% 30% T W M=z =ik Vol. 30 No.7
20154 7 A Journal of Aerospace Power Jul. 2015

XEHS:1000-8055(2015)07-1645-06 doi:10. 13224/j. cnki. jasp. 2015. 07. 016
A SH A B L = > 3
K ESss iR EEFE ARSI

WH AN, AHE, 2 K, FRA!
(1. dbE s ik ke BBl S8 TR, JEa 100191;
2. WEMLE T ERAF e A Sl e, W 110015)

1 B EHSENABRME S LS L, KR IE LR B & S PLTR A S HER R G4 LU R R4 T T4
LTS SCI, LA IR TR A R R WS TSR B A i 100 WO AR B I 37 75 3 M0 0 A e A R MR A A 4 2R
FW . 5 R AR G 2% 0 56 v BB A LY, D3R TR 6 9 I8 A AV AT B A AR S ) oA T A0 SR v AT B 11 7 TR 2
T FE s R A AR R T ) (6= 150 (14 A 7 R G W S I AR i wP ie O ) R 36 O 4 A R T
Fifi 2 I8 IR VR A i HH 11 Ak P AR A T B 2 1 TR D SRR R A U B Y R T A SR AR P A g AT B
R R FE R A 23 S [R) R B 0 A 78 IR AR G 4 B T R 5 ) (0= 150°) 119 5 7 e 4 R IR ST o B . Y (]
HhifE T R L ) 1 5 R R A T

kX # W KEMEWHRBEEIN: BELNHRRG: BMEGEH: 40 0BRISI00, B
hESES: V231 XHAREM: A

Experiment of jet noise reduction technology using lobed mixer
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Abstract: On the basis of the baseline nozzle with annular mixer, the far field noise
spectra performance and the noise reduction of the nozzle with lobed mixer were investigated
under cold jet condition through scaled model experiments of high bybass ratio turbofan en-
gine mixing exhaust system. The experiments were carried out on the jet noise experiment
rig in the anechoic chamber. The experimental results show that, compared with the baseline
nozzle with annular mixer, the nozzle with lobed mixer has better jet noise reduction at low
frequencies, but the sound pressure level increases at high frequencies, while overall sound
pressure level reduces at downstream (0= 150°) but increases at middlestream and up-
stream. With increased velocity differences between core exit flow and fan exit flow of lobed
mixer, the nozzle with lobed mixer has better noise reduction at low frequencies, but the
sound pressure level increases at high frequencies, while overall sound pressure level reduces

at downstream (0=150°) but increases at middlestream and upstream.
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Fig. 1 Schematic diagram of scaled model

experiment nozzles
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Fig. 2 Dual-flow cold jet noise experiment rig
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Fig. 4 Comparison of far field noise spectra between baseline nozzle with annular mixer and nozzle with lobed mixer



1648 o= B

g1 % i 5530 %

TR A A kg 304 55 0 2K B (S YN AR AR S T4 I
Y RS, A dB) L R A S
WD AL (2).

_ ID;
Sr = Ul @)

A f OISR Uy S WA ) 0 R
S, = 101g(p*/p2) = 201g(p/py)  (2)

Kt p HAEE; po=2X10"° Pa, B 5l K.

P 4 AT O R WEAE B3O 1) (0=60°) |, iiF
J5 18] (0= 90" F T i 5 0] (0= 150 , B ot 7Y g 4%
IR B 75 W% A5 1) 32 75 47 00 i 359 525 o i) v 4 )
AR R 9 0 R 53 A il FEL WS A MR 7 G 7 A 1) AH B
PERLAEE. EAL L AE PR TR A [ B 4%
PRTT i o R B4 0 I AR G A I A O 7 4 1K
B 75 FEGAE WA U7 D 1) L b e O 1) R U
TR YR T BTG 400 B I 7 3= 2 4 v 7E 845 T il
J7 1], 33X — 45 5 5 ek [20]— 8. 3 & b el 5
Fiim s KR IE L b & s HLTR & =CCHE &R S8 it
Hh A A R it U 45 A L A N RO i U 45
¥, W S AL A0 B W 7 R g 00 B R 7 7 2 Y
F B WA R I ) 04 R B LR R
T P4 A oy F2 10

K BEdi i
(fEATINE )

N BET

WP ()

B 5 KIWAIE L B & S AL I e 7S 5
Fig. 5 Jet noise sources of high bybass ratio

turbofan engine

2.2 WAMESRIEEE X BRITZE G

K 4Ca) & 4 FIEL 4 (o) X 22 B, bl %
PR A IR A B 2 1 B K (BRI FE M, =0. 9 1510
T Mag=0.7,0.6,0. 5) , 3 v RUGE A F R IR &
i WS AE SE P b I B P T 3% T B AIG. X o
PRSI ST R B 22 G KL 4R s T IR R G A R
PR A 2R X2k AN A RS TR A 1R 5t
iR 22 0 R RU B i A 4 R A Ak R N RUBE i T
G5,

