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The p u r p o s e  o f  t h i s  p a p e r  is t o  e x p l o r e  how much e n e r g y  c a n  

be s a v e d  f rom a s o l a r  a i r  c o l l e c t o r  w i t h  no  t h e r m a l  s t o r a g e .  

T h e r e  a re  s e v e r a l  f a c t o r s  which  d e t e r m i n e  how much you c a n  save 

t h r o u g h  u s i n g  t h i s  t y p e  of s y s t e m :  1) t h e  s i z e  and 2 )  e f f i c i e n c y  

of t h e  c o l l e c t o r ( s ) ,  3) how t h e  s y s t e m  is i n s t a l l e d ,  4 )  so l a r  

access ,  5 )  t h e  h e a t i n g  l o a d  of t h e  home, 6 )  t h e  amount o f  s o u t h  

g l a s s  t h e  home h a s ,  and 7 )  w h e t h e r  t h e  s y s t e m  is  u s e d  f o r  zoned  

h e a t i n g  o r  n o t .  I t  may be n o t e d  t h a t  i f  a h o u s e  h a s  a l a r g e  

amount  of s o u t h  g l a s s ,  t h e r e  may be  enough  p a s s i v e  s o l a r  g a i n  

d u r i n g  t h e  d a y  t h a t  t h e  h e a t  c o n t r i b u t i o n  t h r o u g h  t h e  c o l l e c t o r  

is  n o t  u s e f u l .  

A s t a n d a r d  me thodo logy  d e v e l o p e d  by t h e  s o l a r  i n d u s t r y  t o  

d e t e r m i n e  c o l l e c t o r  o u t p u t  is u s i n g  a c o l l e c t o r  e f f i c i e n c y  c u r v e ,  

w h i c h  i s  d e r i v e d  from l a b o r a t o r y  t e s t s ,  t o  see how t h e  s y s t e m  

would p e r f o r m  u n d e r  v a r i o u s  c l i m a t o l o g i c a l  p a r a m e t e r s .  

V . 

Graph One on page  2 i s  a c o l l e c t o r  e f f i c i e n c y  g r a p h  f e a t u r i n g  

a s a m p l e  o f  s e v e n  s o l a r  c o l l e c t o r s  s o l d  i n  Iowa. To o b t a i n  t h e  

i n s t a n t e o u s  e f f i c i e n c y ,  you f i rs t  o b t a i n  t h e  f l u i d  p a r a m e t e r .  

T h i s  is t h e  a m b i e n t  ( o u t d o o r )  t e m p e r a t u r e  (TA) s u b t r a c t e d  from 

t h e  t e m p e r a t u r e  g o i n g  i n t o  t h e  c o l l e c t o r  ( T I ) ,  d i v i d e d  by t h e  

s o l a r  i n s o l a t i o n , ( I  i n  B t u / s q .  f t . )  When you c a l c u l a t e  t h e  f l u i d  

p a r a m e t e r ,  you go up on t h e  g r a p h  u n t i l  you h i t  t h e  l i n e  o f  t h e  

c u r v e  r e p r e s e n t i n g  t h e  c o l l e c t o r  you a r e  l o o k i n g  a t .  When you 

h i t  t h e  l i n e ,  you m a k e  a 90 d e g r e e  a n g l e  l e f t  and when you i n t e r -  

s e c t  t h e  Y a x i s  you  have  t h e  i n s t a n t a n e o u s  e f f i c i e n c y .  T h e  

h i g h e r  t h e  Y i n t e r c e p t  and t h e  l o w e r  t h e  s l o p e ,  t h e  more e f f i -  
n 
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A SAMPLE OF SEVEN SOLAR COLLECTORS SOLD I N  IOWA 

Company Name Y In te rcept  Slope X In tercept  
Eagle Bu i ld ing  Products .6306 - .7548 .04 

.......e... G S Energy Indust r ies .6190 - ,7357 .84 ----- Solar Gold, Inc. .5905 - .9186 .64 -.-.- Sul l y  Mfg. Inc.  .5813 -1.1828 .49 
++w+w+w General Solar Co. Inc. .5257 -1 .0216 .51 
-..-e.- Resource Techno1 ogi  es .5011 -1.1263 .44 
- - - - - - - _  Solar E lec t r i c ,  Jnc.. .4922 -1 -2485 .39 

This graph demonstrates how co l lec tors  perform under various 
climatological conditions. T h e  f l u i d  parameters a re  from 
Appendix Two. The Hour-by-Hour Solar Performance of Eagle 
Buildinq Products co l lec tors .  

