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PRINCIPAL MECHANISM OF BOILING CRISIS 

IN POOL BOILING 
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Department of Mechanical Engineering, University of Tokyo, Hongo, Tokyo, Japan 

(Received 2 September 1967) 

Alartract-High-speed photography has been employed to study the mechanism of the boiling crisis in 
pool boiling of saturated water at high heat fluxes. Three contigurations have been examined: normal 
free boiling on a heated IO-mm dia. horizontal copper disc and the same system subjected to the inter- 
ference of a tlat plate and a short tube held above the heated disc. 

The mechanism of pool boiling crisis is clarified both by the qualitative observations of the fluid be- 
havior and by an analysis based on the experimental facts. It is concluded that the phenomenon of pool 
boiling crisis is related to the intermittent behavior of vapor masses and to the consumption of liquid film 
which bmlds up on the heated surface. 

Previous theories of boiling crisis and transition boiling are discussed in relation to the mechanism 
revealed by the present study. 
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NOMJCNCLATURE 

area of heated surface ; 
total sectional area of vapor stems ; 
average diameter of vapor stems ; 
gravitational acceleration ; 
latent heat of evaporation ; 
heat flux; 
peakheatflux; 
average heat flux in transition boiling ; 
time ; 
life of liquid film at the point of peak 
heat flux. 

Greek symbols 
6, height of vapor stem ; 
6 

Py: 

initial thickness of liquid film ; 
density of liquid ; 

An density of vapor ; 

0, surface tension. 

1. INTRODUCTION 

As THE most fundamental boiling crisis, the 
boiling crisis in saturated pool boiling 1s 
studied in the present paper. As is well known, 
various theories have already been published 
on this subject. Roughly speaking, we have one 

group which considers the obstruction of heat 
transfer due to vapor masses anchored on the 
heated surface and another which postulates 
that the crisis is due to the existence of a limit 
in the state of the fluid system. The latter 
consists of two groups of theories, namely 
the geometrical theories of Rohsenow and 
Griffith [l], and Chang and Snyder [2] based 
on critical bubble spacing near the heated 
surface, and the hydrodynamic ones of Kutate- 
ladxe [3], Chang and Snyder [4], Zuber, Tribus 
and Westwater [S], and Torikai [6] based on the 
instability of the interface between liquid and 
vapor. 

However, quite a number of experimental 
observations on boiling and the boiling crisis 
cannot be explained by the above-mentioned 
theories. For example, according to Torikai 
and Yamaxaki [7l, and Kirby and Westwater [S] 
who studied the nucleate boiling on a glass plate 
coated with a transparent, heated film of metal 
oxide, in order to observe the state of fluid very 
close to the heated surface, a liquid film exists 
on the heated surface even in the vicinity of 
boiling crisis. Furthermore, Kirby and West- 
water reported that dry spots sometimes appear 
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in the liquid film at high heat fluxes near boiling 
crisis ; that dry spots grow in size but they have a 
life alter which liquid washes across the dry 
area and again wets the solid ; and that dry 
spots presumably signal the boiling crisis. These 
observations are not in keeping with the models 
on which existing theories are based. In addition, 
it has been known that the properties of the 
heated surface, such as wettability, influence 
to some extent the critical heat flux as shown 
for example, by Costello and Frea [9]. This 
is also difficult to explain with the existing 
theories. 

The above-mentioned observations would 
indicate that there are still important fun&- 
mental inadequacies in the existing theories. 
These theories try to explain the boiling crisis 
by an essentially static model, whereas boiling, 
especially in the nucleate and transition regions, 
is a phenomenon characterized by periodical 
or intermittent processes. If so, the principal 
mechanism of boiling crisis should be con- 
‘netted with such periodical aspects. In addition, 
the point of peak heat flux is a limit not only 
of the nucleate boiling but also of the transition 
boiling. Consequently, the phenomenon which 
gives a limit to one region should have a close 
relation to the mechanism of boiling in the other 
region. 

With such a point of view in mind, observation 
and analysis of pool boiling at high heat fluxes 
are carried out in the present study using high- 
speed photography and adopting particular 
configurations of boiling which enable us to 
approach the essential nature of boiling crisis 
with ease. 

