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A dimens ion less  equation for  calculat ion of the h e a t - t r a n s f e r  r a t e  in the condenser  of a heat  
pipe is der ived  on the bas i s  of d imensional  ana lyses  of the fundamental  convect ive hea t -  
t r a n s f e r  equations.  The exper imenta l  r e su l t s  a r e  genera l ized .  

A ccording to the operating principle of a heat pipe its heat-transporting capability is determined by 
the hydrodynamics of the vapor and liquid flows as well as by the radial heat-transfer rate in the vaporizer 
and condenser, and the latter rate determines the temperature drop over the length of the pipe [I]. ]3e- 
sides the external heat-transfer conditions, the value of that temperature drop is also affected by the heat 
resistance of the pipe casing, the thermal conductivity of the wet wick, the temperature changes in phase 
transitions, etc. 

Whereas in the vaporization regime of the heat pipe its performance characteristics can be calcu- 
lated in the interval of moderate vapor pressures on the basis of a simple model taking into account only 
the thermal conductivity of the wet wick [2], in the boiling regime and at low vapor pressures the problem 
is greatly complicated by the enhanced role of the heat-transfer rate between the moving vapor and the 
liquid at the phase interface. 

We consider the heat-transfer process in a heat pipe condenser, using the fundamental convective 
heat-transfer equations. 

We assume that the motion of the liquid in the wick is one-dimensional and can be described by the 
Darcy relation for liquid flow in porous materials, whereupon the equations of motion, energy, and con- 
tinuity for the condenser assume the form 
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We reduce  these  equations to d imens ion less  form.  We adopt as the r e f e r e n c e  dimension the radius  
of the vapor  space ,  and as the r e f e r e n c e  veloci ty  the vapor  veloci ty  at the in te r face  between the two phases .  
Then 

r 2 
ltV,L =: WL ~(TL--tst)F~9 v 

U~, -- rW L (gLe:Fw) ~---' 
z (4) 

Reap= R:eap; z' -- 
Rv Rv 

Substituting express ions  (4) into Eqs.  (1), (2), and (3) and grouping the p a r a m e t e r s  into d imens ion less  
complexes ,  we find that the heat  t r a n s f e r  in the heat  pipe condenser  depends on the following fac to rs :  
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Inf luence of vapo r  p r e s s u r e  on h e a t - t r a n s f e r  r a t e  in hea t  pipe con-  
L = 470 m m ;  L c = 100 ram;  d = 19.5 ram;  A = StRe2/CK~ 

Fig.  2. Gene ra l i zed  expe r imen ta l  data on h e a t - t r a n s f e r  in hea t  pipe conden-  
s e r .  L = 470 m m ;  L c = 100 m m ;  d = 19.5 ram_; B = S tNn/CK~ t'3, whe re  
n = 0.833 for  Np > 1 . 1 - 1 0  -3 a n d n  = 0 . 4 8 f o r N p  <-1.1 -10-3. ~ 

S t= / (Re , . ;  N;~; K; PrL; Re--: p R% Fc ) 
�9 ' k : ~ F ~  ' ( 5 )  

where  R e r  = RvUw/uv  is the Reynolds  n u m b e r ,  Np = m a / P v R  v is a d i m e n s i o n l e s s  comp lex  c h a r a c t e r i z i n g  
the ra t io  of the s u r f a c e  t ens ion  f o r c e s  and p r e s s u r e  f o r c e s ,  m is the  f o r m  f a c t o r  of the l iquid m e n i s c u s ,  
K = [r /cpL(t 'L-- tsCt  )] is the  Kuta te ladze  number ,  St = a / C p L P L W  L is the  Stanton number ,  P r  L = vL/a 
is  the  P rand t l  n u m b e r ,  and a = [Q/Fc(t" L --tsCt )] is the  h e a t - t r a n s f e r  coef f ic ien t  in the  c o n d e n s e r .  

An ana lys i s  of e x p r e s s i o n  (5) shows that  the  hea t  t r a n s f e r  in the c o n d e n s e r  is a f fec ted  by the  t h e r -  
ma l  power  t r a n s p o r t e d  by the  pipe,  the  vapo r  p r e s s u r e  at which that  power  is t r a n s p o r t e d ,  the phys i ca l  
p r o p e r t i e s  of the work ing  liquid, and the  g e o m e t r y  of the  hea t  pipe and wick.  

