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Abstract-Bubble growth rates were investigated experimentally to determine the effect of high Jakob 
number conditions. Comparison of the experimental data with existing theory for Jakob numbers ranging 
from 24 through 792 indicates that the shape of the bubble growth curve over the entire range investigated 
is best described by the t* variation predicted by the uniform superheat model. 

Reasonable agreement with the magnitude of the bubble growth data was obtained only for Jakob 
numbers less than 100. Above this value, the discrepancy between existing theory and experiment becomes 
increasingly greater. At a Jakob number of 792, theory predicts bubble diameters almost an order of 
magnitude greater than those found experimentally. 

The growth data over the entire range of Jakob numbers investigated were correlated by the expression 

D = 5 N,f, ,/(ur). 

It is apparent however that serious shortcomings exist in current bubble growth theory and it is recom- 
mended that the theory be re-examined to determine the relative importance of dynamic effects, particularly 

at high Jakob numbers. 

NOMENCLATURE 

Exposed surface area of ribbon [L]; 
maximum bubble length [L] ; 
maximum bubble width [L]; 
specific heat at constant pressure 
[HM-‘T-r]; 
see equation (1) ; equal to B [L] ; 
bubble diameter, defined by equa- 
tion (2) [L] ; 
voltage drop [IV] ; 
line current [A] ; 
thermal conductivity 

[He-l L-l ~-11; 

ribbon thickness [L] ; 
temperature [T] ; 
bulk liquid temperature [T] ; 
saturation temperature of vapor 

CT1 ; 
wall temperature. Assumed equal 
to volume average ribbon tempera- 
ture [T] ; 
saturation temperature of liquid at 
system pressure [T] ; 
temperature difference [T] ; 
ribbon width CL]. 

thickness of thermal boundary layer Greek symbols 
at end of waiting period ; see equa- thermal diffusivity [L'@- ‘1; 
tion (17) CL]; ; growth constant, defined by equa- 
ribbon length [L] ; tion (10) [dimensionless] ; 
Jakob number = ATC,p,/pd 6, thermal boundary-layer thickness 
[dimensionless] ; Kl; 
integer, equation (14) ; 4 latent heat ofvaporization[HM- ‘1; 
pressure [mm Hg] ; P, density [ML- “1; 
heat flux [HW’ L-2]; P’, electrical resistivity [&I in] ; 
radial distance [L] ; 4, #J,, c#+,, volume, surface, and base factors 
critical bubble radius [L] ; for equation (16): defined in refer- 
time [S] ; ence [6] [dimensionless] ; 
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sphericity correction factor [dimen- 
sionless]. 

Subscripts 
bubble ; 
liquid ; 
sphere ; 
vapor ; 
wall. 

INTRODUCTION 

BUBBLE growth rates have been investigated 
quite extensively for fluids such as water and 
methanol boiling from solid surfaces under 
conditions of atmospheric pressure or greater 
corresponding to Jakob numbers less than 50 
[l-6, etc.]. Little attention has been paid to 
growth rates at sub-atmospheric pressure con- 
ditions however, possibly as a result of the 
analyses of Birkhoff et al. [7] and Striven [8] 
who for the situation of asymptotic bubble 
growth in a uniform superheated fluid of infinite 
extent, showed that the analysis of Plesset 
and Zwick [9] was a good approximation for 
values of the dimensionless Jakob number 
much greater than unity. The Jakob number 
for water boiling at 50 mmHg pressure with a 
superheat of 37 degF is 792, thus meeting this 
condition. Griffith [lo] however, in one of the 
first analyses attempting to account for the 
effect of the heating surface, stated that “the 
range covered by the computer results was 
limited by the validity of the mathematical 
model. For very large values of the parameter 
C (Jakob number) the assumption that the 
dynamic effects are unimportant is not valid.” 

