
DOE /NASA CONTRACTOR 
REPORT 

OUTDOOR TEST FOR THERMAL PERFORMANCE NALUAT l ON OF 
THE OWENS- I LLI NO I S  SUNPAK SEC-601 IA I R) SOLAR COLLECTOR 
Prepared by 

Wyle Laboratories 
Solar Energy Systems Division 
Huntsville, Alabama 35805 

Under subcontract with IBM Corp. , Federal Systems Mvision, Huntsville, Ala. 35805 

Contract UAS8-32036 

Nhtional Aeronautics and Smce Administration 
George C. Marshall Space ' ~ l i ~ h t  Center, Alabama 3581 2 MASTER 
For the U. S. Department of Energy 

U.S. Department of Energy 

Solar Energy 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



xmCE 

Thb report was prepared t o  documont work sponsored by the 
Unftad Stotea Government. Naithrr the United Sta tes  nor Its 
agslrta the Uaited States  Departsent of Energy, the United 
Statu Natioaal Aerooautlcs and Space Administratiaa, nor any 
fu i e r a l  employees, nor any of t h e i r  contractors, eubcontractors 
o r  t he i r  employeurn, mita aay warranty, erpress o r  *lied, o r  
uoume auy l aga l  l i a b i l i t y  o r  reapoaaibi l i ty f o r  the occtatacy, 
c ~ 1 . t ~ ~ ~ ~  or  urrefuliUe8 of aay %nform~tion, apparatus, 
product o r  procase diacloaad, o r  r e p r e o a t  tha t  its rue would 
not infringe privately owned rfghts.  



TECHNICAL R E P O R T  STANDARD TITLE PAGE 
1 1. REPORT NO. 12. GOVERNMENT ACCESSION NO. I 3. RECIPIENT'S CATALOG NO. 

DOE/ NASA CR-161339 I 
4. T I T L E  AND SUBTITLE 4 5.' REPORT DATE . . 

Outdoor Test  for  Thermal  Per formance  Evaluation of the 
Owens-Illinois Sunpak SEC-601 (Air) Solar Collector 

1 

7. AUTHOR(S) 0 ,  PERFORMING ORGAN1 ZATION REPORT # 
Wyle TR-531-37 R 

I 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT  NO. 
/ 

Wyle ~ a b o r a t o r i e s  
Solar Energy Systems Division 
~ u l i t s v i l l e ,  Alabama 3 5 80 5 

washington, D. C. 20546 

)   his work was done under the technical management of Mr. ' Char les  N. Thomas, ' i I ~ e o r g e  C. Marshal l  Space Flight Center,  Alabama. I 

This report  presents  the t e s t  procedures Gsed and the thst  resu l t s  
obtained during the performance of an  evaluation t e s t  program on the Owens- 
Illinois Sunpak, model SEC-601, a i r  so lar  collector under natural  .outdoor 
weather  conditions. All testing activit ies were  performed on a single module 
installed on the Marshall  Space Flight Center Solar House. The t e s t  was 
performed and the data evaluated according to  the methods provided in 
ASHRAE 93-77 ( Method of Testing t o  Determine the Thermal  Per formance .  
of Solar  Collectbrs ) a s  applicable t o  outdoor testing of so la r~co l l ec to r s .  

. , 

17. KEV WOROS 18. DISTRIBUTION STATEMENT UC-59c. 

WILLLAMA. B R o ~ ,  J.R.? 
Mgr. Solar ~ n t i r ~ ~  Applications . d j e c t  

U P @  - Fonn 9 19 8 (Rw. December 19 7 2 )  lor Pb by N a t l o d  Teebnicd I n f o ~ t i o a  &&e. Spd&Isld, V w  2 18 1 



ACKNOWLEDGMENT 

Thb t e s t  program covered by t h i s  r epor t  was reques ted  

by Mr. J., M. Caudle (FA 32) and Mr. B. Wiesenmaier (EE 01) 

of the George C. Marshall Space F l i g h t  Center.  Mr. 

Wiesenmaier generated the t e s t  requirements and furnished 

t echn ica l  cuordinat;ion ~:el.ati.ve to  appl icat ion of ASHRAE , 

93-77 t o  t e s t i n g  vacuum tube c o l l e c t o r s .  , 



TABLE OF CONTENTS 

P a g e  No.& 

PURPOSE 

REFERENCES 

COLLECTOR DESCRIPTION 

SUMMARY 

TEST CCNDITIONS AND TEST EQUIPMENT 

TEST REQUIREMENTS AND PROCEDURES 

6 .1  C o l l e c t o r  T h e r m a l  E£  f i c i e n c y  T e s t  
6 . 2  I n c i d e n t  A n g l e  ~ o d i f i e r  T e s t  
6.3 T i m e  C o n s t a n t  T e s t  

