o c a t e d  i n  a  manner t o  .p rov ide  qu ick  and e f f i c i e n t  movement ; I 

of  b u i l d i n g  occupan t s  d u r i n g  an emergency c o n d i t i o n .  Qua l i  f i c n t i o n  



i s  g iven  by s i m i l a r i t y .  Acceptance w i l l  be  g iven  through 

i n s p e c t i o n  o f  t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  
. . 

4.6  'PROTECTION OF WATER A N D .  CIRCULATED A I R  

No m a t e r i a l ,  form o f  c o n s t r u c t i o n ,  f i x t u r e ,  appur tenance  o r  i t em 

of  equipment has  been employed t h a t  w i l l  s u p p o r t  t h e  growth of 

m i c r o o r g a n i s m s  o r  i n t r o d u c e  t o x i c  s u b s t a n c e s ,  i m p u r ' i t i e s ,  b a c t e r i a  

o r  chemicals  i n t o  t h e . p o t a h l e  w a t e r  and a i r  c i r c u l a t i o n  sys tems .  

P o t a b l e  w a t e r  i n  t h e  dsmestik w a t e r  h e a t i n g  sub-sys tem i s  p r o t e c t e d  

by a two boundry i n t e r f a c e  t h a t  has  been s e t  f o r t h  a s  a  n a t i o n a l  

s t a n d a r d  th rough  HUD p r e r e q u i s i t s .  Q u a l i f i c a t i o n  i s  g i v e n  by 

s i m i l a r i t y  . Acceptance w i l l  be g iven  th rough  i n s p e c t i o n  o f  t h e  

o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  

. . 
4 . 7  EXCESSIVE SURFACE TEMPERATURES 

. . 
? 

The c o l l e c t o r  s e t  f o r t h  th rough  t h e  Development phase  h a s  r e c o r d e d  

s t a g n a t i o n  t e m p e r a t u r e s  a s  f o l l o w s  : empty- - 4 2 3 * ~ ,  f u l l -  - 3 7 4 * ~ .  

The c o l l e c t o r  u s e d  i n  t h e  Q u a l i f i c a t i o n  phase  deve lops  , t e m p e r a t u r e s  

approx imate ly  5o0F lowei  i n  each  c a s e '  a s  a  r e s u l t  of  t h e  u s e  o f  

a  s e m i - s e l e c t i v e  s u r f a c e .  As  t h e  c o l l e c t o r  working f l u i d ,  S h e l l  
w 

0 
Thermia C ,  can be s a f e l y  o p e r a t e d  i n  t e m p e r a t u r e  r anges  t o  600  F ,  

i t  i s  de te rmined  t h a t  t e m p e r a t u r e s  o f  t h e  e x t e r i o r  s u r f a c e s  o f  t h e  

h e a t i n g  and h o t  w a t e r  sys tems w i l l  n o t  c rea te . .  a  h a z a r d .  Acceptance 
, 

w i l l  be g i v e n  th rougk  i n s p e c t i o n  o f  t h e  o p e r a t i o n a l  t e s t  s i t e  

i n s t a l l a t i o n .  



. .  . . . 
. . . .  . . 

. . 
. . 

5 . 0  . DURABILITY/RELIABILITY - SYSTEMS AND COMPONENTS 

5 . 1  EFFECTS OF. EXTERNAL ENVI RONMENT 

. . 
The systems f o r  space  h e a t i n g  and domestic h o t  wate r  h e a t i n g  

and t h e i r  va r ious  sub-assembl ies  a r e  n o t  a f f e c t e d  by e x t e r n a l  

environmental  f a c t o r s  t o  any e x t e n t  t h a t  w i l l  impair  t h e i r  

f u n c t i o n  dur ing  t h e i r  de s ign  l i f e .  

The Dcvelopment phase s o l a r  panel  housing i s  c o n s t r u c t e d  of  

s t e e l  wh-ich has a  baked enamel f i n i s h .  The g l a z i n g  m a t e r i a l  i s  

smooth ASG.Sunadex g l a s s .  The Q u a l i f i c a t i o n  phase c o l l e c t o r  

housing i s  c o n s t r u c t e d  of  6063-T5, dark  bronze anodi x e d  aluminum 
- , .  

e x t r u s i o n s ,  a  3003-H14 aluminum back p l a t e ,  and ' a  cove'r p l a t e  of 