The objective of this work was to determine 
whether bubble growth theories advanced to 
date (all of which neglect dynamic or inertial 
effects as being unimportant after the first 
few microseconds) reasonably describe growth 
rates from solid surfaces at high Jakob numbers. 

EXPERIMENTAL APPARATUS AND PROCEDURE 

The system, illustrated schematically in Fig. 1 
consisted of an insulated aluminum tank 

fitted with 4-in diameter by $-in thick Pyrex 
glass windows in the front, back and top for 
purposes of viewing and illumination. The 
test section from which’ boiling occurred was 
suspended horizontally within the tank by 

RHEOSTAT 

VACUUM GAGE 

I HEATER 

TEST SECTION 

- I KW MOTOR GENERATOR SET-y 

FIG. 1. Schematic diagram of apparatus. 

means of $-in dia. copper bus-bars extending 
through the tank walls at each end, and which 
were insulated from the tank itself by means of 
O-seal straight thread connectors machined 
from Teflon. 

The test section consisted of a polished 
zirconium ribbon ($ x 4 x 001 in) silver sol- 
dered to copper terminals at each end, and 
cemented to the flat side of a length-wise 
sliced l-in diameter Bakelite rod. The cement 
employed was Ray-Bond R-86004, a thermo- 
setting type synthetic resin which is unaffected 
by most organic solvents and which will 
maintain its adhesive strength to 300°F. The 
cementing and polishing procedure resulted in 
a highly polished flush surface on which no 
edge bubbles formed during operation until 
ribbon temperatures were reached where thermal 
expansion effects caused the ribbon to break 
away from its cement and Bakelite backing. 
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The test section was bolted to the copper bus- 
bars in the tank by means of the copper terminals 
at each end. 

Sub-atmospheric pressures were obtained by 
means of a vacuum pump, protected from the 
organic vapors by means of an absorbent 
filled absorption trap in series with an acetone- 
dry ice cold trap. Pressure regulation was 
provided by bleeding extra dry nitrogen into 
the system through a combination vacuum 
regulator and vacuum gage. 

In order to maintain constant liquid level 
over the period of operation (normally 6-8 hr), 
the vapors were condensed externally and 
refluxed to the tank. The liquid in the tank 
was heated to its saturation temperature and 
maintained at that level by a thermostatically 
controlled electric heater in direct contact 
with the uninsulated bottom of the aluminum 
tank. To minimize convection currents in the 
region of the test section, a 5 x 4-in glass 
plate with ceramic legs was placed &in below 
the surface of the zirconium ribbon. 

The zirconium ribbon was heated electrically 
by means of direct current originating in a 
1 kW motor-generator set and the power level 
to the ribbon controlled by 3 air-cooled 1 kW 
rheostats connected in parallel. The power 
input to the ribbon was measured by a voltmeter 
accurate to t-O.5 per cent attached across the 
copper bus-bars leading into the tank and a 
millivoltmeter accurate to + 1 per cent attached 
across one of several calibrated resistances in 
series with the ribbon. The volume average 
ribbon temperature was obtained for each run 
by calibration of the zirconium ribbon as a 
resistance thermometer. 

Liquid and vapor temperatures were 
measured by means of 4 copper-constantan 
thermocouples extending through the top of 
the tank. The vapor temperature was measured 
at one of the two vapor exits, and the liquid 
temperature was measured at a point close to 
the liquid surface, at the level of the zirconium 
ribbon, and at a point close to the bottom of 
the tank. 

The boiling action on the ribbon was recorded 
by means of an 8-mm “Fastax” camera equipped 
with a 50 mm f/2 lens and capable of operating 
at speeds to 16000 frames per s. The actual 
operating speed was determined by the fre- 
quency of bubble formation on the ribbon. 
At the lower pressures where extremely low 
bubble frequencies were observed, the camera 
was operated at 3000 frames per s. At pressures 
near atmospheric, a 10000 frames per s camera 
speed was employed. Close-up pictures for the 
small bubbles observed near atmospheric pres- 
sure were obtained by the use of extension 
tubes. Lighting was provided by means of two 
750-W reflector lamps located behind the tank. 
One thousand or 100 c/s timing marks depend- 
ing on the film speed were recorded on the film 
by means of a timing light generator and a neon 
timing lamp within the camera. 

