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PURPOSE .' 

The purpose of t h i s  documentation i s  t o  p resen t  t h e  t e a t '  
r e s u l t s  obtained ,dur ing  t h e  performance of an eva lua t ion  
test  program. The evalua t ion  test  program was conducted 
t o  determine t h e  thermal perfonriance d a t a  on t h e  new 
generat ion of MSFC . a i r  c o l l e c t o r s  'with a flow channel 
depth. of 3 i n . ,  2 i n . ,  1 i n .  and 112 i n .  under s imulated 
condi t ions.  :The test  was conducted - u t i l i z i n g  t h e  MSFC 
So la r  Simulator i n  accordance wi th  . the test ,  requirements 
s p e c i f i e d .  i n  References 2 . 1  and 2 . 2  and .  t h e  procedures 
'contained . . i n  Reference 2.3. 

. . 

REFERENCES 

ASHRAE 93-77 . . Method of Tes t ing  So la r  Co l l ec to r s  
Based on Thermal Performance' 

~ ~ 4 5  "(77-115) Thermal Analysis and Development o f .  
t h e  MSFC A i r  Co l l ec to r  

MTCP-DC-SHAC-416 MSFC Hot A i r  Col lec tor  Indoor Thermal 
' '  Performance T e s t  Procedure 

~ a r s ' h a l l  Space F l i g h t  Center 
~ u n t s v i l l e  , Alabama 

. . 

DESC~IPTION OF TEST SPECIMEN 
I . . 

The MSFC h o t  a i r  c o l l e c t o r  c o n s i s t s  of a s i n g l e  glazed. . . _  

cover:with a non-selective coa t ing  absorber p l a t e  and . . 

' u s i n g  a i r  a s  t h e  hea t  t r a n s f e r  medium. The c o l l e c t o r  
frame i s  cons t ruc ted  with r i g i d  urethane foam. 

. . 
. . . . 4 . 0  SUMMARY- 

This  test  program was conducted . to  eva lua te  t h e  thermal 
performance o f  a new generat ion of MSFC a i r  c o l l e c t o r  ' .  

with  var ious  flow .channel depths under s imulated condi- . . 

t i o n s .  The test condi t ions  and. t h e  thermal performance 
d a t a  obtained during t h e  tests con'ducted on t h e  s imula tor  
a r e  l i s t e d  i n  Tables I1 through V I ,  r e spec t ive ly .  A 
graphic  p resen ta t ion  of t h e  d a t a  obtained i s  a l s o  pre- 
sented  i n  Figures  1 through 4 f o r  thermal performance' 
d a t a  and Figure 5 f o r  pressure  drop da ta .  



TEST CONDITIONS AND TEST EQUIPMENT 

Ambient Conditions 

Unless otherwise s p e c i f i e d  he re in ,  a l l  tests s h a l l  be 
performed i n  t h e  e x i s t i n g  environment of Building 4619. 

Instrumentat ion and Equipment 

A l l  test equipment and ins t rumenta t ion  used i n  t h e  per -  
formance of t h i s  test program comply wi th  t h e  r equ i re - ,  
ments of MSFC MMI 5300.4C, Metrology and Ca l ib ra t ion .  
A l i s t i n g  of t h e  equipment used i n  t h i s  t e s t  follows: 

Apparatus 

Pyranometer 
A i r  Source 
Wind Sensor 

4 

Flow Sensor 

Eppley PSP 0-800 B T U / F ~ *  *Hr/+5% - 
MSFC Supplied 30 - 200 SCFM . 
MSFC suppl ied  0 - 60 MPH 
Cox-Turbine C-L-32 20 - 250 ACFM k 2% - - -  

D i f f e r e n t i a l  Pressure  
Sensor MSFC Supplied 0 - 2 ' i n .  Hz0 +_ 5% 

