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Abstract-An experimental study was pelformed to evaluate the thermal flux which in each moment is 
transmitted from the hot surface to the boiling fluid, in the surroundings of a single site of nucleation. It has 
also verified how the thermal flux is localized in space. The results obtained allow the inference that a 
quantity of heat equal to 60-70 per cent of the heat necessary to produce the vapour contained in the 
bubble at the moment of detachment is transmitted directly from the hot surface to the bubble during its 
growth, through part of the hot surface corresponding approximately to the largest contact area of the 
bubble itself. 

A quantity of heat equal to about the remaining 3040 per cent is transmitted, during the waiting time, 
through the same area, from the hot wall to the liquid replacing the bubble after its detachment. 

The nucleation also strengthens the thermal exchanges as far as distances from the active site of the 
order of some diameters of the bubble itself, producing, in the test conditions, approximately a doubling 

of the convection coefficient. 

a, 

t, 

tb, 

t 
P’ 

largest apparent contact area of the 
bubble ; 
temperature ; 

bulk temperature of the water ; 
temperature of the copper plate (4, 

r,, 

zb? 

growing time (between the birth and the 
detachment of the bubble) ; 
waiting time (between the detachment 
and the birth of the bubblej ; 
bubble period (between two successive 
births). 

Fig. 2); Superscripts 
K volume of the bubble ; 

- 
, time-average value in the bubble period. 

v,, volume of the bubble at the detachment ; 
Z, axial coordinate. INTRODUCTION 

SEVERAL mechanisms have been proposed to 
Greek symbols explain the high values observed for thermal 

@., thermal diffusivity ; fluxes and exchange coefficients during boiling. 
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NOMENCLATURE 

radius of heat-fluxmeter device (Figs.2 
and 3); 
specific heat ; 
amount of heat ; 
heat flux ; 
radial coordinate ; 

average value of (t - tb) in the area 
O<r<a; 
thermal conductivity; 
heat of vaporization ; 
density ; 
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All mechanisms imply three basic assumptions : 
(i) Heat transmission is essentially due to con- 
vection phenomena, enhanced by the bubble 
formations, through agitation produced in the 
fluid [l-3] (ii) The growing bubble displaces the 
boundary layer from the surface; when the 
bubble detaches, a returning of relatively cold 
liquid takes place, subtracting heat from the 
heating wall ; evaporization for bubble growing 
occurs at the liquid-vapour interface and the 
required heat comes from the cooling of the 
superheated liquid layer. pushed by the growing 
bubble [&lo] (iii) The growing bubble leaves 
a liquid microlayer adhering to the wall: 
because of the rapid evaporization of such 
microlayer into the bubble, removal of high 
quantities of heat occurs directly from the 
heating surface while the bubble grows [l l-191. 

Many experimental works [l-22] have indi- 
cated that all three mechanisms can be present. 
The aim of the present paper is to obtain a 
further understanding of the quantitative trend 
(in space and time) of the thermal flux as trans- 
mitted from the heating surface to the liquid in 
the neighborhood of the growing bubble and in 

relation to its evolution. In this way the boiling 
phenomenon should be clarified. indicating the 
relative importance of the proposed mechan- 
isms, which surely contribute in characterizing 
it. 

EXPERIMENTAL APPARATUS 

The apparatus is shown in Figs. 1-3. It con- 
sists of a vessel containing distilled and de- 
aerated water, and kept at T,,, by an independent 
heater. 