ASG Sunadex g l a s s .  I n  both  c a s e s  a l l  component m a t e r i a l s  have 

been s e l e c t e d  t o . w i t h s t a n d  e x t e r n a l  environmental  e f f e c t s  through-  

o u t  t he  expec ted  d e s i g n  l i f e .  The g1as.s cover p l a t e  m a t e r i a l  i s  

smooth t o  provide  f o r  a  minimum of  d i r t  r e t e n t i o n .  Acceptance 

w i l l  be given through i n s p e c t i o n  of  t h e  o p e r a t i o n a l  t e s t  s i t e  

5 . 2  TEMPERATURES AND PRESSURE RESISTANCE * 

System components a r e  capable  of  performing t h e i r  in tended  

f u n c t i o n  f o r  t h e i r  des ign .  l i f e  when exposed t o  t h e  t empera tures  

and p r e s s u r e s  t h a t  a r e  developed w i t h i n  t h e  system and sub-systems.  

Reference t o  s e c t i o n s  2 . 8  and. 4 . 7  p rov ides  ana lyses  a l r e a d y  given 

through i n s p e c t i o n  of t h e  o p e r a t i o n a l  t e s t  s . i t e  i n s t a l l a t i o n .  



A l l  system components a r e  manufactured from m a t e r i a l s  des igned  

t o  be compatable w i t h  working f l u i d s  con tac t ed .    he c o l l e c t o r  

h e a t  t r a n s f e r  f l u i d  i s  a  n o n - t o x i c ,  non -co r ros ive  mineral  o i l ,  

and the  on ly  o t h e r  working . f l u i d  i s  wate r .  The c o l l e c t o r  f l u i d  

h e a t  exchanger i s  manufactured from s t a i n l e s s  s t e e l  s h e e t  m a t e r i a l .  

A l l  f l u i d  t r a n s p o r t  l i n e s  a r e  copper w i t h  e i t h e r  copper or.  b r a s s  

f i t t i n g s .  Q u a l i f i c a t i o n  i s  given by s i m i l a r i t y .  Acceptance w i l l  

be given through i n s p e c t i o n  of t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a -  

t i o n .  

5 . 4  COMPONENTS INVOLVING MOVING PARTS 

, .. A l l  check, . . .  v a l v e s ,  pumps, e l e c t r i c  swi tches  a n d  s i m i l a r  components 

have been s e l e c t e d  a f t e r  r e s e a r c h  has determined- t h a t  i n d i v i d u a l  

components w i l l  o p e r a t e  f o r  t h e i r  in tended  l i f e  span whi le  

s u b j e c t e d  t o  t h e  predetermined tempera tures  and p r e s s u r e s  e s t a b -  

l i s h e d  a s  des igned c r i t e r i a  w i t h i n  each system and sub-system.  

Q u a l i f i c a t i o n  i s  given by s i m i l a r i t y .  Acceptance w i l l  be g iven  

through i n s p e c t i o n  of t h e  o p e r a t i o n a l  t e s t  s i t e  i n s t a 1 , l a t i o n .  
v 
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6.0 ... . MAINTAINABILITY - SYSTEMS A N D .  GOMPONENTS . 

6.1,  ACCESSIBILITY FOR MAINTENANCE AND SERVICING 

T h e  s y s t e m  f o r  space  . h e a t i n g  . .  and domest ic  h o t  wa t e r  h e a t i n g .  has  

been des igned  and c o n s t r u c t e d  - .  t o  p rov ide  s u f f i c i e n t  a c c e s s  f o r  

g e n e r a l  maintenance ,  conven ien t  s e r v i c i n g  and mon i to r i ng  o f  a l l  

sys tem performance.  A l l  i n d i v i d u a l .  i t ems  o f  equipment and 

components a r e  a c c e s s i b l e  f o r  i n s p e c t i o n ,  s e r v i c e ,  r e p a i r ,  ' removal 
* - 

o r  replacement  w i thou t  d i sman t l i ng  any a d j o i n i n g  major  p i e c e  of  

equipment o r  sub-sys tem.  Appropr ia te  a cce s s  has been p rov ided  f o r  

s e n s o r s  t h a t  are used f o r  ' i n s p e c t i n g  and checking e s s e n t i a l  system 

p a r a m e t e r s ,  such a s  t empe ra tu r e ,  p r e s s u r e  and v o l t a g e .  System 

'maintenance  and r e p a i r  has  been f a c i l i t a t e d  by c o n v e n i e n t l y  l o c a t e d  

f i l l  and d r a i n  v a l v e s .  A l l  e s s e n t i a l  f i l t e r s  have been l o c a t e d  s o  

a s  t o  p rov ide  f o r  conven ien t  c l e a n i n g  and rep lacement .  The ho t  
? . , 

water sys tem has  been va lved  t o  p rov ide  s h u t - o f f  from t h e  c o l d  

w a t e r  supp ly .  Q u a l i f i c a t i o n '  i s  g iven  by s i m i l a r i t y .  Acceptancc 

w i l l  be g iven  th rough  i n s p e c t i o n  o f  t h e  o p e r a t i o n a l  t e s t  s i t e  

i n s t a l l a t i o n .  

