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Abstract: The gust—cascade interaction noise was numerically simulated using computa—

tional aeroacoustics by ‘solving the-two-dimensional linearized Euler equations. In order to

minimize-the dispersion and dissipation errors;the dispersion—relation—preserving scheme was

applied to perform the spatial discretion and the optimized 4/ 6 low —dissipation and low -dis—

persion Runge—XKutta scheme was used for the time integration. Appropriate boundary condi—

tions were prescribed or established for various boundaries. T he non-—reflecting boundary con-

ditions were firstly validated by simulating gust convection in the free space. Then the inter—

action noise due to the gust/flatplate cascade was simulated. The numerical results agree

well with exact solutions. Finally the numerical results of the noise from the gust/cascade

(with NACA-0012 airfoil) interaction are presented which demonstrates the feasibility of the

numerical procedure.

Key words: aerospace propulsion system; gust-cascade interaction;
computational aeroacoustics; numerical simulation;

nonreflecting boundary conditions

: 2005- 03— 25; : 2005- 06— 13
(10472010) ; (03A51004)
(1967-). .



95

. Kaji & Okazaki',
Smith'?, Whitehead"”
,Hall & Verdon'"
Ni & Sisto'”!  Hall & Clark'”
; Lorence & Hall'”

2

(Computational Aeroacoustics, CAA)

\ 510 CAA
/ ,
& [11]
s GCAA
2
3
NACA 0012
1
1.1
( Y=1.4),
U ou U
or t A ox t Ay ay+
(B-+ B)U= S (1)
u
U=

i P 0 0
0 u 0i
Ar = “ p
0 0 u 0
LO ¥ 0 ud
(7 0 P 0]
07 0 0
Ay: 1
00 v —
P
Lo 0 % 4.
i} 0 i
Pl_ou -ou
‘p”ax“’ax
sz
_ﬁ;a_v"Jr;a_ﬂ
D 0x Ox
L 0 i
(7 P 00
B_ioaoo
T Ox |0 70 0
Lov-p 0 ¥
5 0 P 0]
2100 7 0
B)"axooy‘o
Lo 0 p Y&
P,p,u v x %
’p7p7u1)
x y

t ( Dispersion-Rela—

tion—Preserving scheme, DRP),

[- 1.1, 1.1]"" ,
DRP 7 ,

4/ 6 ll4J(Low—Dissi—
pation and  Low-Dispersion  RungeKutta
scheme, LDDRK) LDDRK ,

1.3
Tam &



21

96
DongI Bl
N = U°°’
Tam & Webb' = Peo,
2 2 = C’
Lockard = Pelfo, = ¢/ Ue
[8] :
s Giles Pin 0
, ; un| | = Acos(0w + By - ) (5)
Hu " ;Hixon ' Vin Acos(oc + Sy — w)
, pin 0
Tam & Webb'" , A=0.0l,x y o
= B= 51 2, w= 512
., Tam & Webb'"” 2.1
Pa
[ 1 0 20 1] a
e At AL+ 5. =0 (2 >
V9 0T or T 2y - 3= =3.- 0.5=,
P =3.5, M= Ay="70. 05; N=
: 0. 012499 934 1
V(O = ac[Mcos O+ (1 - Ma’sin®6)"?]
5 ¢ ’ N : RS R
7a 2 a i
&%
’ 2l M %
( ‘out” ) ( in” E 2
= £
) 2
pnut pin
u fbout Wi R SRV A A
s (3)
v Vout Vin
1
P pe P Fig-1 Sketch of computational domain and boundary
conditions in free space
puul = pu N Uout = Ua
2 t= 50
Vout = Va N Pout = Pa , 3
’ (2) (3 =50 y=0
p— P ’

1 0 0 L] u—uin=0(4)

v — Uin

p — pPi

0.5, x

2.2

[16]



1 97
1.0
M= Ay= 0. 05, Ar= 0.012 5
499 8 4 (- 5.0=x=6.0, - 0.5=y=3.5)
(- 3.0=x=4.0,- 0.5=y=3.5)
6 y=0
Ap = plower— puw (6]
e x= -2 x=3
p_z L16] 8

Fig-2 TInstantaneous perturbation velocity contours
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Fig.4 Sketch of computational domain and boundary
conditions of gust/flatplate

cascade interaction
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Fig-5 Instantaneous unsteady pressure distribution
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