The vessel is equipped with windows for the 
cinematographic observation of the test section. 
The vessel contains the boiling surface and its 
heater, together with the measuring probes. 
The part of the apparatus producing bubble 
(Figs. 2 and 3) is made of a copper rod 1, heated 
by a resistor thermocoax 2, supplied by an 
adjustable, direct current I,; a coaxial disk of 
constantan 3 is soldered to the terminal section 
of the rod ; and a thin copper sheet, 0.02 mm 
thick, of circular form, is soldered to the disk : 
the upper face of the sheet is the boiling surface. 
The soldering has been made using an alloy 
with a thermoelectric power negligible in regards 

FIG. 1. Sketch of apparatus. 
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to copper. A wire, 0.05 mm dia. 5, is attached 
to the lateral surface of the constantan disk. 
Using appropriate values of current I,, a stable 
and regular column of bubble is obtained 
exactly upon the disk 3. The heat transmitted 

I 65mm &_--_-- - ~_. _ * 

- Ii@ 

4 
FIG. 2. Test section l--Copper rod; 2-Heating resistor; 
3-Constantan disk; +--Copper sheet: 5-Constantan wire; 
&-Container ; 7-Aluminium diaphragm ; X-Cold junc- 

tion; 9-Thermocouple T, (All lengths in mm.) 

from the boiling surface arrives completely 
through the constantan. However, the disk can 
also operate as a heat-fluxmeter since its 
geometry and thermal properties are known; 
furthermore, the e.m.f.‘s present at the connec- 
tion between the disk and the cylinder, and the 

disk and the copper sheet, give with a good 
approximation the average temperature on the 
two faces. 

Another device described in detail in [lo], 
containing a thermocouple r,, 9, made of 
wires 0.02 mm dia., allows measurement of the 
temperature of the boiling surface, as a function 
of the position. The e.m.f.‘s are recorded with 
oscilloscopes Hewlett Packard 140 A equipped 
with 1403 A differential amplifiers, and poten- 
tiometers Leeds & Northrup Speedomax, and 
the bubbles are simultaneously monitored with 
a movie camera Fastax XF2, equipped with an 
electronic timer. The synchronization between 
the camera and the oscilloscopes has been 
obtained using a pulse generator for the trigger- 
ing of both the oscilloscopes and an electronic 
flash, which produces on the film a completely 
black frame. Of course, the precision of timing 
is controlled by the duration of frame exposure 
(about 150 ps). The synchronization allows us to 
relate the variation in temperature to the grow- 
ing of the bubble. 

EXPERIMENTAL PROCEDURE 

In each experimental run the current I, has 
been setted in such way as to obtain a regular 
and stable nucleation, Then the cinematography 
of the test section and the recording of the e.m.f. 
between the copper sheet 4 and the cylinder 1 
(e.m.f. A) and between the disk 3 and the 
cylinder 1 (e.m.f. B) have been performed. 
Immediately afterwards (and without cine- 
matography), simultaneous determination of 
the e.m.f.‘s B and that from thermocouple T, 9 
(e,m,f, C) have been obtained at various dis- 
tances from the axis of the column of bubbles. 
A total of ten runs has been performed ; in each 
of these runs, the data relative to three or four 
bubbles have been recorded. In each test, the 
bulk fluid was at saturation temperature at 
atmospheric pressure. 

PROCESSING OF THE EX~~MENTAL RESULTS 

The thermal fluxes considered are represented 
in Fig 4. The symbols in the figure indicate : 
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RG. 4. Sketch of heat fluxes considered. 
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r. = maximum radius of the contact area of the 
bubble. 

r, = radius of the ebullition surface. 
Q, = thermal flux passing through the welding 

surface between the constantan disk and the 
copper plate (Fig. 2). 

Qb, Q, = thermal fluxes passing through the 
ebullition surface in the areas 0 < r < r, and 
re < r < r,, respectively. 

Q, = Qb + Q, = thermal flux passing through 
the ebullition surface r < re 

QI, = radial thermal flux inside the plate through 
the cylindrical surface of radius r = r,. 

Q’, Q” = thermal powers which can be accumu- 
lated in or released from the plate in the area 
0 $ r < ra or r, < r < r,, respectively. 

Qi, Q, = thermal fluxes through the lower sur- 
face or the perimetral surface of the plate, 
respectively ; these quantities are completely 
negligible in regards to the others above 
mentioned. 

