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PART 1 

Pre l iminary  Design Review Data 

Contract  N A S ~  32253 . 
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Drawings t o  Define Sybsystem 

Cont rac t  NAS8-32253 

P ro jec t :  F l a t  P l a t e  C o l l e c t o r  

' The following drawings a r e  requi red  t o  de f ine  t h e  subsystem: 

. :  1. Twin - tubing c ros s  s e c t i o n  

2..  Header assembly 

4. Tubes f o r  header  t a k e o f f s  and U-bends 

5. Standard s t r a i g h t  Sunmat 

6. Col l ec to r  assembly, t o p  view, lengthwise c m s s  s e c t i o n  and 
widthwise c ros s  s ec t ion .  , . 

See ~ e d t i o n  3 for drawings. 



S3ec ia l  I n s t a l l a t i o n  and Maintenance Tools 

Contract NAS8-32253 

Pro jec t :  F l a t  P l a t e  Co l l ec to r  

P a r t  Number: SM0Ol 

Nomenclature: Stimpson Clamp Driver  

Descript ion and Use: 7l1e t o o l  c o n s i s t s  o f  a s h o r t  l ength  of 3/811 ID 
p ipe  with a 5/16" s l o t  cut  i n  one s i d e ,  f a s t ened  t o  a handle.  The t o o l  
s l i p s  over t h e  EPDM tubing  and i s  used t o  push Stimps'on clamps over  header  
n ipp le s  and U-bends. 

Manufacturer: CALMAC Manufacturing Corporation 

4 

J u s t i f i c a t i o n :  The b e s t  a l t e r n a t i v e  us ing  s t anda rd  t o o l s  i s  t o  use  a 
p a i r  o f  p l i e r s  as  a pushing t o o l  wi th  t h e  clamp between i t s  gr.ip. Apply- 
ing enough p re s su re  t o  hold  t h e  clamps e a s i l y ,  however, damages t h e  
clamps, and t h e  p l i e r s  tend  t o  s l i p  o f f  t h e  round shape of  the clamps. 



Subsvstem liazards Analvsis  

1. I d e n t i f i c a t i o n  and Control of  Hazards. Tile sources  o f  hazard i n  t h e  c o l l e c t o r  
sybsystem a r e  excess  temperatures  and p re s su res  w i th in  the  p i p i n g  and tubing,  
and t h e  t o x i c i t y  of . the e thylene  g lycol  h e a t  t r a n s f e r  f l u i d .  The hazards  a r e  
on ly  t o  personnel  and no t  t o  equipment o r  bu i ld ings  -- t h e  temperatures  and . 

p r e s s u r e s  i nvo lved ' a r e  not  h igh  enough t o  i g n i t e ,  c o l l a p s e  o r  o therwise  . 

damage equipment o r  bu i ld ings .  The p o t e n t i a l  hazards t o  personnel ,  however, 
a r e  major a s  s e r i o u s  burns,  o r  poisoning could r e s u l t  from a m a l h n c t i o n .  

The s . t ra tegy  f o r  managing excess  temperatures  and p re s su res  i s  p r i m a r i l y  t o  
r e l i e v e  them before  they  b u i l d  up t o  an excess .  The use  o f  a temperature 
and p re s su re  r e l i e f  va lve  i n  the system s e t  a t  225OF and 40 PSI accomplishes 
t h i s  o b j e c t i v e .  In  add i t i on ,  t o  minimize t h e  r i s k  o f  burns s u f f e r e d  from 
touching  t h e  cover panel  which might reach t o  1 8 0 ' ~  during no flow condi t ions ,  
s i g n s  w i l l  be recommended when t h e  c o l l e c t o r  i s  opera ted  i n  a r e a s  subjec ted  
t o  p u b l i c  t r a f f i c .  The t o x i c i t y  of  t h e  g lyco l  i s  clinaged by t h e  use  of a 
b a s i n  t o  ca t ch  f l u i d  vented frorn t h e  te inperature/pressure r e l i e f  valve. The 
o t h e r  source o f  g lycol  contaminat ion -- l e ak ing  from t h e  c o l l e c t o r  o r  some 

; o t h e r  p a r t  o f  t h e  system -- w i l l  be  inanaged by recommending p e r i o d i c  i n -  
spec t ion  o f  t h e  l e v e l  o f  g lycol  i n  t he  system. 

