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Resu l t s  a r e  shown of a study concerning a heat  exchanger  pipe with Freon  as the act ive med ium.  
A re la t ion  has  been  es tab l i shed  which desc r ibe s  the effect  of the coolant  t e m p e r a t u r e  and of the 
pipe inclination on the heat  t r a n s f e r  capaci ty  of such a pipe.  

In high-temperature heat exchange piping known today, with liquid metals used as the heat carrier, the 
axial temperature drop during operation is generally small and of the order of a few degrees only [4, 5]. 
The heat transfer in the condensation zone here is usually radiative. In low-temperature piping with water, 
alcohol, ammonia, or any other low-conductivity high-viscosity cryogenic liquid used as the heat carrier 
the temperature drop in the condensation zone is often as high as a few tens of degrees. The reason for this 
is that the heat is removed from low-temperature piping either by convection while the cold liquid circu- 
lates through the condenser or by a phase transition (evaporation, fusion, sublimation, etc.), i.e., the ther- 
mal resistance at the outside condenser surface of low-temperature piping can be comparable to or lower 
than the thermal resistance of the phase transition zone in the vapor-liquid-wick (the wicksaturated with 
liquid) system. The conditions of an isothermal operation of heat exchanger piping depend on the model of 
heat transfer at the outside condenser surface. In [1-3] the temperature field was measured at the outside 
surface of heat exchanger pipes with low-boiling liquids as the heat carriers. Here the condenser surface 
on the heat exchanger side was immersed directly in the cooling liquid and, consequently, the temperature 
drop across the surface of the pipes could be taken as approximately equal to: 

AT= T~--T ,~  
L ' 

with L denoting the length of the t he rma l ly  insulated zone separa t ing  the cooler  and the evapora to r .  
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Fig.  1. Schemat ic  d i ag ram of the t e s t  appara tus :  1) heat  
exchanger  pipe; 2) vacuum insulation; 3) U-8 t he rmos t a t ;  
4) VSA-5 power  supply; 5) R-306 po ten t iomete r ;  6) VT-  
1A v a e u u m e t e r .  
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Tempera ture  distribution (r along the pipe 
(cm) with Freon-22:  1) ~ = +5"; 2) 0~ 3, 4) t empera -  
ture of the liquid inside the wick within the evapora -  
tion zone; 5, 6) t empera ture  of the vapor within the 
evaporation zone. Numbers at the curves  and the 
test  points indicate the power,  W. 

Experiments  had shown, however, that the tempera ture  of those heat exchanger pipes was a lmost  con-  
stant along most  of the distance between evaporator  and condenser  but changed rapidly at the condenser  
entrance section.  Thus, it is here where mos t  of the tempera ture  drop occur red .  

The purpose of our study was to establish the pecul iar i t ies  of the t empera tu re  distribution in the wick 
of a heat exchanger pipe equipped with a liquid cooler  in the condensation zone. Freon-22 and F r e o n - l l ,  
both low-conductivi ty and high-viscosi ty  liquids, were used as the heat c a r r i e r .  

The pipe was designed to the following specifications:  length 1 .8m, outside d iameter  19.5 ram, wall 
thickness 0.25 ram, mater ia l  s tainless  steel ,  inside the pipe was placed a wick of glass  wool 3.5 mm thick. 
This wick had the following charac te r i s t i c s :  minimum radius of meniscus Rmi n = 4 �9 10 -5 m, hydraulic drag 
coefficient K 1 = 0.25.1011 m 2. The tempera ture  was checked with eoppe r - cons t an t an  differential t he rmo-  
couples pasted to the pipe surface and with copper res i s tance  the rmomete r s ,  the la t ter  placed on the pipe 
surface and inside the wick within the evaporation as well as the condensation zone. Fur the rmore ,  the vapor 
t empera tu re  within the evaporation zone was also measured  with a the rmis to r .  In order  to eliminate any 
convective heat t r ans fe r  between the pipe surface  and the ambient medium, the pipe was placed inside an 
insulating vacuum layer .  The ra refac t ion  inside this vacuum jacket was maintained at 10 -4 m m  Hg. 

An overal l  view of the test  apparatus is shown in Fig. 1. The heat t r ans fe r  capaci ty of the pipe with 
various working liquids was calculated by the Cotter  formula  [4]: 

~PL  (d~- -  d ~) r' 
Q = 2~tL RITlintK 1 (1) 

Water  and ammonia were found to have the maximum heat t ransfer  capacity, while the Freons were 
found to t rans fe r  the smal les t  quantities of heat. Ammonia  has severa l  drawbacks,  however,  which make 
its use problemat ic .  It is toxic and requires  special  equipment, it also reacts  with cer tain metals .  Water 
is unsuitable at t empera tures  below zero .  We chose F r e o n - l l  and Freon-22 as the heat c a r r i e r s  in this 
experiment .  Formula  (1) yielded the following values for the maximum t ransmi t ted  thermal  power at 30~ 
Qmax = 1.75 W for F r e o n - l l  and Qmax = 1.26 W for Freon-22 .  These values r e f e r r ed  to the tempera ture  
of the insulation zone. It ought to be noted that the maximum transmit ted power increased as the operat ing 
t empera tu re  of the pipe dropped. Depending on that t empera ture ,  the thermal  flux radiated to the pipe s u r -  
face varied f rom 4 to 1.5 W. 