ANALYSIS 

7 . 1  T h e r m a l  P e r f o r m a n c e  T e s t  
7 . 2  I n c i d e n t  A n g l e  ~ o d i f i e r  T e s t  
7 . 3  T i m e  C o n s t a n t  T e s t  

TABLE I THERMAL PERFORMANCE TEST DATA FOR THE SUNPAK 
SEC-601 A I R  COLLECTOR 

TABLE I1 INCIDENT ANGLE MODIFIER DATA 

TABLE I11 SUNPAK MODEL SEC-601  EVACUATED TUBE A I R  COLLECTOR 
CALCULATED ALL DAY EFFICIENCY 

F i g u r e  1. O w e n s - I l l i n o i s  Model SEC-601  S u n p a k  A i r  C o l l e c t o r  

F i g u r e  2 .  T e s t  L o o p  S c h e m a t i c  of the  O w e n s - I l l i n o i s  S t m p a k  
Model SEC-601 A i r  C o l l e c t o r  

F i g u r e  3 .  T h e r m a l  E f f i c i e n c y  of the  O w e n s - I l l i n o i s  S u n p a k  
SEC-601 E v a c u a t e d  T u b e  A i r  col lector  

F i g u r e  4. S u n p a k  SEC-601  P e r f o r m a n c e  Compared t o  Predicted 
P e r f o r m a n c e  

F i g u r e  5. S u n p a k  SEC-601  C o l l e c t o r  E f f i c i e n c y  a t  R e c o r d e d  
. ~ n s o l a t i o n  V a l u e s  V s .  T i m e  of Day  fo r  9 / 2 3 / 7 9  

DISCLAIMER 

Thin booe w o , p i ~ ~ ~ i e J  a,anaiWunt u l  w k  rwnmrw by an agemy of  $he United Statn Government. 
Neither The Uniled Staler Government mr any s l e w  mermf. M r  any of their employees. mkereny 

iii 
warranty, e r p r e ~  or implied. or am- snv legal l iab i l i l~  or rermnribiliry for the accuracy. 
mmpleienns.. or vrelulneu of  any informs!ion. apearstur. prcducf. or process diwlored. or 
f w r ~ e n l s  lhai its t lu :  w!M mi infringe primll ly rnwrd right& Aofo4,~c hErel## LO any YM.IIIC 
mmmercial prcduc!. proceu. or service by trade mme. trademrk. mnulaclurer. or orherwire. don  
not nmeuurily mn%ii!vte or imply its endorremeni. remmmendslion. or favoring bv !he United 
Stater Government or any agency thermf. The viem and opinions of authors erprared herein do M! 

n~eua r i l y  rlsle or reflect thoreof the United Stoles Government or any agency thereof. 



TABLE OF CONTENTS (Continued) 

Page N o .  

Figure 6 .  Sunpak SEC-601 Collector Eff ic iency a t  Recorded 
Insolation Values V s .  Time of  Day for 9/15/79 21 

Figure 7 .  Incident Angle Modifier for  the Sunpak SEC-601 
Evacuated Tube A i r  c o l l e c t o r  

Figure 8 .  Time Constant Test  for Owens-Illinois Sunpak 
SEC-601 Evacuated Tube Air Collector 



PURPOSE 

The purpose of t h i s  document i s  t o  p r e s e n t  the  t e s t  procedures used 
and the  t e s t  r e s u l t s  obtained dur ing the  performance of  an eva lua t ion  
t d s t  program on the  Owens-Illinois Sunpak, model SEC-601, a i r  s o l a r  
c o l l e c t o r  under n a t u r a l  outdoor weather condit ions.  A l l  t e s t i n g .  
a c t i v i t i e s  were performed on a s i n g l e  module i n s t a l l e d  on t h e  MSFC 
So la r  House. The t e s t  was performed and the  d a t a  evaluated  according 
t o  the  methods provided i n  Reference 2.1 a s  app l i cab le  t o  outdoor 
t e s t i n g  of s o l a r  c o l l e c t o r s .  

2 .O REFERENCES 

2.1. ASHRAE 93-77 Method of Tes t ing  t o  Determine t h e  Thermal 
Performance of S o l a r  c o l l e c t o r s  , I  

2.2 NBSIR 78-1305A Prov i s iona l  ~ l a t  P l a t e  So la r  ~ o l i e . c t o r  Tes t ing  
Procedures : F i r s t  Revision 

2.3 DOE/NASA CR-150860 Q u a l i f i c a t i o n  Tes t  and ~ n a l ~ s i s  Report - S o l a r  
Co l l ec to r s  (Owens-Illinois SEC-601 Sunpak . . 
Col lec to r )  