A t  8:OO AM6 insolation i s  127 BTU/ft / h r 6  outdoodr tempera- 
ture  i s  18 F and ' in l e t  temperature i s  65 F. This gives a 
f lu id  parameter of .37. T h e  instantaneous efficiency i s  
35% fo r  the Eagle Building Products co l lec tor  and 3% fo r  the 
Solar Elec t r ic  Panel. A t  3:OO PM, the f l u i d  parameter i s  
.15, giving the Eagle an efficiency of 51% and the Solar 
Electr ic  a 30% efficiency. 
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c i e n t  t h e  s o l a r  c o l l e c t o r .  Such  c o l l e c t o r s  t e n d  t o  be well  i n s u -  

l a t e d ,  h a v e  g l a z i n g s  w i t h  a h i g h  s o l a r  t r a n s m i s s i o n ,  and  c o l l e c -  

t o r  p l a t e s  w i t h  a h i g h  a b s o r p t i v i t y  and low e m i s s i v i t y .  

When t h e  i n s t a n t a n e o u s  e f f i c i e n c y  i s  o b t a i n e d ,  t h i s  f i g u r e  is  
- 

m u l t i p l i e d  by t h e  s o l a r  i n s o l a t i o n  and s q u a r e  f o o t a g e  o f  t h e  

c o l l e c t o r  t o  come up w i t h  t h e  t o t a l  s o l a r  o u t p u t  f rom t h e  c o l l e c -  

t o r .  The BTU o u t p u t  would t h e n  d i m i n i s h  b e c a u s e  o f  d u c t  l o s s e s  

on t h e  way t o  t h e  room. 

I n  most  a p p l i c a t i o n s ,  s o l a r  c o l l e c t o r s  a re  u s e d  t o  heat one  

p a r t i c u l a r  zone  i n  t h e  h o u s e .  T h i s  e n a b l e s  t h e  o c c u p a n t  t o  a l l o w  

t h e  t e m p e r a t u r e  t o  d r o p  i n  a reas  o u t s i d e  t h e  z o n e ,  and  t o  dump 

t h e  s o l a r  heated a i r  t o  k e e p  t h e  zone  a t  a h i g h e r  t e m p e r a t u r e .  

I n  t h i s  a p p l i c a t i o n ,  t h e  s o l a r  hea te r  is b e i n g  u s e d  as a s p a c e  

h e a t e r ,  s imil iar  t o  a n  e l e c t r i c a l  s p a c e  h e a t e r .  I n  c a l c u l a t i n g  

o u t  how much s a v i n g s  c a n  be a t t r i b u t a b l e  t o  s o l a r  t h r o u g h  zone  

h e a t i n g ,  we f i n d  t h a t  t h i s  is  d i f f c u l t  t h i n g  t o  d o ,  d e p e n d i n g  on 

many p a r a m e t e r s .  Some o f  t hese  a r e  s i z e  o f  t h e  z o n e ,  how t i g h t l y  

c l o s e d  o f f  i t  is f rom t h e  r e s t  o f  t h e  h o u s e ,  t h e  l o c a t i o n  o f  t h e  

t h e r m o s t a t  and  how well i n s u l a t e d  t h e  zone  i s  f rom t h e  r e s t  o f  

t h e  h o u s e .  Heat l o s s  is c a l c u l a t e d  u s i n g  t h e  U A  method:  Average  

U-value  times a r e a ,  p l u s  e x f i l t r a t i o n .  C a l c u l a t i n g  t h e  U A  o f  a 

zone  is  d i f f c u l t .  

A CLOSE-UP L O O K  AT ONE D A Y  

To g e t  an  i d e a  w h a t  a s e t  o f  s o l a r  c o l l e c t o r s  c a n  do t o  h e a t  a 

home, we can  see t h a t  i t  would do on a c l e a r  d a y  i n  t h e  w i n t e r .  

