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OBJECTIVE
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

TURBOFAN EXHAUST
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§ Locally Parallel Exhaust Flow (Compressible Rayleigh Eq.)
§ Far-Field GF (" ≫ $ )
§ Two Forms of the Exact Solution
§ Point Source GF 
§ Ring Source GF

OUTLINE
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GOVERNING EQS.
§ Compressible Rayleigh Eq.

§ Locally parallel mean flow

§ Assumes local inner condition to be applicable throughout +? axis. 
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GOVERNING EQS. (cont’d)
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§ Function & (), ,⃗#, - depends on the span-wise gradients of the 
mean velocity & temperature

§ Define new GF  ./
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§ Axisymmetric Jets
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GOVERNING EQS. (AXISYMMETRIC EXHAUST)
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§ Boundary conditions (conical CB with angle [ )

§ Centerline conditions (no external CB)
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GOVERNING EQS. (cont’d)
§ Green’s Function - Stationary Phase solution (" ≫ $)
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§ Radiation angle PQ vs. observer angle P
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§ Factor m is evaluated at the outer jet boundary  (K ≥ KB)

§ Phase factor Ψ in  flight
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RADIATION ANGLE !" VS. OBSERVER ANGLE !
§ !#$% : Maximum observer angle at 

which !" is a real number

0 0.2 0.4 0.6 0.8 1
0

π
3

2π
3

π

&'()

*+

0 π
4

π
2

3π
4

π

-
π
4

0

π
4

π
2

3π
4

π

Im(θs)

Re(θs)

M∞= 0.30*+= 0.30

&

0 π
4

π
2

3π
4

π
0

π
4

π
2

3π
4

π

0.30

0.15

0.0
M∞

&,

&

*+



9

GREEN’S FUNCTION TO PRIDMORE-BROWN EQ.
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5 2%,7,8 =

R(7)

−8+S(7)2%
43
5 2%,7,8 ,

T V⃗, W⃗;8 ~
−1

4[\
1

R]
\

^CLM_`

a<b

(1−c]cosf
@))

(1−c 7< cosf@)\
1

1−c]
) sin) f

×∑3ij
] k3^

-C
lm
" cos(no)43

% 2%
∗,7<,8 Λ(43

% ,r3
% )

§ Surface BC

§ Two forms of the Green’s Function
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NUMERICAL RESULTS
§ Mean velocity profile
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§ Mean temperature profile A $ = A0($) +A< $

A0 : Crocco-Busemann law
A< : Adjustment near the wall JK(L)
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NUMERICAL RESULTS
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§ Ratio of two Green’s functions
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POINT SOURCE POLAR DIRECTIVITY ("# = %. ', )*= '. +' )

CCeenntteerr--bbooddyy 78 :Rigid CCeenntteerr−−bbooddyy 78 = (0.50, 0.50)

NNoo		CCeenntteerr--bbooddyy
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POINT SOURCE AZIMUTHAL DIRECTIVITY

Rigid Center-body

No Center-body
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RING SOURCE GF VS. WALL CONDITION, ("# = %. ')
(()*, ,) ≡ ∫0
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RING SOURCE DIRECTIVITY VS. FLIGHT MACH NO. 
( "#= %. '%, Rigid )#*+,-./)

(12 = 3. %) (12 = %. '%)

( No Center-body, 12 = %.'% )
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SURFACE CONDITION – SLIP BOUNDARY
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RING SOURCE DIRECTIVITY– SLIP VS. NO-SLIP BOUNDARY

Reduction of ~ 4.0dB at forward direction ! = #$%&
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Summary

§ Point source GF with !" = $ dominates the one with !" = %
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 ( ~'() ) 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 
*() in forward direction (near + = ,-$.) relative to a no-slip 
condition.  Aft angle GF remain relatively insensitive. 
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QUESTIONS ?