3.0 COLLECTOR DESCRIPTION 

Manufacturer: Owens-Illinois 

~ a n u f  a c t u r e r  I s  P . 0. Box' 1035 
Address : Toledo, Ohio 43666 

Model Number : Sunpak SEC-601 

TYPe : Evacuated Tube 

Working Fluid :  A i r  

Gross Col lec tor  
Arca, l?t2 : 104.96 

Overal l  External  Width, inches 103.1 
Dimensions: Length, inches 146.6 

Col lec tor  Glazing: Evacuated Tube 

Weight: To ta l  Module, l b s .  338 
Without Tubes, l b s .  118 

Diffuse Ref lec tor  Cer ta in teed  double 4" s id ing,  No. 002-13 



SUMMARY 

This t e s t  program was conducted t o  evaluate the  performance of  an 
owens-1llihois ~ u n p a k  SEC-601 a i r ,  evacuated tube s o l a r  c o l l e c t o r  

. under outdoor condi t ions .  The module t e s t ed ,  shown schemat ica l ly  
i n  Figure 1, was.one of four modules c o n s t i t u t i n g  a s o l a r  hea t ing  
system a t  the  M S F ~  S o l a r  House. A schematic of the  complete t e s t  
loop i s  shown i n  Figure 2. The a r ray  was operated and monitored 
over a per iod  of approximately two months (August and September 
1979) t o  provide s u f f i c i e n t  d a t a  under i d e a l .  t e s t i n g  cond i t ions  t o  
insure  t h a t  the  d a t a  presented  i s  s u i t a b l e  f o r  the  purpose intended. 
The t e s t  condi t ions  and d a t a  obtained from s e l e c t e d  days during the  
t e s t  program a r e  l i s t e d  i n  Table I f o r  the thermal performance 
t e s t ,  and a r e  presented graphical ly i n  Figures 3 through 6.  able 
I1 conta ins  the  da ta  and ~ e s u l L s  ub~di l ieh  i n  determining t l ~ e  i n c i d e n t  

. angle  modifier for the Sung& SBC-601. me consolidated i n c i d e n t  
. angle modifier data from tllret! clays Is slluwll i l l  F i y u ~ e  7. A Liiiie 

constant  t e s t  'was .performed t o  determine the t r a n s i e n t  e f f e c t s  of 
changing s o l a r  f lux .  The r e s u l t s  of the time constant  test  are pre- 
sented i n  Figure 8. 

The only common ground f o r  comparing overa l l  c o l l e c t o r  performance 
should be the  " a l l  day e f f i c i ency"  r a t h e r  than F K ~ ? .  No s tandard  
p r a c t i c e  has  been es tab l i shed ,  b u t  each c o l l e c t o r  should be  evalu- 
ated f o r  space heat ing ,  domestic h o t  water and s o l a r  coo l ing  o r  
process h e a t  a p p l i c a t i o n s  a t  a nominal locat ion.  This would a s s i s t  
the  s o l a r  des igner  i n  choosing the  most e f f i c i e n t  c o l l e c t o r  f o r  a 
p a r t i c u l a r  app l i ca t ion .  Evacuated tube c o l l e c t o r s  a r e  e f f e c t i v e  
f o r  s o l a r  cool ing  app l i ca t ions ;  therefore ,  according t o  t h e  proce- 
dure i n  NBSIR 78-1305A, an a l l  day e f f i c i ency  f o r  the  Sunpak SEC- 
601 was c a l c u l a t e d  f o r  a t y p i c a l  s o l a r  cooling app l i ca t ion .  The 
se lec ted  s i t e  dependent d a t a  i n  conjunction w i t h  t e s t  r e s u l t s  used 
i n  t h i s  determination a r e  shown i n  Table 111. 

The s p e c i f i e d  d i f f u s e  r e f l e c t o r  ma te r i a l ,  Alcoa roof ing  coated w i t h  
Alcoa bone white #~2028-30 (fluorocarbon) was n o t  a v a i l a b l e .  A sub- 
s t i t u t e  materia1;Certainteed double 4" s id ing  No. 002-13, was used 
f o r  these t e s t s .  This whi,te v i n y l  mater ia l  repor tedly  has  a s l i g h t l y  
b e t t e r  r e f l e c t a n c e  bu t  does n o t  have the  same s u r f a c e  shape a s  the  . . 
spec i f i ed  mate r i a l .  It i s  n o t  expected t h a t  t h i s  change i n  the  

I 

d i f f u s e  r e f l e c t o r  m a t e r i a l  caused a s i g n i f i c a n t  change i n ' t h e  col-  
l e c t o r  performance, b u t  due t o  the  unava i l ab i l i ty  of the s p e c i f i e d  
mater ia l ,  t h i s  was n o t  v e r i f i c d .  Contractor da ta  r epor ted  i n  Refer- 
ence 2.3 i s  shown, however, fnr comparison of performance parameters. 



TEST CONDITIONS AND TEST EQUIPMENT . . . ~ 

.. . 

Ambient Conditions 

Unless otherwise s p e c i f i e d  he re in ,  a l l  t e s t s  were performed at - -. - 

ambient condit ions e x i s t i n g  a t  the  MSFC S o l a r  House Tes t  F a c i l i t y  
a t  the  time of the  t e s t s .  ' - 

Instrumentation and Equipment . . 

