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The purpose of t h i s  r e p o r t  i s  t o  p resen t  the.  test proce- 
dures -used  and t h e  t e s t  r e s u l t s  -obtained.,.dueing an evalu-  
a t i o n  test program. The t e s t  program was conducted t o  
obta in . therma1 performance d a t a  on a Solaron d'ouble .glazed 
a i r  s o l a r  c o l l e c t o r  under s imulated condi t ions .  The tests 
were conducted u t i , l i z i n g  t h e  Marshal i  Space Fl'ight Center 
Solar. ' .Simulator i n  accordance with t h e  test  requirements 
s p e c i f i e d  i n  Reference 2 . 1  and t h e  procedures . .  

x 

. contained i n  
. . .  Reference - .  . 2.2. 
. . . . . . . . . . 

' REFERENCES 2.0 . . 

. . 

2 . 1  ASHRAE-93-77 Method of Tes t ing .  t o  determine t h e  
. Thermal .Performance, of So la r  Co l l ec to r s  

. . 

2.2 . MTCP-D'C-SHAC-419 Tes t  Procedure ' For  he perf  o,rmance 
Evaluation of A i r  Co l l ec to r s .  under '  

. . 
. Simulated Conditions 

2.3 MTCP-FA-SHAC-400 Procedure f o r  Operation of t h e  MSFe 
Solar  Simulator F a c i l i t y  

. - , . . . 3.0 MANUFACTURER . . . , .  

. . . .. . .  . 
Solaron Corporation 
Staple ton  F i e l d  I n d u s t r i a l  Park . . ,  

. 

4850 Olive S t r e e t  
Commerce Ci ty ,  Colorado 80022 

DESCRIPTION OF TEST SPECIMEN 

The Solaron Col l ec to r ,  Model 2001, i s  ' an a i r  t y p e ,  double 
glazed,  f l a t  p l a t e .  The' gross. c o l l e c t o r  a rea  i s  19.. 00 
square f e e t  (35.25" x 77.625") with an ape r tu re  a r e a  of 
16.91 square feet.(32.62511 x 74.625"). The approximate 
weLght of each c o l l e c t o r  i s  160.pounds. 

4.0 SUMMARY . . 
, . . . 

This. test  program was conducted t o  'evaluate t h e  thermal  
. . performance'of a Solaron a i r  c o l l e c t o r  under s imulated 

. cond i t ions .  The t e s t  condi t ions  and - the  d a t a  obtained 
during . the t e s t s  conducted on .the s imula tor  a r e - l i s t e d  
i n  Table I1 f o r  s t agna t ion  test and Tables ffI and: IV' f o r  
thermal .  performance. test.. A graphic  p resen ta t ion  of t h e  
d a t a  obtained i s  a l s o  presented i n  Figure 2.. I n  a d d i t i o n ,  
a t ime ,cons tan t  test  and i n c i d e n t  angle modif ier  t e s t  
were conducted t o  determine the '  t r a n s i e n t  e f f e c t  and t h e  
inc iden t  angle e f f e c t  on t h e  c o l l e c t o r .  The" r e s u l t s  of 
t h e s e  t e s t s  a r e  presented i n  Figures  4 through 6 and 
Table V. Resul ts  of t h e  c o l l e c t o r  load t e s t  a r e  l i s t e d  
i n  Table V I .  



. . Ambient Condi t ions  . . 
. . 

I ;. 
Unless otherwiee s p e c i f i e d  h e r e i n ,  a l l  . tests , .wil l  be 1 :  performed a t  ambien t ' cond i t ions  e x i s t i n g  i n  Bui ld ing ,  
4619 a t  t h e  t i m e  of t h e '  tests and l i s t e d  i n  Tables  I1 

. , . . through V. . . 
1 ;  
i r 

~ n s t r u m e n t a t i o n  and Equipment. 
. . 

A l l  ' test equipment and ins t rumen ta t ion  used i n  t h e  p e r -  
formance of . t h i s  test  program comply w i t h -  the ,  r equ i re -  .. 

ments of MSFC-MMI-5300.4C, Metrology and Cal . ibrat ion. .  
Table I c o n t a i n s  inst rumentat ion. .  i den t i ' f i oa t ion  and : . 

d a t a  , a c q u i s i t i o n  connect ion d a t a .  ' Ins t rumenta t ion  loca-  
t i o n s  on t h e  test loop and c o l l e c t o r  a r e  dep ic t ed  i n  
Figure"1. A l i s t i n g  of the equipment used in- each test' 
' fol lows.  

. . 

Apparatus 

Suppl ied by ~ o l ' l e c t o r  0-300°F k0.5OF 
Manufacturer 

Plat inum Res is tance  
Thermometer 

Eppley - PSP Pyranometer 

. . I 
. . 

A i r  Loop . . .  MSFC Supplied N/A 1 :  

Thermopi le Medtherm 

D i r e c t i o n a l  Anemometer MSFC Suppl ied 

F ~ O W  ~ e a s u r e m e n t  ~ i r  F i l t e r  Tes t ing  35 - ,130 CPM 
Nozzle Labs, 1.,59" d i a .  : . { ! 

Plat inum Res is tance  ' 

Thermometer . . 

Hy-Cal 

Mosley 680 S t r i p  Chart  Recorder 

MSFC Suppl ied F loor  ' Fan 

MSFC supp l i ed  See SHC 3006 S o l a r  S imula tor  
i 

MSFC Supplied 0-4" H i 0  +_ .01" I n c l i n e d  Manometer . . I 
I i 

D i f f e r e n t i a l  p re s su re  A&IETEK/~'~Doo~OAML 
Transducer . . 

" .. i: 
0-10 i n .  H z 0  ~ ' 0 . 5 %  i I 1 : 

i 



TEST CONDITIONS AND TEST EQUIPMENT 
I 

(Continued) 
- . , .  

5.3 , Data Systems .., . : . . ,  . ... , . ..; 

~ e s t d a t a  obtained dur ing  s imula to r  tests w i l l  . . be t r a n s -  
mi t t ed  from MSFC Building 4619 ( tes t  s i t e ) - - t h r o u g h  pri- 
mary d a t a  a c q u i s i t i o n  systemX3 t o  t h e  r e a l  t i m e .  d a t a  
l i n k  ' and  t h e  DDP-2 24  computer loca ted  i n  Bui lding 46 46. 
A s e p a r a t e  d a t a  l i n k  between Bui lding 4646. and 4619 pro- 
v ides  f b r  p r i n t o u t  of r e a l  t i m e ,  d a t a  a t  t h e  t e s t  site.  
A l i s t i n g  of a l l  ins t rumenta t ion  b,y func t ion ,  type  and 
corresponding d a t a  record ing  system is  i n d i c a t e d  i n  . 

