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The design of a heat pipe with separate channels for vapor and liquid, ensuring high heat 
flux densit ies for any orientation in the gravitational field, is d iscussed.  

Exist ing designs of heat pipes with separate channels [1] present  the same high hydraulic res is tance  
to the fluid as ordinary heat pipes. 

An increase  in the length of the heat pipe, especial ly for work in the gravitational field, where the 
evaporator  is above the condenser ,  leads to a considerable reduction of the heat flux density.  

The case where heat is t r ans fe r red  in the direction of the gravitational field is  a special one -- in ad-  
dition to the usual fr ict ional hydraulic res i s tance ,  there is the loss incurred on overcoming the hydrostat ic  
p re s su re  of the liquid column. It is impossible to reduce this loss in existing designs of heat pipes.  

Hence, the optimum diameter  of the capi l la ry-porous  channels of heat pipes t r ans fe r r ing  heat over 
large dis tances in the direction of the gravitational field is very small (of the order  of a few microns  or 
f ract ions  of a micron),  and the pumping power of the wick is very  low. 

The main method of increasing the hea t - t r ans fe r r ing  proper t ies  of long heat pipes (50 cm or more) 
is reduction of the frictional res is tance  of the liquid without al ter ing the difference of capi l la ry  p r e s su re s  
corresponding to the optimum pore diameter  in the evaporator  as,  for instance, is the case in a r te r ia l  
heat pipes [2]. The possibili ty of using such heat pipes at negative angles of inclination, however,  is very  
limited [3]. At negative angles of inclination an increase in the pumping power of the wick and, hence, in 
the heat flux density can be achieved by reduction of the path of the working fluid through the cap i l l a ry-  
porous mater ia l ,  i . e . ,  reduction of the length of the wick and separation of the channels for vapor and 
liquid. 

We present  (Fig. 1) a design for a very long heat pipe capable of operating at any angle in the g rav i -  
tational field. There is no wick in the heat flow section, and a capi l la ry-porous  packing is present  only in 
the evaporator  and condenser,  or only in the evapora tor .  

All the parts  of the body of the heat pipe are  made of 0.3 mm thick stainIess steel.. The packing 2, 
100 mm long and 25 mm in diameter ,  consis ts  of f ine-pored nickel and fits tightly in the evaporator  easing.  
The open porosi ty  of this packing is 62%. In the evaporation zone, close to the heating surface,  the evapo-  
ra to r  has 16 vapor channels 2.5 mm in diameter  (section A - -A) .  There is a compensation cavity 7 in the 
packing on the liquid-feed side. 

The diameter  of the vapor channel 5 var ies :  In the region of the evaporator  it is 10 ram, and over 
the r e s t  of the length it is 5 ram. 

The diameter  of the liquid channel 6 is 3 mm.  The condenser 3 is 80 mm tong and has an outer d iam-  
eter  of 20 turn. The packing 4 of the condenser consists  of several  layers  of nickel gauze with mesh size 
0. 125 ram, 

S, M. Kirov Ural Polytechnic Institute, Sverdlovsk.  Translated from tnzhenerno-Fiz icheski i  Zhur -  
hal, Vol. 28, No. 6, pp. 957-960, June, 1975. Original ar t icle  submitted June 6, 1974. 

01976 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

683 



U I 
J 

/ 

/ 
/ 

/ 
80 /00 t~ 

Fig.  1 F ig .  2 

F ig .  I .  D iag ram of heat  pipe: 1) evapora to r ;  2) evapora to r  wick; 
3) condenser ;  4) condenser  wick; 5) vapor  channel; 6) liquid channel; 
7) compensat ion  cavity;  8) connecting b ranch .  

Fig .  2. Plot  of heat  flux q, W / c m  2, against  evapora to r  t e m p e r a t u r e  
t e, ~ 

The condenser  has a connecting branch  8 for  evacuat ion of the tube, filling it with the working fluid, 
and for  final seal ing-off .  The total  l eng thof the  tube (the dis tance between opposite ends of the evapora to r  
and condenser)  is 120 c m .  The heat  pipe is filled with the working fluid to the level  C - - C .  Thus, when 
the pipe is not in operat ion the wick in the evapora to r  is a lways in contact  with the working fluid and is  
sa tura ted  with i t .  

