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Abstract-The surface quenching model for boiling heat transfer at low nucleation site densities has been 
extended to high densities. The enhanced rate of heat transfer due to the increased quenching frequency 
where the areas of influence of several nucleation sites overlap partly offsets the reduction in boiling area. The 
degree of overlap has been estimated for random and regular distributions of nucleation sites, and for a 
random distribution modified by short-range interference between sites. Its effect on heat transfer is not large 
in the range of practical interest. 

Evidence for the inhibition of nucleation by thermal interference from active sites is reviewed. Although 
interference has little effect on the heat transfer model for a specified number of active sites, it may influence 
the developed region of the boiling curve by affecting the number of active sites and the formation of vapour 
patches by bubble coalescence. Relations between the densities of potential and active sites have been 

derived. 

NOMENCLATURE 

maximum bubble projected area, = nRL; 

liquid specific heat ; 
bubble frequency ; 
radius of inhibited nucleation zone; 
Jacob number, = pcAT/?,p,; 
liquid conductivity; 
ratio area of influence to maximum bubble 
projected area;. 
density of active nucleation sites; 
density of potential nucleation sites; 
probability (defined as required in text); 
total heat flux ; 
boiling flux, isolated bubbles; 
convective flux ; 
time-averaged quenching flux (1 site); 
time-averaged quenching flux (m sites, random 
phase) ; 
radius co-ordinate; 
radius area of influence, = R,K”’ ; 

maximum bubble radius; 
nearest-neighbour separation ; 
wall superheat ; 
ratio actual to nominal boiling area; 
fraction of area of influence quenched by m 
sites ; 
nominal fraction of wall affected by boiling, 
= nKA; 

potential boiling area fraction, = n,KA; 

liquid density; 
vapour density ; 
bubble period, = llf 
latent heat. 

* Present address : Instituto National de Investigaciones 
Nucleares, Mexico 18, D.F. Mexico. 

1. INTRODUCTION 

IN SATURATED pool boiling at low heat flux (the 
‘isolated bubble’ regime) some success has been 
claimed for heat transfer models which express the 
total heat flux q as the sum of a boiling component qbi 
and a single-phase convective flux qC on the fraction 
(1 - a) of the total surface area unoccupied by 
boiling [l-4] 

4 = qbi + %(l - cI). (1) 

The isolated boiling flux depends on the active 
nucleation site density n and the wall superheat AT. In 
the simplest version of the model it is calculated by the 
‘surface quenching’ mechanism : transient conduction 
from the wall to semi-infinite liquid which is replaced 
at the bubble frequencyfby fresh liquid at the bulk (i.e. 
saturation) temperature over an area of influence K 

times the maximum bubble projected area A. The 
time-averaged quenching flux q1 on the areas of 
influence is 

q1 = 2(kpcfln)“‘AT. (2) 

The isolated boiling flux is conventionally referred to 
the total surface area so 

qbi = qla (3) 

u = nKA = nK(nR,f,). (4) 

Thus the problem ofpredicting the boiling curve q(AT) 

is broken down into the separate steps of predicting n,f 
and the maximum bubble radius R, as functions of 
AT. The statistical fluctuations in bubble 
characteristics are generally ignored and K is assumed 
constant in the range 2 < K < 5. 

This model grossly simplifies the flow and heat 
transfer in the vicinity of an isolated bubble site but can 
be refined, for example, by the addition of microlayer 
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FIG. 1. Distributions of nearest-neighbour distances, flow boiling of water on stainless steel 

evaporation [2] or perhaps by allowing K to vary with 
Jacob number Ja. Nevertheless it seems to work 
sufficiently well in its simplest form to be taken as a 
starting point for considering fully-developed nucleate 
boiling, when the bubble nucleation sites become so 
numerous that their areas of influence overlap. It has 
been claimed that the model then still gives satisfactory 
predictions of the boiling curve, perhaps because the 
reduction in boiling area due to overlap is 
compensated by an increase in the convective flux qC 
through the stirring action of the bubbles [4]. In this 
paper we retain all the assumptions of the simple 
model in order to assess the effect of overlap alone on 
heat transfer. 

Overlap and interference between bubble sites may 
affect: (a) bubble nucleation, (b) bubble growth and 
departure, and (c) the rate of heat transfer from the 
wall. We shall consider (c), assuming that n,fand R, 

are known. (a) will be discussed briefly later; little 
information is yet available about (b). 

