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An experimental  heat pipe for  spacecraf t  t empera ture  control sys tems has been tested 
in a space environment.  The resul ts  of the tes t  a re  described.  

In recent  yea r s  various branches of technology have begun to make widespread use of heat pipes (HP) 
because of their  unique proper t ies  of high thermal  conductivity and functional flexibility [1-3]. 

Low-tempera ture  capil lary HP (working tempera ture  range up to 40O~ are a promising means of 
regulating the thermal  environment of spacecraf t .  The United States technical  press  has reported the suc-  
cessful  testing of HP under space conditions. Thus,  for example,  in the ATS-E they were used to cool and 
equalize the t empera tu re  of solar  panels with the object of increas ing their  efficiency and prolonging their  
life; in the GEO-B satelli te they were used for  controlling the tempera ture  of the radio responders ;  and in 
the OAO-C orbiting as t ronomical  observatory,  for equalizing the tempera ture  field of the s t ruc tura l  elements.  

There is now an extensive l i te ra ture ,  Soviet and foreign,  on theoret ical  and experimental  HP re sea rch  
[4-6]~ However,  their  prac t ica l  construct ion and application in spacecraf t  involve cer tain difficulties. These 
are  largely associated with the lack of comparat ive experimental  data on the operation of HP in conditions of 
weightlessness and on their  expected life in a space environment;  questions also remain with regard  to the 
compatibil i ty of s t ruc tura l  mater ia ls  and hea t - t r ans fe r  agents ,  etc. 

The present  ful l -scale  experiment  on HP per formance  in conditions of weightlessness was ca r r i ed  out 
to provide experimental  data for the development of HP for spacecraf t  t empera ture  control  sys tems .  For  
this purpose we used a satelli te of the "Interkosmos" s e r i e s ,  which imposed cer tain constraints  on the power 
and s i z e - w e i g h t  charac te r i s t i cs  of the tes t  pipe, as well as on the te lemetry  sys tem.  

The principal  design data for  the heat pipe, intended for  spacecraf t  body tempera tu re  equalization, were 
as follows: range of operating t empera tu res  T c --  5 to + 50~ heat flux t ransmit ted at given heat-pipe length 
and tempera ture  difference P = 10 W for  a drop of up to 5~ heat flux density in heating and cooling sections q 
up to 0.25 W/cm 2. 

Thus it is possible to test  the per formance  and heat conduction charac te r i s t i cs  of such a heat pipe under 
field conditions by ensuring that a heat flux of given power is supplied to the evaporator  section and removed 
f rom the condenser  section and checking the tempera ture  of these sections.  For  compar ison purposes a model 
should be exposed to s imi la r  conditions. This model should be s t ructura l ly  s imi lar  {geometry, material)  to 
the test  pipe but not supplied with heat t r ans fe r  agent. In this case a comparat ive est imate of the temperature  
drops for the heat pipe and the model will give a good idea of the efficiency of the heat pipe. 

In view of the balanced satelli te power sys tem and the fact that "Interkosmos 11" was oriented toward 
the sun, for  the purposes  of the experiment  it was considered desirable  to use so lar  heat energy.  

The test  specimen (heat-pipe unit) consisted of two autonomous assembl ies :  the heat pipe and the com-  
par ison pipe (model). 

The compar ison  pipe was assembled in the same way as the test  pipe, except that the heat t r ans fe r  agent 
was omitted. 
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Fig. 1. Details of heat-pipe construction:  1) heat pipe; 2) col lec-  
tor ;  3) radia tor ;  4} fi l ler;  5) t empera tu re  sensors;  6) thermal  in- 
sulation; 7) col lec tor  fins; 8) radia tor  fins; 9 )hea t - insu ta t ing inser t s .  

The heat-pipe assembly  compr i sed  (Fig. 1): the heatpipe proper  1, the col lector  2, the radiator  3, the 
f i l ler  4, t empera tu re  sensors  5 (two), and thermal  insulation 6. 

The body of the heat pipe was made of a 12 x 1 tube, 730 m m  long, of AMg-3-M aluminum alloy. The 
capi l lary s t ruc ture  was  formed by a ser ies  of cyl indr ical  corrugated inser ts  {corrugations paral le l  to the 
axis). These inser t s  were made f rom steel  s tr ip (Cr18Ni10Ti-M) 0.2 mm thick. 

