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I NTRODUCT I O N  

The C a p i l l a r y  Pumped Loop (CPL) exper iment,  6-471 i s  a thermal  c o n t r o l  system 

w i t h  h i g h  d e n s i t y  heat  a c q u i s i t i o n  and t r a n s p o r t  c a p a b i l i t y .  The CPL c o n s i s t s  

o f  two c a p i l l a r y  pumped evaporators  w i t h  i n t e g r a l  heaters ,  a f l u i d  loop 

charged w i t h  ammonia (NH3), a condenser p l a t e  (heat  s i n k ) ,  and var ious  c o n t r o l  

e l e c t r o n i c s .  The purpose o f  t h e  exper iment i s  t o  demonstrate t h e  c p a b i l i t y  o f  

a c a p i l l a r y  pumped system under zero g r a v i t y  c o n d i t i o n s  f o r  use i n  t h e  thermal  

c o n t r o l  o f  l a r g e  s c i e n t i f i c  ins t ruments ,  advanced o r b i t i n g  spacecra f t ,  and 

space s t a t i o n  components. 

A unique f e a t u r e  o f  t h e  CPL i s  t h e  c a p i l l a r y  pumps, which c o n t a i n  no moving 

p a r t s .  Each pump c o n t a i n s  a wick o f  porous m a t e r i a l  which i s  s a t u r a t e d  w i t h  

t h e  work ing f l u i d  (anhydrous ammonia). As heat i s  added t o  t h e  f l u i d ,  i t  

evaporates and t r a v e l s  t o  t h e  condenser, t h u s  t r a n s p o r t i n g  t h e  heat  ( v i a  t h e  

l a t e n t  heat  o f  v a p o r i z a t i o n )  f rom t h e  heat  source t o  i t s  s i n k  a t  n e a r l y  a 

constant  temperature.  

The evapora t ion  process produces t h e  pressure  g r a d i e n t  o r  pumping a c t i o n  t h a t  

c i r c u l a t e s  t h e  f l u i d .  Th is  i s  t h e  same p r i n c i p a l  t h a t  p l a n t s  and t r e e s  use t o  

t r a n s p o r t  water  and n u t r i e n t s  f rom t h e i r  r o o t s  t o  t h e i r  leaves a g a i n s t  

g r a v i t y .  The d i f f e r e n c e  i s  t h a t  t h e  CPL employs a c l o s e d  system t o  r e t u r n  t h e  

f l u i d  d i r e c t l y  t o  t h e  pumps, whereas "Mother Nature'' has an open system where 

t h e  f l u i d  i s  i n d i r e c t l y  r e t u r n e d  t o  t h e  r o o t s  by condensat ion o f  water f rom 

t h e  clouds i n  t h e  form o f  r a i n .  It should be no ted  t h a t  t h e  CPL exper iment 

was t h e  f i r s t  f l i g h t  o f  a thermal  c o n t r o l  system o f  t h i s  type.  It was a l s o  

t h e  f i r s t  s h u t t l e  exper iment f rom t h e  Space S t a t i o n  Advanced Development 

Program. 
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The p r i n c i p a l  i n v e s t i g a t o r  o f  t h e  CPL i s  Roy McIntosh o f  NASA's Goddard Space 

F1 i ght Center, Greenbel t , Mary1 and. 

BACKGROUND 

The concept o f  a c a p i l l a r y  pumped loop (CPL) was pioneered by F.J. Stenger o f  
NASA/Lewis i n  t h e  mid 1960's  ( re f .1) .  The design o f  t h e  CPL i s  shown i n  
F igure 1. 

pumping a c t i o n  i n  t h e  c losed loop system v i a  c a p i l l a r y  forces. 

drawn through t h e  wick t o  t h e  m e t a l l i c  s h e l l  of t h e  evaporator where i t  

vapoizes and then t r a v e l s  t o  t h e  condenser. The heat i s  removed a t  t h e  

condenser and t h e  vapor i s  thus condensed back t o  a l i q u i d .  

The evaporator conta ins a porous wick m a t e r i a l  which produces t h e  

The l i q u i d  i s  

The l i q u i d  i s  

then returned t o  t h e  evaporator t o  repeat  t h e  cyc le .  

evaporator pump i s  shown i n  F igure  2 ( f rom reference 2 ) .  

