ENGINEERING TRIPOS PART IIB

Tuesday 8 May 2007 2.30to 4

Module 4A10
FLOW INSTABILITY
Answer not more than three questions.

All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is

indicated in the right margin.

Attachments: 4A10 Data sheet (2 pages).

STATIONERY REQUIREMENTS SPECIAL REQUIREMENTS
Single-sided script paper Engineering Data Book
CUED approved calculator allowed

You may not start to read the questions

printed on the subsequent pages of this

question paper until instructed that you
may do so by the Invigilator
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1 A spherical air bubble in water is linearly perturbed at radian frequency ® sudthat,
at time ¢, its radius is a+ 1 (¢) where n(¢) = Be'®? and B is small compared with a Note
that when ¢ is spherically symmetric, V2¢ = ( can be written

0 2 o9
—|r=—|=0.
or ( 0 r)
(a) Show that the velocity potential in the water can be expressed as

: 2 .
iwfa” o
e .
r

¢(rt) =~

(b) If the bubble oscillations are small and isothermal show that the prssure
perturbation pj, (¢) in the bubble is

3—' .
PblB 107
a

?

pyt) =~

where py, is the mean pressure in the bubble.

(c) Relate the pressure difference across the water / air interface to the sarface
tension o and the instantaneous bubble radius.

(d) Hence show that the resonant frequency of the bubble oscillation is

3Py 20
O=A o0 o3
Poa=  poa

where pg is the density of water.
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2 (a) () Show that when a particle of dry air is raised a height dz adiabatically
and reversibly, its temperature drops by (y — 1)gdz/(YR), where g is the
acceleration due to gravity, y is the ratio of specific heats and R is the gas
constant.

(ii) Hence deduce that dry atmospheric air is stable if the rate of decrease
of temperature with height is less than 3°C per 1000 feet.

(iii) Is the critical temperature gradient increased or decreased if the air is
saturated? Why? [50%]

(b) A circular container holds liquid with a free upper surface and is heated from
below. Describe the forms of instability possible as the rate of heat input is increased.
Your answer should include:

(1)  adescription of two instability mechanisms;

(i) a statement of the relevant non-dimensional parameters and their
significance;

(iii) descriptions of the resulting flow patterns just after the onset of each
instability and how they change as the rate of heat input is increased. [50%]

(TURN OVER
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3 In all parts of this question, explain your argument and show your working clearly.

When a sphere moves at velocity U in an otherwise stationary fluid, the fluid around
the sphere has kinetic energy pra’U 2 /3, where p is the density of the fluid and a is the
radius of the sphere.

(a) A balloon is tied to a chair by an elastic string. The balloon is spherical with
radius 0.2m and is filled with helium. When empty it has mass 0.01kg. The elastic string
has negligible mass and a spring constant k = 5.65 Nm™!. Neglecting the viscosity of the
surrounding air, calculate the natural frequency at which the balloon will bounce up and
down if struck.

(b) By evaluating a suitable non-dimensional number, explain whether or not
viscous effects will alter this frequency. If they do, say whether the frequency will be
higher or lower than that calculated in part (a).

(¢) The chair is on a train, which is braking with a constant deceleration of
Ims™—2. Does the balloon move? If so, in which direction? What angle does it reach
during the deceleration, once any oscillations have died away? The air and helium exert
forces on the balloon during the deceleration. Evaluate the net force due to these fluids
during the deceleration.

(d) Morison’s equation for the force that a fluid exerts on a body is:
. . 1
F = pAU +pA(U ~J)ca+ 5p|U = 3|(U —¥)Decq

where U is the velocity of the fluid, y is the displacement of the body, D is a characteristic
length associated with the body, and a dot above a variable denotes the derivative d/dk.
Explain what each of the terms on the right hand side of the equation represents physically.

The densities of helium and air are 0.17 kgm”3 and 1.2 kgm_3. The viscosity of

airis 1.8 x107> kgm~!s!. The acceleration due to gravity is g = 9.81ms 2.
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4 (a) A rod of square cross-section is placed at zero incidence in a uniform air
stream. Derive an equation for the wind speed at which galloping will occur in terms of
the aerodynamic and mechanical properties of the section.

(b) Discuss the vortex-induced oscillations of a circular cylinder. How can they
be reduced in practice?

(c) Describe an internal flow that produces a flow-structure interaction. Outline
the mechanism leading to the interaction and provide an example of its occurrence.

END OF PAPER
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