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BUBBLE GROWTH RATES IN LIQUID NITROGEN, 
ARGON AND THEIR MIXTURES 
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Abstract-The effects of liquid mixture mole fraction and vapour-liquid mole fraction difference, y-x, on 
bubble growth rates have been investigated experimentally for nitrogen-argon mixtures at 1.3 atm. The 
bubble growth data were obtained by processing the high speed tine films of boiling through a computerized 
image analysis system. Growth rates in the single components increased as the wall superheat increased and 
were best predicted by the Forester-Zuber growth law. In the mixtures thegrowth rate was dependent on the 
mole fraction difference, y-x, and was adequately modelled by the Striven-Van Stralen mixture bubble 

growth term during the diffusion controlled period of growth. 

NOMENCLATURE 

bubble growth constant in R = at” [mm/s] ; 
liquid specific heat at constant pressure 

[Jt'kKl ; 
mass diffusivity [m’/s] ; 

bubble growth rate [mm/s] ; 

slope of bubble line on phase diagram [K] ; 

latent heat of vaporization [J/kg] ; 
bubble growth exponent in R = at”; 
equivalent bubble radius equal to [fV]li3 

[mm] ; 
equivalent bubble radius at time ti [mm] ; 
bubble growth time [s] ; 
growth time relative to the designated frame 
of initiation of growth [s] ; 
shift in time to the actual beginning of 
growth [s] ; 
bulk liquid temperature [K] ; 
heated wall temperature [K] ; 
saturated liquid temperature [K] ; 
= Tw - T,,, [Kl ; 
bubble volume [mm]” ; 
liquid mole fraction of the volatile 
component; 
vapour mole fraction of the volatile 
component ; 
vapour mole fraction at the bubble interface. 

Greek symbols 

liquid thermal diffusivity [m’/s] ; 
ii = T,,, - Tb, increase in temperature of 

liquid at bubble boundary with respect to 
original liquid [K] ; 

.- 
?’ Present address: Department of M~hani~i Engineer- 

ing, Michigan State University, E. Lansing, Michigan 48824, 
U.S.A. 

Pt density [kg/m’]. 

Subscripts 

1, liquid ; 
w mixture; 

P, single component ; 
0, vapour. 

INTRODUCTION 

NUMEROUS reports indicate that the nucleate boiling 
heat transfer coefficient in binary mixtures demon- 
strates a minimum with respect to the pure single 
component coefficients in the region of the maximum 
mole fraction difference between the vapour and the 
liquid (see Thome [l] for an extensive listing of 
published experimental results). In order to under- 
stand why there is a reduction in the heat transfer rate 
and to predict the mixture heat transfer coefficient, the 
effect of composition on the mechanisms of boiling 
heat transfer have to be investigated. The parameters 
which could be affected are bubble growth rate, bubble 
departure size and frequency, bubble incipience, boil- 
ing site density, and the boiling induced turbulent 
convection. During the present research programme 
we have studied bubble growth rates and bubble 
departure sizes and frequencies in the isolated bubble 
region of the nucleate pool boiling curve. Cryogenic 
mixtures of liquid nitrogen and liquid argon were used 
in the studies. The experimentally obtained bubble 
growth rates are presented here. 

A number of theoretical bubble growth laws have 
been developed for the growth of a vapour bubble in a 
binary mixture [2-71. Of these, only two are in a form 
suited for easy use, Striven [2] and Van Stralen [7]. 
Calus and Rice [8] have shown that the Striven 
solution for a large superheat is equivalent to equation 
(27) of Van Stralen. Hence, the equation for vapour 
bubble growth in a binary mixture in the most 
convenient form of Calus and Rice is: 
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where _v* is the vapour mass fraction in the bubble 

corresponding to the liquid mole fraction at the 

liquid-vapour interface and dT/dr is the slope of the 

equilibrium saturation line on the phase diagram. 
Since ( y* - x) and dTld.x are always of opposite signs. 
a minimum in the growth rate, dD/dr, is always 
predicted in the mixtures relative to the single 
components. 