Table .I. 



REQUIREMENTS, PROCEDURES AND RESULTS 6 . O  . . I 
i 

6.1  Col l ec to r  Stagnat ion T e s t  . . I 
6.1.1 ' . Test:  Requirement I 

~ t i i i z i n g  t h e  MSFC So la r  s imula tor ,  t h e  s t agna t ion  tests. 
s h a l l .  be conducted a t a  c o l l e c t o r  tilt angle 'of 4 5 d e g r e e s  
from t h e h o r i z o n t a l .  The c o l l e c t o r  panel  s h a l l  be i r r a d i -  
ated:by..  t h e  i n s o l a t i o n  r a t e s  of 275, 300 a n d  325 B T U / H ~ * F ~ ~  
normal t o  t h e  c o l l e c t o r .  The : fol lowing d a t a  s h a l l  be: re- 
corded during t h e  test a t  each test condi t ion .  . . .  

1. ~ h s o l a t i o n  . . r a t e  ( B T U / H ~ * F ~ ~ ) '  - . . , . 

2 .  Ambient temperature ( O F )  . , 

i: I j 
. .$ 

. .  . 
. . ' 

3. Absorber  s u r f  ace temperature '  - 5 : locat ions ' (OF),' 
1: i" . . 

. . 
. . 

6.1.2 , ~ e s t :  Procedure, : j; . . 

I r' 1. 'Mount test specimen on test t a b l e ' a t  a 45' angle wi th  
, , :  

. . r e s p e c t  t o  t h e  f l o o r .  ! 

1 :- 
2 .  Connect ins t rumenta t ion  leads  t o  d a t a  a c q u i s i t i o n  1 + 

. . i '.' 
system. ;: 

1; > .  

' 3 .  . Assure . .  . t h a t  d a t a  a c q u i s i t i o n  system i s  opera t iona l .  
. . 

4 .  Close a i r  supply valve.  . . . 

5 .  Power up s imula tor  and e s t a b l i s h  t h e  required,  s o l a r  
f l u x  . . leve 1. 

! i 

6. Monitor d a t a  u n t i l  t h e  su r face  temperatures . . leach , I i 
s t eady state. . . . . 1: 1 .: . . . . 

7 .  Data s h a l l  be recorded cui~t inuous ly  during the  t e s t .  
. . 

8. Repeat above s t e p s  a s  necessary to: complete a l l  t h e  
required test  cundi t ions .  

9 .  :Upon completion of testing, power down bimulator a n d  
gir' . . .loop. . . 

10. Inform d a t a  c o n t r o l  group t h a t  s imula tor  opera t ion  has 
te rminated .  

6.1.3 . ' ~ e s u l t s  
. . 

. , The r e s u l t s  obtained during t h e s e  tests a r e  contained i n  
Table 11. . . .  . .  

. . . . . . . . 



- .  

6.0 REQUIREMENTS AND PROCEDURES (Continued) 

Col lec tor  Thermal' E f f i c i ency  T e s t  

6.2.1 T e s t  -Requirements 

~ h e r h a l  performance e v a l u a t i o n  d a t a  s h a l l .  b e  obta ined  a t  
i n l e t  ,temperatures of 0 ,  25,  50, and 100°F above ambient 
temperature a t  a i r  flow r a t e s  of 38 a d 9 5  SCFM a t  inso-  
l a t i o n  . r a t e s o f  240 a n d  300 BTU/Hr'Ftq and a wind speed 
of 7.5 mph. The fol lowing d a t a  s h a l l  be recorded' during 
t h e .  test . a t  each test condi t ion .  . ' . 

.,. . 
1. Ambient. temperature.  

2. c o l i e c t o r  i n l e t  a i r  temperature.  

3 .  . Col lec to r  o u t l e t  a i r  temperature.  

4 .  Co l l ec to r  d i f f e r e n t i a l  temperature.  

5. D i f f e r e n t i a l  p ressu re  across  c o l l e c t o r .  

6. A i r  flow r a t e .  

7 .  , . I n s o l a t i o n  r a t e .  

8 ..b 'Wind sgeed. ' 
. I 

. .  . 
. . 

. 9 .  

6.2.2 T e s t  Procedure . . 

1. Mouht test specimen on test  t a b l e  a t  a 45' angle  wi th  
Y e s p e c t  t o  t h e  f l o o r .  

I 

2. ' Assure t h a t  s imula tor  lamp a r r a y  i s  ad jus ted  t o  an 
baf le  of 45O with r e spec t  t o  t h e '  f l b o r .  

\ L , $  I r ,I i I b  I 

3 .  Align t h e  test t a b l e  s o  t h a t  t h e  test  specimen's 
ver t ic 'a l '  ce 'n ter l ine  coincides wi th  t h e  v e r t i c a l  cen- 
t e r l i n e  of t h e  lamp a r r a y  and t h e  d i s t a n c e  from t h e  
' top of t h e  test  specimen t o  t h e  l e n s  plane of t h e  
lamp a r r a y  i s  9 f e e t .  

4 .  . I n s u l a t e  a l l  ducts .  
. . 

5 .  Assure t h a t  d a t a  a c q u i s i t i o n  system i s  opera t iona l .  

6; ' s t a r t  a i r  flow loop and e s t a b l i s h  a .flow r a t e  of 
38  .SCFM. 

7 ,  ~ s t a b l i s h  t h e  wind speed of 7.5.mph.. 
. . . . 

8 .  ~ 0 w e . r  up s imula tor  and e s t a b l i s h  a s o l a r  f l u x  l e v e l  
of ' 240 B T U / F ~ ~  *Hr . 



REQUIREMENTS AND PROCEDURES . (Continued). . . 6.0 

6.2 Co l l ec to r  Thermal Ef f i c i ency  Tes t  (Continued) 

6.2.2. , ~ ' e s t  Procedure .(Continued) . . 
. . . . . . 

: 9 .  "Determine t h e  ambient a i r  temperature.  . . . . 

. . . . 
i ). 
1 .  

10. . Adjust t h e  i n l e t  temperature of t h e  ' co l l ec to r  t o  li 
', t h e  ambient a i r  temperature value.  I :: 

. . 
, , .. . . I4 ; . . . . ,  ... . . . .  . 

11. After  s teady s t a t e  condi t ions  have. been, e s t a b l i s h e d ,  
" .  record  d a t a  f o r  a minimum of f i v e  minutes. . .. 

. , 

. . 