2. EFFECT OF OVERLAP ON HEAT TRANSFER 

Suppose that the fraction of wall area affected by 
boiling is reduced by overlap from a to xa. The 
consequent reduction in boiling flux is offset by the 
enhanced rate of heat transfer on the overlapping 
areas, which are now subjected to quenching by more 
than one bubble site i.e. at a higher frequency than 
before. Dividing each area of influence round a bubble 
site into fractions ym, where m is the number of 
influencing sites (m = 1 denoting no overlap), then 

C,Ym= l 

and averaged over all areas of influence 

x = f y,Jm. 
m=l 

(5) 

(6) 

Each fraction y, is quenched m times in the normal 
bubble period t = l/f: With quenching periods of 
equal duration the increase in mean heat flux would be 

qm/ql = ml/‘. (7) 

If adjacent sites have the same frequency but are 
independent in their phase relationships so that the 
quenching events are randomly distributed over the 
interval 2, the increase is somewhat smaller 

2”-‘m! 

qm’ql = 1.3...(2m - 3)(2m - 1)’ (8) 

The boiling and total fluxes are then found from 

qb = q,a f % E!! 
m=l q1 m 

9=9b+9c(1-a$lz). (10) 

3. ESTIMATION OF OVERLAP 

The model has been extended beyond the isolated 
bubble regime only at the expense of introducing 
further variables y, which must be determined either 
from experimental measurements of bubble site 
positions or from some assumption about their 
distribution. 

Gaertner [S] counted the numbers of nucleation 
sites on elements of area in low-flux pool boiling (a < 

0.1) and showed that they conformed to a random 
(Poisson) distribution. It is difficult to determine the 
distribution of sites in fully-developed saturated pool 
boiling because the bubbles obscure the surface. Sites 
can be detected with an electrical probe such as that 
described by Iida and Kobayasi [6] but even with 
similar instrumentation Sultan and Judd [7] found it 

Table 1. Overlap parameters for regular 60” array 

RIS 
a 

Yl 
YZ 

YS 

Y4 
x 
xa 

%I91 

< 112 l/2 l/J3 
<0.91 0.91 1.21 

1 1 0.654 0.027 
0 0 0.346 0.098 
0 0 0 0.875 
0 0 0 0 
1 1 0.827 0.368 
a 0.91 1 1 
G( 0.91 1.07 1.52 
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FIG. 2. Effect of overlap on true boiling area. 

difficult to distinguish individual sites when their 
separation decreased towards one bubble diameter. It 
is easier to identify nucleation sites in flow boiling, 
particularly when subcooled. Eddington and Kenning 
[8] found that the potential nucleation sites for water 
on a stainless steel surface, identified by gas bubble 
nucleation, were distributed randomly but in low-flux 
flow boiling experiments on the same surface 
measurements of nearest-neighbour distances between 
active sites showed that the probability of nucleation 
within one bubble departure diameter of another site 
was greatly diminished. Del Valle M. [9] observed 
similar behaviour in high-flux flow boiling of water at 
large subcooling. He showed that the distribution of 
nearest-neighbour distances gave a more sensitive 
indication of departures from randomness than 
Gaertner’s method. Again there appeared to be an 
inhibited zone for nucleation within a distance of 
about 2R, of an active site (Fig. l), and some active 
sites were deactivated by an increase in wall superheat 
if a new site appeared within this distance. This 

2( 

evidence for an area of influence with K z 4 in 
subcooled flow boiling was supported by agreement 
between the measured heat flux and that predicted by a 
modified surface-quenching model with K z 5. 
However there is no direct evidence for thermal 
disturbance over regions as large as this in saturated 
pool boiling. 

In the light of the above evidence we first calculate 
the overlap variables y, for a random distribution of 
bubble sites, then consider a distribution modified by 
interference between sites. Results are also presented 
for a regular array of active sites on a 60” triangular 
pitch ; the straightforward geometrical calculations are 
summarized in Table 1. 