2. EXPERIMENTAL APPARATUS 

The boiler is illustrated schematically in 
Fig. 1. This is the same as that used in the 
authors’ preceding study [lo], so that descrip- 
tion of its details will be omitted. Pure water 
at the atmospheric pressure is boiled on a 
horizontal copper disc of IO mm in diameter 
facing upward. A vapor mass of comparatively 
simple shape is generated on the heated surface 

To condenser 

I 
Auxiliary 
heater 

T;f Ion 

FIG. 1. Boiler and heater. 

intermittently at high heat fluxes, and the peak 
heat flux is around 1.6 x lo6 kcal/m’h. 

Experiments are carried out for three different 
configurations of boiling, namely the normal 
free boiling and the boilings subject to inter- 
ference originated by holding either an optical 
assembly (Fig. 2) or a short tube (Fig. 3) vertically 
above the heated surface. The optical assembly, 
which is the same as that in the preceding study 
[lo], is used not only to interfere with the 
behavior of vapor masses by placing the bottom 
glass-surface parallel to the heated surface, 
but also to observe the state of the fluid on the 
heated surface through a circular window. In 
the last configuration mentioned above, short 
tubes 3-, lO- and 20-mm long are used, all 
having outer diameter equal to the diameter of 
the heating disc. They are made of acrylic resin 
of good transparency so that the behavior of 
the fluid inside can be observed with ease. 

When the spacing, s, between the bottom 
surface. of each of the interference bodies afore- 
mentioned and the heated surface is varied, 
the peak heat flux, q0 shows a characteristic 



FIG. 2. Optical assembly. 

hG. 3. Tube. 

variation such as is shown in Fig 4. It is particu- 
larly of interest to notice that in the case of the 
tubes there is a spacing range where qc increases 
as s is decreased. Of course, if s is sufficiently 
increased, every curve in Fig. 4 tends to the 
magnitude of peak heat flux observed in the 
normal free boiling : qc + 1.6 x lo6 kcal/m2h. 
It should be noted that most published studies 
of pool boiling crisis have been made on the 
normal free boiling, and that they give no 
reliable explanation of such a variation of qt 
as shown in Fin. 4. 

the plate and the heated surface approaches 
the thickness of the liquid fihn, 6. The critical 
spacing, sf, at which the variation of heat- 
transfer characteristics begins, has been mea- 
sured by the authors [lo]. The results are 
plotted in Fig. 6 showing the existence of a kind 
of mutual relation with the result of Gaertner 
and Westwater. 

The authors have also measured the increase 
of volume of a vapor mass generated just above 
the 10 mm diameter horizontal copper surface 
with high-speed photography. According to 
the results, the rate of increase of vapor within 
a vapor mass is almost constant through the 
growth period of the vapor mass indicating 
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3. NUCLEATE BOILING AT HIGH 

HEAT FLUXES 

Before reporting the present results, some of 
the existing knowledge of nucleate boiling at 
high heat fluxes will be mentioned for conveni- 
ence. A typical aspect of nucleate boiling on a 
heated surface at high heat fluxes is shown 
schematically in Fig. 5(a). There is a liquid fum 
on the heated surface, and a lot of small vapor 
stems within the film are supplying vapor to 
an overlying vapor mass. Gaertner and West- 
water [ll] have measured the average dia- 
meter of the vapor stems, D, in the saturated 
boiling of water at the atmospheric pressure 
on a horizontal copper surface to give the solid 
curve in Fig. 6 showing the variation of D with 
heat flux q. As for the height of vapor stems, 
6, Gaertner [12] has reported, in the discussion 
on his paper, that the following relation exists 
independently of q : 

6 = 0.6 D. (1) 

This is the relation obtained from side-view 
photographs taken of the boiling of water on a 
horizontal copper surface at high heat fluxes. 

On the other hand, it may be presumed that 
if an interference plate is pushed downward 
from above into a vapor mass as shown in 
Fig. 5(b), the characteristics of boiling heat 
transfer do not vary until the spacing, s, between 
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Spacing J. mm 

FIN;. 4. Variation of peak heat flux with spacing. 
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hG. 5. (a) Nucleate boiliig at high heat fluxes. (b) Nucleate 
boiling with an interference plate. 

FIG. 6. Variation of critical spacing s, (indicated by circles) 
and average diameter of vapor stems D (indicated by solid 
curve) with heat flux. Broken line is extension of experi- 

mental result. 

that vapor is generated from the liquid lilm 
on the heated surface at a constant rate. 

Summarizing the results which have been 
stated above, it may be concluded that nucleate 
boiling at high heat fluxes is characterized 
by nucleate boiling within a liquid film built 
up on the heated surface and its production 
of vapor. According to the solid curve in Fig. 6 
and equation (l), the thickness of the liquid film 
decreases as the heat flux is increased, and it is 
surmized to be only 0.1 mm or so in the vicinity 
of the boiling crisis of water at atmospheric 
pressure. 

