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PURPOSE 

The p u r p o s e  of t h i s  r e p o r t  i s  t o  p r e s e n t  t h e  t e s t  p ro -  
c e d u r e s  u s e d  and t h e  t e s t  r e s u l t s  o b t a i n e d  d u r i n g  a n  
e v a l u a t i o n  t e s t  program. The t e s t  program was conducted  
t o  o b t a i n  t h e r m a l  performance  d a t a  on a  S o l a r g e n i c s  
s i n g l e - c o v e r e d  l i q u i d  s o l a r  c o l l e c t o r  u n d e r  o u t d o o r  con- 
d i t i o n s  ( R e f e r e n c e  2 . 1 ) .  f o l l o w i n g  l o n g  t e r m  e x p o s u r e  
t o  n a t u r a l  w e a t h e r i n g  c o n d i t i o n s .  The tes ts  were con- 
d u c t e d  u t i l i z i n g  t h e  M a r s h a l l  Space F l i g h t  C e n t e r  Bread- 
board  T e s t  F a c i l i t y  i n  a c c o r d a n c e  w i t h  t h e  o u t d o o r  t e s t  
r e q u i r e m e n t s  of  Refe rence  2 .2 .  

REFERENCES 

ASHRAE 93-77 

Thermal Performance  E v a l u a t i o n  o f  
t h e  S o l a r g e n i c s  S o l a r  C o l l e c t o r  
a t  Outdoor C o n d i t i o n s  

Method o f  T e s t i n g  t o  Determine t h e  
Thermal performance  o f  S o l a r  Col- 

COLLECTOR DESCRIPTION 

l e c t o r s  

Manufac tu re r :  

Mode 1 Number : 

S e r i a l  Number: 

Type : 

Working F l u i d :  

.Gr.oss C o l l e c t o r  Area ,  
F c ~ . '  ' . 

S o l a r g e n i c s  

808 G r e t n a  Green Way 
Los Ange les ,  C a l i f o r n i a  

None 

None 

F l a t  P l a t e  

O v e r a l l  e x t e r n a l  dimen- Width, i n c h e s :  , 38.12 
s i o n s :  , Leng th ,  i n c h e s :  240.00 

T h i c k n e s s ,  i n c h e s :  3-7/8 
A p e r t u r e  a r e a ,  53.34 f t 2  

. . l t 2 :  

C o l l e c t o r .  g l a z i n g  : S i n g l e  4 

Weight ,  l b s :  (Not a v a i l a b l e  ) 



4 . 0  SUMMARY 

Thermal p e r f o r m a n c e t e s t s  w e r e  conduc ted  on t h e  S o l a r -  
g e n i c s  s i n g l e - c o v e r e d  l i q u i d  s o l a r  c o l l e c t o r  f o l l o w i n g  
l o n g  t e r m  e x p o s u r e  t o  n a t u r a l  w e a t h e r i n g  c o n d i t i o n s .  
The c o l l e c t o r  was mounted on t h e  w e a t h e r i n g  t e s t  s t a n d  
a t  t h e  S o l a r  T e s t  F a c i l i t y  a t  M a r s h a l l  Space F l i g h t  Csn- 
t e r ,  Alabama, w i t h  e x p o s u r e  t o  t h e  n a t u r a l  ambient  en-  
v i ronment . .  The c o l l e c t o r  was under  s t a g n a t i o n  c o n d i t i o n s  
f r o m  August  26, 1978, t o  June  1 3 ,  1979.    he ' c o l l e c t o r '  
was r e t e s t e d  a t  t h e  MSFC Breadb0ar.d T e s t  F a c i l i t y  under  
o u t d o o r  n a t u r a l  c o n d i t i o n s  on J u n e  22,  1979'. The, t o t a l  
weathering p e r i o d  w a s  a p p r o x i m a t e l y  t en , .months .  . . 