~ l l  t e s t  equipment and ins t rumenta t ion  used i n  the  of 
t h i s  t e s t  program comply w i t h  t he  requirements o f  MSFC-MMI-5300.4C, 
Metrology and Ca l ib ra t ion .  Instrumentat ion ' l oca t ions  on the  t e s t  
loop and c o l l e c t o r  a r e  depic ted  i n  Figure 2. A l i s t i n g  o f t h e  equip- 

. . ment used i n  each test follows: 

Apparatus 

Thermocouples . MSFC Supplied 0 - 5 0 0 ~ ~  + 0 . 5 O ~  - 
Pyranometer Eppley - PSP 

' Shadowband Pyranometer ' Eppley - PSP 

A i r  Loop MSFC Supplied N/A ' 

. . 
Data Logger 

Flowrne t e r  

Model 2240A, John ' . 1-3OMV + .01% - 
Fluke 'company 

Kurz Instruments/ ' 0 - 1250 F P M  + 2% - 
Model 430/435 

The PSP pyranometers were c a l i b r a t e d  by the  manufacturer. 



TEST REQUIREMENTS AND PROCEDURES ' 

6.1 . Collector Thermal Efficiency Test 

6.1.1 Test Requirements 

Thermal performance data from the Sunpak Model SEC-601 a i r  collector 
s h a l l  be obtained u t i l i z ing  the MSFC a i r  t e s t  loop a t  .the MSFC Solar 
House Test ~ a c i l i t y .  The collector s h a l l  be mounted on .the south, 
facing 45O sloped roof of the Solar House, with a roof covering of 
Alcoa Bone White, #K2028-30 (fluorocarbon) diffuse radiation material ,  
o r  equivalent. The following data sha l l  be recorded of t e s t  variables 
and conditions. 

1. .Ambient A i r  temperature. 

2. Collector i n l e t  a i r  temperature. 

3 .  Collector ou t l e t  a i r  temperature. 

4. Collector a i r  flow ra te .  

5. Total insolation. 

6. Diffuse component of insolation. 

Thermal performance evaluation data sha l l  be obtained a t  i n l e t  temp- 
eratures of approximately 0, 70, 90 and 1 1 0 ~ ~  above the ambient temp- 

. ' e rature  a t  an a i r  flow ,rate  of 2 CFM per  Ft2 of collector.  The . 

efficiency curve s h a l l  be established by "data points" taken a t  one 
minute intervals  near solar noon tha t  represent efficiency values 
determined by integrating the data over a time period equal t o  the 
time constant o r  f ive  minutes, whichever i s  larger.  The integrated 
value of incident so lar  energy w i l l  be divided i n t o  t h e  integrated 
value of energy obtained from the col lector  t o  obtain an averaged 
thermal efficiency . 

6.1.2 Procedure 

1. Assure tha t  a l l  insulated ducts are  t i gh t ly  sealed.' 

2. I n i t i a t e  operation of the data acquisit ion system to  record data 
a t  one minute intervals  between 1 1 : O O  A.M. and 1:00 P.M. solar  
time and check t o  verify t h a t  i13.1 necessary 'data channels are 
operational. 

3 .  Establish the proper flow ra te  and i n l e t  temperature fo r  each 
t e s t  designation. 

4. Monitor the test pa.ramp.ters by using the data  logger printout . 
a t  the t e s t  s i t e .  

5. Upon completion of testing, save. the pr in tout  as a record. 



6 .O TEST REQUIREMENTS AND PROCEDURES (Continued) . 

6.1 Col lec to r  Thermal ~ f f i c i e n c y  Tes t  (continued) 

6.1.3 T e s t  Resul ts  

The r e s u l t s  obtained during these  t e s t s  a re .  contained i n  Table I 
. and Pn Figure 3 f o r  the rha l  performance da ta .  .The ca lcu la ted  

. . 
thermal e f f i c i e n c y  is compared with t h e  manufacturer 's  p red ic ted  
performance i n  F igure '4  f o r  an i n l e t  temperature equa l  ' to  the 

. .  ambient. Figures 5 and 6 show c o l l e c t o r  thermal e f f i c i e n c y  a t  
recorded i n s o l a t i o n  l e v e l s  a s  a funct ion  of  time o f  day f o r  two 
d i f f e r e n t  days, with the  i n l e t  temperature equal  t o  t h e  ambient. 