4. GEXWRATION AND CONSUMPTION 
OF LIQUID FILM 

How such a liquid film as described in the 
preceding section is built up on the heated 
surface is a problem of great importance. In 
order to clarify the mechanism, the behavior 
of the fluid has been carefully observed in the 
present study. 

4.1. Free boiling 
As a typical example, Fig. 7 shows successive 

states of vapor masses in the vicinity of the 
free heated surface at intervals of 0+34 msec, 
which were obtained at a heat flux of 1.39 x lo6 
kcal/m2h. It is noticed that a perfect detachment 
of vapor mass from the heated surface occurs 
in frames 9-13 and a new vapor mass has 
already begun to grow in frame 14 pushing up 
the overlying liquid. The time elapsed in one 
detachment of vapor mass is found to be about 
3 msec at the most, whereas the average period 
from one detachment to the next has been found 
to be around 60 msec in this case. It may be said, 
therefore, that the heated surface is always 
covered with a vapor mass except the extremely 
short period of detachment of vapor mass, 
occurring nearly at constant frequency. 

When a vapor mass grows on the heated 
surface, it continues a very rapid expansion of 
volume forcing out the surrounding liquid with 
a constant rate of increase of vapor, so that the 
inside pressure should be somewhat higher than 
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FIG. 7. Successive states of vapor mass in free nucleate boiling (q = l-39 x lo6 kcal/m”h, 
interval = 0.84 msec). 
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FIG. 8. Nucleate boiling with optical assembly at a heat flux lower than peak heat flux (s = 2 mm, interval 
= 8.6 msec). 



FIG. 9. Liquid film in the late period of a cycle of nucleate boiling with optical 
assembly very close to peak heat flux (S = 2 mm). Liquid is dark, and white points 

scattered arc only reflection of light. 
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FIG. 10. Transition boiling with optical assembly (s = 2 mm, interval = 5.4 msec). Since a liquid film is built 
up on the lower surface of glass plate also, meaningless waves are sometimes observed. Due to heat capacity 

of copper block, quasi-steady transition boiling can be observed. 



. _. _ .--. 
2 

I 
7 

we 

16 

-- 

-_ 

Lea.. 

3 4 

2 ..-__^ -...“._ _-. k.?b& 
8 

d.. 

28 

_ ._-_ 
24 

29 ,’ 30 

FIG. 11. Successive states of vapor mass in nucleate boiling with tube (H = 20 mm, s = 2 mm, 
q = 1.69 x lOa kcal/mah, interval = 1.9 msec). 
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the surroundings. Since this pressure is exerted 
on the heated surface too, it is almost certain 
that during the growth period of a vapor mass, 
liquid cannot be supplied from the surroundings 
to the heated surface. If so, it is presumed that 
the supplying of liquid to the heated surface 
is performed only when the vapor mass detaches 
from the heated surface, and that thereafter a 
new vapor mass grows consuming the liquid film 
thus built up. 

4.2. Boiling subject to inter&rence of optical 
assembly 

The boiling, subject to interference of the 
optical assembly with a spacing of s = 2 mm, 
has been studied ; the configuration is useful to 
examine the presumption described in Section 
4.1. In this case, photographs were taken 
simultaneously from the right-hand side of the 
optical assembly shown in Fig. 2 as well as 
through the optical assembly itself, thereby 
not only a side view of boiling near the heated 
surface but also a horizontal view of the heated 
surface are caught simultaneously on a film. 

First, Fig. 8 shows a typical example of the 
successive states of the fluid in the case of a heat 
flux lower than the peak heat flux (interval: 
8.6 msec). A circular image on the upper part 
of each frame is a horizontal view of the heated 
surface which is observed through the window 
of the optical assembly. It is noticed that a 
vapor mass begins to grow on the heated surface 
in frame 1, and after filling the space over the 
heated surface, the vapor mass is expanding 
radially in frame 2. Since the boiling within the 
liquid film on the heated surface continues 
ever after, the vapor mass continues to expand 
more and more until it covers the lower portion 
of the optical assembly as seen in the frames 
after frame 7. However, when time has elapsed 
up to frames 13 and 14, the vapor mass begins a 
very rapid escape originating an inflow of 
liquid into the space over the heated surface. 
Then, reproducing the initial state in frame 15, 
the same cyclic process as before is repeated. 