The measurements performed allow the deter- 
mination of Q, Q1, Q’ and Q”. 
Therefore, Qt, Q, and Qb can also be obtained 
as the relations are ; 
Q, = Qc + Q'+ Q" = Qb + Q, 
Qb = Qc + Q' - Qi 
Qp= Q, + Q'.' 

(i) Calculation of’ Qc 
Let us assume that (see Fig. 3) inside the 

constantan disk (or the solder sheet) 

i a at a9 ( > I at -- r_ +-_=--. 

r ar al a22 aaT (1) 

Considering the structure of the sample and 
the fact that the perimetral surface of the disk 
can be supposed insulated, from (1) follows that : 

where 

a28 i ae __=_- 
az2 aaT 

a 

e=-$ 2xr(t-tb)dr 
s 

(2) 
0 

and a = radius of the constantan disk. 

The boundary conditions are : 

z=o 8 = 40(~) 
z = z1 8 = 4~4 

(3) 

in which the average temperatures on the two 
faces of the disk as a function of time 4o(r) 
and 4i(z) can be obtained from the oscillograms 
of the e.m.f.‘s A and B. The regularity of the 
oscillation of such temperatures (see Fig. 8) 
allows us to assume the hypothesis of steady 
periodic regime. In the solder sheet we have : 

4. and 4i have expanded in Fourier series; the 
solutions of (2) and (3) (3a) have been obtained 
with an IBM 1130 computer. Lastly we have : 

(4) 

The influence on Q, of the experimental 
uncertainty due to the temperatures and the 
geometric and physical properties of the 
materials has been analysed with the same 
computer: the error for Q, can be assumed to 
be of less than 10 per cent. 

(ii) Evaluation of QI 
Considering the small thickness of the copper 

plate and its high conductivity, we can assume 
that within the obtained experimental con- 
ditions, the temperature inside the plate is 
independent from z. We have then: 

Ql= -2nt&--z2) (5) 

From the measurement made after each record- 
ing, it results that, with a good approximation, 
for a < r < I, 5a 

t, - tb = Il/(r)B(d + V(r) [w13 d - &Zl)l (6) 

in what the function $(r) and q(r) are experi- 
mentally determined. Furthermore, these func- 
tions changed very little in all tested cases ; each 
of them can then be represented, with a good 
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FIG. 5. Plot of I++. cp. y_ I: vs. r 

approximation, by a single law (Fig. 5). How- 
ever, it must be noted that, in all cases, there 

Q’ = - pc(z3 - z2) 

[ 

71~~ v 

was also a small difference observed among the In 
values of I, V,, r,,J ra, 7, 

s 

aqz,. z) 
Considering that, in the cases tested, it results + 27~ cp(r)r--- aT dr (7a) r, = 1 + 1.34 we can use (6) for calculating (5). 

1 
a 

(iii) Eualuation of Q’ 
with ra, q(r). O(z,, z) experimentally known. 

Assuming Q’ and Q” positive if heat is (iv) Eoaluation of’Q” 
released from the plate, we have We have : 

z-3 r, 

Q' = - PC ss Znr~drdz. 
aT 

, _ Q” = - pc(z3 - ZJ Znrzdr. J (8) lo 
z* I! 

=3 I, The evaluation of Q” is of minor importance as 

Q” = - p’ 

ss 
2nrgdrdz. (7) 

Q” is small in regards to the other quantities 
considered and does not affect the evaluation of 

-2 lo the quantity which is of more interest, Qh. In 

Considering that the temperature in the plate is fact, for values of radius very different from 

quite independent of z, for r < a can be r = a, relation (6) becomes little approximated 

assumed and, at least, a lag of phase in regards to O(z 1, T) 

a & 
must be taken into account. Thus we assume : 

s 

z am, Z) 
X2mdr = na at t, - th = b@V(zJ + rp (4 

0 {B[z,,(z - #h)] - &J) (W 

and for a < r < ro, we can still consider valid in which the function c(r) is experimentally 

(5) we have : determined. However, as the radius increases, 
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the amplitudes of the oscillations reduce rapidly : 
so the areas where (6a) is less verified give less 
contribution to the value of Q”. Q” has been 
then evaluated from (6a). However, the error 
involved must be considered higher than the 
one on Q’. 