V i s u a l  i n s p e c t i o n  of t , he   collector^," p r i o r  t o  r e t e s t ,  i n -  '. . 
d i c a t e d  t h a t  some r a i n  w a t e r  l e a k a g e  h a d - o c c u r r e d  a t . ' t h e  
c o v e r  s e a l s  l e a v i n g  w a t e r  marks on  t h e . a b s o r b e r  p l a t e .  
N o  other material d e f i c i e n c i e s  w e r e  appa'rent ;, T h e  t e s t  
r e s u l t s  i n d i c a t e d  t h a t  a s m a l l  change i n  performance  had ' 

o c c u r r e d .  A s l i g h t  i n c r e a s e  i n  t h e  n e g a t i v e  s l o p e  i n d i -  
c a t e s  a n ,  i n c r e a s e  i n  t h e  h e a t  l o s s  p a r a m e t e r s .  The ' 

' s l i g h t l y  lower  i n t e r c e p t  on t h e  o r d i n a t e  a x i s  i s  l i k e l y  . '  

a  r e s u l t  o f  a s l i g h t  d e c r e a s e  i n  t h e  a b s o e t i v i t y  o f t h e  
' 

a b s o r b e r  p l a t e  or a d e c r e a s e  i n  t h e  t r a n s m i s s i v i t y  of 
t h e  c o v e r  g l a s s .  



TEST REOUIREMENTS AND PROCEDURES 

C o l l e c t o r  Thermal E f f i c i e n c y  T e s t  

Thermal performance e v a l u a t i o n  c r i t e r i a  s h a l l  c o r r e s p o n d  
, t o  t h a t  o f  r e f e r e n c e  2 . 1 .  Data  s h a l l  be o b t a i n e d  a t  i n -  
l e t  t e m p e r a t u r e s '  of  0 ,  25, 50 and 100°F above t h e  ambient  
t e m p e r a t u r e  a t  t h e  l i q u i d  f l o w  r a t e  o f  1.50 GPM.  The 
t e s t  s h a l l  be conduc ted  a t  t i m e s  h a v i n g  w e a t h e r  cond i -  
t i o n s  such  t h a t  t h e  i n t e g r a t e d  a v e r a g e  i n s o l a t i o n  measured 
i n  t h e  p l a n e  o f  t h e  c o l l e c t o r  used f o r  computa t ion  of  i n -  
s t a n t a n e o u s  e f f i c i e n c y  v a l u e s  s h a l l  n o t  be  less t h a n  
200 B T U / H ~ ' F ~ ~ .  The a i r  v e l o c i t y  a c r o s s  t h e  c o l l e c t o r  
s u r f a c e  s h a l l  be  measured and r e c o r d e d  a s  p a r t  o f  t h e  t e s t  
d a t a .  The f o l l o w i n g  d a t a  s h a l l  be  r e c o r d e d  d u r i n g  t h e  
t e s t  a t  e a c h  t e s t  c o n d i t i o n .  

1. Ambient t e m p e r a t u r e .  
2 .  C o l l e c t o r  i n l e t  l i q u i d  t e m p e r a t u r e .  
3 .  C o l l e c t o r  o u t l e t  l i q u i d  t e m p e r a t u r e .  

. . 4 .  .. C o l l e c t o r '  d i f f e r e n t i a l  t e m p e r a t u r e .  
. . 5 .  T o t a l  s o l a r  f l u x .  

6 .  .Flow r a t e .  . 
7 .  Wind speed and d i r e c t i o n .  

5'. 2  T e s t  P rocedure  

1. Mount t e s t  specimen and i t s  a s s o c i a t e d  equipment  on 
t e s t  bed # 2  a t  a  tilt a n g l e  o f  45O. 

2. Assure  d a t a  a c q u i s i t i o n  s y s t e m  i s  o p e r a t i o n a l .  

3 .  E s t a b l i s h  t h e  p r o p e r  f l o w r a t e  and i n l e t  t e m p e r a t u r e  
f o r  e a c h  test  d e s i g n a t i o n .  

4 .  Con t inuous ly  a d j u s t  t h e  i n l e t  t e m p e r a t u r e  and f l o w  
ra te  tu i n a i n t a i n  t h c  d e ~ i r e d  "da ta  p o i n t "  c h a r a c t e r -  
i s t i c s ,  a s  s p e c i f i e d  i n  p a r a g r a p h  4 . 1 .  

5 .  A f t e r  s t e a d y  s t a t e  c o n d i t i o n s  have  been o b t a i n e d  f o r  
e a c h  " d a t a  p o i n t , "  r e c o r d  d a t a  f o r  a  minimum o f  f i v e  
m i n u t e s .  Moni tor  t h e  t e s t  p a r a m e t e r s  by u s i n g  t h e  
d a t a  a c q u i s i t i o n  s y s t e m  a t  t h e  t e s t  s i t e .  