In the case of Fig. 8, a liquid lilm remains on 

the heated surface during the whole period of a 
cycle. However, if the temperature of the heated 
surface becomes higher approaching the point 
of peak heat flux, dry spots sometimes appear 
and grow on the heated surface near the end of 
each cycle. This is the consequence of the con- 
sumption of liquid film. Since the initial thick- 
ness of a liquid film as well as the anchorage 
period of a vapor mass vary to some extent from 
cycle to cycle, dry spots appear inevitably near 
the end of those cycles which happen to have 
more severe conditions. As an example, Fig. 9, 
which was obtained at a heat flux close to the 
peak heat flux, shows several dry areas as well 
as many dry spots on the heated surface. It 
should be mentioned with respect to the situa- 
tions described here that they are very similar 
to those described in the report of Kirby and 
Westwater referred to in Section 1. 

If the temperature of the heated surface is 
further increased beyond the point of crisis, 
a situation arises such that every cycle includes 
a period during which the heated surface is 
perfectly dry as shown in Fig. 10. The interval 
of successive frames is now 5.4 msec and the 
surface temperature is 5 degC higher than that 
at the point of peak heat flux. Liquid is flowing 
into the space between the glass plate and the 
heated surface creating nucleate boiling in 
frame 1. Then the same processes as in Fig. 8 
(boiling within liquid film and growth of vapor 
mass) are undergone up to frame’ 6 or its 
vicinity where the liquid film is consumed away. 
Disregarding waves which sometimes appear in 
a liquid film built up on the lower surface of the 
glass plate of the optical assembly, and which 
can be seen in some of the frames, it is noticed 
that perfect dryness of the heated surface as 
well as no growth of the vapor mass continue 
afterwards. In frames 13 to 17, however, an 
escape of the vapor mass occurs introducing 
liquid into the space above the heated surface, 
and the initial state is reproduced in frame 18. 
Comparing the growth of a vapor mass in Fig. 10 
with that in Fig. 8, it may be noticed that the 
amount of vapor produced during one cycle 
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is obviously less in Fig. 10 than in Fig. 8. 
This presumably suggests that the liquid film 
built up on the heated surface becomes thinner 
as the temperature of the heated surface is 
increased. 

4.3. Boiling subject to interference of short tube 
The situation in the case of boiling subject 

to the interference of a short tube is the same 
in principle as in the preceding cases. As an 
example, Fig. 11 shows a result obtained under 
conditions of H = 2Omm, s = O-8 mm and 
4 = l-69 x lo6 kcal/mZh (interval: l-9 msec). 
It may be of interest to notice an unforeseen 
fact that a part of vapor mass protrudes radially 
through the circumferential narrow opening 
between the tube and the heated surface as 
shown in frames 14 to 24. The protrudent part 
of vapor mass is, however, inhaled finally into 
the tube when the vapor mass begins to escape 
and ascend as shown in frames 25 to 27. At 
the same time, liquid is supplied to the heated 
surface through the narrow opening following 
the rapid retreat of vapor. Notice the splash 
of liquid on the heated surface in frame 28. 

5. MECHANISM OF POOL BOILING CRISIS 

The observational results reported in the 
preceding section have already suggested that 
the point of peak heat flux is a point at which 
the average life of liquid flms on the heated 
surface coincides with the average detachment 
period of vapor masses. According to Sections 3 
and 4, it may be assumed that the rate of con- 
sumption of the liquid film is in proportion to 
the heat flux, and that the initial thickness of 
the liquid film decreases with the heat flux. 
On the other hand, the detachment period of 
vapor mass is generally finite. Particularly, it 
should be noted that the detachment period has 
been found to change very little with the heat 
flux for the region of nucleate boiling at high 
heat fluxes investigated in the present study. 
Consequently, as the heat flux is increased, a 
transition point must inevitably occur. 

Now let us examine the mechanism of boiling 

crisis quantitatively. If a liquid film is formed 
with an initial thickness 6, on a heated surface of 
area A, subject to a high heat flux 4, the life of 
the film, t, is determined as follows: 

where pi is the density of liquid, A:, the total 
sectional area of vapor stems within the film, 
and H,* the latent heat of evaporation. AL/A, 
and 6, in equation (2) should be known in 
order to estimate t. According to the experiments 
of Gaertner and Westwater [11] of water 
boiling on a copper surface, the following 
approximate relation holds inde~ndently of 
q at high heat fluxes : 

AL/A, = l/9. (3) 

As to 6,, it is reasonable to use equation (1) 
obtained from the side-view photographs of 
boiling. Since the c~c~e~n~ of the heated 
surface is always exposed to the surrounding 
liquid, 6 in equation (1) gives a value rather 
close to the initial thickness of the liquid tilm. 

