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INTRODUCTION 

This  system was designed by So la r  Engineering & Equipment 
Co. Inc .  i n  co l l abora t ion  with The Binkley Company, Inc. 

This des ign w a s  f u r t h e r  deve1ope.l under a  c o n t r a c t  with 
t h e  N a t i m a l  Aeronautics & Space Administration, Marshal l  
Space F l i g h t  Center,  Huntsvi l le ,  Alabama. The c o n t r a c t  
with NASA required  fu r the r  development of t h e  de s ign  
wherein two prototype  systems would be developed an& 
fab r i ca t ed  and u l t ima te ly  ins ta l l ec l ' in  two ope ra t i ona l  
test sites se l ec t ed  by NASA, t h e  f i r s t  system being a 
s i n g l e  family res idence  located  a t  t he  Concho Ind ian  
School i n  E l  Reno, Oklahomrt,. 

Bas ica l ly  t h e  requirements of t h e  NASA con t r ac t  w e r e  t o  
accompli.sh t h e  following objec t ives :  

1. To f u r t h e r  develop and r e f i n e  two prototype  s o l a r  
ho t  a i r  systems u t i l i z i n g  t h e  concept of t h e  SEECO 
c o l l e c t o r  a s  t h c  ba s i s  of t h e  system. 

2. To design and i n s t a l l  t h e  complete system jncluding 
a l l  s t o r age  requirements f o r  s p e c i f i c  bu i ld ings  a s  
s e l ec t ed  l o r  operational. tes t  sites. - 

3.  To tes t  a l l  components of t h e  system and t o  u l t i -  
mately t e s t  t h e  complete system through a l l  s t ages  
of development and t o  continue t e s t i n g  t h e  i n s t a l l e d  
system a t  t h e  opera t iona l  test  s i t e s  through one 
contplete winter  season and t o  r e p o r t  a l l  t e s t  
f i nd ings  t o  NASA f o r  f u r t h e r  evaluat ion.  

The s p e c i f i c  goa l s  of t h e  program w e r e :  

a )  To develop a s o l a r  heat ing  c o l l e c t e r  and system t h a t  
would be economical y e t  durable  and e f f i c i e n t .  

b) To prove t h a t  t h e  a i r - t o - a i r  system wpuld func t i on  
a s  w e l l  a s  a l i q u i d  system and thereby eleminate t h e  
problems of f reez ing of t h e  t r a n s f e r  f l u i d s  and 
i nhe ren t  probleiis i n  l i q u i d  c o l l e c t o r s .  

L 

C) TO des ign a c o l l e c t o r  .in which t he  b a s i c  m a t e r i a l s  
used i n  i t s  manufacture a r e  s tandard  products  
r e a d i l y  a v a i l a b l e  of f  t h e  she l f  t h a t  can be mass 
produced i n  l a r g e  quan t i t i e s .  

d)  The ' co l l e c to r  can be manufactured i n  any l eng th  I '  

up t o  40 f e e t  t o  accommodate des ign of any roof 



s p a n  t o  t h e  40 f o o t  l . i m i t & t i o n ,  t h e r e b y  e l i m i n a t i n g  
t h e  need f o r  nlul . t iple  man i fo ld  connec t - ions  r e q u i r e d  
i ,n  a series of s m a l l  c o l l e c t o r  rno6ules. -.. 

. . 

e) T; p r o v e  that t h e  c o l l e c t o r  c a n .  e f f i c i e n t l y  s e r v e  as . . 
t h e  a c t u a l  . r o o f  of c7. b u i l d i n g ,  t h r o u g h  its s t r u c t u r a l  ,' 
i n t e g r i t y  c?!ld . w a t e r p r o o f r ? c . ~ s  and t h e r e b y  e l i r n i n a t i n . 3  ' 

t h e  c o s t  o f  t h e  roof, t h e r e f o r e  r e d u c i n g ' t h e  s o l a r .  
s;ys.tern c o l l e c t o r  cost.. 

. A s  t h i s  d e v e l o p ~ n e n t  pxoyzam pxogressed  i t  became a p p a r e n t  
. t h a t  t h e  SERCO c o l l e c t o r  c o u l d  p r o v i d e  o t h e r  a d v a n t a g e s  
when used .in indl:jt:l: i a l  2nd aqr:i c u l  t u r a l  s y s  terns f o r  pro- .  
p e r  p roduce  dry j .ng  :rand fc?r i n ~ u s t r i - a 1  and ' i n s t i t u t i o n a l  
h o t  water. .  Severa.i .  sys'ie1;zs have  bee11 d e s i g n e d  ' f o r  lumber 
d r y i n g ,  co.t"in, anii indust-.r.i.al h9.t w a t e r  f o r .  h o s p i t a l s  and  
. n u r s i n g  h a w s .  

- .  

S o l a r  E n y i n c e r i n q  r;. Equip!-l.ient C o .  Inc. e x t e n d s  i t s  services. 
t o  a1:chi tcc ts  and cng i r l ec r s  as  w e l l  2 s  t o  p r i v a t e  i n d i v i - .  
d u a l s  a r ~ d  co:.;ipanj.~s who have  a n .  i n t e r e s t  i n  s o l a r  s y s t e m s  
u t i l i z i n g  t h e  c o n c e p t  o u t l i . n c d  j.n t h i s  b r o c h u r e  of  employ- 
i n g  any.  o f  t h e  o::i.ier met:hods w i ~ c r e i n  s o l a r  e n e r g y  c a n  p ro -  
v i d e  u s e f u l  and economi.ca1. a l t e r n a f  i v e  e n e r g y  s o u r c e s .  
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FIG, 1 - CROSS SECTION - SEECO MOD 1 COLLECTOR 
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S O L A R  C O L L E C T O R  

1. S y s t e m  D e s c r i p t i o n  

T h e  S E E C O  s o l a r  a i r  h e a t e r ,  Mod I ,  i s  m a d e  i n  m o d u l e s  3 '  w i d e  
a n d  a n y  . l e n g t h  n o t  e x c c e d i n g . f o r t y  f e e t .  T h e s e  n l o d u l e s  a r e  
j o i n e d  t o  f o r m  a , c o l l e c t o r .  o f  a n y  c h o s e n  w i d t h  i n  m u l t i p l e s  
o f  t h r e e  f e e t .  T h e  c o l l e c t o r s  a r e  f a b r i c a t e d  b y  u t i l i z i n g  
s t a n d a r d  s t e e l  b u i l d i n g  w a l l  c o m p o n e n t s ,  a s  s h o w n  .by t h e  
d r a w i n g  ( r i g .  I ) ,  T h r e e  b o t t o m  p a n s ,  e a c h  1 2 "  w i d e  m a d e  
o f  g a l v a n i z e d  s t e e l ,  2 2  g a u g e ,  a r e  j o l n e d  t o  f o r m  t l ~ e  t h r e e  
f o o t  w i d t h .  A s t a n d a r d  26 g a u g e  s t e e l  s h e e t ,  p a i n t e d  w i t h  
b e , s t  g r a d e  f l a t  b l a c k  p a i n t  'of a  s p e c i a l  h e a t  r e s i s t a n t  t y p e ,  
f o r m s  t h e  a b s o r b e r  p l a t e .  O v e r  t h i s  i s  i n s t a l l e d ' t h e  t o p  
t h e r m a l  w i n d o w  c o n s i s t i n g  o'f t w o  l a y e r s  o f  D u p o n t  T e d l a r  4  rn i l  
t h i c k  p l a s t i c  f i l m  m o u n t e d  o n  a  3 / 4 "  x 3 / 4 "  s t e e l  f r a m e :  T h i s .  
w i n d o w  1.s s e p a r a t e d  f r o m  t h e  a b s o r b e r  p l a t e  b y  a s p e c i a l  u r e -  ' 