12 . : Repeat s t e p s  8 ,  9 ,  lo . ,  a n d  11, changing t h e  f l u x  
. . l e v e l  and a i r  i n l e t  temperature a s  necessary u n t i l  . ' 

d a t a  has  been obtained f o r  each . ,  test  . condi t ion  spec i -  
: f i e d  i n  Paragraph 6.2.1. , . . .  , 

. . 
13. " ~ e ~ e a t  s t e p s  7 ,  8 ,  9 ,  ' 1 0 ,  11, and i2 with flow r a t e  

of 95 SCFM. . . 

. . 

. , 1 4 .  -Upon completion of t e s t i n g ,  power down s imula tor  I 
I (  

and l i q u i d  loop. t 
I 
1 .  

15. ,inform d a t a  c o n t r o l  group t h a t  s i m u l a t o r  opera t ion  
has terminated.  . . . . .  

. . j  

6.2.3 . '  . ~ e s t '  .Results . . . . 
. . 

I ,  1 :  
The r e s u l t s  obta ined  during t h e s e  tests a r e  contained i n ,  
Figure.  2 and Tables I11 and I V  f o r  thermal performance 

I 
I ', 

d a t a  and Figure 3 f o r  p ressu re  drop d a t a .  I i 
. . 1 

. . I 
. .. . . I 

. , I 
i 

. . i 
. . 

, . . . I '  I 

j 
, . . .  . .  . 

. . .  . . . . 
?!. 

. . 
. . 

. , . . i , 
. . 

,. . 

. . . 8 

. . j 
4 ( . 1: . . . . 

. . . . . .  . 

. . 
. . 

6 . . .  j j 
_ , _ _ , _  _, I _ ,_, _, ,,,, _ , ._ 

-_.._._.._____- 
% . .  . .  j 



REQU'IREMENTS AND PROCEDURES (Cont inued)  . . 

CoSlec to r  Time Cons t an t  T e s t  . . 6.3. 

6'.3.1 . T e s t  Requirements  
. . 

I n  accordance  w i t h  ASHRAE 93-77,  t h e  t i m e  c o n s t a n t  test '  s h a l l  
b e  c o n d u c t e d  by a b r u p t l y  r e d u c i n g  t h e  f l u x  l e v e l  t o  z e r o .  
I n l e t .  t empe ra tu r e  s h a l l  t e k e p t  t o  w i t h i n  k 2OF o f  ambi- 
e n t !  w i t h  an  a i r  f low rate of  38 SCFM. Yne d i f f e r - .  
e n t l a l  t empe ra tu r e  a c r o s s  t h e  c o l l e c t o r  s h a l l  b e  r e c o r d e d  
t o  de t e rmin e  t h e  t i m e  r e q u i r e d  t o .  r e a c h t h e  c o n d i t i o n  o f  

where. 

T e  = , O u t l e t  t e m p e r a t u r e  

T e i n i  ' . = initial o u t l e t  t e m p e r a t u r e  . . 

T i  = I n l e t  t e m p e r a t u r e  

The f o l l o w i n g  d a t a  s h a l l  be r eco rded  d u r i n g  t h e t e s t :  
. . 

1. Absorber s u r f a c e  t e m p e r a t u r e  - 4 l o c a t i o n s .  

Ambient t empe ra tu r e .  . 

C o l l e c t o r  i n l e t  t e m p e r a t u r e .  

C o l l e c t o r  o u t i e t  t e m p e r a t u r e .  

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 .  

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

A ~ E '  f lors rate.. 

1 .n so l a t i on  r a t e .  

T e s t  'Procedure  6.3.2 

1. Mount t h e  c o l l e c t o r  on  t e s t  t a b l e  a t  4 5 "  from t h e  h o r i -  
z o n t a l  and a s s u r e  t h a t  s o l a r  s i m u l a t o r  s u r f a c e  is  
p a r a l l e l  t o  t h e  c o l l e c t o r  s u r f a c e .  

2. Assure  t h a t  d a t a  a c q u i s i t i o n  sys tem is  o p e r a t i o n a l .  

-3.  ~ d j u s t  t h e  a i r  f low rate t o  38  SCFM. . . 

4 .  Adjus t  t h e  a i r  i n l e t  t empe ra tu r e  t o ' w i t h i n  k 2 ' ~  
of amhi.ent.  



'REQUI.REMENTS, PROCEDURES AND RESULTS ' (Continued) 
. . 

6. '3 .2  ~ T e s t  ' ~ r o c e d u r e  (Continued) 
_ ..< 

. 5 .. ,. A d j u s t  t h e  f l u x  l e v e l  t o  250 B T U / F ~ ~  * H r .  . . 

- ,  1 .  

6 .  :Monitor . . t h e d i f  f e r e n t i a l  t empera tu re  . . . . .  a c r o s s  t h e  ' . 

,toll-ector. . .  i 
. . .  , '  . . . . . . .  . . .  > .  . , 

7. ' ~ l l o w .  t he .  s y s t e m  t o  s t a b i l i z e  a t  a b o v e '  ~ o n d i t ~ o n s  f o r  
., a t  ' least 5 minutes .  . . . . .  . . .  

. . .  . . ,  . . . . . .  . . .  
8 .  . Turn o f f  t h e  s o l a t  s i m u l a t o r . .  , ' .  

. . . . .  
. . 

9 .  Monitor t h e  d i f f e r e n t i a l  t empera ture :  . . u n t i l  .... the r a t i o  
. . 

' - .  'Te - T i  . .  is  less t h a n  '.30. . . . .  of  , . 
. . . . Te in i  - . T i  

. . . . .  . . . . 
. . 

' 10. Upbn completion o f  t e s t i n g ,  power down s i m u l a t o r  and 
air.. loop.  

, . 

11. Inform d a t a  c o n t r o l  group t h a t  s i m u l a t o r  o p e r a t i o n  h a s '  

T e s t  'Results 

The r e s u i t s  o b t a i n e d  d u r i n g  t h i s  . . t e s t  a r e  shown i n  F igu re  4 .  
. :  
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REQUIREMENTS, PROCEDURES AND RESULTS ' . ( con t inued) .  

C o l l e c t o r  I n c i d e n t  Angle ~ o d i f i e r  T e s t .  
' ' .. . 

,. I 

T e s t  Requirement . . 
. . . . 

The c o l l e c t o r  i n c i d e n t  a n g l e  m o d i f i e r '  test  s h a l l .  be cop- 
ducted.  a t ' . n o r t h - s o u t h  r a d i a t i o n  i n c i d e n t  ang le  of  4 5  deg rees .  
The eas t -wes t  r a d i a t i o n  i n c i d e n t  a n g l e s  ' s h a l l  be  30 ,' 4'0, 5 0  
and 6 0 ' d e g r e e s .  The a i r  flow rate s h a l l  'be  38  SCFM w i t h  . 

i n l e t '  t empera ture  con t ro ' l l ed  " t o  w i t h i n  t . 2 O F  o f '  ambient 
a t  t h e  i n s o l a t i o n .  r a t e  o f  250. B T U / F ~ ~ = H ~  and 0 mph wind. 
The fo l lowing ,  d a t a  s h a l l  be r eco rded  d u r i n g  t h e  . tes t  . a t  each  
test  c o n d i t i o n .  

