
The cha rac t e r  of the t empera tu re  distr ibution and Nussel t  number  curves  is s imi la r  to that of the curves  
shown in Figs.  2 and 3, i .e . ,  the effect  of suction on t empera tu re  distr ibution and heat-exchange coefficient  is 
the same for  a i r  and helium flow. 

N O T A T I O N  

G is the helium flow suctioned through tube wall ,  g/sec;  
T is the t empera tu re ,  *K; 
Nu is the Nussel t  number;  

�9 Re is the Reynolds number;  
l is the length of porous tube, m; 
T x is the t empera tu re  of inner surface  of porous tube,  ~ 
T O is the t e m p e r a t u r e  of inner surface  of porous tube at input sect ion,  ~ 
q is the the rma l  flux densi ty ,  W/m2; 
U is the vol tage,  V; 
I is the cu r ren t ,  A. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 

L I T E R A T U R E  C I T E D  

J.  R. Se l la r s ,  J.  Appl. Phys . ,  26, 489 61955). 
A. S. Be rman ,  J. Appl. Phys . ,  24, No. 9 61953). 
S. W. Yuan, T rans .  Am. S ,c .  Mech. Eng.,  7~8 No. 4 (1956). 
R. Kinney, Int. J .  Heat Mass T r a n s f e r . ,  11, No. 9 (1969). 
R. J. Pede r son  and R. Kinney, Int. J. Heat Mass T r a n s f e r ,  14, No. 1 (1971). 
G. Raithby, Int. J. Heat Mass T r a n s f e r ,  14, No. 1 (1971). 
R. Kinin and E. Sparrow,  Teploperedacha ,  No. 2 (1970). 
G. I. Bobrova and V. A. Morgun, in: Heat and Mass T r a n s f e r  of Cryogenic Liquids in Porous  Heat 
Exchangers  [in Russian] ,  ITMO Ahad. Nauk BSSR, Minsk 61974). 
J.  K. Aggarwal and M. A. Hollingaworth,  Int. J. Heat  Mass T r a n s f e r ,  16, 591 (1973). 

C A L C U L A T I O N  O F  C I R C U L A T I O N  C H A R A C T E R I S T I C S  

O F  A T W O - P H A S E  T H E R M O S Y P H O N  

A .  G .  B e i n u s o v  a n d  V .  B .  U t k i n  UDC 536.24 

A new method is descr ibed  for  calculating the c i rculat ion cha rac te r i s t i c s  of a thermosyphon 
with separa te  vapor  and condensate channels. Calculation and exper iment  a re  compared.  

At the p resen t  t ime , two-phase the rmosyphons  with separa te  vapor  and condensate channels are  widely 
used for  heat t r a n s f e r  purposes  [1]. The eff iciency of thermosyphons  of this so r t  is largely  dependent on the 
circulat ion cha rac te r i s t i c s  of the closed hydraul ic  circui t .  The circulat ion of a boiling liquid in c losed  hydrau-  
l ic  c i rcui ts  can be es t imated  in var ious  ways [1-3]. 

In the p resen t  paper  we propose  a new method for  solving this problem as applied to thermosyphons  
with separa te  vapor  and condensate channels.  

A schemat ic  d iagram of the c i rculat ion c i rcu i t  is shown in Fig. 1. Here  1 and 2 a re  respec t ive ly  the 
down- and up-pipes;  3 is the condenser .  The vapor i ze r  is located in the up-pipe. In the down-pipe there  is 
only liquid; in the up-pipe there  is a mix ture  of vapor  and liquid. The equation of motion of the liquid and 
vapor  in a closed c i rculat ion c i rcui t  (ignoring the compress ib i l i ty  of the components ,  energy losses  on chang- 
hag the interphase su r face ,  and oscil lat ions of vapor  bubbles) can be brought to the fo rm [4]: 

�9 P APace) sin 6" 61) g(9 ' - p ' ) L ~ = ~ ( A  fir + 
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Fig. 1. Sche-  
mat ic  d iagram 
of thermosyphon.  
t )  Down-pipe; 2) 

vapor ize r ;  3) 
condenser.  

