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The question of the effect of the geomet ry  and size of the heater  on the cr i t ical  heat flux during bubble 
boiling has been ra i sed  repeatedly in the per iodical  l i te ra ture  [1-8] in the last  decade.  

A considerable  inc rease  in qmax (by two to five t imes) with a dec rease  in the radii R of horizontal  
cyl inders  or spheres  in compar i son  with the maximum attainable cr i t ical  heat loads during the boiling of 
the same liquids at sur faces  of large size (R ~ oo) was d iscovered  in original r e s e a r c h  of the I. t. Polzu-  
nov Central  Sc ient i f ic -Research  Institute for Boi lers  and Turbines and of the Institute of Thermophysics ,  
Siberian Branch,  Academy of Sciences of the USSR [1-3] and in work pe r fo rmed  later  by foreign investiga- 
to rs  [4-7]. 

This fact has prac t ica l  impor tance  for the solution of the problem of means of increasing the cr i t ical  
heat loads during the boiling of liquids. 

In the au thors '  r epor t  [8], as well as in la ter  repor t s  [5-7], the theoret ical  explanation for this effect 
was based on aspects  of the hydrodynamic  theory of the boiling cr i s i s  developed in the works of Soviet [9- 
10] and foreign authors  .[11]. The difference in the explanation of the fact of an increase  in qmax in these 
repor t s  consists  in the fact that in [8] it is connected with a change in the separat ion size of a vapor  bubble, 
while in [5-7] it is connected with the ra t io  of the dimensions of the vapor jets which form on cylindrical  
and spher ical  sur faces  during boiling. 

Let us br ief ly examine the basic  proposi t ions of [8]. The following theoret ical  equations for the 
separa t ion  d iameter  D O of a single bubble were obtained f rom the equation of balance of the forces of su r -  
face tension and the Arch imedes  lifting forces  acting on the vapor bubble at the moment of separat ion:  

on a hor izontal  cyl inder  of radius R 

Do = o,,. p , ~  1 . ~  + 0.9_73 

and on a sphere  of radius R 

2R 
D O = Do. --]/r 2R--R--~--D~ ~. (2) 

Here D~ is the separa t ion  size of a single vapor bubble at a sur face  of unlimited s ize  (R ~ ~o), which is 
de termined by the Fr i t z  equation: 

D,~, = 0.02 0 V ~ .  (3) 

Then an inverse  l inear  relat ionship was assumed between the cr i t ical  heat flux and the separat ion diameter  
�9 of a vapor  bubble. This posit ion was ra the r  well co r robora ted  by the re la t ively limited experimental  ma-  
t e r ia l  presented in [1-3]. 
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Fig. 1. Compar i son  of calculated (1, 2) and exper imen ta l  data 
(3, 4) on m a x i m u m  cr i t i ca l  heat  loads during boiling on hor izon-  
tal  cyl inders  (1, 3) and sphe res  (2, 4) in a l a rge  volume:  1) cal -  
culation f rom Eqs.  (4) and (1); 2) calculat ion f rom Eqs. (4) 
and (2); 3) calculat ion f rom Eq. (5); 4) calcula t ion f r o m  Eq. 
(6). 

The expe r imen ta l  data published l a t e r  in [4-7] pe rmi t t ed  the re f inement  of the hypothesis  advanced 
in [8] concerning the nature  of the re la t ionship  between the cr i t ica l  heat flux qmax and the separa t ion  d i a m -  
e te r  D o of a vapor  bubble. The re f inement  made the follow2ng dependence feas ible :  

qmax [' Do~ 2 
qmax ~ - - I  Do i " (4) 

With the choice of a contact angle 0 = 50 ~ (water, organic  liquids, Freons  at low p r e s s u r e s  [12]) the s e p a r -  
a t ion s ize  of a bubble as R ~ co becomes  equal to the Laplace constant  Doo = 4 ~/(~/' --  y ' ,) ,  while the ra t io  
D~o/D 0 = 4qmax/qmax-  ~ is an equivalent  function of the d imens ion less  radius  l~J (? '  - -  7 " ) / q  of the cyl in-  
de r  or  sphere ,  de te rmined  by Eqs.  (1) or (2), r e spec t ive ly .  

The r e su l t s  of the calculat ion of the function 

qmax ~ J 

for a cyl inder  and a sphe re  a r e  p resen ted  in Fig. 1. Also  p resen ted  the re  a r e  emp i r i ca l  dependences 
which gene ra l i ze  the exper imen ta l  data on qmax  for  hor izonta l  cy l inders  [5] (900 exper imenta l  points) 

qmax -I-~-2.55 exp (--3.44 ~ / R F ~  ) (5) 
qmax= 

and for spheres [6] (26 experimental points) 

qmax/qmax.oo=l.88 (R ~ / ~ ) - 0 . s  f o r 0 . 1 < R l j  ?, a ?,, -.< 3.55, 

(6) 
qmax/qmax.~=l.Ofor 3 . 5 5 < R ~  ? ' 7 7 "  .~(.20. 

