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Abstract—An analytical heat transfer model for transient one-dimensional heat flow through a decreasing

thickness macrolayer and with an invariant impressed heat flux at the heated solid-macrolayer interface

has been numerically solved. The model predicts the average conduction heat flow rates at the liquid—

vapour interface for water and methanol that are in excellent agreement with experimental values of input

heat flux. It is shown that a non-dimensional parameter Z, may be used as an index of the combined effect

of the physical parameters namely, initial macrolayer thickness, initial wall superheat and the impressed
heat flux, on the conduction heat flux across the liquid layer.

INTRODUCTION

SEVERAL investigators [1-3] have demonstrated that
in nucleate pool boiling at high heat flux, heat transfer
is primarily by latent heat transport although the
mechanism underlying this phenomenon is not yet
fully known. Yu and Mesler (4], through measure-
ment of the transient heated surface temperature dur-
ing nucleate boiling of water, have shown the existence
of a liquid film, called the macrolayer, between the
growing vapour mass and the heating surface. It has
been hypothesized that this macrolayer plays a pre-
dominant role in transferring thermal energy from the
heated surface to the boiling fluid.

Analytical as well as experimental investigations
into the mechanism of formation and heat flow
through the macrolayer have been carried out by sev-
eral researchers [5-10]. Bhat er al. [6] analysed the
mechanism of formation of the macrolayer and
derived an expression for the initial macrolayer thick-
ness. Heat transfer through the macrolayer has been
analysed [7] assuming constant heated wall tem-
perature and linear temperature distribution in the
macrolayer. They hypothesized that the heat transfer
in the high heat flux region takes place mainly due to
the heat conduction through the liquid macrolayer.
In a subsequent paper [8] experimental values of the
initial macrolayer thickness and frequency of vapour
mass for water at atmospheric pressure on a hori-
zontal copper surface have been reported. Prasad [9]
also measured the initial macrolayer thickness in
water and methanol at atmospheric pressure on a
horizontal copper surface. He found that the values
for water were in agreement with those reported by
Bhat et al. Prasad [9] analysed heat transfer through
the macrolayer considering constant heat input at the
bottom of the heater and assuming a linear tem-
perature distribution in the macrolayer. His model

predicted better values of heat flux than those of Bhat
et al. [7]. The basic differences in the two heat transfer
models lie in the assumption of a constant wall super-
heat by Bhat ez al. [7] whereas in the model of Prasad
[9] an initial temperature gradient in the solid was
assumed.

Chyu [10] solved the one-dimensional transient
moving boundary conduction problem for heat trans-
fer through a macrolayer that evaporates into the
vapour mass assuming an invariant heated surface
temperature. The location of the liquid-vapour inter-
face, i.e. transient macrolayer thickness has been
assumed to be of the form obtained from the exact
solution of the semi-infinite solidification problem,
namely, Neuman’s solution. It was shown [10] that
the rate of heat conduction through the macrolayer is
essentially too small to justify the major contribution
to the heat flow through the macrolayer as claimed
by Bhat et al. [7] and Prasad [9]. He consequently
suggested an alternative model that hypothesizes the
major contribution to heat flow through the micro-
layers formed under the individual bubbles within
the macrolayer. This appears unlikely because, in the
case when the entire energy supplied to the heating
surface is to be transferred through this small fraction
(one-ninth) of the area, it would require an extremely
high rate of heat transfer. The detailed reasoning for
this statement is given in the Appendix.

Although there appear to be good reasons to believe
that the liquid layer does play an important role in
transporting heat from the heated surface to the boil-
ing fluid, the deviations between experimental results
and those predicted using macrolayer conduction
models have been found to be high. Therefore, it is
necessary to model the conduction heat flow phenom-
enon on more realistic lines. As the heat flux at the
wall is usually invariant, any resistance to heat flow
from the heated surface to the vapour is likely to
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NOMENCLATURE
hy,  latent heat of vaporization Greek symbols
Tkg™" o thermal diffusivity [m* s~ ']
k thermal conductivity [Wm~' K~'] 8 macrolayer thickness [m]
q heat flux [W m~ % P mass density [kg m~?].
g time averaged heat flux [W m~?)
T temperature [K] Subscripts
AT wall superheat, (T, — 7,) [K] 0 initial
t time [s] i input
I cycle period [s] l liquid
¥ distance from the heating surface [m] ¢v  liquid~vapour interface
VA dimensionless parameter S saturation
k,AT/dq;. w wall.