6.2 INSTALLATION, OPERATION AND MAINTENANCE MANUAL ' 

Thi s  manual has  been p rov ided  and submi t t ed  on September 1 4 ,  1 9 7 7 .  

, . -  

6 . 3  REPAItR AND SERVICE PERSONNEL 
! 

Col t  I nc .  has  developed a  t r a i n i n g  program t o - i n c l u d e  i n s t a l l a t i o n  ' ': . . 

and maintenance o f  each  o p e r a t i o n a l  t e s t  s i t e  equipment hardware.  

Th i s  t r a i n i n g  program has  been submi t t ed  on September 14;  1.977. 



7 . 0  FUNCTION - FACILITIES 'AND SITES 

7 . 1  DESIGN 

T h i s  s e c t i o n  i s  n o t  a p p l i c a b l e  t o  t h e  Development phase  of  t h i s  

program. The s o l a r  t e s t  f a c i l i t y  l o c a t e d  i n  Rancho Mirage t h r o u g h  

which Q u a l i f i . c a t i o n  i s  g i v e n  h a s  been a r c h i t e c t u r a l l y  d e s i g n e d  t o  

b e  a e s t h e t i c a l l y  p . l eas ing .  Cons i d e r a t i o n  was g i v e n  i n  t h e  f a c i l i t y  

and s i t e  d e s i g n  t o  t h e  u t i l i z a t i o n  o f  p a s s i v e  s o l a r  e n e r g y  whereve r  

p r a c t i c a l .  AccepLar~ce w i l l  be g i v e n  t h r o u g h  i n s p e c t i o n  o f .  t h e  

o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  

7 . 2  ADEQUATE SPACE 

I 

The s o l a r  t e s t  f a c i l i t y  .has been d e s i g n e d  t o  g i v e  a d e q u a t e  s p a c e  

, t o  accommodate t h e  s o l a r  h e a t i n g  and h o t  w a t e r  sys t ems .  The roo'f 
0 

p o r t i o n ,  hous ing  t h e  s o l a r  c o l l e c t o r s ,  i s  p i t c h e d  a t  t h e  45 a n g l e  
i' 

n e c e s s i t a t e d  by t h e  l a t i t u d e  o f  t h e  . s i t e  l o c a t i o n  and p r o v i d e s  

t h e ' 6 0 0  s q u a r e  f e e t  n e c e s s a r y  f o r  t h e  s o l a r  p a n e l s .  The t h e r m a l  

s t o r a g e  v e s s e l  h a s  been b u r i e d  e x t e r n a l l y  t o  t h e  f a c i l i t y ,  l o c a t e d  

i n  a  manner t o  p r o v i d e  a c c e s s i b i l i t y  f o r .  d r a i n i n g  and r e p a i r i n g  

when n e c e s s a r y .  Acceptance  w i l l  be g i v e n  t h r o u g h  i n s p e c t i o n  of  t h e  

o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  

The u s e  o f  t h e  f a c i l i t y  and s i t e  i s  n o t  i m p a i r e d  i n  anyway by t h e  

h e a t i n g  and h o t  w a t e r  sys tem.  A l l  sys t em components '  and equipment  

aye l o c a t e d  i n  a  u t i l i t a r i a n  " s e c t i o n  o f  t h e  f a c i l i t y  which i s  



e ~ s ' ~ n t i a l 1 y  non'-usable ' space  f o r  t h e  no'rmal f u n c t i o n  o f  t h a t  
. - 

f a c i l i t y .  Acceptance w i l l -  be g iven  th rough  i n s p e c t i o n  o f .  t.he 
. . 

. . 

o p e r a t ' i o n a l  t e s t  s i t e  i n s t a l l a t i o n .  
. . 

