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ABSTRACT 

Four low c o s t  s o l a r  c o l l e c t o r  designs have been 

produced f o r  use i n  s o l a r  a s s i s t e d  heat  pump systems. 

Three p r i n c i p l e s  guided t h e  design:  the  use of a i r  a s  

the  h e a t  t r a n s f e r  medium, the use of on-s i t e  easy-to- 

i n s t a l l  cons t ruc t ion  r a t h e r  than modularized prefab- 

r i c a t e d  cons t ruc t ion ,  and the  c o l l e c t i o n  of s o l a r  

energy a t  reduced temperatures. 

In t roduct ion 

The main impediment t o  the widespread use of s o l a r  energy today i s  

the. high c a p i t a l  c o s t  of equipment needed t o  c o l l e c t  and s t o r e  s o l a r  energy 

and d e l i v e r  i t  t o  t h e  des i red  po in t  of use.  It has been our i n t e n t  to  de- 

s i g n  s o l a r  c o l l e c t o r s  which w i l l  be low enough i n  cos t  t o  be economically 

a t t r a c t i v e  i n  today's  energy market. Our approach is  based on three  prin-  

c i p l e s :  The use  of a i r  a s  the h e a t - t r a n s f e r  medium, the  use of on-s i t e  

easy- to - ins ta l l  cons t ruc t ion  r a t h e r  than modularized p re fabr ica ted  con- 

s t r u c t i o n ,  and the c o l l e c t i o n  of s o l a r  energy a t  reduced temperatures. By 

using a i r  a s  the hea t  t r a n s f e r  medium we  avoid many problems assoc ia ted  with 

c o l l e c t o r  corros ion,  leakage, and freeze-up.  By re ly ing  on o n - s i t e  con- 

s t r u c t i o n  we e l iminate  the r i g i d ,  heavy mate r i a l -  in tens ive  panels  which 

a r i s e ,  i n  f ac to ry  prefibricat ion,  from ."the 'need f o r  s  t r u c t u r a l  r i g i d i t y  

during shipment and i n s t a l l a t i o n .  And by opera t ing a t  reduced temperatures 



we o b t a i n  increased  c o l l e c t i o n  e f f i c i e n c i e s  and avoid t h e  need f o r  m u l t i p l e  

g l a z i n g s ,  s e l e c t i v e  s u r f a c e s ,  and c a r e f u l l y  designed i n s u l a t i o n .  

The low-cost c o l l e c t o r s  t h a t  r e s u l t  from t h i s  des ign  e f f o r t  a r e  in-  

tended t o  be used i n  s o l a r - a s s i s t e d  heat-pump systems.  Heat pumps sup- 

p l i e d  w i t h  energy i n  t h e  tempera ture  range 70 - 120 F, which these  co l -  

l e c t o r s  w i l l  t y p i c a l l y  p rov ide ,  o p e r a t e  wi th  good e f f i c i e n c y  and wi th  re-  

duced e l e c t r i c  power consumption. 

Cost  - 
The cost pe r  u n i t  a r e a  of t h e s e  s o l a r  c o l l e c t o r  des igns  1s expeceed eo 

be l e s s  than  t h a t  of p r e f a b r i c a t e d  modular des igns  f o r  two important  reasons :  

1)  Lower markup i n  t h e  handl ing  and d i s t r i b u t i o n  s y s  tem. 

2)  educed m a  t e r  i a  1 requirement  . 
D i f f e r e n t  handl ing ,  d i s t r i b u t i o n ,  warehousing, and r e t a i l i n g  techniques 

have evolved t o  convey d i f f e r e n t  products  from t h e  p o i n t  of  manufacture t o  

t he  p o i n t  of end use. The p r i c e  of t h e  product  t o  the  consumer r e f l e c t s  

t h e  c o s t  i ncu r red  i n  t h e s e  handl ing  techniques .  Modularized and prefab-  

r i c a t e d  s o l a r  c o l l e c t o r s  a r e  handled a s  hardware products  and have experienced 

a  c o s t  markup from manufacturer  t o  consumer of  trom 3 t o  5. ,This Large 

markup f a c t o r  h a s  magnifi-ed t h e  o r i g i n a l l y  cheaper  f a c t o r y  labor  c o s t  t o  

t h e  p o i n t  t h a t  i t  i s  much more expensive than  j o b - s i t e  l abo r ,  when paid 

by t h e  consumer. 

Neve r the l e s s ,  j o b - s i t e  l abo r  must be  k e p t  low. The s o l a r  c o l l e c t o r  

des igns  desc r ibed  i n  t h i s  r e p o r t  a r e  intended t o  reduce j o b - s i t e  labor  t o  

a  minimum, and i n  many cases  t h i s  labor  should be no more than t h a t  r equ i r ed  

t o  assemble p r e f a b r i c a t e d  modules which tend t o  be heavy, r e q u i r i n g  expen- 

s i v e  l i f t i n g  equipment. 
, . 



~ u i l d i n ~  cons t ruc t ion  mate r i a l s  a r e  d i s t r i b u t e d  i n  bulk and so ld  t o  

bu i lde r s  i n  quan t i ty .  The b u i l d e r ,  a c t i n g  i n  t h e  equivalent  r o l e  of the  

r e t a i l e r ,  is under in tense  competi t ive pressure .  A s  a r e s u l t  the o v e r a l l  

markup i n  t h i s  system is  much l e s s .  So la r  c o l l e c t o r  designs t o  be marketed 

t through t h i s  system should be much more favorably priced.  The c o l l e c t o r s  

described h e r e i n  a r e  s p e c i f i c a l l y  designed t o  be so ld  i n  p ieces ,  a s  bui ld-  
. . 

ing m a t e r i a l s ,  r a t h e r  than a s  p re fabr ica ted  appl iances ,  thus taking advan- 

tage  of the  const ruct ion-mater ia l  marketing system. 

Prefabr ica ted  modularized c o l l e c t o r s  must be shipped, warehoused, and 

handled without damage. This handling imposes r i g i d i t y  requirements on the  

module. Considerable mate r i a l  i s  required i n  the  frame and other  support  

s t r u c t u r e  t o  solve  these  handling problems. This added mate r i a l  can be 

saved i f  the c o l l e c t o r  i s  assembled on t h e  job s i t e  from precut  o r  stamped 

mate r i a l .  In  some of our designs the  modular support  frame is el iminated 

e n t i r e l y .  The c o s t  savings r e s u l t i n g  from the  e l imina t ion  of mate r i a l  and 

the reduced handling markup should r e s u l t  i n  a s i g n i f i c a n t l y  lower p r i c e  t o  

the consumer. 

Performance 

We have ca lcu la ted ,  using the  method of Whi l l ier , '  the expected e f f i -  

ciency of the  c o l l e c t o r s  proposed i n  t h i s  paper. An i n s o l a t i o n  r a t e  of 

2 
300 B t u l f t  -hr  a t  normal incidence was assumed, with an  upward hea t  l o s s  

2 c o e f f i c i e n t  UL of 1 .2  B t u l f t  -hr- F. A curve of p red ic ted  collec. tor  e f f i -  

ciency was ca lcu la ted  as  a funct ion of the  standard temperature-difference 

measure 

(T o u t l e t  + T i n l e t )  - 
ambient I 2 



0 where T i n l e t  and T o u t l e t  a r e  the i n l e t  and o u t l e t  temperatures, i n  F, 

of the  heat -  t r an s f e r  a i r  passing through the co l l e c to r .  T ambient is. the  

0 
temperature of the ou t s ide  ambient i n  F, and I is  the  inso la t ion  r a t e  i n  

2  B t u / f t  -h r .  The calcula ted e f f i c iency  a t  A T / I  = 0 was 72%. A study of meas- 

2  ured co l l e c to r  e f f i c i e n c i e s  prepared by Dubin-Bloome Associates showed val- 

ues f o r  t h i s  quan t i ty  ranging from 54% t o  88%. The value of A T / I  fo r  which 

the e f f i c i ency  drops to  zero is 0.69. This i s  near the low end of the  range 

of values f o r  t h i s  quan t i ty ,  most of tk co l l e c to r s  i n  the Dubin-Bloome study 

having measured values between 0 . 6  and 1.2. However, s ince  our co l l ec to r  

is intended fo r  low-temperature'use, t h i s  is  not  necessa r i ly  a  g r ea t  draw- 

back. 

One fea tu re  which i s  common to  a l l  of the  designs presented i n  t h i s  

r epo r t  is the shaping of the absorber p l a t e  t o  obta in  a  3 : l  r a t i o  between 

h e a t  t r an s f e r  a r ea  t o  the a i r  wi thin  the  co l l e c to r  and co l l e c to r  su r face  area.  

This is achieved by bending the absorber p l a t e  i n to  a  vee pa t t e rn ,  a s  can 

be seen i n  the drawings. We a r r i v e  a t  the  need f o r  a  3:'l r a t i o  from a  

considera t ion of the  hea t - t rans fe r  r a t e  from the absorber p l a t e  t o  t h e  

co l l e c to r  a i r  stream. If we assume operation a t  50% ef f i c iency  a t  an in- 

2  ' 2 
s o l a t i o n  r a t e  of 300 B tu / f t  - h r ,  then we want t o  be ab le  to  c o l l e c t  150 B tu l f t  -hr .  