RESULTS 

The values of q(r), $(r), c(r), and those of 

t, - tb 

X(r) = @z,) 

(in absence of ebullition) are presented in Fig. 5. 
Figures 69 indicate, for some of the bubbles 
examined, the courses of Qb(r); Q,(z); the 
apparent area of constant S; and 8(z,, r) which, 
as already mentioned, is tangibly equal to the 
average value e,(r), inside the area 0 < r < a, 

of the difference t, - t,. Furthermore, the 
average values in time of Q, ; T&z,) ; are also 
given. 

Figures 6-9 present also the quantity : 

Q*(z) = pA; 
where p is the vapour density and L the heat of 
evaporization, both for saturated vapour atmos- 
pheric pressure, and V the volume of the bubble. 
Evidently, Q* represents the thermic power 
which should be necessary to produce the vapor 
contained in the bubble if its increase in volume 
is due only to evaporization, being pressure, 
temperature and density uniform and equal to 
those in equilibrium. 

At this stage, it is interesting to point out 
that some authors [24-26-j have demonstrated 
that the forces of inertia and those due to the 
surface tension are already negligible when the 
bubble is not very small anymore (of the order 
of 01 mm) ; therefore, the vapour contained in 
it can be considered approximately as saturated 
vapour at liquid pressure. 

24- - 
- 15 15 

22- - 

-05L I I 1 I I 1 I I 1 I 
01 o-2 03 o-4 05 0.6 07 06 09 IO 

T/Tb 

FIG. 6. Plot of Qb Q, Q*, Q, Q’, Q”. S. 0, vs. time 
Tb = 167 ms. 
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FIG. 7. Plot of Qb Qr Q*, QB S. OS vs. time ‘th = 20 ms. 

The volumes of the bubbles have been 
obtained from the photograms by numerical 
integration, assuming that the bubbles them- 
selves are solids of revolution. In the diagrams, 
the origin of the times corresponds with the 
average instant of exposure of the first photo- 
gram in which the bubble is visible. 

The trends of Q’ and Q” are also reported, as 
an example, in Fig. 6. In all tested cases, the 
trends of various quantities were strictly similar 
to those reported in Figs. 6-9. The photographic 
records (some typical photograms and photo- 
graphies of the oscillograms) are also reported 
as an example (Fig. 8). Lastly, Fig. 10 indicate 
the relation between e, and Q, or the thermal 

fmx Qc,, which, in absence of ebullition. is 
transmitted from the plate to the fluid. 

DISCUSSION 

The aim of the analysis of the results is to 
obtain some indications about the mechanism 
of formation of the bubble, the mode of supply 
of the necessary heat, and the influence of the 
nucleation on the thermal convection exchanges 

in the vicinity of the active site. These indications 
can be obtained by examination of the trends 
of Qb, Q* and Qp 

The thermal flux Qb transmitted from the 
hot wall in the area P < r, indicates a very 

remarkable maximum in the lirst part of the 
time of growth, just when the velocity of growth 
reaches the maximum values and in corre- 
spondence with the maximum for the thermal 
flux Q* related to the evaporization. Moreover, 
Qb and Q* show very similar trends (Figs. 6-9). 
This indicated that in the first part of the time 
of growth, the thermal flux necessary for the 
bubble to grow is actually related to the forma- 
tion of the vapour contained in the bubble; and 
that the thermic power required is given 
mostly to the growing bubble from the hot 
surface. It must be noted that the thermal flux 

QP exchanged by the plate in the area r 2 r,, 

is a much smaller one in comparison to Qh, 
and does not follow the same typical trend; on 
the contrary, while Qb reaches a maximum. Q, 
has (in the initial part of the time of growth) a 
decreasing course. Such observation permits us 



H.M. 

