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ABSTRACT

Numerical investigation on radiation characteristics of discrete frequency noise from asymmetry aero-intakes was
carried out. The near-field predictions were obtained by solving the linearized Euler equations with computational
aeroacoustic techniques consisting of high order finite difference scheme, non-reflecting boundary conditions, overset-
grid techniques. For the prediction of far-field directivity pattern, the Kirchhoff integral method was applied. By
comparing the directivities of noise radiating from the scarf and the scoop aero-intakes with that from an axisymmetric
aero-intake, it is shown that noise reduction at downward peak radiation angle can be achieved. The scattering of the
radiating acoustic wave by background mean flow shifts the peak lobe radiation angle toward ground and increases the
amplitude of the acoustic pressure compared with the cases without mean flow effect.

1. M &
g7 Aede 2R 71T BHAA, A2 H
AEASE 22 Fasdd A(EFH7], 9, dx
Aoz HE dAstE yiAiegdow FEEY &
7 29 T HAdE AELL] AHEd £
Yol AR wk F = wlo]u| 2 H|(bypass ratio)Z7Fel
of ti@stE Qe FFFH ol/AFA AT
Aol AARl AFdoR tfFHa vk
WSS WY nAGA A o3 EAdE 75
4 ZS(discrete frequency noise)$} U, AT A
Aol A A 7/ g2p FE el od F
)9 AS(broadband frequency noise) o2 UE 4 )
om, B AFAE M-nAA ot oJgk =

AL FIg sl i@—% 3
olglgh W AgS HAAT]Y] ﬂEH A, A 7]
H (acoustic treatment method) 2 7 u}rg-gke] W 7Y

tm
(re-direction method)s %24 Aloj7]Ho] ©o] A&

Hojxa ot FIFAH VUL FVFHTFE E
=F7E Ao w SFAUAE A= 71
olm, WhekAy WIHV|WE FUEYTY FAWIE

o AFoRe] AgATRE HAATIE 7IHolth
27} (scarf) B AFE(scoop) 571 S YT o] H]
N S7FETE AFES Wy Wy vHe &
7| vl&) FRHom zhgdsta ZAo|rt HE
EQ R e 2eA EHE 98 5 9o, F

e AgAbe] AS, 273 AR 15°F Ve &
7t F7] g 5 =
42 oF 6~8dB AE TAadET A¥H Az 4y
A AT
vy 37159+ 5
T= Q]==uvrdEo 7 %]Xéfi
o] Z} &= (transition angle)”} 180°
ojth, HolA k= ~7bd ZE7E 0°7F ofd 99
Axwe 7w gojdh) 2y ATE g5
E7F 180°8H T} 27| wiitof, 27k F7
T FUd IV SAEHE HAA
o

Peake[2]°l <93l FHEFHAH as9 dATE
GTD(Geometrical Theory of lefractlon) RS VxR
shglow, Fhdkek wthA FAbel disiA P A<l
235 FA ey olegk o]&AQl Hee 1t
ek FAY fFesxdel AGE o, HAA AL
Z*—QEUM] = 0134%] O‘T/‘r 01315& TR el A,

om w}aw i Oﬂalow UH dges

)
m1o
gd
_&
}
_\}L
(&l
SE
Iy r
—tﬂ
(Kl
ol
N
u:lop
—H
fo
mM

o)
=
o,
ot ©
ox
il
N
N
R
”
yo
Ny
l o
9
-4
il
ol
:(‘)L_"
&Y
&
ol
il rlo

1, AU 7AgTTEE g
E-mail : solee@snu.ac.kr
Tel : (02) 880-7384, Fax : (02) 875-4360
AU VA EF s

g
)

S Yaase %448}322% Zzte] g

Q7E Ba Agoz A &9

Lo
Lb)



F

-,

Z

—

- (shear flow)o} 2
STt FEAke] 9
3}(instability wave)7} =433}
-l 1” 01 G

O o

Py oAy H
(linearized Euler equations)< AF-&-3}F%1 3L x}—r7]
31x}2] DRP(Dispersion Relation Preserving) 7]
Sskglor, AdddE Al

(artificial selective damping term)2 3 713} 31 tH[3].