We es t imate  an average temperature d i f fe rence  between absorber p l a t e  and col-  

2 l e c to r  a i r  stream of 20 F, and a  hea t - t rans fe r  coe f f i c i en t  of 2.5 Btu / f t  -hr-F 

a t  an  a i r - s t ream ve loc i ty  of 300 f t lmin.  We then have a  hea t  t r an s f e r  of 

2 
50 B t u l f t  -hr from the  absorber p l a t e  t o  the a i r  stream, which means tha t  

we need three  times a s  much absorber p l a t e  area  within each square foot  t o  

2  
t r an s f e r  150 Btu / f t  -hr .  The 20 F temperature d i f fe rence  between absorber 

and co l l e c to r  a i r  stream is  cons i s ten t  with the  r e s u l t s  of our e f f i c iency  



c a l c u l a t i o n s .  50% e f f i c i e n c y  opera t ion i s  a t t a i n e d  a t  a  AT11 value of 0.2, 

o r  AT = 60 F. Under the same condit ions the  absorber p l a t e  i s  80 F above 

- . ambien'k ,.-- or. twenty degrees higher t h a n  the  a"erage of i n l e t  and o u t l e t  -. 

temperatures. . .:.- . 
. - -. - _. _ _  - - .  

i . To keep fan  power requirements t o  a minimum, we decided upon a maxi- 

mum a i r  ve loc i ty  of 300 f t lmin.  From t h i s  we wish to  c a l c u l a t e  the  re- 
- - 

quired thickness of t h e  a i r - f low passage beneath the  absorber p l a t e .  Our 

design-example c o l l e c t o r  is 20 f t  long and 32 f t  wide, which means t h a t  i t  

must be a b l e  t o  c o l l e c t  20 X 32 x 150 = 96000 Btulhr.  The volume 

of a i r  needed t o  absorb 96000 Btu is given by 

Q = p V C p A T ,  

3 where Q is the hea t  absorbed (96000 Btu) ; p i s  the  dens i ty  (0.07 l b / f t  near 

100 F) ; c is the  heat  capac i ty  (0.24 Btu/lb-F) ; and AT is the  i n l e t -  to- 
P 

3 
o u t l e t  temperature r i s e  (30 F) . V is then equal  t o  190000 f t  . I f  i n  one 

hour t h i s  a i r  t r a v e l s  300 X 60 = 18000 f t ,  then the  c o l l e c t o r  cross-sect ion-  

2 
a 1  a r e a  must equal 190000118000 o r  10.6 f t  . I f  the width i s  32 f t ,  then 

the  height  must be 10.6132 o r  0.33 f t  o r  4 i n .  The a i r  flow requirement i n  

2 cubic f e e t  per minute i s  190000160 o r  3200 cfm f o r  the  640 f t  design- 

example c o l l e c t o r .  

Envisioned i n  the design of the  system t o  use these c o l l e c t o r s  i s  the 

minimization of duct  length  by the  provis ion of a i r -water  hea t  exchange i n  

t h e  a t t i c ,  immediately below t h e  c o l l e c t o r s .  The water is then pumped t o  

s to rage  i n  the  basement, where i t  feeds energy t o  the  evaporator  of a  water- 

a i r  o r  water-water h e a t  pump. I n  add i t ion  t o  minixizing fan  power by min- 

imizing the  length of ductwork through which the  a i r  must be blown, we a l s o  

have water s to rage ,  allowing us t o  use a water-a i r  o r  water-water hea t  pump, 



enab l ing  a sma l l e r  tempera ture  d i f f e r e n c e  t o  e x i s t  between s t o r a g e  and t h e  

evapora to r  than  would be t h e  case  with an  a i r -wa te r  o r  a i r - a i r  h e a t  pump. 

A l l  water  i n  t h e  system is w i t h i n  the  i n s u l a t e d  s h e l l  o f  t he  house,  and 

t h e r e f o r e  f reezeup w i l l  no t  occur .  It may be necessary  t o  t ake  s t e p s  t o  

p reven t  r e v e r s e  thermosyphoning o f  t he  c o l l e c t o r  a i r ,  such as by p r o v i s i o n  

o f  a one-way s e t  o f  louvers  somewhere i n  t h e  a i r  s t ream. 

S p e c i f i c a t i o n s  

The fo l lowing  s e t  o f  s p e c i f i c a t i o n s  c o n t a i n s  drawings and d e s c r i p t i o n s  

f o r  each of t h e  fou r  s o l a r  c o l l e c t o r  des igns .  

The des ign  d e s c r i p t i o n  f o r  each d e s i g n  w i l l  c o n s i s t  o f  t h r e e  p a r t s :  

A) A c o n s t r u c t i o n  sequence d e s c r i p t i o n  fo l lowing  the  i n s t a l l a t i o n  

p roces s  as i t  a c t u a l l y  occurs  on t h e  r o o f .  

B) A p a r t s  g l o s s a r y ,  c o n t a i n i n g  a  d e s c r i p t i o n  of each p a r t  and i t s  

nominal dimensions,  t oge the r  w i th  a  d i s c u s s i o n  of any i n t r i c a t e  d e t a i l s  i n  

t h e  c o n s t r u c t i o n  of t h e  p a r t .  

C )  A d i s c u s s i o n  of  m a t e r i a l s  s p e c i f i c a t i o n s  and des ign  op t ions .  

Reference w i l l  be made i n  t he  d e s i g n  d e s c r i p t i o n  t o  a s e t  of product ion  

drawings. Reference t o ' a  s p e c i f i c  d e t a i l  w i l l  b e , b y  means of  a  c i r c l e  d i -  

- vided i n t o  upper and lower h a l v e s ,  con ta in ing  a  s e t  of r e f e r e n c e  numbers. 

Th i s  symbol w i l l  gu ide  t h e  r e a d e r  t o  the, a p p r o p r i a t e  p l a c e  i n  t h e  . drawings. . 

Below the  l i n e  t h e r e  w i l l  e i t h e r  be a  number o r  a number p lus  a  Roman 

numeral.  The number - i s  the  number of t he  drawing on which t h e  d e t a i l  ap- 

e a r s .  The Roman numeral, i f  p r e s e n t ,  i n d i c a t e s  t h e  panel  w i t h i n  t h e  draw- 

i n g  i n  which the  d e t a i l  appears .  

Above the l i n e  there w i l l  be  a number o r  a number-p lus- la t te r  combin- 

a t i o n .  This  i s  t h e  l a b e l  f o r  t h e  s p e c i f i c  d e t a i l  r e f e r r e d  t o .  
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DESIGN SCHEME I 

A. Construction Sequence Descript ion 

The idea underlying t h i s  des ign i s  t o  const ruct  a  continuos s o l a r  col-  

l e c t o r  out  of prefabr icated 32 in, X 48 in."snap-in absorber units".  Each of 

these u n i t s  conta ins  the absorber p l a t e ,  supported 4 i n a b o v e  the  roof deck, 

and support ing members onto which the glazing mate r ia l  can be fastened.  The 

snap-in absorber u n i t s  overlap,  and with provision fo r  s ea l i ng  the s i de s  and 

ends, we have an enclosure beneath the absorber p l a t e  which is sealed agains t  

moderate pressure  d i f fe rences .  The problem of r a i n  leakage i n to  the  c o l l e c t o r  

is  a l s o  addressed i n  t h i s  design. 

It is assumed i n  t h i s  design t ha t  the co l l e c to r  w i l l  be appl ied ,  t o  a 

plane sur face  of plywood. Holes i n  the plywood fo r  supply and r e tu rn  a i r  

w i l l  have been c u t  before const ruct ion of the c o l l e c t o r  begins. 

Drawing 1 shows s ec t i on  views of the  co l l e c to r  together with c e r t a i n  

d e t a i l s .  Drawing 2 shows the const ruct ion sequence. Drawing 3 is a de t a i l ed  

isometric of one snap-in absorber u n i t  together with plane views of some of 

i t s  component p a r t s .  

The f i r s t  s t e p  i n  const ruct ion is t o  n a i l  to  the  roof deck three s i de s  

of a rectangular  s t r u c t u r e  of modified zees and channels which def ines  the 

boundary -. of the co l l e c to r .  (See Drawing 2, Panel I.) The s i d e  channel 

i s  shaped to  be ab l e  t o  r e c e i v e . t h e  f i r s t  of the  snap-in . 

absorber un i t s .  The end zees have at tached t o  them two notched 

s t r i p s  of metal ( . The notches a r e  spaced so 

a s  t o  receive  t h ~  xees i n  the  absorber p la te .  , 

The second s t e p  is t o  i n s t a l l  the snap-in absorber u n i t s  (Drawing 2 ,  

Panel 11). See a l s o  Drawing I, e spec i a l l y  fo r  a d e t a i l  of' the 
- - 



snap-in process.  The l e f t  s i d e  of  each absorber u n i t  snaps i n  under the  

r i g h t  s i d e  of t h e  one t o  i ts  l e f t ,  a f t e r  which i ts  r i g h t  s i d e  is n a i l e d  t o  

the  roof deck. The l e f tmos t  absorber u n i t s  snap i n  t o  the s i d e  channels ,  

which a r e  shaped l i k e  the  r i g h t  s i d e  of an absorber u n i t ' , i n  order  t o  rece ive  

them. 