When the evapora to r  is heated the vapor  p r e s s u r e  d r ives  the liquid f r o m  the lower  pa r t  of the vapor  
channel and condenser  into the compensa t ion  cav i ty .  The volume of this cavi ty  mus t  be not l e s s  than the 
total volume of the pa r t  of the vapor  channel  and condenser  which becomes  f r ee  of working fluid under nomi -  
nal load.  

The condensate becomes  overheated as  it  moves  through the liquid channel.  The mos t  dangerous 
spot for boiling of the liquid is the compensat ion cavity,  where the encroachment  into the metas tab le  region 
is g r e a t e s t .  

If  the t e m p e r a t u r e  in the compensat ion cavity is above the pe rmi s s ib l e  level ,  the feed of liquid to the 
evapora to r  wick may be in ter rupted,  and the tube will cease  to opera te .  This undes i rab le  effect  can be p r e -  
vented by additional cooling of the working fluid a f te r  condensation, an inc rease  in the pe rmeab i l i ty  of the 
evapora to r  wick, and a reduct ion of i ts  t he rma l  conductivity.  If the heat  pipe opera tes  only at negative an-  
gles of inclination there  is no need for  a wick in the condenser .  

F igure  2 shows a plot of the axial  heat  flux densi ty in a ve r t i ca l  wa te r  heat  pipe against  the e v a p o r a -  
tor  t empe ra tu r e  te,  for  the case  where  the t e m p e r a t u r e  of the condenser  coolant is 35--40~ The ave rage  
c r o s s  sect ion of the pipe was used in the determinat ion of the heat  flux densi ty .  

The power t r a n s f e r r e d  by the heat  pipe was de termined f rom the amount of heat  taken f rom the con-  
denser  (Fig. 3). The loss  in the heat  flow path was ignored.  

The advantages  of a heat  pipe of this design a re :  
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Fig.  3. Tes t  setup for heat pipe: 1) evapora to r ;  
2) condenser ;  3) cooling jacket;  4) c o p p e r - C o n -  
s tantan thermocouple ;  5) different ia l  the rmocouples ;  
6) f lowmete r  with flow regula tor ;  7) t h e r m o s t a t  for  
cooling liquid. 

1) there  is no danger  of separa t ion  of the liquid column f r o m  the evapo ra to r  wick; 

2) the length (height) of the heat  pipe can be increased ,  other  cond i t i onsbe ingkep t the  s ame ,  by an 
[nc rease  in the degree  of useful  overhea t ing  of the working fluid; 

3) the size of the wick and the weight of the heat  pipe can be reduced;  

4) the vapor  does not r e a c t  with the liquid anywhere in the heat  flow section; 

5) fabr ica t ion  of wicks is s imple ,  and they can eas i ly  be fitted in the heat  pipe; 

6) the pipe can be f lexible (in the fo rm of a coil),  and the t r a n s m i s s i o n  of v ibra t ions  f r o m  one end 
to the other can be reduced;  

7) the heat  pipe can have any des i red  configuration; 

8) the vapor  and liquid channels  can be const ructed s epa ra t e ly  in a s s e m b l y  of the pipe; 

9) heating of the condensate  by the vapor  can be comple te ly  e l iminated and, [f n e c e s s a r y ,  the liquid 
can be fur ther  cooled a f t e r  condensation; 

10) it is ve ry  ea sy  to invest igate  the opera t ion  of the heat  pipe (measu remen t  of t e m p e r a t u r e s ,  liquid 
flow, p r e s s u r e  drops ,  independent invest igat ions of the opera t ion  of the e v a p o r a t o r  and condenser ,  
observa t ion  of the opera t ion of the vapor and liquid channels by cons t ruc t ing  them of t r a n s p a r e n t  
m a t e r i a l s ,  and so on); 

11) the design of the heat  pipe al lows para l l e l  operat ion of s eve ra l  e v a p o r a t o r s  on a common con-  
dense r  or one evapora to r  on seve ra l  condense r s .  

Inves t igat ions  showed that the heat  pipe can ope ra te  under  v ibra t ion  and s t i l l  work  a f t e r  heavy impac t s .  

P ipes  of this design m o r e  t h a n 2  m long-have been cons t ruc ted  and opera te  ef fec t ively  in a hor izon ta l  
posi t ion and at  negat ive angles  of inclination.  Heat  pipes of this design can be used to cool e lec t ronic  equip-  
ment ,  p r i m a r i l y  semiconductor  components .  
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