6. Once s t e a d y  s t a t e  d a t a  h a s  been  o b t a i n e d  f o r  a l l  
s p e c i f i e d  d a t a  p o i n t s ,  l a b e l  and s a v e  t h e  p r i n t o u t  

, . from t e l e t y p e  a s  a  r e c o r d .  



ANALYSIS 

6.1 ~ h e r m a l "  Performance T e s t  

The a n a l y s i s  of d a t a  conta ined  i n  t h i s  r e p o r t  i s  i n  
accord,ance w i t h  t h e  Na t iona l  Bureau of S tandards  recom- 
mended approach. Th i s  approach i s  out  l i n e d  below. 

. . 

~ h &  ' e f f i c i e n c y  of a  c o l l e c t o r  . i s  . s t a t e d  a s :  

. . 
where: ' . . 

qu = Rate of u s e f u l  e n e r g y - e x t r a c t e d  from. ' the 
s o l a r  c o l l e c t o r  ( B T U / H r )  

A = ~r0s.s c o l l e c t o r  a r e a  ( F t 2 )  

I = T o t a l  so lar  eru2rgy i n c i d e n t  upon t h e  plarie' 
of t h e  s o l a r  c o l l e c t o r  p e r u n i t  t i m e  p e r  u n i t  
a r e a  ( B T U / H ~ - F ~ ~ )  . 

' =  Mass flow r a t e  of t h e  t r a .ns fe r  l i q u i d  through i 
t h e  c o l l e c t o r  p e r  u n i t  a r e a  of t h e  c o l l e c t o r ,  
( ~ b r n / F t ~ - H r )  , . , .  

Ctf = S p e c i f i c  h e a t  of t h e  t r a n s f e r  l i q u i d  (BTU/Lb-OF) 

t f I e  = Temperature of t h e  t r a n s f e r  l i q u i d  l e a v i n g  t h e  
c ~ l l e c t o r  (O.F) 

t f , i  = Tcmpcrature of t h e  t r a n s f e r  l i q u i d  e n t e r i n g  t h e  
c o l l e c t o r  (OF) 

Rrwr+titlg E q u a t i o n  ( I - )  i n  terms of t h e  t o t a l  c o l l e c t o r  
a rea  y i e l d :  . 

Notice t h a t :  

Pi = I A  = T o t a l  power i n c i d e n t  on t h e  c o l l e c t o r .  

hA = & = T o t a l  mass f low r a t e  through t h e  . c o l l e c t o r .  

T h e r e f o r e h  ctf (ti,, - t f , i )  = Tota l  power. c o l l e c t e d  by 
t h e  . c o l l e c t o r .  



A N A L Y S I S  A N D  RESULTS ( C o n t i n u e d )  --.--- 

T h e r m a l  . P e r f o r m a n c e  T e s t  ( ~ o n t  i n u e d )  '. . 

S u b s t i t u t i o n  i n  E q u a t i o n  ( 2 )  r e s u l t s .  in.: 

~ a b s  
= Pinc. 

where :  

P a b s  = T o t a l  c o l l e c t e d  p o w e r  

P i n c  = T o t a l  i n c i d e n t  p o w e r  

T h i s  v a l u e  o f  e f f i c i e n c y  i s  e x p r e s s e d  a s  a p e r c e n t a g e  b y  
m u l t i p l y i n g  b y  1 0 0 .  T h i s  e x p r e s s i o n  f o r  p e r c e n t  e f f i -  
c i e n c y  i s :  

C o l l e c t o r  E f f i c i e n c y -  = Pabs x 1 0 0  P i n c  ( 4  

o r  f r o m  E q u a t i o n  ( 2 ) ,  co l lec tor  e f f i c i e n c y  i s  d e f i n e d  
b y  t h e  e q u a t i o n :  

C t f  ( t f , e  - t f , i !  
% Eff = X 1 0 0  

P i n c  

E a c h  t e r m  i n  E s u a t i o n  ( 5 )  w a s  m e a s u r e d  a n d  r e c o r d e d  i n -  
d e p e n d e n t l y  d u r i n g  t h e  t e s t .  . - 
The mean v a l u e  o£  e f f i c i e n c y  w a s  d e t e r m i n e d  o v e r  a f i v e -  
' m i n u t e  p e r i o d  d u r i n g  w h i c h  t h e  t e s t  c o n d i t i o n s  r e m a i n e d  
i n  a q u a s i - s t e a d y  s t a t e .  E a c h  f i v e - m i n u t e  p e r i o d  c o n -  
s t i t u t e s  o n e  " d a t a  p o ' i n t '  a s  i s  g r a p h i c a l l y  d e p i c t e d  o n  
a p l o t  uf p e r c c n t  e f f i c i e n c y  v e r s u s  

where :  
. . 