t h a n e - i s o c y a n u r a t e  t h e r m a l  i s o l a ' t o r .  f o r c e d  a i r  i s  p a s s e d  
o v e r '  a n d  U n d e r  t h e  a b s o r b e r  p l a t e  t h r o u g h  a i r  p l e n u m s  a t .  t h e  
. t o p  a n d  b o t t o m  o f  t h e  c o l l e c t o r  s y s t e m ,  a s  s h o w n  o n  t h e  
d r a w i n g .  E a c h  r n o d u l e  c h a n n e l  may b e  i ~ n d . i . v i d i ~ ~ ~ l l y , . b a l a n c e d  
b y  t h e  u s e  o f  h a n d  d a m p e r s  i n s t a l l e d  a s  s h o w n .  T h i s  a d j u s t -  
m e n t  i s  m a d e  a f t e r  i n s t a l l a t i o n ,  a t  t h e  j o b  s i t e ,  p r i o r  t o  
c l o s i n g '  i n  t h e  h o t  a i r  p l e n u m  a t  t h e  r o o f  r i d g e . '  T h i s  s y s t e r n  
o f  a i r  d u c t s  o r ' p l e n u m s  c ~ n n e c t s  i n t ~  t t ~ e  e x i s t i n g  warm a i r  ' 

s y s t e m .  T h i s  i n t e r c o n n e c t i o n  d e t a j  1 w i l l .  v a r y  i n  a c c o r d a n c e  
. w i t h  t h e  c o n v e n t i o n a l  h o t .  a i r  s y s t . e m  w h i c h  w i l l  i n t e r f a c e  

w i t h  t h e  s o l a r  s y s t e m .  A t y p i c a l  i n s t a l l a t i o n  i s . . s h o k i n .  
, - .. . - .  

( F i g .  3 ) -  
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T h i s  s y s t e m  may b e  e q u i p p e d  w i t h  a n  a i r  t o  w a t e r  h e a t  e x c h a n g e r  
t o  h e a t  d o m e s t i c  h o t  w a t e r .  ' ( F i g .  2 )  T h i s  i s  a n  e c o n o m i c a l  
a n d  e f f i c i e n t  way t o  p r o d u c e  h o t  w a t e r  f o r  d o m e s t i c  u s e  b e c a u s e  
t h e r e  i s  n o  d a n g e r  o f  c r o s s  p o l l u t i o n  b e t w e e n  a n t i f r e e z e  
a d m i x t u r e s  b e c a u s e  n o  a n t i f r e e z e  i s  n e c e s s a r y  a n d  o u r  h i g h  
e f f i c i e n c y  h e a t  t r a n s f e r  c o i l s  a c t u a l l y  a r e  l o w e r  i n  p r i c e  . 
t h a n  d o u b l e  t u b e  l i q u i d  h e a t  e x c h a n g e r s . o f  t h e  s a m e  c a p a -  
c i t y .  A d r a w i n g  o f  a  t y p i c a l  d o m e s t i c  h o t  w a t e r  s y s t e m  
s h o w s  t h e  s i m p l i , c i t y  o f  t h e  s y s t e m .  

. . 
3 .  ~ y ~ i c a l  -- I n s t a l l a t i o n  A r r a n g e m e n t s  

T h e  S E E C O  s o l a r  c o l l e c t o r  may b e  u s e d  a s  a  s t r u c t u r a l  p a r t : o f '  
.. t h e  r o o f .  I t  c a n  b e  s e l f  s u p ' p o r t i n g  i n  s p a n s  u p  20 t w e n t y  f e e t  

a n d  mzy e l i m i n a t e  a  p a r t  o f  t h e  r o o f  i n  new c o n s t r u c t i o n .  I n  
o r d e r  t o  m i n i m i z e  on  f i e l d  i n s t a l l a t i o n  w o r k ,  t h e  c o l l e c t o r s  
a r e  s h i p p e d  f r o m ' t h e  f a c t o r y  i n  maximum s i z e d  m o d u l e s .  B e c a u s e  
OF o v e r h e a d  c l e a r a n c e  a n d  r o a d  r e g u l a t i o n s ,  maximum w i d t h s  o f  . 

f o u r  m r j d u l e s  o r  1 2  f t .  a r e  s h i p p e d  . f a c t o r y  j o i n e d .  Any l e n g t h  
u p  t o  f o r t y  f e e t  c a n  be  c u s t o m  made t o  f i t  j o b  r e q u i r e m e n t s .  
T h e s e  c o l l e c t o r  m o d u l e s  may b e  i n s t a l l e d ,  w i t h  t h e i r  l o n g  a x e s  

i 

. . 
Page 2 ' 



either h o l . i z o n t . a l  o r  v e r t i c a l .  T h e  v e r t i c a l  a x i s  w i t h  i n l e t  
a t  tile c;l i fc a n d  n c t t l c t  a t  t h e  r i d + -  i s  u s u a l l y  p r e f e r a b l e  
b e c a u s e  o f  i l l l e t  a n d  o u t l e t  a i r  p l e n u m  d e s i g n ,  b u t  t h e  
s y s t e m  i s  f l e x i b l e  a n d  [nay b e  u s e d  e i t h e r  way .  ' 

** . 
T h e  t w e l v e  f o o t  w i d e  c o l l e c t o r  s e c t i o n s  c a n  b e  l i f t e d  b y  
s p e c i a l  l i f t i n g  s l i n g s  w i t h  a c r a n e  a n d  i n s t a l l e d  .on t h e  
r o o f  w h e r c  t h e y  a r e  j o i n e d  b y  f a c t o r y  f u r n i s h e . d  s e a l i n g  
s t r i p s  a n d  g a s k e t s .  T h e m e l h a d  n f  r a s f e n . i n g  t h e  c o l l e c t o r s  
m u s t  m e c t  t h c  c x i s t i n g  r o o f  c o n d i t i o n s ,  b u t  u s u a l l y  i t  i s  

. .. 
mad6 b y  u s i n g  s p e c i a l  h o l d  down c l i p s  o r  b r a c k e t s  a t  e a c h  
e n d  o f  t h c  c o l l e c t o r ,  s o  a s  t o  a v o i d  h a v i n g  t o  b r e a k  down 
t h e  c o l l e c L o r  t o  p l a c e  s c r e w s  t h r o u g h  t h e  b o t t o m  o f  t h e  p a n  
i n t o  t h e  r o o f .  T h e  i n s t a l l e r  s h o u l d  b e g i n  a t  o n e  e n d  o f  
t h e  1 -oof  zn'd p r o c e e d  t o  t h e  o t l ~ e r ,  u t i l i z i n g  t h e  s p e c i a l ,  

. . 
s l j d i n g  l e d d c r  t o  m a k e t h e  t o p  s u r i a c e  j o i n t s .  