IO O_Lz

mlo
o b KU o rfro (T oofh me

ek

O]:ﬂ_
-

ﬂi

N
o

20 2 orfr X o N

2 o e
rlr ¥2

o X
N
min

LUl

B
2

o

dop) a2zt
Q= Wy
ﬁﬂﬁmeP‘ﬁﬂ““
WAL A iZ_(radlatlon boundary condition)-2
I FEFTE FAlel WUk
i 74 AlZ7 (outflow boundary condition)
6};13}[4] e WY AARACREE HHO
s

1ot e 7k Qe AAEARZAZAS A
p‘(x,r,é’):{

ia;ntJ (1)
o714,

= circular frequency ,n = circular frequency ,

m = circumfere ntial mode order ,
4 = radial mode order ,

Pome = Aumed (K 1) ol
Avn

= bessel function of 1st kind of order m

2z
oo

i

o
10 o2
e

>
>
532

o-3F

i ax
ofo

oo U tlo 19 L 2 oh o
3

‘{[\__
=N

_0|L

PIPIP I I

n=1l m=—o0 u=1

= constant ,

k, = axial wave number , k= raidal wave number ,

mg
Pom, = Phase
2] 31 Fan-face FAIHAAE A3t 595 TA
A Z18A F A IHl"%éoﬂ oA HAWE &3l 5
2 A Y7t g digk v REANE A=

1477

(4,04)

Fig. 1 Grid structure (body-fitted & background

(4,00)

Z
S|
L%

[e)
s

M-3
%3}

= A~
ST

2744

k3] oFsl= Non-homogeneous 74 7|

A THS]- 0471*1 k= 8‘3,

= 337

W3 o) wagsGon, Areel ®

3} 347 e Aol wek Al o)

[e3}
PR

ol r" 1 2L o

m=nB+sV,n=123,...,s=..
94714, B © 3|2 F7, V
=3

1_110111
4

(2)
2 ye

1

[ zo

2.3 HEIAXIIHY

2o ATelME 539 A 7]
371 flalA, SATE S ZAFSHE body-fitted grid
o} 1 o]2]9] background grid & TAE HZHZ A7
H(Overset grid technique)S AF&-3t3lom, F+ ZAzA
1t ARAES A 1At lﬁﬁﬂ‘ﬁ[ﬂe AH-&-3}
At e F7IEYTolA AR EH AR AR
background grid=130( X ) x 100( I ) x 97( @), body-fitted

grid=200( X )x 16(I )x97(@) °lt}. Fig. 1 & & o]
A AREE R AT RS HAFrh
2.4 F|lB23Z HEI|Y

LedoRRE e "ozl oA &t
714 BEgge A5 wf, A ARFAES
& Fagle], 71232 HE7IHS AFESHY, A5
LRGN A25YEs e WHEAS B 4
e Aol ks ST 4 Arh[s-10]. & ATl
21(3) 22 723X HRIV|YPES o] &l Ul
Aol whekd 2 E9s d5Ek9d

, 1 E, E, E,

x,t)=— + + ds(y,z,
Pt =4, J{R(l M.) RI-M,) R2(1—MR)1 )

3)



95
o
2 o0f
Q N
s I
—1 85
8 =
= B
n 80 .
S [ ee ——<—— (zyorik’s study
a N g )
- 75 | [ ] Experiment
c B ____ Finite Element/wave envelop
8 70F (Eversman et al.)
n N ———o—— Present Study
657\|\\\\|\\\\|\\\\l\\\\l\\\\l\\\\l\\\\l
20 30 40 50 60 70 80 90
Angle []

Fig. 2 Comparison of present numerical predictions
for the noise radiation from JT15D aero-intake with
other numerical and experimental results
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selected for present study
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(a) View point

(c) Scarf (15°)

Fig. 4 black-

of acoustic
bars= —1.0x107° , white-bars= 1.0x10° , T=12.5,
M_ =0.0; (a) View point, (b) axisymmetric intake,
(c) scarf intake(15°), (d) scoop intake(15°)
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Fig. 5 Diffraction characteristics at the edge of each
aero-intake
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