18 3 Vol.18,No. 3
2001 5 CHINESE JOURNAL OF COMPUTATIONAL PHYSICS May . 2001
[ ] 1001-246X(2001) 03-0193-06
1 2 1 2
(L.LNM, 100080; 2.LHD, 100080)
[ ] Kirchhoff CFD
, , Kirchhoff ;
, 20° .
[ ] ; : Kirchhoff :
[ ] voi1 [ ] A
S ’
O 1
1 ! S
1 S, f=0
) , f>0 S
observer
[1 3]
4 5 (41,
Laufer & Yen!®
, Control surface S
, 10
, 1 Kirchhoff S
, Fg.1 Kirchhoff control surface S and
coordinate relationship
. S Kirchhoff el
i P D
Kirchhoff RO (x 1) = O[_ZOOQ_;L;L+
, 5 f=0-r r on
3 Runge Kutta ;Lr ‘?oosﬂ] ds, (1)
Navier- Stokes , ”
, , Kirchhoff Co =l =lx- oyl
,n S
,009 r n
. T =t- r/Cw
2 Kirchhoff CFD ®
(D ®
Kirchhoff S
[ ] 2000- 02- 01; [ ] 2000- 06- 12
[ ] (19872069) ( G1999032805)

] (1969 - ) ,



18

194
.CFD Vo = [0T T r,a]’,
€ ’ E=[0TnT rr:qr]T,
e=ployT+ (u?+vH)/2].
X T R VOIS V.
le ' , O » O X, T p,u,v, T,
re Coo t t+ rd Co p,e ,
: ot P-Pw,u,
At n At V- Uw,p-PoU%,X,y- R, t- Rl Us.
t+ rd Co, « _om “ n R
t+ rd Co =[n+int(rd cl/Dt) At, (2) ,
int( ) ) At 2.2
. (5) Steger- Warming
e(e=1,2, ,NE) - 5 , 6
[8].
. 3 3 Runge Kutta
Pra{ x,[n+int(rd cul/Dt) At} = 2.3
NE
j-[heZRHSe[rAt]ASe"' r=0 ,,u,p,
Dol x,[n+int(rd co/D t) AL}, (3 T LV
Rhse (1) Ase (M;=0.4
e M; =0.8)
: At : ,
Kirchhoff u=1-0atanh[20(r- 1], @ = 0.97),
K ) v=0, p=1, T=1, Re= 2500
Pranf x,[ N+ Kint(rd cw/At/ K) A t} 60, 8.2,
1 NE , r=1
=m EZ Ruse[ M tIA Se + Pog{ x,[n+  (4) 451 x 101.
Kint(re co/A t/ K)JA t}.
2 V = A[s(@ot) +oos(‘:|2‘ooot)], (6)
2.1 A ,Wo [11],
W, = 1. 382. A 0.08(M; =0.4)
Navier- Stokes 0.15(M;=0.8).
TR z ]
2 M, = 0.4
—1—6—\/1+‘9—V2+J5J, (5) , 0. 4. 2
Rel dx ar r
U=I[ppupv.e]’,
fi = [Pupu’+ ppuv,u(e+ p)]T,
fo = [Pvpuvpv?+ p,vie+ pl', >

S=[pvpuvpvi,vie+ p]T,
Vi = [OI Xx ;U xr,QX]T,

1. 06,



r 100 200
, 10° .
o° 180°.
Kirchhoff ,Ls » Rs
p Pn Pt
(P =p- po),
(1) ®
100 , )
10 t, At
, Ls 20 ( M; = 0. 4)
S 10 15 20 25 30
. 30(M; =0.8). (4) ,
2 M;j=0.4 , Observati inte N
ervation 1
At=0.4( 0o 28, 0.14) B
Fig.2 Evduation of vorticity when M; =0.4 from r
w to bottom time interva A t = 0. 4(the contour
levels range from O to 2. 8with increment 0. 14) L
Dimotakis®!  Papamoschou & Roshko!™”!
3 M; =0.8, A =0.15 AZ.‘Jet d)R
/ s
, 0.15, Control surface S
M; =0.4 , M;=0.8 4
Fig-4 Schematic of thejet noise computation
Kirchhoff ,
, Kirchhoff )
. Freund et al!*?!
Kirchhoff ,
, Rs ,
L S . y RS ’
, Kirchhoff ,
3 Mj =0.8 ’ RS.
At=0.4( 0 28, 0. 14)
Fig.3 Evauation of vorticity when M; =0. 8, from SPL (Sound Pressure L evel)
up to bottom time interva A t = 0. 4(the contour )
levels range from O to 2. 8 with increment 0. 14) g
Ps. = 20|g(‘p_”mpref ) (dB) , (6)
3 prdzleo_sN'm_zyp'rms
4
5 Mj =0. 4, Rs 456

2 © 1994-2007 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



196 18
, r =100 PsA - Rs ., r=200
=4 Rs=5 , Mj = ) 300 140°
0.4 , Rs 4 5 ) )
, Rs )
=6 , 7 M; =0.8, Rs 456
. , , r =100 Psh Rs =5
Rs , 6=0 6 =180 Rs=6
150
I —8— R=40
- -—-fr--- Rs=5.0
1400 -+ @+ Rs=6.0
[ A0
y 32 g
13 5
5 g
<