T h e  s u p p ' l y  . a n d  r e t u r n  r : t a r \ i f o l d s  a r e  t h e n  c o n n e c t e d  i n t o  t h e  
c o n t : e r i t i o n a l  s y s t e n - I ;  T h i s  w i l l  v a r y  i n  a c c o r c f a n c e  w i t h  t h e  
t y p e  o f  s y s t e r n  t h a t .  wi:l.l b e  u s e d ,  b u t  i n t e r f a c i n g '  d u c t s  a n d  
c o n t r o l  d a m p e r s  a r e  u s u a l l y  s i m i l a r  t o  t h e  e x a m p l e  s h o w n ,  
a l t h o u g h  e x a c t  d u c t  l o c a t i o n s  may v a r y . '  I f  p o s s i b l e ,  i n t e r -  
f a c i n g  d u c t  w o r k  s h o u l d  b e  d e s i g n e d  b y  a p r o f e s s i o n a l  w h o .  
u n d e r s t a n d s  t h e  p r i n c i p a l s  o f  a i r  d i s t r i b u t i o n -  a n d  d u c t w o r k  
d e s i g n .  SEECO i s  a l w a y s  r e a d y  t o  a s s i s t  t h e  c l i e n t  i n  P h i s  
s o r t  ' o f  w o r k .  .. 

When t h e  f a n ( s )  h a v e  b e e n  i n s t a l l e d  a n d  a r e  o p e r a b l e ,  f u l l !  
c a p a c i t y  a i r  s h o u l d  b e  c i r c u l a t e d  t h r o u g h  t h e  s y s t z m ,  p r i o r  
t .o i r i s t a l l i n g  t h e  b o t t o m  o f  t h e  h u t  a i r  s u p p l y  p l e n u m  o r  a n y  
o t h e r  o b s t a c l e  t o  a c c c ? s s  t o  t h e  a d j u s t a b l e  d a m p e r s .  I t  i s  
e s s e n t i a l  t h a t  t h e s e  dc!!i!pers b e  i n d i v i d u a l l y  a d j u s t e d  f o r  
e a c h  a i r  c h a n n e l  t o  e q u a l i z e  a i r  f l o w  a c r o s ' s  t h e  r o o f .  T h i s .  
f l o w  v e l o c i t y  c a n  b e  c h e c k e d  w i t h  a h a n d  h e l d  v e l o m e t e r  w i t h  
a  f l e x i b l e  t u b e  c o n n e c t e d  n o z z l e .  When t h e  a i r  c i r c u l a t i o n  
h a s  b c c n  b a l a n c e d  t h e  d u c t  s y s t e m  s h o u l d  b e  c l o s e d  a n d  s e a l e d  
a n d  t h e  e n t i r e  s y s t e m  c h e c k e d  f o r  a i r  l e a k s ,  i n s p e c t i n g  e a c h  
j o i r l L  w l ~ c r e  a i r  m i g h t  p o s s i b l y  c s c a p e .  Air l e a k s  s h o u l d .  b e  
s e a l e d  w i t h  t h e  s p e c i a l  s i l i c o n e  s e a l a n t  f u r n i s h e d  w i t h  t h e  
i n s t . a l l a t i o n .  The  c o n t r a c t o r  s h o u l d  t h e n  a d j u s t  t h e  v a r i o u s  
c o n t r o l  d a m p e r  c o : ; i b i n a t i o n s  f o r  p r o p e r  o p e r a t i o n  a n d  s e q u e n -  
c i n g i n a c c o r d a n c e  w i t h  ' i h c  v a r i o u s  n l o d e s .  ' A s  may b e  s e e n  f r o r n  
t h e  t y p i c a l  d r a w i r i g s ,  t h c  S E E C O ~ c o l l e c t o r  c a n  b e  t a i l o r - m a d e  
t o  f i t  a  r e q u i r e d  l e n g t h  b u t  t h e  w i d t h  m u s t  b e  m a i n t a i n e d  ' i l l '  ' 

m u l t i p l e s  o f  t h r e e  f e e t .  

-. * I 4  X 2 - ) / 2 '  5.5..  T Y P E  A a  

'' D E T A I L  O F  5 0 1 8 ~ '  --- - - - ., . - - - - -. . . -- - - 
. B E T h t E E K  X O E U L E S .  
_ _ _ _ _ . . . -  



f i )  A 6 . A  U N I T  K I T H  CHCLOSCD A I R  F L ' c N u ~ ~  FOR LO*. PITCHED ROOF 

. , 

D) AS ROOT-WALL OK SOUTHERN EXPOSURE 

4.. U i i i t .  D i ~ n e n s j . o n s  a n d  E. lo t rnt ing I n s t r u c t i o n s  I .  . '  ---- 

T ~ ~ . ' S E E C O  Mod I c o l l e c t o r  c a n  b'e m o u n t e d  i n  v a r i o u s  w a y s .  
T y p i c a l  a r r a n g e m e n t s  a r e  s h o w n  o n  t h e  d r a w i n g  ( F i q .  5 ) .  As ' 

i a g e n e r a l  r u l e ' ,  e s p e c i a l l y  d e s i g n e d  m o u n t i n g  f l a s h i n g s  o r  s t r e p s  
a r e  F u r n i s h e d  b y  t h e ' f a c t o r y  a n d  s h ' i p p e d  w i t h  t h e  u n i t . .  T y p i c a l  
s t r a p p i n g  a n d  h o l d - d o w n  f l a s h j n g s  n a y  b e  s e e n . o n  t h e  h o t  a i r  

1 p l c n u r n  d r o a i n g n ,  b o t h  r i d g o  a n d  e:d\le.' ( F i g  3 1. 
I 

... T h e  c o l l e c ~ t o r s  may a l s o  b e  f r e e  s t a n d i n g  f o r  m o u n t i n g  o n  a  1 . f l a t t e r  r o o f ,  e i t h e r .  w i t h  e s p e c i a l l y  d e s i g n e d  m o u n t i n g  a r r a y s  
1 . .  ' _  , ' o r  i n  f a c t o r y  f a b r i c a t e d  h o u s i n g s  w h i c h  a r e  a l s o  a i r  p l e n u m s '  

a s  s l ~ o w n  o n  t h e  t y p i c a l '  d r a w i n g s .  ( . ~ , i ~ .  ' 5 ) .  

. . 
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5 .  P h y s i c a l  D a t a  

T h e  b a s i c  c o l l e c t o r  w e i g h s  f i v e  p . o u n d s  p e r  s q u a r e  f o o t .  T h e  
a d d i t i o n a l  w e i g h t  o f  t h e  p l e n u m s  m u s t  b e  c a l c u l a t e d  f r o m  t h e  
s p e c i a l  p l a n s .  W h e n . t h e . c o l l e c t o r s  a r e  i n s t a l l e d  on s t r u c t u ' r a l  
m o u n t s  o r  f a c t o r y  b u i l t  a i r  p l e n u m s ,  t h e  w e i g h t  w i l l  d e p e n d  
o n  t h e  d e s i g n .  T h e  p e r f o r m a n c e  o f  t h e  c o l 1 . e c t o r  w i l l  d e p e n d  
u p o n  t h e  a r e a ,  a v e r a g e  t e m p e r a t u r e s ,  v o l u m e s  o f  a i r ,  b u i l d i n g  
h e a t i n g  l o a d ,  e t c .  b u t  i n  g e n e r a l  i t  may b e . e x p e c t e d  t h a t  t h e  
c o l l e c t o r  w i l l  o p e r a t e  a t  a n  a v e r a g e  f o r t y  p e r c e n t  e f f i c i e n c y  
when  u s i n g  t h r e e , c u b i c  f e e t  o f  a i r  p e r  m i n u t e  p e r  s q u a r e  f o o t  
o f  c o l l e c t o r  a r e a .  

6 .  S e l e c t i o n  P r o c e d u r e  
. . 

