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Introduction and acknowledgements

This technical memorandum contains the collected presentations from a workshop
held at the ISVR on August 22™ and 23™ 2002 on the acoustics of fan — gust
interaction. The workshop was funded by the UK Engineering and Physical Sciences
Research Council (EPSRC). These presentations are also available at full size and in
colour on the ISVR web site at http://www.isvr.soton.ac.uk/FDAG/fangust and it 18
recommended that these be used in practice; this document allows those who would
prefer to cite a physical document to do so.

The workshop was proposed and programmed by Professor C. L. Morfey, Dr P. F.
Joseph, Professor R. J. Astley and myself. Thanks are also due to Elizabeth Hylton
and Neil Bateman of the EPSRC for facilitating its funding within the short time
available, and for their ‘Acoustics Theme Day’ held during the 2002 Institute of
Acoustics conference, which provided the original inspiration for the workshop.
Thanks are also due to all the participants, both presenters and non-presenters, for
their attendance and contribution. Finally, the assistance of Mrs S. J. Brindle in
organising the workshop was, as always, invaluable.
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Asymptotic

modelling of

airfoil - gust
interaction

Dr Nigel Peake &
Dr Alison Cooper

Department of
Applied Maths and
Theoretical Physics

University of
Cambridge
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Fan/gust
interaction noise
in context

Dr Alec Wilson
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Overview

1. Background to problem

2. Physical system - Boundary value problem

3. Solution procedure

4. Solution: double integral formula

5. Simplifications:
- The two-dimensional case

- Asymptotic solution for localised gusts

6. Examples of specific gusts

7. Summary and conclusions

History Of Problem

Flat plate approach common: Miles, Amiet,
Cannell, Martinez and Widnalt, Ffowcs Williams
and Guo, Peake, etc.

Half plane:

- Amiet (1975, 1976, 1986)

- Martinez and Widnalt (1980, 1983)

- Ffowcs Williams and Guo (1988)

Guo (1989, 1990, 1991)

Extensions: Quarter plane, Mean lcading,
Finite wings, Cascades, Etc

Physical system

leading edge
ftt-x1l,z)

—————— x

half-plane
x20,y=0

Half plane: y=0, z>0

Mean flow: Uer = Mcpes




Boundary value problem

Disturbances small - LINEAR INVISCID
THEORY.

Gust-plate interaction through y-component of
gust velocity in plane y =0, z > 0.

This is convected, so has form f(t —z/U, 2)

Define acoustic velocity potential:
d s}
' P 0 a1 e 2
4 = acoustic particle velocity,
p = acoustic pressure perturbation,
po = undisturbed density of fluid.

Potential must obey convected wave equation:

178 a\>? -
S(=+U-) ¢-V% =0
cg(at+ 33:) p-V

Boundary Conditions:

Rigid plate gives:

d
—(‘D:—f(t—sc/U,z) y=0i75¢>0-
dy
Supersonic flow gives:
% _g y = 0%,z < 0.
Oy
Combining these:
a
= _§(t - z/U, 2)H(z) y =0+,

ay

Solutions must cbey radiation/causality condi-
tions.

Solution
Define Fourier Transforms:

oo
Sk, y, m,w) = ]/f o, y, 7, D@ EETE g gt
—oa

(29,2, 1) = s f ] Sk, g, m, w)e R g g
@i M

Transform wave equation:

2 _ 2
—8¢—{k2+m2——4—(w Uk) }q::o.
%

Define function y(k, m,w):

(w~- Uk)2}1/2

vk, m,w) = { K +m® —
%

Re(v(k,m,w)) = 0.

By symmetry ¢ must be odd in y, so radiation
condition dictates solution:

¢(k7 ¥, m, (.\J) = A(k, m, w)Sgﬂ(y)e_7(krm=w)lyi_

Transforming boundary condition:

%ﬁ = [f/w —f(t—zx/U, 2)H(z) e Wt—ke—m2) g2y
iy —co

Let t/ = t—«/U, and define the gust transform:

Flw,m) = j/j:o F(, z)ei(“t’_mz)dt'dz.