TEST REQUIREMENTS AND PRDCEDURES (Continued) 

Inc ident  Angle Modifier  Tes t  

Reauiremen ts 

Due t o  the  c o l l e c t o r ' s  being permanently mounted a t  t h e  45O s lope  
of the  MSFC S o l a r  House roof ,  t h e  c o l l e c t o r  inc iden t  angle modif ier  
s h a l l  be determined from c o l l e c t o r  e f f i c i e n c y  da ta  when t h e  d i r e c t i o n  
of  inc iden t  s o l a r  r a d i a t i o n  i s  approximately 15, 30, 45, 60 and 67.5 
degrees with r e s p e c t  t o  o0 a t  s o l a r  noon. Since these  tests a r e  
being performed a t  outdoor condi t ions ,  the  i n l e t  a i r  temperature 
should be  maintained a s  c lose  a s  p r a c t i c a l  t o  ambient (+ 2OF). The 
t e s t  should be conducted on a c l e a r  day with a wind speed of l e s s  
than 5 MPH. The e f f i c i e n c y  values  a r e  determined in f ive  p a i r s i  
w l l e ~ e  each pair inoludos .a vall.!e of e f f i c i e n c y  eaz-lv i n  t h e  day and 
a second value l a t e  i n  the  day. The following da ta  s h a l l  be recordcd 
a t  two minute i n t e r v a l s  from 7:30 A.M. to  4:30 P.M. s o l a r  t i m e  on a 
c l e a r  test  day. 

1. Ambient a i r  te111pexa t u r e  . 
2. Col lec tor  i n l e t  a i r  temperature. 

3 .  Col lec to r  o u t 1  e t  a i r  temperature. 

4. Col lec tor  a i r  f low r a t e .  

5. To ta l  i n s o l a t i o n .  

6. Diffuse component of  i n s o l a t i o n .  

Procedure 

1. Assure t h a t  a l l ' i n s u l a t e d  duc t s  a r e  t i g h t l y  sea led .  

2. I n i t i a t e  opera t ion  of the  d a t a  acqu i s i t ion  system t o  record  d a t a  
a t  two minute i n t e r v a l s  between 7:3U A.M. and 4:30 P.M. solar time 
and check to v e r i f y  Vhat a1.1 necessary da ta  channels are opera t ional .  

3. Es tab l i sh  a flow r a t e  of 2 CFM per ~t~ of c o l l e u l u i  a t  an inlet 
temperature approximately equal  t o  ambient. 

4. Monitor t he  t a ~  t p a  cri'i~etel-9 by using the  data logger p r i n t o u t  a t  
the  t e s t  s i t e .  

5. Upon completion of t e s t i n g ,  save the  p r i n t o u t  a s  a  record. 

Test  'Resul ts  

Inc ident  angle modifier  d a t a  was taken on th ree  c l e a r  days a s  i s  shown 
i n  Table 11. The average of the  d a t a  from those three  days i s  depic ted  
graphica l ly  i n  Figure  7. 



6 .O TEST REQUIREMENTS AND PROCEDURES (Continued) 

6.3 Time Constant Test 

Test Requirements 

In accordance with ASHRAE 93-77, the time constant t e s t  s h a l l  be 
conducted by abruptly reducing the so la r  flux to  zero. . This w i l l  
be done with the i n l e t  a i r  temperature as  close to  ambient as 
prac t ica l  (+ 2OF) , with an a i r  flow r a t e  of 2 CFM per f t 2  of col- 
lector .  Thg d i f f e ren t i a l  temperature, across the col lector  sha l l  
be recorded t o  determine the time required t o  reach' the condition of 

where T f I e  ,l = Outlet a i r  temperature a t  time . 'P . 

T f , e , i n i  = I n i t i a l  o u t l e t  temperature 

T f , i  = In l e t  a i r  temperature 

The following data sha l l  be recorded during the t e s t .  

1. Ambient a i r  temperature. 

2.  Collector i n l e t  a i r  temperature. 

3 .  Collector ou t l e t  a i r  temperature. 

4. Collector a i r  flow rate.  . . 

5. Total insodation a t  i n i t i a t i o n  of t e s t .  

6. Time from in i t i a t ion  t o  completion of t e s t  a t  one minute intervals ,  

Procedure 

1. I n i t i a t e  operation of the data  acquisit ion system t o  record data  
a t  one minute intervals and check t o  verify t h a t  a l l  necessary 
data channels are operational. 

2. Establish a flow ra te  of 2 CFM per f t 2  of col lector  a t  an i n l e t  
temperature approximately equal t o  ambient. 

3. Assure tha t  the .  flux leve l  is a t  l e a s t  250 ~ T U f i r - F t ~ .  and is not 
fluctuating. 

: ( .  

4. Assure t h a t  t e s t  conditions have s tabi l ized.  3 .  



6.0 TEST REQUIREMENTS AND PROCEDURES (Continued) 

6.3 Time Constant Tes t  (Continued) 

6.3.2 Procedure (Continued) 

5. Reduce the  s o l a r  f l u x  t o  zero by abrup t ly  shading the  c o l l e c t o r  
from t h e  sun. Mark on the  da ta  a c q u i s t t i o n  system p r i n t o u t  the  
moment when the c o l l e c t o r  is  shaded. 