. . . . 
7 .4  COMPATABI LITY WITH CONVENTIONAL SYSTEMS 

A s  t h e  s i t e  s e l e c t e d  was des igned  , p r i m a r i l y  a s  a  s o l a r  t e s t  and 

manufac tu r ing  ' f a c i l i t y ,  c o m p a t i b i l i t y  ha s  been a s s u r e d  th rough  t h e  . . . . 

' .  . i n i t i a l  e n g i n e e r i n g  and : a r c h i t e c t u r a l  d e s i g n .  phases .  ~ c c e p t a n c e  

will. b e  g iven th rough  i n spec t i on '  o f  t h e  o p e r a t i o n a l  t e s t  ' s i t e  . 

i n s t a l l a t i o n .  



. . 

8 . 0  MECHANICAL - FACILITIES AND SITES 

8 .1  INTERFACE WITH MECHANICAL OPERATION 

The f a c i l i t y  and s i t e  e lements  do no t  p reven t  t h e  p roper  

mechanical f u n c t i o n i n g .  o f '  t h e  h e a t i n g  and ho t  wa te r  systems.  

Through a n a l y s i s  and i n s p e c t i o n ,  eng ineer ing  des ign  has p rec luded  
. . . . .  

t he  p o s s i b i l i t y  o f  ad j acen t  f a c i l i t i e s  and p l a n t i n g  arrangements 

t o  block o r  shade t he  s o l a r  p a n e l s .  I n t e r i o r  and e x t e r i o r  c o n t r o l  

sensors  have been l o c a t e d  t o  p rov ide  ambient c o n d i t i o n s ,  and/or  

o t h e r  o p e r a t i n g  parameters  which a r e  f r e e  of  unnecessary  i n t e r -  

fe rence  from e x t e r n a l  f a c t o r s ,  s u c h  a s ,  shade and d r a f t s .  

Acceptance w i l l  be g iven through i n s p e c t i o n  of t h e  o p e r a t i o n a l  

t e s t  s i t e  i n s t a l l a t i o n .  
. . . . . . .  

. . 8 . 2 :  MECHANICAL AND ELECTRICAL FUNCTIONING OF FACILITY AND,SITE 

, i' 
A :  

The mechanical and e l e c t r i c a l  o p e r a t i o n  of t h e  f a c i l i t y  o r  s i t e  
. . 

i s  no t  a f f e c t e d  by  t h e  h e a t i n g  and hot  wate r  sys tems.  T h i s  

a n a l y s i s  i s  given through i n s p e c t i o n  a t  each oper .a t iona1  t e s t  

s i t e  i n s t a l l a t i o n .  ' ,  ' 

8 . 3 .  MECHANICAL AND ELECTRICAL FUNCTIONING OF CONNECTIONS 

The connect ions  between t h e  h e a t i n g  and h o t  wate r  systems and 

the  f a c i l i t y  func t ion  mechanica l ly  and e l e c t i i c a l l y  as  i n t ended .  

Plumbing connect ions  between t h e  s o l a r  components and t h e  wate r  

s e r v i c e  and was te  d i s p o s a l  systems were i n s t a l l e d  i n  accordance 

. with ' n a t i o n a l  ' s t andard  plumbing codes a s  a p p l i c a b l e .  A l l  

e l e c t r i c a l  connec t ions  between t h e  s o l a r  components and t h e  

e l e c t r i c a l  system o f  t h e  f a c i l i t y  a r e  i n  accordance w i t h  t h e  . 

n a t i o n a l  e l e c t r i c a l  codes.  

39 
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9 . 0  STRUCTURAL - .FACILITIES AND SITES 
. . 

9.'1 . ,STRUCTURAL 1.NTEGRITY OF THE HEATING AND I-IOT WATER SYSTEMS 

The f a c i l i t y  i s  n o t  unduely a f f e c t e d  by t h e  s t r u c t u r a l  i n t e g r i t y  

of t h e  h e a t i n g  and h o t  'water  sys tems.  A l l  s o l a r  components have 

been l o c a t e d  s o  a s  t o  ' t a k e  i n t o  accoun t  any p o s s i b l e  movements 

i n  a d j a c e n t  s t r u c t u r e s  which cou ld  cause  damage. Th i s  a n a l y s i s  

. . 
i s  g iven  through i n s p e c t i o n  o f  each o p e r a t i o n a l  t e s t  s i t e  i n s t a l l a -  

9.2 STRUCTURAL INTEGRITY OF FACILITY . . 

The s t r u c t u r a l  i n t e g r i t y  o f  t h e  f a c i l i t y  and s i t e  e lements  w i l l  

. n o t  be unduely a f f e c t e d  .by t h e  h e a t i n g  and ho t  w a t e r  sys tems.  