A cross sec t ion  o f  t h e  

The CPL system has been undergoing development and ground t e s t i n g  a t  GSFC f o r  

t h e  past several  years, An engineer ing model was b u i l t  f o r  GSFC by t h e  OAO 

Corporation. It uses ammonia as t h e  working f l u i d  and has demonstrated heat 

ca r ry ing  c a p a b i l i t i e s  o f  up t o  6.4 K i l owa t t s .  

model i s  dep ic ted  i n  F igure  3. Th is  system fea tures  e i g h t  c a p i l l a r y  pumps 

mounted i n  p a r a l l e l  ( l e f t  s i de  o f  f i g u r e ) ,  

f ea tu re  demonstrates t h e  a b i l i t y  t o  accommodate mul t ip l 'e  users on a s i n g l e  
thermal c o n t r o l  loop. I t a l so  prov ides f o r  heat shar ing,  whereby heat can be 

removed from t h e  t h e  system as he11 as added. Another impor tant  p a r t  o f  t h i s  

system i s  the  two-phase rese rvo i r .  By con t ro l  1 i n g  t h e  r e s e r v o i r  temperature, 

t h e  loop temperature i s  c o n t r o l l e d  as we l l ,  s ince t h e  s a t u r a t i o n  temperature 

o f  the  working f l u i d  i s  c o n t r o l l e d  a t  t h e  reservo i r .  Th is  means t h a t  t h e  

pumps (evaporators)  s tay  a t  a r e l a t i v e l y  constant temperature regardless o f  

t h e  heat load o r  heat s ink  temperature v a r i a t i o n ,  thus e s t a b l i s h i n g  

temperature c o n t r o l  i n  t h e  loop. 

r a i s i n g  o r  lower ing  t h e  r e s e r v o i r  temperature t o  t h e  des i red  l e v e l .  Another 

s a l i e n t  f ea tu re  o f  t h e  r e s e r v o i r  i s  f l u i d  inventory  c o n t r o l .  

can a l so  be used f o r  pressure p r im ing  o f  t h e  pumps d u r i n g  s ta r tup  operat ions.  

The CPL ground t e s t  engineer ing 

The m u l t i p l e  evaporator pump 

The loop temperature can be var ied  s imply by 

The r e s e r v o i r  

The CPL system a l so  inc ludes  a condenser zone ( r i g h t  s i d e  o f  F igure  3) .  

vapor t r a v e l s  from t h e  evaporator pumps t o  the  condenser where the  heat i s  

The 
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removed and t h e  vapor i s  re turned t o  t h e  l i q u i d  s ta te .  A c h i l l e r  

( r e f r i g e r a t o r )  i s  used on t h e  ground system f o r  t h e  heat removal, wh i l e  a heat 

r e j e c t i o n  r a d i a t o r  i s  used f o r  space app l i ca t i ons .  

condensed, t h e  f l u i d  i s  re turned t o  t h e  pumps through an i s o l a t o r  t o  complete 

t h e  cyc le .  The i s o l a t o r  a l lows t h e  pumps t o  operate i n d i v i d u a l l y  w i t h i n  t h e  

loop. It a lso  prevents  vapor f rom t r a v e l l i n g  t h e  ''wrong way" o r  backing up, 

thus p rov id ing  d i r e c t i o n  t o  t h e  f l o w  w i t h i n  t h e  loop, 

A f t e r  t h e  vapor i s  

CPL -GAS 

The next step i n  CPL development i s  zero-g v e r i f i c a t i o n  o f  i t s  performance. 
Since t h e  c a p i l l a r y  pumps are  s e n s i t i v e  t o  t h e  e f f e c t s  o f  g r a v i t y ,  space 

f l i g h t  experiments a re  requi red.  The GAS system was chosen f o r  t he  i n i t i a l  

experiment due t o  i t s  low cost,  ease o f  i n t e g r a t i o n ,  and f requent  f l i g h t  

oppor tun i t i es  . 
The CPL-GAS experiment was developed u t i 1  i z i n g  e x i s t i n g  hardware where 

poss ib le  (see F igure  4).  
those used f o r  t h e  STS-3 GAS F l i g h t  V e r i f i c a t i o n  Payload. The e l e c t r o n i c s  and 

tape recorder  were f lown p rev ious l y  on the  Atomic Oxygen Monitor GAS 

experiment f lown on STS-8 and STS-11. 

