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' Se'ction 1 
. . 

P re l  im ina ry  Design Review ~ocumen ta t f  on 

Contract  No. NAS8-32259 

4.1 Pre l im ina ry  Design. Review . . 

4 .1 .1  a)  Subsystem Design and Development Approaches 

e A two tube a i r  c o l l e c t o r  subsystem has been under t e s t  s ince  May 1976. The. 
performance data der ived i s  shown i n  F igure  1. The e f f e c t i v e  c o l l e c t o r  
area.used i n  the  performance eva lua t i on  was the l e n g t h  o f  t h e  exposed 

' 

I* 
c o l l e . c t o r  area times f o u r  ( 4 )  inches t o  r e f l e c t  the spacing of tubes t o  
be used i n  an ac tua l  a r ray .  The backing screen used was a c t u a l l y  twe lve  
(12) inches .wide so more r e f l e c t e d  1  i gh t  reached. the  experimental  a r r a y  
than w i l l  be the  case i n  ac tua l  p r a c t i c e .  The upper l i n e  represents 
the  average h o u r l y  e f f i c i e n c y  o f  the  c o l l e c t o r  based on d a i l y  ope ra t i ng  
data. 'The d h i d e r  between the i n l e t  and o u t l e t  ducts was i n s u l a t e d  w i t h  
two ( 2 )  one e i g h t h  (118) i n c h  t h i c k  f i b e r  board s t r i p s  on each' s i d e  o f  
an aluminum d i v i d e r  element. The second f rom the  top  l i n e  represents 
the  average h o u r l y  e f f i c i e n c y  o f  t he  c o l l e c t o r  w i t h ' t h e  two i n s u l a t i n g  
members removed and us ing o n l y  the aluminum d i v i d e r  element- between the 
i n l e t  and o u t l e t  ducts. The t h i r d  from the, top l i n e  represents a  d e r a t i n g  
o f  t he  experimental  da ta  t o  account f o r  a  f ~ u r  ( 4 )  i n c h  spacing between 

' c o l l e c t o r  tube elements and us ing  o n l y  the  metal d i v i d e r  s t r i p .  The 
f o u r t h  o r  bottom. l i n e  i n d i c a t e s  the l e v e l  o f  performance submit ted as 
the base l ine  f o r  an a i r  c o l l e c t o r  a r ray .  The s i n g l e  p o i n t ,  denoted by a  - 
c i r c l e ,  represents the  data from one day o f  t e s t i n g  us'ing a b lack  back- 
ground and thus no l i g h t  enhancement from background re f1  ect ions.  

The c o l l e c t o r  a r r a y  fab r i ca ted  f o r  the ERDA demonstrat ion c o n t r a c t  has 
been f a b r i c a t e d  i n  twelve (12) f o o t  sec t ions  of man i fo ld ing  w i t h  72 
c o l l e c t o r  tube elements pe r  mani fo ld.  The mani fo ld 's  i n n e r  and o u t 2 r  
sk ins  wers fab r i ca ted  us ing  hand lay-up o f  f i b e r  g lass fo l l ow ing  smal l  
boat  b u i l d i n g  techniques. I t  was a n t i c i p a t e d  t h a t  the  process cou ld  be 
impl imented f o r  volume product ion  us ing  automotive p r a c t i c e s  t o  form the  
f i b e r  g lass sk ins .  This  procedure has been reduced. t o  p r a c t i c e  by Owens- 
11.1 i n o i s  i n  forming the she1 1s f o r  the stagnant a i r / l  i q u i d  co l  l e c t o r .  
These s h e l l s  cannot be used f o r  the  a i r  c o l l e c t o r  because o f  f l o w  passage 
cross sec t i on  l i m i t a t i o n s .  The cos t  o f  t o o l i n g  i s  very  h igh  t o  f a b r i c a t e  \! 

t he  s h e l l s  and t o  con ta in  the  poiyurethane foam du r ing  the  foam-in-place 
process. 

The p ro to t ype  man i fo ld  system has been modi f ied  as the r e s u l t  o f  the  
experience gained du r ing  the  f a b r i  c a t i o n  o f  the man? f o l  ds f o r  the - ERDA 
demonstrat ion p r o j e c t .  The design o b j e c t i v e ,  i n  a d d i t i o n  t o  performance 
and c o s t  cons. iderat ions, i s  t o  p rov ide  a con f i gu ra t i on  o f  mani fo ld t h a t  
.can be produced from commercial l y  a v a i l a b l e  components i n  a  smal l ,  
modest ly , t o o l e d  shop o r  small business concern. A rev iew of the  drawings 
w i l l  r e f l e c t  t h i s  ob jec t i ve .  The a i r  i n t e r f a c e s  u t i l i z e  t h i n  gage 



a1 uniinum sheeting. The insulation material consists of Babcock & 
Wilcox KAOI.IOOL .ceramic blanket or equivalent between the i n l e t  and out le t  
a i r  ducting. The ou t l e t  a i r  ducting i s  contained within the i n l e t  a i r  
ducting to  minimize the surface area exposed to ambient conditions. A 
degree. of insulation (of the same magnitude as tha t  used in the experi- 
mental system) i s  provided between the two ducts toward the attainment of 
the thermal performance 1 eve1 indicated by the t o p  curve in Figure 1 . 
The insulation of the outer duct will be Owens Corning glass f ibe r  blanket 
o r  equivalent a t  1.5 inches thickness a t  the bottom and s ides ,  and 2.0 
inches thickness a t  the top. I t  i s  anticipated tha t  t h i s  arrangement 
will provide manifold insulation equal to or greater than that  of the 
ERDA demonstration sys tem. 