The tempera ture  distributions along the pipe are  shown in Fig. 2 for various levels of t ransmit ted 
power and for various angles of pipe inclination. The working liquid here was Freon-22.  A tempera ture  
of-25~C was maintained inside the condenser .  The tempera ture  drop near  the condenser  governed,  a lmost  
exclusively,  the entire t empera ture  drop along the t ranspor t  zone. 
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Fig.  3. Operating tempera ture  (~C) as a function of the power (W): 1) ~ = +5 ~ and F reon -  
22 as the working liquid; 2) ~ = +2 ~ and Freon-22;  3) ~ = 0 and Freon-22;  4) ~ = 0 ~ and 
F r e o n - l l ;  5) t empera ture  of the vapor within the evaporat ion zone. 

Fig.  4. Tempera tu re  drop along the t ranspor t  zone and operat ing tempera ture  of the pipe 
as functions of the condenser  t empera ture ,  ~C (working liquid Freon-22 and ~ = +5~ 1) 
operat ing tempera ture  of the pipe; 2) t empera ture  drop along the t ranspor t  zone. 

Empir ica l  curves  which re la te  the operat ing tempera ture  of the pipe to the supplied power are  shown 
in Fig. 3 for Freon-11  and Freon-22 in the pipe respect ively .  The maximum power t ransmit ted  by the pipe 
in a horizontal  position was 15 W, i.e.,  a lmost  10 t imes higher  than according to the Cotter  formula.  

The vapor t empera tu re  and the t empera tu res  measured  at severaI  points on the pipe sur face  were al[ 
close with the pipe inclined at a positive angle. 

When the pipe operated in a horizontal  position (~ = 0), the vapor of the working liquid superheated 
considerably  above the wall t empera ture .  This excess  was as high as 10~C. 

The operating tempera ture  of the pipe and the tempera ture  drop along the t ranspor t  zone are  shown 
in F ig .4  as functions of the coolant tempera ture  in the condensation zone of the pipe, with the la t ter  inclined 
posi t ively and t ransmit t ing a power of 20 W. By ra is ing the condenser  tempera ture ,  we succeeded in in-  
c reas ing  the effective thermal  conductivity of the pipe by a lmost  a factor  of 2 and, as a result ,  in appreciably 
increas ing the t empera tu re  of the pipe surface .  It  was impossible  to ra i se  the condenser  surface higher 
still ,  because of the excess ive  operating p r e s s u r e .  

The thermophysicaI  proper t ies  of F r e o n - i l  r e semble  those of Freon-22.  This explains why the t em-  
pe ra tu re -power  cha rac te r i s t i c  of the pipe was about the same whether the latter ca r r i ed  F r e o n - l l  or  F reon-  
22 (Fig. 3). These curves  were plotted for the same positive inclination angles and the same condenser  
t empera tu res .  The operating t empera tu res  of the pipe in both cases  differed by approximately 10~C. 

It must  be taken into account, however,  that a rep lacement  of Freon-22 with Freon-11  means also a 
drop in the operat ing tempera ture  f rom 15 atm to 1 arm, which improves  the reliabil i ty and the safety of 
the p rocess .  

On the bas is  of the per formed tests ,  one may draw the following conclusion. When low-conductivity 
l iquids  are  used as the heat c a r r i e r  in heat exchanger piping, then an appreciable tempera ture  drop devel-  
ops in the condensation zone of such piping. This is true when the hea t - t r ans fe r  coefficient at the outside 
pipe surface within the condensation zone is high. 

As the tempera ture  m the heat exchanger becomes  lower, the temperature  drop in the condenser  in- 
c r ea ses  and the per formance  of the piping de ter iora tes .  Design formulas given in the l i terature for ca l -  
culating the maximum thermal  power t ransmit table  by a low-tempera ture  heat exchanger pipe yield values 
quite different f rom those obtained in tes ts .  

Heat exchanger piping with Freons  used as the heat c a r r i e r  are  recommended for cooling r ad io -e l ec -  
t ronic apparatus where the thermal flux densities are  relat ively low. Freons are  chemical ly  iner t  sad do 
not r eac t  with either the pipe mater ia l  or the apparatus mater ia l .  After a compar ison of the pipe p e r f o r -  
mance with F r e o n ' 2 2  and with F r e o n - l l ,  p reference  should be given to F r e o n - l l  f rom the safety standpoint. 
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The heat t ransfer  capacity can be increased considerably by modifying the wick character is t ics  and by 
shortening the pipe. 

Q is 
w is 
h is 
q is 
u is 

is 
R is 

is 
K 1 is 
# is 
p is 
r' is 
x is 

the thermal flux; 
th.e flow rate of liquid or vapor; 
the enthalpy; 
the thermal flux density; 
the velocity; 
the surface tension; 
the radius of liquid meniscus; 
the porosity; 
the hydraulic drag coefficient; 
the dynamic viscosity; 
the density; 
the latent heat of evaporation; 
the pipe length coordinate. 

NOTATION 

1. 

2. 
3. 

4. 

5. 
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