. 1 

' . 1. Ambient t empera ture .  
. . . . 

2 .  C o l l e c t o r  i n l e t  a i r  temperature .  
. .  . 

3 .  , ~ 0 1 , l e c t o r  o u t l e t  a i r  temperature .  
. . .  

4.  c o l l e c t o r  d i f f e r e n t i a l  t empera tu re .  ' 

5 .  A i r  flow rate. 

6.  ~ n s o l a t i o n  r a t e .  

6.4 .2 '  T e s t  Procedure  

1. Mount t h e '  c o l l e c t o r  o n  t h e  test  t a b l e  a t  . i nc iden t  
angle:  . . o f  3 0 ° .  

. . 
' . 2.  Ad jus t  t h e  a i r  flow r a t e  t o  38  SCFM.' ' ' 

3 .  Adjust  t h e  s o l a r  s i m u l a t o r  f l u x '  l e v e l  t o  250 B T U / H , ~ - F ~ ~ .  

4 .  Adjus t  t h e  i n l e t  t empera tu re  t o  ambient + 2 O F . .  . 
t 

5. ~ e a s u r e  t h e  f l u x  l e v e l  a t  9 l o c a t i o n s  on t h e  t e s t  p l a n e .  

6 .  Record d a t a  f o r  5 minute  s t a b i l i z e d  p e r i o d .  

7 .  ~ e p e a t  above s t e p s  f o r  i n c i d e n t  a n g l e s  of  409 5 0 °  and . i i O o ,  

, 8 .  Upon completion of t e s t i n g ,  power down s i m u l a t o r  and 
l i q u i d  . . loop.  

9 .  ~ n f o r m  d a t a  c o n t r o l '  group t h a t  s i m u l a t o r  o p e r a t i o n  h a s  
te rmina ted .  . . 

6 . 4 . 3  ~ e s t '  R e s u l t s  . . 

Data o b t a i n e d  from t h i s  test  program w e r e  analyzed acco rd ing  
t o  ASHRAE 93-77  and r e p o r t e d  i n    able V, and g raph ic  format  
i n  F igu res  5 and .6. 
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6.0 TEST . RE~UIRE'MENTS, PROCEDURES AND '  RESULT^ (Cohtinued) * , , ,  

. . 
> .  .-, . . . .  6 . 'S .  Co,l lector  Load Test : 

. . .  . " 
. . . - .  ; ;, :; I' 

.'6.5. 1 ~ e s t  Requirements . . . .  , 

. . 

One ' s o l a r c o l l e c t o r  s h a l l  be  s u b j e c t e d  t o l o a d  t e s t i n g .  
. . , . The s p e c i f i e d  : load requirements a r e  l i s t e d  i n  Table VI. 1.. 

The c o l l e c t o r  s h a l l  be mounted a s  i n d i c a t e d  in . f i igure  7 i . . . 
1: , 

b u t  o r i e n t e d  such t h a t  . t h e  g l a z i n g  is h o r i z o n t a l .  . Uni- . . .  I. 
' form l o a d s  s h a l l  b e  appl ied  by means of a  t r a n s p a r e n t  . '  .. 1. . : ....... . . 

f l e x i b i e  diaphragm which can b e  covered wi th  ,a un i f  o m  . . I' ' = ' ----'. 

l a y e r  o f  t r a n s p a r e n t  l i q u i d  of vary ing  d e p t h s  t o  ob ta in  1 I. . 
t h e  d e s i r e d  load v a r i a t i o n s .  . . .  

I . . .  ! 
. . 

. . 

T e s t  ~ r o c e d u r e  '.' 6.5.2 . . , ,  

, . . 8 

. . 

1. Mount t h e  c o l l e c t o r  i n  t h e  hor izont 'a l 'p lane;  ', . 1 ,  
:::I 

2.  Place  t h e  lbad frame wi th  l i n e r  ' ove r  t h e  c o l l e c t o r .  - :j 

..: I . . 
3 .  F i l l  t h e  l o a d  frame l i n e r  w i t h  water  t o  a l e v e l  c o r r e s -  i 

ponding t o ' t h e  Step  1 load  of  Table V I  and l e t  s t and  i . . 

' . , f o r  f i v e  minutes. I 
. . I 

I 
4 .  Drain. and remove t h e  ioad  frame. . . I 

! 
- i '  

5 .  Flush t h e  c o l l e c t o r  exposed s u r f a c e  w i t h w a t e r  a n d '  :.. 
' i n s p e c t  f o r  leaks .  

6. I f .  t h e  c o l l e c t o r  leaked o r  was damaged d u e  t o  t h e  load,  
I 
I 

record  and indicate what t h e  load l e v e l  ' i s .  . . 

7. . I f  . t h e  c o l l e c t o r  does n o t  leak  and is n o t  daraged, 
record  t h e  load l e v e l  and r e p e a t  s t e p s 3  through 5 
f o r .  . the  next  load l e v e l .  

I 
. . , . I 

i 

6 .5 .3  T e s t  Resu l t s ,  ' ' ': 

. . I . . 

' The r e s u l t s :  o f ;  t h i s  test  a r e  t a b u l a t e d  i n  Table V I .  I 
, . I 

. . 

. . . . . .  
I .  
i. 

. . . . . .  
. . . . 1 '  I 

. . 
. . . . . , 

. . . . 
. ,. 

. . :. . 
. . . ' * .  . . . ! I . 

. . I 
. .  ' I  . . I 

I 



~he'rmal  Performance Tes t  

The a n a l y s i s  of d a t a  contained i n  t h i s  r e p o r t  i s  i n  , 

accordance wi th  t h e  Nat ional  Bureau of  Standards recomL 
mended approach. This approach i s  o u t l i n e d  below. . '  

The 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  as :  . 

where: , , 
. . .  

. . . . 

qu ' ' =  r a t e  of ' u s e f u l  energy e x t r a c t e d  from t h e  
So la r  Co l l ec to r  ( B T u / H ~ )  

A . = . Gross c o l l e c t o r  . . a r e a  ( F ' t 2 )  

I., , . 
= T o t a l  s o l a r  energy i n c i d e n t  upon t h e  p l a n t  of 

. .  . . ' I t h e  s o l a r  c o l l e  t o r  p e r  u n i t  t i m e  p e r  u n i t .  5 a r e a  ( B T U / H ~ * F ~  ) 

m = .Mass flow r a t e ' o f  t h e  t r a n s f e r  f l u i d  through 
..' ' t h e  c o 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  
. . 