We s ~ i g g e s t  t h a t  t h e  d e s i g n  o f  a  s o l a r  s y s t e m  b e  h a n i l . e d  ' 

t h r o u g h  a  p r o f e s s i o n a l  r : n . g i n e e r  who h a s  d a t a  o n  l o c a l  \ . ! e a t h e r  
c o n d i t i o n s ,  H V A C  t a b l e s ,  ASI.IRAE h e a t  l o s s  a n d  s o l a r  t a b l e s  
a n d  o t h e r  p e r t i n e n t  i n f o ~ m a t i o n .  T h e  f i r s t  s t e p  i s  t h e  c a l -  
c u l a t i o n  o f  t h e  a v e r a g e '  irraxirnum h e a t  l o a d  d u r i n g  t h e  c o l d e s t  
m o n t h  t h a t  i s  t o  b e  c o n s i d e r e d .  ( I n  s o m e  c a s e s  i n  t h e  c o l d e s t  
n o r t l - ) e r n  s t a t e s  j . t  may r i o t  b e  e c o n o m i c a l l y  f e a s i b l e  t o  a t t e m p t  
t o  f u r n i s h  c o l l e c t o r  a r e a s  s u f f i c i e n t  t o  r n e e t  p e a k  l o a ' d s  . 
d u r i n g  Decerr iber  a n d  J a n u a r y  when t h e  s u n  a l s o  i s  a t  i t s  
l o w e s t  p o i n t . )  ' T h e . h e a t  l o a d s  f o r - t h e  s p a c e  s h o u l d  b e  b a s e d  
o n  t h e  maximum u s e  o f  e n e r g y  c o n s e r v i n g  i n a i e r i a l s  s u c h  a s  
a d e q u a t e  i n s u l a t i o n ,  d o u b l e  p a n e d  s t o r m  w i n d o w s ,  g o o d  w e a t h e r -  
s t r i p p i n g ,  min imum o u t . s i d e  a i r  i n t r o d u c t i o n ,  e t c .  I f  p o s s i b l e  
a l l  e n e r g y  - c o n s e r \ / a t - i o n  m e t h o d s  s u g g e s t e d  b y  t h e  new A S H R A E  
c o d e s  s h o u l d  b e  a d o p t e d ,  b e c a u s e  i t  i s  n o t  f e a s i b l e  t o  i n s t a 1 . l  
e x p e n s i v e  s o l a r  c o l l e c t o r s  t o  h e a t  s p a c e s  t h a t  a r e  n o t  m a x i -  
m i z e d  f o r  h e a t  c o n s e r v a t , i o n .  D a i l y  a v e r a g e  a n d  rninimi!n t e n i -  
p e r a t u r e s  a r e  g i v e n  f o r  e a c h  m o n t h  o f  t h o  ) * c a r  f o r  h u r ~ d r e d s  
o f  c i t i e s  i n  t h e  USA b y  t a b l e s  f u r n j s h e d  b y  t h e  K O A A  
w h i c h  may b e  o b t a i n e d  t h r o u g h  y o u r  l o c a l  v :c :a ther  b u r e a u .  
T h e s e  t a b l e s  a l s o  i n c l u d e  d a t a  o n  s o l a r  i n s o l a t i o n  f o r  e a c h  

h o u r  o f  t h e  d a y ,  ( F i g .  J J ) a n d  p e r c e n t a g n s  o f  s u n l i g h t  t h a t  
may  b e  e x p e c t e d  f o r .  e a c h  m o n t h  o f  t h e  y e a r .  T h i s  i n f o r m a t i o n  
i s  r e a d i l y  a v a i l a b l e  a n d  a n y  e n g i n e e r  who will w o r k  i n  s o l a r  
e n e r g y  s h o u l d  h a v e  i t  a l l  i n  h i s  f i l e s .  

. . 

O n c e  we h a v e  d e t e r m i n e d  t h e  maxirnurn amuur7t o f  s u n k h i n e  a n d  
s o l a r  e n e r g y  w h i c h  we may e x p e c t  t o  o b t a i n  o n  t h e  d e s i g n  d a y  
c h o s e n ,  we r e f e r  t o  o u r  c o l l e c t o r  e f f i c i e r ~ c y  c h a r t  t o  d e t e r -  
m i n e  !,ow much u s a b l e  e n e r g y  we may e x p e c t  t o  r o c i ~ - i v ~  p e r  d a y  
f r o m  o u r  s y s t e m .  A s i m p l e  f o r m u l a  i s  o n e  i n  wh:ich t h e  t o t . a l . .  
niaximurn d a i l y  h e a t  r e q u i r e d ,  i . n c l u d i n y  stc.1:cd h e a t , .  w i l l .  b e  

. - 



d i v i d e d  b.y t h e  B T U  p e r  s q u a r e  f o o t  w h i c h  we m a y  e x p e c t  t o  '. 

o b t a i n  f r o m  o u r  c o l l . e c t o r ,  w i l l  g i v e  us t h e  t o t a l  a m o u n t  o f  
c o l l e c t o r .  a r e a  r e q u i r e d .  

Q = T o t a l  B T U  
C o l l .  BTU/SQFT. = C o l l e c t o r  S q .  F t .  A r e a  

W h e t h e r  we u s e  ' t h e  r e q u i r e d  i s~ i toun t  o f  c o l l e c t o r  a r e a  a n d  
t h e  c a l c u l a t e d  a n i o g n t  o f  s t o r a g e  v o l u m e ,  w i l l  d e p e n d  o n  t h e  
h i g h l y  v a r i a b l e  t r a d e - o . f f  ; j g a i . n s t  t o t 5 1  c o s t  t h a t  we c a n  
o b t a i n  a n d  t h e r e  i s  110 f i x . e d  r u l e  o f  t h u m b  t o  d e t e r m i n e  
t h i s ,  a s  t h e  . t w o  m a i n  v a r i a b l e s  a r e  t h e  a m o u n t  o f  s o l a r  h e a t  
a v a i l a b l e  a n d  t h e  r a n g e  o f -  o u t s i d e  t e m p e r a t u r e  w h i c h . w e  
c h o o s e  a s  o u r  b a s e .  F o r  t h i s  r e a s o n  we s u g g e s t  t h a t  t h i s  
s e l e c t i o n  w o r k  b e  d o n e  b y  a n  e x p e r i e n c e d  t 1 V A C . s o l a r  e n g i n e e r ,  
a n d  h i s  m c t l ~ o d s  a n d  c h o i c e s  c a n  b e  s t u d i e d  a n d  e m p l o y e d  , o n ,  
o t h e r  p . r o j e c t s  a t  a  l a t e r  d a t e .  
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C o l l e c t o r  P e r f o r m a n c e  

. T h e  SEECO I4od I c o l l e c t o r  h a s  b e e n  f u l l y  t e s t e d  i n  a c c o r d a n c e ,  
. . . . w i t h  a p p r o v e d  B u r e a u  o f  S t a n d a r d s  a n d  A S H R A E . t e s t i n y )  p . r o c e d u r . e s  

a n d  t h e . c u r v e s  ( F i g . . b  ) s h o u l d  b e  a n  e x c e l l e n t  g u j d e  f o r  
c o l l e c t o r  e f f i c i e n c y  a n d  s e l e c t i o n  u n d e r . c e r t a i n  c o n d i t i o n s .  
T h e  e f f i c i e n c y  c h a r t '  w i l l . s h o w  how y o u  s h o u l d  e x ' p e c t  y o u r  

