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The paper under consideration is interesting without

doubt. The authors touch upon the questions which are

very important for understanding the mechanisms of

critical phenomena. But unfortunately, as it can be seen

from paper, they are not informed about a number of

works which are the basis for autowave theory of boiling

crisis. Therefore, I am afraid this fact can generate the

incorrect understandings in this sphere of knowledge

among the readers.

I would like to begin with the main problem authors

tried to overcome: Why do the big differences between

the measured values of minimum-heat-flux (MHF)

occur? If we analyze this phenomenon from the view-

point of the published earlier works, the answer won�t
be too complicated. There is an obvious statement that

the boiling curve represents a diagram of steady-states

of the heater with uniform temperature distribution. In

other words a heater may be treated in terms of localized

systems. Under these conditions the critical points (qmax
and qmin) are semi-stable and they are achievable in

experiment.

The real heaters invariably contain the zones of tem-

perature nonuniformity. For example, as to electric
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heaters, there are zones of local temperature minimum

near the current terminals and local temperature maxi-

mum near the middle of the heater. This causes that

the boiling crisis on the surfaces with temperature non-

uniformity originates in local point and a new regime

propagates with constant velocity in the form of thermal

wave on the whole surface, long before the ‘‘true’’ criti-

cal parameters are reached.

For the first time the existence of autowave mecha-

nism of boiling regimes transition has been discussed

in [1] in detail. It was shown that on nonlocalized heater

in the zone of study-states ambiguity (qmax > q > qmin) it

is possible to initiate the autowave transition of boiling

regimes by local disturbance.

The direction of process evolution depends on a sign

of heat source (the difference between heating and cool-

ing). Thus, when heat source is equal to zero, stability of

both bubble and film regimes are the same. If under

these conditions the zones of bubble and film regimes

are generated on heater, the front dividing the boiling re-

gimes will stay without moving (state of neutral equilib-

rium or equilibrium heat flux—‘‘qeq’’ in terms of [2]).

If the heater source sign is positive, a film regime is

stable. In this case under the action of local disturbances

the heater regime can be changed from bubble to film

mode spontaneously in the whole range of thermal loads

qeq < q < qmax. This transition will be carried out in the
ed.
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form of autowave with constant velocity—the running

boundary of boiling regimes.

When the sign of heat source is negative, the direc-

tion of process evolution will reverse. In the range of

heat loads qmin < q < qeq the film regime will be unstable.

That is why it becomes possible to initiate such a wave

that can change the whole heater into the bubble boiling

regime. The calculation methods for values of dangerous

disturbances are given in [3–5].

If the experiments are carried out on wires heated by

electric current the bubble regime remains stable up to

relatively high values of heat loads because in that case

the probability of dangerous disturbances (i.e. fraction

of zones where the temperature of heater exceeds

mean-integral value) is not very high. Absolutely differ-

ent situation is realized on the film regime branch. The

temperature of heater at its ends is close to temperature

value of liquid due to the heat removal from the ends

into electrodes. That is, under these conditions the

strong thermal perturbation of necessary sign is always

presents on the heater. This perturbation will initiate

the wave of bubble regime as soon as proper conditions

are formed, i.e. when the heat flux value decreases below

qeq. Because of that fact the experimentally measured

value of qmin on electrically heated elements is close to

that of qeq. The wave is initiated at different heat flux

values depending on the degree of nonuniformity of

the temperature field. Namely this fact causes disagree-

ments in data obtained by different investigators [1,7].

Reading the paper under consideration I couldn�t
understand why the authors used procedure of arrang-

ing ‘‘hot’’ ends of heater to measure minimal heat flux

values. However, this problem also has its own history.

