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OBJECTIVE e

A Numerically Evaluated Propagator Applicable to
Engine Exhaust Noise (Fan & Jet):

= External Center-Body (CB)
=  Surface Treatment on the CB
" Flight Effect

= Slip vs. No-Slip Condition on the CB Surface
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OUTLINE

* Locally Parallel Exhaust Flow (Compressible Rayleigh Eq.)

* Far-Field GF (R > A1)

= Two Forms of the Exact Solution L —
= Point Source GF
= Ring Source GF




GOVERNING Eqs.

=  Compressible Rayleigh Eq.

X, t
=1, w=P®0
Yp
_ 2_ 0 (20 20U _0° 9,y
L=D <D 0x (C ax])> +2c dxj0x10x; ’ b= + u axl

LG(%,tly,T) = 6(Xx —Y)6(t — 1)
7' ) = j j 6@ t15, 1) TG, 1)dedy
vV T

= Locally parallel mean flow Xr= (x5, X3), U=U(Xp),c=c(xg)

= Assumes local inner condition to be applicable throughout x; axis.

Gk ) = 5 f f 6, t]7, D) HaCa=mHOC=D (e, — y,)d(£ - 1)
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GOVERNING Eqs. (cont’d)

= Define new GF G

[ 1 —w + k1 U( J_C)T)
(2m)? c(Xr)c(Yr) (—w + Kk U(37))

é(kb Xr| yr, w) = > é(kb Xr| Yr, w)

(V3 + £ (ky, r, @) Gy, Zr| Fr, @) = 6 Er—Fir)
G(ky, %7| Y7, @) = G(ky, yr|%7, w) (Self-Adjoint)

= Function f(k{, X7, w) depends on the span-wise gradients of the
mean velocity & temperature

= Axisymmetric Jets

+00
é(kli )_C')Tl 5;'111 CU) — z én(klyrlro; (U) ein(d)_(pO)

n=—oo



GOVERNING EQs. (AXISYMMETRIC EXHAUST) @’

(ddrz + ——+ flky,r @) — )G (ky,7lry, w) = —6(r 1), n=—00,-,+00

(2) (1)
= 1 Vo (M)V, 7 (10)
G,(ki,rlr, w) = n n , r>r
n( 1 | 0 ) 2mr, W(Vrgl),VTEZ)) 0]
T=TO

Boundary conditions (conical CB with angle a )
U=0,r-r And p'=-Z(w)D]

an( Y (ky, 7, w) = Vn(z) =1, r=r Core flow
< %Vél)_lpvn(l)=0; r=7
\ Va?= by (ky, ) Hy (rXeo ), r=T1 N pe—

o r0,2) = —— (&, sina + 2 Cz +C2I+kM’()
Yl 7@, T cosa 1sina ZC 2c? r

M(r) = UC(T) K, = —
Centerline conditions (no external CB)

Vn(l)(kl,r, w)->r* as r-0



GOVERNING Eqs. (cont’d)

= Green’s Function - Stationary Phase solution (R > A4)

—1 1 e™R¥Y (1 - M, cos6) 1
4m3 cg, c(r,) KR (1 —M(x) cos65)? J1—M2sin? 6
X Y% e.e "z cos(ngp) V,}(l) (k1,7 w)A(Vh(l);ngl))

G(X,y; w)~

k1=k;<_

= Factor A is evaluated at the outer jet boundary (r=r,) .

1/r

(1) (@D

AV H =

(4 ) OH (rxe) VP (ky 1)

BV Uy w) =B t2s — 2 i ()

ono — (_Ko + klMoo)z - k% >0

’( ry

= Phase factor ¥ in flight

WY=———"|—-Mycosb+ \/1—M§osin29
(1_Moo)

= Radiation angle 6° vs. observer angle 6

k3 1 cos @
-1 = cosf°’ = > (—Moo+ )
Ko 1-MS, J

1-MZ, sin2 0
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GREEN’S FUNCTION TO PRIDMORE-BROWN EQ.

