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Effects of modeling design on centrifugal compressor

aerodynamic noise
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Abstract: The effects of modeling design on compressor aerodynamic noise were studied
by numerical method, the calculation results of the three-dimensional flow field indicated
that the modeling designed compressors and the original model satisfied the similarity criteri-
on, and the relative error of the global performance parameters were less than 2%. The a-
nalysis of compressor flow structure further confirmed that the flow field of the modeling de-
signed compressor was similar to that of the original model. The compressor aerodynamic
noise was investigated by a hybrid computational aero-acoustic method, which combined un-
steady Reynolds averaged Navier-Stokes equations and boundary element method. The re-
sults showed that the compressor aerodynamic noise was mainly composed of discrete tones

and broadband noise, and the discrete tones dominated in the spectrum. The total sound
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pressure level of modeling designed compressor gradually reduced with the decreasing scale

factor, the peaks of modeling designed compressor discrete tones were slightly lower than

those of the original model, but the broadband noise was greatly enlarged. Compressor aero-

dynamic noise showed obvious acoustic directivity in the inlet duct nozzle, the sound pressure

amplitude and directivity of the modeling designed compressor was weaker than the original

model, and the trend was proportional to the scale factor.
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Table 2 Theoretical value of compressor global

performance parameters

M
e
JRERHLA R ML 1 BRI 2
iy 4.2 4.2 4.2
&Y 83. 46 83. 46 83. 46
3/ (r/min) 23500 26857 31333
PRFR &/ (m® /) 9. 44 7.23 5.31

2 mLo

BAMESH

2 G BIL Y 2 R G ) L A Y
R P A G RE 2 BN R BSR4l
VOIS 2 09 2 B AL BILE AT TL AT A 74 3]
AR HLAS AR LA BB A AL . RSO SR 1.2 5 vh
JIT IR A9 53 T7 1 68 B AL BIL B P RE S i A
TR IR T A B T A Y e P il £ T
K 3 s

2.1



95 2 3] X R AL BT X B0 AL ) S Y5 e 489

6‘0 T i T T . T T T T ¥ T 85
. )—":\.\. ﬂ |
) A\ % 180
1 *
50 i 3175
2 L L R gk | { ®
=4St - k17048
- PR = ‘ ‘T'-:.‘-':‘:"l;‘:‘ 1 =
40T e BB LA N 1%
L[ - iRE Y 1
35 ¢ —em gt AL i 160
-+ - FHHRCE 1..
3.0 e : 5

; i A i 5
40 45 50 55 60 65 70 75 80
(AR (miYs)

B3 BALHL T 3T B AR M
Fig. 3 Characteristics line of modeling compressor

at designed rotating speed

T S o W AR AL B AR Ll S
L1 45 45 Y iy B G AR ORI i AL Y 803 4%
R e N0 A T SRS AR I A A B B
WwhEPEh g . Il DLE W 05 2o R A 2 60
Ji EE /N T BE S T LE L T RCR B S A W) .
PEHILE RE il 2 il AR B B2 O B — 2 T2 B2 L9 5
TSNS X AR FL RN B S B

Fe ML Bl M 23 B 32 5 B BIL 2R 19 13
AR R R AT, 3R 3 45 T T & LB sHE
5 2 ) B R LRI L AT LA 4% DL 353 45
SRAEAR — B0 UL R AL BT84 b R T AL
BERAERE

3 ESNERMERES ST HE
Table 3 Calculation value of compressor global

performance parameters

B
S
JRARALE B AL ] AL 2
I 4.19 4.20 4.19
R/ Y 83. 46 83. 30 83. 32

2.2 RIBEST
BE— 2 LA AR S 25 A 247 20 AL 1 4

300
250F - HEAEHLE .

* ﬁf&“[.@z "—‘. q
200 B

i /kPa
=

100

50

XTI
(a) 10915

300

- R
250+ + BALHLEN
- FEHLEI2

(o]
=]
(=1

it /kPa
g

=
(=

50 ' ' ' :
0 0.2 0.4 0.6 0.8 1.0
EEOE e
(b) 5090755
300
b AL
250F - SHkBLAN ,..-\
« BifkLAI2 b
£ 200+
& 150}
100 ¢
50 “": I I |
0 0.2 0.4 0.6 0.8 1.0