We a r e  g o i n g  t o  l o o k  a t  F e b .  2 1  i n  Des Moines ,  w h i c h  i s  two 

months a f t e r  t h e  w i n t e r  s o l s t i c e .  I n  o u r  example  h o u s e ,  we a r e  

a s s u m i n g  UA o f  7 0 0 ,  w h i c h  would g i v e  you a d e s i g n  h e a t  l o s s  o f  
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56 ,000  BTUs p e r  h o u r .  T h i s  is f a i r l y  common f o r  a n  a v e r a g e  

m o d e r a t e  s i z e d  home. If we would assume t h a t  f o r  a p e r i o d  o f  8 

h o u r s  t h a t  we c o u l d  t u r n  down t h e  t e m p e r a t u r e  i n  t h e  r e s t  of  t h e  

h o u s e  t o  55 d e g r e e s  and  t h e  z o n e  c o u l d  b e  h e a t e d  by t h e  s o l a r  

c o l l e c t o r ,  we would see t h e  s a v i n g s  l i s t e d  a t  t h e  bot tom of  t h e  

c o m p u t e r  c a l c u l a t i o n  s h e e t .  I n  o u r  e x a m p l e ,  we a s s u m e  t h a t  o u r  

z o n e  has a U A  o f  200 ,  wh ich  would be a b o u t  30% of  o u r  home ' s  

l i v i n g  area.  

We a re  u s i n g  two S o l a r  Max c o l l e c t o r s  wh ich  a re  made by 

E a g l e  B u i l d i n g  P r o d u c t s .  The " D i r e c t o r y  o f  t h e  S o l a r  R a t i n g  a n d  

C e r t i f i c a t i o n  C o r p o r a t i o n ' s  C e r t i f i e d  S o l a r  C o l l e c t o r  R a t i n g s ,  

F a l l  1984 ,  l i s t s  t h i s  as t h e  t o p  p e r f o r m i n g  a i r  c o l l e c t o r .  T h i s  

g i v e s  u s  t h e  " b e s t  case"; o t h e r  a i r  c o l l e c t o r s  would p e r f o r m  a t  a 

l e s s o r  l e v e l ,  a l l  o t h e r  t h i n g s  b e i n g  e q u a l .  

We are  a s s u m i n g  t h a t  t h e  rest of t h e  h o u s e  is  h e a t e d  t o  55 

d e g r e e s  by t h e  c e n t r a l  h e a t i n g  s y s t e m ,  t h e  i n t e r n a l  hea t  g a i n  by 

p e o p l e ,  l i g h t s  and  a p p l i a n c e s ,  and  by t h e  s o l a r  r a d i a t i o n  t h r o u g h  

t h e  windows. 

On page  5 ,  D a i l y  S o l a r  P e r f o r m a n c e  of A c t i v e  C o l l e c t o r s ,  a r e  

th ree  cha r t s  t h a t  i l l u s t r a t e s  t h e  o v e r a l l  i m p a c t  of o u r  two h i g h  

p e r f o r m i n g  4 X 8 c o l l e c t o r s  on o u r  " t y p i c a l "  h o u s e .  The b e s t  

t h a t  i t  p e r f o r m s  i s  a t  noon ,  where t h e  c o m b i n a t i o n  of s o l a r  and  

zone  h e a t i n g  i s  m e e t i n g  47% of  o u r  h e a t i n g  demand. A t  3 P . M . ,  

s o l a r  and z o n e  h e a t i n g  is  m e e t i n g  36% of  t h e  demand. 

C h a r t  T h r e e  shows t h e  summary of the s o l a r  c o n t r i b u t i o n  f o r  

t h e  day .  S a v i n g s  f rom t h e  c o m b i n a t i o n  of z o n e  h e a t i n g  and  t n e  

s o l a r  c o l l e c t o r  i n p u t  a c c o u n t  f o r  a 12% s a v i n g s .  

4 



D A I L Y  SOLAR PERFORMANCE OF A C T I V E  COLLECTORS 

Collector: Sola r  Ma:: ( E a g l e  B u i l d i n g  F r o d u c t s i  

T e c h n i c a l  n o t e s :  66 sq. f t .  f a c e d  due south a t  60 degrees  

70 ........................................ 
6 5 !  1 

50!---- 

! Savings due t o  zone heating= (70-55) x 500 UA= 7500 BTU or 292 
T 601 Solar  ! Savings Due t o  Zone Heating ! Input fror so la r  co l l ec to r s=  4569 6TU 
e 55! I---,--------,,,-,------------- ! Savings due t o  zone and so la r=  12,096 BTU or 472 

p 45! AiKXlary Heatin , Passive Solar i 
I I 

401 and In t e rna l  Heal Gains 
35 ~ - - - ~ ~ ~ - - - 2 a 7 ~ - - - 3 - - ~ ~ ~ - - - ~ ~ ~ - - - ~ ~ ~ - - - 7 ~ o  

UA of House 

Chart One: Heatin! Charac t e r i s t i c s  on a 
Typical House f r o r  12-1 par. on Fcb. 21 