Substitutingequations(l)and(3)intoequation 
(2) and determining D in equation (1) from the 
curve in Fig. 6, the life of the liquid film, t, is 
calculated as a function of q to give the thick 
solid curve in Fig. 12. 

200) 

FIG. f2 Comparison of analytical peak heat flux data 
(indicated by broken vertical lines) will! experimental 
results (indicated by solid vertical lines, c’ase of optical 
assembly has a detachment-period about three time-s greater 

than case of tube. 
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Experimental results of average detachment 
period, t, obtained at a heat flux, q, in the vicinity 
of boiling crisis are indicated by circles in Fig. 12 
for three different kinds of boiling. Then the 
analytical peak heat fluxes which correspond to 
these detachment periods respectively should 
be determined at the positions of the vertical 
broken lines in Fig. 12 For comparison, the 
experimental heat fluxes obtained corresponding 
in the same experiments as above are also shown 
by the vertical solid lines in Fig. 12. It may be 
noticed that the agreement between the analytical 
and experimental results is rather good. 

6. DI!KUSSION 

6.1. Various features of pool boiling crisis 
The mechanism of boiling crisis which has 

been revealed in the present paper enable 
us to explain various features of pool boiling 
crisis in a unified manner. 

Agitation of fluid increases the peak heat flux 
through the reduction of the period of vapor 
anchorage. If liquid is supplied by any means 
to the liquid fti lying under a vapor mass, the 
~h~~~~~~* 

If the period of anchorage of vapor mass is 
increased, the peak heat flux is reduced. This 
has already been shown experimentally by a 
blocking surface attached to a heated surface 
facing downward in the study of Ishigai et al. 
Cl23 as well as by the optical assembly in tbe 
present study. When for some reason the supply 
of liquid to the heated surface is obstructed, 
stable formation of liquid film. on the surface is 
disturbed, reducing the peak heat flux. 

Due to scattering of the initial thickness of 
the liquid film, the detachment period of the 
vapor mass, and other causes, dry spots and 
areas sometimes appear on the heated surface 
in the neighborhood of boiling crisis. Conse- 
quently, the temperature of the heated surface 
lluctuates, to some extent, when the surface is 
heated at a constant heat flux. 

6.2. Relation to customary theories 
It is an unobjectionable fact that if normal 

systems of boiling alone are considered, current 
theories have succeeded considerably in corre- 
lating -the experimental results of peak heat 
flux ; Kutateladxe’s correlation, for example, is 
written as follows : 

where 4c is the peak heat flux, H,# the latent 
heat of evaporation, Q the surface tension, g the 
gravitational acceleration, pv the density of 
vapor, and pj the density of the liquid. The 
constant value in the right-hand side of equation 
(4) is determined experimentally. 

Time is not included in equation (4), whereas 
time has been introduced as an important factor 
in the present study. In spite of this discrepancy 
of quality, however, a result similar to equation 
(4) could be derived easily from the theory of 
the present paper at least for normal systems of 
boiling. The range of experiment, though, is so 
limited in the present study that a general, 
positive verification is impossible, but it may 
not be useless to mention the following analysis. 

According to the present study, it sums 
likely that two kinds of vapor velocities play 
particularly important roles in the physics of 
boiling crisis, namely the ejection velocity and 
the escape velocity of vapor from the heated 
surface. The former is obviously q/H,&, and 
the latter is ten~tively assumed to be in pro- 
portion to @dP, - PJIP?] from = =logy 
with the rising velocity of bubbles in a liquid. 
Then, taking account of dimensions, the initial 
thickness of liquid film, &, and the detachment 
period of vapor mass, t, may be written res- 
pectively as follows : 

(5) 

t = const- x $TqdPl’_ PJfdf 
(6) 

where I represents a term which has the dimen- 
sion of length. The index of 1.5 in the right-band 
side of equation (5) has been determined so as 
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to satisfy the relation between do and 4 given 
by equation (1) and the curve in Fig. 6. Substi- 
tuting equations (5) and (6) into equation (2) 
and replacing 4 by qe, yields 

$&--J[“‘“b:P; “01 

= const. (1 - ~~*(~~!. (7) 

In the right-hand side of equation (7), 1 - 
(AL/&) may be regarded as almost unity, and 
the variation of (pJ~i)“” is comparatively small ; 
in other words, equation (7) is akin to equation 
(4). 