4 

The manifold ducting s izes  were chosen to  cause the pressure drop due to  
a i r  flow in the manifold t o  be small compared to  the a i r  flow pressure 
drop in the tubes. Figure 2 indicates t e s t  points of pressure drop VS.  
a i r  flow rate  per tube palr  in SCFM. In the  ERDA demonstration u n i t ,  
two tubes are operated in ser ies  flow with a l l  tube pairs operated i n  
para l le l .  The feeder tube diameter was a nominal 1 inch, with a 1/32 inch 
wall thickness aluminum tubing, In thc prototype system for  the subject 
contract,  the feeder tube will be standard KG-33 glass tubing of a nominal 
diameter of 25 mm and wall thickness of 1.2 mm. The use of glass f o r  
the feeder tubing will reduce cost and increase thermal performance to  
a minor degree. Further, the prototype design has been modified to  
allow a l l  tubes t o  operate in para1 l e l .  This will .reduce the pressure 
drop due to  a i r  flow in the collector. .  The nominal a i r  flow i s  of the 
order of 2 SCFM per tube resulting in a temperature r i s e  of the order of 
50°F in the heat t ransfer  f luid under good sun conditions. The thermal 
performance data pressnted in Figure 1 i s .  fo r  such a typical temperature 
r i s e  i n  the experimental coll ector.  

The development approach' includes a continuation o f  the two ( 2 )  tube 
experimental tes t ing and the test ing of the 144 tube collector array under 

: a wide range of control led i n l e t  temperature and a i r  flow conditions. 
Attached i s  the Task 1 report out1 inlng the design c r i t e r i a  and the 

. Test Matrix and Procedures planned to be performed under the ERDA contract. 
The prototype system o f  t h e ,  svbject.  contract uses a somewhat modi fied 
manifold design and the tubes are operated a1 1 i n  paral le l .  The basic 
Performance of the a i r / l  iquid system wi 11 be demonstrated using the a i r  
col lector  instal led under the ERDA demonstration contract and the addition 

, of anci l lary equipment under the subject contract. . The prototype design 
will be bu i l t  fo r  f i r s t  a r t i c l e  review and the degree of performance 
test ing needed to  verify the system will be conducted. Verification 
& t h a t  the prototype manifold design meets the requirements of the Interim 
Performance Cri ter ia  wi 11 be by analysis and s imilar i ty .  

b l  The schedule f o r  the completion of the ins ta l la t ion  drawings will be 
established a t  the time of the Preliminary Design Review. 

C )  Detailed design and experimental t e s t  data will be available fo r  the 
selection of internal engi neertng documentation desired for  subsequent 
design review ac t iv i ty .  



d )  The schedule 'fdr t h e  P ro to t ype  Design Keview needed t o  suppor t  t he  
d e l i v e r y  schedule w i l l  be con f i rmed d u r i n g  t h e  P r e l i m i n a r y  Design Review. 

e )  Approval  o f  a p p r o i r i a t e  ~ ~ p e  1 documentat ion i s  a n t i c i p a t e d  d u r i n g  t h e  
P r e l  i m i n a r y  Design Review., 

f )  No Gove,rnment Furn ished  I n s t r u m e n t a t i o n  i s  a n t i c i p a t e d  under t h e  s u b j e c t  
c o n t r a c t .  

g)  The b a s i c  drawings o f  t h e  subsystem a r e  a t t ached  he re to .  A d d i t i ~ n a l  
d e t a i l e d  drawings .and m a t e r i a l  s p e c i f i c a t i o n s  wi 11 be a v a i l a b l e  f o r  t h e  
P r e l i m i n a r y  Design Review. The updated System Performance S p e c i f i c a t i o n  
has been submi t ted  t o  MSFC. 

h )  The Design Standards and Symbology t o  be used under  t h e  s u b j e c t  c o n t r a c t  
i s  a v a i l a b l e  a t  c c n t r a c t o r ! ~  s i t e  as Eng inee r i ng  Standards Manual da ted  
December 1972 (Type 4 da ta ) .  

4.1.2 Documentation t o  be a v a i l a b l e  a t  t h e  revi.ew 

a )  Drawings and SubsYstem Performance S p e c i f i c a t i o n  

1. Assembly . c o n t r o l  draw'ing SK-3550, two ( 2 )  sheets ,  da ted  12/8/76 
and a p p r o p r i a t e  subassembly and d e t a i l e d  drawings a r e  a t t ached  as 
Appendix 1. 

2. Thc Subsystem Performance S p e c i f i c a t i o n  i s  a t t ached  as Appendix 2 .  

b )  The des ign  s tandards and symbology t o  be used f o r  t h e  s u b j e c t  c o n t r a c t  
a r e  con ta i ned  i n  t h e  "Corporate  New Produc t  Development Eng inee r i ng  
Standards Manual " December 1972. 

c )  The Type 1, 2 and 3 docunientat ion s t a t u s  i s  as f o l  lows:  

1. Development P lan.  The development p l a n  i s  as con ta i ned  i n  S e c t i o n  
1-2 o f  t h e  s u b j e c t  c o n t r a c t .  A t  tKe reques t  o f  MSFC, t he  P r e l i m i n a r y  
Design Review has been scheduled f o r  January  5, 1977 r a t h e r  than  
e i g h t  (8 )  weeks a f t e r  r e c e i p t  o f  c o n t r a c t  as c a l l e d  f o r  by  t h e  
Schedule. 