Af te r  a l l  t he  'absorber u n i t s  a r e  i n  p lace ,  the  r i g h t  s i d e  f a s c i a  

the g l a z i n g  , and t h e  l e f t  s i d e  , and end 

f a s c i a s  a r e  i n s t a l l e d .  The end f a s c i a s  a r e  screwed t o  the  end zees through 

spacers  , and t o  the  g laz ing.  The spacers  provide an e x i t  path 

f o r  r a i n  which may have go t t en  t o  the  absorber p l a t e  through imperfect s e a l s  

in  t h e  g laz ing,  and they a l s o  a l low a smal l  amount of a i r  flow between the  

g laz ing and the  absorber p l a t e  t o  keep the  temperature from r i s i n g  too high 

under s t agna t ion  cond i t ions .  A t  the  high end @ the  f a s c i a  goes 

over the  g laz ing ,  while a t  the  low end , the  f a s c i a  goes under 

the g laz ing ,  t o  f a c i l i t a t e  r a i n  runof f .  . . 

The r i g h t  s i d e  f a s c i a  ( 
(3: 
\ay and ) is  a snap-in 

u n i t  which hooks onto the  r ightmost  absorber u n i t s  a t  the  roof deck l e v e l  

and a t  the  l e v e l  where the  absorber p l a t e  te rminates ,  3 i n ' above  the  roof 

deck. It i s  a l s o  screwed t o  the  g laz ing.  

Some cons ide ra t ion  needs t o  be given t o  how the  g laz ing  is t o  be appl ied  

t o  t h e  s t r u c t u r e ,  once the  absorber u n i t s  a r e  i n  p lace .  They a r e  no t  ex- 

pected t o  suppor t  the  po in t  load of a  man's weight. '  A ladder ,  f i t t e d  with 

a t r ansverse  beam spanning two o r  more absorber u n i t s ,  might so lve  the  

problem. Af te r  a l l  the absorber u n i t s  have been i n s t a l l e d  the  g laz ing s t r i p s  

could be put  on s t a r t i n g  e i t h e r  a t  the top o r  the  bottom, a s  long as  c a r e  



i s  taken t h a t  lower shee t s  a r e  overlapped by those above. 

B . P a r t s '  Glossary 

The p a r t s  a r e  described i n  t h e  order  i n  which they a r e  appl ied  during 

const ruct ion.  Below is  an  a l p h a b e t i c a l  p a r t s  l i s t ,  followed by t h e  number 

of the  a r t i c l e  describing the  p a r t  i n  t h i s  g lossary .  

PART ARTICLE NO. I N  GLOSSARY 

Absorber Unit ,  Snap-In 

Channel, L e f t  S ide  

Fascia ,  End 

Fascia ,  Lef t  Side 

Fascia ,  Righ t Side  

Glazing 

Zee, End 

1. Lef t  Side Channel @ and , @ 
Overa l l  dimensions 50 in.X 4 ,314 in.x 2 i n .  Nominal thickness of 

sheetmetal  0.016 in .  Nominal thickness of t r u s s  web 0.060 i n .  This modi- 

f i e d  channel has an open-web t r u s s  support  s t r u c t u r e  b u i l t  i n  a t  t h e  fac tory .  

The purpose of t h i s  p iece  is t o  provide a f irm member t o  snap i n  the  . f i r s t  

absorber u n i t  to  i ts  r i g h t .  It a l s o  provides a pressure  s e a l  a t  the  l e f t  

edge of the  c o l l e c t o r .  

2 .  End Zee 8 and @ 
2 1  

Overa l l  dimensions 32 in. x 4 13/16 in.X 2 in .  Nominal thickness 0.060 

in .  Top and bottom flanges 1 in each. I n t e r i o r  and e x t e r i o r  pressure  s e a l s  



p l a t e .  The pressure  s e a l s  a r e  a t tached  t o  the zee during the  manufacturing 

process .  Their dimensions a r e  i d e n t i c a l  so  t h a t  both can be cu t  t o  the same 

shape. The i n t e r i o r  pressure  s e a l  must be bent l ong i tud ina l ly  i n  order  t o  

be appl ied  t o  t he  i n s i d e  of the zee. The pressure-sea l  s t r i p s  a r e  2 in. 

longer than t h e  zees t o  al low overlap on each s i d e ;  t h e i r  nominal thickness  

is  0.016 in.  

3 .  Snap-in Absorber Unit  (Drawing 3 and Sect ions A-A and B-B of 

Drawing 1) 

Since t h i s  p a r t  i s  t he  h e a r t  of t h i s  design i t  w i l l  be descr ibed i n  

some d e t a i l .  The o v e r a l l  dimensions of t h i s  unit are SO in x 32 in. X 5 1 / 2  

i n .  The nominal thickness  of the absorber p l a t e  i s  0.012 in .  Nominal thick- 

ness of t r u s s  webbing and s t r a p s  i s  0.060 in .  Nominal thickness of the 

g laz ing  support  s t r u t s  is 0.100 in.  Beginning with the absorber p l a t e  i t s e l f ,  

we s e e  t h a t  i t  i s  folded s o  t h a t  vees spaced 1 in a p a r t  protrude 1 in.down- 

ward from the genera l  l e v e l ' o f  the absorber p.late.  The purpose of these vees 

i s  t o  f a c i l i t a t e  h e a t  t r a n s f e r ,  giving a needed 3 : l  r a t i o  of absorber p l a t e  

area t o  roof a r ea .  

A t  the r i g h t  hand edge the absorber p l a t e  has a l i p ,  onto which the 

l e f t  edge of the next  snap-in u n i t  i s  a t tached .  The absorber  p l a t e  is sup- 

ported from below by two open-web t ru s ses  ( 

s e e  a l s o  Sec t ion  B-B of Drawing 1 ) .  Three metal s t r a p s  j o in  the 

two t ru s ses  and a r e  anchored t o  the l e f t  end of the absorber  p l a t e  (see D e t a i l  

To the t o p , o f  t he  absorber p l a t e  a r e  fastened three  g laz ing  support s t r u t s .  

These serve  two purposes. As the i r ,  name implies ,  they support the  g laz ing  

and the  g laz ing  i s  fastened t o  them. They a r e  a l s o  intended to  provide some 



r i g i d i t y  t o  the  absorber p l a t e ,  i n h i b i t i n g  downward sag of the  vee system. 

They w i l l  of necess i ty  have t o  be of f a i r l y  heavy gauge and be opt imal ly  

contoured t o  do t h i s  job. The s t r a p s ,  t r u s s e s ,  and g laz ing  s t r u t s  a r e  a t -  

tached by spotwelding. I n  the present  des ign,  each snap-in absorber u n i t  

w i l l  r equ i re  48 of these  j o i n t s .  

4. Glazing (Drawing 2, Panel 3) 

The glaz ing i s  to  be a f iberglass-impregnated p l a s t i c  such a s  "Kalwall" 

o r  "Filon". It is c u r r e n t l y  manufactured i n  5 f t  X 5 f t  r o l l s .  We w i l l  

assume a width of 51 i n a n d  a length equal  t o  t h e  h o r i z o n t a l  dimension of 

the c o l l e c t o r ,  which fo r  our des ign is  32 f t .  Thickness is  0.040 i n .  This 

design c a l l s  f o r  corrugated glaz ing.  The peak-to-trough he igh t  of the cor- 

rugations is 9/16 in, while the l a t e r a l  d i s t ance  from one peak to  the  next  

is 2 213 in, s o  t h a t  12 f u l l  corrugat ion wavelengths w i l l  f i t  over each 32 

in, width of absorber. 

5. Right Side Fascia  @ and @ 
Overal l  dimensions 50 in  X 5 1 /2  in.X 1 112 in .  Nominal thickness 0.016 

in .  This f a s c i a  snaps onto the  bottom s t r i p  of the  t r u s s  of the r ightmost  

snap-in absorber u n i t ,  providing a s e a l  a g a i n s t  moderate pressure  d i f fe rences  

and a l s o  a b a r r i e r  aga ins t  the en t ry  of water i n t o  the  c o l l e c t o r .  

6. L e f t  Side Fasc ia  @ and @ 
Overal l  dimensions 50 in.x 4 112 in.X 2 i n .  Nominal thickness 0.016 in .  

This f a s c i a  i s  a t tached t o  the l e f t  s i d e  channel and t o  the g laz ing by means 

of screws. 

7 .  End Fascia  

Overal l  dimensions 34 in. X 4  112 in.X 2 in .  Nominal thickness 0.016 in .  

The top f lange of t h i s  f a s c i a  i s  scal loped to f i t  the g laz ing.  I f  t h i s  proves 



very c o s t l y  t o  f a b r i c a t e  with shee t  metal ,  a  high-temperature i n j ec t ion -  

molded p l a s t i c  might be considered,  o r  the f a s c i a  might have to  be redesigned. 

The f a s c i a  i s  screwed t o  the end zee through spacers  and t o  the 

g laz ing .  The screws through the  g laz ing  a r e  placed a t  t he  peaks of the cor-  

ruga t ions ,  to  minimize r a i n  leakage. 