In order to scale the images to actual size, 
a wire of known diameter was suspended just 
above the center of the ribbon and toward 
one end. The wire appeared in each frame of 
the film and because few bubbles formed near 
the ends of the ribbon, it did not affect the 
bubble action and had the additional advantage 
of providing an object on which to focus the 
camera which was known to be in the same plane 
as the vapor bubbles. 

Liquids and pressures for which data were 
obtained include toluene at 48 mmHg, acetone 
at 222 mm Hg, n-pentane at 524 and 760 mm Hg, 
carbon tetrachloride at 138 mmHg, methanol 
at 5 pressures ranging from 134 to 540 mmHg, 
and water at 4 pressures from 50 to 360 mmHg. 
in all cases, heat flux values were less than 
15 per cent of the critical heat flux. 

METHODS OF MEASUREMENT AND 
CALCULATION 

In order to obtain quantitative information 
on the dynamics of the bubble motion, the film 
was analyzed frame by frame using a Vanguard 
Motion Analyzer which supplied a 15 x mag- 
nification of film size to viewed image. 

Tracings of acetone bubble number 3 as a 
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function of time are illustrated in Fig. 2. It is 
to be noted from Fig 2 that the zero time has 
been defined as the first frame prior to the bubble 
being observed. Thus an error is unavoidably 
introduced into the time measurements which 
may have a maximum value equal to the time 
between successive frames. For acetone bubble 
number 3, the maximum error is -0.25 ms 
since the film speed at nucleation was 4000 
frames per s. 

In this work, visual observation of the 
bubble growth through the top of the boiling 
tank indicated that spreading would occur 
along the length of the ribbon rather than 
along its width. To take this into account, the 

bubbles were assumed to be ellipsoidal in 
shape with the longest axis along the ribbon 
length and the unknown axis equal to the 
vertical axis of the ellipsoid. The assumed 
shape is illustrated in Fig. 3 and should be 
compared to the tracings shown in Fig. 2. 

The volume of the ellipsoid is given by 

(1) 

Bubble diameters are here defined as the 
diameter of a sphere having the same volume as 
a bubble. 

(2) 

Frame 
No 
295 

296 0.50 fi 

32ocL2.5 

297A I.00 

322 ( 
298A I.50 

/ 135 

299 n 2.00 324 ti 14.5 

3con250 
326r‘,l55 

3c6n 5.00 

307(7 6.00 332 

309 (7 7.00 336 

311 n 8.00 340 

312 0 8.50 

31.4 a 950 344 -24.2 

36 0105 348Q 26.2 

Frame lime 
No. 

0 

ms 
352 28-l 

So 30-I 

359 Q 32. I 

361 Q 33.1 

363 Q 34.1 

36Q- 35.1 
DEPARTURE 

0 
372 3&6 

FIG. 2. Bubble growth tracings for acetone bubble number 3 
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FIG. 3. Assumed bubble shape. 

Substituting equation (1) into equation (2), 
the bubble diameter is given as 

D, = (ab*)+. (3) 

Using equation (3) to compute bubble diameters 
from the data obtained from the film, bubble 
growth curves were plotted for each of the 92 
bubbles investigated. 

Other sources have not been quite as elaborate 
in defining the equivalent diameters of their 
bubbles For example, Han and Griffith [6] 
define the bubble diameter as the geometric 
mean of the bubble diameters in the two 
principal axis directions. Thus 

D, = (ab)? (4) 

Siegel and Keshock [S] define the bubble 
diameters as the arithmetic mean of the dia- 
meters in the two principal axis directions. Thus 

a+b 
D,=-. 