2. V e r i f i c a t i o n  Plan. A d r a f t  o f  Sec t ions  1 and 2 o f  t he  v e r i f i c a t i o n  
p l a n  was subm i t t ed  t o  t h e  Technica l  Manager o f  MSFC on November 17, 
1976. The complete p l a n  i s  i n  p r e p a r a t i o n  f o r  r ev i ew  a t  t h e  scheduled 
January  5, 1977 meet ing.  The p l a n  has been de layed  a w a i t i n g  approva l  
by  MSFC o f  t h e  proposed approach t o  t h e  Independent Agency s e l e c t i o n .  

3.  The Q u a l i t y  Assurance P lan  i s  i n  p r e p a r a t i o n  f o r  submiss ion by 
January  30, 1977. 

4.  The Subsystem Performance S p e c i f i c a t i o n  was forwarded t o  MSFC on 
December 9, 1976 t o  t h e  a t t e n t i o n  o f  C. P. McMurray. 



5. The Source Can t ro l  Drawings and S p e c i f i c a t i o n s  . w i l l  be p rov ided  w i t h  
t h e  acceptance da ta  package. 

,* . 

6. No change p roposa l s  have been i n i t i a t e d .  

7. The P r e l i m i n a r y  Design Review Data a r e  subm i t t ed  here in .  

8. The s p e c i f i c  schedule f o r  the '  P ro to t ype  Design Review has n o t  been 
e s t a b l  ished.  

9. The F i r s t  A r t i c l e  Review i s  'scheduled . f o r  44 weeks a f t e r  r e c e i p t  of  
c o n t r a c t .  * 

10. The Q u a r t e r l y  Repor t  i s  n o t  due. 

11. The f i r s t  Month ly  S ta tus  Repor t  was submi t ted  on December 15, 1976. 

12. 'The Acceptance Data Package i s  n o t  due. 

13. The Q u a l i f i c a t i o n  and Acceptance t e s t  procedures a r e  i n  d r a f t  as a 
p a r t  o f  the  V e r i f i c a t i o n  Plan. 

14. The Q u a l i f i c a t i o n  Tes t  and/or  Ana l ys i s  ~ e ' p o r t  w i l l ,  be prepared i n  
accordance w i t h  t h e  V e r i f i c a t i o n  Plan. 

15. It i s  a n t i c i p a t e d  t h a t  no Spec ia l  Handl ing,  I n s t a l l a t i o n  and Main- 
tenance Tool s w i  11 be requ i red .  

16. A Spare P a r t s  L i s t  w i l l  be prepared f o l l o w i n g  t h e  P r e l i m i n a r y  Design 
Review. 

17. The I n s t a l  l a t i o n ,  Opera t ion  and Maintenance Manuals a r e  behind schedule 
and w i l l  n o t  be a v a i l a b l e  f o r  t he  P r e l i m i n a r y  D.esign Review. P r e l i m i n a r y  
d r a f t s  w i l l  be prepared For d i scuss ion  a t  t h a t  t ime.  

18. A p r e l  i m i n a r y  subs,:ystern hazard anal'ysi s i s  a t tached.  

19. The Design Data Brochure i s  n o t  due. 

20. NO nonconformance i tems have been i d e n t i  f i ed. 







-. C r n t r a c t  No. NAS8-32259 
Section 2 

. i Subsys tem . ~ a z a r d  Ana lys is  

The a i r  c o l l e c t o r  element p resen ts  no extreme c o n d i t i o n  o r  p o t e n t i a l  hazard sources.  
The o p e r a t i n g  a i r  pressures a r e  i n  t he  o r d e r  o f  inches o f  wa te r  gage and under no 
fo reseeab le  o p e r a t i n g  condi t i o n  cou ld  exp l  o s i  ve..pressures be reached. The evacuated 
t u b u l a r  g l ass  components have been t e s t e d  under l i q u i d  and gas pressures and w i t h - .  
s tand  i n t e r n a l  pressures o f  g r e a t e r  than 300 ps ig .  The g lass  components have been 
t e s t e d  by a l l o w i n g  t h e  absorber  sur faces  t o  reach s t a g n a t i o n  temperatures i n  excess 
o f  600°F and then i n i t i a t i n g  f l ow .  No evidence o f  thermal shock c o n d i t i o n s  e x i s t .  
Under normal f l o w  cond i t i ons ,  t he  hea t  t r a n s f e r  c o e f f i c i e n t  f o r  t he  fi.1m i s  o f  t h e  
o rde r  o f  2 t o  3 BTU/hr. ft.' OF, compared t o  t he  g l ass  hea t  t r a n s f e r .  c o e f f i c i e n t  o f  
approx imate ly  90 BTU/hr. ft. OF f o r  t h e  t h i ckness  o f  g l ass  m a t e r i a l .  used. Wi th  
such f a c t o r s ,  thermal shock o f  t h e  absorber tube cannot be induced. 