- - 
C. Mater ia l s  Spec i f i ca t ions  and Design Options 

The primary f a b r i c a t i o n  ma te r i a l  f o r  t h i s . d e s i g n  is s t e e l .  Aluminum 

may be considered a s  an  a l t e r n a t e  i f  a  s u i t a b l e  technique i s  avail .able f o r  

making the  many spot-welds a t  s u f f i c i e n t l y  low c o s t .  

The design is  drawn with corrugated glazing.  F l a t  g laz ing  should be 

considered an a l t e r n a t i v e  design opt ion.  Since f l a t  g laz ing  does not  have 

the  r i g i d i t y  i n  one dimension t h a t  corrugated g laz ing  has ,  i t  may be nec- 

e s sa ry  t o  provide more g laz ing  support  s t r u t s  on the  snap-in absorber u n i t s  

i n  t h i s  case.  

A l l  screws should be se l f - t app ing ,  with i n t e g r a l  p l a s t i c  i n s e r t s  under 

the heads t o  provide weatherproofing. 



Figure I. Scheme I, Drawir - 1 , Section Views and Details 



Figure 2. %heme I, Drawing 2 Construction Sequemce 
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Figure 3. Scheme I, Drawriag 3 Snap-In Absorber Unit 
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DESIGN SCHEME I1 

A. Construction Sequence Descr ip t ion 

The philosophy behind t h i s  design i s  to  const ruct  a  framework onto which 

a continuous r o l l  of absorber p l a t e  ma t e r i a l  can be applied.  The glazing goes 

on over t h i s ,  with provision f o r  maintaining a spacing between the absorber 

. . p l a t e  and the  glazing.  With some a t t e n t i o n  t o  t h e  s i de s  and ends, t h i s  is 

a l l  we need t o  make a s o l a r  co l l e c to r .  Complications do a r i s e  when we address 

the  problem of a i r  leakage from the  co l l e c to r  and r a i n  leakage i n t o  i t ;  the 

present  design i s  an at tempt t o  dea l  with those problems. 

It i s  assumed i n  t h i s  design t h a t  the  co l l e c to r  w i l l  be applied t o  a 

plane sur face  of plywood. Holes i n  the plywood f o r  supply and r e t u r n  a i r  w i l l  

have been c u t  before  const ruct ion of the co l l e c to r  begins. 

Drawing 1 shows s ec t i on  views of the col lec tor . . together  with c e r t a i n  de- 

t a i l s .  Drawings 2 and 3 show the const ruct ion sequence. 

The f i r s t  s t ep  i n  const ruct ion is  t o  n a i l  t o  the roof deck a rectangular  

s t r u c t u r e  of zees and channels which def ines  the boundary of the  co l l e c to r .  

(See Drawing 2, Panel I . )  The channels form the s ides  of the c o l l e c t o r ,  

perpendicular t o  the roof beam, while the zees form the ends, p a r a l l e l  t o  

the roof beam. Next, open-web t russes  a r e  placed on the  roof p a r a l l e l  t o  

the s i d e  channels and perpendicular to  the  roof beam (Drawing 2, Panel 11).  

The spacing between t russes  is  16 i n o n  cen te r s .  Over the ends of the 

t russes  which extend over the  end zees,  box-section t r u s s  supports  @ 
a r e  s l ipped ,  through which the t r u s s  ends w i l l  be screwed onto the end zees 

a f t e r  i n s t a l l i n g  the glazing support s t r u t s  (see below). Spl ic ing of one 

t r u s s  s ec t i on  t o  another wi thin  the  co l l e c to r  area  is accomplished by means 



of a  snap-on arrangement @ +  

The t h i r d  s t e p  i s  t o  snap i n t o  place the  absorber p l a t e  hangers (Drawing 

2, Panel  11.1). Notches i n  the  t ru s ses  guide the  i n s t a l l e r  i n  the proper 

spacing (24 in on cen te r s )  of the absorber p l a t e  hangers,  while the inver ted  

U's i n  'the absorber p l a t e  hangers a c t  a s  a  guide i n  the  spacing of the  t ru s ses .  

A t  t h i s  po in t  t he  t ru s ses  can be na i l ed  t o  the deck, and the  r e s u l t i n g  frame- 

work is ready t o  r ece ive  the  absorber p l a t e .  

The absorber p l a t c  (Drawing 3, Panel IV) i s  seen as being t ranspor ted  

t o  the cons t ruc t ion  s i t e  i n  a  r o l l  50 in wide t o  g ive  four  f t  of f r e e  width 

p lus  2 in.of overlap.  The length of t he  r o l l ,  and the re fo re  the amount of 

roof su r f ace  t h a t  can be covered i n  one p iece ,  i s  determined by the  weight 

of 40 l b  f o r  any s i n g l e  p iece  which needs t o  be hois ted  t o  the roof .  The 

shape of the  absorber p l a t e  i s  b e s t  seen i n  62 , and enlarged i n  

through . The purpose of the  vees is t o  f a c i l i t a t e  

hea t  t r a n s f e r ,  g iv ing  a  needed 3 : l  r a t i o  of a b s o r b e r . p l a t e  a r ea  t o  roof a rea .  

Every 16 in. the p a t t e r n  of vees is r e l i eved  by a  rec tangular  gap which enables 

the absorber  p l a t e  t o  f i t  over the t ru s ses .  

Af te r  the absorber p l a t e  i s  down, g laz ing  support  s t r u t s  (Drawing 3 ,  

Panel V) a r e  appl ied  d i r e c t l y  over the absorber p l a t e  hangers.  The g laz ing  

support  s t r u t s ,  where they pass over the t r u s s e s ,  a r e  'screwed to  the t ru s ses  

with s e l f - t app ing  screws. Each of these screws w i l l  pass through, success ive ly ,  

a  g l az ing  support s t r u t ,  the  absorber  p l a t e ,  an absorber p l a t e  hanger,  and an 

open-web t r u s s .  

P l a s t i c  i n s e r t s  a r e  factory-pressed i n t o  holes  i n  the  

g laz ing  support  s t r u t s .  The g laz ing  (Drawing 3 ,  Panel VI) i s  now r o l l e d  out  

onto t h i s  a r r a y  of p l a s t i c  i n s e r t s  and screwed t o  the i n s e r t s .  Glazing 



m a t e r i a l  is  now s o l d  i n  r o l l s  up t o  50 f t  long and 5 f t  wide. I n  t h i s  

a p p l i c a t i o n ,  we want the s t r i p s  of g laz ing t o  be 51  i n w i d e ,  t o  a l low f o r  

4 f t  of . f r e e  width and 3 in.of overlap.  

Some considera t ion needs t o  be given t o  how the  g laz ing is t o  be appl ied  

t o  the  s t r u c t u r e ,  once the absorber p l a t e  is  i n  place.  The absorber p l a t e  

w i l l  no t  support  a  man's weight, and even a s i n g l e  t r u s s ,  i f  optimized i n  

s t r e n g t h  f o r  its func t ion  a s  p a r t  of the  s o l a r  c o l l e c t o r ,  might no t  withstand 

t h e  po in t  load of a  person s tepping on i t .  A ladder ,  f i t t e d  with a t rans-  

ve r se  beam spanning severa l  t r u s s e s ,  might so lve  the problem. After  a l l  of 

the  absorber p l a t e  has been i n s t a l l e d  and the  g laz ing support  s t r u t s  screwed 

down on top of i t ,  the  g laz ing s t r i p s  could be i n s t a l l e d  s t a r t i n g  e i t h e r  

a t  the  top or  the bottom, a s  long as  c a r e  i s  taken t h a t  lower shee t s  a r e  

overlapped by those above. 

The f i n a l  s t e p  i n  t h e  i n s t a l l a t i o n  i s  the  a p p l i c a t i o n  of the end f a s c i a  

( @ and @ ) and t h e  s i d e  f a s c i a  ( /5h !a and 

w . I f  the  c o l l e c t o r  does not  go t o  the  end of the  roof ,  f l a sh ing  

can be s l i d  i n  behind these  f a s c i a s ,  a s  i s  shown i n  f o r  the  end 

f a s c i a .  
\F/ 

P a r t s  Glossary 

The p a r t s  a r e  described i n  the  order  i n  which they a r e  appl ied  during 

const ruct ion.  Below is an a lphabe t i ca l  p a r t s  l i s t ,  followed by the number 

of the  a r t i c l e  descr ib ing the  p a r t  i n  t h i s  g lossary .  



PART ARTICLE NO. I N  GLOSSARY 

Absorber P l a t e  7 

Channe 1, Side 1 

Fasc ia ,  End 12 

Fasc ia ,  S ide  11 

Glazing 10 

Hanger, Absorber P l a t e  6 

Sp l i ce ,  Corner 3 

S t r i p ,  Rubber 9 

S t r u t ,  Glazing Support 8 

Truss ,  Open Web 4 

Truss Support,  Box Sec t ion  5 

Zee, End 2 

1. Side Channel @ @ 
Dimensions 4 f t  X 4 1 /2  in .  Might a l s o  be produced i n  8 f t  or  longer 

s ec t ions .  Top f lange  1 in, bottom f lange  2 i n . t o  f a c i l i t a t e  n a i l i n g  of 

channel t o  roof deck. Nominal thickness 0.068 in.  Every 16 in these Ls a 

112 in, s l o t  i n .  the top f lange  of the s i d e  channel t o  accomodate the absorber- 
Z 

p l a t e  hanger. Rigid i 6 s u l a t i o n  i s  bonded t o  the in s ide  of channel a s  p a r t  

of the  manufacturing process .  