(a) Random distribution 
The probability that any element da of an area of 

influence KA forms part of the fraction y, is the 
probability that it is overlapped by (m - 1) other areas 
of influence i.e. that (m - 1) sites lie within a circle of 
area KA centred on da. The expected number of sites in 

06- 

1 

FIG. 3. Effect of overlap on boiling heat flux. 
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FIG. 4. Model for calculation of overlap with inhibited nucleation zone 

KA is nKA = a, so for a Poisson distribution the 
probability of having (m - 1) sites is 

*-a,@- 1 
P(m - 1) = y, = L, 

(m - l)! 
(11) 

Substituting into equation (6), the fraction of wall area 
affected by boiling is given by 

xa = (1 - e-l). (12) 

This prediction is plotted in Fig. 2 together with xa for 
a regular 60” array. Also shown are values deduced 
from the active site positions and bubble radii 
measured by tine photography in [9]: the 
corresponding areas ofinfluence (taking K = 4.8) were 
plotted to give the true boiling areas. The experimental 
points lie between the theoretical lines. This is 
consistent with distortion of the random distribution 
by a bias against nucleation close to another site. 

From equations (8), (9) and (11) the boiling heat flux 
for a random site distribution is given by 

% 
qb = qlaeFb C. 

(2a)“-’ 

ITI=, 1.3...(2m - lj 

&fy l/Z 

----erfa”Z (13) 

using an expansion for erf al” from [lo]. The boiling 
heat flux normalized with respect to the quenching flux 
q1 is plotted in Fig. 3 for the random distribution, 
equation (i3), also the regular distribution with 
equation (8). If no allowance were made for heat flux 
enhancement, the boiling flux would be bounded by qb 
= qla = qbi for a < 1, qb = q, for LX > 1. At a = 1 the 
flux with a random distribution is 25% less than the 
flux ignoring overlap, but for a > 1.5 the flux exceeds 
q1 as the assumed enhancement on overlapping 
regions becomes increasingly important. The heat flux 
with regular site distribution is somewhat higher, with 
no effects of overlap for a < 0.9. 

(b) ModiJied random distribution 
From the experimental evidence there is a reduced 

probability of activation of two sites in close prox- 
imity, for which we make no attempt here to identify 
the cause. We simply make the crude assumption that 
there is no nucleation at all within a distance h of an 
active site (i.e. in an area nh*) and no effect on 
nucleation beyond this distance. This is equivafent to a 
sharp cut-off at s = h in the distribution of nearest- 
neighbour distances s, which for a Poisson site distri- 
bution is [5] 

Pfs, s + ds) = 2znOs e-nons’ ds (14) 

n, is the density of potential* nucleation sites, which 
are distributed randomly. Thus the mean density of 
active sites n is given approximately by 

CC 
no 

.c 
P(s) ds 

h 

whence 

n __ % ,-*onh2 or 5 Z e-“o(kbRR’z (15) 
n0 a0 

where 

a0 = n&A = nOxR’, R2 = KR:. (16) 

It is shown in Appendix I that equation (15) under- 
estimates n/no and a correction is proposed. 

In order to determine y, we again consider an 
element da of an area ofinfluence KA, but this time at a 
specified radius r from the primary site E, Fig. 4. Part of 
the area KA round da in which other in~uencing sites 
may occur now falls within the inhibited zone round E, 
causing a reduction in area to G(r). y,,, depends on the 
probability P(m - 1) of having (m - 1) active sites in 

*In this context a potential site is one which, at the 
prevailing temperature and pressure, would be active in the 
absence of other sites. It does not mean a liquid-filled cavity 
which only becomes active after seeding by vapour from 
another site. 
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G; if there is one active site in G its inhibited zone 
reduces still further the area available for additional 
sites. In Appendix II we develop an approximate 
method for the numerical evaluation of P(m - 1). 
Then y, is found from 

s R 

Yn = 
0 

P(m - l);dr (17) 

for use in equation (6) and equation (9) with (8). The 
values of true boiling area XCL deduced from the 
experiments in [9] lie close to the resulting calculations 
for 0.75 < h/R < 1 (Fig. 2). The calculated heat flux gb 
lies between the lines for the random and regular site 
distributions (Fig. 3). 

4. DISCUSSION 

(a) Heat transfer model 
In the surface-quenching model it is assumed that 

quenching is uniform up to the edge of the area of 
influence: this leads to the model for enhanced heat 
flux on overlapping areas used in this paper. The 
experimental evidence for suppression of nucleation 
over distances similar to the radii of areas of influence 
deduced from heat transfer calculations provides some 
support for this model but there is no supporting 
evidence from local measurements of heat flux near 
growing bubbles. If the heat flux is in fact very intense 
near the bubble but decays rapidly then the effect of 
overlap would be reduced. 