2.3 BEMEAHRHEBREEIRSN
H T 4 AT UL e A A1 88 HE D i o3 ) A [

MR, 55 58 o B T4 AH LL L D% TR & 28 W4 78
WS A8 B 30 5w v i O ) R0 T i 5 T B AR B 1
A ARGF B 3 Mg Ak L T R A B ) PR R ) A [+
FEREM T o X — 45 2R 5 SCER [ 23] — 2. A X
B WORR A A% W84 75 W T U 1) A o MR AR
T, I FL R A 75 R 2 T v R R R ik
SRR IR A A A BIREN YRR
AWM BERIARAPE S THREERA
oSSl A R 22 1 i O 45 ) 1 /N IR
it U7 245 KA B A8 T /0N IR s 9 45 4 7 A Y s A B
W 75 2 ) WA LU O AR . NI 4 (a) (K 4
(b) AL 4 Co) 1% L AT 1, Bifi & P A0 T8 < i 3 2
25 B R PR TR 5 9 o A PR A0 B 19 o3 M A0 SR ik
St e T Sk, I AR AT 2% 3 T o R K L e A B R
A T v e B O R R B R R RS R IR A
i IS A5 v A0 B 1 PR R A S TR R Y T e
A W A W AR L 0T B v A B M 7 TR R R
M AL T 3 i A B PR, AT b i R TR S 4 A BB A AR
by 3 AT W 3 M 7R AR BT An .

1) £ Ma.=0.9,Ma.=0.7 T, 53
TRUWEAE A LU, AR 5 45 WA 1 0 7y 1) ) 0 00 Bt
AL 0. 7~1.1dB By R B3R AH & 450 B i 7 R
A AT B KB IE 2 2. 5 dB; BRER A 4
i 7 ) AR AR BE A 29 0. 7 dB 1Y MR SR L B 5
B 75 R O — 2 R Y TR T B LIRS
AT L ) A I (R R IR 24 3.3 dB) 5 I
TR G A WA R UE J7 1) () AR 00 B ok MR 8 AL L A
(BEMRZY 1. 4~1. 8dB) , I H. 1= 3 Be M 7 1) 35 Il
AN PR G AR WA U 7 ) R A 1) A A
L o i A0 B 1 75 TR 2 B b B AR

2) £ Ma,.=0.9,Ma,=0. 6 1EH T, IR
B i WA 1l 1) 8 AR AT B ek M 8 R o — 20 3 ik
(55 35 v R BEAE A LR R 24 1. 8~2. 3dB) , {H & 45
BB R QAL AT BT T i (5 35 ofe 7R A5 A HL AR K
WYY A 1dB) ; PR & 28 WA b i 7 ) ) I 0t
B MR U 0 — A 18 ik (5 35 ofe R I A5 A L e g
250.8~1. 6dB) . 1fif /& Ml Bt (1 75 R A — 2 &
) T i (5 i o TR0 IS A A 1L e KIS IR 29 5. 8dB)
ANAE FE IR A A8 A LR e % B L i LA
e Mag =0. 7 15 B0 04 B 585 JIRTR A 48 B4 T U
J7 1) B4 AR A0 B 686 M 205 S B i (5 66 o 7R 55 45 A L
FEMRZ) 2.2~ 3 dB) , (= 400 B MR 7 09 185 L 45/
(BP: b Ma. =0. 7 1% DL B KO, 5 PR A 2% 18
AL 1) R e ) R LG R B Y R R )
IRTAC i



|

T A= 45 < DIOEIR A A 0 O I MR 2 R S 56 1649

3) £ Ma..=0.9,Ma.=0.5EM T, IR
B w1 7 ) 1 AR A B oA M Ak SR i — 2 1
5 (5 M R G AR LU R 29 2. 5~ 3 dB) L H & 4
Bry W R AR A BT T R (g 3 o AR A AR FL I
RIGWE LY 5 dB) 5 P AR A #5545 Hh e 1] 09 AR A5
B 558 MR 2 R P 0E — 20 i (5 o R A R L R
WE 24 1. 6~2. 5dB) , 1M & M B (14 75 R 40t A XA
— o AR FE I I v (5 o AR AR L AR R IR 2
6. 7dB) , ANH LM IR & an WA E I 7 1) 6 1]
.0 H AL Ma. =0. 6 15 500 B & 5 76 95 TR &
A WA Ui 1) A AR B bR R et ) (B R
T IE5 AH LR MR 24 3. 2~ 4. 8 dB) 5 125 #9i Bt Mg 75 11
SIS O (5 5 o AU s A AH L KA iR 29 2. 8.dB,
B He AN Mag, = 0. 7 15 08 09 A — E FE 0 3
O, 5P IR A A WA L I 1) A b ) A
LY o e LB B 75 R A W 8 AT
2.4 EIRES|/EBIEBIRIZ S HIE m S
Kl 6 8 Ma.=0.9, AN[A] Mag 5514 5 5 1 A
W A7 R IB I VR A T A T UL O 75 3 4 1) P 0
Fo. Sop A SCIZ R 200~50 000 Hz 15 Fil Y 1Y 6
7R (OASPL) s n AN [R] A e 922 Y R TR
P st BRI T E A R AKX WD,
Sl = 101g(10% 5t + 10% 152 o= vee 410" 5t )
(3)