t h e  CPL experiment i s  const ra ined due t o  t h e  volume requirements o f  t h e  

b a t t e r y  and e l e c t r o n i c s .  Nonetheless, a working mini-CPL has been developed 

t h a t  mounts d i r e c t l y  t o  the  GAS top  p l a t e  between t h e  s t r u c t u r a l  support  

s t r u t s .  It measures approximately 14" by 14" by 4 "  h i g h  and mainta ins most o f  

t h e  opera t ing  fea tures  o f  t h e  l a r g e  ground system. 

mini-CPL experiment bo th  be fore  and a f t e r  i n s t a l  l a t i o n  o f  t he  heaters,  w i r i ng ,  

inst rumentat ion,  and e lec t ron i cs .  

The support  s t r u c t u r e  and b a t t e r y  a re  i d e n t i c a l  t o  

Unfor tunate ly ,  t h e  space a v a i l a b l e  f o r  

F igure  5 shows t h e  

The mini-CPL has two evaporator pumps mounted i n  p a r a l l e l ,  w i t h  heaters 

at tached d i r e c t l y  t o  t h e i r  ou ter  surfaces. A temperature con t ro l l ed ,  

two-phase r e s e r v o i r  and an i s o l a t o r  a re  a l so  inc luded i n  t h i s  system. The 

boxes seen i n  F igu re  5 conta in  a d d i t i o n a l  e l e c t r o n i c s  f o r  r e s e r v o i r  

temperature c o n t r o l  and over-temperature l i m i t s t a t s  t o  prevent  overheat ing o f  
t h e  experiment ( v i a  heater  c u t o f f ) .  

condenser p l a t e  w i t h  f i b e r g l a s s  thermal i s o l a t o r s .  The condenser p l a t e  i s  

The e n t i r e  system i s  mounted on t h e  
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then mounted d i r e c t l y  t o  a CPL unique GAS t o p  p l a t e  (supp l ied  by t h e  CPL 

p r o j e c t ) .  The m a j o r i t y  o f  t h e  mini-CPL i s  const ructed o f  aluminum, w i th  t h e  
except ion o f  the.  r e s e r v o i r  and i s o l a t o r s ,  which are  s t a i n l e s s  s tee l  . 
The CPL-GAS experiment i s  shown f u l l y  assembled i n  F igu re  6. 

covered w i t h  a mu l t i - l aye red  i n s u l a t i o n  b lanket  (MLI) i n  order  t o  the rma l l y  
i s o l a t e  i t  from t h e  b a t t e r y  and e l e c t r o n i c s .  A t h e r m o s t a t i c a l l y  c o n t r o l l e d  

heater i s  used on t h e  b a t t e r y  t o  ma in ta in  i t s  temperature above i t s  lower 

l i m i t  o f  O°C d u r i n g  p o t e n t i a l  c o l d  case operat ions.  The e l e c t r o n i c s  box i s  
covered w i t h  h igh  emit tance Kapton tape t o  r a d i a t i v e l y  d i s s i p a t e  i t s  

i n t e r n a l l y  generated heat, which i s  approximately 1 2  watts. 
f lown wi thout  t h e  i n s u l a t i n g  end cap s ince  t h e  GAS t o p  p l a t e  i s  used as t h e  

heat r e j e c t i o n  r a d i a t o r  f o r  t h e  experiment, The top  p l a t e  e x t e r i o r  sur face  

was coated w i t h  s i l v e r  t e f l o n  tape. 

The mini-CPL i s  

The conta iner  was 

Since t h e  mini-CPL i s  a c losed system conta in ing  ammonia, i t  i s  a pressure 
vessel and t h e r e f o r e  sub jec t  t o  spec ia l  design requirements as requ i red  by t h e  

NASA sa fe ty  o f f i c e .  These inc lude  des ign t o  a 2400 p s i  pressure f o r  a l l  o f  
t h e  pressure system components. 
system. depending on t h e  pressurant  and t h e  p red ic ted  maximum system pressure. 

order t o  prove t h e  design. Th is  u n i t ,  which bu rs t  a t  3700 p s i ,  now serves as 

a d i s p l a y  model o f  t h e  CPL. It should be po in ted  ou t  t h a t  t he re  i s  more than 

one poss ib le  method t o  f l i g h t  q u a l i f y  pressure vessels. 
B o i l e r  Code as t h e  l e a s t  expensive o f  t h e  op t ions  ava i lab le .  

descr ibes t h e  o ther  a l t e r n a t i v e s  as wel l  as the  gener ic  sa fe ty  requirements 

f o r  s h u t t l  e pay1 oads. 