6. Monitor and record  the  d i ' f ferent ia l  temperature ac ross  the col- 

l e c t o r  u n t i l  t he  r a t i o  of Tf l e * ~ -  "li i s  l e s s  than 0.30. 
T f , e , i n i  - T f , i  

6.3.3 Tes t  Resul ts  

The r e s u l t s  obta ined during t h i s  test  a r e  shown i n  Figure 8. 



7 .o ANALYSIS 

7.1 Thermal Performance T e s t  

The ana lys i s  of d a t a  contained i n  t h i s  r e p o r t  i s  c o n s i s t e n t  w i t h  
t he  procedures of References 2.1 and 2.2. The thermal e f f i c i e n c y  
of the  Sunpak SEC-601 determined from t e s t  da ta  contained i n  Table 
I is  given by the  fol lowing equation: 

The ca lcu la ted  values of e f f i c i e n c y  were determined a t  s i x t y  second 
i n t e r v a l s  near  s o l a r  noon and averaged over a f i f t e e n  minute pe r iod  
i n  which the test  condi t ions  remained i n  a  quasi-steady s t a t e .  
Each f i f t e e n  minute average c o n s t i t u t e s  one d a t a  p o i n t  shown graph- 
i c a l l y  i n  Figure 3.  Due t o  the  e x c e l l e n t  i n s u l a t i v e  p r o p e r t i e s  o f  
the  evacuated tube and considerable d a t a  s c a t t e r ,  t h e  b e s t  curve f i t  
is  a f i r s t  order  polynomial of the  form: . 

R = a, + a l T  

where : 

'7- = (Ti  - Ta) / I  

The c o e f f i c i e n t s  were determined t o  be 

f o r  a  flow r a t e  of 2 C F M / F ~ ~  of c o l l e c t o r .  



ANALYSIS (Continued) 

I n c i d e n t  Angle Modif ier  Tes t  

Two methods a r e  proposed by ASHRAE 93-77 f o r  i n c i d e n t  ang le  modi- 
f i e r  t e s t s .  For  t h e  MSFC S o l a r  House T e s t  F a c i l i t y  only  method 
2 ( t e s t i n g  o u t s i d e  us ing  a  permanent t e s t  rack)  is  a p p l i c a b l e .  
E f f i c i e n c y  d a t a  was determined when t h e  d i r e c t i o n  o f  i n c i d e n t  

. s o l a r  r a d i a t i o n  was approximately 15, 30; 45, 60, and 67.5 degrees  
w i t h  r e s p e c t  t o  o O . a t  s o l a r  noon on t h r e e  c l e a r  days. 

According t o  93-77, t h e  i n c i d e n t  ang le  mod i f i e r  is  de f ined  as 

where )1 = e f f i c i e n c y  , a t  i n c i d e n t  ang le .  , . 

Fp,(cCT) n = I n t e r c e p t  o f  e f f i c i e r i cy  cu rve  a t  
normal i n c i d e n t  angle  = .423 

For  equa t ion  (1) t o  be a p p l i c a b l e ,  t h e  i n l e t  a i r  t empera ture  must 
be c o n t r o l l e d  t o  w i th in  + 2OF of  the ambient a i r  temperature.  I n  
c a s e s  where t h e  i n l e t  a i r  temperature cannot  be  c o n t r o l l e d  t o  with- 
i n  + 2%, t h e  fo l lowing  equat ion  must be used t o  e v a l u a t e  t h e  i n c i -  
d e n t  ang le  mod i f i e r  . 

where : 

FRUL is t h e  nega t ive  o f  t h e  s l o p e  determined from t h e  
thermal effidi ,ency ci~rve. 

The i n l e t  a i r  temperatures  were a l l  w i t h i n  +  OF o f  ambient a i r  
temperature.  Hence, equat ion  (1) was used f o r  eva lua t ion .  

The r e s u l t s  of  this computation a r e  shown on Table I1 and p l o t t e d  
a g a i n s t  i n c i d e n t  ang le  i n  F igu re  7. 

Thc purpaac o f  t h e  i n c i d e n t  ang le  msditier i s  t o  allow a des igne r  
o r  a n a l y s t  t o  p r e d i c t  t h e  t o t a l  d a i l y  energy o u t p u t  from t h e  co l -  
l e c t o r ,  as t h e  sun t r a c k s  from e a s t  t o  west.  Most c o l l e c t o r s  a r e  
more e f f i c i e n t  a t  normal i nc idence  than  a t  o t h e r  angles ,  b u t  some 
a r e  even more e f f i c i e n t  a t  ang le s  o t h e r  t han  normal. The only  com- 
mon ground f o r  comparing coP lec to r s  should be t h e  " a l l  day e f f i c i e n c y "  
r a t h e r  t han  FRAT. However, t h e  p r o s p e c t i v e  a p p l i c a t i o n  of  t h e  co l -  
l e c t o r  a l s o  i n f l u e n c e s  t h e  va lue  o f  " a l l  day e f f i c i e n c y . "  T h a t - i s ,  
f o r  low temperature a p p l i c a t i o n s  such  as space h e a t i n g  o r  domestic 
h o t  water ,  a t y p i c a l  f l a t  p l a t e  c o l l e c t o r  may have an a l l  day e f f i -  
c i ency  o f  40%, b u t  f o r  s o l a r  coo l ing  a p p l i c a t i o n s  t h e  a l l  day e f f i -  
c iency  might be 20%. Therefore ,  c r i t e r i a  should be e s t a b l i s h e d  to 



ANALYSIS (Continued) 
. . 