— HE R
gge  — AR A BRMUE

() Ma,=0.7

—— LRI
AR A R

(b) Ma,=0.6

— HLHER
90° ——— AL A

(¢) Ma,=0.5

Bl 6 ki AU WG A5 AR A 25 I8 A8 O 7 1 48 ol X L
Fig. 6 Comparison of far field noise directivity between
baseline nozzle with annular mixer and

nozzle with lobed mixer

HH &L 6 1] LA 78 P9 AR 5 R 5 i)
FR TR 25 A, 5 3 o BT A LE L 08 TS 5 4 15
BRI (0=150°) Y o 75 2% I B BRI, A0 08
W45 Hh I 7 1) R g i 1) AR R G T . AR
5Ca) JE 5(h) AT 5 (o) Byt HL ik ol B L Bl & N
AN T 22 (3 K CENFE Ma, = 0. 9, Ma, =
0.7,0.6,0.5 6L T, AR & 5 W8 T W J7 )
(6=150°) Y 2 75 s 2 % AV B om ), o A0 s 2 4K
WL 1. 7,4,5. 2 dB; [A] B 5] 2 0 TR & 45 Wi
A TR AN L iR RS R GO BT T e, T
EIEERKRA N 1.1 ~1.5dB, 1.2 ~ 2.2 dB,
1.5~2.3dB

3 & it

BEXF TR TE LI B A S LR & S HE R R
SR B TSR L 5 2R PRI TR A i 10 25 v B YA
HH EE DR & A WA LAY IO I U . A
W

1) e TR WS 4 R R 5 i I A ) O 7 3
Bt 3% 5 B 18] iy 06K 1 0 2 AR O3 A,
TE PSR T i K 23 AR [ (4 2% 1F T AROBE 1Y
PR AR WA L3 T 18] L HR i O 1) A0 98 7 1] 4K
UCTF 5 5 B A ANIER =0 3 22 1A 389 R AR B A
s 95 2 i B AR

2) WA A e WA T AR Be B AT R 4 1Y %
M SACSR AR o B B P T A i T e LR A B0
MR 5 Ax WA T U7 07 1) B AT i i 19 K W2 R O HL
v RBEAS TR 00 T AN K5 Bl A A T8 AL 3
JIE 25 09 39 O Dl TR A e ARG U B Y e M SR
TR SR i Y S [k MR A3 D 8 7 A R L e A B A
JE G5 64 T vt A [ 7 8 b 496 K



1650 Wi 2 @

Ji

&I %30 %

3) PO G A WA T W7 10 (0= 1507) 19 &
P U A M AT, 20 (0 I8 e TR 5 A WA o e O
T 1L 35 5 1o 549 S P T T R 5 A PN A IR R
BB 22 B MG R PO R S AR WA T Ui T 1A (0=
150°) B Sl P s 2 3% A1 S T . ) el 5 | 2 90 O
TR e WA TR i 7 1) A e 7 1) B9 B0 TR AT BT
T,

SEH:

[ 1] US Environment Protection Agency. EPA 550/9-76-013,
Noise standards for aircraft type certification: modification
to FAR part 36 S]. Washington DC; Enviroment Protec-
tion Agency,1994.,

(2] (EACWRERIINCE I RZE L. SRR S CEE 5 6
3 HESOR A A A AR LML dbat Aizs ol s kit , 1991,

[ 3] McCormick D C. Vertical and turbulent structure of a
lobed mixer free shear layer[ ]J]. AIAA Journal, 1994, 32
(9):1852-1859.

[4] Simon CM,Yu] H Y.Jeffrey K L. T. Velocity measure-
ments downstream of a lobed-forced mixer with different
trailing-edge configurations[ J]. Journal of Propulsion and
Power,1995,11(1):87-97.

[5] Simon CM,YuTH Y,Liu C Y. The mixing characteris-
tics of forced mixers with scalloped lobes[ R]. AIAA 96-
0117,1996.

L6 Bt iz kahplas it driM]. deat: Je st i s ATk
KA AL 2006,

[ 7] Babbitt R R,Cohn J A. Advanced high bypass mixed-flow
exhaust system design study[ R]. AIAA 91-2242,1991.

