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Homework £ 1

Due 10/09/2002

e Include your computer program(s), when turning the homework set

1. In aerodynamics, one of the most important early applications (the boundary layer theory) is
Blasius’s equation (see [2] for a brief introduction of the theory),

2f "+ ff =0 (1)

which gives the incompressible velocity profile for a flat plate. For this problem, three initial
conditions are known as

f(0)=0, f'(0)=0, andf (0)=0.332,
and the independent variable is usually denoted by 7.

a) Solve this problem numerically up to 1 = 6, and then plot 7 versus f (). You may use
your-own ODE solver, the free public ODE solvers from Netlib (see
http://www.math.ntu.edu.tw/ shyue/myclass/npde02), or any of the ODE routines provided
in Matlab.

b) The momentum thickness for an incompressible flow is proportional to

Bu) = / CF = .

Find 6(5.0).



2. In hydrodynamics, it is known that the Rayleigh-Plesset equation of the form,
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provides the leading-order description of the breathing motion of a gas-filled bubble driven by a
sound field, see [1] or [3] for the details. Here R(t) is the radius of the bubble, p, is the acoustic
drive at the bubble, pg is the pressure of the gas inside the bubble, and pr, ¢, , and v are the
density, speed of sound, and kinematic viscosity of the fluid, respectively.

Concerning p, and pg, in this problem set, we are mainly interested in the following conditions:

RS_[@S)’Y

pe(t) = po + asin (wit), pa(R,t) = po <R3——ﬁ3

which are closely related to many important instances in the sonoluminescence experiments. Here
po is the ambient atmospheric pressure, @ and w are the amplitude and frequency of the acoustic
drive, respectively, v is the ratio of specific heats, and /3 is the radius of the van der Waals hard
core of the gas.

a) Now consider the parameter values: py = 1 atm (i.e., & 1.013 x 10°Pa), p;, = 10 kg/m?,
cp = 1481 m/s, v, =7 x 107°m? /s, v = 1.4, and 8 = 0, solve (2) with a = —1.275 atm,
w/(27) = 26.5 kHz, and the initial condition R(0) = Ry = 4.5um up to time ¢ > 25y s.

b) Using the same parameters as in a), investigate the solution behavior of (2) with different
choices of Ry, a, and w.

c) Would the solution behavior computed in b) vary significantly when (i) v, = 0, (ii)
B=Ro/8547
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