FIG. Sa. Cinematography of the bubble. 



FIG. 8b (NO 1). e.m.f. A: 0.05 mV/cm; time base: 5ms/cm; mean value: 0,485mV. 

FIG. 8b (No 2). e.m.f. B: 0.1 mV/cm; time base : Sms/cm; mean value 0.790 mV. 
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FIG. 8c. Plot of Q,,, Q, Q*. Q, S. es vs. time TV = 204 ms. 

to conclude that the thermic exchange between in the thermal flux exchanged by 
the wall and the bubble occurs in the immediate outside this area. 

the plate 

vicinity of nucleation site, through a part of the The direct relation between Qb and Q* lasts 
surface of the same order of contact area of the until Qb reaches an accentuated minimum; 
bubble itself. Moreover, at least under the afterwards, Qb presents again a modest increase 
present experimental circumstances, the growth and remains slightly variable during the remain- 
of the bubble produces such a request of ing life of the bubble, around values of about 
thermic power (in area I < rJ to cause a decrease 02 kcaI/h (even if with one or more not very 

Run 6 

20 

Jz 
_1 

22_ IB-iI 5 

20- : 

Yl8-W 10 _@O- 

16-E - 

R(i. 9. Plot of Qbr Q, Q*, Q, S, es vs. time. zb = t&9 ms. 
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remarkable maxima). On the contrary, Q* 
continues to decrease until the detachment, and, 
in some cases, undergoes some fluctuations 
corresponding with the similar fluctuations 
observed for the volume of the bubble. Neither 
Qb nor Q, seem to show traces of the same 
fluctuations, therefore, the corresponding quan- 
tities of heat are not transferred directly from 
the hot surface. This could be explained by 

40 

t 

l Boiling 

o Free convection / 

/” 
/ 

.v 
4 

.P /’ 4 
.A .( 

// ,G’ 

IO Id, t 1 I I t 1 

02 03 04 05 06 07 08 09 IO 

kcal/hm’ 4. &m” 

FIG. 10. Plot ofi& Q,,,, vs. 0,. 

assuming that the vapour fluctuations are due 
to compression of the vapour with small 
exchanges of mass and heat, or that these 
exchanges occur in conditions such that they 
do not influence directly on the thermic field of 
the solid wall ; for example, by taking place in 
correspondence of the upper part of the bubble. 
Furthermore, it is necessary to consider that 
the upper observed fluctuations may be due to 
errors in the volume measurement. In fact, the 
assumption that the bubble is a solid of revolu- 
tion is highly verified in the first part of the 
time of growth, but less verified in the moments 
preceding the detachment. 

Finally. the available results permit us to esti- 
mate the quantity of heat, C,, which is released 
directly from the wall to the growing bubble. 
In fact, as indicated above, we can assume, with 

good approximation, that such heat is cx- 
changed in the area r < I’,. The thermal flux 
transmitted in the area under examination is 
given by Qb. Moreover. as far as the interval of 
time between the birth of the bubble and 
approximately the reaching of the first minimum 
of Q,, is concerned, we can assume that the heat 
is completely exchanged with the bubble. In 
fact in this period, it covers a large part of the 
area under examination; and moreover the 
values of Qh taking place when the bubble is 
absent or its velocity of growth not very impor- 
tant (Q* small or zero) are very small in com- 
parison to those observed in the period, where 
the maximum of Q* occurs. 

Therefore. C, can be calculated. with a good 
approximation through the relation : 

C, = [Q, dz 

where z* indicates the instant in which the 
minimum of Qh takes place. For the various 
cases tested, both the values of C, and of the 
ratio 

(10) 

have been calculated. This ratio results between 
063 and 070. 