. , (Lbm/Ft3-Hr) 

Ctf . S p e c i f i c  hea t  of t h e  t r a n s f e r .  f l u i d  (BTU/Lbo0F) 

T f , e  , =  Temperature of t h e  t r a n s f e r  f l u i d  leaving  t h e  
c o l l e c t o r  (OF) 

. . 
= ;. Temperature of t h e  t r a n s f e r  f l u i d ,  e n t e r i n g  t h e  T f f  

. . . c o l l e c t o r  (OF) 

Rewriting Equation (1) i n  t e r m s  of t h e  ' t o t a l  c o l l e c t o r  
a r e a  y i e l d :  

(I;m)ctf ( ~ f , ~  - Tf,; 
;bt ' =  ) - ~ t f  ('fie - -  - T f  ,i) . ( 2 )  

; ' >  . CIA) " Pi. 
. . .  

Notice ' t h a t :  
. . . . .  

. . .  
Pi = I A  = Tota l  Power Inc iden t  on t h e  C o l l e c t o r .  

h = M = . T o t a l  Mass Flow Rate through t h e  Co l l ec to r .  
. . . .  

. .. 
  here fore M Ctf ( T f , e  - T f , i )  = T o t a l  Power Col lec ted  by 
t h e  C o l l e c t o r .  , . .  . . 



ANALYSIS (Continued) 
. . 

Thermal Performance T e s t  (Cbnt inued) '  . . '  . . . . . 

. S u b s t i t u t i o n ,  i n  Equat ion (2)  r e s u l t s  i n :  , . . 

, -  , =  Pabs 
Pinc 

where:. . . ' . ._. . / j 
. . 

. : . . I 
~ a b k  =' T o t a l  ' c o l l e c t e d  power'  .' j i ,+\ 

. . .  
. , . .. . . .  

.. ' P:inc = T o t a l  i n c i d e n t  power. 
. . . . . . 

' Th i s  v a l u e  o f  e f  f  i c i e n c y  is  e x p r e s s e d  a s :  a  pe rcen tage  by 
mui t i phy ing  by 100. Th i s  t?xpressio~-1 f o r  percent efficiency 
is: :: . . 

. : . . 

c o l l e c t o r  E f f i c i e n c y  = Plnc 
. . "abs x . :  100 

I 

or  from Equat ion  (2)  , c o l l e c t o r  e f f i c i e n c y  i s  d e f i n e d  by I I 
t h e  equa t ion :  . . ! I 

. . . . . . . . . . 

Each t e r m  i n  Equa t ion  (5 )  was measured '  and recorded  inde-  
penden t ly  d u r i n g  t h e  t e s t .  The c a l c u l a t e d  v a l u e s  o f  
e f f i c i e n c y  w e r e  determined a t  s ix ty - second  i n t e r v a l s .  
The mean v a l u e  o f  e f f i c i e n c y  .was de te rmined  o v e r  a f i v e -  
minute  pe r iod ,  'dur ing which the .  t e s t  c o n d i t i o n s  remained 

. i n  a quas i - s t eady  s t a t e .  Each f  ive-minute p e r i o d  con- 
s t i t u t e s .  one " d a t a  p o i n t "  as is g raph ic . a l l y  d e p i c t e d  ,on 
a p l o t -  of percewt e f f i c i e n c y  v e r s u s  

. . 
. . where : '.. 

. . 

Ti: . A i r  i n l e t  t empera ture  (OF) 

Ta = Ambient t empera tu re  (OF) 

I ' = I n c i d e n t  f l u x  p e r  u n i t  area . ( B T u / H ~ * F ~ ~ )  

The t e r m  ( T ~  - T ) /I ) was used  t b  normai ize  t h e  
e f f e c t  o f  o p e r a t i n  6 a t  d i f a e r e n t  v a l u e s  o f  I,, T i  and T a *  
The r e s u l t s  a r e  found i n  F igu re  2 . .  

The r e s u l t  o f  second o r d e r  polynomial  . a r i & l y s i s  is. shown 
i n  F igu re  2. The second o ~ d e r  polynomial t o '  b e s t  
d e s c r i b e  t h e  t e s t  r e s u l t s  IS: . . . 

E f f i c i e n c y  = a0 + alf ,  + a27 2 



ANALYSIS (Continued) 

7 . 1  Thermal 'Performance T e s t  (Continued) 
. . 

where:' . ' . .  

a n d t h e ;  c o e f f i c i e n t s  are determined t o  'be: 
. . .  . . . .  . . . . 

. . 



. .- 
..: :,. 
.. . . .?. .  

. . . . . .  :.- ..:-. .-..-- ..,%--*;.-..,.,".- r:- . . . .  .-.--.-,- ........ .- . - ....&. -.. . . . . .  . --.-.-.--*..-. ......... - -. .- - -. .- 
I . .- ' ". .,.T7 . . .  . . . . . .  . . . . . . . . . .  . . .  . . .  . . .  

? .  . : . . " . , : .  
. . . . .  .., ,. 

, . . I -  . . . . .  . . 
. . i . .! . . . 

. . . . .  .... . . . .  . . . . . .  . . . . . . . . .  . . I , .  . . . . .  .. ,.. . . 
. . .  ,ANALYSIS (Continued) . . . . . .  7 . 0 .  ' ..,. ... 

. . . . . . .  . : , . . . . . ..;: I .  
-Time Constant T e s t  . . . .  .. I 

I . . , .  

h o  methods are proposed b y  ASHRAE 93-77 f o r  conducting 
a time.. cons tan t  test.  , However, due t o  f a c i l i t y  l imita- .  

t i o n s ,  only t h e  f i r s t  method could be used. This  method i E 
cons i s t ed  of s h u t t i n g  down t h e  s imula tor  and :inaintaining 1; . 
a cons tan t  flow r a t e  and i n l e t  t empera tu re  . . . . .  while  ob ta in ing  1; 

:data'. ::. .: . . 
3 .  

. . .  
1; 

. .,. I : . ,  .. ./ . .'. . _ , . :  . . . . .  . . . . .  , .  . .  , .: ' .. _ :  . 

~ c c o ' r d i n ~  t o  t h e  d e f i n i t i o n  o f  time constant , .  given i n  93- 
77, i t  i s  t h e  t i m e  requi red  for .  t h e  r a t i o  of t h e  d i f feren- .  1 

t i a l  temperature a t  time 'C t o  t h e  i n i t i a l  d i f E e r e n t i a 1  i 
I 

temperature t o  reach .368. It can be expres'sed . . as :  . . 