The g l a s s  components have been broken by rock  and p e l l e t s .  An imp los ion  t ype  
f a i l u r e  i s  exper ienced 'and a1 1  t h e  g l ass  fragments remain cont iguous t o  t he  a r ray .  
No f l y i n g  g l ass  has been exper ienced. 

Dur ing  i n s t a l  l a t i o n  o f  t h e  c o l l e c t o r  elements i n t o  t h e  man i fo ld ,  gross mishand l ing  
would be r e q u i r e d  t o  cause g lass  breakage. The f o r c e  l e v e l s  necessary t o  i n s e r t  
the  glass. components i s  low. A 1  u b r i c a n t  such as g l y c e r i n ,  o i l ,  vase1 i n e ,  e t c .  , 

- i s .  recommended p r i n c i p a l l y  t o  i n h i b i t  any tendency o f  the  sea l s  t o  become unseated 
where t h e  stack-up o f  t o l e rances  cou ld  produce a  somewhat t i g h t  f i t . 

The man i fo ld  m a t e r i a l s  a re  aluminum and KAOWOOL. The 1 - a t t e r  i s  r a t e d  a t  l lOO°F 
and represen ts  no f i r e  hazard. Us ing a i r  as t he  hea t  t r a n s f e r  f l u i d  e l i m i n a t e s  
any hazard due t o  s p i l l a g e ,  leakage, f i r e ,  e t c .  Negat ive pressures o f  any 
s i g n i f i c a n c e  cannot be induced i n  t he  man i fo ld ,  e l i m i n a t i n g  any such problem. 

One r e s i d u a l  hazard e x i s t s  t h a t  can be i d e n t i f i e d .  I f  t h e  c o l l e c t o r  tube sub- 
assembly i s  removed under s t a g n a t i o n  o r  h o t  o p e r a t i n g  c o n d i t i o n s ,  t h e  feeder  tube  
w i l l  be. h o t  t o  t he  touch. A warning w i l l  be con ta ined  i n  t h e  ope ra t i ng ,  i n s t a l  l a -  
t i . on  and maintenance manuals t o  be sure  t o  a l l o w  t ime  f o r  t he  feeder  tube t o  coo l  
down a f t e r  removal o f  t he  c o l l e c t o r  tube  assembly o r  t o  wear p r o t e c t i v e  g loves.  

A tube  f a i l u r e  a t  the  p o i n t  o f  i n s e r t i o n  i n t o  the  m a n i f o l d  'could a l l o w  leakage of 
h i g h  temperature a i r .  However, one would have t o  be i n  very  c l o s e  p r o x i m i t y  t o  t h e  
po in t ,  of  leakage t o  be i n  danger f rom t h e  h i g h  temperature a i r .  The danger e x i s t s  
.only d u r i n g  a i r  f l o w  c o n d i t i o n s  i n  t h e  c o l l e c t o r .  
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0 

SUSS-<STEX PERSOUIAKCE SPECIFICATION 
OWENS-ILLINOIS 

Spec . No . SIIC - 3000 
Revision 
Dote 10/1/76 

Th i s  performance s p e c i f i c a t i o n  e o t a b l i s h e s  t he  requi rements  f o r  the 

des ign  and performance of t he  a i r / l i q u i d  c o l l e c t o r  subsystem f o r  use  

.w i th  s o l a r  combined hen t ing  and coo l ing  systems.  It d e s i g n a t e s  t he  

I n t e r i m  Performance C r i t e r i a  appl ic ,ob le  t o  t h i s  c o l l e c t o r  subsystem. 

Appendix A con ta ins  p re l imina ry  pe r f  orrnance and i n s t a l l a . t i o n  s p e c i f  i c a -  

t i o n s  f o r  t he  a i r / l i q u i d  c o l l e c t o r  eubeystem. 

The document a p p l i c a b l e  t o  t h i s  performance s p e c i f i c a t i o n  i s  the  
. . 
, , 

I n t e r i m  I'erforrra'nce' C r i t e r i a  f o r  Commercial So la r   eati in^ 'and 

Combined ~ e a t i n n / ~ o o l i n n  Svsterne and F a c i l i t i e s ,  ~ o c u m e n t ,  No. 98M10001, 
I 

Revis ion  Bas i c ,  d a t a  February 28, 1975. George C. Marsha l l  Space F l i g h t  

Cen te r ,  Na t iona l  Aeronaut ics  and Space Adminis t ra t ion .  . '  

A l l  o f  t h e  a p p l i c a b l e  I n t e r i m  Performance C r i t e r i a  f o r  Commercial 

Subsystems a s  o u t l f n e d  i n  Table I1 s o  ind ica t ed  a r e  a p p l i c a b l e  a f t e r  

complet ion of  t h e  development and t e s t i n g  of t h e  a i r / l . i qu id  

c o l l e c t o r  eubeyatem a e  o u t l i n e d  i n  t h e  Statement  of Work. 

No d e v i a t i o n s  from t h e  I n t e r i m  Performance C r i t e r i a  are proposed. 

No Government fu rn i shed  p rope r ty  w i l l  be  i n s t a l l e d  i n  t h e  a i r  / l i q u i d  

c o l l e c t o r  subsystem. 