Res i s tance  in the down-branch and local res i s tances  are  neglected. 

A special  se r i e s  of exper iments  were ca r r i ed  out in o rde r  to calculate the components of the p re s su re  
losses .  The investigations were  made on an exper imental  setup consist ing of ver t ical ly  mounted test  t he rmo-  
syphons and a device for  heating par t  of the heat pipe by an ohmic heater .  The tes t  thermosyphons were  con- 
s t ructed f rom brass  pipes of wall thickness 5 = 1 mm. 

The p r e s s u r e  was tapped at three measur ing  sections through 0 .5 -mm-d iame te r  holes,  the distance be- 
tween which was var ied  depending on the length of the up-pipe. The p re s su re  was measured  by an inverted 
U-tube differential  manomete r  connected by sma l l -d i ame te r  hosepipes to the p res su re  takeoff units via com-  
pensating vesse ls .  

The inertia of the takeoff sys tem was thereby assu red ,  and losses  on fr ict ion could be measured  with 
sufficient accuracy .  

The liquid flow rate was determined in the down-branch by RS-type ro tamete r s  or  by the method of 
calibrated res i s t ances .  In the exper iments  we also measured  the power supplied to the vapor ize r ,  the t em-  
pera ture  of the liquid at the vapor ize r  inlet, the tempera ture  of the mixture ,  and the p res su re  within the 
thermosyphon.  

The technique of the thermal  measu remen t s ,  the sensors  and the thermal  control instruments  were 
traditional.  

The investigations were  car r ied  out in the following ranges  of variat ion of the p a r a m e t e r s :  length of 
vapor i ze r  L = 100, 150, 200 mm;  d iameter  of vapor ize r  d = 4 , 6 , 8 , 1 0 r a m ;  length of condenser /cond = 200 
mm;  diameter  of condenser  dcond = 50 mm;  p r e s s u r e  in circui t  P = 1-4 bar. The hea t - t r ans f e r  medium was 
distilled water .  

The resul ts  of the exper iments  were t reated in the following sequence. T h e  heater- induced relative 
vapor conversion in the mixture flow was determined via the formula :  

X /mix-- i~at Q (2) 
r r6 

The velocity of the mixture  was then worked out: 

p' 
Wmix= Wo [X -{- --p;7 (1-- X) ] , (3) 

where W o = G/(p'f) .  

The resul ts  of the exper iments  were  sa t is factor i ly  general ized by the empir ica l  relationship proposed 
in [5]: 

0,25 
= 0.04/Wmi x , (4) 
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�9 Fig.  2. Plots  of ~ vs Wmix;  1) Summary  
graph [5]; 2) numer i ca l  calculat ion via  
homogeneous mode l ,  P =  2 bar ;  our  ex -  
p e r i m e n t s :  3) v a p o r i z e r  d i a m e t e r  ~ = 6 
r a m ,  q = (26.53-79.61) -104 W / m  2, L = 100 
m m ;  4) ~ = 4 r am,  q = (39.8-79.61) �9 104 W /  
m 2, L = 100 ,urn; 5) ~b = 10 Tnrn, q = 31.84" 
104; L = 100 r am,  200 r am.  

where  the f r ic t ional  d r a g  coeff icient  

where  

d pWr~x (5) 
~J = APfr L 2 

H e r e  p = p'(W~Wmix). 

Cor re la t ion  o f  the expe r imen ta l  data in the approximat ion  of the homogeneous model  [6, 7] p roved ,  how- 
e v e r ,  to be m o r e  successfu l .  