. ti = L i q u i d  i n l e t  t e m p e r a t u r e  (OF) 

ta = Ambien t  t e m p e r a t u r e  ( O F )  

.I = I n c i d e n t  f l u x .  p e r  u n i t  a r e a  ( B T U / H + + ~ ~ )  

The  a b s c i s s a  t e r m  ( ( t i  - t a ) / I  ) was  u s e d  t o  n o r m a l i z e  
t h e  e f f e c t  o f  o p e r a t i n g  a t  d i f f e r e n t  v a l u e s  o f  I ,  t i  a n d  
ta. The' r e s u l t s  a r e  shown g r a p h i c a l l y  i n  F i g u r e  1 w i t h  
t h e  s u p p o r t i n g  t e s t  2at .a  g i v e n  i n  T a b l e  I. 



6 .0  A N A L Y S I S  AND R E S U L T S  (Con t inued)  

6 . 1  Thermal Performance  T e s t  (Con t inued)  

Refe rence  2 . 2  u s e s  t h e  f o l l o w i n g  t e r m s  r e l a t i n g  t o  t h e  
t h e r m a l  e f f i c i e n c y  g raph :  

F R ~ T  = i n t e r c e p t  of  t h e  e f f i c i e n c y  c u r v e  on t h e  
o r d i n a t e  a x i s  

FRUL . . = t h e  n e g a t i v e  o f  t h e  s l o p e  of  t h e  e f f i c i e n c y  
c u r v e  . . .  

F R = t h e  s o l a r ,  h e a t  removal  f a c t o r  
. .  . 

d_T = a b s o r p t a n c e  o f  t h e " c o 1 l e c t o r  s u r f a c e  f o r  s o l a r  
r a d i a t i o n  

-T = t r a n s m i t t a n c e  of t h e  s o l a r  ' c o l l e c t o r  c o v e r  
p l a t e  

. . . . 

u~ = s o l a r  c d l ' l e c t o r  h e a t  t r a n s f e r  l o s s  c o e f f i c i e n t  

A compar ison o f  t h e  before and a f t e r  w e a t h e r i n g  e f f i c i e n c y  
c u r v e s  i n d i c a t e s  t h a t  t h e  s l o p e ,  FRUL, d i d  change s l i g h t l y  
and t h a t  t h e  ' v a l u e ,  o f  F R d 7  . d i d  d r o p  a  m a r g i n a l  amount. 