I .SEECO c o l l e c t o r  t o  p e r f o r m .  S i n c e  t h i s  c o l l e c t o g .  o p e r a t e s  
a t  p e a k  e f f i c i e n c y  a t . 1 0 ~  o p e r a t i n g  t e m p e r a t u r e s ,  t h e  t h e r m a l  
d e s i g n  i s  b a s e d  o n  a  t w e n t y  d e g r e e  F .  r i s e  o v e r  t h e  c o l l e c t o r  
w h i c h  mean; t h a t  t h e  n o r m a l  o p e r a t i n g  a i r  t e m p e r a t u r e  w i l l  b e  

. b e t w e e n  9 0  a n d . l O o O  F .  Air v o l u m e  h a s  b e e n  c a l c u l a t e d  o n '  
t h i s  b a s i s  o ' l s o .  On r e t r o f i t  j o b s  t h e  c o l l e c t o r  c a n  b e  
o p e r i t e d  on.  o t h e r  a i r  v o l u m e s ,  i f  n e c e s s a r y  t o  w o r k . i n , c o n -  
. j u n c t i o n  w i t h  e x i s t i n g  h o t  a i r  h e a t i n g  s y s t e m s .  ' 
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S e 1 c : c t i o n  P r o c e d u r e  

C a l c u l a t e  24  h o u r  h e a t  l o a d  f o r  b u i l d i n g .  T h i s  h e a t  l o a d  
s h o u l d  bc?' b a s e d  o n  t h e  a v e r a g e  d a i l y  t e m p e r a t u r e  f o r  t h e  s i ' t e ,  
t a k e n  f r o m  N O A A  c l i r r t a t o l o g i c a l  d a t a ,  f o r  t h e  c o i d e s t  m o n t h  ' 

o f  t h e  y e a r .  Tliis l . , / i l l  d e t . e r m i n ~ :  t h e  t e m p e r a t u r e  d i f f e r e n -  
t i a l  t u  b e  u s e d  i n  t h e  h c a t  l o a d  c a l c u l a t i o n s .  I t  w i l l  b e  
i m p o r t a n t  f o r  t h c  c l i e n t  t o  i n d i c a t e  t h e  a m o u n t  o f  h e a t - i n g  
t h a t ;  h e  w j l . 1  r e q u i r e ,  v r i t h  p a r t i c u l a r  r e f e r e n c e  t o  n u m b e r  o f  
h o u r s  p e r  d a y  a n d  s p e c i f i c  temperatures r e q u i r e d  d u r i n g  t h e  
d a y  a n d  a t .  n i g h t .  ( I n  u u r  ccxamplc  c a l c u l a t i o n  we h a v e  c h o s e n '  
a  d a . y t i r n e  t e m p e 1 : a t u r c  o f  70  d e g r e e s  f o r  e i g h t  d a y l i g h t  h o u r s  
a t .  70  d e g r c e s  ancl 55  d c g r e e s  f o r  1 6  h o u r s  - w h e n  s o l a r  I t e a t  
i s  r-lot a v a i l a b l e .  T h e  a r c h i t e c t  o r  t h e  c l i e n t  s h o u l d  a l s o  
s l ~ c ' c ' i f y  t h e  p e r c e n t a g e  o f  t h e  t o t a ' l  h e a t  r e q u i r e m e n t ,  t h a t  
.sl.locrld b e  f u r n i s h e d  b y  s o l a r  e n e r g y .  F o r  e x a m p l e ,  s o m e  
s y s t e m  d c s i g n c r s  b a s c  t h e i r  ~ a ~ c u l a t i o n s  o n  f u r n i s h i n g  
o n l y  7 5 %  o f  t h e  t h e o r e t i c a l  h e a t  r e q u i r e m e n t  a n d  o n  t h e  u s e '  
o f  a u x i l i a r y  h e a t  a t  o t h e r  t i m e s .  I t  s h o u l d  a l s o  b e  n o t e d  
t h a t  t h e  s u n  d o e s  n o t  s h i n e  1 0 0 %  o f  t h e  t i m e  a n d  t h e  d a y s  o f  
e f f e c t i v e  s u n l j . g h t  a r e  l i s t e ' d  i n  t h e  N O A A  c l i m a t o l o g i c a l  d a t a  
a n d  t h e  c l i e n t  s l i o u ' l d  b e  m a d e  a w a r e  o f  t h i s  p e r c e n t a g e ,  w h i c h  
s h o u l d  b e  t a k e n  i n t o  c o n s i d e r a t i o n  'when d e c i d i n g  o n  t h e  a m o u n t  
o f  s o l a r  e n e r g y  w h i c h  w i l l  b e  r e q u i r e d .  

2 .  C o l l e c t o ~ .  A r e a  S e l e c t i o n  -. 

R e f c r  t o  i n s o l a t i o n  d a t a  f o r  t h e  c h o s e n  m o n t h  a n d  t o  t h e  c o l -  
l e c t o r  e f f i c i e n c y  c u r v e  a t  t t l e  a v e r a g e  i n l e t  t e r ~ p e r a t u r e  
( i ~ s u a l l y  7 0  d e g .  F . )  m i n u s  t h e  a v e r a g e  o u t s i d e  t e m p e r a t u r e  
d i v i d e d  t3.y t h  e  . i n s o l a t i o n  f i s u r e .  T h i s  will g i v e  t h e  c o l l e c -  
t o r  e f f i c i e n c y  f o r  t h o s e  c o n d i t i o n s .  By m u l t i p l y i n g  t h e  i n -  
s o l t j t i o n  f o r  t h e  d a y  b y  t h e  c o l l e c t o r  e f f i c i e n c y  we a r r i v e  
a t  t h e  a m o u n t  o f  u s a b l e  h e a t  we may e x p e c t  t o  c o l l e c t  p e r  
s q u a r e  f o o t  o f  c o l l e c t o r .  B y  d i v i d i n g  t h e  d a i l y  h e a t  l o a d  
( \ . ~ h i c I i  s h o u l d  i n c l u d e  a  t o t a l  2 4  h o u r  s u p p l y  o f  h e a t .  f o r  ' 

t h e  v a r i o u s  t e m p e r a t u r e s  c h o s e n ,  i n c l u d i n g  s t o r a g e )  we c a n  
a r r i v e  a t  t h e  n u r n b e r  o f  : ; q u a r e  f e e t  o f  c o l l e c t o r  t h a t  w i l l  : 
b e  r c c . l u i i . e d .  T h c r e  a r e  a d d i t i o n a l  transmission l o s s e s  i n  
d u c t w o r k ,  e t c .  w h i c h  s h o u l d  t t i e o r e t i c a l l y  b e  s u b t r a c t e d ,  
b u t  n o r r n a l l y  t h e s e  l o s s e s  a r e  i g n o r e d ,  

A c e r t a i n  p e r c e n t a g e  o f  t h e  h e a t  c o l l e c t e d  w i l l  b e  s t o r e d  i n  
a  r o c k  s t . o r o g e  b i n .  I t  i s  u s u a l l y  n o t  e c o n o m i c a ' l l y  f e a s i b l e  
t o  c i ; o r o  r!,nrc t h e r l  t l ~ ~ e  I l e a l  r e t l u i r r - l d  f a r  t h e  n J . g h t  h o u r s .  
14any d e s . i < ? : ; l e r s  . u s e  o n l y  7 5 %  o f  t h e  n i g h t  r e q u i r e m e n t .  . T h e r e  

. .. 
a r e  s c v e r n l  ways  t o  c a l c u l a t e  t h e  v o l u m e  o f  t h e  s t o r a g e  
v a r y i n g  f r o m  r u l e s  o f  t h u m b  s u c h  a s  o n e  h a l f  c u b i c  f o o t  o f  
r o c k  p e r  s q u a r e  f o o t  o f  c o l l e c t o r  a r e a  w h i l e  o t h e r s  b a s e  t h e i r  
v o l u r n e s  o n  A S H R A C -  d a t a  a n d  t l l e  a c t u a l  s p e c i f i c  h e a t  o f  t h e  
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RECOId:,!,E.NIIEO PArQE L iNST.L,iLAT ION AWG& FOR 
SC)UTH FACING, FA!\lEL-S 

20 . ' 30 40 c- 50 
LATITUDE IIJ D E G R E E S  

To use C ~ Q ~ ~ , O ~ C W  line from latitude lo desired time of year solor energy is to be  collrcted. 
Read por~el ang!e tiirectly lsft on chart. 