The des ign pressure l e v e l  i s  unique f o r  each 

Also, a second i d e n t i c a l  mini-CPL was fab r i ca ted  and then b u r s t  t es ted  i n  

We chose t h e  ASME 
Reference 3 

TESTING 

The CPL-GAS was subjected t o  t e s t i n g  which inc luded a v i b r a t i o n  t e s t ,  thermal 

vacuum t e s t s ,  and extens ive f u n c t i o n a l  t e s t s .  A workmanship l e v e l  v i b r a t i o n  

t e s t  was conducted i n  order  t o  v e r i f y  t h a t  we d i d n ' t  have any loose screws and 
t h a t  every th ing  would hang together  du r ing  t h e  f l i g h t .  

q u a l i f i c a t i o n  t e s t i n g  was no t  requ i red  s ince  t h e  support s t r u c t u r e  was 

p rev ious l y  q u a l i f i e d  on e a r l i e r  GAS f l  igh ts .  

S t r u c t u r a l  

Pressure t e s t i n g  was performed 
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on the  mini-CPL as a1 ready descr ibed. 

A thermal vacuum t e s t  was performed t o  i nsu re  proper  opera t ion  of t h e  CPL 

under extreme temperature cond i t i ons  and t h e  vacuum environment o f  space. 

F igure  7 shows t h e  t e s t  setup i n  t h e  vacuum chamber. The CPL-GAS conta iner  

was s i t u a t e d  upside-down i n  t h e  chamber t o  a l l o w  f o r  proper  opera t ion  o f  t h e  

CPL i n  t h e  g r a v i t y  environment, A t he rma l l y  c o n t r o l l e d  c o l d  p l a t e  served as a 

d i r e c t  r a d i a t i v e  heat s ink  f o r  t h e  GAS conta iner  top  p la te ,  which i s  a l s o  t h e  

heat s ink  f o r  t he  mini-CPL experiment, The GAS con ta ine r  a l so  had t o  be 

l e v e l l e d  so t h a t  g r a v i t y  e f f e c t s  on t h e  CPL would be minimized. 

t h e  experiment t o  a data and con t ro l  system was routed through t h e  GAS 

conta iner  bottom end p l a t e  and i n s u l a t i n g  end cap. 

Cabl ing f rom 

, 

The chamber temperature p r o f i l e  f o r  t h e  thermal vacuum t e s t  i s  shown i n  F igu re  

8. The f i r s t  p a r t  o f  t h e  t e s t  (A) was a cooldown and c o l d  case s ta r tup .  The 

e l e c t r o n i c s  were al lowed t o  cool t o  -2 C and t h e  mini-CPL cooled t o  -20 C f o r  
a co ld  s t a r t  check. 

s ta r tup  cond i t ions .  The next  p o r t i o n  o f  t he  t e s t  ( B )  was a f l i g h t  mission 
s imu la t ion  w i t h  t h e  thermal environment (chamber and c o l d  p l a t e  temperature) 
se t  a t  -10 C, corresponding t o  t h e  expected s h u t t l e  payload bay temperatures 

f o r  t h e  e a r t h  v iewing case. The miss ion p r o f i l e  inc luded experiment heater  

cyc les o f  up t o  220 wat ts  t o t a l  (110 wat ts  on each pump) f o r  operat ing t imes 

of up t o  one hour, fo l lowed by a cooldown pe r iod  l a s t i n g  approximately 10 
hours. These opera t i on  t imes were based on t h e  thermal ana lys i s  o f  t h e  

CPL-GAS. The experiment condenser was i n t i t i a l l y  a l lowed t o  cool  t o  

approximately 5"C, then t h e  experiment heaters were ac t i va ted .  Since t h e  

power i n p u t  exceeds t h e  instantaneous heat r e j e c t i o n  c a p a b i l i t y  o f  t he  GAS top  

p l  ate, t h e  condenser temperature increases . When t h e  condenser temperature 

approaches t h e  CPL opera t ing  temperature o f  29"C, i t  can no longer  absorb any 

more heat and t h e  system i s  shut down and again al lowed t o  cool down. The 

heater cyc le  i s  then repeated a f t e r  t h e  condenser coo ls  back down t o  about 