The following quantities : 

C,’ = lQ,,dz 

and the ratio : 

Ch’ 
(11) 

have been also evaluated. This one differs less 
than 10 per cent from the values of (IO) con- 
firming that the quantities of heat Q,,. trans- 
mitted in the area r d rar become relatively 
small as soon as the velocity of growth of the 
bubble together with the evaporation rate 
become of negligible importance. Therefore. it 
is necessary to admit that 60-70 per cent of the 
heat necessary for bubble formation comes 
directly from the hot surface to the growing 
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bubble ; the remaining part comes probably 
from the liquid and is exchanged through the 
liquid-vapour interface. 

The examination of the trend of Qh permits us. 
then, to evaluate the effects of nucleation upon 
the convection exchange in the area 0 < r g r,. 

after the first minimum of Qb and until the end 
of the bubble. In this regard, it can also be useful 
to refer to a local coefficient of conviction h*, 
defined by the relation : 

h* = Qb 
TIT* (12) 

When Qb reaches its first minimum, con- 
sidering the values shown at the same time by 
8,. we obtain values of h* of the order of 3000- 
5000 kcal/hm2”C (Figs. G-9). This is the mini- 
mum value of h* during the whole period of 
time. Afterwards, Qb increases and undergoes 
some fluctuations, related to a similar 
trend in time of h*, with one or ‘more maxima. 
At such maxima, h* can reach values of the 
order of 15000 kcal/hm’“C. These values are 
very much higher than those obtained, under 
similar conditions, for natural convection with- 
out ebullition. 

Figures 6-9 indicate also that the first of the 
maxima considered (always present and the 
more important) takes place in a time interval 
(of few ms) close to the detachment of the bubble. 
This circumstance, together with the fact that 
the relative increase in thermal llux concerns 
mainly the central part of the plate, seems to 
indicate that the increase of h* has to be related 
to the hypothesis expressed in (ii) of the intro- 
duction. However, the presence of other maxima 
and of an increase of the convection coefficient 
even at certain distance from the active site 
indicates how the effect of an agitation charac- 
terized by a smaller localization in space and 
time, and induced in the fluid from the evolution 
of the bubble--birth, growth, and detachment- 
is superimposed to the mechanism described 
in (ii). 

Furthermore, it has to be noted that the heat 
Ch”. given by the wall to the fluid in the area 

under consideration, in the interval of time 
included between the first minimum of Qb and 
the end of the bubble, that is : 

is equivalent, in all the observed cases, to 
30-40 per cent of pnl$ Therefore, in the area 
0 < I < r,, during the whole period, the wall 
gives to the liquid an overall quantity of heat 
nearly equal to that necessary to produce the 
vapour contained in the bubble at the moment 
of detachment. 

It must be noted that the exchange coefficients 
occurring when the evaporization phenomenon 
is of importance, are of very high order of 
magnitude. In particular, if we maintain for h* 
the meaning of an “equivalent” coefficient of 
convection (in the moments in which the bubble 
is present and evaporization important) in the 
area 0 < r G ro, we found, in relation to the 
main maximum of Qb, values of specific flux of 
2 000 000 kcal/m’h and values of h* of the order 
of 150 000 + 200 000 kcal/hm2”C. 

Lastly, the experimental results permit us to 
obtain some indications on the effect of ebulli- 
tion on the convection exchanges in the area 
I > r,. 

Figures 10 and 5 indicate respectively that, 
for equal 8,, Q, > Q,,,, and in the area Y > r. 

the surface temperatures of the plate are lower 
in presence than in absence of nucleation. 
Therefore, even in this area, nucleation pro- 
duces an increase in the coeflicients of thermal 
exchange. If we refer, then, to the average values 
of temperature of the plate we can calculate the 
orders of magnitude of the average coefficients 
of convection with and without ebullition. It 
results. in the two cases, IZ z 3000 kcal/hm2”C 
and h z 1.500 kcal/hm2”C, respectively. 