- For rncxlmum win1 er insolat:on. 
For ri!Uxllnum yecr  r @ ~ r ~ d  ir?solotion. 

moxlmum summer insolation. 



r o c k  w h i c h  a r r i v e s  a t  o n e  c u b i c  f o o t  o f  r o c k  p e r  s q u a r e  
f o o t  o f  c o l l e c t o r ,  b u t  i n  m o s t  c a s e s  t h e  a c t u a l  a m o u n t  o f  
s t o r a g e  i n s t a l l e d  w i l l  d e p e n d  o n  t h e  s p a c e ' a n d  t h e  m o n e y  
a v a i l a b l c .  O u r  e x a r n p l e  i s  b a s e d  o n  A ' S H R A E  d a t a .  

S t o r a g e  

: S o l a r  a i r  l l e a t i n g  s y s t e m s  n o r m a l l y  u s e  a  r o c k  s t o r a g e  b i n  
f o r  s t o r i n g  h e a t  c o l l e c t e d  d g r i n g  Lhe d a y  t o  h e a t  t h e  s p a c e  
a t  n i g h t .  T h e  h e a t  c o l l e c t e d  r e q u i r e m e n t  i s  u s u a l l y  t h e  
sa rnc  a s  t h e  d a y t i m e  r e q u i r e r r l e r i t  d e p e n d i n g  u p o n  t h e  t h e r m o -  
s t a t  s e t t i n q s .  U n d e r  norn ia  J. c o n d i t i o n s  we w o u l d  r e c o m m e n d  
a s e t t i n g  O F  7 0  d e g r e e s  F fr.ora O ' i U O  ' t o  0700  a t  n i g h t  a n d ,  a  
s , e t t i n g  o f  55  d e q r e e s  f r o m  1 9 0 0  t o  0 .700  o r  5 0 %  - 5 0 %  
d i v i s i o n  o f  h e a t i n g  r e q u i r e m e n t .  S o l a r  c o l l e c t o r  c o l l e c t i n g  
a b . i . l . i t y  s h o u l d  o n l y  b e  b a s e d  o n  a p p r o x i n l a t e l y  0 9 0 0  t o  1 7 0 0  
h o u r s  o r  a  maximum , o f  e i - g h t  h o u r s  i n  t h e  w i n t e r .  We t h e r e - .  
f o r e  m u s t  c o n s i d e r  t h a t  we c a n  u s c  d i r c c t  s o l a r  h e a t  f o r  
o n l y  8 h o u r s  a n d  r n u s t  s t o r e  s u f f i c i e n t  h e a t '  f o r  1 6  h o u r s  i n  - 
o u r  s t o r a g e  c a l . c u . l a t i o n s :  u s e f u l  s t o r a g e  t e m p e r a t u r e s  may 
v a r y  b e t w e e n  1 0 0 ' , d e g r e e s  F t o  7 5  d e g r e e s  F ( w h e n  t h e  t h e r m o -  
s t a t  i s  s e t  a t  55 d e g r e e s  ) .  

T h e  c a l c u l a t i o n  o f  a c t u a l  s t o r a g e  v o l c m e  w i l l  d e p e n d  o n  
s e v e r a l  v a r i a b l e s  d . i s c u s s e d  . u n d e r  S e l ' e c t i o n  P r o c e d u r e .  
U s u a l l y ,  t h e  a m o u n t  o f  s t o r a g e  i n s t a l l e d  w i l l  d e p e n d  o n  
s p a c e  a v a i l a b l e  and  c o s t s . '  ' 

T h e r e  a r e  s e v e r a l  m e t h o d s  t o  s t o , r e  r o c k s . ' ,  T h e  s t o r a g e t a n k -  
may b e  p l a c e d  o u t s i d e  o f  t h e  h o u s e  a .nd  u n d e r g r o u n d ,  o r  i t  
may b e  p l a c e d  u n d e r  t h e  f l o o r  s l a b  when  t h i s  i s  o n  t h e  g r o u n d  
a n d  w i t h o ~ ~ t .  b a s e m e n t ,  P l y w o o d  b i n s  may b e  u s e d ,  . a s  s h o w n  i n  
o u r  t y p i c a l  d e s i g n .  ( P i g .  8) T h e s e  l a t t e r  may b e  p r e -  ' . 
f a b r i c a t e d  a n d  i n s t a l l e d  o n  t n e  s i t e .  I t  i s  g e n e r a l l y  u n -  
f e a s i b l e  t o  p r o v i d e  s t o r a g e  f o r  m o r e  t h a n  o n e  n i g h t ,  a n d  
s o m e  s a y  t h a t  or1l.y 7 5 %  . o f  t h i s  s t o r a g e  i s  e f f e c t i v e .  T h i s  
h a s  y e t  t o  b e  p r o v e d ' ,  a s  n o  e x h a u s t i v e  s t u d i e s  o f  r o c k  s t o -  
r a g e  h a v e  y e t  b e e n  m a d e .  
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G u i d e  ~ p e ' c i f i c a t l o n  

T h e  s o l a i .  c o l l e c t o r  s y s t e m  s h a l l  b e  o f  t h e  a i r  h e a t e r  t y p e .  
T h e  s y s t e m  s h a l l  b e  d e s i g n e d  t o  p r o d u c e  ' n o t  l e s s  t h a n  : 

BTLI p e r  d a y  when o p e r a t i n g  a t  ' a  r c e d i a n  t e m p .  o f  % F  
d u r i n y  t h e  m o n t h  o f  --- w i t h  a  t o t a l - d a i ~ . ~  s o l a r  
i n s o J . a t i o n .  o f  ---- B'IU/I- IH/Sq.Ft .  o f  n e t  c o l l e c t o r  a r e a ,  
a s  d e t e r m i n e d  f r o m  t h e  ASliRAE o r  NOAA c l i m a t o l o g i c a l  d a t a ' .  
L a t i t u d e  i s  

C o l l e c t o r  a b s o r p t i o n  p l a , t c s  s h a l l  b e  m a d e  o f  26 g a u g e  s t e e l  
w i t h  a b l a c k  s u r f a c e  w h i c h  s h a l l ' h a v e  am a b s o r p t i o n  c a p a -  
b i l i t y  o f  n o t  l e s s  t h a n  3 0 %  w i t h  e q u a l  e r n i s s i v i t y .  

