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Results  are presented of an experimental  investigation of the gasdynamics of a turbulent vapor 
s t r eam in heat  pipes,  during simultaneous operat ion of the evaporat ion section, the adiabatic s ec -  
tion, and the condensation section. 

The evaporat ion and condensation sections of heat  pipes can be regarded  as channels with porous-walls 
through which there  is a l ternately blowing and suction of gas. 

In [1, 2] resu l t s  were  presented of an exper imental  investigation of the gasdynamics of a turbulent s t r eam 
with uniform blowing and suction in a c i rcu la r  porous tube modeling the i so thermal  conditions of heat  pipe 
evaporat ion and condensation zones.  The gasdynamic p r o c e s s e s  for  each zone were  examined separa te ly ,  a l -  
though they were  in fact  interconnected. A flow expansion zone preceded the stabil ization section. 

It is of in te res t  to conduct comprehensive investigations of the gasdynamics  of the heat-pipe vapor  chan- 
nel, consist ing of evaporat ion,  adiabatic ( impermeable) ,  and condensation sections.  By doing this one can 
establ ish the interact ion of these sections and can refine methods for  hydraul ic  computation of the heat-pipe 
vapor  channel. 

The tes t  object  was a porous tube of internal d iameter  D =26.5 mm and porosi ty  ef =0.285. The tube was 
made of a per fora ted  s t r ip  of thickness 6 = 0.5 m m  with aper tures  of d iameter  d = 1 mm,  located in a checker -  
board fashion. The maximum length of the porous section was L = 800 mm. The lengths of the blowing and 
suction sections were al tered by means of pis tons,  inser ted f rom dead-end channels. The geometr ic  dimen-  
sions of the tes t  models are  given in Table 1. 

The experimental  investigations were conducted in the air  tes t  facili ty descr ibed in [2]. The facili ty con-  
s is ted of a porous tube, a rotat ional  f lowmeter ,  a r e s e r v o i r  for smoothing out p r e s s u r e  fluctuations,  a sys tem 
of pipes,  and a measur ing  device. In o rder  to c rea te  uniform flow in blowing and suction, the porous chan-  
nel was divided into separate  sections of length 50 mm by means of thin rubber  disks,  and the air  was supplied 
to each section (the blowing section) or withdrawn (the suction section) via throttle valves with large hydraul ic  
res i s tance .  There  were no taps in the adiabatic section. Each model was tested at no less than three condi-  
tions in the Reynolds number range Re 0 = (1.1-3.6)- 104. Figures  1 and 2 show some typical  resul ts  of invest i -  
gation of the static p r e s su re  var ia t ion along the porous channel. It should be noted that the coordinate x is 
calculated f rom the beginning of the flowing section f rom the blind end for all the sections.  

F igures  1 and 2 show a compar ison of the tes t  and theoret ical  data. In the blowing section the longitudi- 
nal p r e s s u r e  gradient  was calculated f rom the data of Olson and Ekker t  [1], which can be approximated by the 
relat ion 

Ap 2,19X2 . 

--g- o)~ (1) 

We note that Eq. (1) is in good agreement  with the theoret ical  relation of Leont 'ev et al. [3], obtained with c r i t i -  
cal blowing in the evaporation section. 
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The quantityAp/[(u0~)@]=f(X)as a function of Re 0 in the evaporation section, the 
a d i a b a t i c  s e c t i o n ,  and  t h e  c o n d e n s a t i o n  s e c t i o n :  a) L e = 2 0 0  m m ;  L a = 2 0 0  r a m ;  L c =300 

m m  [1) Re0 = 1 5 , 3 6 0 , 2 ) 2 1 , 2 6 0 , 3 ) 2 5 , 4 3 0 ] ;  b) L e = 2 0 0 r a m ;  L a = 1 0 0 r a m ;  L c = 4 0 0  m m  [1) 

R e  0 = 1 7 5 0 ,  2 ) 2 2 , 9 2 0 , 3 ) 2 7 , 4 0 0 ] ;  c) L e =500 r a m ;  L a = 1 0 0 r a m ;  L c  = 2 0 0  r a m .  [1) R e  0 = 
17 ,260 ,  2) 21 ,130 ,  3) 23 ,370] .  