CONCLUSION 

In the present work, the thermal flux which 
in each moment is transmitted from the hot 
surface to the boiling fluid in the surroundings 
of a single site of nucleation, in saturated 
ebullition, in natural convection at atmospheric 
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pressure has been measured. It has been also 
verified how the thermal flux is localized in 
space, evaluating separately the trends of it 
inside and outside the largest contact area of 
the bubble. 

The results obtained allow us to infer that : 
(i) In regards to the mechanism of formation 

of the bubble and the modalities with which it 
obtains the necessary heat, the direct heat 
transmission from the hot surface to the bubble 
has a determining role during the bubble 
growth. In fact, under experimental conditions, 
it provides 6&70 per cent of the heat necessary 
to produce the vapour contained in the bubble ; 
this heat is exchanged through a part of the 
hot surface corresponding approximately to 
the largest contact area of the bubble itself. The 
remaining part of the heat is probably provided 
by the superheated fluid at the liquid-vapour 
interface. The volume fluctuations often 
observed at the last moments of the bubble life 
do not coincide with the quantities of heat 
exchanged at the same time by the hot surface. 

(ii) Values of local coefficients of thermal 
exchange of the order of 150000 + 200000 
kcal/hm’“C occur at the base area of the 
bubble, during its growth. In the moments 
nearer to the detachment (when the importance 
of evaporization is negligible) and after it, 
fluctuating trends in the thermal fluxes and the 
coefftcient of exchange (which reaches highest 
values of 10000 + 15 000 kcal/hm2”C, much 
higher than those obtained in similar condition 
without ebullition) can be observed. The trends 
in time and the values of the thermal flux and 
of the local coefficient of exchange are in a good 
agreement with the hypothesis that the bubble, 
at the detachment. produces a return ofrelatively 
cold water. 

(iii) Under these particular experimental con- 
ditions, the nucleation strengthens the thermal 
exchanges even outside the above-mentioned 
area of contact (and as far as distances from the 
active site of the order of some diameters of the 
bubble itself) producing. approximately. a 
doubling of the convection coefficients in com- 

parison to the values obtained in absence of 
ebullition. 
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GLEICHZEITIGE MESSUNG DER BLASENWACHSTUMSRATE UND DES 
WARMEFLUSSES VON DER HEIZFLACHE AN DIE SIEDENDE FLUSSIGKEIT NAHE 

DER KEIMSTELLE 

Zu~~menfa~ung-Es hand& sich urn die experimentelle Untersuchung zur Absch~tzung des Warms 
stromes, der in der Umgebung einer einzelnen Keimstelle in jedem Augenblick von der HeiztIache an die 
siedende Fltissigkeit iibergeht. Auch die raumliche Verteilung des Warmeflusses wurde untersucht. Die 
Ergebnisse zeigen, dass 60 bis 70% der Warme, die zur Erzeugung einer Dampfblase notwendig ist, bis 
zum Moment ihres Abliisens, direkt von der Heizfllche an die Blase tibergeht, wahrend ihres Wachstums. 
Sie geht durch den Teil der Heizfliiche, welcher der grossten Beriihrungsfliche der Blase entspricht. 

Eine Wlrmemenge, die den iibrigen 3040% entspricht, wird wahrend der Warteperiode nach AblBsung 
der Blase, durch die gleiche F&he, von der heissen Wand an die Fliissigkeit iibertragen. 

Die ~lasenbildung erhiiht such den W~rme~bergang im Umkreis mehrerer BIasendurchmess~ von der 
Keimstelle, in dem sic, bei den Versuchsbedingungen, etwa eine Verdoppelung des konvektiven Warme- 

tiberganges bewirkt. 