Indeed,  in our  case the h y d r o d y n a m i c s i t u a t i o n  in the flow of the v a p o r - l i q u i d  mix tu re  was  cha rac t e r i zed  
by a compara t ive ly  uni form dis t r ibut ion of the two phases  ove r  the c ro s s  sect ion of the up-pipe.  In these  
cases, instead of a truly two-phase flow, we are dealing with single-phase flow averaged parameters. 

The frictional drag coefficient ~ is then determined from the equation for the turbulent isothermal motion 
of a single-phase liquid: 

0.316 
% = ReO.~5 ,  (6) 

F igu re  2 shows a compar i son  of our expe r imen ta l  r e su l t s  with the r e su l t s  of [5] and a numer ica l  ca lcu la -  
tion based on the homogeneous model .  

In this m a n n e r ,  the p r e s s u r e  drop  due to f r ic t ion  can be r e p r e s e n t e d  in the f o r m :  

a P ~  = % ~ ,~ (7) 

The p r e s s u r e  drop due to acce l e ra t ion  of the flow can be r ep re sen t ed  as :  

Inse r t ing  (7) and (8) into (1), we obtain: 

62 1 1 } sin~. 
P p, ) (9) 

The densi ty of the v a p o r - l i q u i d  mix tu re  can be de te rmined  through the t rue  vapor  content pe r  unit volume:  

p = p '  (I --~) + p"% 0o) 

The equation connecting the spec i f ic  volume of a two-phase  mix tu re  with the hea te r - induced  vapor  content X 
and the t rue  vapor  content ~0 has the f o r m :  
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Fig, 3 Fig. 4 

D e p e n d e n c e  of G (kg/h) on X fo r  1) P = 1 b a r ;  2) 2 

Dependenc e  of m 0 (kg) on Q (W) f o r  1) p = 1 b a r ;  2) 

--__ - -  X z I (I X)z -I- (11) 
p p' (l--~p) p"x 

A s s u m i n g  tha t  a l l  the  hea t  s u p p l i e d  goes  on e v a p o r a t i o n ,  we h a v e :  

Q = rGX. (12) 

T h e  s y s t e m  of  Eqs .  (9)-(12) i s  n o n l i n e a r .  I t  was  s o l v e d  n u m e r i c a l l y  on an E S-1020  d i g i t a l  c o m p u t e r  by 
the  m e t h o d  of  s u c c e s s i v e  a p p r o x i m a t i o n s .  By way  of e x a m p l e ,  we show in F ig .  3 the  r e s u l t s  of such  a s o l u t i o n  
f o r  a f ixed  t h e r m o s y p h o n  g e o m e t r y :  L = 200 m m ,  d = 6 m m ,  /3 = 90 ~ The  p h y s i c a l  p r o p e r t i e s  of the  l iqu id  and 
the v a p o r  w e r e  t a k e n  to be c o n s t a n t  and  w e r e  d e t e r m i n e d  th rough  the s a t u r a t i o n  t e m p e r a t u r e  a t  the given p r e s -  
s u r e .  

T h e  m i n i m u m  quan t i ty  of l iqu id  r e q u i r e d  to f i l l  the t h e r m o s y p h o n  m 0 can  a l s o  be r e a d i l y  c a l c u l a t e d  u t i l i z -  
ing  the  a b o v e  r e s u l t s ,  

T h e  quan t i t y  m 0 is  d e t e r m i n e d  by the  s u m  of  t h r e e  c o m p o n e n t s :  by the  m a s s  of l iquid  m 1 in the  v a p o r -  
l iqu id  f low (the e v a p o r a t i o n  s e c t i o n  - the  u p - p i p e ) ,  

G(I --X)L 
rn I = ; (13) 

wo 
by the m a s s  of  l iqu id  m 2 c o n c e n t r a t e d  in the c o n d e n s a t e  f i l m  (m 2 was  c a l c u l a t e d  in the  a p p r o x i m a t i o n  of  the 
N u s s e l t  m o d e l  f o r  a f i l m  c o n d e n s a t e  a s  done in [1]); and  by the  m a s s  of l iquid  l o c a t e d  in the  d o w n - p i p e  m3: 

m~ = p'f  (L -}-/bend)' (14) 