Experimentally, only two publications with exten- 

sive measurements of a large number of bubble growth 

cycles have been found in a literature survey. Benjamin 

and Westwater [9] have reported the results for the 
manual measurement of the initial stage of 182 bubble 
growth cycles for the system water ethylene glycol at 

1 atm. Yatabe and Westwater [lo] extended the study 
to ethanol-~water and ethanolLisopropano1 mixtures. 

They fitted the growth data to an equation of the form : 

K = at” 

Minima in the dimensional growth constant and the 

exponent n were found in the water-glycol mixtures 

with respect to the single components. However, for 
the ethanol--water and ethanolLisopropano1 systems 

no minima were exhibited although a concentration 
dependence was detected. 

EXPERIMENTAL DESCRIPTIO\ 

A pool boiling cryostat with windows on opposite 

sides of the boiling chamber was used in conjunction 

with a high speed rotating prism tine camera and a 
light source to take tine films of bubbles growing on a 

heated surface. Filming speeds ranged from 1000 to 
4000 frames/s. The boiling cryostat has been described 

previously [l, 111. For further details of the filming 

setup, see Thome [I]. 
The tine films were analyzed by a newly developed 

method using a computerized image analysis system 

[l, 121. Briefly, a computer program controls a film 
analysis machine into which the tine film is loaded. 

The program advances the film and records the tine 
film frame number, the boiling site code number. 
measures the magnification factor, measures the com- 

plete profile of the bubble, and then determines the 
volume, major diameter, and neck diameter of the 
bubble. The beginning and end of the waiting period 
and growth period of the bubble are also noted. All of 
these values are stored in a computer file. This method 
is ideal for obtaining large amounts of accurate bubble 
growth and departure data with relative ease.+ 

The boiling specimen holder is shown in Fig. 1. The 
boiling test surface is one end of the 20 mm dia. oxygen 
free-high conductivity copper rod soldered into the 
0.15 mm thick stainless steel hemispherical shell. The 

t This system is available for general use. 

solder joint has been polished to retard spurtous 

boiling. An electrical resistance heater is bolted to the 
opposite face of the rod to provide the heating. The 

wall temperature is determined with a germanium 
cryoresistance thermometer which is inserted 6.5 mm 

from the surface and then by extrapolating to the wall 
using the published values of thermal conductivity for 

OFHC copper. The saturated bulk liquid temperature 
IS obtained with another germanium cryoresistor. The 
total error in wall superheat is about +O.lO K. The 

space inside the stainless steel hemispherical shell is 
evacuated to eliminate convection. 

The boiling surface was polished before five colinear 

microdrilled holes spaced 2 mm apart were made to act 

as boiling sites, see [l] for a photograph. The micro- 
drilled holes ranged from 21 to 52 km in diameter with 
depth to diameter ratios of about 3:l. The cavities 
produced were cylindrical in shape. The cohnear 
microdrilled cavities lay perpendicular to the line of 

site of the camera so that all would be in focus at once. 
A 0.925 mm dia. wire was supported directly above the 
cavities for focusing and to determine the magniti- 

cation factor. 
The pressure in the boiling chamber was measured 

with a pressure transducer maintained at room tem- 
perature which was connected to the chamber via a 

small diameter tube. Using the measured pressure 
(accurate to &0.005 bar) and the saturated bulk 
temperature (accurate to +O.l K absolute), the liquid 
mole fraction of nitrogen in argon could be determined 
to within + 1.54; composition from the phase equihb- 

rium data of Thorpe [ 13,141. 
The heat flux passing through the boihng surface 

was measured to within + I”,,. 

