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NOMENCLATURE
Ar, Archimedes number, Ga(p'/p — 1);
B, Laplace constant, {o/[g(p’ — p)]}'7*;
Bi, Biot number, (2d)/4,;
Cor specific heat at constant pressure;
g, acceleration of body forces;
Ga, Galileo number, (g/2,)/(v?);
F, heat transfer surface area;
L critical wave length of 2-dim. Taylor instability,
2n{o/Lg(p’ — P)I}'7;
K, phase change number, r/(c,AT);
Nu, Nusselt number, (al ,)/4;
P, pressure;
Pr, Prandtl number, v/a;
v, specimen volume;
q, heat flux density;
r, latent heat of vaporization;
AT, temperture difference, T, — 7.
Greek symbols
a, heat transfer coefficient;
9, specimen thickness;
A, thermal conductivity ;
U, dynamic viscosity ;
v, kinematic viscosity ;
0, density;
o, surface tension;
T, time.
Superscripts

’

, refers to liquid.

Subscripts
cr, critical ;
W, wall;
0, normal.

INTRODUCTION

IN OuR recent paper [1], we suggested a relationship to
calculate the heat transfer coefficient in film boiling from
different-sized flat horizontal surfaces which was valid for a
wide range of the dimensionless number Ar that defines the
vapour flow regime. A comparative analysis of various
relations also presented in that paper supported a higher
accuracy of the heat transfer coefficient calculated by the
proposed equation.

It should be noted, however, that up to now the region of
small values of the Ar number (less than 10°) has virtually not
been studied at all. Very scarce also are data for high values of
the phase change number K (above 5), and, worse yet, they
lack consistent agreement [2, 3].

Investigations conducted in the above regions are of
particular value as they provide for further testing of the
potentialities of our theory.

EXPERIMENTS

One of the most accessible ways of obtaining the film
boiling data in the region of low Archimedes numbers is that
of conducting heat transfer experiments in liquid helium, on a
surface heated to room temperature. According to our
preliminary estimates, the phase change number may be
appreciably larger for liquid argon in the region of low wall
superheats close to the crisis of film boiling. The experimental
specimens were 20 mm thick copper discs, with all sides
being styrofoam-insulated, except the upward facing horizon-
tal flat one which served as a heat transfer surface. The disc
thickness was dictated by the demand for sufficient experi-
mental duration (several minutes) and simultaneous com-
pliance with the condition that Bi < 0.1, which when plotting
the boiling curve, allows the use of Newton’s simple law of
cooling

Vv dT,, )
q weod £ ar (1

The disc diameter was made sufficiently large to exclude the
effect of the heat transfer surface size on the intensity of the
process. According to ref. [1], a flat horizontal surface can be
regarded as ‘large’ if its minimum size surpasses about thirty
Laplace constants.

Taking into account that at atmospheric pressure by, =
0.31 mm and b,, = 0.96 mm, the disc diameter was taken to
be 10 mm for heltum and 40 mm for argon. In the latter case
the same specimen was used as in earlier experiments with
nitrogen [3]. Heat losses in experiments with argon amoun-
ted to a few percent and were not taken into consideration in
the treatment of experimental data. Heat losses in the
experiments with helium amounted to 30%; of the total heat
flux magnitude at the maximum temperature difference of
300 K. It should be noted that the effective thermal con-
ductivity of insulation was refined by special experiments,
since the values tabulated in ref. [4] entailed large errors.

The temperature sensors were small-sized copper-
constantan thermocouples, with an electrode diameter
of 0.1 mm. These were fitted into three radial holes in each
disc. Since the sensitivity of these thermocouples drops
markedly with temperature the readings for helium were not
taken at AT below 30K.

The heat transfer intensity vs the temperature difference,
along with the results on film boiling in nitrogen [3] and
helium [8, 9], are presented in Fig. 1.

DISCUSSION

The results we have obtained on helium film boiling are
found to be in good agreement with our previous data [8] for
the range of temperature differences up to 100 K and with the
experimental results for lower temperature differences [9].

It is easy to notice that the data on film boiling in argon and
nitrogen practically coincide, yet the helium boiling curves
are almost twice as high at AT > 60 K. This is mainly due to
an appreciable thermal conductivity of the helium vapour. In
our opinion, the experimental data presented herein suggest
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Fi1G. 1. Experimental data on film boiling on a horizontal surface.

that the film boiling heat transfer rate is very dependent on the
interface friction, which is characterized by the phase change
number K. It follows from Fig. 1 that the character of the
dependence ¢ vs AT changes markedly with increasing
temperature difference. Thus, for nitrogen and argon in the
region of wall superheats not surpassing 70 K, the heat flux
density depends only slightly on AT. However, as the
temperature difference increases, g becomes almost directly
proportional to AT.

Conversely, the function g(AT) for helium, which is charac-
terized by K « 1 in the whole range of temperature
differences investigated, does not show any discontinuity.
Thus, at small K, Nu should be independent of K for any kind
of liquid, while at large K the interface friction exhibits a
marked effect on the heat transfer process.

Converting to generalized coordinates, we must regretably
admit that there were some vexing misprints in the figures in
our previous work [1]. It therefore seems worthwhile to
present these plots here corrected and supplied with newly
obtained results.

Figure 2 shows in generalized coordinates the data on
boiling of ten various liquids obtained by sixteen research
groups. Itis evident that the experimental data on film boiling
in the region of Archimedes numbers down to 10* are well

described by the relations proposed previously [1]. Figures 3
and 4 contain the same set of results given separately for
laminar and turbulent regions in the form of Nu/(Ar"Pr!?) as
a function of the phase change number. It can be easily seen
that the correlation suggested gives a good agreement with
experimental results up to the values of the phase change
number K = 8 (obtained in the experiments with argon).
About 95%; of the points lie within the interval +25% of the
approximating lines and more than 98%,, within + 30%.

CONCLUSION

To calculate the heat transfer rate in film boiling on flat
horizontal surfaces, the following correlations given in ref. [ 1]
can be recommended :

at Ar < 1 x 10%

Nu = 0.19 Ar'3Pr13 f(K), (2)
where
1 at K < 14
= ’ 3
S {0891(‘*3 at K > 14; ®
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FiG. 2. Comparison of predictions by proposed relations with experimental data on film boiling on a
horizontal surface.
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F1G. 4. Correlation of data on turbulent film boiling.

at Ar > 1 x 10®

Nu = 0.0086 Ar'2Pr!? f,(K), @)

where

at K <20

1
f2= {0.71 K'*  atK>20

all the above being valid in the following ranges of parameters

Ar = 10*-3 x 108,

Pr =0.69-345, K = 0.013-8.0,

P/P, = 0.0045-098, g/g, = 1-21.7.
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