It has been shown that overlap does not greatly 
affect the boiling heat flux for a given density of active 
sites, whatever the details of their distribution. Heat 
flux differences not exceeding 25% between regular 
and random distributions are small compared with the 
uncertainties in other variables incorporated in the 
modei, such as bubble size and frequency, and repre- 
sent only a small error in wall superheat. A contri- 
bution to the boiling flux by microlayer evaporation 
would further reduce the difference between the isol- 
ated and overlapping predictions. (Latent heat trans- 
port occurs only after heat transfer from the wall to the 
liquid so it does not provide a further cont~bution.) 

The model for the boiling heat flux is not yet a 
predictive tool since at any wall superheat AT we need 
as input the active site density n and the bubble 
parameters, which may depend on n as well as AT. 

(b) nucleation site density 
With further development it may become possible to 

estimate the density of potential sites no from experi- 
ments with supersaturated gas solutions [l, 4,8]. It is 
in determining the corresponding active site density n 
that the precise nature of the processes inhibiting 
nucl~tion can influence the boiling curve. 

The increased quenching frequency in overlapping 
regions subjects potential nuclei to larger temperature 
gradients so suppression on at least part of an area of 
influence is consistent with Hsu’s nucleation model 
[ll]. From Figs. 1 and 2 we expect h/R for our crude 

suppression model to be in the range 0.75 < h/R < 1. 
From Appendix I and Fig. A2 the active site density n 
is sensitive to the value of h/R, which is based on very 
limited evidence from subcooled flow boiling of water 
on relatively smooth surfaces. A much more extensive 
investigation of nucleation interference is required. A 
further complication may be the activation of unstable 
sites by vapour from stable sites. This occurred to a 
very limited extent for water on stainless steel [8] but 
may be much more important for well-wetting organic 
and cryogenic liquids. However, whatever the initial 
process of activation, the inhibiting m~hanisms 
should apply once regular bubble production at a site 
has been established. 

(c) Bubble coalescence 
An essential feature of the surface-quenching boiling 

model is that bubbles retain their identities from 
nucleation to departure or collapse. If bubble coals- 
cence occurs on the heated surface (as opposed to in 
the bulk liquid) an entirely different model must be 
applied to those areas covered by vapour patches, 
eventually leading to a prediction of the critical heat 
flux. 

Hsu [12] analysed coalescence for a random site 
distribution by considering the overlap of time- 
averaged bubble areas for the instantaneous bubble 
population. Agreement was claimed with saturated 
pool boiling experiments within the large statistical 
uncertainty arising from the small heated area and the 
consequent small population of active nucleation sites. 
An unsatisfactory feature of the experiments was the 
small width of the heated strip which was little more 
than the bubble diameter, distorting the two- 
dimensional nature of coalescence. Bald [13] sugges- 
ted a simple coalescence criterion based on bubble 
departure size and the mean nearest-neighbour dis- 
tance. Neither of these approaches considers in detail 
the separation of bubbles in time, as well as space, 
which is a feature of subcooled boiling [9], and both 
assume a random site distribution. We can expect 
bubble coalescence to be extremely sensitive to depar- 
tures from randomness: if h/R z 1 and K 2 4 there 
should be no coalescence at all ! We know that 
coalescence does occur so a better understanding is 
required of the mechanisms by which nucleation is 
inhibited and the consequences for coalescence. In this 
paper we have ignored the statistical variations in 
bubble size and frequency, which may be important. 

5. CONCLUSION 

The quenching model for nucleate boiling heat 
transfer has been extended to high bubble site densities 
by assuming an enhanced rate of heat transfer on those 
parts of the surface overlapped by several areas of 
influence. The effect of overlap on heat transfer for a 
given density of active sites is not large: a more 
important limitation lies in the uncertainty in the 
correlations for bubble size and frequency. If the model 
is valid at low heat flux, it should remain valid with 
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increasing flux until bubbles no longer retain in- 
dividual identities on the surface. 

Subcooled flow boiiing experiments provide limited 

evidence for the inhibition of nucleation within an area 

of influence of about two bubble radii round an active 
site, which distorts the random distribution of the sites. 