During a single 25 day cooldown to cryogenic 

temperature, 58 high speed tine films were taken of 
bubbles growing from the specially prepared boiling 
surface. Of the films taken, 22 were of sufficient quality 
to measure and 12 were compatible with the com- 

puterized measurement system. In all. 284 bubble 
growth cycles were measured by the computerized 
system. A natural boiling site was active and in focus in 
two instances. Bubble growth data were obtained for 

it. 
The tine films were taken in each case when steady- 

state conditions resumed after the heat flux was 
reduced from a higher flux to the desired level. The 
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FE. 2. (a) Vapour-liquid mole fraction difference for nit- 
rogen-argon at 1.3 atm. (b) Wall superheat vs liquid nit- 

rogen mole fraction in argon. 

BUBBLE SHAPES 

Three bubble shapes were observed from viewing 
the tine films. Photographs and bubble profile traces 
illustrating the growth are available in [l]. At low 
superheats in the single components, spherical bubbles 
with thin necks of attachment grew from the artificial 
sites. At higher superheats in the single components, 
bubbles from the artificial and natural sites had a 
tubular shape, i.e. a nearly cylindrical shaped base with 
a hemispherical capped top. In the mixtures, no boiling 
sites were active at the lower superheatings. Thus, no 
spherical bubbles with necks were sighted. At higher 
superheats in the mixtures, only tubular and hemi- 
spherical bubbles occurred. The tubular bubbles grew 
from both the artificial and natural sites. The hemi- 
spherical bubbles actually started growth as a minor 
spherical segment and continued growing as a spheri- 
cal segment through hemispherical shape and on to 
become a completed sphere at departure. These hemi- 
spherical bubbles only formed at natural sites on the 
polished copper surface. 

In processing the tine films through the com- 
puterized system, as many as 25 consecutive bubble 
growth cycles were measured at a boiling site. Figure 3 
shows a bubble growth cycle (equivalent bubble radius 
vs growth time) for a tubular bubble growing from site 
4 (46 /J dia.) in a 68.4% nitrogen mixture. 

boiling curves obtained during the filming were pre- 
sented in [l]. The wall superheat vs the liquid mole 
fraction at the four heat flux levels tested are depicted 
in Fig. 2 along with a plot of the vapour-liquid mole 
fraction difference. The wall superheats for nitrogen 
taken 25 days apart agreed within 0.2 K. Thus, the 
boiling surface was stable. The twelve tine films 
compatible to the computerized measurement system 
were primarily at the 2.1 kW m-’ heat flux level for the 
mixtures and for several levels in pure nitrogen and 
pure argon. For further pool boiling results, see Thome 
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FIG. 3. Bubble growth curve of equivalent bubble radius vs 
growth time for a tubular bubble growing in a 68.4% nitrogen 

mixture (AT = 2.99 K at Q/A = 2.14 kW m-r). 
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FIG. 4. Average bubble growth parameters at various boiling 
sites vs wall superheat. (a) Growth constant a; (b) growth 
exponent n. Legend : nitrogen ( x site 1, 52 pm dia. ; + site 4, 
46 pm ; 0 site 5,2 1 pm) ; argon (a site 1 0 ; site 2,49 flrn ; l 

site 3, 40 pm ; 0 site 4). 
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CURVEFITTING THE BUBBLE GROWTH DATA 

Thegrowth data was curvefitted by computer with a 
least squares method by minimizing the function for m 
data points as : 

Residual = i [Ri - a(r, - t,,“] 
i=l 

where Ri are the measured bubble radii at times ti, ci is 

the growth time relative to the computer designated 
frame of beginning ofgrowth, t,, is the shift in time from 
the designated start of growth to the actual beginning 

ofgrowth, a is the bubble growth constant, and n is the 
bubble growth exponent. An iterative solution ob- 

tained the values for a, n and t,. The results for each 

individual bubble growth cycle can be found in 
Appendix 3 of [I]. 

EFFECT OF SUPERHEAT ON BUBBLE GROWTH 

IN PURE LIQUIDS 

The bubble growth parameters a and n have been 

studied for the pure single components, nitrogen and 

argon. The dependence of their growth constants and 
exponents on the wail superheat, AT, are shown in Fig. 