MESURE SIMULTANEE PRES DU SITE DE NUCLEATION, DE LA VITESSE DE 
CROISSANCE D’UNE BULLE ET DU FLUX THERMIQUE PARIl?TAL VERS LE 

FLUID EN BBULLITI~N 

R&urn&-On a men& une etude experimentaie afin devaluer le flux thermique qui a chaque instant est 
transmis depuis la surface chaude au fluide bouillant, au voisinage dun site unique de nucleation. On a 
aussi observe la localisation du flux thermique dans I’espace. Les resultats obtenus permettent de dtduire 
que la quantite de chaleur &gale a 60 ou 70% de la chaleur necessaire ii la production de la vapeur contenue 
dans la bulle au moment du detachement est transtnise directement de la surface chaude a la bulle pendant 
sa croissance, a travers une partie de la surface chaude correspondant a la plus grande aire de contact de 
la bulle. 

La quantite de chaieur complementaire a peu pres Cgale a 30 ou 40% est transmise, pendant le temps 
d’attente, a travers la mEme surface depuis la paroi chaude au liquide qui rempiace la bulle aprb son 
dttachement. 

La nucleation renforce les &changes thermiques tant que Ies distances du site actif a la bulle sont de 
I’ordre de quelques diametres de la bulle elle-m&me et, dans les conditions du test, double approximative- 

ment le coefficient de convection 
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COBMECTHLIE IISMEPEHMH CICOPOCTB POCTA HY3LIPE:Ii I4 
TEKJIOBOW HOTOICA OT HAI'PEBAEMOm CTEHKB Ic IcHHH~En 

XkIfiIXOCTId BI;JIM3I/I MECTA OBPASOBAHBR HY,?LIPH 

AHHOTaI(WI-npOBefieH0 3IiCnepMMeHTanbHUe llCC.JIe~OBaHHe AJlff OI~elfKII TeIIJIOBOrO IlOTOIi~I, 

KOTOpbIfi B KalrczbIii MOMeIIT BpeMeHPI nepeHOcLiTcH OT IfarpeTOI? nOIfepXHOCTH IF IUiIIFIII~Pii 

m1~~ocT14 B6na3M MecTa 06pasosaIfm e~nHwufor0 ~Iymp~. nponepcreTc5f Taste, IE~I~IM 

Ofipa3OM nOTOH JIOKaZl3yeTCfI II npOCTpaHcTBe. nOZIyqeHHbIe pe3ynbTaTbI II03BOnfIlOT 

CdeJGITb I3bIBO;I 0 TOM, ‘IT0 HOJIHYeCTBO TeIIJIOTbI, paBHoe 60- 70:;, TeIlJIa, HeOfiXO~I4MOrO ;LJIH 

06pa30BaHIlH napa, CO,!(epitta~erOCH II nyoblpe R MOMeHT OTpbIKi, ne~,eHOCIlTCIf HeIIOCpC#‘T- 

BeHHO OT HarpeTOii IIOBepXHOCTI4 IF ny3brpIo ~Iprl ero poc~e qepe3 yvarToK IlarpeToii 

nOBepXHOCTM, IIjN4ikWlTe~bHO COOTBeTCTByII@ Harlrionbmeti IIJIoIL(a~ll KOHTaIcTIIOi’r 

nOBepXHOC~TI1 GIMOI’O ny3bIpH. 

r@IMepHO 30-40';; 0cTaBIIIerocfl TeIIm neperrocww3 38 8peMfl 3afiepxwIl sepe3 Ty ~2 

IInOI&I~b IIOBepXHOCTGi OT HWpeTOh CTeHKM Ii >KIl~IEOCTLi, :1;IIIFIBIIIPI? MeCTO IIy:SbIpFI nOc.n? 

er0 OTpbIBa. 

06pa3OBaHHe ny3bIpH TaIFitte PlHTeHCkl@lI(LIpyeT TeILWOheH, IGOrAa BKTIlBHbII? III’HTJI 

HaXOAMTCH Ha paCCTOHHMI4 nOpR&Ka HeCKOJIbIiHX XvlaMeTpOB ny3bIpH, ‘fT0 RaeT B yC:IOBIlflX 

3HcnepnMeHTa IIpHMepHO y~BOeHHblti I<OE@@i~HeHT ItOIfBeHLUlM. 