5OC. h r i n g  f l i g h t ,  t he  cyc les a re  repeated f o r  t h e  t o t a l  miss ion time, 

approximately 120 hours. This  p o r t i o n  o f  t h e  t e s t  v e r i f i e d  t h e  heatup and 

cooldown t imes p red ic ted  by t h e  thermal analys is .  The l a s t  p a r t  o f  t he  

thermal vacuum t e s t  was a ho t  case opera t iona l  check (C), w i th  the  environment 

se t  a t  3OOC. This  t e s t  was conducted t o  v e r i f y  t h e  e l e c t r o n i c s  system 

These l e v e l s  correspond t o  t h e  p red ic ted  co ld  case 
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performance under t h e  p red ic ted  ho t  case cond i t ions .  

As i n  many t e s t s ,  t h i n g s  d o n ' t  always go as planned. 

encountered when one o f  t h e  experiment heaters wouldn ' t  t u r n  o f f  . D i f f i c u l t y  

a l s o  occured d u r i n g  t h e  c o l d  s t a r t  at tempts o f  t h e  e lec t ron i cs .  The t e s t  had 

t o  be stopped t o  c o r r e c t  these problems and then res ta r ted .  However, f u r t h e r  
d i f f i c u l t i e s  arose w i t h  t h e  opera t ion  o f  t h e  mini-CPL experiment i t s e l f ,  and 

w i t h  t h e  understanding o f  i t s  c a p a b i l i t i e s  and l i m i t a t i o n s .  The planned 

operat ional  p r o f i l e  as proposed by t h e  OAO Corporat ion ( re fe rence 4 )  s t a r t e d  
out w i t h  low power on t h e  pumps (25 wat ts  each), w i t h  25 wat t  step increses t o  
100 watts each a t  t h e  end o f  45 minutes. When t h i s  power p r o f i l e  was t r i e d ,  

t h e  evaporator pumps deprimed soon a f t e r  s ta r tup  and would no longer c a r r y  the  
app l ied  heat load, as evidenced by a sudden r i s e  i n  t h e i r  temperature. 

Several o ther  s ta r tup  o r  p r im ing  techniques were t r i e d ,  b u t  none were e n t i r e l y  

Problems were 

successful .  

abandoned due t o  t h e  h igh  costs  o f  t h e  thermal vacuum f a c i l i t y  and schedule 

con f 1 i c t s  w i  t h o ther  experiments . 
A f t e r  two weeks i n  t h e  thermal vacuum chamber, t e s t i n g  was 

A low cost  f unc t i ona l  t e s t  setup was then pursued so t h a t  t h e  mini-CPL cou ld  
be f u r t h e r  evaluated " a t  l e i s u r e " .  

f unc t i ona l  t e s t  setup. The GAS conta iner  was again o r i en ted  upside-down, b u t  

now the  GAS top  p l a t e  res ted  on a cont inuous ly  cooled c o l d  p l a t e  t h a t  removed 
t h e  heat from t h e  experiment v i a  conduct ion.  Th is  prov ided more t e s t  t ime  

s ince t h e  top  p l a t e  cooled down i n  a couple o f  hours w i t h  t h i s  setup as 

compared t o  6-10 hours f o r  t h e  thermal vacuum t e s t  setup. Al though t h i s  setup 

was no t  a r e a l i s t i c  s imu la t i on  o f  t h e  S h u t t l e  environment, i t  d i d  a l l o w  f o r  
low cost f unc t i ona l  t e s t i n g  i n  our own laboratory .  

Reference t o  F igure  6 revea ls  t h e  

The func t i ona l  t e s t i n g  s t a r t e d  w i t h  l i t t l e  more success than t h e  thermal 
vacuum t e s t i n g .  The r e s e r v o i r  d i d  no t  have enough heater  power t o  ma in ta in  
t h e  system temperature du r ing  c o l d  s ta r tup ,  thus lead ing  t o  f l o w  i n s t a b i l i t y  
i n  t h e  loop. Add i t iona l  heaters were added t o  reduce t h e  t r a n s i e n t  thermal 
e f f e c t s  on t h e  r e s e r v o i r  temperature. Although t h e  r e s e r v o i r  was indeed a 

problem, u n f o r t u n a t e l y  i t  wasn't t h e  o n l y  problem. The mini-CPL s t i l l  

encountered evaporator pump deprime d u r i n g  s t a r t u p  i n  many instances. 