Further work on the mechanism of inhibition is 
required for the prediction of (a) active site density and 
(b) bubble coalescence, which eventually limits the 
application of the quenching model. 
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APPENDIX I 
INHIBITED NUCLEATION ZONE: EFFECT ON POPULATION 

Suppose all the potential nucleation sites capable of 
activation at a given superheat follow a Poisson distribution 
with mean density no. The distribution of nearest-neighbour 
distances is [equation (14)f 

P(s, s + ds) = tnn,s e-n~Jnsz ds (Al) 

S,, = (2nn,)-““. (A21 

Next impose the condition that an active site must be a 
distance Z h from any other active site, P(s < h) = 0, by an 
elimination process starting at s = 0 and proceeding to s = h. 
Each elimination removes one of a pair of sites: if no other 
sites were affected the new site density would be 

I 
n0 

1 
P(s) ds 

.k 

whence 

n a 
-=c-=e -n&G = e -ao(h/R)2 

n0 a0 

(A3) 

However the eliminated site of a pair at distance s may also 
have been nearest neighbour to another site at s’ r s, which is 
then moved into a group with still larger s“ > s’. Con- 
sequently some sites are transferred from s < h to s > h, 
which has the effect, but in a way that is not readily calculated, 
of increasing 

.r 

4 
P(s) ds. 

h 

A further indi~tion that equation (A3) under~timates the 
active site density is its prediction of maxima in n and a at cc0 
= (R/h)’ 

(A4) 

This is contrary to physical intuition which suggests that at 
large a, n and a should approach constant values less than the 
maximum values for a regular array of sites at the centres of 
close-packed circles of radius h/2 (i.e. with s = h for all sites) 

The physical basis for the inhibition model is insufficient to 
warrant an elaborate analysis so we shall use simple argu- 
ments to obtain upper and lower bounds for the active site 
density and thus improve on equation (A3). 

Consider a potential site E which is active provided no 
other active site lies inside the circle of radius h about E, Fig. 
Al. The probability PA that E is active may therefore be 
written as 

=e -x,lh!RI’(I-P,) 
646) 

where P(m) is the Poisson probability of finding m potential 
sites inside h, Po is the probability that such a site F is 
deactivated by a site outside h. (If the deactivating site were 
inside h it would necessarily deactivate E also.) For a site F 
the survival probability P, = 1 - P, is the probability that 
there are no active sites in the shaded area Ar, (Fig. Al). P, 

Potential 
site 

-- deactivates F 

with most probable value Fm. Al. Model for interference between sites. 
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FIG. A2. Effect of inhibited zone on active site population. 

depends on the radial distance of F from E but since the If j = 1 the active site can be chosen in k ways and is 
potential sites are randomly distributed we use in equation surrounded by an inhibited zone covering a fraction 4, of G. 
(A6) the mean value of P, over the area nh2 round E The chosen site has only to survive deactivation by sites 

ps= 1 -p,= 
s 

h 2r 
outside G, survival probability P,. Each of the remaining k - 

-P,(r) dr. (A7) 1 sites must be inactive, either because it lies in the inhibited 
o h zone of the active site (probability & since potential sites are 

The potential sites in AF are themselves subject to de- 
activation but they are partially shielded by the known 
absence of active sites in the adjacent area nh*. Thus their 
probability of activity must lie between unity and P,, the 
value for the population at large, setting limits on P, 

e-‘bA, < p, < e-nA~, 

Conveniently AF varies almost linearly with r 

AF z 0.61nh2(r/h). 

From equations (A7), (A8) and (A9) 

W) 

(A9) 

P, = $& [1 - (1 + 0.61a(h/R)2)e-0~61”‘hiR)z] 

(AlO) 

where a = a or LX,,. The bounds for a(a,, h/R) from equations 
(A6) with (AlO) are plotted in Fig. A2, together with equation 
(A3). The lower bound still reaches a maximum at a finite 
value of a0 while the upper bound increases without limit so 
the present theory is inadequate to predict the limiting values 
of a. Nevertheless the uncertainty is sufficiently small up to a, 
z (R/h)’ to demonstrate the sensitivity of the active site 
density n and the nominal boiling area a to the precise value of 
the nucleation inhibition parameter h/R. 

APPENDIX II 

INHIBITED NUCLEATION ZONE: EFFECT ON OVERLAP AND BOIL- 

ING HEAT FLUX 

In Fig. 4 the element da of the area ofinfluence at distance r 
from the active site E is part of the fraction y, if (m - 1) sites 
are active in the area G(r) so we have to estimate the 
probability P(j) of j active sites in G given the Poisson 
probability P(k) of k potential sites, a more complicated 
calculation than was required in Appendix I. The procedure 
and simplifying assumptions are given in outline only. 