raise the temperature of the solid surface; the fact
experimentally verified by several investigators [4, 11].
It appears that the heat flow model with invariant
heat flux at the heated solid surface is an essential
boundary condition that allows wall temperature vari-
ations as hypothesized to represent a situation closer
to the actual physical condition. In this paper an ana-
lytical heat transfer model, involving transient one-
dimensional heat flow through a decreasing thickness
macrolayer and with time invariant impressed heat
flux at the superheated solid wall below the macro-
layer, has been solved using the finite difference tech-
nique. The results of this numerical solution technique
with respect to the temperature distribution in the
macrolayer and the conduction heat flow at the
liquid-vapour interface have been compared with
heat transfer models proposed by previous inves-
tigators.

HEAT TRANSFER MODEL

Figure 1 depicts the heat transfer model with one-
dimensional heat conduction in the region (0 < y < §)
bounded by the plane y = ¢ at a fixed temperature T,
and the plane y =0 has prescribed heat flux. It is
assumed that the macrolayer attains the uniform
superheated temperature equal to the wall tem-
perature at the end of the waiting period, the tem-
perature of the evaporating face of the macrolayer
drops to the saturation value at the instant of vapour-
mass formation, and the effect of vapour stems in the

Ts , t>0
y=$
LIQUID MACROLAYER
2 4
{ '%}"‘%;}" t>0,0<y<6,8=8(t) {,
7 , y=0
9

F1G. 1. Heat transfer model.

macrolayer is negligible. The transient heat con-
duction cquation along with initial and boundary con-
ditions is

or T
I(y,0) =T, (1a)
TG, )=T,; t>0 (1b)
oT
—k, (5;):0 = ¢ (lc)
3(0) = 8, (1d)
1 | or
6 =0d,— —k, | — dt. 1
° hngfJ;[ f(@)yﬂ] (e)

The closed form solution of equations (1) with pre-
scribed conditions (la)-(le) is not possible mainly
due to moving boundary y = 4(¢). A finite difference
method has therefore been used for the solution of
the above boundary value problem with the moving
boundary y = (¢).

FINITE DIFFERENCE SOLUTION

The Crank-Nicolson implicit method of finite
differences which is a combination of the explicit and
the implicit method of finite differences, has been used.
It gives the smallest truncation error and is uncon-
ditionally stabie for all values of the time step Ar. The
differential equation (1) can be written by this method
as [12]

T:_r+ 1 T:x B Ia T:}j—ll + ’1_";1:'1 —2T7+ 1
At (Ay)?
TLATL 2T
(Ay)*

where the temperature at the nodal point i+ Ay at time
n+ At is denoted by

T(i*Ap,n+At) = T"



A new model for heat flow through macrolayer in pool boiling at high heat flux

if r = a*At/(Ay)?, then the above equation may be
rearranged as

T+ Q42T —rTH =TT,

+QR=20T"+rT7,, (3

where i=0,1,2,...,N
Writing the difference equation for boundary con-
ditions (1a)—(1c), we have

TO=T'=T0=-=T%=T, (3a)
Th=Ti=T}==Ty\"'=T, (3b)
and by central difference
(a_r) _Ti-T,
0y Jy=o 2Ay
or
g = ZIiT(y(T'i —-T.)
or
=+ (9

Equation (3) gives N+1 simultaneous algebraic
equations for the N+ I unknown temperatures at the
time interval (n+1) in terms of the known tem-
peratures at the previous time interval n. In this case
only N temperatures are needed which can be obtained
by N equations.