2. Residual Hazards. In a p rope r ly  i n s t a l l e d  system -- and i t  should be made 
c l e a r  t h a t  t h e  r e l i e f  va lve  and t h e  ca tch  bas in  n u s t  be i n s t a l l e d  on s i t e  -- 
and a p rope r ly  maintained system, r e s i d u a l  hazards a r e  low. These hazards 
a r e  comparable t o  hazards a s s o c i a t e d  with conve l~ t iona l  systems -- t h e  hazard 
o f  excess  b u i l d  up o f  h o t  water  o r  steam p r e s s u r e  i n  hydronic hea t ing  systems, 
o r  t h e  r i s k  o f  l eaks  from gas s toves .  

3. Component Fa i lu re .  The ~na l  func t ion  o f  a tempera ture /pressure  r e l i e f  va lve  
w i l l  s i g n i f i c a n t l y  i nc rease  t h e  hazard o f  excess  temperature and 'p re s su re .  
S imi l a r ly ,  t h e  malfunction o f  p ip ing ,  tub ing ,  gaske ts ,  f i t t i n g s  o r  valves,  
o r  improper i n s t a l l a t i o n  w i l l  i n c r e a s e  t h e  hazard from the  t o x i c i t y  of .  
g lyco l .  



Proto type  Design Review Data 

Contract  NAS8-32253 

Pro jec t :  F l a t  P l a t e  Co l l ec to r  

We recommend use of t h e  fol lowing d a t a  a t  t h e  pro to type  des ign  review: 

1. Drawings: 

a .  Twin tubing c r o s s  s e c t i o n  

b. Header assembly 

c. U-bend 

d .  Tubes f o r  header  , t akeo f f s  and U-bends 

e.  Standard s t r a i g h t  SUNb'IA'1' 

f .  Co l l ec to r  assembly, top view, lengthwise c r o s s  s e c t i o n  and 
with wise c ros s  s ec t ion .  

Cjt p.w,T* (, . 4 - &,,4 (\..,,i nibye- ( C M ~  
2. Test  d a t a :  

a. Co l l ec to r  e f f i c i e n c y  

b. ope ra t ing  temperature and p re s su re  l i n s t s  

c. p r e s su re  drop through system 

d.  f r e e z e  to l e rance  

e .  r e s i s t a n c e  t o  ponding 

f .  f a i l - s a f e  performance 

g. water p o t a b i l i t y  

h. r e s i s t a n c e  t o  s o l a r  degradat ion of  EPDM 

i. r e s i s t a n c e  t o  f l u t t e r i n g  by wind 

j . leakage 

k. r e s i s t a n c e  t o  thermal degrada t ion .  

1. r e s i s t a n c e  t o  s t r u c t u r a l  damage 



Proto type  Design Review Data (Continued) 

3. Analyses: 

a. no i se  and cor ros ion  

b. s t r u c t u r a l  c a l c u l a t i o n s  



- 
Government-Furnished Instrumentation 

Contract NAS8-32253 

Project: Flat Plate Collector 

No gevernment-furnished instrumentation is required. 



Design Standards and Symbology 

Contract NAS8-32253 

Projec t :  F l a t  P l a t e  Col lec tor  

We use design standards and symbology o f  the  American Society of  
Mechanical Engineers. Symbols a r e  published i n  American National Standard 
Graphical Symbols f o r  Pipe F i t t ings ,  Valves and Piping. 



V e r i f i c a t i o n  Plan 

Contract  NAS8-32253 . 

Pro jec t :  F l a t  P l a t e  C o l l e c t o r  

CALMAC Manufacturing Corporation 
150 South Van Brunt S t r e e t  
Englewood, N . J .  07631 



1. V e r i f i c a t i o n  Matrix.  See a t t ached  

2. Tes t  Hardware. To perform t e s t s  a t  ou r  l o c a t i o n  we will use t h e  fo l lowing  
hardware : 

velometer - a i r  v e l o c i t y  
rotometer  - flow r a t e  
poten t iometer  pyrometer - temperature 
p re s su re  gauges - p r e s s u r e  
pyranometer - i n s o l a t i o n  
manometer - p r e s s u r e  drop 

T h i s  i s  a l l  b a s i c  hardware f o r  measuring t h e  key parameters  a s soc i a t ed  
with plumbing and h e a t i n g  devices ,  exccpt  f o r ' t h e  pyranometer, which is  
unique t o  t h e  s o l a r  f i e l d .  