No s p e c i f i c  requi rements  have been d i r e c t e d  by the  Con t r ac t ing  O f f i c e r ,  

P re l imina ry  performance and i n s t a l l a t i o n  s p e c i f i c a t i o n s  f o r  the  a i r /  
., 

l i q u i d  c o l l e c t o r  subsystem are a t t a c h e d  as Appendix A.  
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8.0 Warranty Contractor warrants  for  a  period of f i v e  years  tha t  the 

a o l a r  c o l l e c t o r  mete r i a l  w i l l  be f r e e  of d e f e c t s  i n  q u a l i t y  and 
. . 

. , workmanship. Warranty i s  l imited t o  shipping replacement p a r t s  

prepaid which i n  the  c o n t r a c t o r ' e  opinion a r e  required  t o  cor rec t  

such de fec t s .  No f i e l d  labor i e  included,  and i n  no event  s h a l l  

Contractor .  be l i a b l e  f o r  s p e c i a l  'or consequential  damages: 

\ 





A - A W L I C A f t L E  TO S Y S T E M S  INOICATLD 

WA - NOT AYPLICA6I .E  



COI~AYCRC I AL SUBSYSTEMS, INTER IM PCRFORMANCE CR ITER I A SlIM:b!AI('$ 

Pf'PlICATION a r c  SYSTEMS 

A - APPLICABLE TO S V S l E k l S  INOICAYEO 

MA - NOT APPLICARLC 

, 4 

# - HCATINC 

WC -'HCAY It46 A N 0  COOlIIYG 

W W - H Q T W A ~ L ~  

3.6,1 r)c?l1cclion 
' 

l.!irsOt.~tionrs able Fluide 

3. 7.1 l ln i l  Sbzc and 
4 . 4 . 2  Jlctcction of Toxic 

3 . 8  Cona(ra1nt 
4 . 5  Safcty Undcr ' 

3. H. 1 Youndafion 

4. 5. 2 Iclcntificalinn arrd 

4.1  P~umbltrg and 
):lccl P I C ; L ~  ~ I R L . I U A ~ ~ C ) I I  

4 .  6 . 1  Contamination by 

and Statldarde 
4 . 6 . 2  Separation of 

4.1.2 F:l(ec~r!ca) 
Codse sold S ~ a n d a r d e  

4 . 6 . 4  Growth o b ' ~ u n ~ i  

4 . 7 . 1  Prnlcr l ion Sronr 
1Ii:alcd Conrj>onc!r~Ln 

5.1 E f l c c l s a l D x ~ c ~ r ~ ~ a l  



1' COMhXHC I A 1  SI IBSYSTEMS,  INTER IM YERfORMANCE CII I T C H  I A SiJhllilhl( I act1 I I - .  .oc .b 

A - API'LICAIILf TO S Y X l  I M S  INDICATED 

U A  -. NOT A P P ~ I C A R L ~  

I 4  - tl1.A 1 I N G  

tIC - I{[ A 1  IPJG ANn COflllN(; 
I ~ \ Y  - I ~ O T  wnr r n 

- - ----- 
Cr)%lMFItf: lAl.  I N 1  I IIIM 

Tyrr 
COMMI I t C I A 1  I N T l l l l H  

TYrl 
Fk H I O H W A N ( ' I .  C l l l l  C111A 

SYSrl 'MS F C I t T O l l h l A N C I  C l l l T L  I I I A  
S V S I l M t  

, . . 
~AIlA( ; I tAI 'b j  

t t HC HW ) I  I {C  pAnncnfivIt 
I IW 

5.1.4  1)irl I tc. tc~rrl ionc~~~ A A A . 5. 4 ' <;o~rrl>o~~c~rt?c Irrvolvi~ig A A A ,  
C o v e r  I'lirto Sur faccr  Moving P a r l e  

5 . 1 . 5  Abran ivc  W r n r  A A A 5 4 ,  1 'bv c;\ r ;11r(i r : tL i  gtt,~ A A A 

5.1. (I Flt~l t ra- lng by A A A 1 A c c c n s i l i l i l y  for  A A A 
W lnd M ; l i ~ r t ( ~ ~ ~ ; \ i i c ~  ~ I I ~ J  St.rvicirrg 

5 .  2 T c ~ ~ ~ p c r a t ~ ~ r c  awl A A A 6.1.1 A c c c s s  l o r  S y s l c ~ i ~  A A A 
IBrcauur(*  Rtss is t ;~nce M;rintcrr;\~\c c 

5 .  2 .  1 Tl~crr>r;al A h (1. 1. 2 / \ c c ~ : R ~  for SySlc:llI h h A 
l>c gradation h4o1ri tc~rilrg 

5.2.2 I)ct(.rioratibir of A A . A 6. 1. 3 t>rnir r i l r~  ant1 F i l l i~ ig .  A .  A A 
Ilcr;tl Tr i r~rnfc r  Fltriclu . ,. . . . + td- I,irp~id R .  b 

5 2 ,  3 T 1 r 1  C l  A A , A 0. 1. 4 Ylubl\irrg of Licitlitl A A A 
' 

Strcsecs  S ~ ~ h u y s l c ~ n n  

5.2.4 Lc;ik;\gc A A A 0.1. 5 Fi l t c rn  A A A 

5 . 2 . 5  Dctc-rioratic~n of A A A 6.1.6 Watc r  Srutoff  N A  N A  N A  
G;r l tkcte ;r~rd b:al;rnlu 6. 2 I~r?cl ;~l l ;~t inn,  C)pcr;\tio~i A A A 