[ 8] Abolfadl M A, Sehra A K. Experimental investigation of
exhaust system mixers for a high bypass turbofan engine
[R]. ATAA 93-0022,1993.

[ 9] Vinod G M, William N D. Lobed mixer design for noise
suppression, acoustic and aerodynamic test data analysis
[R]. NASA-CR-210823,2002.

[10] Tester B J,Fishe M ]J. A contribution to the understanding
and prediction of jet noise generation in forced mixers[ R].
ATAA-2004-2897,2004.

(110 XA B, 28, 45 B BOxh R R R A HE R &

PERERZ W [J]. AL 2s 3 J) 2441, 2010.25(8) : 1683-1689.
LIU Youhong, FAN Chao, XIE Yi, et al. Effect of lobe
numbers on the performance of a lobed mixer in the forced
mixing exhaust system[]]. Journal of Aerospace Power,
2010,25(8) :1683-1689. (in Chinese)

(12] 2R3 XA 380 26, IO s 9 LU X O i IR A HE R

GUrERE AL ], A 3 Iy 441, 2013, 28(8) : 1736-1743.
LI Teng, LIU Youhong, XIE Yi, et al. Effect of ration of
height to width of lobe on performance of forced mixing
exhaust system[ ] ]. Journal of Aerospace Power, 2013, 28
(8):1736-1743. (in Chinese)

(13 T EM KA R G5, 55, B4 M & 25 G 18 T2 4 IR
BAPERE R [T, 0= 3 J 4 4. 2012, 27 (10) ¢ 2236-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

2242,

DING Yulin, LIU Youhong, XIE Yi,et al. Effect of serra-
ted cut at trailing edge on performance of lobed mixer in
forced mixing exhaust system[]J]. Journal of Aerospace
Power,2012,27(10) :2236-2242. (in Chinese)

XA TR ME I, S5 R % V) A % T e K Sl HL IR
GHER ARG RS I Eae s L), Mgk R, 2013, 34
(6):734-740.

LIU Youhong, ZHANG Shaopeng, YANG Xu, et al.
Effects of cut angles at trailing edge of lobe on aerother-
modynamic performance of forced mixing exhaust system
in turbofan engine[ ] ]. Journal of Propulsion Technology,
2013,34(6):734-740. (in Chinese)

XA RT3 A R, A U I A8 O R IR R 0 TR
HE ARG AR WA [T, B2 BOR 5 T8, 2013, 13(18)
5226-5233.

LIU Youhong,DU Liwei, XIE Yi,et al. Effect of elliptical
cut at trailing edge of lobed mixer on aerodynamic and
thermal performance of a turbofan forced mixing exhaust
system[ ] ]. Science Technology and Engineering, 2013, 13
(18):5226-5233. (in Chinese)

SRIEAR sk A L BRI AT S SRR e Bl 43 F HESCWE A Y TR
S E G R )] A 3 1 2E 4, 2012, 27(5) 1 1139-
1145.

ZHANG Zhengwei. ZHANG Jingzhou, SHAO Wanren, et
al. Numerical caculation of flow and acoustics fields for
separated exhaust nozzle with bypass offset[ ] ]. Journal of
Aerospace Power,2012,27(5) :1139-1145. (in Chinese)
SHAO Wanren, XU Xihai, HE Jingyu.et al. Experimental
and numerical study of chevron nozzle {or jet noise reduc-
tion[ R]. Asian Joint Conference on Propulsion and Power
Report AJCPP2012-140,2012.

BT SR S L BRI AT A SRR S A o3 R R 2l BIL e i
a8 P 3580 1 (B B 9 L) 0. i &5 % 4, 2013, 34 (5) : 1046~
1055.

SHAN Yong, ZHANG Jingzhou, SHAO Wanren, et al.
Experimental and numerical research on jet noise suppres-
sion with chevron nozzle for turbofan engines[]]. Acta
Aeronautica et Astronautica Sinica, 2013, 34 (5): 1046-
1055. (in Chinese)

TR M. s KPR Eh A %ML db s btz it Kk
WAL, 2010.

Tam C K. Jet noise: since 1952 ]J]. Journal of Fluid Dy-
namics,1998,10(4) :393-405.

Crow S C,Champagne F H. Orderly structure in jet turbulence
[J1. Journal of Fluid Mechanics,1971,48(3) :547-591.

Brown G L,Roshko A. On density effects and large struc-
ture in turbulent mixing layers[]J]. Journal of Fluid Me-
chanics,1974,64(4) . 775-816.

Karavosov R K,Kouznetsov V M, Vlasov Y V. Aeroacous-
tic characteristics of the jet issuing from bypass nozzle

with multi-lobed mixer[ R]. AIAA 98-2258,1998.
(mE. R &)