The system of equations (3) when written in matrix
form, gives a tridiagonal matrix as

Q+2r) —2r 0 0 17
~r (2+42r) -—r T+t
0 —r (2429  —r

—r (2429 ] LT"“.J
Q-2 2r 0 0 1] 1%

r 2=2r) r "

- . . . . T'é
r(2=2r) | [Th_]

[4rAyg T

@

L 2Tt ]

The above tridiagonal matrix has been solved by
the Thomas method.
In view of the sudden cooling (T, — T,) of the
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liquid-vapour interface at ¢ > 0, there is a singularity
in the function. Numerical methods being somewhat
unsatisfactory in the neighbourhood of the singu-
larity, the best option would usually be a combination
of analytical and numerical methods [13], an ana-
lytical solution for small time and a numerical method
for larger time values. This switch over from analytical
to numerical solution was at 1% of the total cycle
period and it has been found that the sensitivity of the
predicted results to the instant of switch over is very
nominal, the maximum error being not more than
0.5%. Further the accuracy of the numerical method
has been judged by comparing the results obtained
with the exact and with the numerical solution for
an assumed constant macrolayer thickness and an
excellent agreement has been found both with respect
to temperature distribution and heat flux.

To obtain the temperature profile near ¢ = 0, equa-
tion (1) has been solved using the Laplace transform
[14]; the solution thus obtained is

0,0 = To=(Tu= T)[:i(—l) g 22Dy

2/(ar)
d . 0@2n+1)+y
+"§0 (=D erfc————zx/(at) :I
1/2
I:Z ( 1)"{ ( > e~(2n6+y)2/4at
—(2né+y)erfc Z/ (+))}}

® ar\'’?
_ Z (—l)” 21 = e—(2n5+2a—y)2/4au
n=0 T

3 +25—
— (2n+26—y) erfc g‘z%‘z)“ﬂ}] (5)

With the above combination of an analytical and
numerical method, a Fortran program was developed
and was run on a DEC 2050 computer. With water
and methanol at atmospheric pressure as macrolayer

Table 1. Boiling conditions for water and methanol

1 At the first step this term is r(T,, — 7).

AT, (K) 8o (pum) ¢ (MW m~?)
Water
20 30, 35, 50, 100 0.5,0.75, 1.0, 1.35
20 75 1.0
30 50,70, 100, 125 1.0
30 75 0.5,0.75, 1.0, 1.25, 1.5
40 30 1.0, 1.35
40 35 0.75, 1.0, 1.35
40 50, 100 0.5,0.75, 1.0, 1.35
40 75,70 1.0
50 50 0.75, 1.0, 1.35
60 50, 100 0.75, 1.0, 1.35
Methanol
20 30, 50,70 0.5, 1.0
30 30,50,70 0.5, 1.0
40 30, 50, 70 0.5,1.0
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F1G. 2. Temperature profile in the macrolayer.
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FiG. 3. Liquid-vapour interface heat transfer transients.
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F1G. 5. Variation of wall temperature.
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Fi1G. 6. Calculated surface temperatures beneath an
evaporating film [4].

liquids and for a given value of the wall heat flux
(¢,), initial macrolayer thickness (d,) and initial wall
superheat (AT,), the temperature gradient at the
liquid—vapour interface has been obtained by a four-
point formula [12] and then the instantaneous heat
flux at the liquid—vapour interface is obtained. This
value of instantaneous heat flux evaporates a small

and J. S. Saini

portion of the liquid macrolayer during the time step
At. The rate of change of macrolayer thickness with
time is given by the relation

00 qs.
& ke )
where
-y
Oy fo—s
The algorithm
V)AL
Oip1 = 0;— %;—

can be used to calculate the new value of §, where §;
and d,,, are the macrolayer thickness at the ith and
(i+ 1)th time step, respectively.

The process is then repeated with new values of
macrolayer thickness and surface temperature for
subsequent time steps. The average conductive heat
flux may be obtained by numerical integration—
Simpson’s rule based on the equation

1 I
Gy = J q,. dt.
tJo

The numerical method described above was applied
to obtain the temperature profile and the average con-
duction heat flow rate through the macrolayer for
the wide range of boiling conditions for water and
methanol. Table 1 gives the range of boiling con-
ditions used.

