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The problem of radiation duc 1o a fluctuating acoustic ring-source
moving with wuform velocity in an anbounded medium has been
analysed  The analytical oxpressions for acoustic power emitted
and the froquency spectrum oblwined, show that the well known
rosults of a uniformly convectod monopole arc rediscovered

I INTRODUCTION

Tho problem of vadiation from vavious types of moving acoustic sourees is of
groat interest m the thoory of Jet-Nose (Lighthill 1952, 1954) In gencral the
effcct of sowreo motion results in augmontation of the total acoustic power
emitted Dy the sowrce, bosides the well known Dopplet-effeet  An olepant
treatment of the problem of wniformly movimg acoustic monopole has heen
aiven by Morse & Ingrad (1968). while the samo problem has beon discussed by
Mani (1972) when the monopole 18 unformly convected at the axis of o jet
flow (the velocitios of jet-flow and monopole heing equal)

In this communication wo have analysed the problem of 1adiation due to a
fluctuating acoustic ring-sourco moving with, a uniform volocity in an unboundod
medium at rest  The results obtained show that the results of a uniformly
convected monopole for output power and Irequency spectrum are rediscoveroed,
hoth for subsonic (M < 1) and supersome (M > 1) speeds

2 TORMULATION AND SOLUTION OF THE PROBLEM

Let us caloulate the output power and fioquency spectrum due a fluctuating
acoustic ring-sowco moving with uniform velocity V in z-direction in unbounded
medium. The wave equation govermmg the propagation of avoustic pressure
field by the moving acoustic ring-sourco in cylindrical coordnates is

1 9%

oF o VP= 3—,[ q(t) i"';’—"“) Sz— Vt)] o (21)
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with
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¢, is the propagation velocity of acoustic pressure wave, and g(t) "(—7;—7'&6(:— Vi)

is tho ring-source distribution density Now using the Dirac-della function
property

- —2Wols (-2
SVt = 8 ( V(r V})-_ - (1_7) . @2
tho Fourior transform of right hand side of equation (2.1) gives

o 3 ;
(em)  oxplia) 3, [g)3(— VO — - E%,q(%)oxp(uu(z/l/) . (23)

Simularly definmg the Fowier tiansform of the acoustic field as
Py, 2, @) = (2m)t [ ply,z, tlexp(twt)dt. .. (24)
We have ogq (2.1), vido egs. (2 3) and (2 4), as
PR K - fw (_z_) : 3(y—7a)
v (2) 5= gyt () oxpliate v) TS . @8
Assuming the sino harmonic time dopendenco of tho ring-source as

g(t) = g om wyb = (%i:) (oxp(rwyt) —exp(—1 wyt)) .. (26)

o

and considering the contribution of exp(iwgt) to acoustic fiold denoted by py,
og. (2 5) becomes

s @\ g Sy—7y)
v*p++(;“-) Po = D5 exp (it ag)ef V) =L . @

The solution of eq. (2 7) will obviously bo of the form
P2 = f)oxp(i(w wo)(e/ V) o (28)

which will modify eq. (2.7) to Holmoholtz equation in two dimensions

ol )+ () - (=5) = &5 2057 o
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whosue solution 1w

1) = g By (k+B)

80 that tho completo solution of eq. (2.7) is

Py= 7 B0kt RYoxp(tw)e/ V) . (210)
with
R=y—y,
. @\?_ (wta)?
T I

and H,W is the Hankol function of first kind

Simlarly one cun find the contribution of exp(—iw,yt) term, denoted by ;)
to tho acoustie field and s given by

P T g Baspliw-a)eV) . (212
with
= [(@) o (ezm)?
= () - (5=)) 19)

Thus the total acoustic pressure fiold is the mverro Fourier trunstorm of tho
sum of eqs. (210) and (212) and is given by

P20 = T (p,+p Joxplitw))de
= 1%’? .,If [wH (k4 R)oxpli(w+ w2/ V)

— wH W(k—R)oxp(i(w— wy)(z/ V))Jexp( —iwt)dw
(2.14)

Also as tho acoustic particle velocity 18 defined as

au__ ‘ZZ
PO = "3y
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henee the radial volocity of the acoustic particles from eq. (2.14) is

Uy, 2 0) = 1%"17,, e 21, (0, R)oxp(i( e+ wo)(z] V)

—k_H,W(k_R)exp(i(w—wy)(z/ V) Jexp(— iwt)dw .. (2.15)
where use has boen made of the relation,

w
dﬁﬁ#"l = .= HW(z)

Bofore caloulating tho output power and frequency spectrum of the ring-sourco,
let us discuss the froquency dependence of

3 DrscussioN oF FREQUENCY DEPENDENCE

From equation (2.11) we have

e (-5

o 14
with
M = (V/co‘,

Eq. (3.1) shows that the roal values of tho propagation constant k., for
subsonic (M > 1) motion of the ring source, are confined to the frequoncy rango

0~y <_j1_fu:—._ .. (3.2)

Similarly for supersonic motion (M > 1) of the ring-sowco the roal values
of the propagation constant k, lio in tho {requency ranges

W, ay

—w<w<"—m,—r<w<w .. (33)

Tho corresponding frequoncy rangoes for rcal values of propagation constant
k_ aro obtained by replacing w, by —w, in vgs. (3 2) and (3 3). The reason for
not considering the negative values of tho propagalion constants k.® and k_2

is that k, and k_ will be imaginary in character and as tho Hankel function for
1liese values will not contribte to the acoustic fiold in the far field approximation

4. Tap Emirrep Power AND FREQUENCY SPECTRUM OF THE RING SOURCE

Thoe acoustic power emitted by the ring source in far ficld approximation
(¥ > vo, Re=1y) is caleulated by intograting tho radial acoustic energy flux,
2
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over the surface of an infimtely long cylmder onclosmg the hne of motion of
motion of the ving  source over one puiod (2r/w,) of the sourees us

- j' ..1r‘yym~, L@

whore y is the radms of the eylmder and p and w, are given hy egs (2 14) and
(2 15) respoctively

Now following Morse & Ingrud (1968), the avorage acoustic power output
and frequency speetium of the ring-sowree m subsomie motion (M << 1) for the
[roquoncy range

_Wo_ _Wo
/s R R
are given hy
2A 2 1
qgﬂp% = . (42)
and
%° w
I(w) = Tomps, 17 .. (43)

Smmilarly for supoersonic motion (M > 1) of the rimg-source and for thoe froquency
rango given by og. (3 3), tho average acoustic power emitted is

90"‘"0 !
= 8mpe, (1—M3)? )

5 DiscussioN

Eqs. (42) and (4 4) show that the average acoustic power e¢mittod by tho
ring sowrce is increasod by a factor of (1—2/2)-2 and tho increase iy same for hoth
kinds of ring-source motion. However, the Irequency spoctrum given by eq.
(4 3) is dilferent for subsonic and supsreome motions, as the froquency ranges
givon by cqs. (3.2) and (3 3) we different {or the two cases ol intorest

Eqs (4 2) through (4 4) are the same as those obluined for a umformly con-
voeted monopole acoustic sourve radiation (Morse & Ingrad 1968)  This simularity
of the results was to he expected hocause a ring source can be through of as
intograted offect of monopole sources arranged on a ring, whose strength will
bo cqual to the total strougth of all the monopole sourcos
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