Thermocouples MSFC Supplied/Type T 0 - 500°F f. 1.8OF 



TEST REQUIREMENTS AND PROCEDURES 6.0 

6.1 Co l l ec to r  Thermal Performance T e s t  

6.1.1 Evaluation Requirements 

U t i l i z i n g  t h e  MSFC So la r  Simulator and t h e  p o r t a b l e  h o t  
a i r  loop, performance eva lua t ion  d a t a  were obta ined  a t  
i n l e t  temperatures of 100°F and 150°F with i n s o l a t i o n  
r a t e  of 250 B T U / F ~ ~  = ~ r  and a wind speed of 7.5 MPH. The 
a i r  flow r a t e s  were con t ro l l ed  t o  30r 90 and 150 SCFM. 
The depth of flow channel i n s i d e  t h e  c o l l e c t o r  was ad- 
jus t ed  t o  3 ,  2 ,  1 and 1 / 2  inches.  The t e s t  condi t ions  
a r e  l i s t e d  i n  Table I. The following d a t a  were recorded 
dur ing  t h e  t e s t :  

Absorher su r face  temperature - 3 l o c a t i o n s  (OF) 

I n l e t  a i r  temperature (OF) 
Out le t  a i r  temperature (OF) 
A i r  flow r a t e  (SCFM) 
Col lec tor  d i f f e r e n t i a l  r e s s u r e  ( ' ~ ~ 0 )  
I n s o l a t i o n  r a t e  (BTU/Ft3 * H r )  
A i r  flow channel depth (Inch) 
Wind speed ' (MPH) 

Test Procedure 6.1.2 

1. Mount t e s t  specimen on test t a b l e  a t  a 45" angle  
with r e spec t  t o  t h e  f l o o r .  

2. Assure t h a t  s imula tor  lamp a r ray  i s  ad jus ted  t o  an 
anale  of 45" with r e spec t  t o  t h e  f l o o r .  

3 .  1n;ulate a l l  ducts .  
4 .  Connect instrumentat ion ' l eads  t o  d a t a  a c q u i s i t i o n  

system. 
5. Assure t h a t  d a t a  a c q u i s i t i o n  system is  opera t iona l .  
6 .  E s t a b l i s h  requi red  wind speed. 
7 .  S t a r t  a i r  flow loop and e s t a b l i s h  t h e  requi red  flow 

r a t e .  
8 .  E s t a b l i s h  t h e  requi red  i n l e t  temperature.  
9. Power up Solar '  Simulator and e s t a b l i s h  t h e  requi red  

i n s o l a t i o n  r a t e .  . 4 

10. R e c o r d d a t a  f o r  a minimum of f i v e  minutes a t  t h r e e  
s t a b i l i z e d  condi t ions .  

11. I n s e r t  flow channel spacers  a s  necessary t o  o b t a i n  
s p e c i f i e d  flow channel depth and repea t  Steps 7 
through i o .  

12. Upon completion of t e s t i n g ,  power down So la r  Simulator 
and a i r  loop. 

13. Inform d a t a  c o n t r o l  group t h a t  s imula tor  opera t ion  
has terminated. 

. . 
6.1.3 Re's'u'l't s 

The r e s u l t s  obtained'  during t h e s e  t e s t s  a r e  contained 
i n  Figures  1 through 5 and Tables 11 through VI. 



. . 
T h e  a n a l y s i s  o.f t h e  d a t a  c o n t a i n e d  i n  t h i s  r e p o r t  is  
i n  a c c o r d a n c e  w i t h  t h e  N a t i o n a l  Bureau o f  S t a n d a r d s  
and  ASHRAE recommended approach.  

The e f f i c i e n c y  o f  a  c o l l e c t o r  is :  
, 

. . where 
. . . . . . , = r a t e  o f  u s e f u l  e n e r g y  e x t r a c t e d  from t h e  . . q u  

s o l a r  c o l l e c t o r  ( B T U / ~ ~ ) ' .  
A; = o v e r a l l  c r o s s  sectional area of c o l l e c t o r  

(ft2j 
1 .. = t o t a l  s o l a r  e n e r g y  i n c i d e n t  upon t h e  p l a n t  . 