5.2.6 T r n n ~ m i r a i o t \  of A A A ;rntl M;tirrlcn;~rrcc: bfanual 
Loumce Duc to Out- 6.2.1 Inntallalion A A A 
g1r1 u 11 ing I l r s l r \ ~ c l i o n e ~  
* Chcnrical Con'p' 

' A A . 6.2.2 h(;li~jtctnancc n~rcl.Opc!r- A A I\ 
libilily of Componcnlo , ; t t i r r ~  L~s l ruc l iona  
5.3.1 M a t c r i n l s / ~ r a n u  . A A A 2. Maintcnancc  h h A 
fc!r Fluid Co~npa l ib i l i ty  

'6.2.4 Hcplaccrrrcnt Parlr ;  A A A 
5 . 3 . 2  Carroo ion  of Die , .  A . A A 

6.3 Ilcpair  and .Scrvic:c A A A ulllrilnr Mi11c ri;rls 
PC ryo~rn(*l 

5 . 3 . 3  Corroo ion  by A ,  A A 
I . c ~ ~ I ~ ; r b l c  Sut,etanccs .. 6. 3.1 Scrv ic i~rg  of C l  and I IC A A A 

Sy6lcrns 
5.3.41 ~. : f icc :~e:oi  Bcco- A A , A 
nrporilion P r t r r l r ~ ~  ts  0 .  3.2 Scrv ic i~rg  of 11W *A - A A 

Synlcnru 

7.1 D c u i ~ ~ r  N A  !\'A Plh 



c.1, ;;& ,-, I ,.,,,?<! t i , ,  . 2 * L  !<*:--.-.J>i 0 
I t (  V I S I O N  .-.-- 

nATl - 1U.l 1 L . y L  ------. - -- - --' 
C0,+l+411[7C I A l  SUOV"fTth"l, I N T L R  IM PLRFORMtlNCE CR ITCR l A  SUh\/lli\[ty 

_I_---.-.-- - . . 
A P P L I C A T I O N  ----- T V I T  S Y S T ~  h~ 

A - APt ' l lCAPLE TO S Y S I C M S  INOICATCO 
b 

14 - HCATINC; 

U A  - MOT APPLICABLE HC - H E A T I N G  At;n COOI.IN(; 

HW . 1101 wr\rLn 

- 
C o M h v  n n n t  IuTrnlM i y r t  . 

C.OMM[-IICIAI  I N T ~ . ~ I M  , ~ r r  
PCRI 0nMAYT.f CIlIlLnlA . 3 PCnFORh44NtE CRllC~~ln SYSOfMS 

I 
SVSTCMS - 

TAnA(;nAl'H 
!{ llc I(W P A l \ & G Q A P H  ' . 

s.--. 
.... !I IIC I t W  - 

7 , I . l  I > t - n i ~ ~ t - I l a b i l -  NA NA NA H. 1. 3 S I - I I K ~ . ~ ~  Lot;\(iorr ' A A NA 
nblc Fnc' i l i l icn H. 2 M c h 1 i c . 1  1 NA N A  NA 
7 , l .  2 E f i t l ~ c t i c e  NA NA NA tric.;bl I'uliclioning of F;rrilill 

ancl S i lc  
i 

7.1. 2 M i ~ t c r i a l e  

7.1.4 Pitmnive UIIC 01 N A  N A  8. 2. 1 I:xlrar~sl :lt\d Vclr t i~lg NA N A  NA 
Solit r 1<11t- 1 . g ~  H. 2.2  Utilities NA N A  N A  

I 7 * 2  A c l " ~ u ~ ~ c  S ~ ; l c c  NA NA . 3 Mcch;lnita] ;\nd F.1c.c- N/\ NR NA 
7.2.1 S01:cr Collc .ctor  NA NA N A \ r i c ; i l  F u r l c t i o ~ ~ i n g  of 

7.2.2 S t ( ~ r ; \ ~ c  N A  N A  N A  C ~ t ~ i i c c t i o n s  

7.2, I Intcrfaca U c t -  8 ,  3.1 P lumbing  CunnccLions NA N A  N A  
wccn  E';rcllily and I I  

' 
. 

A.3.2ElcclricalConncction~ N A  NA NA 
and 1iC :iyetcntn 

8. 3. 3 I , i g l ~ ~ n i n g  Prcbtcction NA N A  N A  
7.2.4 I 'o r t ;~ t i l i ly  A NA N'A 

7.5 of NA 9 .  I S t r u c t u r a l  L ~ l c g r i t y  NA N A  NA 

l.';rclli l i c e  and Si(c?r 
N A  

of J*,  J I C  and  HW S y x t c ~ n s  

7. 3.1 SIXICC Uncl NA N A  0.1.1 Movcn\ct\t of Acljaccnt N A  NA Nn 
St rucl\irc.e . 