Review o f  t h e  s t r u c t u r a l  drawings ,  s p e c i f i c a : t i o n s  and d e s i g n  

c a l c u l a t i o n s ,  a s  s e t  f o r t h  i n  Chapter  3 ,  'combined w i t h  i n s p e c t i o n  

o f  each o p e r a t i o n a l  t e s t  s i t e ,  a s s u r e s  adequa te  s t r u c t u r a l  copa-  

b i l i t y  f o r  c a r r y i n g  t h e  i n c r e a s e d  l oads  imposed by t h e  s o l a r  

components. 

9 . 3  STRUCTURAL CONNECTIONS 

S t r u c t u r a l  connec t ions  between s o l a r  componehts and t h e  f a c i l i t y  

' o r  s i t e  e lements  a r e  c apab l e  o f  c a r r y i n g  .the'  l o a d s  imposed by 

t h e  s o l a r  components. S t r e s s  a n a l y s e s  have bqen conducted  and 
. .  . . ., . 
! 

. . 
t h e  l oads  imposed have been compensated f o r  i n  t h e  e n g i n e e r i n g  

i 

. . .  

des ign  f o r  each o p e r a t i o n a l  t e s t  s i t e .  .: . 



10.0 SAFETY - FACILITIES AND SITES 

1 0 . 1  SAFETY OF FACILITY AND SITE 

The s a f e  o p e r a t i o n  o f  t h e  f a c i l i t y  o r  s i t e  has  n o t  been a f f e c t e d  

by t he  h e a t i n g  and hot  wa t e r  sys tems .  T h i s  has been de te rmined  

through i n s p e c t i o n  o f  each  o p e r a t i o n a l  test s i t e  i n s t a l l a t i o n .  
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12.0 ' MAINTAINABILITY - FACILITIES AND SITES' 

1 2 . 1  MAINTAINABILITY O F  HEATING' AND HOT WATER SYSTEMS 

The s o l a r  components a t  each o p e r a t i o n a l  t e s t  s i t e  have been 

i n s t a l l e d  i n  a  manner so a s  n o t  t o  p reven t  t h e  p r a c t i c a l  main- 

t a i n a b i l i t y  of  e i t h e r  t h e  h e a t i n g  and ho t  wate r  system components 

o r  t h e ,  f a ' c i l i t y .  . A l l  system components have .been i n s t a l l e d .  t o  

a l low f o r  ease  of , s e r v i c i n g  and./or replacement .  ~e ' rmanen t  main- 

tenance a c c e s s o r i e s ,  such a s ,  hose  b i b s ,  d r a i n s ,  .etc. ,  , neces sa ry  
. . 

f o r  t h e  maintenance. of t h e  h e a t i n g  and ho t  wate r  system, have been 

provided.  

1 2 . 2  MAINTAINABILITY OF FACILITY AND SITE 

The s o l a r  components a t  each o p e r a t i o n a l  t e s t  s i t e  have been 

i n s t a l l e d  i n  such a manner a s  n o t  t o  p reven t  t h e  p r a c t i c a l  main- 
i' 

t a i n a b i l i t y  of  t h e  f a c i l i t y .  . . 

12 .3  CONNECTIONS 

The connec t ions  between t h e  hea t ing  and ho t  wate r  systems and the  

f a c i l i t y  have been i n s t a l l e d  i n  a  manner so as t o  be r e a d i l y  

a c c e s s i b l e  f o r  maintenance . and . replacement .  



$3.0 VISUAL CHARACTERISTICS - FACILITIES AND SITES 
' I *  

1 3 . 1  VISUAL CHARqCTERISTICS - FACILITIES AND .SITES , 

A l l  s o $ a r  h e a t i n g  and ho t  wa t e r  sys tem components have been ! 

. . .  

a rqb . iFpc tu r a l l y  i n t e g r a t e d  . .. i n t o ,  e ach  o p e r a t i o n a l  t e s t  s i t e  i n  

a qapnqr s o  as t o  be a e s t h e t i c a l l y  p l e a s i n g .  The e f f e c t s  o f  thk  

s o l a r  sub-sys tems on t h e  mass, s c a l e ,  g r i d - p a t t e r n ,  t e x t u r e  and 

col'pr . . p f  t h e  f a c i l i t y  have a l l  been cons ide r ed  and i n c o r p o r a t e d  

i n t o  The d e s i g n *  
. , 
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