? Other  t e s t i n g  r e q u i r i n g  hardware and exper t i ' se  o u t s i d e  o u r  range of ex- 
t pe r i ence  -- t he  chemical t e s t i n g  o f  water  f o r  p o t a b i l i t y ,  f o r  example -- 
! w i l l  be  performed by outs ide .  l abo ra to r i e s .  Tes t ing  t o  c e r t i f y  performance 

w i l l  be pe r fo r~ r~ed  by an independent labora tory .  

3. Test  Schedule and Location: 

Date - 
Feb 15 
Mar 1 - 30 

Mar 1 
Mar 2 
Mar. 8 
Mar 9 
Mar 15 
Mar 22 
Mar 29 
Mar 1-15 
Mar 1 5 -May 

Test  . - 
Freeze t o l e r a n c e  o f  system , 

P o t a b i l i t y  o f  water  run through 
system 

Pressure  drop through system 
Leakage 
Res is tance  t o  ponding 
Res is tance  t o  S t r u c t u r a l  damage 
Res is tance  t o  ' f l u t t e r i n g  by wind 
F a i l - s a f e  p r o t e c t i o n  
Temperature and P res su re  limits 
C o l l e c t o r  e f f i c i e n c y  

15 Thermal degrada t ion  .and c o l l e c t o r  . 

e f f i c i e n c y  

Location 

CALMAC f a c t o r y  
Outside l ab  t o  b e  

determined 
CALMAC f a c t o r y  

11 11 

11 11 . 

11 I 1  

11 1 1 

11 11 

11 11 

DSET, Phoenix, AZ 

4. A l l  t h i s  t e s t i n g  w i l l  b e  done dur ing  t h e  q u a l i f i c a t i o n  s t age .  We have 
enough experience with t h e  ope ra t ing  c h a r a c t e r i s t i c s  o f  the  c o l l e c t o r ,  
based on e a r l i e r  models we have used,  n o t  t o  need t e s t i n g  a t  t h e  develop- 
ment s t a g e ,  and adequate d a t a  i s  a v a i l a b l e  t o  v e r i f y  a l l  i n t e r im  per-  . .  

formance c r i t e r i a  a t  t h e  development s t a g e .  Tes t ing .  a t  t h e  q u a l i f i c a t i o n  
s t a g e  i s  r e l a t e d  p r i m a r i l y  t o  d u r a b i l i t y  and p a r t i c u l a r l y  t o  o u r  use of  
t h e  EPDM tubing,  which, s i n c e  it i s 'manufac tured  e s p e c i a l l y  f o r  t h i s  

? app l i ca t ion ,  i s  unique. The t e s . t s  f o r  f r e e z e  t o l e r a n c e ,  p o t a b i l i t y ,  
p re s su re  drop, leakage,  temperature and p re s su re  l i m i t s ,  thermal degra- 
da t ion ,  and c o l l e c t o r  e f f i c i e n c y  a l l  stem from t h e  use  o f  EPDM.. The 
need t o  t e s t  r e s i s t a n c e  t o  f l u t t e r i n g  and ponding, on t h e  o t h e r  hand, 
stems from t h e  unique s t r u c t u r a l  design of t h e  system. The f a i l - s a f e  
t e s t  i s a . p r e c a u t i o n a r y  measure- t o  i n su re  meeting s a f e t y  requirem'ents. 



-- . 
A --. --+ 

..- .. . . . ,  
t . .  . . 