4. Every data point for a and n is a mean value 
calculated from the values for each growth cycle in the 

sequence of growing bubbles at that particular expe- 

rimental condition (see Fig. S(a) for the number of 

growth cycles/sequence). The standard deviation in n 
and a for a particular sequence was usually about + 15 

and +30%, respectively. This clearly supports the 
conclusion of Hsu and Graham [15] that a mean 
bubble has to be determined from the distributions in n 

and a available. The growth constant increased as the 
wall superheat increased for each of the sites. The 

exponent n also increased as the wail superheat 

increased for boiling sites 3 and 4. Sites 1 and 5 showed 

slight decreases. The growth parameters for sites 1 and 
4 in both argon and nitrogen demonstrated a fair 

agreement for bubble growth in the two liquids. 
The increase in the bubble growth constant in Fig. 

4(a) with increasing superheat is predicted by the 
theoretical bubble growth laws, such as those of 

&riven [2], Piesset and Zwick [16], and Forester and 
Zuber [17]. Ail three laws predict that the growth 
constant, a. is linearly proportional to AT. While the 

three data points for site 4 are nearly linear. insufficient 
data points are available to definitely define the 
functional relationship of LI to AT‘ 

Five bubble growth laws for smgle component 
liquids have been quantitative11 compared tct the 

bubble growth constant data in Fig. 4(a). They were 
those of Fritz and Ende [lS], Striven for both small 
and large superheats [2], Plesset and Zwick [16]. and 

Forester and Zuber 1171. Several ather growth laws 
were not included because their growth constants are 
not an explicit term but two separate terms [ 19.X]. 

The physical properties involved in the calculation of 
the growth constants were presented in Thome [l-j 

The Plesset Zwick and Forester Zuber growth 
laws gave the best agreement with the data. A com- 

parison of the experimentally obtained growth cuu- 
stants, LI,,~, to the Plesset Zwick growrh constant. ti,,,. 
and the Forester -Zuber growth ionztant. ~1~~. is given 
in Table I. Boiling sites 1 and -! showed good 
agreement to the theoretical growth constants with the 

Forester Zuber growth law giving the better pre- 
diction. Sites 2 and 5 varied drastically from the 
theoretical growth models with growth exponents 
deviating substantially from the theoretical value of 
one-half. 

The change in the growth exponent II with superheat 
needs explanation as it is not predicted theoretically. If 
the inertia force increases substantially as the wall 

superheat increases, then the bubble growth rate may 
be expected to pull away from the heat diffusion 

controlled solution of n = 0.5 and tend to the inertia 
controlled solution of n = 1. Thus. the increase in the 
growth exponent n for sites 3 and 4 as the wall 
superheat increased seems at first glance to be due to 

the 22- and 45-fold increase, respectively, in the bubble 

inertia force. However, the bubble inertia force for sites 
1 and 5 also increased while their exponents decreased 

slightly. Hence, the change in n cannot satisfactorily be 
explained by the change in the inertia forces. Instead, 

the growth exponent seems to decrease as the super- 
heat increases as long as the bubble shape remains the 
same. This is illustrated by the spherically shaped 
bubbles with thin necks forming at sites I and 4 for 

superheats of 0.93 and 1.17 K and also for the tubular 
shaped bubbles growing at site 5 from I.17 to 3.4 K, 

Table 1. Comparison of experimental growth constants to theoretical predictIons 

Site 

No. 

1 
1 
4 
4 
4 

5 
5 

Nitrogen 

%p %L ((F/ 

[mm/s”] [mm/sl’*] [mm/s”‘] 

0.51 0.73 0.66 
0.73 0.93 0.84 
0.56 0.73 0.66 
0.70 0.93 0x4 
2.35 2.69 2.44 

2.40 0.93 0.84 
5.62 2.69 2.44 

Argon 

Site 

;K’l 
%&I ‘JPL 1’1 / 

No. [mm/s”] [mm/s’ ‘1 [mm/s’!‘] 

1 1.76 1.28 1.40 1.27 
2 3.21 19.8 2 55 1.32 
3 1.76 1.82 1.40 1 ‘7 
3 3.67 10.6 2.91 2.65 
4 1.76 I.25 ! 10 x 27 
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0 16 

FIG. 5. Average bubble growth rate at a boiling site vs wall 
superheat. (a) dD/dt evaluated at times noted in text. (b) 
dD/dt evaluated at 0.01 s. Legend: same as for Fig. 4. 
(Number near data point indicates the number of sequential 
bubble growth cycles measured and averaged to obtain the 

data point.) 