C o l l e c t o r  c a s e  s h a l l  b e  2 2  g a u . g e  g a l v a n i z e d  s t e e l .  C o v e r  
w i n d o w  s h a l l  b e  t w o  s h e e t s  o f  T'EDLAK 4 m i l  t h i c k  s p e c i a l  
s n l , a ~ .  p l . a s t : . i c  f  i l n ;  g l u e d  t o  s t e e l  f  rarne  w i t h  I ~ l o n s a n t o  
G E I - V A  o r  e q u a l  . s p e c i . a l  a d h e s i v e .  A f t e r  g l u e i n g  TEDLAR 
s h a l l  b e  s h r u n k  o n ,  r r a r n e  t o  d r u m  t ' . i g t , t n e s s . '  C o v e r  w i n d o w  
s h a l l  b e  f a s t e n e d  t o  c o l l e c t o r  f r a m e  w i t h  s e l f  t h r e a d i n g  
c h r o m j . t ~ m  p l a t e d  T C I <  s c r e \ < s  o v e r  a s p e c i a l  p o l y e s t e r  s p o n g e  
t y p e  s e a l i n g  g a s k e t .  

C o . l l e c t i , n g  s y s t e n ~  s h a l l  i . . n c l u d e  c a p a c i t y  t o  warm ' . 

g a l s .  pe r .  d a y .  o f  d o m e s t i c  h o t  w a t e r  f r o m  . d e g r e e s  F 
-- d e g r e e s  F t h r o u g h ; . a  c o p p e r  t u b e  a i r  t o  . w a t e r  

h e a t  e x c h a n q e r  i i  t h  a l a r n i n u m  f i n s .  S o l a r  c o n t r a c t o r  s h a l l  
f u r n i s h  h e a t  e x c h a n g e r ,  s e p a r a t e  f a n ,  a n d  . c i r c u l a t i r ~ y )  p u m p ,  
w i t h  a d i f f c r e n t i a l  c o n t r o l  t h e r m o s t a t  i n  a  s e p a r a t e  s e l f  
c o r i t a i r ~ e d  p a c k a g e  w h i c h  .will a t t a c h  t o  t h e  e x i s t i n g  c o n v e n -  
t i o n a l  h o t  w a t e r  s y s t e m .  

l l e o t  l o a d  o f  s ' p a c ' e  a n d  i r l t . e r f a c e  d e s i g n  s h o u l d  b e  d o n e  b y  
a r e g i s t e r c ' d  p r o f e s s i o n a l  e n g i n e e r  w i t h  ' e x p e r i e n c e  i n  b o t h  
I - I V A C  a n d  S o l a r  d e s i g n .  



T h r e e  b e d ~ o o m  h o u s e  a t  A s h l a n d ,  M A .  L a t .  = 45'  N 

0 F l o o r  a r e a  = 1 3 0 0  sq. f t .  R o o f  s l o p e  = 3 5  

R e f e r  t o  NOAA C l i m a t o l o g i c a l  D a t a  -----. 

I n s o l a t i o n ,  2 1  . Ian .  - 1 6 3 2  B T U / D A Y / S ~ F ~ .  ( i n t e r p o l a t e d )  

A v e r a g e  M i n .  Temp. = 3 0 ' ~  . . 

2 4  I i r .  H e a t  L o s s  = 3 5 2 , 6 6 0  B T U  

N i g h t  L o s s  ( s t o r a g e  l o a d )  = 1 9 3 , 6 4 0  OTU . 

1 
, 

A v e r a g e  c o l l e c t o r  e r f i c i c n c y  = 4 0 %  ( S e e  F i g .  1 
j 
i 

C o l l e c t o r  A r c s  R%~.ired 
---1 

. -2-- 3 5 2  6 0 0  D'iU/DAI' 
4 0 %  t f f  x 1632.  O l U / s q  f t  

= 5 4 0 s q .  f t .  

' S t o r a q c  ( n i g h t  l o a d  o n l y )  

Temp. , [ ) i f f .  ( n i g h t )  

R o c k  Temp, r a n g e  

W e i g h t  o f  c r u s h e d  r o c k  = 3 b 0  l b s . / c u  f t .  

S p e c i f i c  I i e a t  = : .C2-  BTU/ 'F /LB = 20 BTU/CU FT. 

= 20  BTU x 2 0 ' ~  ' = 4 6 0  BTU/CU FT. 
I 

V o l u m e  = 2 9 3 , 6 0 0  = 4 8 4  c u .  f t .  
4 0 0  

D o m e s t i c  H o t  W a t e r  

4  0ccup : : n t s  a t  . . I5  g a l .  . . 6 0  g a l . / d a y  . . ! 
I 

O u t  = ' 1 4 0 ' ~  .:T.D. 90')- W a t e r  i n  = 5 0 ' ~  

5 0 0  l b s .  x 9 0  T.D. - - ' 45,00 '0  t3TU/day 

4 5  0 0 0  ---L. - 
4 0 %  x 1 6 3 2  

- 6 9  sq. f t .  o f  c o l l e c t o r  

. . 
. . . .  . 
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~ e t e o r o l o ~ i c a l  Data FOI: The  Current  Year 
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- 

Normals, Means, And Ex t ren~es  

tJ.^*v* .5d r x t r ~ . : z *  nl?n:.r n ? c  !rn- c x l . t l n e  ~ r . 1  in-.:.rablc r y : r . . j r c ~ .  h?~rlnnl r-trr-... bqve h ~ r n  rsc,.m,l~d I C  nt$er (r, :I,? l cCnl i tu  as  [cl{.us: 
l l l r ,b- . t  ts:r;.cr*',$r? IC? !a J x i v  I n 3 b ;  1ri.--: t* ir*r?r. :r-  - 3 i  !n .ln*:qnry I ? S l ;  ?!?!;..I:? w.nt! : ly  p r r r l y ; l t ~ t l o n  T In O c t ~ b e r  l R R 9  a n d  r n r l l c r ;  x ~ x l m t m  
p r c c l p l t e t : ~ ; ,  :n Z h  hpu-n 1 . 3 1  911 S ~ c t r ~ h ~ r  1 - 1 1 ;  m n x l ~ : ~  n n n t h l y  Q ~ n v l n l l  ? L . n  I n  J??,mry  I?:? 

( 8 )  l:.-;t\ c f  r y c - c i ,  y:?:<, l -r= .gh thp Vr;9V:<!.j . ? * t ? J  0.- ~ . : , - r d  !?? t?., ;?!:.I?;.: y-lad. 
c.,l.rrmt yr*. ~ s l r s ;  o l h : ~ ~ I c e  ~ ? : . d ,  CAI[ !?r ha( ! . I : D ~ U L  . 15, -?st  . c c ~ - :  I- : n % - $  c c  i,,l!!pl, 
Sasrd 3- . : ~ 3 r - y  d a t a .  ' ' P : C I . - ~ P ~ ~ C .  ( 1 )  ;o' acf s b c ~ s  n t  Al#rbar ~ l r t l a r s .  rar.valLlu: UlvC n;oi:li?u - i.:c.d :L -T ,~$  1163. 
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i A n L E  A2 ..'. . S O U R  POSITION AND INSOLATION VALUES FOR 32 DEGREES NORTli LATITUDE 

NOTE:  1) OASED Q N  D A T A  IN TADLE 1, no 387 in 1972 ASHRAE I IANDROOK OF 
F C N O A ~ E N ~ ' R L S : '  0% G R O U N D  REFLECTANCE: 1.0 CLEARNESS FACTOR. 

21 SEE F I G .  A ,  OD 394 in 1972 ASI4nAE MANDBOOK OF FUNDAMENTALS FOR 
TYPICAL REGION'4L CLEAFI5IESS FACTOnS. . 

31 GROUND REFLECTION N O T  I N C L U D E 0  O N  NORFAAL OR I4ORIZON.TAL' 
SURFACES. . . 



TAaLE A 3  . , . S O U R  F O S I T I O N  NiD INSOLATION VALUES FOR ~ O , ' D E G R E E S  NORTH LATITUDE'  . 