2 
(5) 

Bubble diameters computed from equations 
(3-5) are plotted in Fig 4 for comparison. 
Three distinct growth curves result and the 
deviation from the mean appears to be of the 
order of +lO per cent. Although this is not 
necessarily an indication of the actual degree 
of error involved in the experimental growth 
curves, it is an indication that the method of 
determining bubble diameters is not critical. 

In addition to the bubble growth curves, 

A-0, =- 

o-or =@i - 
x-0 =(o+f#2 

8 I8 24 32 40 

Time, ms 

FIG. 4. Comparison of experimental growth curves for 
acetone bubble number 3 using different diameter expressions. 

bubble diameters, velocities and contact angles 
were determined at departure. This data has 
been reported elsewhere [ll] and hence is not 
tabulated here. 

Heat flux levels were determined from a 
knowledge of the voltage drop across the 
ribbon, the line current and the exposed surface 
area. 

Assuming all of the heat generated to be 
transferred through the exposed surface, the 
estimated maximum error in the heat flux is 
_+2 per cent. Analysis [12] indicates that under 
conditions typical of this work, the heat loss 
to the copper bus-bars is probably less than 
10 per cent of the total heat generation as 
determined from equation (6). 

The volume average ribbon temperature was 
determined by calibration of the zirconium 
ribbons as resistance thermometers. A least 
squares fit of the data for three ribbons having 



different lengths, widths, and thicknesses re- meaningful method for such a comparison 
sulted in the following expression for resistivity results from the analysis of Striven [8], where 
as a function of temperature from 68 to 400°F. 

D = 48 &it) (10) 
p’ = 20.9[1 + 0~00171(T - 68)] (7) and the asymptotic solution for the growth 

where T is in “F and p in @I in. The standard constant /3 (valid at high Jakob numbers for the 
deviation for this expression was 0.45 fl in. uniform superheat conditions of Scrivens 

Following the initial calibration, the ribbons analysis) is given by 
were mounted on the Bakelite half-rods and 
polished. A second calibration was obtained at 
several temperatures for each ribbon while 
mounted in place in the boiling tank just prior 
to an actual run. Comparison of the two 
calibration curves yielded the new ribbon z + N,,. (11) 
thickness resulting from the polishing operation. 4 IL 

Under operating conditions the volume For the conditions of this work, the term in 
average ribbon temperature was determined brackets was approximately equal to the Jakob 
from voltage and current measurements, the number. From equation (9), if the diameter is 
ribbon dimensions and the calibration curve plotted versus t3, a straight line of slope 4/?c(* 
by means of the equation should result, from which the growth constant /I 

E wt’ 
can be determined. Equation (10) then relates 

p’=Tr,. (8) the growth constant to a modified Jakob 
number. 

The estimated maximum error in the volume When the data obtained in this work were 
average ribbon temperature as determined by plotted as a function of t*, in many cases the 

this procedure ranges from +9 to f 13 per cent. data were linear, and in most other cases the 

The degree of superheat reported here is the major portion of the curve could be approxi- 

difference between the volume average tempera- mated by a linear relationship. This is of con- 

ture of the ribbon and the saturation tempera- siderable interest as it indicates that the shape 

ture corresponding to the pressure at the of the bubble growth curve over the wide range 

ribbon surface. The average maximum error of Jakob numbers investigated here (24-792) 

in the superheat is estimated to be + 50 per cent. can be adequately represented by the simple ti 
variation predicted by uniform superheat theory. 

