86.
Problem 18.43 (RHK)

A soap bubble of radius 38.2 mm is blown on the
end of a narrow tube of length 11.2 cm and internal
diameter 1.08 mm. The other end of the tube is exposed
to atmosphere. We have to find the time taken for the
bubble radius to fall to 21.6 mm. We can assume
Poiseuille flow in gthe tubeSurface tension of the soap

bubble solution is2.50 N .m™; and the viscosity of air is

1.80x10™> N sm™,
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Solution:

We will use two results one from surface tension and the
other from viscosity for solving this problem.

.

The gauge pressure Ap inside a soap bubble of radius r is
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where yis the surface tension of the soap solution.

.

According to Poiseuille’s law of viscous flow of fluid of
density p in a pipe of radius R, length L, driven by
pressur difference Ap is

dm  zpR*Ap
dt 8nL

As the air from inside the bubble is flowing out through

the pipe, its radius will change with time. Let r(t) be the

radius of the soap bubble at time t. Mass of air inside the

bubble at time t is

m(t) _ 47zr;(t)p

where p is the density of air.
As the air flows out of the tube the rate of mass flux will

be

dm(t) = —4rpr? ﬂ
dt dt




Note, ﬂ < 0, as the radius of the bubble will decrease

with time when air flows out of it.

With the above two results we can obtain a differential

equation for r(t),

_lpr? dr _mpR .47/ |
dt  8yL r
or
4
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8nL

Integrating this equation; we find the variation of rasa

function of time. It 1S
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We solve for the constant of integration c¢ by using the
boundary condition that at

t=0, r(0)=r. This condition gives




Data of the problem is

I =38.2x10° m,
r=21.6x10"°m,
L=11.2x10"7 m,
R=0.54x10"° m,

y =2.50x10" Nm™, and
7=1.80x10" Nsm?™.

Substituting these values, we find that the time taken by
IS 3617 s.