7. 3.2 Stlacling N A  N A  NA 1 

NA NA NA 
9.2 S t ruc . lura1  htcgricy 7 . 3 . 3  I m l ~ a c l  on En- N A  NA ~h 
of k'acili6ic:s I 

vl rvlblllclll 
9.2 .1  Loitda 7 .3 .4  v iew  N A  N A  NA NA N A  N A  

NA :NA NA 9.2.2 P c n c t r a l i o ~ l  of Struc- NA NA NA 7.4 C o n i p a ~ i t > i l i l y  t u r d  Mcrnbcre 
with C w o ~ i v c n i i o ~ ~ a l  
Sye l cn l a  9 .3  S t r \ ~ c l u r . ? l  C o n n c c l i o ~ ~ s  NA A N A  

7 * ( . l U l i l i t y C o m y ~ a l i -  NA N A  N A  9.3.1Str~1ciuralConncclion~ N A  NA 1\IA 
b i l i ty  9 I 

9. 3.2 D r i t t l c  d o ~ n p o n c n l s  NA A '  N A  
' H e 1  .lntc: riercr\cc. 
With M c : ~  Ii;t~ticial 

Nn NA . N A  1. 3.3 S t r e n g t h  B t i f fn r r r  NA h.A i t h  

()l@ctdlic,n 10.1 ~afc : ty  of FaciLiry ;and 
I Si tc  N n  N A  N7 * I *  1 I ;  s f  S t  NA N A  N A  

S1d;ar ~ ;~ , , b , , b , t , l~ , l~"  
a 10. 1. 11a.i rc 

. I n I -  .  N h  NA 10. 1. 2 A‘:c.idc:~~tti - 





Appendix A  - ~ e u i s i o n  1 
'-- 

*- 

Date December 9, 1976 . 
,7 r. ' _  7 

- ' JA i r / L i qu id  Co l l ec to r  Performance . - - - I 
(* 

- -  1 :  , 
I , 4 ' + ~ ~  L 

- r l  .,.. ?-.:* . .,, - -, \, * 7 I - 
i . :-- < - , , ** - , s t  

8 - 

* 
. G  r 

.- The Owens-I l l inois So lar  Co l l ec to r  Model No. ( t o  be assigned) w i l l  c o l l e c t  
i- . 

i. * I ,  
(-. 

- .  - - a minimum o f  900 Btu/ f t .  day o f  energy a t  an i n l e t  f l u l d  temperature equal t o  /' 
* 

,. '. . . o r  less  than 160°F and an a i r  flow r a t e  equal t o  o r  g rea te r  than 2 s C F ~ / f t . ~  

1 under the f o l  lowing condit ions: 
' d t . -  

1 
" I  

a < ? .  1 , .  ,; - , T i 1  t Angle: Equal t o  latitude; Azimuth Angle: O0 c J! 1 ,, ,, k %  : . :,:r 1 "4 - b .J 

1 1  L.4.- c,r--8, ",$Ambient Temperature: 30°F 
p -'~-,-2- - ., : -.:# - A- .& - - . '1. 1 . Wind Ve loc i t y :  0-5000 ft./min. % - -  

- #f 
* '  Date: March21,September21 . . . .,.p 

' 1 .  
Noon Solar  Flux Normal t o  C o l l e c t o r  Surface: 305 8 t u / f t m 2  hr. 

Longl tude : iny; Lat i tude:  Any 

t -  %. 

\ 

. -I? The Solar  Co l l ec to r  w i l l  c o l l e c t  a  minimum o f  800 B t u / f t a 2  day o f  energy ,.- 2 ' 
a t  an i n l e t  f l u i d  temperature equal t o  o r  l ess  than 220°F and an a i r .  f low r a t e  

- equal t o  o r  g rea te r  than 2 SCFM/ftm2 under the , f o l l ow ing  condi . 
T i 1  t Angle: Equal, t o  l a t i t u d e ;  d z l m u t h  Angle: 0' 

a . . 
~ m b i e n t  ~empe+ature: 50°F 

c ' . Wind Veloc i ty :  0-5000 ft,/mtnm 
7 .  . . 

. . Date: March 21, September 21 

i ' . Noon Solar  F lux  Normal t o  Co l l ec to r  Surface: 305 B t ~ / f t , ~  hr. 
. I >  

.&; Longi tude: Any; Lat i tude:  Any 
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Ins ta l  l a t i o n  Drawing Sheets 

X g i s i o n  - I 
V 

Date December 9 ,  1976 

Pre l  iminary ins ta l  l a t i o n  drawlngs for the a i  r/l fqu ld  c o l l e c t o r  subsystem 

are  contained i n  Owens-I1 1 i n o i s  Drawing SK-3550 (2 sheets) dated December I 
8, 1976 and subassemblies drawings and references o f  Issue date contained 

thereon. 







i amas-Illlnols I=. *SWIRm MODEL SF"-601 . 
L 1700R.Ycrtw j A w  Ltr: 12-13-)i Fllr  C-2370 

UKU ESW mc7011 Tolrdo. Qhlo -7 
\\- S b w t 3 o f 5 S h . t i  Yex?& Corporate T ~ n o l o g y  llTC 

acq~ir+d 4. a. Jlze) w p t t a  . . 
. !  