. .. . , 



TABLE I 

SOLARGENICS L I Q U I D  COLLECTOR PERFORMANCE RECHECK 
AFTER. LONG TERM EXPOSURE TO NATURAL WEATHERING CONDI-TIONS 

4 

5  

8 6 . 1  

1 3 2 . 4  

1 4 2 . 1  

9 . 7  

2 6 0 . 0  

1 2 . 1 3  

0 . 1 7 8  

4 2 . 7  

A m b i e n t  Air ~ e m p e r a -  
t u r e  ( T ,  OF 

F l u i d  I n l e t  T e m p e r a -  
t u r e  ( T i )  , OF , 

F l u i d  O u t l e t  Temp- 
e r a t u r e  T )  , OF 

D l f  f e r e n t i a l  F l u i d  
T e m p e r a t u r e  (d l ' ) ,  OF 

T o t a l  S o l a r  F l u x  
( I ) ,  B T L / H ~ - F ~ *  

F l o w  R a t e , .  Lb/Min 

( T i  - T a ) / I  
O F - H ~  - F ~ ~ / B T U  

E f f i c i e n c y  
( x ) ,  a 

I 

3  

8 6 . 5  

1 2 0 . 3  

1 3 1 . 2  

1 0 . 9  

2 5 5 . 0  

1 2 . 0 6  

0  . I 3 5  

4 8 . 7  

6 / 2 2  6 / 2 2  6 / 2 2  6 / 2 2  
2  SW 4  SW 1 2  SW 

6  

9 1 . 1  

1 6 6 . 6  

1 7 3 . 6  

7 . 0  

2 4 9 . 6  

1 1 . 9 2  

0 . 3 0 2  

Date 
Wind S p e e d  and D i r e c t i o n  

4  

8 5 . 0  

1 0 9 . 3  

1 2 0 . 4  

11.1 

2 5 3 . 9  

1 2 . 3 0  

0 . 0 9 6  

5 0 . 8  

1 2  7  

8 4 . 1  

1 5 1 . 3  

1 5 7 . 3  

6 . 0  

2 1 3 . 6  

1 1 . 9 6  

I 0 . 3 f 4  

4  SE 

8 5 . 8  

8 7 . 2  

1 0 2 . 2  

1 5 . 0  

3 1 . 6  
j 

3 1 . 7  
I 

8 9 . 9  

8 9 . 9  

1 0 3 . 9  

1 4 . 0  

2 7 3 . 9  1 2 6 3 . 0  

1 1 . 5 0  

0 . 0 0 5  

5 9 . 4  

1 1 . 7 1  

0 . 0 0 0  

5 8 . 9  



TABLE I1 

THERMAL PERFORMANCE TEST DATA FOR THE SOLARGENICS COLLECTOR 
BEFORE LONG TEmI EXPOSURE 
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D i f f e r e n t i a l  F l u i d  . 
T e m p e r a t u r e  (AT), O F  

( 14.4 1 14.2 1 13.7 1 14.0 1 14.6 1 14.4 1 14.5 1 14.1 I 
T o t a l  S o l a r  F l u x  
(I)"; B T U / H ~  * ~ t ~  

7/24 

91.6 

7/24 ' 
7E 

'91.3 

E f f i c i e n c y  , 

. ( 7 4 ,  

7/24 
5W 

91.9 

CO 

Flow R a t e  , .  GPM 

S p e c i f i c  G r a v i t y  . . 10.996 1 0.996 1 0.996 / 0.996 1 0.989 10.989 

7/2 4 

7W 

92.0 

7/20 

5W 

92.5 

1.58 

115.4 / 115.5 
105.9 129.7 129.6 

Date 
Wind Speed and  ~ i r e c t i o n  

h b i e n t  A i r  Tempera- 
t u r e  ( T I  O F  

7/18 

5W 

, 90.0 

7j18 

53 

89*5 

F l u i d  I n l e t  Tempera- 
t u r e  (Ti )  , O F  . 

F l u i d  O u t l e t  Temp- 
e r a t u r e  ( )  O F  

1.58 

7/20 

5E 

92.0 

92.0 

106.2 

91.8 

106.2 

91.7 

105.4 

1.54 1.5'4 1.54 1.54 

I 
I 

1.55 1 1.55 
I 



TABLE I1 (Continued) 
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t 

 ate 7/24 7/2 4 7/2 4 7/24 7/18 7/18 7/18 7/18 I 

F l u i d  I n l e t  Tempera- / 145.4 145.4 ( 145.3 1 145.1 (187.8 . 1189.4 ( 189.9 1 8 9 . 9  1 
ture (Ti), O F  . 

Ambient A i r  Tempera- 92.3 93.9 

D i f f e r e n t i a l  Fluid 
Temperature (AT), O F  

/ 12.9 12.8 ( 13.3 1 13.3 1 7.6 1 8-1 1 9.5 1 9.5 1 
I I 

8W Wind Speed and D i r e c t i o n  

93.9 

w 

10W 1 
I 

10 W 

194.5 95.2 

1 

. . 
Flow ~ i t e  ,* GPM 

8W 
I 

F l u i d  O u t l e t  Temp- 
e r a t u r e  (Te) , O F  

T o t a l  S o l a r  Flux 
( I )  , B T U / H ~ * F ~ ~  

I E f f i c i e n c y  
! .  (-1, 0 

6W 

158.3 

( S p e c i f i c  Gravity 

5E 8W 

322.4 

3E 

158.2 

324.6 

l58.'6 158.4 U5.4 ( h 7 . 5  199.4 199.4 1 
323.4 331.4 300.4 302.4 315.8 308.0 



t 

to X I0 TO T ~ E  INCH 7 x I0 IN<HES I#*Z WNFFU. li ESSER urw rw us 