RESULTS AND DISCUSSION The growth constants obtained in this fashion 
The analyses for bubble growth in a uniformly are presented graphically in Fig. 5 as a function 

superheated liquid of infinite extent should of modified Jakob number. The data can be 
not be expected to yield agreement with data compared with equation (9) for values of 
obtained for growth from a solid surface in a 4, = 1, 7112, and ,/3. Respectively, these repre- 
non-uniform temperature field. However, be- sent the expressions of Fritz and Ende [13], 
cause the resulting expressions are of such Forster and Zuber [14] and Plesset and Zwick 

simple form [9, 13, 141 [9]. As might be expected, the growth constants 

D = 4, ; N,, ,/(n@G 
predicted from uniform superheat theory are 

(9) greater than those obtained experimentally for 
growth from a solid surface in a non-uniform 

it is worthwhile to determine the extent to temperature field. Note, however, that the 
which they can approximate the data. The most discrepancy is in the magnitude of the growth 
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constant, and not the shape of the growth curve. 
In computing the modified Jakob number, the 

usual procedure of substituting the wall super- 
heat T, - T, for the liquid superheat T’, - T, 
has been followed. This might be a good 

FIG. 5. Comparison of uniform models with data. 

approximation if the thermal layer in which 
the bubbles grow was uniformly superheated 
to the temperature at the wall. Actually, since 
the liquid superheat approaches zero away 
from the wall, an average driving force of 
j&P,, - T,) might be a better approximation. 
Indeed, as seen in Fig. 5, if the modified Jakob 
numbers for the data are multiplied by a 
factor of 3; the results for Jakob numbers less 
than 100 are in good agreement with theory. 
Thus for q& = n/2 

D = N, J(nat). (12) 

Conversely, for Jakob numbers greater than 
100, the discrepancy between theoretical and 
experimental growth constants becomes in- 
creasingly greater. 

The actual growth data for the bubbles 
analyzed in this work are shown graphically in 
Figs. 6-26. It should be noted that most of the 
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figures indicate a large variation in bubble 
growth rate for apparently identical conditions 
such as surface heat flux and wall superheat. 
In fact, however, these conditions are only 
average values and no account has been made 
of local conditions such as site dimension and 
thermal-layer thickness. Had these local factors 
been determined, the growth rate would still 
be expected to vary in some statistical fashion 
since according to Hsu [43 the thickness and 

lime, ms 

FIG. 6. Bubble growth data for water, P = 360 mmHg, 
T, - T, = 21 degF, N,, = 81.1, q = 1.99 x lo4 Btu/h ft*. 

FIG. 7. Bubble growth data for water, P = 195 mmHg, 
T, - T, = 33 degF, N,0 = 191, q = 1,515 x lo4 Btu/h ft’. 
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4ocs 
Zuber 

‘0 P, I1 8 1, 16 24 32 40 48 56 
Time, ms 

FIG. 8. Bubble growth data for water, P = 98 mmHg, 
T, - T, = 27 degF, N,, = 301, q = 1.185 x lo4 Btu/h ft*. 

Time, ms 

FIG. 9. Same as Fig. 8. 

Time, ms 

FIG. 10. Bubble growth data for water, P = 50 mmHg. 
T, - T, = 37 degF, N,, = 792, q = 2,125 x lo4 Btuih ft’. 

Time, ms 

FIG. 11. Bubble growth data for n-pentane, P = 760 mm Hg. 
T, - T, = 31 degF, N,, = 23.9, q = 0.926 x lo4 Btu,‘h ft’. 

A -Bubble +2 
x -Bubble #3 

Time, ms 

FIG. 12. Bubble growth data for n-pentane, P = 524 mm Hg. 
T, - T, = 50 degF, N,, = 52.8, q = 1.15 x lo4 Btuih ft*. 
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‘0 2 4 6 8 IO 

Time, ms 

FIG. 15. Same as Fig. 14; q = 0.924 x lo4 Btu,‘h ft2 

Time, ms 

FIG. 13. Same as Fig. 12. 

%! 4 8 12 I6 20 
Time, ms 

FIG. 14. Bubble growth for methanol, P = 540 mmHg, 
T, - T, = 32 degF, N,, = 41.2. 

