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The depa r tu r e  f rom nucleate  boi l ing is inves t iga ted  with r e f e r e n c e  to carbon  dioxide 
boil ing on a thin plat inum wire .  At p r e s s u r e s  p > 0.5 Pc the DNB t e m p e r a t u r e  is c lose  
to the maximum superhea t  t empe ra tu r e .  

In desc r ib ing  the depa r tu re  f rom nucleate  boil ing at  a hot wall  the spec i f ic  heat flux is usual ly  taken 
as the cont ro l l ing  quantity. If model ing p r inc ip les  a r e  employed,  it  can be expres sed  in t e r m s  of the t h e r m o -  
phys ica l  p a r a m e t e r s  per ta in ing  to the sa tu ra t ion  line. 

In the the rmodynamic  approach  the cont ro l l ing  quanti ty at a given p r e s s u r e  is the wall  t e m p e r a t u r e  
T w. The physical  p r e m i s e  of the t r ea tmen t  proposed in [1, 2] is  the ex is tence  of a ve ry  sha rp  t e m p e r a t u r e  
dependence of the mean l i fe t ime of the superhea ted  (metastab[e) liquid [3-5]. If the superhea t ing  is suf-  
f ic ien t  r e l a t i ve  to Ts, an enormous  number  of f luctuat ion vapor  nuclei  appear  in the sys tem.  In th i s  sense  
it is  poss ib le  to speak  of a ce r t a in  max imum superhea t  T m - T s. The t e m p e r a t u r e  of the boil ing liquid 
in the thin boundary l aye r  should not exceed Tm. The inequal i ty  T < T m is a ne c e s s a r y ,  but not suff icient  
condit ion of nucleate  boiling. Usually,  depa r tu re  f rom nucleate boil ing (DNB) occurs  cons ide rab ly  before  
the max imum superhea t  t e m p e r a t u r e  can be approached.  The r e a s o n  for  this is choking of phase mass  
t r a n s f e r  near  the wall  in the p resence  of a suff ic ient ly  la rge  number  of ac t ive  vapor iza t ion  cen te rs .  

The e x p e r i m e n t e r  m e a s u r e s  the wa[1 t e m p e r a t u r e  and equates  it  to the t e m p e r a t u r e  of the liquid 
ad jacent  to the wall.  This may  r e s u l t  in the in t roduct ion of e r r o r s  a s soc i a t ed  with the d i f ference  between 
mean and local  t e m p e r a t u r e s  a t t r ibu tab le  not only to liquid t e m p e r a t u r e  f luctuat ions but a l so  to the fact  
that  par t  of the su r face  is  occupied by vapor.  

In [6, 7] a success fu l  a t t empt  was made to d e s c r i b e  boiling heat  t r a n s f e r  and the maximum heat flux 
r e g i m e  by means  of the quanti ty T w - T s e x p r e s s e d  as  a f r ac t ion  of the d i f ference  T m - T s. In a study of 
the t e m p e r a t u r e  condit ions of DNB in n-pentane and n-hexane it was noted iS] that, as  the p r e s s u r e  in-  
c r e a s e s ,  the DNB t e m p e r a t u r e  T* and the t e m p e r a t u r e  of developed f luctuat ion nucleat ion Tm approach.  
On the in t e rva l  0.6 < p / P c  < 1 i t  is  found that T* -~ T m. Our object  was to make a more  deta i led c o m p a r i -  
son of the t e m p e r a t u r e s  T* and T m for carbon dioxide boil ing on a thin plat inum wire.  

The annealed wi re  was s t r e tched  along the axis  of a hor izonta l  channel 40 mm in d i ame te r  and 120 
mm long in a s t a i n l e s s - s t e e l  chamber  [9]. The chamber  was placed in a c o n s t a n t - t e m p e r a t u r e  water  
bath. The wi re s  employed were  30 and 50 p in d i a m e t e r  and 114, 70, and 37 mm long. The wi re  se rved  
s imul taneous ly  as  a hea te r  and as  a r e s i s t a n c e  t he rmomete r .  The vol tage drop a c r o s s  the wi re  and a 
s tandard  r e s i s t o r  was m e a s u r e d  with a R307 potent iometer .  The chamber  and the water  bath had windows. 
During the course  of the expe r imen t s  the va r ious  boil ing r e g i m e s  were  observed  and photographed. 

At each expe r imen ta l  p r e s s u r e ,  de te rmined  by the chamber  t e m p e r a t u r e ,  we r e c o r d e d  the t e m p e r a -  
ture  of the wi re  as  the heat flux was r a i s e d  in sma l l  s teps .  At p r e s s u r e s  suff ic ient ly  remote  f rom c r i t i c a l  
DNB develops abrupt ly .  Thus, at  p = 34.8 bar  (p /Pc = 0.47, T s = 0~ the t r ans i t i on  to f i lm boil ing is a c -  
companied by an i n c r e a s e  in wi re  t e m p e r a t u r e  f rom 12 to 240~ DNB was observed  v i sua l ly  and r e g i s t e r e d  
as  a fa l l  in the cu r r en t  in the hea te r  c i rcui t .  

Mixed boil ing is typica l  of thin w i re s  with a l a rge  l e n g t h - t o - d i a m e t e r  ra t io .  DNB takes  place on in -  
dividual  sec t ions  of the wire .  Mixed boil ing p e r s i s t s  as  the heat  load g radua l ly  i n c r e a s e s .  In this case  the 
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Fig. 1. Specific heat flux q (W/m 2) as a function of wire t emper -  
ature T w (~C) for carbon dioxide boiling on the isobars:  1) 34.8; 2) 
40.7; 3) 49.2; 4) 51.5; 5) 52.8; 6) 56.6; 7) 63.8 bar. The dashes 
and arrowheads  denote t ransi t ion to film boiling. 

