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An analysis  is made of the s teady-s ta te  heat t r ans fe r  in a large volume of diethyl ether,  n- 
pentane, and benzene with a thin wire immersed .  A 90~ superheat  was produced at the wire 
surface,  while the bulk Iiquid remained at saturat ion t empera tu re .  

Instability and delay of the boiling p roces s  are par t icu la r ly  noticeable in the case  of alkali metals  
[1, 2]. The mechanism of these phenomena is also responsible  for the appearance and the long life of 
boiling nuclei. In this study we used platinum and nickel wires  29-84 g in d iameter  and 60 mm long. Such 
a wire was immersed  in a large volume of liquid and then heated, serving at the same time as a res is tance  
thermometer .  It was noted that the liquid in the boundary layer  became always superheated while the ther -  
mal power was gradually boosted. Boiling is delayed under such conditions and the heat is t ransmit ted then 
by conduction and natural  convection. The bulk liquid may be either subcooled or  at saturation tempera-  
lure T s. Most tests  were pe r fo rmed  in the la t ter  mode, under a tmospher ic  p r e s s u r e  in a glass jar .  High 
superheat  levels were observed in the liquid near  a wire (Fig. 1, curve 1). For  diethyl ether,  n-pentane, 
and benzene in our tests  the superheat  AT = T w - T s  reached up to 90~ The tempera ture  drop ac ros s  a 
wire did not exceed 0.05~ As AT was raised,  there occur red  a t ransi t ion to bubble boiling and this mode 
continued also under a reduced heat load q. 

The attainment of a high superheat  under s teady-s ta te  conditions has made it possible to determine 
the hea t - t r ans fe r  coefficient and to establish the feasibil i ty of general izing all test  data in t e rms  of the 
s tandard c r i t e r ia l  relation: 

Nu = C (GrPr) ~. (1) 

The boundary layer  of a liquid represen t s  the major  thermal  res is tance  and in this case it is meta-  
stable, which makes the problem a nontriviat  one. It will be assumed here that the thermophysical  prop-  
e r t ies  of the liquid may be smoothly extrapolated beyond the saturation line. The validity of the assump-  
tion has been confirmed exper imental ly  [3] as regards  the specific volume, the compressibi l i ty ,  and the 
thermal  expansivity. The common rule of extrapolation will also be applied to X, Cp, and v [4]. Then, 
by matching calculated values with Eq. (1), we will decide whether the chosen procedure  for represent ing 
the thermophysical  p roper t i es  of a highly superheated liquid is rel iable.  

The test  resul ts  are  shown in Fig. 2. The thermophysical  p roper t i es  are  r e f e r r e d  here  to the tern ~ 
pera ture  T = Ts + (1/2)AT. On the same d iag ram we have plotted points 4 for benzene with an 84 tt thin 
wire but no superheat  anywhere in the liquid. These points lie in the same general  region. The proper  
matching of p a r a m e t e r  values in Eq. (1) yields C = 1.05 and n = 0.135, which agree closely with the values 
in [5]. Thus, we have demonst ra ted  the co r r ec tnes s  of describing the heat t r ans fe r  in a metastable liquid 
in t e rms  of conventional relat ions and using extrapolated values of its thermophysica l  proper t ies .  We note 
that local superheating of a liquid occurs  also during intensive boiling. 

We will examine the t ransi t ion to boiling along the wires  in our  experiment.  During boiling along 
thin wires ,  the dependence of the mean thermal  flux density q on the mean-over - the - l eng th  tempera ture  
excess  AT = T w - T  s ceases  to be a uniquely defined relation. Let  us consider  the s implest  case,  where 
two neighboring vapor generat ing nuclei do not interact  and where all nuclei remain  identical. We will now 
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Fig. i. Thermal flux density (W/m 2) as a funetionof the temperature excess (~ for 

benzene with a wire 84 ~ in diameter: I) convection; 2, 3) boiling. 