A compar i son  is made with the expe r imen ta l  data in the en t i re  range  of va r ia t ion  of the d imens ion less  
radius  of 0.1 -< R / ( T '  - -  T" ) /~  -< 10 for which the re  was expe r imen ta l  ma t e r i a l  on the hea t -exchange  c r i s i s  
during the boiling of water ,  Freons ,  ni trogen,  and other  liquids on cyl inders  and sphe re s  in a la rge  
volume.  As seen  f rom the graph,  the deviat ion of the calculated values of 7qmax /qmax  co based  on Eqs.  
(1), (2), and (4) at 0 = 50 ~ f r o m  the empi r i ca l  curves  does not exceed 10-15%, which co r re sponds  to the 
a c c u r a c y  of the genera l i za t ion  of the expe r imen ta l  data on q m a x / q m a x , ~  by Eqs.  (5) and (6) with which the 
compar i son  was made .  

Thus,  the p roposed  dependence (4) in conjunction with Eqs.  (1) and (2) can be used success fu l ly  in 
p r a c t i c a l  calculat ions when es t imat ing  the m a x i m u m  cr i t i ca l  heat  fluxes under  conditions of the bubble 
boiling of liquids undergoing f ree  convect ion around hor izonta l  cyl inders  and sphe re s .  

qmax  

NOTATION 

is the maximum critical heat flux during boiling at a surface of finite size (of radius 
i~); 
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is the m a x i m u m  cr i t i ca l  heat  flux during boiling at the s a m e  sur face  with unlimited 
d imens ions  (R - -  ~); 
a r e  the spec i f ic  weights of liquid and vapor ,  r e spec t ive ly ;  
is  the s u r f a c e - t e n s i o n  coeff icient  of liquid; 
is  the r ad ius  of hor izonta l  cyl inder  or  sphere ;  
is  the s e p a r a t i o n  d i a m e t e r  of bubble at a su r f ace  of finite and of infinite radius ,  
r e s pec t i ve l y .  

LITEHATUBE CITED 

V. M. Bor i shansk i i ,  S. S. Kutateladze,  L. L. Shneiderman,  and F. P.  Minchenko, T r .  Tsen t .  
Kipyat.  i Turb .  N a u e h . - I s s l e d .  Inst . ,  No. 62, 15 (1965). 
S. S. Kutateladze,  A. I. Leont ' ev ,  V. N. Moskvicheva,  G. I. Bobrovich,  I. I. Gogonin, I .  G. 
Matenkov, N. N. Mamontova,  L. S. Shtokolov, and A. S. Kirdyashkin,  T r ,  Tsent .  Kipyat .  i Turb .  
Nauch . - I s s l ed .  Ins t .  No. 58, 3 (1965). 
Go I. Bobrovich,  I. I. Gogonin, S. S. Kutateladze,  and V. N. Moskvicheva,  Zh. Pr ik l .  Mekh. 
Tekh.  Fiz . ,  No. 4, 108 (1062). 
J .  H. Lienhard  and Watanabe,  Tep loperedacha ,  No. 1, 103 (1966). 
K. H. Sun and J .  H .  Lienhard,  Int.  5. Heat and Mass T r a n s f e r ,  13, 1425 (1970). 
J .  S. Ded and J .  H. Lienhard,  Am.  Inst .  Chem.  Eng. J. ,  18, No. 2, 337 (1972). 
J .  H. Lienhard  and V. K. Dhir,  Tep loperedacha ,  95, No. 2, 1 (1973). 
V. M. Bor i shansk i i ,  B.  S. Fokin, and G. V. Zhizhin, Teor .  Osnovy Khim. Tekhnot. ,  3, No. 1, 70 
(1969). 
S. S. Kutateladze, Izv. Akad. Nauk SSSR, Otd. Tekh. Nauk, No. 4, 529 (1951). 
V. M. Borishanskii, Zh. Tekh. Fiz., 26, No. 2 (1956); Tr. Tsent. Kipyat. i Turb. Nauch.-Issled. 
Inst. No. 28 (1955). 
N. Zuber, AECV-4439 (1959). 
I. T. Alad'ev (editor), Problems of the Physics of Boiling [Russian translation], Mir, Moscow 
(1964), pp. 109, 136. 

274 