70 ........................................ 
T 6O! Solar .! Savings Due t o  Zone Heating e 55!---------. .............................. . Savings due t o  zone heating. (70-551 x 500 UA= 7500 BTU or 291 
B 50! ! Input fror so la r  co l l ec to r s=  2782 BTU 
p 45! Auxillary Heatin , Passive Solar I Savings due t o  zone and so la r=  9282 BTU or 36% 

40! and In t e rna l  Heal Gains I 

UA o f  House 

Chart Two: Heatinq Charac t e r i s t i c s  on a 
Typical House f r o r  3-4 p,r. on Feb. 21 

6 5 !  I t 

55 ' --- I 

0 1 ~ ~ - - - 2 ~ ~ - - - 3 ~ ~ - - - ~ ~ ~ - - - ~ ~ ~ - - - ~ ~ ~ - - - 7  00 

OllILY TOTALS 
Base heat 1 0 5 ~  (70-26) x'700 UA x 24 hr= 739,200 BTU 
Savings due t o  n i g h t  setback= 15F x 700 UA x 8 hr= 84,000 BTU or 112 
Savings due t o  day zone heating. 15F x 500 UA x 8 hr= 60,000 BTU or  8% 
Total i n p u t  from so la r  co l l ec to r=  29,646 ETU or 4% 
Savings due t o  so l a r  co l l ec to r  and :one heating= 88,646 BTU or 122 
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I t  s h o u l d  be  n o t e d  t h a t  t h e r e  a re  many f a c t o r s  t h a t  e n t e r  i n  

t h e  t o t a l  p i c t u r e  o f  a home's h e a t i n g  n e e d s .  I f  t h e r e  a re  v e r y  

many s o u t h  windows, t h i s  may p r o v i d e  a s i g n i f i c a n t  p a r t  o f  t h e  

h e a t i n g  r e q u i r e m e n t  d u r i n g  t h e  day .  I n t e r n a l  h e a t i n g  g a i n s  f rom 

c o o k i n g ,  p e o p l e ,  l i g h t s  and  a p p l i a n c e s  may a l s o  p l a y  a b i g  r o l e .  

P e r h a p s  t h e  most s t r a i g h t  f o r w a r d  method t o  compare t h e  

s a v i n g s  i s  t o  see what  i t  would c o s t  t o  p r o d u c e  t h a t  same amount 

o f  h e a t  w i t h  a n  e l e c t r i c  s p a c e  h e a t e r .  Whe the r  o r  n o t  a BTU 

comes from t h e  s u n  o r  a sp.ace h e a t e r ,  i t  h a s  t h e  same e f f e c t .  

From o u r  e x a m p l e ,  t o t a l  B T U s  p r o d u c e d  i.s 2 8 , 6 4 6 ,  when d i v i d e d  by 

3412 ,  t h e  number of B T U s  i n  a k i l o w a t t  h o u r  ( K W H ) ,  we see t h a t  i t  

would h a v e  t a k e n  a b o u t  8 . 4  KWH o r  67$  w o r t h  o f  e l e c t r i c i t y  t o  

p r o d u c e  t h e  same amount o f  hea t .  

C o n c l u s i o n  

A s o l a r  c o l l e c t o r  would p e r f o r m  b e t t e r  o r  worse t h a n  shown 

i n  t h i s  a n a l y s i s  d e p e n d i n g  on t h e  e f f i c i e n c y  of t h e  c o l l e c t o r ,  

t h e  number of  c o l l e c t o r s  and t h e  q u a l i t y  o f  i n s t a l l a t i o n .  We saw 

i n  t h i s  case ,  a c l e a r  w i n t e r  d a y  w i t h  a v e r a g e  t e m p e r a t u r e s  t h a t  

we a c h i e v e d  a 4% s a v i n g s  f rom s o l a r  a n d  a t o t a l  o f  1 2 %  s a v i n g s  

when combined w i t h  z o n e  h e a t i n g .  

How much would a s y s t e m  l i k e  t h i s  r e d u c e  h e a t i n g  b i l l s  f o r  

t h e  e n t i r e  w i n t e r ?  I n  a n  a v e r a g e  Iowa w i n t e r ,  t h e  s u n s h i n e s  51% 

of t h e  t ime i n  t h e  day  f rom November t h r o u g h  March ,  where 83% of  

t h e  a n n u a l  h e a t i n g  l o a d  f a l l s .  Could a case b e  made t o  s a v e  10% 

t h r o u g h  a c o m b i n a t i o n  of  s o l a r  and  z o n e  h e a t i n g ?  