@)

SHw o=

0.2 2 4

ATo = 40K tc =60ms
| Curveno Soum q Mwim? Zo
35 0-75 1036

0.2 0.4

0.6 0.8

tite ——

1.0

FiG. 7. Evaporation rate of macrolayer.
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F1G. 9. Effect of initial macrolayer thickness on wall temperature.

Table 2. Average liquid-vapour interface conduction heat flux (MW m~?):

To=40K, g, = 0.75 MW m~*

Constant wall heat Constant wall
flux model temperature model
Initial
macrolayer Variable Variable
thickness Constant thickness Constant thickness
(um) macrolayer macrolayer macrolayer macrolayer
100 0.644 0.698 0.345 0.359

35 0.783 0.794 0.791 1.24
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F1G. 11. Dependence of §,./¢; on Z,,.

RESULTS AND DISCUSSION

Non-dimensional parameter Z

Three interdependent boiling parameters namely,
impressed heat flux ¢;, macrolayer thickness 3, and
wall superheat AT, involved in the analysis were pro-
posed to be suitably combined into a non-dimensional
parameter Z [15], which could be interpreted as the
ratio of steady-state conductive heat flux (k,AT/d)
to impressed heat flux (g;), a higher value of Z repre-
senting a higher conductive contribution. In transient
conditions, if initially ¢; > k,AT,/6, (here AT, rep-

resents initial wall superheat), i.e. the initial value of
Z (call it Z,) < 1, there is a tendency of increase
of wall temperature T,, thereby increasing AT
accompanied by all the time a decrease in the value of
the macrolayer thickness d resulting in an increase of
the term k,AT/d, which in turn increases Z and so the
conditions are conducive for Z to approach a value
of unity. On the other hand, if ¢, < k,AT,/d,, i.e.
the initial value Z, > 1, AT will tend to decrease
accompanied by a decrease in d, but the rate of
decrease of & being relatively less resulting in the
reduction of the value of Z. In both these cases the
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F1G. 12. Plot of ¢, vs Z,, for experimental values.

parameter Z tends to approach a value of unity as
time elapses. In boiling, as will be discussed later in
detail, Z, increases with increasing input heat flux and
so does the contribution by heat conduction through
the macrolayer.

Liquid-vapour interface heat flow and macrolayer

Figures 2 and 3 show the typical temperature pro-
files in the macrolayer and the resultant liquid-vapour
heat flow rate (g,,), respectively, for constant wall
heat flux at the solid wall, moving macrolayer model.
[t can be observed that :

(1) There are sharp changes in the temperature
gradient in the vicinity of both the liquid-vapour and
the solid-liquid interfaces ; at the liquid—vapour inter-
face because of spontaneous temperature change from
T, to T, at =0 and at the solid-liquid interface
because of continuous energy input (impressed heat
flux). In the mid region a slow change of temperature
gradient can be clearly observed.

(2) The temperature profile tends to linearize as the
time elapses with fixed temperature (7)) at the top
and increasing wall temperature at the bottom. The
solid-liquid interface temperature might even de-
crease for initially thinner macrolayers. A study of
temperature profiles showed that the trend depends
upon the initial value of Z, and its rate of change
during the heat flow process. The linear profile that is
obtained near the termination of a cycle period is
representative of the magnitude of the heat flux, 6 and
AT values that ultimately adjust to make parameter
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Z approach a value of unity which thereby indicates
that g,,/q; approaches unity as can be observed from
Figs. 3 and 4.

(3) A strong influence of the initial thickness (J,)
of the macrolayer on the solid-liquid interfacial tem-
perature for a given value of the impressed heat flux
and initial wall superheat is seen in Fig. 5; wall tem-
perature increasing with an increase in initial macro-
layer thickness (or decreasing Z,). After attaining a
maximum value, the surface is seen to cool down and
the minimum surface temperature attained is found
to be a function of initial macrolayer thickness;
decreasing when its value decreases. The effect of
impressed heat flux and initial wall superheat on sur-
face temperature was also investigated, the effect of
initial wall superheat was found to be less pronounced
than those of the initial macrolayer and input heat
flux.