2. End Zee 

Dimensions 4 f t  X 3 i n .  Should a l s o  be a v a i l a b l e  in 64 in. and 80 in 

sec t ions  t o  a l l o w . f o r  roof widths of any mul t ip le  of 16 in .  Top f lange  1 in., 

bottom f lange  1 in.  Nominal thickness  0.060 in .  I n t e r i o r  and e x t e r i o r  pressure  

s e a l s  a r c  notchcd to  rece ive  the vees and the 



absorber p la te .  These a r e  a t tached t o  the  zee during the  manufacturing pro- 

cess .  Their  dimensions a r e  i d e n t i c a l  so t ha t  both can be cu t  t o  the  same 

shape. ,.The i n t e r i o r  pressure  s e a l  must be bent  long i tud ina l ly  i n  order t o  

be applied t o  the ins ide  of' the zee. A s t r i p  of i n su l a t i on  . .  . ,. ,@ is 

l a i d  between the pressure-seal  s t r i p s  t o  i n h i b i t  a i r  flow. The pressure-  

s e a l  s t r i p s  a r e  2 in. longer than the  zees t o  allow overlap on each s ide ;  

t h e i r  nominal thickness is  0.016 in. The ends of the  t russes  a r e  screwed 

t o  the  zees through box-section t r u s s  supports  @ *  
3.  Corner S p l i c e '  

This is a small  L-shaped piece  of metal ,  1 7 /8  i n  high and with each 

arm of the L 2 in. long. Nominal thickness i s  0.060 in .  It is  screwed t o  

the s i d e  zee and the end channel a t  each corner t o  provide r i g i d i t y  to  the  

s t r uc tu r e .  

4. Open-Web Truss (Drawing 1, Sect ion B-B; Drawing 2 ,  Panel 11) 

Dimensions 49 inlX 4 1/2 i a x  1 in .  Might a l s o  be produced i n  8 f t  o r  

longer sect ions .  Nominal thickness of hor izon ta l  s t r i p s  0.016 in, diagonal  

webbing 0.054 in .  Every 16 in, the  top of the t r u s s  i s  notched @ 
- 

t o  receive  the absorber-plate hangers. The ends of the  t r u s s  'a re  shaped 

@ so t h a t  one w i l l  s l i d e  i n t o  the other .  An upward-turned t ab  

on the male end snaps i n t o  a hole  i n  the female end, providing .posi t ive  

locking of one t r u s s  s ec t i on  t o  the next .  E i the r  end of a t r u s s  s ec t i on  may 

be screwed t o  an end zee through a box-section a 
5. Box Sect ion Truss Support 

This i s  an extruded piece with a hole d r i l l e d  through it. The s l o t  

holds i t  i n  place under the t r u s s  end while the absorber p l a t e  and glazing 

support s t r u t s  a r e  s e t  i n  place,  a f t e r  which i t  a c t s  as  a spacer i n  the  



screwing down of the  above p a r t s  t o  the top f lange  of t he  end zee. 

6. Absorber P l a t e  Hanger (Drawing 1, Sec t ion  A-A; Drawing 2, Panel 111) 

49 in . l eng th  shown; may be produced i n  longer lengths.  L a t e r a l  dimen- 
/h 

s ions  a r e  a s  shown i n  0 . Nominal thickness  0.032 in .  Every 16 i n  

t he  h o r i z o n t a l  s e c t i o n  of the  hanger r i s e s  1 112 i n . t o  f i t  over the t r u s s e s ;  

and the re  is  a break i n  the  s e c t i o n  which hangs down obl ique ly .  

7. Absorber P l a t e  (Drawing 1, Sec t ion  A-A; Drawing 3 ,  Panel IV) 

Width 50 in .  Length - as long as poss ib l e  without exceeding 40 l b  weight 

l i m i t .  Nominal thickness  0.005 in. i f  aluminum, 0.012 in. i f  s t e e l .  Shaped 

a s  shown i n  diagram, wi th  1 in.deep vaes occuring every 1 in. t o  f a c i l i t a t e  

h e a t  t r a n s f e r .  Every 16 in . t he  absorber p l a t e  r i s e s  112 i n a b o v e  i ts  genera l  

l e v e l  t o  enable i t  t o  pass over the t r u s s e s .  

8.  Glazing Support S t r u t  '(Drawing 1, Sec t ion  A-A; Drawing 3,  Panel V) 

Dimensions 49 in. X 1 114 in. x 112 in . '  May be produced i n  longer lengths.  

Nominal thickness  0.032 in .  Every 16 in . t he re  i s  a 1 i n . v e r t i c a 1  gap i n  the 

v e r t i c a l  f langes  of the channel-shaped s t r u t  t o  allow Fe ro pass u.vs.r the  t russeo .  

@ 9. Rubber S t r i p  

Tllfs 314 in.wide by 114 in. t h i ck  s t r i p  ri.tns along the top of the s i d e  

channels.  The s t r i p  is  adhesive-backed t o  i n h i b i t  s h i f t i n g  before  i t  i s  

screwed i n t o  p lace .  A 118 in.deep' groove along t h e  top of the rubber s t r i p  

al lows screw heads t o  f i n i s h  below the top of the s t r i p .  After  passing 

through the  s t r i p ,  the screw passes through, success ive ly ,  a g laz ing  support  

s t r u t ,  the absorber p l a t e ,  and absorber  p l a t e  hanger,  and the s i d e  channel 

@ .  
10. Glazing (Drawing 3, Panel V I \  . . 

The g laz ing  is t o  be a fiberglass-impregnated p l a s t i c  such as  "Kalwall" 



or ''Filon". It is currently manufactured in 5 f t  X SO f t  ro l l s .  We w i l l  

assume a width of 51 ia and a length equal t o  the horizontal dimension of the 

col lector ,  which for cnar design example is 32 f t .  Thickness i s  0.040 in. 

11. Side Fascia @ 
Dimensioaa 51 in. X 3 3/19 ia X 1 in. M o l a i n a l  thickness 0.016 in. Applied - - 

t o  side channel with screwa, flashed behind if necessary @ .  
12. End Fascia 

Dimepaioag 51 i a . x  4 iia. X 1 1/4 in. NElminal thickness 0.016 in. Applied 

to  end zee w i t h  screws thr~ugh 1/2 in spacer, flashed behind @ *  
C. Materials Snacif icat ioas and D v  

In th i s  design both aluminum and s t e e l  should be considered as candidate 

primary fabrication materials. The design is d ram with f l a t  rather than with 

corrugated glazing (for a description of corrugated glazing see Design S c h m  

1). The uae af corrugated glazing is an a l te rnat ive  option ia thia daeiga. 

A l l  screws shauld be self-tapping, with infegral p las t i c  inser ts  under 

the heads t o  provide weathersealing. 
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DESIGN SCHEME I11 

A. Construction Sequence Descript ion 

This design was motivated by considera t ions  s im i l a r  t o  those which pro- 

duced Design Scheme 11. The major new element is the use of crimping a s  a 

way of fas ten ing  those p a r t s  of the co l l e c to r  which l i e  above the absorber 

p l a t e  t o  those p a r t s  which a r e  located below. 

The use of crimping makes i t  unnecessary t o  p ie rce  the absorber p l a t e ,  

thus making it a b e t t e r  r a i n  b a r r i e r .  We assume t h a t  some r a i n  w i l l  pene t ra te  

the  glazing,  and the absorber p l a t e  must the re fore  provide a second l i n e  of 

defense aga ins t  water penetra t ion.  

As i n  the  other  designs,  a t t e n t i o n  i s  paid t o  the  s ides  and ends, con- 

s i d e r a t i o n  being given t o  pressure s ea l i ng ,  r a i n  leakage, and e s t h e t i c  appear- 

ance. 

It is  assumed i n  t h i s  design t ha t  the co l l e c to r  w i l l  be applied t o  a 

plane sur face  of plywood. Holes i n  the plywood fo r  supply and r e t u r n  a i r  

w i l l  have been c u t  before const ruct ion of the co l l e c to r  begins. 

Drawing 1 shows s ec t i on  views of the  co l l e c to r  together with c e r t a i n  

d e t a i l s .  Drawings 2 and 3 show the const ruct ion sequence. 

The f i r s t  s t e p  i n  const ruct ion is t o  n a i l  t o  the roof deck a rectangular  

s t r u c t u r e  of channels and L-sections which def ines  the boundary of the  col-  

l e c to r .  (See Drawing 2 ,  Panel I ) .  The channels G3 form the 

s ides  of the c o l l e c t o r ,  perpendicular  t o  the  roof beam, while the  L-sections 
/--a tg form the ends, p a r a l l e l  t o  the roof beah. Next, open-web t r u s se s  

63 a r e  placed on the roof p a r a l l e l  t o  the s i d e  channels and perpendi- 

w 
cu la r  t o  the roof beam. To each of these t r u s se s ,  and t o  the s i d e  channels 



purpose of the  clamp p l a t e s  i s  t o  provide a subs t ruc tu re  onto which the  upper 

p o r t i o n  of the c o l l e c t o r  can be  fas tened by crimping. Also a t tached t o  the  

t r u s s e s  a t  24 i n . i n t e r v a l s ,  beneath the  clamp p l a t e s ,  a r e  hanger .suppor ts  

@ . Their  purpose i s  t o  provide a f a s t en ing  po in t  f o r  the  ab- 

s o r b e r  p l a t e  hangers. The assembly of the  t r u s s e s ,  clamp p l a t e s ,  and hanger 

suppor ts  i s  t o  be a f a c t o r y  opera t ion ,  the  u n i t s  conta in ing the  above p ieces  

a r r i v i n g  a t  the  s i t e  f u l l y  assembled. 