Ifj = 0 all the potential sites must be deactivated by sites 
outside G, for which the probability is P, = 1 - P,. Then 

(1 - PJk = e-noCP1. (All) 

distributed randomly) or through deactivation by sites 
outside G if it lies outside the inhibited zone (probability 
(1 - &) (1 - P,). Hence 

P(1) = f eenoG 
(n,GY 

Ir=i 
,,kPJl - (1 - &)P,]‘-’ 

= ,@p, e-noGP,(l -#d, 6412) 

In general, j active sites can be chosen in k !/(k - j) !j ! ways. 
The first site can be deactivated only by sites outside G, 
survival probability P,. The second site must lie outside the 
inhibited zone of the first site and also survive the effect of 
external sites, probability (1 - I$,)P~ The jth site must lie 
outside the inhibited zones of all the preceding sites, in area 
G(l - 4j- i) say, probability of survival (1 - 4j-l)P, The 
remaining k -j sites must be inactive, probability 1 - 
(1 - $,)PS 

(A13) 

In equations (Al l)-(A13) we have taken P, to be constant, 
neglecting any dependence on j. P, must depend on the shape 
as well as the size of G but for simplicity we consider a circle of 
the same area as G and calculate P, as in Appendix I, 
assuming all potential sites outside G to be active [cf. 
equation (A8)]. Equation A9 does not apply since the radii of 
the intersecting circles are no longer equal, so the integral 
corresponding to equation (A7) is evaluated numerically. 

The area of inhibited nucleation round an active site in G 
may lie partly outside G so the probabilities ~$r etc. are also 
calculated for equivalent circles, assuming equal probability 
of finding the site anywhere in the circle. 

With the above P, and dam, P(j) is calculated starting at j = 0 
and proceeding until ZP( j) > 1 (which may occur due to the 
approximate nature of the calculations), or until j = 5. The 
last value is then corrected, or P(6) chosen, to satisfy ZPCj)= 1. 
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The procedure is repeated for intervals ofO.lR over 0 Q r < a(=,, h/R), Appendix I. A more profitable approach might be 
R to give mean values for P(j) over the area of influence and a numerical experiment with a random array of potential sites 
hence y, for substitution in equation (6) for boiling area on a computer but this does not seem worth undertaking until 
reduction x and equation (9) for boiling flux. we have better models for heat transfer near an active site and 

The calculations for h/R = 0.75 and 1 are shown in Figs. 2 for inhibition of nucleation. 
and 3. The range of validity is limited by the uncertainty in 

EBULLITION NUCLEE PLEINEMENT DEVELOPPEE: RECOUVREMENT DES AIRES 
D’INFLUENCE ET INTERFERENCE ENTRE SITES DE NUCLEATION 

RCum&Le modkle de trempe de surface pour le transfert thermique par ibullition B faible densitt de sites de 
nucliation a Btb 6tendu aux fortes densitts. L’accroissement du flux de chaleur dO B I’augmentation des 
fr6quences de trempe est contrebalanct par la riduction des aires d’tbullition, 121 od les aires d’influence de 
plusieurs sites de nucltation se recouvrent partiellement. Le degrt de recouvrement est estimC pour des 
distributions r6gulikres et au hasard des sites de nuclCation, et pour une distribution au hasard modifiie par 
une interfirence g courte distance entre sites. Son effet n’est pas important sur le transfert de chaleur, dans le 

domaine d'intbrit pratique. 

On rCvise I'aspect de I'inhibition de la nucliation par l'interfkrence thermique des sites actifs. Bien que 

I'interftkence ait un faible effet sur le modtle de transfert de chaleur pour un nombre spt?cifii de sites actifs, elle 
peut influencer la courbe d’bbullition en modifiant le nombre des sites actifs et la formation de riseau de 
vapeur par coalescence de bulies. On obtient des relations entre les densitts de potentiel et les sites actifs. 