6.3. Transition boiling 
In connection with the mechanism of boiling 

crisis, the transition boiling will be touched. As 
stated in Section 4, if the temperature of the 
heated surface is increased beyond the point of 
boiling crisis, every cycle includes a period of 
perfectly dry surface. Consequently, the tem- 
perature of the heated surface fluctuates con- 
siderably in the transition boiling except in the 
case of surface temperature kept exactly con- 
stant. In addition, a very rapid growth of a 
vapor mass is followed by a period during which 
the vapor mass ceases to grow, making the 
explosive expansion of vapor in the initial stage 
conspicuous. Therefore, some aspects of the 
behavior of liquid and vapor presumably be- 
come different from those in the nucleate boiling 
region. Furthermore, the properties of the 
heated surface such as dirtiness and wettability 
may become particularly influential in the tran- 
sition boiling because liquid must be supplied 
to the perfectly dry surface at the end of every 
cycle. It should be kept in mind that the heated 
surface is substantially wet in the nucleate 
boiling region. 

In relation to the above observations, it may 
be worth while m~tion~g the following analysis 
of transition boiling. Figure 13 shows the 
experimental results of boiling of water at 
atmospheric pressure on a copper surface ob- 

FIG. 13. Heat thx vs. temperature of heated surfaa in pool 
boiling of water. Data indicated by circics and crosses from 

Isbigai et al. [ 141. 

taincd by Ishigai et al. [13], and the thick solid 
line represents the region of nucleate boiling. 
Now, for simplicity, three assumptions will be 
adopted for the transition boiling region: fi) the 
detachment period of the vapor mass is kept at 
the same magnitude as that at the point of peak 
heat flux, (ii) the boiling within the liquid film 
has the same characteristics as in the region of 
nucleate boiling, and the extension of the 
nucleate boiling curve is permitted as shown by 
the broken line in Fig. 13, and (iii) the heat 
transfer during the period of perfectly dry 
surface is negligibly small. Then, if the heat flux 
to the liquid tilm is represented by 9 and the 
initial thickness of the liquid film by 6,(q), 
equation (2) yields the life of the liquid film, t, 
as follows : 

t = Pthd~) G4v - ‘4J H, 

w&v * 

Similarly, at the point of peak heat flux, 

(8) 

t pi&&J (A, - AL) H, 
c 

4cAW 
f% 

where qc is the peak heat flux. According to the 
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assumption (i), t, is equal to the detachment 
period of the vapor mass in transition boiling. 
Then, taking the ~s~ption (iii) into account, 
the average heat flux, ij, for one cycle is deduced 
to be Zj = q x (t/t,); and the substitution of 
equations (8) and (9) immediately gives 

So(q) 
ii = 4’.-g-&-j tw 

Now, qc is determined at the point of peak 
heat flux, and q by the broken line in Fig. 13. 
6,(q) and S&q,) are determined by equation (1) 
and the curve in Fig. 6. The average heat flux, 
4, thus calculated is shown in Fig. 13 as a 
function of the temperature of the heated 
surface, and it may be noticed that the agreement 
with the experimental results is rather good. 

Of course, the present analysis has been made 
with bold s~pli~~tions of the ph~om~on so 
that such a correspondence with the experi- 
mental results as aforementioned should not be 
regarded as universahy obtainable. However, 
even if such ambiguities exist, the principal 
nature of the transition boiling described here is 
presumed not far from the truth. It may be of 
interest to mention that the mechanism of 
transition boiling presumed qualitatively by 
Ishigai and Kuno [15] from the fluctuation of 
the temperature of the heated surface agrees 
well with that in the present study. 

7. CONCLUSIONS 

(1) Experimental and analytical studies have 
been carried out in the present study adopting 
three special configurations of boiling pre- 
sumed to be particularly effective to attack the 
mechanism of pool boiling crisis. 

(2) Boiling crisis in pool boiling is a pheno- 
menon connected with a balance between the 
consumption of the liquid film on the heated 
surface and the supplying of liquid through the 
intermittent removal of vapor masses. 

(3) Physical models upon which existing 
theories of boiling crisis are based are question- 
able. However, so far as their final results are 

concerned, there is a possibility for them to be 
derived as special cases from the mechanism of 
boiling crisis revealed in the present paper. 

