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Test of high-bypass-ratio turbofan engine jet noise reduction

LIU Changchun', GAO Kang', ZHOU Xunhuang',
CHEN Jun', LI Xiaodong”

(1. Commercial Aircraft Engine Company Limited,
Aero Engine Corporation of China, Shanghai 200241, China;
2. School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract; A scale model test of high-bypass-ratio separated exhaust nozzle was conduc-
ted on the jet noise test facility for simulating a dual-stream hot flow to provide far-field
noise characteristic of the turbofan engine. A baseline axisymmetric nozzle and four chevron
nozzle were tested and analyzed to provide insight into some basic mechanisms and trends of
this technology. Spectral and directivity results showed that high-bypass-ratio jet noise was
mainly dominated by low frequency component generated by large scale turbulence, leading
to the maximum directivity in 150 degree. Chevron nozzle was most effective at lower fre-
quencies and at aft directivity angles, and the nozzle was shown to produce peak sound pres-
sure level (SPL) reduction up to 6 dB. Penetration of chevron can significantly affect the
noise reduction. Bypass chevron configuration with high penetration provided the best noise
reduction among four chevron configurations, and the maximum over-all sound pressure level

(OASPL) attenuation was 3 dB. Core chevron configuration reduction was less than bypass
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Sl AR X . =0, DN S5 R T LR R R Sl BRSO R R s 58 (T ). 2 B 12 4R . 2020, 35(8) 1 1716-1723. LIU Chang-
chun, GAO Kang, ZHOU Xunhuang, et al. Test of high-bypass-ratio turbofan engine jet noise reduction[ J]. Journal of
Aerospace Power,2020,35(8):1716-1723.
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chevron configuration, in which the maximum OASPL attenuation was less than 1dB. The

combination of core and bypass chevron can lower SPLs compared with bypass chevron, and

the maximum OASPL reduction was 1. 7dB.

Key words:

noise reduction
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Fig. 1 Sketch of dual-stream hot jet noise test facility
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Fig. 2 Sketch of aerodynamic parameters measurement
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Fig.5 Sketch of chevron penetration angle

F1 BRBREXEGSH
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chevron nozzle with different polar angles
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comparison of different test samples

X EE Ll 447 AR M g TR D) AR B2 o 1) A1
A TR MR SIS R e O T T T 1) Sl P T 8 e v
Wt Sy 3 B H U A AL A 5 1A A8 R T i 5 16
TR i i B M A 1. 7 B PN TR R AT A TR M
RWOR B AR e M /N T 1B, X1 B3l I 1)
F 28 (9 Tt i - 15 92 Pr ) K S LR MR B3 rp il oA T %
SE S DR DA AE 32 75 11 Y B 1A I 3 e 7 AN i T 2 M 7
R L TR I T o e s AL A5 9 52 M A BR

4 & it

AR SO R TE E I B A BBIL A O HE AR HE
R WO R A R AT TSR BRI R TN
[ Bl s g TR g MR R 2R AN T



5 8 10

e A4 CWRE L B 2 B LI I TR 5 56

1723

1) W% 30 g A 2R RUE 10 7 A 1) A0 A e 7 oy
T HAHE YR A7 A 3SR R T5 0T i
150 B .

2) SNSRI SR T AN -5 PR R B
TR AR KRB e AL S 17/ RUBE s AR 1 A4
MRS LGN T AR S L SR SR R R R AR
SEI AN DA A DD T T AT S M 5 R TR AR
JEHIEAE T U7 1] AR ARABU IR 7 T X o A9 R 7 ) 52
Wi PSS o DA B g ) A/ TRl A7 g TR M R
I AR U 7 1) e PR TR S g P e O 3 B,

30 PALIER B U AR 1 — AR AR R T s A
a7 LA ol s A 6T SR B e M AR B A i
BN R+ P T e i P R R AE 1B LI

A PN B D AL LT LU A S I8 5 DA B R
2 R AR AR T R A S A Rl
B0 W T 1 R s G v MR R D 1. 7d B,

S 3k :

[1] TAM C W. Jet noise:since 1952[J]. Theoretical and Com-
putational Fluid Dynamics,1998,10(1) :393-405.

[2] TAM C W,GOLEBIOWSKI M,SIENER J M. On the two
components of turbulent mixing noise from supersonic jets
[R]. ATAA-96-1716,1996.

[ 3] BRIDGESJ,WERNET M.BROWN C. Control of jet noise
through mixing enhancement[ R]. NASA/TM-2003-212335,
2003.

[ 4] BRADBURY L J S.KHADEM A H. The distortion of a
jet by tabs[J]. Journal of Fluid Mechanics, 1975,70(4) ;
801-813.