The absorber p l a t e  hangers (Drawing 2 ,  Panel 11) a r e  i n s t a l l e d  next .  

Thei r  purpose i s  t o  support  the  absorber p l a t e .  'Two s l i t s  i n  each end of a 

hanger a l low i t  t o  be s l i d  onto the  hanger supports  . The bends ',*p' 
i n  the  hanger suppor t  provide a p o s i t i v e  hold on the absorber p l a t e  hangers.  

Af te r  t h e  absorber p l a t e  hangers a r e  i n  p lace ,  the  t r u s s e s  can be n a i l e d  down 

permanently to  the  roof .  

The next  cons t ruc t ion  s t e p  i s  t o  p lace  the absorber p l a t e  (Drawing 3 ,  

Panel  111) down on the  t r u s s e s .  It i s  seen as  being t ranspor ted  t o  the  

c o n s t r u c t i o n  s i t e  i n  a r o l l ,  50 in.wide t o  g ive  4 f t  of f r e e  width p lus  2 in. 

of  overlap.  The length  of the  r o l l ,  and the re fo re  the  amount of roof s u r f a c e  

t h a t  can be covered i n  one p iece ,  is  determined by the  weight l i m i t  of 40 l b  

f o r  any s i n g l e  p iece  which needs t o  be ho i s t ed  to  the  roof .  The shape of 

the  absorber p l a t e  is  b e s t  seen i n  and i n  Sect ion  A-A of Draw- .m @ 
i ng  1. The purpose of the  vees is to  f a c i l i t a t e  h e a t  t r a n s f e r ,  g iv ing a needed 

3 : l  r a t i o  of absorber p l a t e  area t o  roof a r e a .  Every 16 in. the p a t t e r n  of 

vees i s  r e l i eved  by a gap which al lows the  absorber p l a t e  t o  f i t  over the  

t r u s s e s .  



Afte r  the  absorber p l a t e  is  down, i t  i s  crimped t o  the  clamp p l a t e s  

by crimped p l a t e s  . A crimping t o o l  is  used t o  

f o l d  i n .  the  f langes  of  these  crimped p l a t e s .  D e t a i l s  B through 

@ show how the  absorber p l a t e  is  he ld  t o  the  clamp p l a t e s  on the  

t r u s s e s  by the  crimped p l a t e s  above it. 

Each of  the  crimped p l a t e s  has two s p l i t  pos t s  prot ruding upward from 

i t .  Pipes @ and g laz ing  supports  3 a r e  s l ipped  over 

these  p o s t s ,  a f t e r  which t h e  s p l i t  ends a r e  bent  downward over the  ends of the  

g laz ing support  t o  provide a  secure  fas tening.  A t  t he  end channels ,  c losed 
,m 

end pipe  p ieces  - a r e  used. These provide two a d d i t i o n a l  inches 

of p ipe ,  bu t  more impor tant ly ,  a  c losed end onto which t h e  s i d e  fa.scia can 

be a t tached.  

The corrugated g laz ing is now screwed onto the  g laz ing supports  (Drawing 

3 ,  Panel  VI). It w i l l  be appl ied  . in  s t r i p s ,  5 1  in.wide and a s  long a s  the 

roof .  Each s t r i p  w i l l  over lap  the  one below i t  by 3 in, g iv ing 48 in.of  f r e e  

width . 
Some cons ide ra t ion  needs t o  be given t o  how the g laz ing  is t o  be appl ied  

t o  the  s t r u c t u r e ,  once the  absorber p l a t e  is i n  place.  The absorber p l a t e  w i l l  

n o t  suppor t  a  man's weight,  and even a  s i n g l e  t r u s s ,  i f  optimized i n  s t r e n g t h  

f o r  i t s  funct ion  a s  p a r t  of the  s o l a r  c o l l e c t o r ,  might n o t  withstand the  po in t  

load of a  person s t epp ing  on i t .  A ladder ,  f i t t e d  with a  t r ansverse  beam 

spanning s e v e r a l  t r u s s e s ,  might so lve  the  problem. Af te r  a l l  of t h e  absorber 

p l a t e  has been i n s t a l l e d  and the crimped p l a t e s ,  p ipes ,  and g laz ing  supports  

pu t  i n t o  p lace ,  the  g laz ing  s t r i p s  could be i n s t a l l e d  s t a r t i n g  e i t h e r  a t  the 

top o r  the  bottom, a s  long a s  ca re  i s  taken t h a t  lower shee t s  a r e  overlapped 

by those. above. . . .. . . . . . _ .  



The f i n a l  s t e p  i n  the i n s t a l l a t i o n  i s  t h e  a p p l i c a t i o n  of the s i d e  f a s c i a s  

) and end f a s c i a s  ( 

f a s c i a s  a r e  screwed t o  the  end L-pieces through 

spacers  and t o  the g laz ing.  The spacers provide an e x i t  path 

f o r  r a i n  which may have go t t en  t o  the  absorber p l a t e  through imperfect s e a l s  

i n  the  g laz ing,  and they a l s o  a l low a small  mount  af a i r  flow between the  

g laz ing and the absorber p la te  t n  keep the temparaf~~rc from r i a i n g  LUU lllgh 

under s t agna t ion  condi t ions .  A t  t he  high end the  f a s c i a  goes Over 

the  g laz ing ,  while a t  the  low end the f a s c i a  goes under the  g laz ing,  t o  f a c i l i -  

t a t e  r a i n  runoff .  

The s i d e  f a s c i a s  ( ) a r e  zee shaped t o  a c t  

a s  f l a s h i n g  as  w e l l .  They a r e  screwed i n t o  the closed end pipe pieces @3 
which form the ends of each terminal  s e c t i o n  of p ipe  on each s i d e  of the  col -  

l e c t o r  (Section A-A of Drawing 3 ,  Panel V) . 
E. P a r t s  Glossary 

The p a r t s  a r e  described i n  t h e  order i n  which they a r e  applied during 

cons t ruc t ion .  Below is an al .phbetica1 F a r m  l i o t ,  followed by the number of 

the a r t i c l e  descr ib ing the  p a r t  i n  the g lossary .  

PART ARTICLE NO. I N  GLOSSARY 

Absorber P l a t e  5 

Channel, S ide ,  with Clamp P l a t e s  2 

Fascia ,  End 11 

Fasc ia ,  Side 12 



Glazing 

Hanger, Absorber P l a t e  

L-Section, End 

Pipe,  Hollow 

Pipe Piece,  Closed End 

P l a t e ,  Crimped 

Support, Glazing 

Truss 

1; End L-Section @ 
Overal l  dimensions 48 in. X 4 ia, with 1 i n  flange. Nom;inal thickness 

0.064 in .  Top edge of s ec t i on  notched t o  receive  vees i n  absorber p l a t e .  

2. Side Channel with Clamp P la tes  69 
Overall  dimensions 48 in.x 4 in .  Top flange I in, bottom f lange 2 i n .  

Clamp p l a t e s  3 '  112 in.or 3 314 in.wide. Hanger supports  extend 2 112 in on 

inboard s i d e  of the channel. Nominal thickness of channel 0.064 in.  For 

desc r ip t ion  of Clamp P l a t e s  and Hanger Supports which form p a r t  of the s i d e  

channel u n i t ,  see A r t i c l e  3, Truss. 

3. Truss 8 
Overal l  dimensions 49 112 i a X  3 718 in .  Horizontal  s t r i p s  and diagonal 

webbing 1 in wide. Clamp p l a t e s  3 112 i n o r  3 314 in.wide. Hanger supports 

extend 6 in.perpendicular  t o  the  t r u s s .  Nominal thickness of hor izon ta l  s t r i p s  

0.016 in, diagonal  webbing 0.060 i n .  Nominal thickness of clamp p l a t e s  0.100 

in .  Hanger supports  t o  be of sp r ing  s t e e l  of s u f f i c i e n t  gauge t o  support 

absorber p l a t e  and l i v e  load. 



The clamp p l a t e  on one end of a t r u s s  @ is  notched, and is  

s l i g h t l y  narrower than t h a t  on the other  end, so t ha t  t r u s s  sec t ions  can be 

sp l i c ed  together.  The purpose of the notch is  t o  make room f o r  the end of 

the  hor izon ta l  s t r i p  on the other  t r u s s  as  the two t russes  a r e  sp l i ced  to- 
, 

ge ther  . 
The hanger support  is shaped s o  t ha t  i t  can be forced up- 

@ and 
ward through t he  f i r s t  ho le  i n  an absorber p l a t e  hanger 

then downward through the  second hole ,  making a t i g h t  connection. 

63 4. Absorber P l a t e  Hanger 

Overal l  dimensions 14 314 in. x 1 in.X 1 in. Nominal thickness 0.032 in.  