Fig, 2. Comparison of tempera tures  (~C) of DNB on the isobars  
(circles and triangles) and the maximum superheat  curve (II) at 
var ious p ressures  p in bars  [I) saturation line; K) cr i t ical  point]. 

mean wire temperature  increases  more  rapidly than in the pure nucleate boiling regime.  A charac te r i s t ic  
break appears  on the q = q(AT), AT = T w - Ts, curves.  The abscissa  of the break point was taken as the 
cr i t ical  temperature  head AT* = T* - T s corresponding to DNB. Several experimental  curves are  shown in 
Fig. 1. At T s = 0~ the transi t ion to film boiling takes place simultaneously along the entire length of the 
wire. The resul ts  of the experiments are  presented in Table 1. 

In Fig. 2 the tempera tures  T* (points) a re  compared with the maximum superheat  tempera tures  T m 
of liquid carbon dioxide (curve II). The same figure includes the saturation line (curve I). The triangles 
relate  to the experiments described in [10], in which thin wires were employed. 

The tempera tures  T m for each pressure  were calculated f rom the D~r ing -Vo lmer  equation (see, 
for example, [5]) by assigning the spontaneous nucleation frequency J1 = 106 cm-3" sec-l .  

The resul ts  presented in Fig. 2 indicate the proximity of the values of T* and T m on the investigated 
p ressure  range f rom P/Pc  = 0.5 to p /Pc  = 1. 

Theoretically,  there is reason  to anticipate a corre la t ion between the tempera ture  of DNP and the 
maximum superheat  temperature.  

There is a known analogy between pool boiling and the vaporization of discrete  masses  of liquid on a 
hot plate [11-14]. Experiments  on individual-drop heat t ransfer  have shown that the wall tempera ture  T '  
corresponding to the maximum drop evaporation time is close to the maximum superheat  tempera ture  T m 
[2, 13]. This agreement  is typical only of nea r -a tmospher ic  pressures .  Experiments  on the vaporizat ion 
of drops on a hot plate at saturated vapor p ressures  up to 10 bar [12] have revealed that the temperature  
T m gradually deviates f rom T '  in the direction of lower tempera ture  corresponding to the minimum drop 
evaporation time. Here, the tendency is qualitatively the same as in pool boiling. The development of 
a thermodynamic model of DNB has proved more  complicated than assumed in [1, 2]. As a resul t  of the 
prolongation of the effect and depending on the experimental  conditions, the reaching of the maximum 
superheat  temperature ,  as T w gradually increases ,  may occur either nearer  to the end or nearer  to the 
beginning of DNB. The latter is typical of p ressures  p > 0.5 Pc- Here a charac te r i s t ic  shortage of vapor i -  
zation centers  may develop. 
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TABLE 1. Experimental  Data on the Boiling of Car -  
bon Dioxide on Horizontal Platinum Wires  

p, bar 
q*. 10 "5, 

r s, ~ W/m2 
ct* �9 I0 "5 , 

AT, ~ w/m2.deg 

34,8 
34,8 
34,8 
40,7 
49,0 
51,5 
52,2 
52,8 
56,6 
66,35 
68,45 
70,7$ 

0 
0 
0 
6,0 

I3,3 
15,5 
16,2 
16,8 
19,5 
26,3 
27,7 
29,2 

7,0 
7,8. 
7,4 
6,8 
4,7 
5,8 
5,2 
4,2 
2,6 
1,96 
1,56 
0,92 

"~Data of G. P. Nikolaev and 13. A. Kalinin. 

10,7 
lt,1 
11,7 
9,1 
4,8 
5,0 
4,5 
4,7 
3,1 
0,7 
0,7 
0,3 

0,65 
0,70 
0,63 
0,75 
0,98 
t,15 
1,15 
0,9 
0,84 
2,8 
2,20 
3,06 

Boiling of the liquid begins at the existing centers .  These are  usually numerous enough to ensure 
ve ry  intense heat t ransfer  and create  the conditions for DN]3. However, as the p ressure  increases ,  changes 
(increase in vapor density, decrease  in bubble break-off  diameter) that improve mass  t ransfer  in the 
boundary layer  take place in the system. In the presence of a shortage of centers  nucleate boiling pers is ts  
until nuclei of fluctuation origin appear.  For  this it is necessa ry  to ra i se  the temperature  of the heat-  
t ransfer  surface to Tm. 

Values of T* ~ T m are  observed at high p ressures  for other liquids besides carbon dioxide. They 
have previously been reported for n-pentane, n-hexane, and sulfur hexafluoride [8]. In [8] the liquid boiled 
on the outside surface of copper tubes and the tempera ture  T w was measured with copper -Cons tan tan  
thermocouples.  

The existence of a relat ion between DNB and maximum superheat is even more  definite when the 
liqttid is heated ve ry  rapidly [15, 16] as compared with our case of a quasis ta t ionary increase  in heat load. 

T W 
T s 
AT = T w - 

T m 
T* 
q*, o~* 

P 
Pc 
q 
d 
l 
Jl 

Ts; 

N O T A T I O N  

is the wall temperature ;  
is the saturat ion tempera ture  at  a given pressure ;  

is the maximum liquid superheat  temperature;  
is the tempera ture  corresponding to departure f rom stable nucleate boiling; 
are  the specific heat flux and hea t - t rans fe r  coefficient corresponding to T*; 
is the pressure ;  
is the cr i t ical  p ressure ;  
is the specific heat flux; 
is the diameter  of the wire; 
is the length of the wire; 
is the spontaneous nucleation frequency. 
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