LiEES A S
(c) 90% 15
&l 4 SR 35 18 #E 5 Ai % L
Fig. 4 Comparison of static pressure distribution on

compressors rotor blade surface

2 T A LR G 5 R 3R T 0 A B PR A
brJe et A ARG 554 . N ol U H TR AL
Yl - THT 1 7 TR 40 A BE AR AR A L ALAE 90 D0 M i A
B N2 TR BT R AR DL

Pl 5 2 AL 500 Sy T L = B K

LL (kg - K))

' 400

300

’H 200

(a) FFLAHHLAY

A/ (I (kg - K))
l 400

300

b 200

(b) AL AL



490 it o= B ¥ 5534 4
LEA/Ji(kg - K)) ik EL
. 400 ' 1.6
300 12 f.".~
B\
\
& 200 -

100 ¥4

0

(c) BHLHLAE
BlS  HAHL 500 Sy B AR 2 B K 4k ]

Specific entropy contours and streamlines

Fig. 5
distribution of compressors at 50% span,

S, section

T NI R a] LA sk AL 28 A AL AL Y L
W o0 A B AR — B AR B 1 2 G R it Ak A7 A
R EI R o MO E U AT LA 48 ALY R AL
TR N 2] RS, T Bh o B A LA B
BEAL B R IE T3 SRS A

FEAHL 50 06 5 S, T S A 8 43 A i 151 6
7« PO BEAR AL AR HE 43T T 1 DRIk HC e A
BT IR BB AR A AN L SO A AL 25 A1 T AL Y
P4 B R KSCHE AR AH [] . 45 HIL 28D 18 O 3k J3E SR 78 4 3 A
TERE T 0 B 1 it Jr R G A A7 AR S b KA A

i DL 0 G RE S KO R L R I
S5 X HE AT LA L A B i s SO X B T
U5 AR AL BT R LB — B, W] RLS R A

-,
e J

(a) JEER LA
S
1.
1.5 ; g :"l’ (&
- 08 ‘r Z 3 |
04 »

(b) BEAEHLA

(c) BEfLpLAY2

Bl 6 JESHL 50 ntm Sy T ik & o3 A &
Fig. 6 Mach number distribution of compressors at

50% span, S; section

B 2L PR A 1] 9 9 s R 2 o DAL TA S A5 A 1L 28 ]
T 5 B2 B 3

3 BTSSR

3.1 SEREN T *

FE Ll PR B 2l 75 2 e AT Ly
O BRI R R A R A R DU A R R AR
T U SRR g R JRE MR A L R A R A R
/N o DRI BRI P R R R 2 R A R R R 1Y
i 40 M il U by A A 7 RS RS 4 Bk 2l g i S e
PR RS P 19 6 UCTT L FE L T DY R 1 R R
S 114 Jok Bl L5 7 7 S 7 P R R Y 8 T
JRCIE B o DR A R SOBL AR Bl W 5 R i
TR T M P A DU 1 7 AR T DL

A A 5 75 U5 AT DLt — 25 0 O 5 WM
FEURAAR TE B R T 7R R P R T T A
HICAL P O A A I R 3 e 0 3R R LA A Ak 1Y
IV O ) (] IR AR S I R ) R R GE 2
U GRS R PR D i R R LA L
T8 5% 19 ot 2 T ek A5 A Bl R 7 S A DA T e 1
A P R 25 18] D A 75 IR T A SO B I
U T A g A A IR

JE AP Bl M A R ALL R R & T R s e
D7 ¥ 7 TR 2 B R A5 B B0 7 IR A L
PO B P 28 LU A A0Sl W T B8 O s R A IR R T
o ASSCHE et 5 i SOHLAR & 3 3l e 1 L 3
e S P TAT ) I ISR 80 T g 1 DA R A A Y
WErs A . A RE R U B UL ] RO 5 X
107" s DUGRAIEAE 454> 0[] 25 P9 1 e 5% AN i i
17, AT A R A S 8 Bk 3l s ) JR 0 e s . AR
I % 2 e SR e S A VR AR IR SRR R E B 3 1]
AR BT RE T B Y I P B KR O 100 kHz . il



5% 2 3 X1

FR A AL BT X 0 TR AL A3l W 75 A 52 491

OB E . H LR M R 3 R R L
LN AR L EROPE R <k /AW
N Z
Son = 60

Horp No R EASMUE L, Z S F ik 3L

JE AL BN W PR TSR b g R T R
R TE AR E H SN A A B Y B A R ]
P 1 B 3 T ok 3h 45 B 26 R B i PR A 48 5 b TR
PR R . TR G AL AR AR LR Y i
AT AR 5X107° s, AR UE M F 38
T AR AE TG AR B A R RS A P9 45 B K 17
Mg 7 1 43 9 R 43 R 65. 3.67. 4,67, 6 Hz,
3.2 SH;EEmER