Incident Angle Modifier Test (continued). 

r a t e  each 'col lector  for  space heating, domestic h o t  water, and 
so la r  cooling a t  a nominal location, because e f f i c i enc i e s  are 
a l s o  dependent on outdoor ambient temperatures. 

Evacuated tubes a r e  e f f ec t ive  for  so la r  cooling applications;  
therefore,  according t o  the  procedure i n  NBSIR 78-1305A, the 
a l l  day efficiency of the  Sunpak SEC-601 co l lec tor  i s  35,9 per 
cent  for  typical  so l a r  cooling application where Tin is approxi- 
mately 1 0 0 ~ ~  above ambient. The selected s i t e  dependent data i n  
conjunction with t e s t  data used i n  these determinations is  shown 
i n  Table 111. .No standard c r i t e r i a ' h a s  been es tabl ished fo r  " a l l  
day efficiency" and these calculations a r e  dependent on system 
operating parameters, s i t e  data,  time of year.and da i ly  weather. 
Therefore, the  above information should be viewed as: ' in terest ing 
but  not conclusive, 



7 .O ANALYSIS (Continued) 

7.3 Time Constant Tes t  

'Jho methods a r e  proposed by 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 i m i t a t i o n s ,  the  f i r s t  
method w a s  used. This method consis ted  of  shading the  c o l l e c t o r  
and maintaining a cons tan t  flow r a t e  and i n l e t  temperature while 
obta in ing d a t a .  

According t o  the  d e f i n i t i o n  o f . t i m e  constant  given i n  93-77, it is 
t h e  time requi red  f o r ' t h e  r a t i o  of the  d i f f e r e n t i a l  temperature a t  
t i m e 7  t o  the  i n i t i a l  d i f f e r e n t i a l  temperature t o  reach -368, when 
s o l a r  i n s o l a t i o n  i s  reduced t o  zero. It can be expressed a s : .  

I f  t h e  i n l e t  l i q u i d  temperature cannot be contro1,led t o  equal  the  
ambient a i r  temperature, then the  following  quat ti on must be used. 

where : 

T i t e r r  E x i t  l i q u i d  temperature a t  t i m e  T 

'fr i I n  let l i q u i d  temperature 

T f I e , i n i  I n i t i a l  e x i t  l i q u i d  ,temperature 

fi ~ i q u i d  mass flow r a t e ,  lb /hr  

CP S p e c i f i c  hea t  of l i q u i d ,  B T U / ~ ~ - O F  

Ag G r o e ~  collector area ,  f t 2  

F ~ u ~  Negative of the s lope  determined from the  
thermal, e f f i  c i ~ n c y  nir~re 

The i n l e t  temperature was maintained w i . t . h i n  + 2OF of t h e  amhient,  - 
hence equation (1) was used f o r  evaluat ion.  From Figure 8, the  time 
cons tan t  was determined t o  be 15 minutes and 36 seconds. 



' TABLE I 

THERMAL PERFORMANCE TEST DATA FOR THE 
SUNPAK SEC-601 AIR COLLECTOR 

Ambien t  Air Temp. 
(Ta) r OF 

F l u i d  I n l e t  Temp. 
(Ti) r OF 

71 .4  

73 .4  

75 .0  

75 .3  
- -  ~- 

Z l u i d  O u t l e t  Temp.. 
(Te )  r OF . 

D i f f e r e n t i a l  F l u i d  
Temp. a ~ ) ,  OF 

'lux 
(I)  , B T U / H ~ ' -  F % ~  

% o f   iffu use 
Flux 

F1OwRater  c~M/'t2 
"of C o l l e c t o r  

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

E f f i c i e n c y  
i v ) ,  % . . ,  

14.1.2 

65 

3 2 8 . 3  

20 

2 .00 

.OOl 

4 3 . 6  

-- 

1 3 3 . 1  

, 59. 7' 

325 .6  

1 2  

2 .05 

' - 0 0 6  

41.2  

7 3 . 5  

74.6  

1 3 9 . 5  

64 .9  

327 .5  

1 5  

1 . 9 3  

.003 

42.2 

86 .8  

1 5 4 . 6  

212 .1  

57.5  

300 .2  

3 1  

1 . 7 8 '  

.226 

3 7 . 3  

90 .8  

163 .9  

221.0  

5 7 . 1  

2 9 5 . 1  

30 

1 .78  

. 2 4 8  

3 7 . 8  

87.0  

165 .9  
~ _ _ _ _ _ - - - - - ,  

226.9 

61 .0  
. . 

