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Module 8: Boiling

Lecture 34: Analysis of Bubble Formation on a Heated Wall

The Lecture Contains:

B Bubble Growth with Heat and Mass Transfer

B Simple Analysis of Bubble Growth in a Uniform Temperature Field
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Bubble Growth with Heat and Mass Transfer :-

The analysis for the growth of a bubble attached to a heated wall can be extremely involved because of
the continuous change in the shape of the bubble, the convective motion around the bubble and the effect
of the neighboring bubbles. In the literature several attempts to model the growth of bubbles attached to a
wall have been made. All of these efforts have tended to be modifications of the model for growth of a
bubble in a uniform temperature field. Correction factors are generally incorporated to account for the
shape of a bubble being different than that of a sphere. One such an attempt is by Mikic, Rohsenow and
Griffth (1970) and will be followed here.

Simple Analysis of Bubble Growth in a Uniform Temperature Field

Assuming that bubble growth rate is slow enough such that the momentum equation can be written as

puﬂ -P= gmgi (8.60)

lift is assumed that the contribution of surface tension to the pressure in the bubble is small, the above
equation can be written as

P-P= gmﬂﬂ (6.61)

where F, is the pressure of vapor in the bubble. Introducing a constant to account for the shape of the
bubble being dierent than that for a sphere, equation (8.61) is rewritten as.
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Rz — b(l:‘a‘ - PE}
/i

(8.62)

where b = 2/3 for spherical bubble. A value of 1/3 for b has been suggested by Mikic et al. for a bubble
attached to a wall. Using Clausius Clapeyron relationship, equation (8.62) can be written as

Rz _ b(Ty - T.s'rzr }h_fgpa: (8 63)
B pETSEE‘ '

Defining a temperature difference AT as

Equation (8.63) is obtained as
2 s
gt = AT~ Taat) (8.65)
AT
where
bp,hs ﬂ-.T)
AZ = (—H (8.66)
PETSEL'
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and it has dimensions of square of velocity. In a thermally controlled situation, the solution for the growth
rate of a bubble using a plane interface analysis is obtained as

d k:
- (/3n R py hyy) = ﬁ (T = Tp) 4rR* (8.67)

arR (T. —T,)
dt et Polyg

(8.68)

AR _ @2 picy(T —T2)

—=(= (8.69)
dt Puh_r'g

Tk

Nearly exact solution of Plesset and Zwick suggests that to account for sphericity of the interface the
right hand side of the equation (8.69) should be multiplied by .. After this correction is applied,
equation (8.69) can be written as

dR 1

{ch- e Tv}
t AT

il 8.70
dt 2 (670

Sl w
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where

12a\ 2 [ €, AT
B = (ﬂ) (C'*'” p‘) (8.71)
™ hfg.pv

The second term on the right hand side of equation (8.71) is called Jakob number.

C :.ﬁTﬂ:
Ja = (—?’ ) 8.72
a hfgpy ( )

and parameter B has dimensions of m /{sec) 11“2. Equation (8.70) can be written as

ﬁ = i (1 - M) (8.73)
dt 2/t AT

Eliminating % between equations (8.65) and (8.73) yields

dR B mn
=174 (1—A—2) (8.74)

or,

1., 24/t
—(R)+="R-1=0
L@+l
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With dimensionless radius and dimensionless time defined as

R = % (8.76)
and
p— %E (8.77)
equation (8.75) becomes
(%)2 + v/t~ ‘i‘r: -1=0 (8.78)

dR*y —2E+VEH 14

If we use the initial condition that fF* = 00 at t* =0, , the integration of the above equation yields

R =% [t + %2 — (42 1] (8.80)

o] ]
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If ¢+ < 1,the above equation reduces to the form

R =+ (8.81)

On the other hand, for ¢* < 1, equation (8.87) yields.