Matarla1 
. . - 

'2 ! SK-3552 Collectw Asscdly 

I 6 ' 1  SK-2339 A Bracket - Ibmtlap 6063 - Ts2 Ilu Extruded 

1 
-- 

i 
! S1(-2360 A Pin - llauntlng Support 6262 - T9 A l u  - 

1 
-- 

12 ( SK-2361 A Retalncr Rubber Neoprene 65 Duracter A 

2 SK-jdl3 0 hll - [ktb~ard L 6063.T52 A l u  Extruded 

SK-3614 B Clip - L o u t o r  6065-T52 &Iua Extruded .- . -- ---,- 
SK-=IS C Rall - Welded Center kscla lv  - - ---. - - .- - - - - . -- -- 

. .. . .. .. Rall - Outbard - -. ----. - -. 6"6=Tf2-!'F...Eic=-!! .- -- -- .- 
6063452 A l u  Extruded . .  . ............. . ...... ... . .  . . . . . . . .  - - -  L-  - - .  - - -  - - - -. - .-------, - -- 

..... .. . ... . .  ... ..... . .  s t r r e  rIbu,tlnp-,?~ -- SK-3616 . - - . - Type --- - 304 Stal'!l=r s.e:l .- - - 
x 1 la. P ~ M ~ I H  - . . . . . . .  -- . . . .  . %!!!ksr_Stec1 .. -. .. - .. . .  - . -- -. ...... - . . . . . . . . . . . . . .  

eblded S.H.C. . . .  . . . ....... . . . . . . . . . . . .  . ..... . - S!mm- l. Outboard_l(drr- .... - -. - -- -. . -- . . .  - .-.... - . -- .- -. - - - - - 
SY-2329 . . Support - Outb~rrd_~z.. - - -.- - - - -- - - . -. - .- -. - - - . . - . .  nDlW S.M.C. . - 

. . .  . . . . . .  . .  .. .... . . V4 - 20 -Hcxlhtt S ~ f n _ L c ~ ? @ .  - - -- - -. 
. . 
11Ci ! 1 SK-3621 7.c- . 5-t - ... -. ......... 2.-. . . . . .  - . . . .  . . .  6262-T9 -. .... Alu. . - - . -  . . . . .  

- 
.. ... . - 

.. - . - .. - ....... e F T 5 2  Alm Extruded 

. ... . . . . . . . . . . . . .  1/4 - 20 x 3/4 10.. .MesB. Cap Srra? - : . . . .  .-f!!!n!-~ts. %@? -. -- _ 
..... . .  . . .  Base - C o l l c c ~ .  -- .-- +3 - u16 Alm , .025 t h l e  _ , .... -- 

. . -. Imulatlqn -- Bot ta  , . Glass ,Mbpr BlaN2t. ,-M{:u..-tt. 
Imulatlon - Sld) - - ., .- . . . . . .  - . . . . . .  6 1 ~ s  Fiber Blanket Ulw. ft. _ 

..... . . i 1 . SK-%27 . . . .  . . . . .  Llnr - Collectw -- . - - . .- - . . -3 -.H14.Al~ ..016.Mg- - . .- - - 
. 1 1 SK-3628 Duct k s d l y  - H1 T v a t u r r  . . .  

. ~ l n e r  - ~1 f&rrtyn 3003 - HI4 .OIL thlck . .- i ,  SK-3629 ~ --.-- . . . -. . . .  . ...... 1 / .... 
.. . SK-3630 .. I-ul p t l o l ! . . z ! u - I ! a t ~ r ~  bramlc Flber Blanket b?/cu. 3, - . .  - 

. .  X-3631 Dust Y HI. 1-Am . . .  . . . .  . . .  . . .  . . - - - - . . - . . - mi - - 1114 .or6 aia - . . 
. Sillcone Foam Extruded . .  . . .  - - .. - .. - . - . - ..- - -- - . - ... - - . - - - .. - . .  - - - .. . -  . ..-....... - . .- . - . - ... . . .  

iMbcr Neoprene to  Dumcrter 'Am ........ . .  h r l z . U n r t  .._-'--- :--- -- 
. . .  ... . .. ....-... ..... 1 ~ ~ 1 ~ t t ~ l  - COU-.S~& - - .  -. - -. Gl~s-F tba r  Blmket : Y/Y=-?~.. - -_._ - 

Insulation - ~ol le@.w~gp - . . -  - . . . . .  -. 6% F!br Blanket: -MLc~:-ft:_- - -. ... - . . . . . . . .  :. 
. . .  Covcr - C o l l c t ~ r  -. - . . . . . . . . . .  . . - - . . . . - . . j003 - Hl6 Alm .025 thick - , 

Seal - Outer Cor?qr-End_-. . - -. - -- .. . .  . . .  ... ....... koprene - ... 70 -- Drranctev -- ... - ... 'A* - - - - . . . - - . . - . 0 

- - -4 -1. .- SK-363$--. ......... %@I z &tsr CO-W-M_~~?S . .... . . . . .  ... .. . .... .. ... 

. . . . - .  . . . .  . . . . . . .  . . . . . .  

-5 "--...?' .-*! .lA. -- - ..'. -- - - - 
- SK-3639 A Feeder .Tub bab!y- -. - - .- i 

I F H r  T* - .  - . . K6-33 61rh lublng - I . . .-. 

; M:.-. .. ..-I. .. Rcuntlng Rlm . - - . F ~ I ~ ~ . T I & N  .. .---- ~ ~ J ~ ~ ~ ~ * ~ ~ - - ~ ~ w - - - ~ . -  .- 1 ... I-.:.: . . .  . . 
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