[ 5] SALIKUDDIN M,MARTENS S,JANARDAN B A, et al.
Experimental study for multi-lobed mixer high bypass ex-
haust systems for subsonic jet noise reduction: Part 2 a-
coustic results[ R]. ATAA-99-1988,1999.

[6] KROTHAPALLI A, KING C J. The role of streamwise
vortices on sound generation of a supersonic[ R]. ATAA-
93-4320,1993.

[7] SAIYED N H,MIKKELSEN K L,BRIDGES J E,et al. A-
coustics and thrust of separate-flow exhaust nozzles with
mixing devices for high-bypass-ratio engines[ R]. ATAA-
2000-1961,2000.

[ 8] CALLENDER B,GUTMARK E J,MARTENS S. A near
field acoustic investigation of chevron nozzle mechanisms
[R]. ATAA-2003-3210,2003.

[9] CALLENDER B, GUTMARK E ], MARTENS S. Far-
field acoustic investigation into chevron nozzle mechanisms
and trends[J]. ATAA Journal,2005,43(1) :87-95.

[10] CALLENDER B,GUTMARK E J, MARTENS S. A PIV
flow field investigation of chevron nozzle mechanisms[ R].

ATAA-2004-191,2004.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

BRIDGES J,BROWN C. Parametric testing of chevrons on
single flow hot jets| R]. ATAA-2004-2824,2004.

RASK O,GUTMARK E J,MARTENS S. Acoustic inves-
tigation of a high bypass ratio separate flow exhaust sys-
tem with chevrons[ R]. ATAA-2004-0009,2004.

LOHEAC P,JULLIARD J.DRAVET A. CFM56 jet noise
reduction with the chevron nozzle[ C] //Proceedings of the
10th ATAA/CEAS Aeroacoustics Conference. Manches-
ter, UK : American Institute of Aeronautics and Astronau-
tics, 2004 :3044-3056.

FEZR N8 AR IDE AR Mt g W 7 s ) O 1k S S 0 ge () ). LR
Wy B 247 . 2008,29(4) : 587-590.

ZHUANG Jiayu, LI Xiaodong. An experimental study of
jet noise suppression methods[J]. Journal of Engineering
Thermophysics,2008,29(4) :587-590. (in Chinese)

VE VR AR ISR R I AL i A o O ak [ ). e
A ,2007,28(2):211-215.

WANG Yanghai, LI Xiaodong. Control methods for super-
sonic jet screech tones[ J . Journal of Propulsion Technolo-
gy,2007,28(2):211-215. (in Chinese)

fpdl AR VL SR VIR R B A T N HER R S
o W S B L. 2 3l 1 2 4. 2015,30(2) £ 324-330.

HE Jingyu,SHAO Wanren, XU Yingbo,et al. Experiment
of noise reduction in separate flow system using chevron
nozzles[ J]. Journal of Aerospace Power,2015,30(2) :324-
330. (in Chinese)

A[ R L AR IR AR R DA R BT A ) BA I VAL MR T Y S 36 BT A
[J0. #EdE 4 A . 2015,36(2) :167-174.

HE Jingyu, LI Xiaodong. Investigation into hot jet noise
reduction mechanisms of chevron nozzles[ ]J]. Journal of
Propulsion Technology ,2015,36(2) :167-174. (in Chinese)
AR L 4% B8 AR I o 22 2 280 R X PR G AL MR S ) ST 4
(I, W23 8 J1°4R . 2018.33(5) : 1057-1064.

HE Jingyu, LI Xiaodong. Experimental of the pylon instal-
lation effect on hot jet noise[ ]J]. Journal of Aerospace
Power,2018,33(5):1057-1064. (in Chinese)

TAM C W. Computational aeroacoustics-issues and meth-
ods[J]. AIAA Journal,1995,33(10) :1788-1796.

TAM C W, AURIAULT L. Jet mixing noise from fine-
scale turbulence[ J]. AIAA Journal,1999,37(2):145-153.
THUROW B S,SAMIMY M, LEMPERT W R.et al. Com-
pressibility effects on turbulence structures of axisymmetric
mixing layers[ J]. Physics of Fluids,2003,15(6):1755-1765.
DAHL M D, PAPAMOSCHOU D. Analytical predictions
and measurements of the noise radiated from supersonic
coaxial jets[J]. AIAA Journal,2000,38(4) :584-591.
TAM C W, ZAMAN K. Subsonic jet noise from nonaxi-
symmetric and tabbed nozzles[ J]. AIAA Journal, 2000, 38
(4):592-599.

VISWANATHAN K. Analysis of the two similarity compo-
nents of turbulent mixing noise[ J]. AIAA Journal, 2002, 40
(9):1735-1744.

(RdE. TR A