As the hea t - t r ans fe r  agent we used Freon-11 with the solid impuri t ies  removed (12.5 cm ~, volume of 
liquid at 20~ dosing accuracy  • After being filled, the heat pipe was sealed by soldering up the fi l ler  
tube with PSr-72 solder  and setting the fi l ler  plug in AK-20A adhesive. 

The col lec tor ,  designed to collect  so la r  heat energy and supply it to the heat pipe, took the form of a 
flat rhombic panel of AMg-6-B-M aluminum alloy (3-mm sheet). Its heat-absorbing surface was coated with 
AK-512 black enamel ,  and fins 7, for  improving the heat t r ans fe r  to the heat pipe, were welded to the back. 

The rad ia tor ,  designed to remove f rom the heat pipe the heat flux t ransmit ted  by the col lector  and to 
radiate it into space,  was a flat disk of AMg-6-B-M aluminum alloy (3-ram sheet). Its radiating surface was 
coated with AK-512 white enamel ,  and, like the col lec tor ,  it had fins 8 welded to the back to improve the heat 
t r ans fe r .  

The a reas  of the coated col lector  and radia tor  sur faces  were,  respectively,  calculated to absorb 10 W of 
so lar  radiant flux and radiate it into space.  

Thermal  contact between the col lec tor  and radia tor  with the body of the heat pipe was achieved on pipe 
sect ions each 130 mm tong. 

The uncoated surfaces  of the col lec tor  and radia tor  and the surface of the heat pipe were covered with 
vacuum-sc reen  thermal  insulation. 

The t empera tu re  sensors  (resistance the rmomete rs )  were mounted on the col lector  and radiator  surfaces  
under the thermal  insulation. 

The heat pipe and the compar ison  pipe were mounted outside the sealed satelli te compar tment  (Fig. 2) in 
such a way that in orbi tal  flight the coated sur faces  of the co l lec tors  were exposed to di rect  sunlight and se rved  
as heaters ;  the coated sur faces  of the radia tors  were oriented in a plane para l le l  to the sun 's  rays  and radiated 
the heat flux t ransmi t ted  to them f rom the co l lec tors .  

In o rde r  to reduce conductive heat t r ans fe r  between the test  objects and the s t ruc ture  of the satel l i te ,  
foam-plas t ic  insulation 9 was incorporated  in the supporting brackets  (Fig. 1). 

The tempera ture  sensors  were connected to the memory  of the satellite radiote lemetry  sys tem.  

Ground testing of the heat-pipe unit (HPU) included a check on its functioning under simulated operating 
conditions. This involved tl~e determination of the thermal  per formance  of the heat pipe and compar ison pipe 
at various col lec tor  powers (0, 10, and 20 W)and  various initial t empera tu res  ( - -5 ,  +20, and +50~ 

1402 



5 

Fig.  2. Mounting of heat-pipe unit: 
1) heat pipe; 2) compar ison pipe; 
3) col lectors ;  4) radia tors ;  5) in- 
s t rument  platform; 6~ satellRe. 

The tests  were ca r r i ed  out in a 2 -m 3 p r e s s u r e  chamber  equipped with: 

a) a two-s tage vacuum pump sys tem capable of creat ing and mainta ininga vacuum of 2 .10  -5 mm Hg; 

b) a p r e s s u r e  monitoring sys tem;  

c) a sys tem for  supplying a specified heat flux to the col lector ,  compris ing a res is tance  heater ,  a 
variable power supply, switching elements,  and a sys tem for  measur ing  t h e h e a t e r p o w e r  input; 

d) a sys tem for  removing heat f rom the radia tor ,  compris ing a l iquid-nitrogen-cooled sc reen  and a 
l iquid-nitrogen supply sys tem;  

e) a t empera tu re  measur ing sys tem,  compris ing Chromel--Copel  thermocouples ,  automatic recording 
potent iometers ,  and corresponding measuring" lines; 

f) a special  device for  adjusting the position of the test  object in the p re s su re  chamber  (difference in 
end levels not more  than 1 ram) and for  adjusting the position of the l iquid-nitrogen-cooled sc reen  
relat ive to the emitting surface of the radiator .  

The required initial t empera ture  was obtained by blowing preheated or  precooled a i r ,  f rom which the 
oil and dust had been removed,  ove r  the test  object. 