FIG. 16. Bubble growth data for methanol, P = 397 mm Hg, 
T, - T, = 36 degF, N,, = 59.6, q = 0.915 x lo4 Btu/h ft’. 



1386 ROBERT COLE and HERMAN L. SHULMAN 

I 1 o-BubbleX3 

4 8 12 16 20 
Time, ms 

FIG. 17. Same as Fig. 16. 

Time, ms 

FIG. 18. Bubble growth data for methanol, P = 304 mmHg. 
T, - T, = 36 degF, N,, = 74.6, q = @738 x lo4 Btu/h ft*. 

8 

v-Subble YS 
+-Bubble * I3 

Time, ms 

FIG. 20. Bubble growth data for methanol, P = 204 mm Hg. 
T, - T, = 48 degF, N,* = 1405 q = 0,891 x lo4 Btu/h ft’. 

1 o-Bubble*4 1 4 

X-Bubble #B 

24 32 40 
Time, ms 

FIG. 19. Same as Fig. 18. 

Time, ms 

FIG. 21. Same as Fig. 20. 
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20 

A-Bubble +4 
+-Bubble # 5,12 
0 -Bubble #II 

FIG. 24. Bubble growth data for acetone, P = 222 mmHg. 
T, - T, = 49 degF, N,, = 124, q = 1.34 x lo4 Btu’h ft’. 

2oc 
Time, ms 

FIG. 22. Bubble growth data for methanol, P = 134 mm Hg. 
T, - T, = 50 degF, N,, = 209, q = 1.05 x 10“ Btuih ft’. 

Time, ms 

‘0 8 16 24 32 40 
Tima ma 

FIG. 25. Same as Fig. 24. 

401”’ ” ” - Hsu ond Graham 
” 7 , I, , ” , ‘, 

-----Sk,nner and Bankoff, 1’=52XIO-‘ft 

FIG. 23. Bubble growth data for carbon tetrachloride. 
P = 138 mmHg, T, - T, = 52 degF, N,, = 175.5, q = 

0.711 x lo4 Btu/h ft*. 16 24 32 40 48 56 64 
Time, ms 

FIG. 26. Bubble growth data for toluene. P = 48 mmHg, 
T, - T, = 24 degF, N,, = 210, q = 0,596 x 10“ Btu’h ft2. 
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temperature distribution in the thermal layer 
are influenced by both fluctuating bulk turbu- 
lence and past history. 

Equation (12) and Zubers expression [ 151 
for bubble growth in a non-uniform temperature 
field 

D = ~,;NI,&at) 4W’ &at) 1 2k(T, - r,) 
(13) 

with r$, = x/2 are compared with the experi- 
mental data in each of the figures. 

Hsu and Graham’s expression [4] for bubble 
growth in a non-uniform temperature field 

x ($r$exp [- (~)‘N~)~ (14) 

is compared with the experimental data in 
Figs. 6 and 26. In employing their equations, 
since neither delay times nor nucleating site 
dimensions were measured, the boundary-layer 
thickness has been expressed as 

(151 
4w 

\ , 

Thus the resulting expression would be expected 
to predict only the growth rate of an average 
bubble. The critical radius was neglected and 
the second of their two equations used for the 
entire growth curve with R* and t* equal to 
zero. Furthermore, in this work the bulk 
temperature of the fluid To was at the saturation 
temperature and hence the difference in tem- 
perature between the vapor in the bubble and 
the bulk temperature of the liquid has been 
taken as zero. Calculations indicate that this 
vapor superheat amounts to only 1 or 2 degF 
and thus is negligible relative to the wall 
superheat. Additionally the sphericity factor 
4, was chosen as ~12. 