Comparison w i t h  t h e  l a r g e r  ground system showed t h a t  t h e  lower power l e v e l s  
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used on t h e  mini-CPL had not  been t r i e d  on t h e  l a r g e r  u n i t .  

m i n i a t u r i z a t i o n  o f  t h e  system had .increased thermal " c ross ta l  kit between t h e  

var ious components o f  t h e  mini-CPL. 

p inpo in ted  t h e  s o l u t i o n  t o  t h e  s t a r t u p  problem. He suggested t h a t  t h e  f l u i d  

f l o w  r a t e  was very low a t  low power s ince t h e  pumps were designed t o  operate 

a t  power l e v e l s  o f  up t o  700 wat ts  each. The thermal and power 1 i m i t a t i o n s  o f  
t h e  GAS system forced t h e  110 wat t  pe r  pump l i m i t  on t h e  mini-CPL. 

f l o w  r a t e  was so low, heat was l e a k i n g  down the  i n l e t  tubes and pre-heat ing 

t h e  f l u i d  p r i o r  t o  e n t r y  t o  t h e  evaporator pumps. Th is  resu l ted  i n  vapor f l o w  

i n t o  t h e  pumps ins tead  o f  l i q u i d ,  thus  causing t h e  pumps t o  deprime. 

Furthermore, 

M r .  John Ripple o f  NASA/GSFC f i n a l l y  

Since t h e  

M r .  R ipp le ' s  s o l u t i o n  was t o  increase t h e  amount o f  heater  power t o  t h e  

evaporator pumps a t  s ta r tup  r a t h e r  than decrease i t , as convent ional  wisdom 

might suggest . The increase i n  power resu l ted  i n  an inc rease i n  f l o w  ra te ,  

thus  reducing t h e  amount o f  l i q u i d  pre-heat ing.  I n  o the r  words, i t  worked! 

This  new p o w r  p r o f i l e  was c a l l e d  t h e  "100 watt  zapp" ( f i g u r e  9 ) .  Rather than  

proceedeng through a gradual warm-up per iod,  t he  evaporator pumps are g iven 

t h e i r  maximum power l eve l  immediately. Add i t iona l  f unc t i ona l  t e s t i n g  showed 
t h a t  t h i s  h igher  power l e v e l  can be maintained i n d e f i n i t e l y ,  prov ided t h a t  

adequate cool i n g  o f  t h e  condenser can be maintained. Lower power opera t ion  o f  

t h e  mini-CPL would r e q u i r e  redesign and i s o l a t i o n  o f  t h e  f l u i d  i n l e t  tubes on 

t h e  evaporator pumps. 

The func t i ona l  t e s t i n g  cont inued f o r  a t o t a l  run t ime  o f  approximately 8 

weeks, Add i t iona l  power p r o f i l e s  were developed and f l  i g h t  s imu la t ions  were 

conducted. 

experiments deal i n g  w i t h  new systems and technology development 

The value o f  t e s t i n g  cannot be overstated, e s p e c i a l l y  i n  

CPL-GAS FLIGHT 

The miss ion p r o f i l e  f o r  t he  CPL was es tab l i shed based on t h e  s h u t t l e  bay-Earth 

thermal environment, s ince  t h i s  i s  t h e  pr imary o r i e n t a t i o n  f o r  most s h u t t l e  

missions. 
fo l lowed by a cooldown per iod,  as p rev ious l y  descr ibed i n  t h e  t e s t i n g  sect ion.  