Fig. 4(b). Then, when the shape changes from spherical 
to tubular as for site 4 with AT going from 1.17 to 
3.4 K, the exponent increases. Also for site 3 in argon, 
the exponent again increases when the bubble shape 
changes from an intermediate shape between spheri- 
cal and tubular at AT = 1.76 K to tubular at AT 
= 3.67 K. Thus, the exponent seems from this limited 
set of data to be a function of both bubble shape and 
wall superheat. 

The actual bubble growth rate, i.e. the rate of change 
in the bubble diameter with time, can be used to 
characterize bubble growth and avoids the dimen- 
sional problem associated with the growth constant 
[mm/s”] due to varying n. It can be determined from 
the values of a and n at chosen times t during the 
growth as dD/dt = 2ant”-‘. This seems to be a better 
approach than non-dimensionalizing the growth con- 
stant as Benjamin and Westwater [9] have done. In 
order to compare the bubble growth rates as the wall 
superheat increases at each individual boiling site, 
dD/dt has been evaluated with the same value oft for 
the various superheats at the boiling site. In Fig. 5(a) 
dD/dt is plotted for five sites. The times chosen to 
evaluate dD/dt were near the end of the growth period 
of the shortest average growth time at the particular 
boiling site. Hence, site 1 for nitrogen was evaluated at 
0.1 s which is near the average growth time of 0.103 s at 
AT = 1.17 K, and less than that of 0.253 s at 0.93 K. 
Accordingly, for nitrogen site 4 was evaluated at 0.03 s 
and site 5 at 0.013 s. For argon, site 1 was evaluated at 

0.03 s, site 2 at 0.01 s, site 3 at 0.02 s, and site 4 at 0.04 S. 

The average growth rate dD/dt at a boiling site 
increased with superheat in all four cases. 

In Fig. 5(b), all the bubble growth rates were 
evaluated at 0.01 s to compare the vadous boiling sites 
at the same instant during growth. The slopes of the 
lines through the data differ but not drastically. 
Looking only at the nitrogen results, site 5 with the 
smallest cavity diameter (21 p) always has a higher 
growth rate, dD/dt, than the larger sites, 1 (52 ,u) and 4 
(46 p). This suggests that the growth rate increases as 
the cavity diameter decreases. However, the argon 
data contradict this trend. Note that the growth rates 
for sites 1 and 4 in nitrogen are quite comparable to 
those in argon. 

BUBBLE GROWTH IN BINARY MIXTURES 

The bubble growth parameters a and n have been 
obtained with a number of nitrogen-argon mixtures 
(see Appendix 3 of [l] for a complete listing of the 
parameter values). Average values of n and n have been 
determined for each sequence of bubble cycles, i.e. an 
average bubble was determined from the statistics for 5 
to 24 bubbles, at a particular boiling site. The results 
are plotted vs % nitrogen mole fraction in Fig. 6. They 
were obtained at a constant heat flux level of 2.10 f 
0.06 kWm_‘. The films for 86 and 100% nitrogen 
could not be analyzed by the computerized image 

almm/s”l 

20 - 2.1 kW/m’ 

16. 