The experimental  resul ts  are  summar ized  in Table 1. An analysis  of these resul ts  showed that on 
the given range of operating tempera tures  the heat pipe will t ransmi t  a heat flux of up to 20 W at a tempera ture  
drop along its length (measured at the points where the pipe enters  the radiator  and the collector) of not more 
than 2-3~ which corresponds  to the design cha rac te r i s t i c s ,  whereas  for the compar ison pipe the drop was 
up to 67~ There  are  considerable tempera ture  drops on the col lector--pipe and radia tor--pipe  body sect ions,  
totaling up to 25~ for  the heat pipe and up to 102~ for the compar ison pipe. 

Telemetr ic  information concerning the functioning of the HPU forming part  of the orbiting satellite "In- 
t e r k o s m o s - l l "  was analyzed during the launch period f rom May 17, 1974 to October  1, 1974. 

During this period the maximum co l l ec to r - - rad ia to r  tempera ture  drops were 31.5~ for  the heat pipe and 
125~ for the compar ison  pipe, which c lear ly  i l lustrates  the efficiency of the heat pipe and is in quite good 
agreement  with the ground test  data in near -s teady  regimes .  

The minimum co l lec to r - - rad ia to r  t empera ture  drop recorded  for  the heat pipe was 1~ in this case the 
corresponding figure for  the compar ison pipe was 49~ 

The maximum co l l ec to r - - rad ia to r  t empera ture  drops for  the heat pipe at the beginning and the end of the 
ground tes ts  were pract ica l ly  the same (31 and 31.5~ respect ively) .  
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T A B L E  1 .  T e s t  R e s u l t s  

T e s t  c o n d i t i o n s  O b j e c t  oTd" T d' T~-~T3, T,•Tc4, 

Tc=20 ~ 
P=10.2 W 

Tc=--5=C 
P=10.2 W 

Te=50 ~ 
P=I0.3 w 

HP 
CM 

HP 
CM 
HP 
CM 

HP 
CM 
HP 
CM 

CM 

36 27 
73 53 

30 ~ 
72 

40 33 
76 58 

53 -- 
93 -- 
42 -- 
75 
14 -- 
35 
58 
95 
4O 
80 -- 

~ ~, 

16 
---54 --11 

2012 I 1 --27 

~ 24 
--12 

- -  13  
--14 
_32 

29 
- -  - - 3  

2 
55 

20 
84 

19 
99 

19 
82 

23 
102 
18 
87 

1 
49 
26 

104 
11 
83 

Thus  a c o m p a r a t i v e  a n a l y s i s  of the  r e s u l t s  of  t e s t i n g  an e x p e r i m e n t a l  hea t  p ipe  f o r  s p a c e c r a f t  t e m p e r -  
a t u r e  c o n t r o l  s y s t e m s  in a p r e s s u r e  c h a m b e r  and on the  " I n t e r k o s m o s - l l "  s a t e l l i t e  has  c o n f i r m e d  i t s  e f f e c -  

t i v e n e s s  u n d e r  cond i t ions  of w e i g h t l e s s n e s s .  The  h e a t - t r a n s f e r  c h a r a c t e r i s t i c s  of the  hea t  pipe t e s t e d  unde r  

cond i t ions  of  w e i g h t l e s s n e s s  a r e  s i m i l a r  to t hose  ob ta ined  in  g round  t e s t s ;  no d e t e r i o r a t i o n  was noted in the  

c o u r s e  of 4 .5  mon ths  o p e r a t i o n  in  s p a c e .  

NOTATION 

T ,  t e m p e r a t u r e ,  ~ T 2 - -  T 3, T 1 - -  T 4, t e m p e r a t u r e  d rops  along hea t  p ipe  be tween  c o l l e c t o r  and r a d i a -  

t o r  i n l e t s  and be tween  c o l l e c t o r  and r a d i a t o r ,  r e s p e c t i v e l y  , ~ T c ,  a m b i e n t  t e m p e r a t u r e ,  ~ P ,  hea t  f lux 

t r a n s p o r t e d  by h e a t  p ipe ,  W; q ,  hea t  f lux d e n s i t y ,  W/cm2;  HP ,  heat  p ipe;  CM,  c o m p a r i s o n  m o d e l .  
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