S i m u l t a n e o u s  s o l u t i o n  of the  m a t e r i a l  b a l a n c e  equa t ion  and the s y s t e m  of Eqs .  (9)-(12) g ives  the o p t i m u m  
va lue  f o r  a g iven t h e r m o s y p h o n  g e o m e t r y ,  p r e s s u r e  i n s ide  the  cav i t y  P ,  h e a t - t r a n s f e r  m e d i u m ,  and va lue  of 
Q. 

By way  of e x a m p l e  we show in F ig .  4 the d e p e n d e n c e  of  m 0 on Q. He re  the v a p o r i z e r  length  L = 100 r a m ,  

d = 4 m m ,  dcond  = 50 m m ,  /cond  = 200 r a m ,  /bend = 60 m m .  

N O T A T I O N  

g i s  the a c c e l e r a t i o n  due to g r a v i t y ;  
p ,  p ' ,  p" a r e  the  d e n s i t y  of m i x t u r e ,  l i qu id ,  and v a p o r ,  r e s p e c t i v e l y ;  
A P f r  , A P a c c  a r e  the  p r e s s u r e  l o s s e s  on f r i c t i o n  and a c c e l e r a t i o n ;  

i s  the t r ue  v a p o r  conten t  p e r  uni t  v o l u m e ;  
X is  the  h e a t e r - i n d u c e d  r e l a t i v e  v a p o r  c o n v e r s i o n  p e r  uni t  m a s s  in m i x t u r e  f low; 
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a re  the enthalpies  of mix ture  and liquid on sa tura t ion  line; 
is the heat  of vapor  format ion ;  
is the m a s s  flow ra te  of mix tu re ;  
a r e  the veloci t ies  of mix tu re  and of c i rculat ion;  
is the f r ic t ional  d r ag  coefficient;  
a r e  the dynamic  coefficients  of v i scos i ty  of mix tu re ,  liquid, and vapor ,  respec t ive ly ;  
is the length of up-pipe ;  
is the angle of slope of down-pipe;  
a re  the d i a m e t e r s  of thermosyphon and condenser ;  
a r e  the lengths of condenser  and bend; 
is the heat  flux; 
is the heat  flux dens i ty ;  
is the c r o s s - s e c t i o n a l  a r ea ;  
is the p r e s s u r e  inside thermosyphon;  
is the Reynolds number  for  mix ture .  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

L I T E R A T U R E  C I T E D  

A. I. S t r e l ' t sov ,  "The deve lopment ,  invest igat ion,  and applicat ion of smooth-wal led  heat  p ipe s , "  Author ' s  
Abs t r ac t  of Candidate ' s  D i s se r t a t i on ,  Minsk, BPI (1976). 
T s K T I ,  VTI, '  "Normat ive  method of hydraul ic  calculat ion of s t e a m  b o i l e r s , "  No. 33, Leningrad ,  TsKTI  
(1973). 
G. Kh. Gatiatullin, A. N. Kutepov, and S. N. Shorin, The Theoretical Fundamentals of Chemical Tech- 
nolo~, Vol. 11, No. 1 (1977). 
S. S. Kutateladze, Heat Transfer in Condensation and Boiling [in Russian], Mashgiz, Moscow-Lenin- 
grad (1952). 
V. M. Borishanskii, et al., "Heat transfer and hydraulic resistance in the motion of vapor-water flows 
in channels of various shapes," Trudy TsKTI, No. 101 (1970). 
B. S. Petukhov, et al., Heat Transfer in Nuclear Power Installations [in Russian], Atomizdat, Moscow 
(1974). 
S. S. Kutateladze and M. A. Styrikhovich, The Hydrodynamics of Gas-Liquid Flows [in Russian], 
Energiya, Moscow (1976). 

1036 