Han and Griffith’s expression [6] for bubble 

growth in a ron-uniform temperature field 

( 2 &at) 
Jn 6 exp [ 1 -- ifi - erfc J(6.c) >t 

(16) 
is compared with the experimental data in 
Figs. 6 and 10. Again the critical radius was 
assumed negligible and the boundary-layer 
thickness 6 determined from equation (15). In 
Hans equation, no assumption is necessary for 
the value of 4, as he has expressed this quantity 
in terms of 6; the contact angle and an average 
diameter. 

The analysis of Skinner and Bankoff [16] 
for bubble growth in a non-uniform temperature 
field having an initial temperature distribution 
given by 

T(r, b) = To + (T, - To) exp 
[ I 
- $ (17) 

is compared with the experimental data in 
Fig. 26. It is to be noted that there is no a priori 

means of predicting the boundary-layer thick- 
ness I’ in this analysis as could be done for the 
previous expressions. For purposes of com- 
parison, an 1’ was chosen by trial which would 
yield a final diameter in the range of those 
found experimentally for toluene in Fig. 26. 

The analysis of Bankoff and Mikesell [17] 
is similar to that of Skinner and Bankoff and 
also involves an arbitrary constant which is 
used to fit the analysis to the data. Because of 
these reasons no comparisons with the experi- 
mental data have been made. 

The analysis of Griffith [lo] has not been 
compared with this data as the range of Jakob 
numbers for which solutions were obtained by 
Griffith are much lower than those in this work. 
The reason given for not extending the solution 
to higher Jakob numbers is stated in the in- 
troduction and appears to have been justified 
by the data obtained here. 
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Comparison of all of the non-uniform tem- 
perature field growth equations with the experi- 
mental data indicates them to be less satisfactory 
than the uniform superheat expression given 
by equation (12). In fact as the equations 
increase in complexity, they appear to approach 
the t* variation predicted by uniform superheat 
theory. As with equation (12), reasonable 
agreement with the magnitude of the growth 
data is obtained only for Jakob numbers less 
than 100. Above this value, the discrepancy 
between theory and experiment becomes in- 
creasingly greater. 

With the knowledge that equation (12) best 
represents the data of this work, Fig. 5 can be 
used to obtain an approximate relationship 
for the growth constant as a function of Jakob 
number which when substituted into equation 
(10) will yield an expression for the bubble 
growth satisfying both the magnitude and 
shape of the experimental growth curves. From 
Fig. 5 

/3 E ;N& . 

Substituting into equation (10) 

(18) 

D = 5Nja ,,/(at). (19) 

Although equation (19) is of some value as it is 
a simple representation of the data in a region 
where theory and experiment are in wide 
disagreement, it is empirical in nature and does 
not aid in explaining the discrepancies which 
exist. It seems apparent that the theories for 
bubble growth from a surface where the tem- 
perature field is non-uniform should be re- 
examined. In particular, emphasis should be 
placed on determining the relative importance 
of dynamic effects at high Jakob numbers. 
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R&sum&--Les vitesses de croissance des bulles ont ttt? ttudiees expCrimentalement pour determiner l’effet 
des nombres de Jakob &levts. La comparaison des resultats exptrimentaux avec la thtorie actuelle pour des 
nombres de Jakob compris entre 24 et 792 indique que la forme de la courbe de croissance des bulles dans 
toute la gamme ktudite est d&rite le mieux par la variation en tf prtdite par le modtle g surchaufle uniforme. 
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Un accord raisonnable avec la grandeur des resultats de croissance de bulles a ett obtenu settlement pour 
des nombres de Jakob plus petits que 100. Au-dessus de cette valeur, la difference entre la theorie actuelle 
et l’experience devient de plus en plus grande. A un nombre de Jakob de 792, la thtorie prtvoit des diambtres 
de bulles presque d’un ordre de grandeur au-dessus de ceux trouvb exptrimentalement. 

La croissance des bulles dans toute la gamme des nombres de Jakob CtudiCs a et& corrtlee par I’expression: 

D = mg J(fd). 