On the  bas i s  of  a ge ne ra l i z a t i on  of the expe r imen ta l  data  on h e a t - t r a n s f e r  in hea t  pipe c o n d e n s e r s  
with wa te r  and a lcohol  as  the  h e a t - t r a n s f e r  agents  we obtain the fol lowing equat ion re l a t ing  the d i m e n s i o n -  
l e s s  complexes  involved in Eq. (5): 

St N~ Re r := CK ~ Pr  ' '3, (6) 

whe re  n = 0,48 fo r  Np < 1.1 �9 10 -3 and n = 0,833 fo r  Np > 1.1 �9 10 -3, and C is a cons tan t  inc luding the  g e o -  
m e t r i c a l  c h a r a c t e r i s t i c s  of the hea t  pipe and wick, f r o m  (5). The phys ica l  cons tan t s  of the  work ing  liquid 
w e r e  d e t e r m i n e d  fo r  the  ca lcu la t ion  of the  c r i t e r i a  f r o m  the  midpoin t  be tween the  vapor  t e m p e r a t u r e  and 
the t e m p e r a t u r e  of the c o n s e n s e r  wall .  The  hea t  of vapo r i za t i on  and s u r f a c e  tens ion  of the l iquid w e r e  de-  
t e r m i n e d  f rom the  vapo r  t e m p e r a t u r e .  

The inf luence of the v a p o r  p r e s s u r e  on the h e a t - t r a n s f e r  r a t e  in the c o n d e n s e r  is shown in Fig.  1. 

As the  figu're ind ica tes ,  the h e a t - t r a n s f e r  r a t e  in the c o n d e n s e r  changes  abrupt ly  fo r  Np = 1.1 �9 10 -3, 
which c o r r e s p o n d s  to a v a p o r  p r e s s u r e  of 0.11 �9 10 s N / m  2. This change is e l ic i ted  by the fact  that  as  the  
vapor  p r e s s u r e  is r e duc e d  the  v a p o r  condensa t ion  coeff ic ient  d e c r e a s e s  and the  hea t  r e s i s t a n c e  of the 
phase  t r ans i t i on  i n c r e a s e s :  

Rw-- tv - -  t s u r ,  
q 

where 

Q 
q = - -  (7) 

~ d ~ e  

F igu re  2 g ives  g e n e r a l i z e d  expe r imen ta l  data  on the hea t  t r a n s f e r  in the  c o n d e n s e r  of a hea t  pipe 
with a d i a m e t e r  of 19 .5 /0 .25  ram.  The tota l  length of the  pipe is 470 ram,  and length of the  c o n d e n s e r  is 
100 ram,  and the  d i a m e t e r  of the v a p o r  duct  is 17.7 ram.  

The wick, which is  c o m p o s e d  of  t h r e e  l a y e r s  of b r a s s  s c r e e n  with a m e s h  of 0.2 ram,  has  a th ickness  
of 0.65 m m  and a p e r m e a b i l i t y  of 2.02 �9 10 -1~ ram.  
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The solid line in Fig. 2 co r re sponds  to Eq. (6), and the dashed curves  del imit  the in terva l  in which 
the deviat ion of the exper imenta l  data f rom the analyt ical  dependence does not exceed 20%. 

NOTATION 

P is the p r e s s u r e ,  N/m2; 
is the su r f ace  tension,  N / m ;  

z is the axial  coordinate ,  m;  
R is the radius ;  
f~ is the v i scos i ty ,  N �9 sec /m2;  
k is the pe rmeab i l i ty ,  m2; 
p is the densi ty,  kg/m3; 
W is the axial velocity,  m / s e c ;  
i is the enthalpy, J /kg ;  

is the poros i ty ;  
F is the a r e a ,  m2; 
L is the length, m;  
G is the m a s s  flow r a t e  a c r o s s  unit a r ea ,  kg/m2sec;  
r is the heat  of vapor iza t ion,  J /kg ;  
Cp is the spec i f ic  heat ,  J / k g .  ~ 
t is the t e m p e r a t u r e ,  ~ 
Q is the heat  flux, W; 
U is the radia l  veloci ty,  m / s e c ;  
d is the d i ame te r .  

Subscripts and Superscripts 

L refers to the liquid; 
v refers to the vapor; 
sur refers to the surface; 
W refers to the wick; 
cap refers to the capillary; 
c refers to the condenser; 
w refers to the liquid--vapor interface. 
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