Similar solid-liquid interface temperature (7.,)
fluctuations were predicted by Yu and Mesler [4] using
a one-dimensional heat flow model that assumed a
linear temperature distribution. Figure 6 shows the
results obtained from the above model. In the present
discussion, post dryout wall temperatures have not
been discussed in view of the very little contribution
to heat flow during this period.

In view of the large increase in heated wall tem-
perature in certain cases, one is tempted to anticipate
a corresponding increase in active site density thereby
disturbing the quiescence of the macrolayer. However,
this is unlikely in view of the findings of Gaertner
[51 who showed that the maximum area covered by
vapour stems is about 11% of the total heated surface
area.

(4) In the region close to the critical heat flux when
the initial macrolayer thickness is small, the ratio
gs/¢i approaches a value of unity rather faster because
of an apparently higher contribution to the conductive
heat flow through a thinner layer (Fig. 3). Conse-
quently a higher rate of thinning down of an initially
thin macrolayer is seen in Fig. 7 where the slope of
d/0, vs t/t. curves is higher for such macrolayers for
a given initial wall superheat and input heat flux. In
such cases, the rise in heated surface temperature is
found to be negligibly small (Fig. 8), indicating
cooling of the surface most of the time. If the macro-
layer is assumed to have invariable thickness, a steady
state reached with wall temperatures (7,,) remaining
nearly constant (Fig. 9) indicating that this case is
analogous to the constant wall temperature heat flow
model, i.e. for very thin macrolayers a constant base
temperature model and a constant base heat flux
model should produce the same results ; this in fact is
s0, as seen in Fig. 10 which depicts typical plots
of the liquid—vapour interface conduction heat flux
with time. The time averaged values of-heat flux
over a cycle period are respectively 0.791 and
0.783 MW m~2,

(5) Table 2 compares the predicted values of time
averaged conduction heat flux for various conduction
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FiG. 13. Comparison of analytical and experimental results for water.

heat flow models. For initially thick macrolayers, the
rate of consumption of the macrolayer is very low
(Fig. 7) indicating that an assumption of constant
macrolayer thickness will be reasonable under these
circumstances. This observation is substantiated by
the negligible difference between the heat flux values
for the models with constant and variable thickness
macrolayers both with constant wall temperature and
with constant wall heat flux, although the constant
base temperature models predict a value of average
heat flux very much on the lower side, whereas the
prediction with the constant heat flux model is reason-
ably good. On the other hand, for initially very thin
macrolayers the rate of consumption of the macro-
layer being high, the system cannot be approximated
by constant macrolayer models though the predicted
conduction heat flux values with all the models are
comparable with impressed heat flux except constant

base temperature (variable thickness macrolayer)
model which predicts a very high value. The latter
may be due to an unrealistic boundary condition of
constant wall temperature because in reality with such
thinner macrolayers, the wall temperature experiences
a considerable dip on the lower side. It can therefore
be concluded that the assumption of a constant wall
heat flux for the conduction heat flow model, in
general, predicts time averaged conduction heat flux
values that are in very good agreement with impressed
heat flux.

Combined effect of physical parameters (64, AT, q;)
It has been demonstrated with reasonable success
that the effect of important boiling parameters
namely, impressed heat flux, initial macrolayer thick-
ness and initial wall superheat on the vapour-liquid
interface heat fiux (g,,) can be discussed with reference
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F1G. 14. Comparison of analytical and experimental results for methanol.

to the non-dimensional parameter Z,. Figure 11
shows a plot of predicted values of §,,/¢; vs Z, where
the values of Z, have been obtained from the various
combinations of J,, AT, and ¢; given in Table 1.
Corresponding average values of §,, have been cal-
culated for a 60 ms cycle period [7]. The values of the
physical parameters chosen are arbitrary and have
been selected so as to cover a wide range of boiling
conditions.