120

110

100

90 120 150 180
6

[ o s s e s s e S

5 M;j=0.4 S
r =100 PsA
Fig.5 Comparison of the ound pressure
psa. Obtained usng different control

surface at far fiedld r =100 when M; =0. 4

6 M;=0.4,r=100,200

Psm , 0 =20
. Moore! !
20° . 6 , =100
1501
L —&— =100
140_— —--=r=200
130
8
< LoR
120 )
©  D00000000000g 0
L S
110F
100 ”H3IOHHIHH9I0HH]2IOHH]5I()HH18|0
6
6 M;=0.4, PsL

Fg.6 Digribution of the ound pressure psp at
different far field location when M; =0. 4

Olov v v Lo v v v by by b bl
11O 30 60 9

120 150 180
14

7 Mj =0.8
S r =100 PsA
Fg.7 Comparison of the sound pressure psa. obtained

usng different control surface at far fied
r =100 when M; =0.8

, Mj:0-4
M ,
Rs=4

8 M;=0.8,r=100,200
150

—A&— =100
—Q--—1=200

Pspi/dB

TN

/
0000y
110
100w v vy 0 v v 4w vy by by
0 30 60 90 120 150 180
6
8 M;=0.8, PsL

Fg.8 Digribution of the ound pressure psa at
different far fied location when M; =0.8



197

M; =0.8

9
Strouhal
4

p'(x10%)

p'(x10%)

p'(x10°)

20°

9 (Mj:O.4,r=100)

Fig.9 Sectraof thefar field sound pressure at different azimutha degree (M; =0. 4, r = 100)

ps. 0 =20° RK , Navier- Stokes
M;=0.4 ( 6, :
, Kirchhoff ,
M; =0.4 r =100 , . Kirchhoff
St=fU/ R 0
Kirchhoff CFD
, 5 3
6=20°
B)
X
&
3 0 1 2
St
3_
#=40° 8=60"
P
x
| \/\/\/\M\/\/W\I\/\/V\ (‘Q‘ |
i 5 3 0/\./\/.\/\/.\[\AI«W\A/V.W 5
St St
_ 3
6=90° 6=180°
L ~ 2f
=
X
L &t
T ) 3 0 1 ) 3
St St



198

18

[1]

[2]

[3]

[4]

[5]

[6]

[ Abstract]

[ ]

Mollo-Christensen E. Jet noise and shear flow ingtability
seen from an experimenter’ s viewpoint [J]. American
Sc Mech Engng J Appl Mech ,1967 ,89:1- 7.

LiuJ T C. Deveoping largescae waveike eddies and
the near jet noise fidd [J]. J Huid Mech,1974 ,62:
437 - 464.

McLaughlin D K, Morrion GL , Troutt T R. BExperi-
mentson the ingatblity waves in a supersonic jet and
their acougtic radiation [J].J Huid Mech,1975,69:
73 - 95.

LaurenceJ C. Intendty, scde and gectraof turbulence
in mixing region of free subonic jet [ R]. NACA Rep.
No. 1292.1956.

Laufer J, Yen T C. Noise generation by a low-Mach-
number jet [J].J Huid Mech,1983 ,134:1 - 31.
Lyrintzis A S. A review of the uses of Kirchhoff’ s
method in computationd aeroacoustics [J]. Trans
ASME:J Huids Engng,1994 ,116:665 - 676.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

. [M].
,1994. 158 - 160.
Fu Dexun, Ma Yanwen. A high order accurate differ-
ence scheme for conmplex flow fidds [J]. J Conput
Phys,1997 ,134(1) :1- 15.
Dimotakis P E. Entrainment into afully deveoped two-
dimengond shear layer [ R]. AIAA paper, 84 - 0368.
1984.
Pgpamoschou D, Roshko A. Observations of sypersonic
free shear layers [ R] :A1AA paper 86 - 0162. 1986.
Mitchdl B E, Lde S K, Moin P. Direct conrputation of
the ound generated by vortex pairing in an axisymmet-
ricjet [J].J Fluid Mech, 1999 ,383:113 - 142.
FreundJ B, Lde S K, Moin P. Cdculation of the radr
ated sound fiedd udgng an open Kirchhoff surface [J].
AIAA Journa , 1996 ,34:909 - 916.
Moore CJ. The role of shear-layer instability wavesin
jet exhaust noise [J].J Huid Mech,1977,80: 321 -
367.

NUMERICAL SIMULATION OF THE SOUND FIELD
GENERATED BY AXISYMMETRIC JET

HU Guoging', LIU Mingyu?,

FU Dexun®,

MA Yarrwer?

(1. LNM, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, P R China;
2. LHD, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, P R China)

An dgorithm isproposed to combine Kirchhoff integra and an unsteady flow computation. Axisymmetric jet flows are

given by DNS usgng 5-order accurate upwind compact scheme and 3-order accurate Runge- Kutta scheme. Kirchhoff integral is used to
predict the far-fidd sound. Numerical results show that farfidd sound pressure has the directivity and reaches maxima value at 20°

diverged from the flow direction. The directivity is attenuating while the propagation distance isincreasng.
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