R — V2 (8.82)

Thus for early times , the bubble will grow linearly with time and in the limit of thermally controlled growth
the radius of the bubble will increase as square root of time
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Simple Analysis of Bubble Growth on a Wall

After bubble departure on a given site, one must wait for a certain period of time before a new bubble is
formed at the same site. The time that elapses between departure of a bubble and inception of a new
bubble is called the waiting period. During the waiting period, the liquid next to the wall is heated and a
bubble embryo develops into a bubble when Hsu's criterion is satisfied. Thereafter as the bubble grows,
the superheated liquid around the bubble is also pushed outward along with the bubble. Now the growth
rate of the bubble is dictated by the rate at which thermal energy can be transferred from the superheated
liquid to the interface. Mikic, Rohsenow and Griffth (1990) also obtained a solution for growth of such a
bubble. In carrying out the analysis, they assumed that

1. Liquid layer adjacent to the wall is semi-infinite.
2. During bubble growth no relative motion exists between the bubble and the surrounding liquid.
3. Liquid vapor interface is plane.

4. Interfacial heat flux can be obtained by assuming that vapor temperature remains constant.

The transient diffusion of heat into the liquid during the waiting period and out of the superheated liquid
during the growth of the bubble could be broken up into two one dimensional transient conduction
problems as.

aT a*T
e PNl (8.83)

for—t,=t=10
T=Tforallyandt = —f,,
T=T,aty=0for0=t=—t,
T'=Tasy—oofort=—t,

for0 =t
T=T forallyandt=10
T=T—(T,—T,Jatv=0fort=0
T'=Tiasy—wfort=0

Superimposing the solutions for the two cases, we obtain

v ¥
r—-T=I(T,—T; — |- (T, —T,
= (T, —T) erfec Lr = tW}J (T, ~T,) erfe LEJ .84
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——[—k E‘ —ﬂ]——:.: Ty = T)) e 4+ (T, — T,)
4 = an y= - Phviw Eﬁzm w Fﬁzm (885)

=k (8.86)

To=-T)  _ (Tu—T)
VEart  Jrar(tt)

To account for the geometry of the bubble, we multiply ¢ kv /3. The energy balance at the bubble liquid
interface yields

d 3k, t
—(pyh-,4/37R?) = — |(T,,— T, )—(T,.—T, 4mR?
dt(pb Fa r': T } \m ( w L} ( w E} £+ tw

t

(8.87)
dR NEY"
—=—"—"— (%, -T.)— (T —T)
dt  p,hsg[mogt t+t,
I LY - ﬂ Tw_Tv_Tw_ﬂ t
N pt.h_f_qﬂj rrtvlIr§ [ AT AT t+ ty (8.88)

_ (12a\"? Ja [T, =T, gl
IR 2 | AT t+ty
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where AT = Ty — Ty
T.— T
and g = = -
AT
In terms of the parameter B defined earlier equation (8.88) can be written as
dR_ B |[Tu-T, /[ ¢ (8.89)
dit 2t | AT t+ty
2t dR Te - T, i
- 2VtdR_, T-T, ,
B dt AT o (8.90)
Tw — Toat — .
— w saf Tw +T1, -|—E i
T — Tear 4+t
|_2VEdR T, T  , [ (8.91)
B dt AT t 4ty
Rayleigh equation in an approximate form is written as
() -s(e52)
dt P
(8.92)
_ b(Ta‘ - Tstzr}hfgpuﬁ?.,
Tsrzrpi!"j'T
In terms of parameter A defined earlier, equation (8.92) can be written as
dR\®*  ,T,-T.
— ) v -t (8.93)
dt AT
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Substituting for T, — Teqe /AT from equation (8.93) into equation (8.91) we get

2VidR 1 [dR\? f
oo | Wi - 8.94
' Aﬂ(dr) T ©99

In dimensionless form,the above equation becomes

(dR')2+2JFdR'_ P__ﬂ( & )”1 ~0 (895

ot et | S S

Solution of (8.95) yields

dR*
dt*

e\ 8.96
r+1-9(r+r) ] — ()" (8.96)

where we have used the + sign in the solution of the quadratic equation (8.95).
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