16. Legend 
cavity # 

11 - x I (52 microns dial 

12 - A 2 1491 

l 3 MO1 

IO- + 4 lL6) 

6. 0 6 Inatural site) I- x 
6- 

100 60 60 LO M 0 

% XN* lb) 

FIG. 6. Average bubble growth parameters at various boiling 
sites vs liquid nitrogen mole fraction ‘A in argon. (a) Growth 
constant a; (b) Growth exponent n. (Number near data point 
indicates the number of sequential bubble growth cycles 

measured and averaged to obtain the data point.) 
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analysis method due to the close proximity of the 
desired bubbles to spurious bubbles growing from the 
solder joint being situated in nearly the same line of 
sight to the camera. A broad minimum in n and n at 

about 44% nitrogen mole fraction was found. Boiling 

site 1 is represented by five data points at 2.10 kW m _’ 
which would fit a curve without much scatter. The 
natural boiling site 6 in the polished copper surface 

behaved the same as the artificial sites. 
The &riven-Van Stralen bubble growth coefficients 

of equation (1) can be rearranged to show the effect of 
the mass diffusion in the mixtures relative to the single 
components. The Plesset and Zwick bubble growth 

law for a single component liquid is : 

Thus, from equation (1) the mixture growth law can be 
written in terms of the Plesset and Zwick single 

component law as: 

R, = R 
p 

The mixture factor for nitrogen-argon at 1.3 atm has 

been calculated and is shown in Fig. 7. The minimum is 
at about 22% nitrogen mole fraction and the growth 
constant is reduced only about 15% compared to the 
massive reduction in the growth constant as shown in 
Fig. 6(a). However, since the experimentally measured 
growth exponents differ from the theoretical value of 

0.5, this is not a completely satisfactory way to test the 

Striven-Van Stralen equation. 
The mixture bubble growth rate, dD,/dt, can be 

determined from equations (2) and (3) as : 

dD” _ 1 2 
-UP2 --------- 

dt 

(4) 

loo 80 60 LO 20 (1 

FIG. 7. Striven-Van Stralen mixture factor for nitrogen- 
argon at 1.3 atm. 

or 

The theoretical mixturegrowth rates can be caicuistcd 

using the physical property equations for nitrogen 

argon mixtures presented in Thomc [ 11 and from :hc 
measured superheats given in Fig. 2. The range of 
superheats at 2.1 kW mm2 is 3.09 _r 0.33 K. r.e. .; ii:“, 

Hence, the calculated growth rate df),,, ‘dr ~111 on!:v i-w 

affected by the spread in superheats by z IO”,, ~1s~. 
The values of y* and x at the bubble interface ;II’C 
assumed to be equal to the equillbrlum \aluc~ ‘I‘h<* 

experimental mixture growth rates UE be determmcti 
by dD/dt = 2unt” ’ as was done COI- the ungk 
components. 

To evaluate and compare the theoretical and t:xp- 
erimental growth rates, a growth tmlr I has icy LX, 

chosen. Since the Striven-Van Stralen equation ~13~ 
derived for the mass diffusion controlled stag;‘ (*i 

growth, a time should be chosen when all the huhblc~ 
are in that stage of growth. TIIL) \hortcsl aver:~ge 
growth time in the group at 2. I kW m ’ is 0.0054J 5 
while the longest is 0.0134 s. Hence, a choice ofO.005 4 

should satisfy the requirements 
Figure 8 shows the comparison betbeen the 

theoreticai and experimental results. The microdrlllcd 
boiling sites 1, 3 and 4 are represented quite u~li 
quantitatively. Microdrilled site 2 ;tnd natural site h 
are about double the predicted values. But, m a relative 
sense, the slopes obtained by connecting the mixture 
data points of each particular site agree well with the 

theoretical prediction, validating the multiplying fat- 

tor in equation (5). 
At the heat Rux level of 2.1 kW m ’ in Fig. X, onI>, 

site 2 for argon (where y x -=\)I was able IL’ IX 

measured using the computerized measurement b>s- 
tern. However, since the bubble growth rate, dD’d[. I\ 

theoretically linearly dependent on ~17, interpolated 

FIG. X. Comparison of experimental bubble growth rate and 
S&en -Van Stralen equation (evaluated at cl.OO’i $1 
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values of dD/dt at AT = 3.09 K can be determined 
from the data on Fig. 4. The interpolated values for 
sites 4 and 5 in nitrogen and site 3 in argon are 21.9, 
37.8, and 46.8mms-’ at t = 0.005 s, respectively. 
Consequently, the general trend in the growth rate was 
to increase as y-x decreased to zero as the Scriven- 
Van Stralen theory predicted. 