(4) Transition from nucleate to transition 
boiling does not arise from a perfect meta- 
morphosis of boiling Roughly speaking, the 
main cause is only the appearance of a period 
of perfectly dry surface within every cycle. The 
nucleate boiling still remains int~~~tly in 
the vicinity of boiling crisis at least. 

ACKNOWLXDGEMENT 

The authors express their appreciation to Mr. T. Tsuchiya 
for his assistana with the experiments. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

IUFERFlNCeS 

W. M. ROWSE~W and P. GRIF~~H, Correlation of 
maximum heat transfer data for boiling of saturated 
liquids, Chem. Engng Prog. Symp. Ser. 5x18), 47 (1956). 
Y. P. CHANG and N. W. SNYDW, Heat transfer in 
saturated boiling, Chm. Engng Prog. Symp. Ser. 56(30), 
25 (1960). 
S. S. KUTAT!UDZE, A hydrodynamic model of the 
critical heat transfer in boiling iiquids with free con- 
vection. Zh. T&h. Fiz. 20011 1389 (1950). 
Y. P. CHANG and N. W. SNYDER,‘ H<t transfer in 
saturated boiling Chern. Engng Prog. Syfflp. Ser. 56 (30), 
25 (1960). 
N. ZUBER, M. TRIBUS and J. W. Wusnv~xzx, The hydra- 
dynamic crisis in pool boiling of saturated and sub- 
cooled liquids, in International Developments br Heat 
Tm.$er, p. 230 Am. Sot. Mech. Engrs, New York 
(1961). 
K. TORIM, Burnout in pool boiling, in Boiling Heat 
Tran&r, p. 183. Japan Sot. Mech. Engrs, Tokyo (1965). 
K. T~RIKU and T. YAXAZAKI, The contact area of 
boiling bubbles on the heating surface, Bull. J.S.M.E. 8, 
660 (1965). 
D. B. KIRBY and J. W. Wxsrw~rxa, Bubble and vapor 
behavior on a heated horizontal plate during pool 
boiling near burnout, Chem. Engns Prog. Symp. Ser. 
61(57), 238 (1965). 
C. P. Cosrxt_~o and W. J. FREA, A salient nonhydro- 
dynamic effect on pool boiling buntout of small semi- 
cylindrical heaters, Chem. Engng Prog. Symp. Ser. 
61(57), 258 (1%5). 
Y. KATT~ and S. YOKOYA, Experimental study of 
nucleate pool boiling in case of making interference- 
plate approach to the heating surface, in Proceedings 
of the Third International Heat Transfer Conference. 
p. 219. Am. Inst. Chem. Engrs, New York (1%6) 
R. F. GAERTNER and J. W. Wxsrw~mx, Population of 
active sites in nucleate boiling heat transfer, Chem. 
Engng Prog. Symp. Ser. 46(30);39 (1960). 
R. F. GA~XTN~, Photographic study of nucleate pool 
boiling on a horizontal surface, J. Heat Transfer 87, 17 
(1965). 



1002 Y. KATTO and S. YOKOYA 

13. S. ISHIGAI, K. INOIJE. Z. KIWAKI and T. INAI, Boding JSME Heat and Thermodynamics Conference (Septem- 
heat transfer from a flat surface facing downward, in ber 1963). 
International Developments in Heat Transfer. p. 224. 15. S. ISHIGAI and T. KUNO, An experimental study of 
Am. Sot. Mech. Engrs. New York (1961). transition boiling on the vertical wall in an open vessel, 

14. S. ISHIGAI. K. INOUE and T. KUNO, Transition boiling Truns. Jupan Sot. Med. Engrs 31, 1251 (1965). 
on the vertical wall in an open vessel. Paper No. 27, 

R&sun~LOn a effect& des exp&ienccs d’Cbullitioa saturie en rkservoir de l’cau B des flux de chaleur 
elevtes et des observations des phtnom&s qui s’y rapportent a l’aide de la photographic d grande vitesse 
afin de clarifier le m&a&me de la crise de I’Cbullition en &servoir. Trois configurations de l’tbuilition 
sur une surface de cuivre horizontale de 10 mm de diam&re sont &&&es, c’est+dire 1’6bullition libre 

normale sur la surface chaut%c et les cas soumis B I’interference d’une plaque plane ou d’un tube court 
tenu au-dessus de la surface chauffte. 