Fig. 2. Criterial evaluation of test data on the convective heat transfer in a liquid 

superheated at a wire surface: I) diethyI ether; 2) n-pentane; 3) benzene; tempera- 

ture of liquid equal to the boiling point; 4) convective heat transfer in benzene at 

T w < T s.  
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F i g .  3. I n c r e m e n t  of t h e r m a l  f lux 
d e n s i t y  Aq (W/m 2) a s  a func t ion  
of the  d e n s i t y  of v a p o r  g e n e r a t i n g  
n u c l e i  ~ (m-2): two of  the  t h r e e  
d i f f e r e n t  b o i l i n g  c u r v e s  (1, 2, 3) 
have  been  p l o t t e d  in F ig .  1. 

subd iv ide  the w i r e  into s e g m e n t s  w h e r e  s p e c i f i c  m o d e s  of hea t  
t r a n s f e r  o c c u r :  b o i l i n g  at  d i s c r e t e  nuc le i  o r  convec t ion .  In v iew 
of  the d i f f e r e n t  n a t u r e  of t h e s e  hea t  t r a n s f e r  m o d e s ,  the t e m p e r a -  
t u r e  Twl of s e g m e n t s  a t  which  c o n v e c t i o n  o c c u r s  wi l l  be  d i f f e r e n t  
than the t e m p e r a t u r e  Tw2 of s e g m e n t s  a t  which  b o i l i n g  o c c u r s .  Ob-  
v i o u s l y ,  Tw2 > Twt.  The  m e a n  t h e r m a l  f lux d e n s i t y  d u r i n g  bo i l i ng  
can  be  d e t e r m i n e d  f r o m  m e a s u r e m e n t s  and the r e l a t i o n  

q = ~a 2 (T~2 -- Ts) -[- (1 -- 8) ~1 (Twl -- Ts)- 

H e r e  a2  > a l -  When the t h e r m a l  r e s i s t a n c e  of a w i r e  is  a l i n e a r  
func t ion  of i t s  t e m p e r a t u r e ,  then the m e a n  w i r e  t e m p e r a t u r e  wi l l  
be  r e l a t e d  to t e m p e r a t u r e s  Twl and Tw2 a s  fo l lows :  

T~, = ~T~2 4- (1 - -  13) Twl. (2) 

We then have  fo r  the m e a n  t h e r m a l  f lux d e n s i t y  

q = cq ( T ~  - -  T~) -]- ~ [cz 2 ( T ~  - -  T~) - -  cq (T~2 - -  T~)]. (3)  

Thus., a t  the  s a m e  m e a s u r e d  m e a n  t e m p e r a t u r e  e x c e s s  AT = T w - T  s one m a y  m e a s u r e  m a n y  d i f f e r e n t  
v a l u e s  of the t h e r m a l  f lux d e n s i t y  q which  c o r r e s p o n d  to d i f f e r e n t  f r a c t i o n s  /3 of  w i r e  a long  which  bo i l i ng  
o c c u r s  (F ig .  1). 

Initially ~ is a small fraction and boiling differs only slightly from convection. At some instant the 

number of vapor generating nuclei increases sharply and the fraction of wire along which boiling occurs 

will increase. Then, according to (2) and (3), the mean wire temperature T w drops and the thermal flux 
density increases. As a result, the q = f(AT) function becomes S-shaped. 

Considering that/3 is proportional to the number of boiling nuclei N or to their density ~2 = N/S, ex- 

pression (3) can be rewritten as Aq = A~2 with Aq = q-al(Tw-T s) denoting the increment of thermal flux 
density in boiling over convection and A denoting a coefficient which is a function of Tw2 only. The unique 
relation between AQ and ~ is tracked experimentally, as shown in Fig. 3. 

T W 
Twl ,  Tw2 

T S 
/3 
~ 1 '  OL2 
N 

N O T A T I O N  

is  the m e a n  w i r e  t e m p e r a t u r e ;  
a r e  the t e m p e r a t u r e s  of the  w i r e  s e g m e n t s  a t  which,  r e s p e c t i v e l y ,  hea t  t r a n s f e r  by  c o n v e c -  
t ion and hea t  t r a n s f e r  d u r i n g  b o i l i ng  o c c u r s ;  
i s  the  b o i l i n g  po in t  of a l iqu id ;  
i s  the f r a c t i o n  of w i r e  a long  which  b o i l i n g  o c c u r s ;  
a r e  the hea t  t r a n s f e r  c o e f f i c i e n t s  d u r i n g  c o n v e c t i o n  and bo i l i ng ,  r e s p e c t i v e l y ;  
i s  the  n u m b e r  of v a p o r - g e n e r a t i n g  nuc le i ;  
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S is the total wire sur face ;  
= N / S .  

i. 

2. 

3. 
4. 

5. 
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