Cependant. il est visible que de sttrieuses insufftsances existent dans la theorie ordinaire de la croissance 
des bulles et il est recommande que la theorie soit reexaminee pour determiner I’importance relative dc\ 

effets dynamiques, particulierement aux nombres de Jakob tlevts. 

Znsammenfaaamrg-AVachstumgsgeschwindigkeiten von Blasen wurden experimentell untersucht, urn 
den Einfluss von grossen Jakob-Zahlen zu bestimmen. Ein Vergleich der experimentellen Ergebnisse mit 
der herkommlichen Theorie fiir Jakob-Zahlen zwischen 24 und 792 zeigt. dass die Form der Blasenwach- 
stums-Kurve in dem ganzen untersuchten Bereich am besten durch das t*-Gesetz wiedergegeben wird, das aus 
der Vorstellung einer gleichmassigen Uberhitzung abgeleitet wird. 

Eine gute Ubereinstimmung der Blasenwachstumsdaten ergab sich nur fiir Jakob-Zahlen kleiner als 100. 
Oberhalb dieses Wertes wird die Diskrepanz zwischen der herkommlichen Theorie und dem Experiment 
zunehmend grosser. Bei einer Jakob-Zahl von 792 ergeben sich aus der Theorie Blasendurchmesser, die fast 
eine Grossenordnung grosser sind als die experimentell gefundenen. 

Das Wachstumsgesetz konnte in dem gesamten untersuchten Bereich durch die Gleichung 

D = 51Vto J(at). 

dargestellt werden. Es ist offensichtlich, dass die heute giiltige Blasenwachstumstheorie bedeutende 
Mangel aufweist, und es wird vorgeschlagen, diese Theorie zu iiberprufen, urn die Bedeutung von dy- 

namischen Effekten-insbesondere bei hohen Jakob-Zahlen-zu bestimmen. 

AJDiOTl%qHsI-CpaRHeHKe nOJlyqeHHbIX B pa6oTe 3KCIIepUMeHTaJlbHbIX AaHHblX n0 POCTy 

ny3blpbKoB c cymecTBymuefi TeopKei Ann 4KceJI RKoBa 24-792 noKa3maeT, ZITO pOCT 

IIy3bIpbKOB BO BCeM HCCJIeAOBaHHOM Allana3oHe JIyWe BCeI'o OnMCbIBaeTCH 3aBMCHMOCTbIO 

tt ~ni4 MoAem OAHO~O~~HO~O neperpesa. 
YAOBJIeTBOpMTeJIbHOe COOTBeTCTBMe C 3KCnepHMeHTaJlbHbIMH ,QaHHbiM&i n0 pOCTy ny3bIpb- 

KOB nonyseH0 TOJIbKO AJIH WceJI RKo6a MeHbUle 100. Dpn Yricnax fIno6a Bbme 100 pac- 
XO?KAeHKe TeOpHLl C 3KCnepRMeHTaJIbHbIMR ,I&aHHbIMH yBeJlKWBaeTCfi.~pH'iHCJIe~Ko6a7% 

paC~eTHne3HaYeH~sAaaMeTpOBny3bIpbKOBnOCBOeMynOPRAKyHame3KCnepaMeHTanbHblX. 

AaHHble n0 pOCTy IIy3bIpbKOB BO BCeM EICCJIeAOBaHHOM fiIlana3OHe WICeJl PeiHOJTbACa 

o606maeTcn m.tpamenneM 

D = 5 Nj”j(s(t). 

COBepLUeHHO OW?BHAHO, 'iT0 COBpeMeHHOt TeOpllK pOCTa ny3bIpbKOB IlpHCyllW Cepbe3HbIe 

HeAOCTaTKIi II ei$ HeO6XOAHMO nepepa60TaTb C y'IeTOM OTHOCBTeJlbHO# POJIU JUlHaMliYeCKHX 

3@#eKTOB npH 6onbnmxYHcnax FiKo6a. 