Tes t ing  a t  t h e  acceptance s t a g e  should n o t  be necessary,  un less  des ign  
changes a r e  made fol lowing q u a l i f i c a t i o n  t e s t i n g .  Our p l a n  i s  t o  com- 
p l e t e  t e s t i n g  of a l l  key a reas  here  a t  o u r  p l a n t  a s  e a r l y  as p o s s i b l e  
i n  t h e  q u a l i f i c a t i o n  s t a g e  and then  have DSET v e r i f y  ou r  f i nd ings  t o  meet 
t h e  need f o r  c e r t i f i c a t i o n  by an independent agency. 
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PART 2 

Prel iminary Design Review Data 

. .. 

Contract  NAS~-32253 

P ro jec t :  S o l a r  Pump 

CALMAC Manufacturing Corporat %on 
150 South Van Brunt S t r e e t  
Englewood, N. J. 07631 



Drawings t o  Define Subsystem 

Contract NAS8-32253 

. Pro  j e c t  : Sola r  Pump 

The following drawings a r e  required t o  def ine  the  subsystem: 

1, Pump top  view and c ross  sec t ion  

2. Vapor tube 



Specia l  I n s t a l l a t i o n  and Maintenance Tools 

Contract  NAS8-32253 

Pro jec t :  S o l a r  punp 

No s p e c i a l  i n s t a l l a t i o n  and maintenance t o o l s  a r e  requi red .  



Subsystem Hazards Analysis 

1. I d e n t i f i c a t i o n  and Control  of  Hazards. The sources  o f  hazard  i n  t h e  
pump subsystem' a r e  excess  tempera tures  and p re s su res  wiht i n  t h e  p ip ing  
and tubing ,  and t h e  t o x i c i t y  o f  t h e  e thylene  g lyco l  hea t  t r a n s f e r  f l u i d .  
The hazards a r e  hazards only t o  personnel  and n o t  t o  equipment o r  b u i l d -  
ings - - . t h e  temperatures  and p r e s s u r e s  involved a r e  n o t  I ~ i g h  enough t o  
' i g n i t e ,  co l l apse  o r  o therwise ,  damage equipment o r  bu i ld ings .  The 
p o t e n t i a l  hazards t o  personnel', however, a r e  major a s  s e r i o u s  burns ,  
o r  poisoning could r e s u l t  from a malfunct ion.  

'The  s t r a t e g y  f o r  managing excess  temperatures  and p re s su res  i s  p r i m a r i l y  
. t o  r e l i e v e  them be fo re  t hey  b u i l d  up t o  an excess .  The use  of  a 
temperature and p re s su re  r e l i e f  va lve  i n  t he  system s e t  a t  2 8 0 ~ ~  and 
28 PSI accomplishes t h i s  ob jec t ive .  In  a d d i t i o n ,  t o  minimize t h e -  r i s k  
of  burns s u f f e r e d  from touching t h e  pump which might reach t o  2 0 0 ' ~  
during normal opera t ion  s i g n s  w i l l  be recommended when t h e  pump i s  
opera ted  i.n a r eas  sub jec t ed  t o  p u b l i c  t r a f f i c . '  The t o x i c i t y  o f  t h e  
g lycol  is.managed by t h e  u s e  of a bas in  t o  ca t ch  f l u i d  vented from t h e  
tempera ture /pressure  r e l i e f  valve.  Tlie o t h e r  source  of g lyco l  con- 
tamina t ion  -- l e ak ing  from t h e  pump o r  some o t h e r  p a r t  o f  t h e  system -- 
w i l l  b e  managed by recommending p e r i o d i c  i n spec t ion  of  t h e  l e v e l ' o f  
g lyco l  i n  t h e  system. . 

, ,  . 

2. Residual Hazards. In a p rope r ly  i n s t a l l e d  system -- and it  should be 
made c l e a r  t h a t  t h e  r e l i e f  va lve  and t h e  ca tch  b a s i n  must be i n s t a l l e d  . ' 

on s i t e  -- and a proper ly  maintained system, r e s i d u a l  hazards a r e  low. 
These hazards a r e  comparable t o  hazards a s s o c i a t e d  wi th  convent ional  
systems -- t h e  hazard of  excess  b u i l d  up o f  ho t  water  o r  steam pres-  
s u r e  i n  hydronic h e a t i n g  s y s t e m s , . o r  t h e  r i s k  o f  l eaks  from gas s toves .  