I f  the,  i n l e t  a i r  temperature;. cannot be c o n t r o l l e d  t o  equal  
! 
6 ,  

i 
t h e  ambient a i r  tempera ture , '  then  t h e  fol lowing equat ion I ' 

. . must. be used . . 
, . I 

. . .  
I . . .  . .  . I 

. . . . iaa . . ! 
. . .  / . 

' ; F ~ u ~ . ( T ~ , ~  - Ta) + A ( T ' E . , ~ , ~  ' - ' ~ f , ' i )  . , .  
= . 3 6 8  ( 2 )  i . . . . .  m C p  . . 

. . i 
,;. r R u L  ( T . f , i  - T I )  + A ( ~ f , e , i n i  - T f ; i )  : ' I ; . . 

. . . . 'I 
! . . . 

. . . . .  where : . . . . 
. , . . . . = n x i t  a i r  temperature '  a t  t i m e  ,T ' 1 .  

. , , ~i,& I i . 8 . 
= I n l e t  a i r  temperature I '  T f , i  j .  I :  

! ' 

. Tf , e, i n i  I n i t i a l  e x i t  , a i r  temperature . . 
1:  . . , . .  j '  

= ' A i r  mass flow rate = .  171 .Lb/Hr . . : . +  . . ! 

! 
I .  

, ,' Cp . = S p c c i f i e  h e a t  of a i r  = .24 ,BTU/LboOF / , .  ! .  

I . . 2 . . , .  A ' . = ,  Col lec to r  - a r e a  = .I9 .. F t  1 :  
! ' 
I ..t . 

. , , . F ~ U ~  = Negative of t h e  s lope  determined, from 
t h e ,  thermal e f f i c i e n c y  :curve . . I 

. . i . . 
f 

During t h e  time cons tant  t e s t , ,  t h e  i n l e t  a i r  temperature ' I .  
! 1 

. i~ 
cannot, b e  c o n t r o l l e d  t o  wi th in  Z°F o f  ambient a i r  t e m p -  
e r a t u r e ;  hence equat ion ( 2 )  must be used f o r  eva lua t ion .  I 
From t h e  performance curve,  it i s  . found . t h a t  . . .  FRUL':= .86. 

. . .  Equation ( 2 )  becomes . . 



ANALYSIS (Continued) 

T i m e  Constant T e s t  (Continued) 

T,f ,el? ' T f , i  
= .312 ' . 

.,, Tf , e , i n i  ' T f , i  
' 

From Figure b the t i m e  constant was determined t o  be 7 
minutes and 5 4  seconds. 
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,ANALYSIS (Continued) 
... . . . . . . .  . . . .  . Inc ident  Angle ~ o d i f  ier T e s t .  ..> . . . . 

. . . . . . . . .  . .  

. . 

. . 
. R*o'*ethods are proposed by ASHRAE 93-77 f o r  i n c i d e n t  

angle' ,,godif ier tests. - F o r ,  t h e  MSFC S o l a r  Simulator . - . . 
. .  , 

. I 
I 

. . .  
Facf l i t y ,  'only method 1.. , ( t i l t i n g  t h e  : c o l l e c t o r )  -is . . I 

- . . app l i cab le .  The  c o l l e c t o r  was a d j u s t e d  s o  t h a t  t h e  ".  
i n c i d e n t  r a d i a t i o n  angles  were 3 0 ° ,  40°, 50'' and 60°. . ' 

. 

. t o  .the ':normal. o'f t h e  c o l l e c t o r  s u r f  ace. ... . . 
. . .  . . .  . . .  . . . . . .  . . . . . .  . . . . . . . .  ,I' . . . . . . . . . . I 

, 
~ccord ' ing  t o  93-77', t h e  i n c i d e h t :  &gle  :modif ier  i s  , de-. ., . . .  ! .  . . ' -  

. . . .  f i n e d  as . . . . : . . . .  . , . . . . . . . . 
. . . .  . . . x  .. . ; ] ~ d ~  = . . (11 ,  . . . . .  

FR (Zc( " . . .  . . . . ,  . . . , .  . . . . .  . I' . . .  . . .  
., . . . , . . 

, . . . 

' ,  . wher&.";rl = e f f i c i e n c y  a t  t i l t e d  a n g l e .  . . 
. . I 

. I  . . . . .  

' ; F R ( c ( ~ )  n = I n t e r c e p t  of e f f i c i e n c y  curve a t  . . 
. . 

. normal i n c i d e n t  angle' = . .46 . . 

I 
I 
i . . .  . , 

For ' equa t ion  (1) t o  be 'appl icable ,  t h e  i n l e t  a i r t e m p e r a -  
t u r e m u s t  be c o n t r o l l e d  t o  wi th in  k 2OFo'f t h e  ambient 
a i r  temperature.  I n  cases  where t h e  i n l e t ' ,  a i r  tempera- 
t u r e  .cannot be c o n t r o l l e d  t o  wi th in  ' k ;?OF, , t h e  fol lowing 
equat ion  must be used to eva lua te  the  i n c i d e n t  angSe -e . . 

,modif ier  . 

where:. -.. 
. . : . I 

FRUL is t h e  negat ive of t h e  s lope  determined from t h e  
I 

t he rma1 ,e f f i c i ency  curve. 
I 
I 
! 

Table V shows that tlrc? i n l e t  a i r  tcmpcraturas w e r e  not- a l l  i 
within  k 2OF of ambient a i r  temperature.  Hence, equat ion I 

( 2 )  w a s .  used f o r .  eva lua t ion  ? .  
. . 

I .  . . .  .i 

. . . .  

I The ,, r e s u l t s  of t h i s  computation a r e  shown on T a b l e  V and' 
: p l o t t e d  a g a i n s t  i n c i d e n t  angle '  i n  Figure 5 a n d p l o t t e d  

i 

. aga ins t  . .1 - 1 i n .  Figure 6 .  . , 

i 
I 

, ' COS e i  . . . . 1 
: I  

. . I 
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. . .  

. . 

4 

. . . 

E l e c t .  Mach 'M fg .  ,Yean . . ' , Z ' U L ~  
No. Test L o c a t i o n  R a n g e  S c a i e  R a n g e  S/N - X/N 

' .  . 
. . . . .. . 

0 s imu la to r .  c o i l ,  i n r e r i a i ' i  0 - 2 0 . .  : 2 0 M V -  ' - 5 0  - 4 0 0 ° ~ : , . ~ ~ f g . ' ; - ~ ~ ~ - 4 1 7 ~ - ~ 0 0 ' ~  
. . .  

. . 
. .. 

. . . . .  
. . . . . .. . . . 

1 
. . 