T A B L E  1. B a s i c  S t r u c t u r a l  D i m e n s i o n s  o f  the  M o d e l s  

Model 
No: 

1 
2 
3 
4 
5 
6 
7 
8 
9 
l0 
II 
12 
13 

set,on me%Die" 
len~ | ~ n  I~ ,~  /I N~ l~g  ~ 
Lr rnrn La, mm II-c,-'~nm|l ILe, mm 

50 

100 

200 

200 

200 

150 
200 
400 
500 
600 
200 
300 
400 
500 
200 
300 
400 
300 

14 200 
15 
16 
17 300 
18 
19 
20 
21 400 
22 
23 
24 
25 
26 
27 500 
28 

~pe~- ~ .  
meable 
l e c ~ n  tion 

200 200 
3OO 
40O 

0 200 
0 400 

50 200 
200 200 

200 
300 
400 

5 2O0 
I00 200 
200 200 

50 200 
1 O0 200 

In t he  i m p e r m e a b l e  s e c t i o n  the  r e l a t i v e  p r e s s u r e  d r o p  w a s  d e t e r m i n e d  f r o m  the  w e l l - k n o w n  f o r m u l a  

Ap 
(2) 

F r o m  the  t e s t  da t a  of  [2], t he  p r e s s u r e  v a r i a t i o n  in a s e c t i o n  w i t h  u n i f o r m  s u c t i o n  w a s  d e t e r m i n e d  f r o m  

the  r e l a t i o n  

,3, 

§ 

w h e r e  m i s  an  e x p e r i m e n t a l  f a c t o r ,  d e p e n d i n g  on the  i n t e n s i t y  o f  s u c t i o n  a t  t he  b e g i n n i n g  of  the  p o r o u s  s e c t i o n  

K• , and  d e t e r m i n e d  f r o m  the  f o r m u l a :  
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F i g .  2. The  q u a n t i t y  Ap/[(u2/2)p]=f(X)as a f u n c t i o n  of Re  0 a s  

a func t ion  of  a) Le  = 200 m m ;  L a = 0; L c ~ 0 0  m m  [1) Re  0 = 
13 ,420 ,2)  17,720, 3) 20,670];b) L e =200  r a m ;  La = 0; L c = 600 
m m  [1) Re  0 = 18,220,  2) 24,440,  3) 28,930].  

m = 0.0256BK~" 435 �9 (4) 

H e r e  

K• = /Jw = ] 
u 0 4 Lc ' 

D 

and B i s  a c o e f f i c i e n t  d e p e n d i n g  on the p o r o s i t y  and d e t e r m i n e d  f r o m  the t r a n s c e n d e n t a l  equa t ion  

sin (2e I + 3B) = 4.5e I - -  3B. (5) 

E q u a t i o n  (3) can  be u s e d  to  d e t e r m i n e  the  l o n g i t u d i n a l  p r e s s u r e  g r a d i e n t  in p o r o u s  c h a n n e l s  wi th  uniform. 
suc t i on  in the  p o r o s i t y  r a n g e  0.115 -< ef ~ 0.6 and r e l a t i v e  l eng th  20 --< L / D  -< 72. F o r  t h i s  c a s e  the  f r i c t i o n  f a c -  

t o r  w a s  d e t e r m i n e d  f r o m  the  fo l lowing  e m p i r i c a l  r e l a t i o n :  

m( (6) 

F r o m  the g r a p h s  p r e s e n t e d  i t  can  be s e e n  t ha t  the  p r e s s u r e  v a r i a t i o n  a long  the p o r o u s  s e c t i o n ,  a s  c a l -  
c u l a t e d  f r o m  Eqs .  (1)-(5) ,  c o i n c i d e s  wi th  the e x p e r i m e n t a l  da ta  to  wi th in  20%. The l a r g e s t  d e v i a t i o n  be tween  
the c a l c u l a t e d  and t e s t  da t a  o c c u r s  a t  the i n t e r f a c e  of  the  b lowing  and i m p e r m e a b l e  s e c t i o n s ,  and the l e a s t  d i s -  
c r e p a n c y  i s  a t  the  i n t e r f a c e  be tween  the b lowing  and the suc t i on  s e c t i o n s .  The  r e a s o n  a p p a r e n t l y  i s  t ha t  the  
f low v e l o c i t y  p r o f i l e  b e c o m e s  r e d i s t r i b u t e d  beyond  the b lowing  s e c t i o n ,  which  l e a d s  to an a dd i t i ona l  p r e s s u r e  
d r o p .  Some d i s a g r e e m e n t  be tween  the t e s t  da t a  and c a l c u l a t e d  v a l u e s  ob ta ined  f r o m  Eq.  (3) fo r  the suc t ion  s e c -  
t ion  m a y  a r i s e  f r o m  the e f f ec t  of the  u n s t e a d y  v e l o c i t y  p r o f i l e  a t  the e n t r a n c e  to th i s  s ec t i on .  Equa t ion  (3) 
g e n e r a l i z e s  the  e x p e r i m e n t a l  r e s u l t s  f o r  the  h y d r o d y n a m i c s  of channe l s  wi th  f low e x p a n s i o n  t h rough  a p o r o u s  
w a l l ,  f o r  a u n i v e r s a l  v e l o c i t y  p r o f i l e  in h y d r a u l i c a l l y  s m o o t h  tubes  a t  the e n t r a n c e  to  the p o r o u s  sec t ion .  E v i -  
d e n t l y ,  i t w o u l d  be m o r e  r e a s o n a b l e  to compu te  a c c o r d i n g  to  Eqs .  (1)-(5) f r o m  the beg inn ing  of the  suc t ion  zone ,  
to  r e d u c e  the  e r r o r  in c a l c u l a t i o n .  