265.9 

40 

1 .54  

.297 , 

. . 
39 ,2  

88.8  

1 7 1 . 5  

'21.3.8 
. . 

42.3 
. . 

2 1 3 ; 5  % .  

35  ' 

1 . 6 5  

.387 

36 .0  

92 .0  

1 9 5 . 2  

2 4 6 . 1 1 6 4 . 9  

5 0 . 9  

- .  

27'3.6 

30  ' 

1 . 5 5  

.377 

3 5 . 4  

83.7 

134 .6  

30 .3  

170 .8  

30  

2'.00 

.298 

37.0 

89.7  

1 7 6 . 3  

I 

8 9 . 8 , .  

200 .2  

233.7 

. . 

57.4 
- 

278 .3  

30 

1 . 5 4  

.311 

34.6 

255 .7  

5 5 . 5  

269.8  

3 0  

1 . 5 0  

.409  

3 4 . 0  
.) 



TABLE 1.1 

INCIDENT ANGLE MODIFIER DATA , 

. 

Date 

8/16/79 

I 1  

I 1  

II 

I 1  . 

. . 
' I 1  

9/15/7 9 

II 

I# 

II 

. . 
. II 

, '  

II 

9/23/79 

II 

I 1  

I t  

# I  

II 

t 

. . 
Angle o 

, 0 

15 

3o 
6 .  

45 . .  - 
.60 

67.5 

0 ', 

.15 

0 

45 . 

60 

67 ..5 

0 .  

.. 6 5 

30 

45 

60 

67.5 

Coll. 
, Y I ~ f f .  

43.6 

44.0 

45.3 

48 ..9 

.57.6 

5 0 ~ 9  

42.. 2 

42.8 

44.2 

48.5 

54.8 

,51.5 

41.2 

41 . 4  

42.7 

47.2 

56.0 

50.0 

KdT. 

1.000 

1.009 

1.039 

'1.122 

1.321 

1.167' 

1.000 

1.014 

1.047 

1 ..149 

1.298 

1.220 

1.000 

3.. 007 

1.037 

1.147 
, . 

. 1.361 

1.215 

- 



TABLE I11 . 
SUNPAK MODEL'SEC-601 EVACUATED TUBE A I R  COLLECTOR CALCULATED ALL DAY EFFICIENCY 

, 

42O T i l t  
Avg.- Clear Skies  

CALCULATION STEPS 

1. I n l e t  f l u i d  temp. t o  
collector, t f  , i (OF) 

2. ~ m b i e n t a i r t e m p - ,  ta(*: 

3 ,  I nc iden t  r a d i a t i o n  on 
c o l l e c t o r  p lane ,  IT 
(Table A2, ASHRAE 93-77) 

(BTU/Hr) 

3a. T f i 0 T a / I ~  . 

4 .  Co l l e c to r  thermal  e f f i -  
c iency a t  normal i n c i -  
dence, determined i n  
accordance wi th  Sec- 
t i o n s  8.3.2 and 8.5 of 
ASH= 93-77 and us ing  
d a t a  from Lines 1, 2 
and 3 

5. I nc iden t  ang le  between 

outward drawn 'normal t o  
collector plane,  8 d 

6 .  I nc iden t  ang le  modif ier ,  
' determined i n  accordance 

w i th  Sec t ions  8.3.3 & 
8.6 of ASHRAE 93-77 and 
us ing  t h e  va lue  of 8 
from Line 5 

7. Energy ou tpu t  from col- 
lector [Line 3 x Line 4 
x Line 61 (BTU/Hr) 

8. collector t h e  a1 e f f i -  
c iency,  ~ i n e  v ~ i n e  3 

Example: 32ON Lat .  

185 

'73 

6 

18.0 

90 

0 

. 

185 

74 

60 

1.85 

.125*.291 

75 

7 - 8  

185 

79 

132 

.80 

60 

185' 

82 

197 

-52 

-338 

45 

188 

86 

249 

- 4 1  

,356 

30 

190 

90 

281 

.36 

-364 

15 

50~9775.8492.28103.30U)7.65U)589 

* 

193 

92 

292 

.35 

-365 

15  

1.01j0~.3271.139~.041~.010~.0101.041~.1391.3271.0t~ 

Estimated 

197 

93 

281 

.37 

-362 

30 

200 

94 

249 

-43 

.352 

45 

39.83 

or 

200 

94 

197 

-54 

.334 

60 

extrapolated 

200 

92 

132 

.82 

.288 

75 

87.3139.54 

200 

90 

60 

1.8 

0 . 

90 

0 

values. 

2144 

no.41 

.359 

4 

- 
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