In order to illustrate the effect of the concentration 
gradient (y-x) and mass diffusion on the bubble 
growth rate, dD/dt has been evaluated for growth 
times ranging from early growth up to departure. The 
results are shown in Fig. 9. For both artificial site 1 
(Fig. 9(a)) and natural site 6 (Fig. 9(b)), the growth rate 
is initially higher at the more volatile mole fractions. 
Then at growth times of 0.002 and 0.003 s the growth 
rate decreases more rapidly in the more volatile 
mixtures. For growth times greater than 0.003 s, the 
growth rate is apparently being limited since the lines 
through the data points nearly stop rotating and 
become parallel. The growths do not reach this limit 
until about halfway through their growth periods. 
Since equation (5) only satisfactorily represents the 
data after this limit has been reached, the earlier part of 
growth requires further analysis. 

Van Stralen’s equation with the modified Jacob 
number for mixture bubble growth [22] is: 

Ja,t”’ 

where 

$3 

t 

mm/s 1 

;, ,/x’ o’oo’s 

0 IO 20 30 
y-x(% N,l lb1 

FIG. 9. Bubble growth rates as a function of growth time and 
vapour-liquid mole fraction difference at 2.1 kW me2 ; (a) 
site 1; (b) site 6. Site 2 with liquid argon is shown in (a) for 

comparison. 

The wall superheat AT equals T, - T,,,. AB represents 
the increase in the local saturation temperature due to 

the preferential evaporation of the volatile component. 
Van Stralen derived his equation assuming that A0 
was constant throughout the growth period. However, 
physically it is easy to surmize that A0 is zero until the 
beginning of growth when vaporization begins. As the 
bubble proceeds to grow, A0 increases due to pre- 
ferential evaporation until the bubblegrowth is limited 
by the mass diffusion of the volatile component to the 
bubble interface, i.e. Van Stralen’s solution. Thus, in 
the early stage of growth AB is a function of the growth 
time as well as the vapour-liquid mole fraction 
difference, y -x. This produces the rotation of the line 
through the data points from t = 0.001 to 0.003 s at 
which time A0 has reached its maximum and the 
growth is controlled by mass diffusion. 

CONCLUSIONS 

1. The bubble growth constant and the bubble 
growth rate increase as the wall superheating and heat 
flux increase. 

2. The Forester-Zuber growth law gives the best 
prediction of the experimental results but is only 
partially successful. 

3. The bubble growth exponent is a function of both 
bubble shape and wall superheat. 

4. There is a minimum in the bubble growth 
constant and exponent in the mixtures with respect to 
the single components. 

5. The mixture bubble growth rate is linearly pro- 
portional to (y-x), decreasing as ( y-x) increases. 

6. The Striven-Van Stralen mixture bubble growth 
term adequately represents the bubble growth rate 
during the mass diffusion controlled stage of growth. 
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APPENDIX I : 
CHOICE OF’ I IN E’QVATIOU (4) 

The choice of the value of time used in evaluating equation 
(4) to obtain the Striven--Van Stralen data points in Fig. 8 can 
be shown to be not important as long as it lies in the mass 
diffusion controlled stage of growth. Since the slope de- 
termined from equation (4) by varying the mole fraction for 
constant I is the same regardless of the time chosen, the only 
effect of choosing a different t is to translate the Striven -Van 
Stralen points shown in Fig. 8 up or down while their relative 
positions or slope remain the same. The slope of the Striven 
Van Stralen points in Fig. 8 compares fairly well to the slopes 
in the diffusion controlled stage ofgrowth for site 1 (Fig. 9(a)) 
and site 6 (Fig. 9(b)). The experimentally obtained slopes tend 
to be somewhat steeper. But, considering the errors involved, 
i.e. thermodynamic properties and experimental measure- 
ment of dD/dr, the agreement is good by engineering 
standards for any time t greater than 0.002 s. 