3.. Component Fa i lu re .  The malfunct ion o f  a tempera ture /pressure  r e l i e f  
va lve  w i l l  s i g n i f i c a n t l y  i n c r e a s e  t h e  hazards o f  excess  temperature 
and p re s su re .  S imi l a r ly ,  t h e  malfunct ion of p ip ing ,  tub ing ,  gaske ts ,  
f i t t i n g s  o r  valves,  o r  improper i n s t a l  l a t i o n  w i l l  in 'crease t h e  hazard 
frorn..the t o x i c i t y  o f  g lyco l .  
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Prototype Design Review Data 

Contract NAS8-32253 

Pro jec t :  S o l a r  Pump 

We recommend use o f  t h e  fol lowing d a t a  a t  t h e  pro to type  design review: 

1. Drawings: 
, ! 

a. Purnp, t o p  view 
I b. Pump, c ross  s e c t i o n  

c. Vapor tube  

2 .  Test  da ta :  

a .  Operating performance (flow r a t e ,  p r e s s u r e  output  f o r  
var ious  combinations of  l i q u i d  te1;iperature and 
steam p res su re )  

b  . h e r m a 1  degrada t ion  
c. F a i l - s a f e  performance 
d. Leakage 
e. Vibrat ion '  
f .  Water p o t a b i l i t y  

3.  Analyses: 

a. Noise and cor ros ion  
b. S t r u c t u r a l  c a l c u l a t i o n s  



Design Standards and Symbology 

. . 

Contract NAS8-32253 

Projec t :  So la r  Pump ' 

We use design s tandards .and symbology of the  American Society o f  
Mechanical Engineers. Symbols a r e  published i n  American National 
Standard Graphical Symbols f o r  Pipe F i t t i n g s ,  Valves and Piping. 



Contract NAS8-32253 

Pro jec t :  S o l a r  Pump' 

No government-furnished ins t rumenta t ion  i s  requi red .  



Verif ica t ion Plan 

Contract NASB-32253 

Project:  Solar  Pump 

CALMAC Manufacturing Corporation 
150 South Van Brunt S t ree t  
Englewood, N. J. 07631 . . 



Ver i f i ca t ion  Matrix. See at tached.  

Test Hardware. To perform t e s t s  a t  our  loca t ion  we w i l l  use t h e  following 
hardware : 

'rotometer. - flow r a t e  
pyrometer - temperature 

pressure  gauges - pressure  
'manometer - pressure  drop 

These ' instruments a r e  a l l  b a s i c  hardware f o r  measuring t h e  key parameter 
associa ted  with plumbing. and heat ing  devices. 

Other t e s t i n g  requi r ing  hardware and e x p e r t i s e  ou t s ide  o r  range of ex- 
perience -- t h e  chemical t e s t i n g  o f  water f o r  p ~ t a b i l i t y ;  f o r  example -- 
w i l l  be performed by ou t s ide  labora tor ies .  Testing t o  c e r t i f y  performance 
w i l l  be  performed by an independent laboratory.  

Test Schedule and Loact ion: 

Date - 
Mar 1'-30 

Mar 1 - 30 
Mar 8 
Mar 15 
Mar 22 
Mar 15-30 
Ap 1-30 

Test - 
P o t a b i l i t y  of  water run through 

system 
Thermal degradation 
Leakage 
Vibrat ion 
Fa i l - sa fe  ~e r fo rmance  
operat  ing performance and 1 i m i t  s  
Operating performance and l i m i t s  