'110 2 I1 11 2 '  I1 11 
I1  . '',I 19 ' 

T 1 0 3  11 I 8  I t  II 11 II 11 3.  81 

Ti04 11 1 I . 11 . -  11 I1  11 . . I 1  11 4 

TlOS II n I 1  5 .  I 1  I 1  n n 11 

I - ' ,  

T106  I I C0i . i .  Xn ie t  I 1 11 6 0  - 2 5 0  35 RTS-4135-100. 

T107. II . ~0'11. o u t l e t .  )I It 6 0 .  - 2 5 0  8 5  ~ ~ ~ - 4 1 3 5 - i O O  

3 0 0 9 ~  I I Amb. . . . . 0 - -20  20  MV' 4 0  - 1 6 0 .  .lo 0 X I S - 4 1 3 5 - i 0 0 .  
. . 

FO 0 '1  I t  
. 

C o i l .  I n l e t  0 - 5 ,  5 VDC . ' 3 5  - , 1 3 0  A i r  F i l t e r  
ACFN 

. . . . 
. . . . . . 

. - . .. 
. . 

I1 . . ZOO1 S o l a r  F l u x  0 - .20 . 20 'MV. :0. - 7 4 3  1 4 1 3 4 F 3  PS3. .  
B T U / H ~ .  . . 

.. . . . 
r o o 8  .' - N o z z l e  Temp,  0 - 20. 20  MI - 6 0  - 2 5 0 °  5 0 .  RTS-4135-100 

. . .  

i t  = D l 0 0  A c r o s s  T O  BE RECOIWED ON STRIP, CHART. a '  . . a ' *  .. . . . . . • 

C o l l e c t o r  . . . . 
. . . . 

. . , 

. . 



TABLE I1 
. . .  
. . .  

. . .  

. . .  . . . . .STAGNATION TEST DATA 
. . . . SOLARON SOLAR COLLECTOR . . '  . . 

. . .  . . . . .  

. . 

. . .  
. : 

. . .  

1 ,  
j . .  

. . 
. . f - .-.-.. . . . . 

. . '  . i  
. . .  . . , 

. . . 
., ' ' 

I 
. . .  . . . . .  

. ;. 
. . .  . . 

. , I  i 
I 
I 

. . . ' . . 
i j 

. . I 

I 

1'. , . ' , ,.. ! 

:I 

. . 
. . . . . .  325 . .  

, 
: 

. 7 8 4  . 

.. .. 345 
. . . . , 

. : ' -  ' 3 . 1 4  
I . . .  . . 

. ' 32.8 

. 346 

' ' 2.91..:. 

. 3 2.5;. 
. . . .  

:. . . . 
X ' : .  . . . .  

S o l a r  F l u x  .. B T U / H ~ . , - P ~ ~  . . . . .  
. . . .  : . . :  . , . . . .  . . 

. . 
/ '  ' : I .  . . . . . . 

A m b i e n t ~ e i n p .  . . 'PF:. . .  I. . 

Absorber T e m p .  . ~ o r t h '  . .  ..OF ' 

. . . . . .  

A b s o r b e r  .Temp.. ' : E a s t  . . OF . . 
. . 

. . .  "Absorber  Temp . . . . . .  C e n t e r  OF. 

A b s o r b e r  ~ e & . { . , ' ~ e s t  OF. , . 

A b s o r b e r  Temp. south : OF - : 

. . 
A v e r a g e  A b s o r b e r  . . .  T e m p .  OF . . 

. . . . :  275 

. 

7 8 . 5  . 

. '305 

, 276 

289 

30 3. 

2'5 4 

285 '  

a .  

,300 

. . . 

, " 7 ' 9 . 2 " : .  

329:: 
. 

299, 

312 

3 29 
. . .  

' . ' 2 7 5 '  

. 509: 
: ,  



THERMAL PERFORMANCE TEST. DATA 
38 SCFM 

. . . . 

. .  . . . .  
. : . . : I  
. :  

, . . . . . 

. . . . 

I 

. . 
i 

. . . .  
. . . .  

, 

'. . 

. 
. . 
8 0 . 2  

174.5- 

191.5 
i 

17.0- 

'244.4 

'38 . 

7.5 

15.0 

0.386 

. . 

'81.'6"'.' 

175;O. 

198..2. 
' .  ' 

. . . .  
. . 

. . 

80'.7. 

127.2 

161.3 . 

33.8 

244.4 

38 

.I Wind Speed MPH. 
. . .  

Efficiency % . . 

. . 
(Ti-Ta)'10F~Hr*~t2/BTu 

. . . .  . . 

. .  

. . .  
. . . 

80.6 

127.2. 

170.2 - 
43.0 

295.4 

38 

7.5 ' 

0.191 

. . .  . . .  . . . . . . . . 
. . . .  . - .  ( > .  

.Ambient . , O,F . 

0 F Tin 

Tout ' OF . . 

. . 

. . 

23.2'1 
I 

295.4 ! ! 
38 1 

7.5 

17..0 

0 - 3 1 6 .  . . 

7.5 

31.4 

0.158 

84.5 

135,.5 

. . .  

. . 

:81.6 

L04.1 

157.9 

I 
7.9.4:80.7 1 80.6 

. . .  1 .  . .  

86.1 ' 104.4 

7.5 

45.1 
. . 

0.021 

53.8. 

h95.4 

d T OF 

solar F ~ U X B T U / H ~ . F ~ ~  

146.1 

7.5, 

43.9 

0.018 ' 

7.5 

39.2 

0.097- 

148.7 

7.5 . 

39.429.9 

0.076 

. 

Flow Rate 'SCPM 

51.0 160.0 1'44.3 

244.4 244.4 295.4 
. 

38 . . 38 38 38' . .  



. . 

TABLE . . .  IV , ;. 

' THERMAL PERFORMANCE TEST DATA . 
. . .  . . 

95 SCFM . :  , . . . .. . . 

. . 

. 

' . 

: '  
. . . .  

. . 
.;.-.--.-. .--- . . . . . . . 

. - . -j. .-._ _ . . 
. . . .  

. . 
. . . .  

. . . - , .  . 
. . . . .  

. . 
. . . .  . .  

. . . _ .  . 
. . .  

- .  . . -- . 
. . . .  

. . . . " .  ' 

. . .  . . .  
- .?_ , . . . . ' . ' 

3 ' 

. . .  
- - . . 

. . . . . , . , . . - . 

. . .  
. . 

. . . . . . 

. . 
. . . . . . 

. . 
. - .. '. . . .  . - .  . 

; ' . '  . . , . 
. . .  - .  . . .  . . 

. . . . . . . .  . . '  
" I . , .. . . .  .. ' . ' .  

.: . 
i ..' 

. . . . 

. _, . . . . 
7 . 8 ' 9  

. 
. . .  ... . . .  

. . 
' 

, 77.1 

124.8 

147.0; 

22.2 
. 