Le m&a&me de la crise de l’bbullition en rtservoir est alon cl&% non seuicment g travers l’observation 
qualitativedea comportementsdefluidemaisaussi~traverslanalysequantitativequiestbaa&seulement 
surdesfaitsex~iwntaux.EnrCsumantlesr~ultatqonenconclutquelacrisedeI'bbulltionenrtscrvoir 
est un phCnom&ne relit aux comportements inter&tents de masses de vapeur aussi bien qu'8 la disparition 
des films liquides qui se ferment sur la surface chauffte. 

De plus, les thtories habituelles de la crise de I’Cbullition et de l%bullition de transition sont discut&es 
6galement en relation avec le mlcanisme de la crise de l%bullition r&&C dans l’btude actuelle. 

Zusammenfassung-Es wurden Versuche iiber Rehaltersieden von Wasser be.i SPttigung und hohen 
W&-rnestromdichten durchgeftihrt und die zugehiirigen Erscheinungen mit Hilfe von Hochgeschwindig- 
keitsphotographie beobachtet, urn den Mechanismus der Krisis beim Rehtiltersieden zu klaren: Reim 
Sieden an einer horizontalen Kupferfliiche von 10 mm Durchmesser wurden drei Anordnuagen untersucht : 
gewijhnliches freies Sieden an der Heizfliiche und die Wile, dass Stcirungen dadurch auftraten, dass entweder 
eine ebtne Platte oder ein kurzes Rohr iiber die Heizflliche gehaltm wurden. 

Der Mechanismus der Krisis von Rehiiltersieden wird dann nicht nur durch qualitative Reobachtung 
des Fltiigkeitsverhaltens erkliirt, sondern such durch eine quantitative Analyse, die allein auf experi- 
mentellen Ergebnissen beruht. Aus den Ergebnissen wird geschlossen, dass die Krisis beim Behiiltersieden 
eine Erscheinung ist, die ebenso mit dem intermittierenden Verhalten der Dampfmassen zusammenhPngt 
wie mit dem Verschwinden der Fliissigkeitsfilme, die sich an der Heizfliiche aufbauen. 

AaacvFsqEn-l7poBeneKo 3KcnepnntenTanbHoe nccnoBasne KnneKnsi BOG npn TennepaType 
HaCbrmennH B 6onbmoK o6wme npn 6onbmnx TeKnOBbIX ITOTOKaX n CBRBaHHbIx c HHM 
KBneHnR nyTesr ncnonb3oBaKnB ~~c0~0~K0p0c~~0fic-be*Knc~e~1bmo6'6~c~~eHnK MexaHn3mta 
Kpnswca KnneHnKBrjonbmoM 06'beMe. kl3yranncbTpn KoK#irypa~nnKnnetinK Ba ropn3oKT- 
aJIbHOti Mep(HO# noBepxHocTn RwaMeTpoM IOM, BKJnoYaR o6btwoe CBO6OAHOe KHneHne Ha 
HarpeToft noBepxBocrn, a TaKSe cnyqan, OTHOKmeCR K nHTep@peHqnn nJIn llJIOCKOti 
IlJIaCTnHbI MJln KOpOTKO# Tp3’6KU, paCrlOJIO?KeHHO# HaA HarpeTOfi nOBepXHOCTbl0. 

MexaKnan Kpnanca KnlleHnR 3 6OJlbLllOM 6oneme 06'bKCHKeTCR HeTOJIbKO KaYeCTBeHHLW 
Ha6JllOAeHneM 38 IIOBeAeHneM HiUC(KOCTn,HO TaKH(e C IIOMOmbiO KOJIHYeCTBeHHOl'O aHaJIn3a, 
OCHOBaHHOl.0 TOJlbKO Ha 3KCllepnHeHTanbHHX +aKTad CyMMnpyK pe3yJrbTaTbl MOmHO 
CAeJIaTb BHBOA, VT0 Kpn3nC KnlleHnX B 6OJlbUIOM o6'beMe IfpeACTaBJlKeT ~060~ BBJleHUe, 
CBR3aHHOe C HeyCTOtiWiBOCTbH) napOBHX 06paaoBaHnR H HUiAKnX IIJIeIiOK, BOBHnKaIOl&&iX 
Ha HarpeTOi IlOBepXHOCTn. 

Aanee, 06Cy?KgaiOTCK naBecTHble Teopnn Kpnanca KnneHnB n nepexoworo KnneHkfK B 
CBR3M C MeXaHH3lOM Kpn3nCa KnlleHnn,KOTOpbIn BbIRBJleH BRaHHOM HCUIeAOBaHnH. 