, .  , 
o f  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  ( R T U / H ~ - ~ t 2 )  

= mass f l o w  r a t e  of t h e  transfer f l u i d  t h r o u g h  
t h e  c o l l e c t o r  per u n i L  r o s s - s e c t i o n a l  a r e a  
o f  t h e  c o l l e c t o r  (Lb/Ftq-Hr) 

= s p e c i f i c  h e a t  o f  t k e  t r a n s f e r  f l u i d  'Ct f  
( B T U / L ~  O F )  

t f , e  = t e m p e r a t u r e  o f  t h e  t r a n s f e r  f l u i d  l e a v i n g  
t h e  c o l l e c t o r  (OF) 

t f ,  i = t e m p e r a t u r e  o f  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  c o l l e c t o r  (OF) 

R e w r i t i n g  e q u a t i o n  (1) i n  terms of t h e  c o l l e c t o r  a r e a ,  
' , 

. . .  we get: . . 
(BA) ~ ~ ~ ( t ~ , ~ - t f , i )  ~ i f ( ~ f , e  - tf,i) . i = - - 

( 2  
. .. . IA' Pi 

~ o t i c e '  t ha t  

- .  - 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  
(BTU/Hr ) 

F o r  a n  a i r  c o l l e c t o r  sys tem,  t h e  mass f low rate is 
o b t a i n e d  by m u l t i p l y i n g  t h e  d e n s i t y  o f  t h e  a i r  wi t f i  t h e  
volume f l o w  r a t e  o f  t h e . a i r  t h r o u g h  c o l l e c t o r .  

( 3 )  

where 
. , 

s*tf = D e n s i t y  o f  t h e  t r a n s f e r  f l u i d  

V = Volume f l o w  rate (SCFM) x 60 



. .. . . . . .  . . , . . . 

Since Mctf (T f ,=  - tf,i) = t o t a l  power c o l l e c t e d  by t h e  c o l l e c t o r ,  

t h e  c o l l e c t o r  e f f i c i e n c y  Can be expressed i n .  

Pabs ( 4  'Z = -- 
. . Pint 

. . 

where 

Pabs = t o t a l  absorbed power 

P i n c  = t o g a l  inc iden t  power 
' 

The present  c o l l e c t o r  e f f i c i e n c y  is  defined a s  . . 

  he e f f i c i e n c y  c a l c u l a t i o n s  w e r e  made f o r  a l l  test d a t a  and a r e  
included i n  Tables I1 through V. Figures  1 through 4 p r e s e n t  
p l o t s  of e f f i c i e n c y v e r s u s  t h e  normalized f a c t o r  f o r  flow channel 
depths of 3 i n . ,  2 i n . ,  1 i n . ,  and 1 / 2  i n . ,  r e spec t ive ly .  



TABLE I 

MSFC HOT AIR COLLECTOR EFFICIENCY TEST CONDITIONS 

Wind = 7.'5 MPH (from south) 

T i l t  Angle = 45' 
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TABLE 111 

S F C  HOT AIR COLLECTOR THERMAL PE4FORMANCE TEST DATA -. 2" FLOW DEPTH 
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TABLE IV. 

MTFC HOT A1 R COLLECTOR 'THERMAL PERFORMANCE TEST .DATA - 1 " FLOW DEPTH 
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TABLE VI 

MSFC HOT A I R  COLLECTOR PRESSURE DROP TEST DATA - 2" FLOW DEPTH 
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F i g u r e  3 .  MSFC Hot  A i r  C o l l e c t o r  Thermal P e r f o r m a n c e  Test Data  - 1 I n .  Flow Dep th  
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Figure 5 .  MSFC H o t  A i r  C o l l e c t o r  P r e s s u r e  D r o p  T e s t  Data 