CROISSANCE DE BULLES DANS L’AZOTE, 
L’ARGON LIQUIDES ET DANS LEUR MELANGE 

R&urn&-Les effets de la fraction molaire de melange liquide et de la diffkrence de fraction molalre entre 
vapeur et liquide, y - X. sur la croissance de bulle ont ttl 6tudiBs exp&imentalement pour des milanges 
d’azote et d’argon B 1,3 atm. Les rCsultats ont 2ti obtenus B partir de films g grande vitesse et un systZme 
digital d’analyse d’images. Les vitesses de croissance dans les composants purs augmentent lorsque la 
surchauffe de la paroi augments et elles sont bien d&rites par la loi de Forester-Zuber. Dans le mClanges, la 
vitesse de croissance dipend de la diffkrence de fraction molaire y - Y, et elle est correctement modilisie par 

la description de Striven--Van-Stralen pendant la pCriode de croissance contr&e par la diffusion. 

WACHSTUMSGESCHWINDIGKEIT VON DAMPFBLASEN IN FLijSSIGEM 
STICKSTOFF, ARGON UND DEREN GEMISCHEN 

Zusammenfassung ~~ Fiir Stickstoff-Argon-Gemische wird bei einem Druck von 1,3 atm der Einflufl der 
Differenz aus den Molanteilen der FliiBigkeit und des Dampfs auf die Wachstumsgeschwindigkeit der 
Dampfblasen untersucht. Urn Angaben iiber die Blasenwachstumsgeschwindigkeit zu erhalten, wurden 
Hochgeschwindigkeitsfilme mit einem rechnergesteuerten Bildauswertungssystem untersucht. Bei den 
reinen Komponenten nahm die Wachstumsgeschwindigkeit zu, wenn die Wandiibertemperatur griifier 

wurde; dies kann am besten durch die Forester-Zuber-Wachstumsgleichung beschrieben werden. Bei den 
Gemischen war die Wachstumsgeschwindigkeit abhiingig vom Unterschied der Molanteile. Wird das 
Blasenwachstum von der Diffusion beeinfluDt, kann man die Wachstumsgeschwindigkeit durch die van 

Striven und Van Stralen angegebene Gleichung gut wiedergeben. 
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CKOPOCI-b POCTA llY3bIPbKOB B JKMflKOM A30TE. APrOHE I4 MX CMECIlX 

A~~orrunn - npOBeneH0 3KCnepHMeHTaJlbHOe BCCJleilOBaHHe BJIWRHWR MOJlbHOii KOHWHTpaLWR mHLI- 

KOii CMeCH H pa3HOCTH MO,,bHblX KOHUeHTpaUHii napa H xKULIKOCTW. J’ - X, Ha CKOpOCTb pOCTa 

Ily3bIpbKOB B CMeCIlX a30Ta C aprOHOM npe ,UBneHHH B I,3 BTM. CKOpOCib pOCTa ny3blpbKOB 

onpenennnacb nyTeM o6pa6oTKH KmiorpaMM c kicnonb30BamieM c9eTHo-aHanBTnvecKoti cHcTeh461. 
B KaWlOM U3 KOMIlOHeHTOB B OTfieJlbHOCTki CKOpOCTb pOCTa yBeJlWlHBaeTCSl IlO MCpe BO3paCTaHWl 

neperpeea CTeHKU n nywue Bcero 0nacblBaeTcK COOTHOUleHWeM @opecTepa-3y6epa. B CMeCIlX CKOpOCTb 

pOCTa 3aBBCUT OT pa3HOCTH MOJlbHbIX KOHUeHTpaLWiii J’ - X B yL,OBneTBOpHTeJlbHO OnWCbIBaeTCI 

MoLWIbK, CKpHBeHa-BaH UTpaJIeHa B nepeon, xorna npouecc OnpenenneTca ne+$y3eeii. 