L NOTE: 1) MSED ON DATA I N  TAR1.E 1, P. 3 97 I N  . 1 BTIIH/SQ. Fl'. = 3..152 W / m  

REF. [ 31 ; GROUND REFLECTANCE ; 1.0 . 

CLLfRNESS FhCTOK . 
. ,  2 )  ' S E E  FIG. 4 ,  P .  39'4 I N  ( 3 1  FOR T Y P I C A L  . 

REGIONAL CLFMHESS 'FACTORS. 
3 ; X 9 L R J r > ,  it EFLELT I O N  f;OT XNCLUDFJ) ON NORMAL 

DR i?3R17,O!-TAl. Slii<FhCFS . 





p- --- 

64 
4 5  
44 
30 
41 . 
d 5 

93 93 . 90 63 91 

S;rcr rrtwnt o 

64 G7 67 63 (13 61 G9 65 Cola., I.)c!!~ver 71 67 G5 67 ' 

74 67 55 69 

J:~~L.sci!~ville 
Key V i c : . ~  4.5 63 75 7Y 7 1 

67 

47 60 
Hawaii, tiilo 48 42 4 1  ?A 3! 4 1  44 36 36 39 

I l < ~ : + o l l r l ~ ~  60 6 5 .  

Idalto. Lois. 

Ill., Cairo 71 77 82 79 75 73 
G6 44 49 53 63 GO 73 70 €4 61 

For1 LV;?ync ' ' 48 

55 62 60 74 70 68 M 48 39 

Dub~~our.  54 48 SE 60 63 73 67 GI 55 44 40 
S~OIIX Cilv 57 55 5~ 59 63 t;l.-.- .-22 -71 -- 

67 

\Yicliita 69 
Ky., Lot~isvillc !i 9 68 72 G9 68 

tilrinc; F.~srl~c;rt . !;E 
h?a%.. Fo:~on 6 3  
tJich., A!l.,ctia 

Gtand Rapids 
' 

SE 76 
h!arquenc 
Sau. St .  Marie GO 78 

Minn.. r)i~lurh 
56 

hl.0.. Kari?as City 

SI. I. ot~is GB 

49 26 53 
1;el~i.. L ir~coln M 
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t . l E ~ i d  I 1 W ~ A G E  OF PC5SIIiLE SUNSIIINE FOR SELECTED LOCATION? 1 
D ANN 

. L;rsVerps 

Reno 

70 76 
Roswell 74 . 69 74 

N.Y., Albany 61 58 39 i 38 53 
Binghanitwi -. --- 
Buffalo 

' Canton 63 61 
66 64 64 

26 

Devils Lake 
Fargo 

Rose'burg 
Pa. Harri%!X~rg 

49 57 

R.I.. Block I:lar~iJ 4 8  60 50 44 56 
S.C.. Charltsron 

Colunlbia 55 
S. Dak.. Huron 62 55 62 60 

-- 
57 

Nas.L~ville 4 2 
Tx.. Abilcne 14 

Dul Rio 53 55 61 63 60 63 
El Paso BO 
For? \Vorth 

Galvr-nm 
S;ln A l l t ~ i n  57 . 48  

Cltatl, F ~ l r  I..lk!* City 22 49 53 61 73 
V t ,  t l~~rl ir lg~on 
Va.. Norfolk 

>attle 26 27 34 

Walta C'rlla 
Yakirna 

W. Va.. Elk ins 
Paricr,imry 

L endw 76 72 

P. 9;co. Zhn Jusn 6 5 
i 



HEATING 
HOT AIR CAN 'BE INTRODUCED 11q.1.o P N Y  CON\IEN. 
TIONAI- FORCED HOT A1.H t.li iATlNG SYSl'Eld 

A H K L A  WATER Ci4ILLER 
COOLING 
SEECO IS A DISTRIBUTOR FOR Tt iE FAklO'JS ARKL.A 
AUSORCTION CI I I  L.1-ER. E.IZF ICIEN'T I-OW COST C;OI\ICEN- 
TRATING COL L F:C'TORS FUHfJISfi t11-T E1\;1P \YATER 1'0 
THE IJtdlT WHICti ' F'RODUCES L.C)\?i!-TtlrdP If<A-l'ER FOR 
COOLING AIR IN 'THE COI'JVE'NTIONAL FOFtCED AIR 
CONDITIONING SYSTEM 

I j E A V I L Y  IRSULATED SEECO STEEL SOLAR DSYING 
BUIL.DINGS DIVIDE T H E  COST OF COI..LECTOR ,:ND 
BUILDING -ro GIVE  THE V E R Y  LOYL~EST TOTAL. COST or: 
EFFECTIVE U'TILIZATION OF SOLAR ENERGY.  

MAY BE EFFfCT1VEL.Y DRIED IN SEVERAL N'AYS, INCL-LJDING A 
CObbfl:.riijlNAIION OF SOLAR AND LINT BURNING IIdCEIVEf?ATC:ZS 

SOL-'AR EREHGY IN A'SEECO K ILN  CAN EFFECTIVELY DRY A L L  
TYPES OF 1-UMBER 

C. , 

ARE IDEA1 1.Y ADAPTFD TO SOI-AR DRYING SIKCE THEY REO?liZE 
ONLY LOW TEhlPERATURE AI'R 

- 
SEECO t-!?,S DFVEl-OPED. . . EFFECTIVE . . SYSTEMS 1.0 DRY 1-1-!11-!~'1 ALL 



SOLAR BOILER 

-%& 

,LS-MOTELS-IJURSING HOMES 

!'art quantities o f  cnrrgs rna) be reclaimed from the wasted twat from laundry was'lrrs, boiler itacks. kitchen range hoods, hot cxhaun . 

air. 1hr.ougtl a series ol  heat exchangir~g devices, starting with solar heated inlet air, to be utilized for comfort heatiri'g, process water . 

hr:ilting, etc. i n  hotels and rnotels, f a s t  food shops, hospitals, nursing I~omes, laundries canning and packing plants and in a variety of indus- . , 
tries. SEECO can offcr profc.ssional engineering and conlracting service in tllc form of a turn-key ins~allation contract. 

GENERATOR 

. 
cun~p le te  utilization of  waste products from cotton gins, sawmills, planing mills. peunui shells, corn husks, cts. wil l  fYrnish energy l o  fire, ' 

special boilers to produce sicam wh ic l~  wil l  drive a turbine to  turn a Generator which will furnish d~ec t r i c i t~ .  The exhaust heat from the: 
ttlrbine wi l l  be used 10 produce heat to dry the product and the electricity wil l  power the fans, pumps, saws, elc: in'the mill; SEfCO h.s 
done considerable rest:a!ch in this field and has drlsigned ,mall prototype plants which show clearly f i a t  there are many indus~ries whi i5;  
can be 10096 self-sustaining. . . 

, , 

HEATING 
FOR ANY USE -- RI.'SIL)ENTIAL. COlvlPAERClAL OFi IN- 
DIJSTEIAL CAN RE GENfrRATED EY THE SEECO HOT AIR 
C 9 L  1.1CTOH LVITHOUl. THE US!:: OF A~\JTI:F REEZE SOI-U-. 
T!OYS. AT  HIGHER EFT-ICIFIJCY A!dD 1.-OWEH COST 
THAN LIOUID C:OLLECT@RS . . 

P a a e  3 
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