It is seen from Fig. 11 that as the value of Z,
increases, the ratio of average vapour-liquid interface
heat flux ¢,, to impressed heat flux g; also increases.
Figure 12 depicts the plot of experimental values of g;
vs Z, [16]. A monotonous increase in the value of Z,
with increasing value of input heat flux ¢; implies that
for a given increase in g;, the rate of increase of AT,
is less compared to the rate of decrease in J,, so that
ultimately the value of Z, increases. Such an increase
in Z, also indicates that as input heat flux increases,
the conditions are more conducive for a higher con-
ductive contribution to heat flow as has been observed
in Fig. 11 where in the regions of high Z, values, the
g~ /q; ratio tends to attain a value of unity. Similar
observations have been reported by previous inves-
tigators [1-3].

Comparison with experimental results

Using experimental data for g;, d,, AT, and vapour—
mass frequency from refs. [9, 16], §,, has been cal-
culated for a complete cycle period of vapour mass
for methanol and water under atmospheric con-
ditions. The predicted values of time averaged values
of conduction heat flux have been compared with
experimental values of input heat flux in Figs. 13 and
14 for water and methanol, respectively. The heat flux
predicted by the heat flow models of Bhat ez al. {7}
and Prasad [9] are also shown in the figures. It can
be seen that the present model predicts heat flux values
which are in very good agreement (the average devi-
ations being —4.2 and —8.3% for water and meth-
anol, respectively) with the experimental values indi-
cating the superiority of the present model. It also
substantiates the postulate that the heat conduction
across the macrolayer constitutes the major mode of
heat flow from the heated wall to the boiling fluid in
the macrolayer regime of pool boiling.

CONCLUSIONS

The following conclusions can be drawn from the
above investigation :
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(1) A heat transfer model assuming constant wall
heat flux into the macrolayer predicts the average
conduction heat flow rates at the liquid—vapour inter-
face that are in excellent agreement with experimental
values of input heat flux.

(2) Heat conduction across the liquid macrolayer
constitutes the major portion of the heat transfer from
the heated surface in the high heat flux region.

(3) The non-dimensional parameter Z, may be used
as an index of the combined effect of the physical
parameters (3,, AT, and ¢;) on the conduction heat
flux across the liquid layer.
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APPENDIX. REASON FOR DISAGREEMENT
WITH THE ANALYSIS OF CHYU WITH REGARD
TO THE ROLE OF HEAT CONDUCTION IN
THE MACROLAYER

[t has been reported [17] that for water near burnout under
atmospheric conditions, the area occupied by the vapour
stems is about one-ninth of the total surface area. As per the
hypothesis of Chyu [10], the total amount of heat transfer,
i.e. ¢, x Area, must take place through the area occupied by
the stems. This leads to the conclusion that the rate of heat
transfer through the area occupied by stems must be roughly
nine times the average wall heat flux. In order to support
such a high value of heat flux under assumed steady-state
conditions the microlayer thickness should be of the order
of d, given by

K\AT
Oy
The resulting average rate of change of microlayer thickness
dd/d¢ should then be given by
do g
dr = pohy

=9 =¢q'. (A1)

This gives dryout time ¢, as
i =0yp hyq . (A2)

Using values of AT, =40 K and ¢, = 1.5 MW m * for
the conduction heat transfer model assuming a constant
temperature heated surface, for water at atmospheric press-
ure. Equations (A1) and (A2) give a dryout time of 0.32 ms.
This will require a bubble frequency, the minimum value of
which should be 1/(0.32 x 1073, i.e. 3125 Hz.

In the high heat flux region, experimental values of fre-
quency available in the literature are much lower than those
anticipated above. For water at atmospheric pressure Bhat
et al. [8) and Prasad [9] reported maximum values of 400
and 450 Hz, respectively.

A similar analysis for methanol at atmospheric pressure
assuming an area ratio of 1/9 and critical heat flux of 0.72
MW m ™2, gives frequency of bubble generation as 6600 Hz.

Perkins and Westwater (18] have reported a maximum
value of frequency of only 60 Hz whereas Prasad [9] reported
frequency values which are lower than 252 Hz.

