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Computation is c a r r i e d  out of  t h e r m a l  r e s i s t a n c e  in l o w - t e m p e r a t u r e  tubes with the effect  of  
the in te r re la t ion  between evapora to r  and condenser  on t h e r m a l  r e s i s t a n c e  taken into account.  

High values  of heat  fluxes and re l a t ive ly  sma l l  t e m p e r a t u r e  drops  a r e  a c h a r a c t e r i s t i c  fea ture  of  heat  
t r a n s m i s s i o n  in heat  tubes .  However ,  for  l o w - t e m p e r a t u r e  heat  tubes with liquids and cores  of low coeff i -  
c ients  of  t h e r m a l  conductivi ty,  the t e m p e r a t u r e  d i f ference  between the outer  su r f ace s  of the evapora to r  and of  
the condenser  may  prove  to be cons ide rab le  and should be taken into account in the design of s y s t e m s  using 
heat  tubes .  

If, following [1], one a s s u m e s  that  condensat ion takes  place  d i rec t ly  on the inner su r f ace  of the co re  and 
one neglec ts  the t h e r m a l  r e s i s t a n c e  of the phase  change and of the wal ls  of the heat  tube,  one can obtain in the 
one-d imens iona l  ca se  the following equation which governs  the heat  and m a s s  t r a n s f e r  in the condenser :  

where 

and the Pomexants  c r i t e r i on  is 

doe d~ec + A  c~  - = 0 ,  (1) 
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Oc= Tc y Ac - ]cp~ 

Poc - Q6 
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If the boundary  conditions 

d0c 
= POc for ~ = 0 and 0 c ~ 1 for 

d~ 

a r e  sa t i s f ied ,  then the solution of Eq. (1) is given by 

'- 2~ 
Oc = 1 - -  Po c ] /  -~c [(I)-1 (~/~lc) - -  r  (~ V~lc)]" 

In the above the e r r o r  in tegra l  'is given by 

x 

1 / -~  exp - - y .  at. 
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For  the outer  su r f ace  of the condenser  the value of  the t e m p e r a t u r e  is as follows: 

Oc.o==- 1 - -  P o c / ~ t 2 ~  (I)-~ (V~4c). 
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The equation for the evapora to r  is obtained under the assumption that the heat emiss ion by evaporat ion 
takes place f rom the sur face  of the core  and that the t em p e ra tu r e  field in the liquid flow which flows f rom the 
condenser  is given by the re la t ion  (3) and that it differs  f rom the t empera tu re  distr ibution along the core  
thickness of the evaporator .  This r e su l t s  in the inhomogeneous equation 

d~Oe _t_Ae~ d ~  - -a~-~- ~ + A.~% = &oo, (5) 

whose solution is sought for  the following boundary conditions: 

dO 
--  d--~- = P ~  for ~----0, 0 e=  1 for ~== 1. (6) 

In the above 

0 =  Te , A e -  ]cp6 , po e Q6 
Tsat bLe )~ef bL e L efTsat 

A par t icu lar  solution of the homogeneous equation associa ted  with the inhomogeneous one in (5) is 

 =oxpd : ) 
Following [2] the general  solution of Eq. (5) is obtained by 

0e = c,,~ + c ~  f ~ -  + ~ ~ 1 ! -  (f e~.a~) a~, 
2 Eq D~ Eq ~ 

in which one has for  the prob lem under considerat ion 

E --: exp ( - -  ~ ) , n = - -  AeOc. 

The constants C 1 and C 2 a re  given as follows: 

C ~ = e x p ( ~  -~) for ~ = 1 ,  C 2 = - - P o e  for ~ = 0 .  

By using the express ions  (3) for 0c the t em p e ra tu r e  in the evapora tor  co re  is found f rom (8) and is of 
the f o r m  

(7) 

(8) 

0e = 0.c+ Poe V'2,u(,~ ca + Ae ) exp [ \ ( - A ~  ~-e-) [(I)-1 (VJt c -t- Ae)-- (I)-1 (~" A c + Ae)]. (9) 

Then the t e mpe ra tu r e  of the outer  sur face  of the evapora tor  is 

V 2 : ( A c +  Ae) t l)_l(l /Ac+ Ae). (10) 0e.o= 0c.o+ Poe Ae 

The t empera tu re  drop between the outer  sur faces  of the evapora tor  and the condenser  is obtained f rom 
(10) and (4), namely,  

V 2~ (& + &) q)_, (VAo -+- ~). (11) Ao~ :: p %  At 

It can be seen f rom (11) that the t empe ra tu r e  drop can only be evaluated if the fluid flow found in the 
express ions  for A c and A e is known in the core  j and differs  from its highest possible value by the t r anspo r t a -  
t ion proper t i es  of the core  and of the fluid. The value of j is found f rom the heat-balance equation for the con-  
denser  

] (r -Jr- hsa t)  = Q @ Jh. (12) 

In the above h denotes the mean integral  value of the liquid enthalpy over  the co re  thickness ,  
8 

1 i TM ' c 
:= 8 o [hsat -~- p (Tc - -  Tsar)] dy. (13) 

0 

691 



After reorganizing by employing (3) and (13), as well as the expression for Ac, one obtains a t rans-  
cendental equation which determines uniquely the value of the liquid flow, namely, 

] = -Q-Q exp ( r  2bLc]CP6)~ef ). (14) 

'The transformations have been carr ied out under the assumption that the evaporator directly adjoins the 
condenser. In the case in which the evaporator and the condenser are separated by an adiabatic zone it is 
advisable when forming the equations for the evaporator that the temperature  of the liquid flowing into the 
evaporator be considered as equal to the mean integral value over the core  thickness in the condenser. In such 
case the computational relations can be obtained in the same way as above. 

N O T A T I O N  

hsat, liquid enthalpy at saturation temperature,  J /kg ;  Te, To, temperatures  in the cores of the evap- 
orator  and condenser, ~ Te. o , Tc.o, temperatures  of the outer surfaces of the evaporator and condenser, 
~ b, ~, width and thickness of the core,  m; Le, Lc, evaporator and condenser lengths, respectively,  m; Cp, 
heat capacity of liquid, J / k g .  ~ hef ,  effective thermal conductivity of core filled with liquid, W / r e .  ~ j, 
liquid flow in the core,  kg /sec ;  r ,  latent heat of vaporization, J /kg;  Q, loading of thermal tube, W. 
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