295.0 

95 . 

7.5 

40.6 
. . 

. . 

. ' . . (  . . . . .  . . . .  
. -79 .z .  

. . 
. . 

. 
' 

' 76.1.2 

124.8 

140.7 

15.9 
. 

243.0 

95 . ' .  

. . . .  

7.5 . . . .  
. 

35.3 

0.200 

15i.61151.8 

. . . 
. . . . .  1 . . . I . . ,  . . . 

.. 
- -.. ..' i ' .' 

Ambient . ' .OF . ' .'. :. . I : 70.9 
I 

I 
Tin OF I .7,:3.l 

. . . .  

Toit OF 1101.9 

A'T, "P . 1 23.8 

.. 
.:.. 

. , .  

7g3.0 
. 

72.6 

88.5 

118 .O 

29.5 

235.4 

~3 5 

7.5. 

. 33.9 

0.027 

Solar Flux BTU/H~-F~* 

78.4.., .' 

172.8 

244.4 

173.5 . 

. . 

. . . . .  . . . . .  . . . 
74.1: 

97.2 

l2,0.2 

23.0 

245.4 

95 

. 7 , .'5 

50.6. 

0..094 . . .  

184.1 

10.6 

291.0 

95. 

7.5 

19.7' 

0.32'8 

. : . . . :  . . 

. :7.3.6 

97.3 

124.1 

26.8 

296.0 

95 

7.5 
. 

48.9 

0.080 

166.2 

' 1 4 . 6  

25.4.0 

' 95 

-7.5 

31.0 

0..162.0.286. 
. . 

Flow Rate :scEM.,,  1 9 5  

Wind Speed MPB 

Efficiency % 
. , . . .  

(T~-T~)/IOF-H~-F~~/BTU . .  
. . 

170.2 118'0.9 ' 

18.41 8.1 
1 

7.5' 

'. 52.6: 

0.029 

294.0 

95 

. .  7.'5 

. 33.8 

0.247 
. . .  . . . . 

'143.0 

95 . 

7.5 

18.0 

0.386 



TABLE V 

INCIDENT ANGLE .MODIFIER TEST DATA 
, ., 

/ Ambient ' ' 1 7 4 . 5  1 7 8 . 5  1 .  73 .8 .1  7 9 . 9  1 

. . . . 

' 1  Incident  ~ n g l e  Degree 
. . 

I . 

/  in OF. , .  1 7 9 . 6  1 8 1 . 7  1 '  7 8 . 6  , . 8 0 . 2  1 .  ' . '  

Solar F l u x  B T U / H ~ - F ~ *  1 224 ( 194  1 6 1 : l  1 2 3  1 

. 3'0 
, ' ,  4 0  

. . . 

. ' "  6 0 , :  
. . .. 

1 Wind Speed MPH I I I I I 
Flow Rate, SCFM 

1 Efficiency % .  

38 38 38 
1 ' 

3  8. 



Comments 

See Note 1. 

( . I .  
. . I i 

. . I i ,. 
TABLE V I  

. . . . 1 
SERVICE. LOAD STEPS AND TEST RESULTS . I / .  

i' . . 

. . I j: 
. i 

I jl 
. 1: 
j / :  . 
, t ' -  - .;.-:+', . , ....;... .--_ 

1 I: 
: / 

1 ' .  . 
... . . . . .  . . .  

'., "3 0 . . . 3 .  . .  Pass 
. . . .  , . 

' 4 .  
. . 

5 . . . .  . .  80 Pass ' . . , 
.-r , . . .~ . 

6 120 Pass 
. . .  

Pass /Fai l  

Pass 
. . 

Pass 

Step No. 

1 

2 

. j  
I .  

Load ( ~ b / ~ t ~ )  
. . . .  

.' 10' 

.. -. ' 20'  
. . 

Y 

1 
' I ;  

, ..' ! ., 

Tested By Date , / '  

. - i I 
. . . . ! . . . . . . .  

Note 1: The c o n s t r u c t i o n  of t h e  Solaron a i r  c o i l e c t o r  permi ts  jl : 
, ' w a t e r  t o  leak around t h e  g l a s s  gasket  ,onto t h e  absorber  

p la te . -under  no load condi t ions .  Drain ho les  a r e  pro-. . . 

vided t o  d r a i n .  t h i s  water  ou t  a t  top  .and bottom of .- 
I ,  

c o l l e c t o r .  There is  a s e a l  between t h e  .absorber p l a t e .  ,:. ' 
I .  

. .  and the. .  a i r  passages and i n s u l a t i o n .  This  seal d i d  n o t  l i  
leak .under any of t h e  l o a d '  condi t ions  above. The s e a l ? :  ' 
between t h e  two g l a s s  cover p l a t e s  d i d  develop minor' 

. I  
l eaks  a t  two of  t h e  corners  but  t h i s  w a s  judged t o  be 
due t o  t h e  cycl ing  of t h e  load during t h e  test iuld'not 1;; 
l i k e l y  t o  occur during normal usage, . . . . , i' / . ' 

. . i 
. ' .  1 

! . 8 . .  I . . 1 ':. 
. . 

1 .  
. . .  i 

, . 
. . I 

i 
I :  * . . .  

., , . . I 
( :i 

I 
I - 
i. . . .  
ii 
i: 

. . .  1: 
I ( 

. . . . 
. . .  

i 
I . . j; 
i; 

, . 1 ;  
I 
I 
I: 



Figure 1. Instrumentation Locations for solaron: Air-Collector Test 
. . . . . 



Second Order Curve F i t t i n g ,  9 5  SCFM : 

0 . T e s t  'Data, 38  SCFM 
.. .. . . - - Second Order curve F i t t i n g ,  ' 3 8  SCFM 

Ti-Ta 
I 

O F - H ~ - F ~ "  
BTU 

. . .  
: . ' I  , . . . 

FIGURE 2 . solaron 'Collector ~ n d b o r  Thermal Performance T e s t  . . , . . . . .  . .  



Figure . 3  .. Solaron Collector Pressure '~rop  Test ' ' . 



FIGURE 4 . ~ o l a r b n  'collector Time constant Test. 
.. .. . . . z.. 

.., . . c. 



Figure 5 . . Incident Angle Modifier f o r  solaron c o l l e c t o r  
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Figure 6 . 
. . . . 

Inc iden t  Angle ~ o d i f i e r "  f o r  Solaron Col lec tor .  



2 x 12 (Typ.) Load Frame -/-- ---- 
. . 

Fill To Proper level 
For Required Loading 

1-- --- 2 x 6 (Typ.) Iblounting Frame 

F I G U R E  7 .  ~ c s t  Setup ,for S t a t i c  Loads. 






