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Module 4A14

SILENT AIRCRAFT INITIATIVE

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.
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1 (a) Explain why a rigid-walled annular duct of inner radius a and outer radius
b can be approximated as a rectangular duct when (b — a) /a<<l,

(b) What are the appropriate boundary conditions for acoustic waves in the
rectangular duct?

(c) Show that for acoustic disturbances of frequency @ these boundary
conditions lead to axial wave numbers
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¢, is the speed of sound and R = %—(a +b).

(d) Hence show that in the annular duct all modes of circumferential mode
number n are ‘cut-off’ at radian frequencies @ less than nc,/R.

(¢) What condition on fan speed is required if rotor-alone noise is to be cut-off?

[10%]

[10%]

[60%]

[10%]

[10%]



3

2 Cabin bleed air is expelled at a mass flow rate m,(¢) through a small hole into a

plenum of volume 7. The air is finally discharged underneath the wing at a mass flow
rate m,(¢) through a short duct as shown in Fig. 1. The mass flow rate m, (¢) is

related to the plenum pressure p, by aconstant x such that

d ,
o=} (1),

A dash denotes perturbations from the mean and ¢, is the speed of sound.

(a) Show that for fluctuations of radian frequency

()= k)

1-Va? l(xc )

(b) Write down the relationship between dm,/dt and the far-field sound

pressure at distance » away from the position O, where the flow exhausts through the
wing.

(c) Hence, for V=48 x10"m’, x=004m, r=200m, co =343 ms™,

determine the Sound Pressure Level (SPL) if there is an rms modulation of
2x10™kgs™ in the bleed flow rate m, (¢) at a frequency of 500Hz.

(d) If fluctuations in the mass flow m,(¢) are expected at S00Hz, what plenum

volume ¥ would you choose?

mass flow
rate m; ()

pa(t) in
volume V

m; (7)
lower surface of wing
\

TURN OVER
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3 (@ (@) Consider the linear sound speed profile
¢ (x) = ax+ B,
where « and S are constants with £ > 0. Use Snell’s Law to show that the rays lie

on arcs of a circle, whose centre and radius are to be found in terms of «, f and the
angle 6, theray makes with the x-axis at x =0. [30%]

Comment on the difference between the cases of a positive and @ negative. [5%]

(il) Now consider the sound speed profile

c, (%) a(x+H) for 0<x<H

20H for x>H ,

where H is a positive constant. Sketch a diagram showing the fate of rays launched
from the origin, and identify the critical angle to the x axis which divides the two
possible types of behaviour. [20%]

(b) A plane sound wave with acoustic pressure
P = p; exp(ioxt —ik,y),

where ky positive, is incident on the rigid plate {0 <x<0, y=0}.

Calculate the scattered field at

@ x=-L, y =h
) x = -L, y = -h,
where & and L are positive constants, with kh>1, k,L>1. [35%]

Sketch a graph of the variation of acoustic pressure with x along the liney = 4. [10%]



4 (a) Derive Lighthill’s eighth-power law for jet noise. Formulae on the data card
may be used without proof. [50%]

(b) A plane sound wave is normally incident on a wall which is free to vibrate.
Show that the ratio of the amplitude of the transmitted pressure to that of the incident
pressure is

2,6
\/ 4pict + m* e’

where p, isthe mean air density, ¢, is the sound speed, m is the mass per unit area
of the wall and @ 1is the frequency. [40%]

Comment on the physical significance of the ratio

mao
PoCo

for the attenuation of sound by a wall. [10%]

END OF PAPER
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