Two s l i t s  near each end t o  receive  hanger supports  65. 
5. Absorber P l a t e  (Drawing 1, Sect ion A-A; Drawing 2 ,  Panel, 'LII) 

Width 51 in .  Length - as  long a s  poss ible  without exceeding 40 l b  

weight l im i t .  Nominal thickness 0.012 in .  

Shaped as  shown i n  drawing, with 1 in.deep vees occuring every 1 i ~ t o  f a c i l i -  

t a t e  hea t  t r an s f e r .  Every 16 in . the  absorber p l a t e  has a vee-free s ec t i on  to  

al low i t  t o  pass over the clamp p l a t e s  on the t russes .  

6. Crimped P l a t c  @ 
Overa l l  dimensions 2 in. x 3 inswi th  1 in. f langes extending below and 1 

i n  s p l i e  posts  r i s i n g  above. Nominal thickness 0.120 in .  
m 

7. Hollow Pipe w 
Overal l  dimensions 48 in.X 314 in.0.D. Nominal wa l l  thickness 0,016 in. 

A hole  is  drilled 1 1/2 In. fram each end to  allow the pipe t o  f i t  onto s p l i t  

pos t s  of the crimped p l a t e s .  

8. Closed End Pipe Piece @ 
Overal l  dimensions 2 112 in.x 314 in0.D.  Wall Thickness 0.060 in .  One 



end t apers  t o  f i t  i n s i d e  end of p ipe  sec t ion .  The o the r  end i s  closed o f f  

s o  t h a t  the s i d e  f a s c i a  63 can be screwed i n t o  i t .  A hole  d r i l l e d  

through, . this  p iece  allows i t  t o  be placed over a pos t  i n  a crimped p l a t e  

over a s i d e  channel. . . 

9. Glazing Support @3 
Overa l l  dimensions 4 in.  x 1 in. X 112 i n .  Nominal thickness 0.032 i n .  

Holes d r i l l e d  on each s i d e  of t h i s  U-shaped piece  receive  the  s p l i t  pos t s  of 

the  crimped p l a t e s  

The glaz ing i s  t o  be a f iberglass-impregnated p l a s t i c  such a s  "Kalwall" 

o r  "Filont'. It i s  c u r r e n t . 1 ~  manufactured i n  5 f t  X 50 f t  r o l l s .  We w i l l  

assume a width of 51 h a n d  a length  equal  t o  the  hor izon ta l  dimension of 

the  c o l l e c t o r ,  which f o r  our des ign example' is 32 f t .  Thickness i s  0.040 in .  

This des ign c a l l s  f o r  corrugated glazing.  The peak-to-trough height  of the  

corrugat ions  is 9/16 in, while the  l a t e r a l  d i s t ance  from one peak t o  the  next 

i s  2 213 in, so  t h a t  6 f u l l  corrugat ion wavelengths w i l l  f i t  over each 16 in. 

width of absorber. 

11. End Fascia  w 
Overal l  dimensions 48 i n . X  3 718 in X 1 in .  Nominal thickness 0.016 i n .  

The top f lange of t h i s  f a s c i a  is scal loped t o  f i t  the  g laz ing.  I f  t h i s  proves 

very c o s t l y  t o  f a b r i c a t e  with shee t  metal ,  a high-temperature in jec t ion-  

molded p l a s t i c  might be considered,  or  the  f a s c i a  might have t o  be redesigned. 

The f a s c i a  is screwed t o  the end L-piece through spacers  and t o  

the  glazing.  The screws through the  g laz ing a r e  placed a t  t h e  peaks of the  

corrugat ions ,  t o  minimize r a i n  leakage. 



12. Side Fascia  @ and 8 
Overal l  dimensions 48 in.X 4 718 in.with f langes  a t  top and bottom. Top 

f lange f i t s  over g laz ing ,  bottom f lange a c t s  as  f l a sh ing .  Nominal thickness 

0.016 i n .  Fascia  fastened with screws t o  ends of closed end pipe pieces.  

C. Mater ia ls  Spec i f i ca t ions  and Design Options 

Because of the use of crimping i n  t h i s  des'ign, the  primary f a b r i c a t i o n  

mater iaL w i l l  be s t e e l .  The design i s  drawn with corrugated glaz ing and p a r t  

of i t s  motivatiom i s  t o  al low f o r  reduced h e a t  t r a n s f e r  between t h e  pipes 

and the g laz ing,  s ince  the re  is only point  con tac t  between the two. Therefore, 

f l a t  g laz ing i s  not  t o  be considered i n  t h i s  design. 

A l l  screws should be se l f - t app ing ,  with i n t e g r a l  p l a s t i c  i n s e r t s  under 

the  heads t o  provide weatherproofing. 
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DESIGN SCHEME IV 

A. Cons t ruc t ion  Sequence D e s c r i p t i o n  

The i n t e n t  behind t h i s  d e s i g n  is t o  use  me ta l  r a f t e r  c o n s t r u c t i o n  

a s  an i n t e g r a l  p a r t  of t h e  s o l a r  c o l l e c t o r ,  wi th  t he  a i r  passage between the  

r a f t e r s .  The absorber  p l a t e  and the  g l a z i n g  a r e  l a i d  o u t  on top  o f  t h e  r a f -  

t e r s .  Metal  r a f t e r s  a r e  s p e c i f i e d  because wooden r a f t e r s  would be expected 

t o  f a i l  under the  approximately 300 F temperatures  l i k e l y  t o  be encountered 

under s t a g n a t i o n  cond i t i ons .  While t h i s  r e s t r i c t i o n  l i m i t s  t h e  a p p l i c a b i l -  

i t y  of  t h i s  des ign  t o  new c o n s t r u c t i o n ,  we f e e l  t h a t  t h i s  des ign  has a good 

chance t o  be very  c o s t  e f f e c t i v e ,  s i n c e  most of t h e  c o l l e c t o r  s t r u c t u r e  is 

a l r e a d y  p r e s e n t  a s  p a r t  of t h e  bu i ld ing .  

Drawing 1 shows s e c t i o n  views of  t h e  c o l l e c t o r  t oge the r  w i th  c e r t a i n  

d e t a i l s .  Drawings 2 and 3  show t h e  c o n s t r u c t i o n  sequence.  

We assume i n  t h i s  des ign  t h a t  we begin  wi th  an  unsheathed roof  of  

meta l  r a f t e r s  (Drawing 2, Panel  I and D e t a i l  @ . Nai l ab le  meta l  

r a f t e r s  a r e  a v a i l a b l e  wi th  a  curved s l o t  a t  top and bottom i n t o  which n a i l s  

can be i n s e r t e d .  A l t e r n a t i v e l y ,  s e l f - t a p p i n g  shee t -me ta l  screws can  be used. 

The nex t  s t e p  i s  t o  apply  roof  shea th ing  on the  unders ide  of t h e  r a f t e r s  

(Drawing 2, Panel  11) .  This  shea th ing  may be of plywood o r  s h e e t  meta l .  

The shea th ing  s e r v e s  i t s  u s u a l  r i g i d i t y - p r o v i d i n g  f u n c t i o n ,  bu t  i n  a d d i t i o n  

i t  s e a l s  o f f  from below the  space  between the  r a f t e r s .  A f t e r  t he  shea th ing  

is i n  p l ace  b locks  of i n s u l a t i o n  a r e  i n s e r t e d  between t h e  r a f t e r s  (Drawing 2, 

Panel  111) .  This  i n s u l a t i o n  reduces h e a t  l o s s  from t h e  s o l a r  c o l l e c t o r  and 

a l s o  h e l p s  t o  pro- tec t  t h e  shea th ing ,  i f  plywood, from t h e  h igh  temperatures  



which occur wi th in  the  c o l l e c t o r  under s tagnat ion.  Some hea t  t r a n s f e r  w i l l  

occur through the  r a f t e r s  themselves, and t h i s  may n e c e s s i t a t e  some form of 

i n s u l a t i n g  pads between the  r a f t e r s  and the  plywood. Al te rna t ive ly ,  insula-  

t i o n  may be needed behind the  sheathing,  p a r t i c u l a r l y  -if shee t  metal i s  used. 

The next  s t e p  is the  a p p l i c a t i o n  of the absorber p l a t e  (Drawing 2 ,  Panel 

N and Sect ion B-B of Drawing 1 ) .  The f a b r i c a t i o n  d e t a i l s  of the  absorber 

p l a t e  a r e  discussed i n  the  P a r t s  Glossary. Here i t  i s  s u f f i c i e n t  t o  know t h a t  

each absorber p l a t e  s e c t i o n  i s  about 27 in.wide, e s s e n t i a l l y  f l a t  but  r i s i n g  

a t  each edge t o  form an inver ted  U which allows the  p iece  t o  be f i t t e d  over 

two adjacent  r a f t e r s .  The absorber p l a t e  has rows of f i n s  extending down- 

ward; t h e i r  purpose i s  t o  f a c l l i c a c e  hear r r a n s f e r ,  giving a ~leedetl 3;  1 l a t i u  

of absorber p l a t e  a r e a  t o  roof a rea .  Each r a f t e r  w i l l  then support  the  in- 

verted-U por t ions  of the  absorber-pla te  p ieces  to  i t s  r i g h t  and t o  i t s  l e f t .  