W7 FroR s B SR 3l M7 B0 1900 A5 7Y
R AL 5 T8 A% L 35 50 T R 2 4 1) 1
MR . FRAHLI AT A% A 458 T AHLaE 48 BE
T A B PR A P T RE DL AT . AR SR
AR SALAE A 2R3 AOIRES T A 1R 3l
7 R A0 A R AL R R B
=5 AL 7 158 AR E R AE 75 250
TR B S 0 s EL S R O A [
B LSS 7 3 3k S5 A 4 5 B AE N R & R
WP BE T, DL ORTIE P 22 A8 B 452 3 FLSE I 10

Y S — A48 Tm ERIE A 4% 115
s, Bk K RS AL 50% 5% K 5 ik
SLWE T(h) B, Y S LARER S A
JEWEI 25 Py~ P o 75248 0] PR AR A B AEAH B
A =P L PR RRE A 1 m B 5 305
& ER O AR ]

JEAHLA 8 A E it i, H 3% i %% 3 23 500
r/minX} B {9 iR S AR 3 3133 Hz, Btk 10
kHz B3T3 2R 1 BR AT LA 55 25 5 e s /3
B WA A, PRI 35 R SOML S B M 75 0% 1 4R
H 0~10kHz, 72FH FooiH 5 dhm & 831 i
INERFEE N ZE DA 6 A0, B 298 K B 75

3

il BTG
-4 HE 1
PR

(a) B FLIC R4

[ ]
PsS
(0,0, 1.305)
Ir.) [ ]
(0. 1, 0.305) 5 (1,0, 0.303)
R
(0.0.0305)
L] P ; p53 L ]
(-1,0,0305) (0,~1,0.305)
(b) S5
YZi 45 i XZIAE [

®

XY

(©) F2 A5 I HE R
&7 JEAHLA SRR AR B (B m)
Fig. 7 Compressor aerodynamic noise prediction model

(unit;m)

A 344 m/s, WIXT N fi s S % 10 kHz 1 e K
PATE K BE R 5. 7Tmm, BRI AR SO 1 0T W A% 5
Y3 05 A% ROT K E /N T S mm, DLARUEBUE T 55
) HE AR BE
3.3 SopEEHH

FE W A A LAY RS S R T T AR B
B RE E 8 FroR . AT LA R AL B
Wk P 32 S R A T I e R R LR A A Y
RO IR P LR i R S A T A R R 2 R EL
BEECRE M R, ML T RGP, B AL
AU B HCR  FE FE G (E A BE AT AR S 0t
R v P R TR A A A A R T AT O R
AR HICER MRS Y O DR A 4 (AR 250 8 R It
3 U B B s I v AL 45 A 1R S FIIEL 6 TR
JEAHMLGR 906 B I 0 — R 3 A0 i v B4
HARE B AR UE T Wk 3h e B i 3y o A ot
Al DL — 25 i AR AL BT ORUE T He SBL L AT i
TSR LR

{855 S T R S AN ] L R AL B A e R
FEH KRS . AR5 AR E W s R s iR
It 7% i ik 4 SR B 2s 5 T P AR v R S . B
& LI 5 91 T B I 1 R Bl R i VR