' c(r)
= Homogeneous PB Eq. %(1) (k7 w) = pET 91(1’) (e ),
az 1 2 2k U’ (—w+Ukq)? 2 ()
(drz + ( + c? -w+Ukq ) dr T c2 kl ) (kl,r a)) =0

= Surface BC
m(kl,ro,w) =1,

gD gD =g, T F

P (k1 0,2) = — (k1 sina + —0%2’;) (no-slip boundary)
= Two forms of the Green’s Function
—1 1 e™RY (1 - M, cos6%)? 1
Am3 ¢, KoR (1 — M(1) cos6°)° \[1 — M2 sin? 6
X 550 ene ™2 cos(n g (ki 1, ) ALY, HY)

G(X,y; w)~

—1 1 e™R¥Y (1—M, cos6) 1
413 cZ c(r,) Kk,R (1 — M(r,) cos 85)2\/1 M2 sin? 0
X Y% ene” 2 cos(n WD (ki ) AW, HEY)
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NUMERICAL RESULTS

= Mean velocity profile n="/p
n—ns) Ns <1 <215+ by

p
1-d, sech( 4

1 U 1 U
(1 > <1 — —> tanh(dz(n — 0.5)). n = 2ns + 6y,

_|__ —_—
2 T ) U;

v _
U

A
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= Mean temperature profile T(n) = Ty(n) +T, (1)

T; : Crocco-Busemann law
T2(n) _ 1 1tamh(dg(n —dy))

T, : Adjustment near the wall - =

A

1.5_ "’ \\\ M]=090
e A Tgp=2
"\ Uj/c, =1.18

[ — Moo= 0.30

11
—  Ulc, ns,=0.10
05l . TT a= 1m/6
C/Ce
1 - 1
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NUMERICAL RESULTS | @’
Point Source GF, G, at moden=1

L L 1 eiKORLP
Gy (X, Y, w) =G (%, Y; w)/<n2c§o 4nR/D) 05| Rigid BC

St =1.0,6 = ,A¢p =0 K\ _____
. . . el N

= Ratio of two Green’s functions ~0.5}

A GNa1 ( Coo 1—M(1y) cos 65 V,gl)(kl,ro,w)) A(Vr(tl),HT(ll))

- i cos s @ D D
1051 N,Z C(rO) OOCOS gn (k1;T01w) A(gn ;Hn ) k1=ki

GN,l

GN,Z
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POINT SOURCE POLAR DIRECTIVITY (St =1.0, 5,=0.40) @’

Center-body Z :Rigid Center—body Z = (0.50, 0.50)

180

180

180
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POINT SOURCE AZIMUTHAL DIRECTIVITY @
(St=1.0, n,=0.40, ¢,=0)

Rigid Center-body

No Center-body




D(r,, 0)

RING SOURCE GF vs. WALL CONDITION, (S

2 *
D(1r,,0) = [ GGy dp,

t=1.0) @/

No Center-body
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RING SOURCE DIRECTIVITY VS. FLIGHT MACH No.
(mo= 0.50,Rigid Boundary)

(St=1.0) (St = 0.50)
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SURFACE CONDITION — SLIP BOUNDARY @

= Myers boundary condition

vl(a))-—p;+ﬁv Vp' — %n (n.Vv)
0 1
argfz) Y195 =0, r=7
(K sim 2o Ra M)/ 7, )
_ sin a+-3(Kk,—k{M)/Z
(k1 w,2) = - Czsina 16M - ) 2= 1_<1— — (kU —sina coscxa—U))
i cos a+ ——Y (W) Zy Z or
A
ST T T T ™\ U
1.5 \ Slip Velocity inS) = 0.45
11 SN
— Ulc
0.5} --  TIT,
C/Co
. : . . - 1
0.1 0.3 0.5 0.7
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RING SOURCE DIRECTIVITY— SLIP VS. NO-SLIP BOUNDARY @

(St = 1.0, n,= 0.50, M,,= 0.30)

Rigid Center-body Surface BC
No-slip
ool -—--- Slip
8~ 107 F i
Y Thpe-
E \
\
10% F \
10'3 ] ! ! | . 1 L I I : | |
0 (deg.)

Reduction of ~ 4.0dB at forward direction @ = 130°
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Summary @

Point source GF with A¢p = 0 dominates theonewithA¢p = 1
at aft polar angles. At forward angles, the opposite is true.

Presence of a rigid center-body amplifies the ring source GF at forward
angles. The enhancement may be reduced ( ~5dB ) by appropriate
impedance liner.

An increase in flight Mach number sways the noise in direction of
downstream axis, and amplifies the noise at large upstream angles
(more so at low frequency).

A slip condition on a rigid CB could attenuate noise by as much as
4dB in forward direction (near @ = 130°) relative to a no-slip

condition. Aft angle GF remain relatively insensitive.
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QUESTIONS ?
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