The f i r s t  power cyc le  ( f i g u r e  9 )  was i n i t i a t e d  fou r  hours a f t e r  payload 

Each p o w r  cyc le  cons is t s  o f  an experiment heater  on pe r iod  
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a c t i v a t i o n .  The de lay  was b u i l t  i n  t o  a l l o w  t h e  b a t t e r y  t o  heat up, i f  i t s  

temperature was below O O C ,  s ince  i t s  capac i ty  s i g n i f i c a n t l y  degrades below 

OOC. Nine hour cooldown t imes were a l l o t e d  b e t w e n  t h e  cyc les,  which prov ided 

ample thermal margin above t h e  p r e d i c t e d  nominal requirement. The m a j o r i t y  o f  
t h e  p o w r  cyc les  were t h e  100 wat t  zapp, w i t h  o ther  types o f  cyc les  

In terspersed,  f o r  a t o t a l  o f  13 cyc les  i n  a 120 hour per iod .  The o ther  power 

cyc les inc luded heat shar ing (power i n  one evaporator pump o n l y ) ,  power 

stepdown p r o f i l e s ,  l ow  power steady-state,  and induced deprime ( i n t e n t i o n a l  

deprime o f  one o f  t h e  pumps w i t h  i n l e t  heaters) .  

Experiment Sequencing was accompl i shed w i t h  the  use o f  an e l e c t r o n i c  c l  ock and 

a pre-programmed hardwired memory. 

ROM b u i l t  by t h e  H a r r i s  Corporat ion t o  m i l i t a r y  s p e c i f i c a t i o n s .  

The memory was a b i - p o l a r  f u s i b l e  l i n k  8K 

Experiment 

da ta  was w r i t t e n  onto a lockhead tape recorder  t h a t  i s  contained i n  t h e  l a r g e r  

e l e c t r o n i c s  box. The da ta  inc ludes  the rm is to r  readings, experiment heater  

power l eve l s ,  b a t t e r y  and c a l i b r a t i o n  voltages, and command s ta tus .  The da ta  

was taken a t  approximately one minute i n t e r v a l s .  

was b u i l t  by TS Infosystems Incorporated, and t h e  command sequencing and da ta  

storage system was b u i l t  by I T E  Incorporated. 

The f i r s t  f l i g h t  o f  t h e  CPL-GAS experiment occurred i n  A p r i l  1985 on STS-51D. 

Unfor tunate ly ,  t h e  GAS b a t t e r i e s  t h a t  actuate t h e  r e l a y  t o  a c t i v a t e  t h e  

experiment f a i l e d ,  so the  CPL could no t  be turned on du r ing  f l i g h t .  The 

f a i l u r e  was apparent ly  due t o  a bad batch o f  b a t t e r i e s  t h a t  f a i l e d  under a 
combination o f  vacuum and c o l d  temperatures, even though they  had passed 

q u a l i f i c a t i o n  t e s t i n g .  

t h e  b a t t e r i e s  i n  a he rmet i ca l l y  sealed box; a f i x  t h a t  w i l l  be incorpora ted  i n  

f u t u r e  GAS and SPARTAN f l  i gh ts .  

a v a i l a b l e  on STS-51G i n  June, 1985. 

s a t i s f a c t o r i l y ,  and we had a very successful  experiment. The mini-CPL 

operated f o r  t h e  planned 120 hours and 13 power cyc les  were run. The 

experiment worked even b e t t e r  than expected; a l l  o f  t h e  power p r o f i l e s  worked, 

even the  low power c y c l e  t h a t  wouldn ' t  work on t h e  ground. As o f  t h i s  

wr i t i ng ,  t h e  da ta  i s  be ing reduced and w i l l  be made a v a i l a b l e  i n  l a t e r  repor ts .  

The da ta  c o l l e c t i o n  system 

The GAS p r o j e c t  has solved t h e  problem by enc los ing  

For tunate ly ,  a r e f 1  i g h t  oppor tun i ty  was 

On t h i s  f l i g h t  t h e  GAS re lays  operated 
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CONC LUS IONS 

One o f  t h e  impor tan t  aspects o f  any p r o j e c t  dea ls  wi th how i t  i s  

presented--publ ic r e l a t i o n s .  It was suggested by Mr.  John Krehbiel  o f  GSFC 

t h a t  a logo should be designed f o r  our  two-phase technology deve opment 
program. A logo des ign contest  was sponsored w i t h i n  t h e  Thermal Engineer ing 

branch a t  GSFC, and t h e  winning e n t r y  i s  shown i n  F igure  10. Th s e n t r y  was 
submit ted by Mathew J a r r e l l ,  a h igh  school student whose fa the r ,  B i l l  J a r r e l l ,  
works f o r  t h e  NASA/GSFC thermal branch. Decals o f  t h e  logo w i l l  be made and 

d i s t r i b u t e d  t o  a1 1 i n t e r e s t e d  p a r t i e s .  

