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Qu1 .‘ |
u a) When the annuli s ‘ae,igbut (b-a) is small )pompa;red

with fhe radius a, Hhe duct curvature is not
meor'fant and the annulus Can be unwound DO‘ZJ
as o rectanguwlar duck of height h=b-a and Igngﬂq
QR , whare R 's the average rodius (a+b)/a.
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X1
annular cross- section rectangular approximation
of duct

b) There are n‘gid wald boundary condihons on the surfaces
%,=0 and h which corespond o B cnner and outer
Yoadii 0f the annulus; :

Et’ =0 on 2,20 and h,

0.¢,
The requirement that in the annular duct P'(r,@,x3t)=1>'(r,0+2ﬂ,x3;9
(eads 1o ?'(x,, Xq, X3,t)= ‘P’(.x,-r‘.’lr\'R, x,,,x3)i:) in the rectangularduch,

c) Writing the solubon in the Form o]

il semiast) = €' Kln)g la) bl
and sahsﬁiub"ng inte +he wawe Qquab‘om leads o
Gih - § = -k say
9 h G £
£= A cos(kx)+ B sinlka)
The Peh'adjc boundang Condi'hon ;F(XMQH'R) =f(xu) fequ.ires fhat
k= n Sor integer n.

—

R
With 5_ = k: gl'ufhﬁ soluhons g(xz):CCoSUciCz) +DS?M(A‘°C?-)
9
The h‘g[ol wald boundanj Conditron 9_‘3_:0 on 20 (eads o

dxa
D=9, kaz= m7/1 Yy Sor mieger.
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&U‘i Con‘b.)
The ?,Ciu.a.b‘on for h(13) s ‘“A-QYQ;FOVQ

R -’ f_.9 --a, (:_i )1+ (:"A 2-_--L:,,sm;
h © § h ca R b-a

The xg-d.EPehdzncz. 15 23

hlx): Ee ™ +Fe

where E and F are constants and the axial wavenumber km, is

kwm__ 2_ 2 o7t \E
2y (=) et

and n is the Circumfegotyol mode number,

¢ kpan X2

¢k

d) Modes ave ,oui:'ob“ i k.. is Pwrej«é Cmaginang Slnce
they then decay QxPomenHan o«.tong He duct, le. %

5 2 2.
%< () (%) Cio]
‘FOY' W< nco/& , the wm=0 and ald Lngher m modes ane

cut ~off

e) A rotor with angu(ar velocity N produces disturbances
awhich are :Funob‘on.s of -O:t-@ , Hence a?/h_-_-ﬂ.
The Conditon for ‘cut-off disturbances requires
g__ns = < Co/p
ie. QQR<co
That is the fan Hp speed must he subsonic if [,ooﬂ
votor alone noise is 7o be cut-off.
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Qul. a) Con.seruab‘on of mass in the P’Q”W’V“

m, (¥
Vde, = m=-m, hlt) Y volume
ot vV
Eor Lim.,zar zis.elnh'oPic dis{-urbances, ‘l’ma(t)
753 = Co e.; .
HC d / = -
nce _\é_f, my=-ma |
G dt ,
The duct flow is given o be such that Pa:_!_, é_wz,
K dt
and hence we obtain _\_/__ dzmz = M- my
Co K dt*>
For disturbances of rodian ‘ﬁequenaj 2,
= V aﬂzm,f = M,l- M,,
. Ca K
i.e. my [ 1= Veo* = m,
+( 'c?x) |
or m;(t) = m,’(t‘) [300/‘9]
|- Ve (kc2)

b 0]
) !

y / my(t)
p

Mass gjection at a rafe my(t) is a MOVIOPOIQ, Poim‘ sour
and in free space would generode a sound field

mylt-r/c) at a distance v from the gource,

nr
Here, the source LPis on large n‘gicl surface and seo
there is on Qﬁ]ual image Source, resulfimg in a doub&‘ng
of sound pressaure !
$7(r,4) = Qumy (=77 ) [207]
LTty

'F'(f,'b) =
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Qu 2 cont.)

c) To determine The Far-feld sowund we Just need fo
Combirne presuwlts fom o) and b) , For Sluctuabons of

ﬁequznaa 7

Trmscr) = ;'—q m?«rmS'z 03 ml rms
7y Anv(I-VP
o( /cch
Subsh'hb'na the grven ovalumes gives
Prms (200) = Q71500 axio? I
2x 200 | - lf-.Qon'lf(QnSoo)"
0.04 343
-4
= Sxrlo ! = 0.07438 N/m*
I-1.00¢ 683
- 74.5 dB [ 4e]

d) The 'Problem with  the volume of l+.8xlo_"' m3 is thot

he plenum and shoyt exit duct with X=0. Ofw are
resonant at SooHa. We want h  move the Uoluwme ooy
Hom  this resonance whide stU l(a-epina it smald
emouah for the Compact approximahon of o uniform
pressure fluctuabon ‘“f\rouskowt the P{enuM(ofhzmoisa
theve might be aoldi honal resomnances Hom S‘/‘ﬁnobdng

wonves in the Plemum). For example, Sor \/:I.Sxon‘g)nq/uo&‘«md

‘Prms = &« IO-" | = ?.Qx /O_‘fN/Ma
[« 1.5x1.006683

= 33,8 4R
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