Append ix  One shows a compute r  a n a l y s i s  f o  t h e  F - c h a r t  method 

o f  d e t e r m i n i n g  t h e  e x p e c t e d  solar p e r f o r m a n c e  o f  t h e  S o l a r  Max 

s y s t e m  f o r  a n  e n t i r e  y e a r ,  which is g e n e r a l l y  a c c e p t e d  by t h e  
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s o l a r  i n d u s t r y .  I t  shows a n  8% s a v i n g s  f o r  t h e  e n t i r e  y e a r ,  

which  c o r r e l a t e s  w i t h  o u r  p r o j e c t e d  p e r f o r m a n c e  f o r  o u r  one  day .  

One f i n a l  n o t e  i s  t h a t  o f t e n  times p e o p l e  who i n s t a l l  

c o l l e c t o r s  do  i n d e e d  e x p e r i e n c e  a s a v i n g s  g r e a t e r  t h a n  10%.  T h i s  

r a i s e s  a n  i n t e r e s t i n g  q u e s t i o n :  Why d i d  t h e y  s a v e  s o  much? If 

o t h e r  e n e r g y  c o n s e r v a t i o n  items a re  i n s t a l l e d  s i m u l t a n e o u s l y ,  

s a v i n g s  w i l l  o f  c o u r s e  i n c r e a s e .  , A n o t h e r  p o s s i b l e  e x p l a n a t i o n  is  

t h a t  u s u a l l y  i f  someone makes a m o n e t a r y  commi t tmen t  t o  p u r c h a s e  

of a s o l a r  c o l l e c t o r ,  t h e y  may become more c o n s c i o u s  o f  t h e  

e n e r g y  t h e y  consume.  They  may v e r y  wel l  m a k e  o t h e r  c h a n g e s  i n  

t h e i r  l i f e  s t y l e  o r  imp lemen t  o t h e r  e n e r g y  c o n s e r v a t i o n  p r a c t i c e s  

as  w e l l .  . T h i s  a l s o  may r e s u l t  i n  s i g n i f i c a n t  c h a n g e s ,  r e s u l t i n g  

i n  a r e d u c t i o n  of c o n s u m p t i o n .  
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W E  OF FROJEZT: SOLAR M A X  iERGLE BUILDING PRODUCTS! 
Y !NTERCEPT=,c:CL 
SLOPE IFRUL:-.:S48 
ua or ENTIKE HOUSE:?OO 
iNLET TEHPERATURE=S: 
EROSS COLLECTOR RRfA.66 
2ESlRED TECFEP.A?URE OF I L V I N 6  AREA UHILE OCCUPIED= 7 0  
ALLGYABLE HIN1:UM TEFPERATURE=S: 
COST ELECTRICITY= $.OB 
CA 8F :ONE=?QO 
AVERAGE AnBIENT TEjPERAIURE=ZI 

INSOLATION AM0 AVERAGE AMBIENT TEHP FOR FEB A i  60 DESREE ANGLE 

7 R . H .  
AV6 HOURLY TEHP=l6 
INSOLRTION I N  BTU’SISI. FT. =24 
FLUID PARAIIETER=Z.O4 
EFFICIENCY=O 
SOLAR BTU’S COLLECTED=O 
HEAT LOSS AT 70DEGREES=37800 ETU’S 
SOLAR CONTRIEUTION=O PERCENT 
SAVINGS DUE T O  SOLPR AND ZONE HEATIN6=19.84 PERCENT 
SAVINGS DUE TO !ONE HEATING ONLY=19.84 PERCENT 

8A.H. 
AV6 HOURLY TERP=18 
!NSOLATION I N  BTU’SISR. FT. =I27 

’ FLUID PARRflETER=.S’I 
EFFICIENCY=.35 
SDLAR BTU‘S COLLECTED=1159.88 
HEAT LOSS A T  7011EGREES=36400 BTU’S 
SOLAR CONTR!BUTION=J. 19 PERCEMT 
SAVINGS DUE TO SOLAR AND ZONE HEATIN6=23.7? PERCENT 
SAVINGS DUE T O  ZONE HEATING ONLY-20.6 PERCENT 

9 A . R .  
AV6 HOURLY TEHP=21 
INSOLATION I N  BTU’SISR. FT. 2208 
FLUID PARARETER=.ZI 
EFFICIENCY=. 47 
SOLAR BTU’S COLLECTED=254b.79 
HER1 LDSS AT 70DE6REES=34;00 BTU’S 
SOLAR CONTRIBUTION=7.43 PERCENT 
SRUIh6S DUE T O  S U M  b#D ZONE HERTIN6=29.29 PERCENT 
SAVINGS DUE T O  ZONE HEATING ONLY=21.87 PERCENT 