Locat ion 

Outside l ab  t o  be 
determined 

CALMAC f ac to ry  
11 11 

I1  I1  

I1  I I 

I t  8 t 

DSET, Phoenix, AZ 

A l l  t h i s  t e s t i n g  w i l l  be done during t h e  , q u a l i f i c a i t o n  s t a g e . ,  The c r i t i c a l  
problem i n  t h s  case of the  pump i s  the  development of a  design t h a t  w i l l  
meet opera t ing  performance requirements -- pumping a t  s p e c i f i e d  pressures  
and flow r a t e s  -- not the  development of designs t h a t  meet ruggedness and 
d u r a b i l i t y  ,requirements. Solving t h i s  problem involves analyzing d i f f e r e n t  
shapes and designs of the  cy l inder  chamber, valves,  vapor tube and so  
for th ,  and does not  lend i t s e l f  t o  t e s t i n g .  Once t h e  design is  s e t  and 
operat ing performance requirements met, then we can test r igorous ly  both 
t h e  pump's operat ing c h a r a c t e r i s t i c s  and i t s  d u r a b i l i t y  during t h e  
q u a l i f i c a t i o n  stage.  Unless design changes develop during t h i s  per iod  we. 
can proceed read i ly  t o  c e r t i f i c a t i o n  by an ou t s ide  angency (DSET) towards 
the  end of  t h e  q u a l i f i c a t i o n  stage.  





PERFORMANCE REMAH D<S 





PERFORMANCE : REMARKS 
REBU~REMENT, 



_ - - . .  

-- .>.--, 
. . .  - -- - .- . -. - - 

" (oP€Al / f f~)  32 
Lnlo VIEW (rye) 

"FINISNEQ" . D R I E R  TUBE . - - - - - - -. - - - - 
\ 

INS T R U C I I ~ U S  ' i 

: . cur PIPE TO SIZE- i , o  __ / o ~ " L c .  __ .__- 

2. REMOVE B VRRS 

3. ---..-. PRESS O M  QNB (USE %2 ~~~/MFL)-OPEU&GL- 
4. -- F/ L L Wf --.- T H  S/.L /Cq GEL . ' SIZE. 3 O N  B-M-€S?-- 
5. p/?ESs UTHF R ENa (USE s2 S H I M  ttOR - - 
6. .---- SEA& ._.. BOTH __._____ END.$ W I T H  REMOVABLE TAPE . 

~ ~ c c n a w c ~ s  : C R * C T I O ~ A L . ,  2 ; D ~ C I M A L ~ , ~  ,009 ; ~ U O L O S ,  t ~h*  , 

3- \ 

flf LE DRIER T U B E ,  50L.COLL-  * 
MATERIAL ~ / ~ C O P J W ? P / P E ,  TYPE'L' 

Rev is ibns R d  B Y  

Tool NO. 

Blank Size 

DRN. 5-12-74 
c f i - . .  CALMAC MFG. CORF! 

.CHK. b - . Englewood, N. J. 
PROJ. SOL EN~SY 

' SCALE FVL L A- SEooof .  

Date  

i 











:8* 
0.4 WIDTH 

L h 0.4.  L ENCTll I 
VAR/AIIC 

g ;U .YFfR  FLUID 

IN, I €R FLUID OUT 

-%?.p. .V!K.P-.- ..- 
SCALE,. &O?L -- 

O . A . L E M G ~ H  . 
' (VARIABLE] 

. : 
I .  

. 

. 

. .  

.. . :. . 
. . . I '  

. . SEcT/ON- BE SECT/ON.- AA- . , . . 
, . SCALE: &'.I' *-5.~.c&:=e.. . . 

. . . 

I 
~ , ?,., ' .. . . i : 

. . 
C '  . .:. '  air: .. . . 

', ' - SECOND O,t IT&-& ;, K A L Y ~ L L  COVER / i - I / S U L  ATION ALZH~~-;SIVC U I L Z ~ O  I S  US- 
. , * _  . . .. 

' . .' . 

I /&I 4LArNlr;. 
' 

. . . ,  . . PA.&€L IS O P ~ I O N A L .  . .  
S/V€ # /300 ./J US€D T O  Z W  I 

. . .  , .. - m R  ADU€ . .. 
. . 3- .'. . . yV~L.477Q.N PCPIUdTm TO fi- .. . . )  . AuO Covt ' 'T//t N WAJMAr N B f .  /r 15 - .. 

UND C U T S / D L  ' . .OU .... I.. ... C.IO..LL I,", o..I..L..f 40.6 ..O...*.l* ~ ~ ~ ~ - Z < * s  A N D R  11 m2G-/ ARo 1 . -  . I . . 
COVSR P&y€l . . .  

. . - 
F . . . . ., ?.owam . , 3-6  .. . . 

. .. . . . .. : 