Haramura and Katto [19] obtained for water at atmo-
spheric pressure, a vapour stem area ratio of about 0.013.
This requires a still higher value of frequency, if Chyu’s
hypothesis is to hold good.
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UN NOUVEAU MODELE DE TRANSFERT THERMIQUE A TRAVERS LA
MACROCOUCHE DANS L’EBULLITION A TRES GRAND FLUX EN RESERVOIR

Résumé—On résout numériquement un modele analytique de transfert thermique pour un transfert ther-
mique variable monodimensionnel a travers une macrocouche d’épaisseur décroissante et avec un flux
thermique imposé constant a l'interface entre le solide chauffé et la macrocouche. Le modéle prédit la
densité de flux thermique de conduction a P'interface liquide-vapeur pour I’eau et le méthanol de fagon
trés conforme aux données expérimentales. On montre qu'un paramétre Z, adimensionnel peut étre utilisé
comme un indice de U'effet combiné sur le flux thermique de conduction a travers la couche liquide, des
parametres physiques tels que I’épaisseur initiale de la macrocouche, la surchauffe initiale de la paroi et le
flux thermique imposé.

EIN NEUES MODELL FUR DEN WARMETRANSPORT DURCH DIE MAKROSCHICHT
BEIM BEHALTERSIEDEN UND BEI GROSSER WARMESTROMDICHTE

Zusammenfassung—Ein analytisches Modell fiir den transienten eindimensionalen Wirmetransport durch
eine Makroschicht abnehmender Dicke bei konstanter aufgeprigter Wirmestromdichte an der festen
Begrenzungsfliche wird formuliert und numerisch gelést. Mit Hilfe dieses Modells wird der mittlere
Wirmestrom durch Wirmeleitung an der Grenzfliche zwischen Fliissigkeit und Dampf berechnet. Die
Ergebnisse fir Wasser und Methanol stimmen hervorragend mit Versuchsergebnissen idiberein. Es zeigt
sich, daB ein dimensionsloser Parameter Z, zur Beschreibung der kombinierten Einfiiisse der physikalischen
Parameter verwendet werden kann. Diese sind die anfangliche Dicke der Makroschicht, die anfiangliche
Wandiiberhitzung, die aufgeprigte Warmestromdichte und die Warmestromdichte bei der Warmeleitung
durch die Fliissigkeitsschicht.

HOBASl MOJIEJIb ITEPEHOCA TEILJIA YEPE3 MAKPOCJIOA B YCJIOBHUAX KHUIIEHUA
B BOJIBIIOM OFBEME ITPH BOJIBOIMX TEITJIOBbIX HAT'PY3KAX

Amoramms—YHCIEHHO pelIaeTCs aHAIMTHYECKOE MOAENbHOE yPaBHEHHE TEIIONEPEHOCA TP HECTALIMO-
HapHOM OHOMEPHOM TEIUIOBOM IIOTOKE Yepe3 CyxXaioWMiics Makpocsoit ¥ NOCTOAHHOA NOABOAHMOM
TEIJIOBOM HArpy3xe y HarpeBaeMo#i IpaHHUbI pa3iena TBEPIOE TeJo-Makpocioit. Moaens mo3posser
paccYMTLIBATL CPEIHHA pacXof Telia TeIUIOMPOBOJHOCTBIO Y IPAaHHIL pasaeiia XHAKOCTh—Nap UIA
BOABI H METAHOJIA, H MOJIyYCHHbIE PE3YJIbTAThl O4EHb XOPOILO COTJIACYIOTCH C IKCIEPHMEHTaIbHEIMHA
3HaYeHAAMH NOABOAMMOI(Q TeIUIoBOro nortoka. ITokasano, yro Ge3pa3mepHuif mapamMerp Z, MOXET
HCTIONIBE30BATLCA B Ka4eCTBE KPHTEPHS NOJ00OMA COBMECTHOTO BIHAHMSA TAKHMX (H3UUECKHX NAapPaMeETPOB,
KaK Ha4yaJbHas TOJIIMHA MAaKpOCJIOsA, Ha4a/IbHBIH NEPErpeB CTEHKH H NOABOJAMMAN TEILIOBAasA Harpyska,
Ha KOHAYKTHBHBIH TEILIOBOI NOTOK Yepes CIOH XKHUAKOCTH.
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