The  r e s u l t s  of  the  e x p e r i m e n t a l  i n v e s t i g a t i o n s  have  shown tha t  the  f low g a s d y n a m i c s  in the b lowing  and 
s uc t i on  s e c t i o n s  depend  on the r e l a t i v e  l eng th  of t h e s e  s e c t i o n s ,  the r a d i a l  R e y n o l d s  n u m b e r  (Re w =vwD/U), 
and the channe l  p o r o s i t y .  A c a l c u l a t i o n  u s i n g  Eq. (1) d o e s  not  show the in f luence  of t h e s e  p a r a m e t e r s ,  and at  
the end of the b lowing  s e c t i o n  i t  g ives  a va lue  fo r  the  r e l a t i v e  p r e s s u r e  change of  Ap/[(U2/2)p] = --2.19.  
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N O T A T I O N  

is the s ta t ic  p r e s s u r e ;  
Is  the densi ty;  

is the mean  veloci ty  over  the channel sect ion;  
Is the rad ia l  veloci ty  at  the w a l l ;  
is the length of the channel sect ion;  
m the channel d i ame te r ;  
is the d i am e t e r  of a p e r t u r e s  in the porous  wall;  
is the channel poros i ty ;  
is the coordinate;  
is the re la t ive  coordinate  along the channel; 
is the f r ic t ion  fac tor  for  flow in a channel with solid wal ls ;  
is the Reynolds number .  

is the evapora t ion  sect ion;  
is the adiabat ic  sect ion;  
is the condensation sect ion;  
a re  the values  of the p a r a m e t e r s  at  the en t rance  to the condensation section.  
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An expe r imen ta l  invest igat ion has  been made of heat  t r a n s f e r  with boiling of a thin wa t e r  f i lm on 
a hor izonta l  h e a t - g e n e r a t i n g  sur face ,  made  of Tef lon-4 .  

Con tempora ry  l i t e r a tu re  has  p rac t i ca l ly  no informat ion  on heat  t r a n s f e r  with boiling and b r eak -up  of thin 
liquid f i lms  on poor ly  wet ted hea t e r  s u r f a c e s ,  which might  s e rve  as a guideline for  the p r e sen t  investigation.  

Tes t s  were  made on a c i r cu la r  hor izonta l  sur face  of d i ame te r  28 m m  (the end of a copper  t he rma l  wedge) 
to which (with type P U - 2 0 F T U - G 0 0 2 9 0 0 4  adhes ive )a th in  Teflon f i lm (Teflon -4) was attached.  The total  th ick-  
ness  of the f i lm and the po lymer i zed  subs t ra t e  of adhes ive ,  m e a s u r e d  by means  of a digital  indicator  with r e -  
solution of 0.01 m m ,  was 0.09 m m .  This  l iqu id - l ayer  th ickness  above the hea t -gene ra t ing  sur face  was  m a i n -  
tained by influx f r o m  the pe r iphe ry  of liquid heated  to the sa tura t ion  t e m p e r a t u r e  and was moni tored  by a 
needle contact  method to within +0.01 mm.  The hea t - f lux  densi ty and the t e m p e r a t u r e  of the hea t -gene ra t ing  
su r face ,  allowing for  the t e m p e r a t u r e  drop  in the Teflon l a y e r ,  were  de te rmined  f r o m  the t e m p e r a t u r e  gradient  
along the wedge body. The t e s t s  were  c a r r i e d  out in dis t i l led wa te r  at  a tmosphe r i c  p r e s s u r e  in the hea t - f lux  
range  20-300 kW/m 2. The Teflon sur face  was p r e p a r e d  using fine e m e r y  paper .  

When wa te r  boils in a l a rge  v e s s e l  ( l iquid- layer  th ickness  not l e s s  than 100 mm) ,  the h e a t - e m i s s i o n  coef-  
f ic ients  a r e  p rac t i ca l ly  the s ame  as the h e a t - e m i s s i o n  coefficients  on the meta l l i c  su r f aces  of a hea te r .  One 
should note espec ia l ly  that ,  in a l a rge  v e s s e l ,  boiling is obse rved  at individual cen te r s  for  ve ry  low h e a t - f l u x  
values  (on the o rde r  of 3 kW/m2), and cor respondingly ,  at  low excess  t e m p e r a t u r e s  of the hea t -gene ra t ing  s u r -  
face of 1.5-2~ 

Insti tute of Technical  T h e r m o p h y s i c s ,  Academy of Sciences of the Ukrainian SSR, Kiev. Trans la ted  
f r o m  Inzhenerno-F iz i chesk i i  Zhurnal ,  Vol. 34, No. 2, pp. 202-204, F e b r u a r y ,  1978. Original  ar t ic le  submit ted 
January  10, 1977. 

128 0022-0841/78/3402- 0128 $07.50 �9 1978 Plenum Publishing Corpora t ion  