Evaluating transformed B.C:

o® _ —éUF(w,m) _ Oj:
8y  w-Uk y ’
From our solution:
Lo}
8 o AGmoykme)  y=0%

Oy




Therefore the inversion integral gives:

_ 1 NP (@, ) | tun—tr—rmz) = {m o)
e at) = 55 f f f (o~ UR)rCk, m, ) dkm

Our interest is the pressure. Transforming
operators:

—poMeosgn(y) Flonm) | igor—gz-mz) (k.
vzt = {wi—kz—mz) —r{kmmw)p Lo
plz,y, 2, 8) = (2xys //f P —— e dkdm

Isolating the k integral:

K — etkz—y{kmuw)iyl
f ¥k, m,w)

Branch points:

Mw/eg (w2/c0—l—m2(M2 1))1/2

ky =
t= gz o1 M2 1

Recalling Re(~(k,m,w)) > 0, we factorise ~:
(b, m,w) = +i(MP= 1) (h—k )2 (k=k-) 2.

Complex k plane:

Branch Points

e———=0C

Integration Confour

For z < (M2 — 1)1/2|y| (ie = < |5 ) we close
contour in lower half plane to give 0.

For T > |7l: Make substitution:

1
k = ket+(ky—ke) cos(x) ; ke = §(k++k—)

Then we have a standard integral, and:

2n

K= (Mz — 1)1/2

eiinIE/::JD({w2/c2 + mz(lwz _ 1)}1/2 (Ez_gz)lj

Then the general pressure integral is:

_ _—poMcosgn(y) —fw(t—ME[e) yima
p(:‘t.', yszst) - (271')2(M2 1)1/2 F(m w)e g i

xJo ({wz/cg 4 mP(M2 - 1)}1/2 (7 V§2)1/2)

dmdw

Simpiifications and asymptotics

If gust velocity function f(t — z/U,z) has no
z dependence, the general m integral may be
evaluated, giving single integral in terms of a
transform F{w).

plz, ¥, £) —POMGOSQH(’Q)[ F (w)emiwti=47/0)

2 M2 — 1)1/2
xJg (w/c(w - y2)1/2)

If gust velocity profile is instead localised in z,
consider Mach cone:  Z2 > 72 + 22

Substitution:

m = (M2 — 1)~ 2sinh(y)
=)

Hankel approximation:

Jo(a) = (Tf—a) M2 cos(a — m/4)




Then:
2 e a]
oz, y,2,8) =~ —poMegsgn(y) (2 Y [ w 1/26-7@(,&_@5@
(r(M2 - 1) \x .
—co
foo)
f FCL (M2 = 1) Y2 sinh(y), w)elemsmnGo/e
o

00

cos(2 (2 — 72)H2 cosh(x)) cosh™2(x) dxdw
1]

Then we get 2 integrals:

[~ o]

ha = /F(——;(J\Jz— 1) sinh(x),w)

—

COShl/Q(x)eﬂ% cosn(x—arcsinh(—i/‘ﬁ,,))dx.

Applying stationary phase:

p(iﬂ, yrz!t) 21‘-".’1(-"51'.9‘9 Zy t) +p2(:1:,y,z,t);

where
Megsan(y) 1 [
. —podcosgnly —iw{t—ME/eF Rufc)
VY 2 ) T e i
P2t = S - 1)R, /e

—

< F((M? — 1)~Y2tan 8, w)dw.
3]

and we have defined:

R = (@923

tan é.h = {—E/Eh).

Three-dimensional examples

SINUSOIDAL GUSTS

Pual influences:

Rectilinear normal:
fE—=z/Uz)= wpeiolt=z/U),
Exact pressure:

— oM S .
polM covosgn{y) gilt—s/0) ) (2(52 452)1/2)

p(z,y:1) = Q1)1

Seperable normal delta:

& —2/U, 2) = vge™e =75 (2 /a)
Exact pressure:

—PoMecv0asan(y) -am 1 o wop,
m{M2-1) R €

plz,y,t) =




Rectilinear Normal Sinusaldal Gust

Seperabla Nonmal Sine X Delffainplane Z= 0
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Seperable Normal Top—Hat X Delta Gust

Seperable Normal Top-Hat X Detta Gust

Rectilinear Normal Top-Hat Gust




Application of a
linearized Euler
analysis to fan

noise prediction
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