For the first time this technique was introduced in [2]

proceeding from the analysis of stability of ‘‘heater–boil-

ing liquid’’ system, namely in order to organize the cor-

rect measurements of minimal flux values. To organize

‘‘hot’’ ends the suggestion was done to make a wire (hea-

ter) of U-shaped form and to remote its vertical parts

from liquid into gas (vapor) atmosphere. Owing to

remarkable difference in heat transfer coefficients one

part of heater placed in gas atmosphere was heated up

to higher temperatures in comparison with another part

of heater that was in liquid. This technique first allowed

the minimal flow values close to ‘‘real’’ ones to be ob-

tained on current heated wires. Nevertheless, the method

possesses some disadvantages. In particular, it is impos-

sible to control the temperature in the hot zone and to

control the heat flux in the operating section. When

combustible liquids are used, the technique becomes fire

hazardous. Moreover, it was found in [6] that conditions

of film existence on vertical and horizontal parts signif-

icantly differ. This causes film early breaking from the

heater in the place of conjunction of its vertical and hor-

izontal parts.
A new technique [7] eliminates the above-mentioned

disadvantages. Using this technique it becomes possible

to achieve specific heat flux values of the order of

q � 5 · 103–1.5 · 104Wt/m2 with 1.5mm heater made

of Ni–Cr alloy. These values are at least an order of

magnitude lower than those obtained by the authors

of paper under consideration. In this case the tempera-

ture of ‘‘hot’’ ends was kept in the range of 800–1100 �C.
Data given in the reviewing paper (see Figs. 3–5, 7, 9)

point to the fact that authors succeeded in increasing to

some extent the stability of film regime. Nevertheless,

they couldn�t achieve the real values of minimal heat
flow. Frankly speaking, the so-called second mechanism

of vapor–film collapse, when the wave arises near the

potential electrode, doesn�t differ from the first mecha-

nism at all. The authors themselves give the experimen-

tal data identifying that in that point the minimal

temperature is observed because of the heat removal

into electrode ends. Namely this circumstance leads to

initiation of bubble boiling wave.

There is also another debatable result. I am talking

about the measured values of the wave propagation

velocities. As follows from the autowave theory of crisis

the velocity of heat wave for water is on the order of

1sm/s. Much the same values were also obtained during

our experiments [1]. Therefore, it seems to me the value

1m/s given by authors is surprising.

The authors compare their experimental results with

the data obtained from the model simulations in quoted

Ref. [15]. In the mid-1960s–early 1970s this model was of

most interest indeed because it was the first model in cat-

egory of autowave models. Nevertheless, to my mind its

usage at present is not worthwhile. The fact is that the

above model contains very strong assumptions (in par-

ticular, here the heat flux on the film boiling branch sets

to zero). That is why the calculation results inevitably

possess qualitative character. Recognizing this fact the

authors try to modify their model. As a result they come

to a case that was thoroughly studied 25 years ago [1]. I

would like to emphasize that an analytical results ob-

tained in [1] via simplified model of boiling curve gives

the velocity of wave propagation in liquid nitrogen with

an accuracy of 0.5% [8].

Numerical modeling of vapor-film collapse of auto-

wave propagation and the influence of boiling curve

shape on this process were also studied in the reviewing

paper. Unfortunately, the reason why they decided to

transform the boiling curve (Fig. 14) in their numerical

simulations is not explained here. However, long before

we proposed the suggestion [1] that boiling curve may

have not N- but Z-shaped form (precisely Z-shaped

curve makes possible to realize hydrodynamic mecha-

nism of boiling crisis under the isothermic conditions).

The investigations in [7] were aimed at attempts to

prove this suggestion experimentally. At the same time
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we worked at numerical modeling of autowave process

(the results on N-shaped boiling curves are given in

[9,10]; the effect of curve shape on autowave velocity

was studied in [11]).

In conclusion I would like to note that the authors

investigated the peculiarities of nonstationary equation

for heat conductivity. This makes much difficult to get

the numerical solution. At the same time Ya.B. Zeldo-

vich has proposed a classical substitution of variables

which allowed a quasistationary autowave equation to

be used. In that case it becomes possible to solve such

a problem by easier ‘‘tracer’’ method (in detail see [12]).
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