Future p lans f o r  t h e  two-phase f l o w  heat t r a n s f e r  p r o j e c t  i nc lude  f o u r  more 
s h u t t l e  f l i g h t  experiments over t h e  nex t  t h ree  years. 

December, 1985 w i l l  be a r e f l i g h t  o f  t h e  mini-CPL on t h e  Hi tchhiker-G c a r r i e r  
system. It w i l l  again be loca ted  i n  a GAS conta iner ,  b u t  power and r e a l  t ime  

data and command c a p a b i l i t y  w i l l  be a v a i l a b l e  from t h e  STS. Th is  w i l l  a l l o w  
f o r  h igher  experiment power l e v e l s  (up t o  800 wat ts)  and c o n t r o l  o f  t h e  

experiment du r ing  t h e  f l i g h t .  A s p e c i a l l y  designed 140 pound GAS conta iner  
top  p l a t e  w i l l  be used t o  absorb t h e  l a r g e  power d i s s i p a t i o n s  from the  CPL. 

The new t o p  p l  a te  as we1 1 as the  GAS conta iner  w i  11 no t  be i n s u l  ated i n  o rder  
t o  enhance t h e  heat r e j e c t i o n  c a p a b i l i t y  o f  the  GAS system. The GAS conta iner  

w i l l  be pa in ted  white,  w h i l e  t h e  t o p  p l a t e  w i l l  be coated w i t h  s i l v e r  t e f l o n  

tape. 

The next f l i g h t  i n  

The mission p r o f i l e  w i l l  resemble t h a t  used f o r  t h e  CPL-GAS, wi th  sho r t  30 

minute power cyc les  fo l lowed by longer  cooldown times. 

version o f  t h e  CPL w i l l  be f lown i n  December, 1986. It w i l l  have a l a r g e  100 
square f o o t  r a d i a t o r  t h a t  w i l l  a l l o w  f o r  continuous opera t ion  of  t h e  

experiment a t  a 1000 wat t  power l e v e l .  

A l a rge r ,  f u l l - s c a l e  

A Pumped Two-Phase system (PTP) i s  a l s o  being developed t h a t  uses a small 

mechanical pump ins tead o f  c a p i l l a r y  pumps t o  t ranspor t  t h e  two-phase working 

f l u i d .  A H i t c h h i k e r  f l i g h t  i s  planned f o r  July,  1986 f o r  t h e  f i r s t  f l i g h t  

demonstration o f  a PTP system. It w i l l  be fo l lowed by a l a r g e r  f u l l - s c a l e  

f l i g h t  experiment u t i l i z i n g  t h e  100 square foot  r a d i a t o r  i n  December, 1987. 
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What i s  t h e  purpose o f  a1 1 t h i s  development work on two-phase systems? 

11 dep ic t s  a proposed design of t h e  Space Sta t ion .  

h igh  capac i ty  heat t r a n s p o r t  systems t h a t  can c a r r y  tens  o f  k i l o w a t t s  o f  heat 

over d is tances  o f  tens  o f  meters o f  more. 

do the  j o b  unless 1 arge, massive, and c o s t l y  systems a r e  b u i l t .  Two-phase 

systems o f f e r  t h e  p o t e n t i a l  o f  do ing t h e  j o b  much more e f f i c i e n t l y  a t  a 

f r a c t i o n  o f  t h e  cost.  Th is  technology w i l l  undoubtedly be app l ied  i n  o ther  

areas as we1 1 
i t ' s  p o t e n t i a l .  

F igu re  

The Space S ta t i on  requ i res  

Present s i n g l e  phase loops cannot 

a f t e r  i t ' s  development matures and more people become aware of  
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Figure 1. Model of  a Capillary Pumped Heat Transfer Loop 
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Figure 2. Heat and Fluid Transport in CPL Evaporator 
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Figure 3 

GETAWAY SPECIAL CONTAINER' (GAS) 

Figure 4. Capillary Pump Priming Experiment in GAS Container 
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Figure 6 

250 



ORIGINAL 
OF POOR QUALITY 

T 
E 
M 
P 
E 
R 
A 
T 
IJ 
R 
E 

+30 

0 

-3 9 
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Figure 9. Cycle A (100 watt zapp) 

Figure 10 
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