VOLLENTWICKELTES BLASENSIEDEN: UBERSCHNEIDUNG DER EINFLUSSGEBIETE 
UND INTERFERENZ VON BLASENKEIMEN 

Zusammenfessung-Das Oberfliichenabkiihlungsmodell fiir den WIrmelbergang beim Sieden bei kleinen 
Keimstellendichten wurde auf hohe Dichten ausgedehnt. Der verbesserte Wlrmeiibergang aufgrund der 
erhahten Abkiihlfrequenz in den Oberschneidungsgebieten verschiedener Keimstellen gleicht die 
Verkleinerung der Siedefliiche teilweise aus. Fiir Zufallsverteilungen und fiir gleichmlflige Anordnungen von 
Keimstellen wurde der Grad der Oberschneidung abgeschltzt und fiir eine Zufallsverteilung durch eine 
Nahinterferenz zwischen den Keimen modifiziert. Der EinfluD auf den Wlrmeiibergang im praktisch 
interessierenden Bereich ist nicht groI3. 

Das Auftreten von Keimbildungsunterdrickung durch thermische lnterferenz seitens aktiver Keimstellen 
wird diskutiert. Obwohl Interferenz fiir eine bestimmte Anzahl aktiver Keime nur geringen EinfluD auf das 
WBrmeiibergangsmodelI hat, kann sie sich im Bereich des entwickelten Siedens durch Beeinflussung der Zahl 
aktiver Keime und die Bildung von Dampfbereichen durch Zusammenwachsen von Blasen auswirken. 

Beziehungen zwischen den potentiellen und aktiven Keimstellendichten wurden abgeleitet. 

IlOJlHOCTbIO PA3BMTOE fIY3blPbKOBOE KMIIEHME. B03AEtiCTBME M 
B3AMMOBJIMRHkiE UEHTPOB 06PA30BAHM5l IlY3bIPbKOB 

AHHOTSIQIIW- Monenb pesroro OxnamneHwIl IIoBepXHOCTH, 06bFIHO npaMeHseMan B RCCneAOBaHHax 

TenJIonepeHOCa npH KHneHHU B CJIyYae He6OnbmOfi IIJIOTHOCTH UeHTpOB o6pa3oeaHas ny3bIpbKOB, 

WCnOJIb30BaHa Da CJIy'Iaa UX 6onbmoti IIJIOTHOCTU. np&i 3TOM pOCT AHTeHCWBHOCTU nepeHOCa TenJIa 

C yBenwIeHHeM 'IaCTOTbI OXJIaWteHHII, KOrna npOaCXOnIiT HaJIOXCeHHe o6nacTeii B3aHMHOrO B,IHIIHAIl 

HeCKO,,bKHX UeHTpOB,KOMneHCHpyeT yMeHbI"eHHe IIJIOtttanHnOBepXHOCTH KWneHWII. npOBeneHa OIIeHKa 

cccTene5uis HanoTeHWa ana HeynopnnoreHHbIx li ynopnnoqeHHb1x pacnpeneneHuii tteHTpon a ana cnyqas 
HeynOpRAOYeHHOrO paCnpeneJIeHIi%l npri 6n&iEHeM nOpaLIKe H AX B3aBMHOM BJIHIIHIG, Apyr "a npyra. 

OKa3bIBaeTCSI,'ITOB,IHaHlieCTeneHHnel,eKpbITWI o6nacTefi Ha npOlIeCCTenJIOnepeHOCa HeCymeCTBeHHO 
C npaKTW4eCKOfi TO'IKB 3peHSia. PaCCMaTpHBaeTCa BOnpOC 0 TOpMOmeHIiIi npOIteCCa 06pa30Bamia 

ny3bIpbKOBTeNIOBbIM BO3LteiiCTBHeM OTaKTABHbIX LIeHTpOB napOO6pa30BaHkiII. XOTa 3TO BO3nekTBkSe 

HHeOKa3bIBaeT 6onbmoro BJIHaHWIl HaTenJIOnepeHOC npH$JuKCIipOBaHHOM 'IHCJIe aKTWBHbIXIIeHTpOB, 

OH0 BCe X(e BJlWReT Ha pa3BHTOe KWIICHUC 38 C’ET H3MeHCHWII WiCJIa aKTIiBHbIX UCHTPOB li 06pa30BaHaa 

y'IaCTKOB. COLtepmaIItHX nap B lYK3yJIbTaTe CIIHIIHAII ny3bIpbKOB. BbIaeneHbI COOTHOIIIeHHR MeXAy 

IIJIOTHOCTRMH nOTeHUWa,IbHbIX I, aKTHBHbIX UeHTpOB napoo6pa3osawi% 