1oA.n. 
AVG HOURLY TEHP=29 
INSOLATION IN BTuwsn. FT. =267 
FLUID PRRA)IETER=.lS 
EFFICIENCY=. 53 
SOLCR BTU’S COLLECTED=3671.13 
dEAT LOSS A T  70DEGREES=28700 810’s 
SOLAR CONTRIBUTION=12.79 PERCENT 
5AVIN6S DUE TO SOLAR ANG ZONE HEATIN6=3B.92 PERCENT 
SAVINGS DUE T O  ZONE HEATING ONLY=26.13 PERCENT , 

I1b.n. 
RV6 HOURLY TEHP=31 
INSOLATION I N  BTU‘SISQ. FT. ~ 3 0 4  
FLUID PRRRIIETER=. 11 
EFFICIENCY=. 55 
SOLAR BTU’ S COLLECTED:43I7.02 
YEP1 LOSS AT 70DE6REES=27300 BTU’S 
SOCAR CONTRIBUTION-tS.B1 PERCENT 
SAVINGS DUE TO SOLAR RND ZONE HEATINGr43.29 PERCENT 
SAVIN65 DUE TO ZONE HEATING ONLY=27.17 PERCENT 

12p.n. 
AV6 HOURLY TEHP=S3 
INSOLATION I N  BTU’S/SR. FT. -317 
FLUll PARAllETER=. 1 
EFFICIENCY:. 55 
SOLAR BTU’S C[ILLECTED=4569.41 
HEAT LOSS AT 70DEGREES=25900 BTU’S 
SOLAR CONTRIBUTION:17.64 PERCENT 
SAVINGS DUE TO SOLAR A N D  ZONE HEATIN6=46.6 PERCENl 
SAVIN6S DUE TO ZONE HEATING ONLY=28.96 PERCENT 

1P.M. 
AVG HOURLY TEMP=34 
INSOLRTION I N  BTU’S/SQ. FT. =:04 
FLUID PARMETER=. 1 

SOLAR BTU’S COL?ECTEP=4375.flF 
HEAT LOSS AT 70GE6REES=25200 BTU’S 
SOLAR CONTRIBUTION=17.36 PERCENT 
SAVINGS DUE TO SOLRR AND ZONE HERTIHG=47.13 PERCENT 
SAVINGS DUE TO ZONE HEATING ONLY=29.76 PERCENT 

’ EFFICIENC1=.55 

2P.H. 
AV6 HOURLY TEMP=J4 
INSOLATION I N  BTU’S/SQ. FT. =267 
FLUID PARAHETER=. 12 
EFFICIENCY=. 54 
SOLAR BTU’S COLLECTED=:769. :b 
HEAT LOSS AT 70DE6REES=25200 BiU‘S 
SOLAR CONTRIBU?ION=I4. 96 PERCENT 
SAVINGS DUE TO SOLAR AND ZONE HEATIN6=44.7? PERCENT 
SRV!I(GS DUE TO !ONE HERTIN6 ONLl=??.76 PERCENT 

3P.H. 
AV6 HOURLY TEilP=J’, 
INSOLATION IN BTU’S/SR. F i .  =zoa 
FLUID PARAMETER=. 15 
EFFICIENCY.. 51 
SOLAR BTU’S COLLECTfD=2782. ZP 
HEAT LOSS AT 70DE6REES225900 BTU’S 
SOLAR CONTRIBUTION=iO, 74 PERCENT 
SRVINES DUE TO SOLAR AND ZONE HEATIN6=39.7 PERCENT 
SIIVINGS DUE TO ZONE HEATING ONLY=28.?6 FERCENT 

4P.R. 
AVG HOURLY TERF=33 
INSOLATION IN BTU‘S/SQ. FT. =1:7 
FLUID PdRMETES=.:5 
EFF!C:ENCY=.14 
S O L M  BTU’S  COLLECTED=!^^^.:: 
HEAT LOSS A T  70DE6REES=::950 BTU‘S 
SOLAR CONTRIBUTION=5.61 PERXNT 
SAVINGS DUE T O  SOLAR AND ZONE HEBTIN6=34.:7 FERCiNi  
SAVINGS DUE TO ZONE HERTIYG ONLY=28.96 PERCEN? 
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