The absorber-plate p ieces  a r e  seen a s  being 8 f t  long. They w i l l  be i n s t a l l e d  
. . 

s t a r t i n g  a t  the bottom of the  roof and working up, so  t h a t  higher sec t ions  w i l l  

overlap those below. 

The absorber-pla te  pieces a r e  fastened t o  the  r a f t e r s  by crimped p l a t e s  

(Drawing 3,  Panel V ) .  These a r e  placed on the  r a f t e r s  a f t e r  the  absorber- 

p l a t e  p ieces  have been i n s t a l l e d ,  and t h e i r  edges a r e  bent  inward around the 

f langes  of the r a f t e r ,  anchoring the absorber p l a t e .  Each crimped p l a t e  has 

a threaded post  extending upward; the  purpose of these  posts  is  t o  provide 

po in t s  of attachment f o r  the  glazing.  

The orimped plats= which a r e  attached. t o  a given r a f t e r  a r e  joined by 

a t h i n  s t r i p  of metal. The purpose of t h i s  s t r i p  i s  t o  insure  proper spacing 

of the  crimped p l a t e s ,  so  t h a t  t h e i r  pos t s  w i l l  r e g i s t e r  with the  p r e - d r i l l e d  

holes  i n  the  g laz ing.  



The next  s t e p  is the  i n s  t a l l a t i o n  of the g laz ing (Drawing 3 ,  Panel VI) . 
Glazing mate r i a l  is now so ld  i n  r o l l s  up t o  50 f e e t  long and 5  f e e t  wide. I n  

t h i s  a p p l i c a t i o n  we want the  s t r i p s  of g laz ing  t o  be 51 in-wide ,  t o  al low f o r  

4 f e e t  of f r e e  width and 3 in .o f  overlap. I n  t h i s  design,  the holes i n  the  

g laz ing through which the  posts  w i l l  protrude a r e  p re -d r i l l ed .  The s t r i p  

joining the crimp p l a t e s  insures  proper r e g i s t r a t i o n  of t h e  pos ts  with t h e  
. i. 

holes  i n  the  g laz ing,  a s  long as  the f i r s t  crimp p l a t e  on each r a f t e r  is prop- 

e r l y  posi t ioned.  This design c a l l s  f o r  a  s i n g l e  g laz ing.  Mult iple g laz ings ,  

separa ted  by p l a s t i c  washers placed over each post  between glaz ings ,  could 

e a s i l y  be accomodated with no a d d i t i o n a l  hardware. We s e e  t h i s  p o s s i b i l i t y  

a& an important s t r e n g t h  of t h i s  design concept. 

The glaz ing i s  fastened down with closed-end se l f -gaske ted  nuts .  These 

provide a  f i r s t  l i n e  of defense a g a i n s t  r a i n  leakage, but  any water which does 

e n t e r  e i t h e r  the re  o r  a t  t h e  g laz ing overlap l i n e s  would be drained o f f  by 

the  absorber p l a t e  i t s e l f .  

The s i d e s  and t h e  bottom end of the  co l l ec to r / roof  a r e  f in i shed  with 

f a s c i a s  ( f o r  s i d e ,  f o r  end; see  a l s o  Drawing 3 ,  

Panel VI). The top end, i n  one type of app l i ca t ion ,  would meet the  roof beam, 

and s o  no f a s c i a  would be needed there .  Drawing 1 is  s impl i f i ed  t o  the ex ten t  

t h a t  i t  does not  show the upper end i n  d e t a i l .  The upper end could be t r e a t e d  

i n  a  number of d i f f e r e n t  ways. The l a s t  r a f t e r  on each s i d e  w i l l  be a  channel,  

r a t h e r  than a  n a i l a b l e  I-shaped beam sec t ion .  I n  order f o r  the  crimp p l a t e s  

t o  hold f i rmly t o  the  channel,  holes  w i l l  be needed to  be punched i n  i t s  s i d e  

/m 
A t  the  lower end, provis ions  w i l l  need t o  be made t o  al low water t o  escape 

from the absorber p l a t e .  One. p lan  is  t o  allow the  water t o  d r i p  down t o  t h e  



bottom of t h e  end channel and flow ou t  through small  e x i t  holes .  I n  D e t a i l  

@ , the  114 i n  deep space is ind ica ted ,  and the  e x i t  holes  would 

be located  below the f a s c i a  screw i n  t h a t  d e t a i l .  The l a s t  foo t  o r  so  of 

c o l l e c t o r  would be completely packed w i t h ' i n s u l a t i o n  up t o  the  absorber p l a t e .  

  his' would provide a pressure  s e a l  above the water e x i t  path. 

B. P a r t s  Glossary 

The p a r t s  a r e  described i n  the order  i n  which they a r e  appl ied  during 

cons t ruc t ion .  Below is an a lphabe t i ca l  p a r t s  l i s t ,  followed by the  number 

of t h e  a r t i c l e  descr ib ing the  p a r t  i n  t h i s  g lossary .  P a r t s  which a r e  i n t e g r a l  

t o  the  bui ld ing,  such a s  r a f t e r s ,  sheathing,  and i n s u l a t i o n ,  a r e  not  described 

. in  t h i s  sec t ion .  

PART ARTICLE NO. I N  GLOSSARY 

Absorber P l a t e  

Fascia ,  End 

Fascia ,  S ide  5 

Glaz ing  3 

1. Absorber P l a t e  ( ~ r a w i n g . 3 ,  Panel IV; Drawing 1, Sect ion A-A) 

Overal l  dimensions 8 f t  X 27 in .  Nominal thickness 0.030 in, a s  a sand- 
' 

wich with a top layer  of ,0.012 i n - s t e e l ,  a bottom layer  of 0.012 in .s tee1,  and 

a nominal bonding agent  thickness of 0.006 in .  

. . 
Tile top  l a y e r ,  i n  add i t ion  t o  being shaped i n t *  ai.l inverted U on each 

s i d e  so  t h a t  i t  can f i t  over the r a f t e r s ,  has i t s  c e n t r a l  f l a t  por t ion  stamped 

with narrow l a t e r a l  r idges  every 2 in.  Their purpose is to  provide r i g i d i t y  

t o  the  absorber p l a t e ,  preventing i t  from f lex ing  up o r  down. 



The bottom layer  is stamped ou t ,  r a t he r  l i k e  a cheese g r a t e r ,  t o  pro- 

vide f i n  area .  I n  the l i m i t  where the i n t e r s t i c e s  between the  f i n s  have 

neg l i b l e  a r ea ,  the r a t i o  of hea t  t r an s f e r  a rea  t o  covered roof a rea  would 

be 3 : l .  

The adhesive joining the  two layers  could be an epoxy o r  a s i l i c o n e  

rubber adhesive. We think the l a t t e r  has more p o t e n t i a l ,  s ince  the degree 

of surface  c lean l iness  required fo r  successful  epoxy bonding may d r i ve  cos t s  

up unduly. 

2. Crimped P l a t e s  (Drawing 3, Panel V) 

Overal l  dimensions 2 i n . X  3 i n .  Flanges extend downward 1 112 i n .  

Threaded posts  extend upward 314 in .  Nominal thickness 0.120 in .  Crimped 

p l a t e s  joined by a metal s t r i p  1 i n w i d e ,  0.012 i n  th ick.  Separat ion of 

p l a t e s  along s t r i p  24 in on cen te r s .  

3. Glazing (Drawing 3,  Panel VI) 

The glazing i s  t o  be a fiberglass-impregnated p l a s t i c  such as  "Kalwall" 

or  "Filon". It is  cur ren t ly  manufactured in 5 f t  X 50 f t  r o l l s .  We w i l l  

assume a width of 51 in.and a length equal t o  the hor izon ta l  dimension of the 

c o l l e c t o r ,  which fo r  our design example is  32 f t .  Glazing thickness i s  0.040 in .  

4. End Fascia  ( and Drawing 3 ,  Panel VI) 

Overall  dimensions 51 in,X 6 in.  Flange extends 2 in .  Nominal thick- 

ness 0.016 in .  This f a s c i a  is a t tached t o  the  channel which forms the  lower 

end of the roof ,  and t o  the  post  of the f i r s t  crimped p l a t e  on each r a f t e r .  

5. Side Fascia  ( and Drawing 3,  Panel VI) 

Overall  dimensions 51 in.X 6 in.  Flange extends 2 in .  Nominal thick- 

ness 0 .016 ' in .  This f a s c i a  i s  a t tached t o  t h e  channel which forms the s i d e  

of the roof ,  and t o  the posts  of the crimped p l a t e s  on t h a t  channel. 



C. M a t e r i a l s  S p e c i f i c a t i o n s  and Design Options 

The pr imary f a b r i c a t i o n  m a t e r i a l  f o r  t h i s  des ign  i s  s t e e l ,  s i n c e  t h e  

me ta l  r a f t e r s  a r e  s t e e l  and we do n o t  want d i f f e r e n t  meta ls  t o  come i n t o  

c o n t a c t .  

F l a t  g l a z i n g  is  t o  be used. No g l a z i n g  suppor t s  a r e  provided between 

t h e  r a f t e r s ,  and co r ruga ted  g l a z i n g  would accord ion  downward and r e s t  on t h e  

absorber  p l a t e .  
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