EVALUATION OF CRITICAL HEAT FLOW IN THE CASE
OF A BOILING MIXTURE OF LARGE VOLUME
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An equation is obtained in this article for finding the value of the critical heat
flow .in the case of boiling binary mixture of large volume under conditions of nat-
ural convection; an equation is obtained from the hydrodynamic theory of critical
fluid boiling. The obtained result provides a suitable description of experimental
data on the critical boiling of the ethanol—water and methanol-water mixture.

According to the hydrodynamic theory of critical boiling of large-volume fluids {1]
the stability criterion is given by the expression
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where Wepi¢ = qstem/” is the average rate of steam formation when film boiling arises.

In the case of critical boiling of a mixture the value Werit depends on the composition
of the mixture. Indeed, as shown by the experimental and theoretical investigations [2-5]
the growth rate of bubbles is slower for mixtures than for single-component fluids. One
must, therefore, assume that for mixtures the value of Worir should be lower than for in-
dividual components of a binary system.

The results in [5] show that the growth rate of bubbles on heated surfaces during the
boiling of binary mixtures is given by the equation
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where @ (z) = 7 V‘D phim_

One can see from this expression that the radius of a bubble depends on the physical
properties of the steam and fluid as well as on the composition of the mixture x, and x;i

For X2 = X3 one has @ (x) = 0 and for a single-component fluid Eq. (2) gives R as a
function of T.

Thus, the dimensionless parameter [{ — ®D(x)] in (2) takes into account the effect of
composition and of diffusion process on the growth rate of a bubble in the mixture. If what
was stated above is adopted as a basis, one assumes that the effect of the composition on
the average rate of steam generation for critical boiling of mixtures is taken into account
by the same parameter, that is, one can write
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To determine q.,i¢ for boiling mixtures it is indispensable that the value ®(z) be known.
It can be seen that three dimensionless complexes appear in @(z) : Ks==r/cpAT,KD==D/a and
K'x==(x2—x1)/xz,where.,[{s is the criterion of phase transformation; K, is the Lewis dif-
fusion criterion, and K, is the concentration criterion. For practical calculations one
modifies K, and K,.

According to [6] one should put instead of AT the saturation temperature Tg in the
phase-transformation criterion Kg when the temperature thrust AﬂE:]Q,—-TS is unknown.

In the Ky criterion x, and x, should be replaced by x' and x" respectively, the latter
being fluid or steam concentrations for the equilibrium state.

Having made these modifications one can rewrite Eq. (1) as follows:
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For x' = x" the above equation can be employed for calculating a single-component fluid.
The same is also true for the azeatrope point at which the composition of steam and liquid
is the same.

To verify Egqs. (3) experimental data have been used on critical heat flows of the
ethanol-water and methanol-water mixtures obtained by the authors in [7, 8] when horizontal
flat heaters were used.

In Figs. 1 and 2 the data obtained from (3) are shown for the methanol-water and ethanol—
water mixtures, respectively. In these diagrams the stability criterion K is shown on the
ordinate axis and the corresponding mixture concentration in volume percentages on the ab-
scissa axis.

It can be seen from Figs. 1 and 2 that if the value of K remains constant, as required
by the theory, it is clearly sufficient even in the case of critical boiling of the mixture.
The average value K = 0.15 shown by dashed lines in Figs. 1,2 is found to be in good agree-
ment with the theoretical value K = 0.147 calculated for critical boiling in the case of
flat horizontal heaters [9]. Some deviations in the magnitude from the average value of K
for different mixture concentrations is, of course, due to the assumption made for calculat-
ing the criterion ®(x).
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