492 w3 % %34 %
180 150
145
= g
“‘E “E 140
E £
135 —e— JRIRHLAY
o FRALHLE
L2
130 L— : : : :
Wi /K Hz Pa Pa i’f ) Po P
(a) Eﬁl‘f‘ﬂlﬂ f"H_“.I{ILiWLH.
B9 EAHA B B R
B Fig. 9 Total sound pressure level of compressor
150 F aerodynamic noise
S 120§ PRL T A A< B0 M BB 5 1 S iy b e — 2B g
gﬁ R = =3 —=
& 90 AP RS . B 10~ & 12 & s
b col AR PR AR TE 3 AN AR AR F- T8 N R RO I R ek
L% N FE 1 B ST A RS 1) . AR RT LA
T : B b XZ A YZ JE AR RSSO — A B
2 4 6 8 10 o B I N
(b) FifkHLA HAES OB — TR XN . FEE S0 R Y
150 Ko T8 1) P 0 T sk 55 W) B XY T ) G Fe
__:ﬁ M. AH TR ALAL, BEAL AL A 7S IR (E /N . 38
150 F o
1 90° — FEHLA
S 120 Gl — AL
SEEN pO0 - — {2
E 90H 300F 500 30°
B 200
60 S 100}
2 0F 180° 0°
30p . : ; . 100}
2 4 6 8 10 200 -
471 % /K Hz 300 ~150° / -30°
(¢) BEfLpLEI2 400 F 'Q '
500 ¢ -120° ~60° }
B8 JRAMLA S -90°
Fig. 8 Compressor aerodynamic noise spectrum () M g A
e T T 1 Mg 7 1 A A T TR AT e R AR AR AL AR e Y 250 ¢ 90° . —E?@g%;&l
MR R Y 5 R AR AL R, R A — 25 Ak L 200 ¢ . — L2
84T L0 2 0 30 AL L op 10 V7N
20X AL B e S 1 A R itk A7 1) g sof
B9 4y T A% ML LE PR W A 5 B 0~ = qg' 180° ¥
10 kHz S8 75 FE 4% T LA thy B 1k L 20 3 7% P ¢ 10} I\
1% ELAS A LG/ 7 R N . 45 W A 2 1] 150 —150° | B
e e 1 e . - 200 f i
L7 P22 31K 5 B D L 3 E = ©)
FALRE L R b A2 AL AR S S5 s, & AR R i 1}2?;%;
vl |
SRS .
Ay
INCEE EER e NS E= T S IO XY R
Fig. 10 Acoustic directivity on XY surface

B AR 1A 47 5 S0 S BRI 7 R 53 A5 0F R 857



95 2 3] X R AL BT X B0 AL ) S Y5 e 493

90° — AL
00 g o0 iaiehi
WO LI
2000 ) iiﬂ:mm
1500k 150 30
1000 |
£ 500}
# o 0F180° 0°
=500
1000 |
1500 _ . | N
2000 —150 -30
2500 F
3000L —120° —60°
_900 =
(a) i AR
90° — JR R
20y 120 60° — kil
C — 1
300 ) t:-efltmi_z
6ok 150 30
400 F
£ 200f
= O0F 180° 0°
E200F
400 F
600 F A .
sooL 150 —30
1000 |
1200L -120° —60° .
—90° <

(b) LIifFAs

BI1L XZ 0 2 48 )
Fig. 11  Acoustic directivity on XZ surface

90° — R LB
;Ogg r 120° 60° —-%EBL*&M
Woe A
2e00¢ o [ —iﬁﬂ:ﬂmz
lsoof 150 LA 30
1000 F
£ 500f
= 0F180° ®
500
1000 |
1500 ot s
2000f ~130 4
2500
3000 L —120° ~60° \
-90° '
(a) M AR
90° — JR AR
1000 120° 60° — i fLHLA
800 — AL pLER
600 _' ]500 300
400
£ 200¢
2 of 1500 o
=200}
400 F
600 —150° ELi
800 |
1000 ~120° ~60°

-90°
(b) LriHsi

12 YZ it 75 248 M
Fig. 12 Acoustic directivity on YZ surface

[ P 55 HLASAE N — B BB 2 X 5 RS
PLA B MR 7S S TR A2 5

TR

AR ST R R e R R R UL SR
EITFR BT 20 1 AR R LB e 75 1 52
Wi, 45 R W]

1) 56T AR I 33 1 A4S AL AL BY Al L AR IR
5 JE AR ALY TLART R 7 AL R G 1 iR 2 B0 22
TE 2% LN .

2) FEAHL B MR 2 e A A it ol o
W1 25 e AW ALk P B 5 R P R TR S A R
14 GE AT PR LR, L B R R S R M
TR AR ALY L Al ALY S AP MR PR R T G 0
S A RS T 5 00 MR 7 75 T 2 R 48 v . AL
PLAL RS FE 25 IR AL BY A LA BT A, FLAR Ak
FO/ ]y o 575 e g

3) JEAMLATSh MRS A BE T A B A
P A B LY L A5 A AL 8L 7 W /DS 4 1)
P » H AR B/ X — S

S % 3k

[ 1] JAPIKSE D. Centrifugal compressor design and perform-
ance[ M ]. White River Junction, Vernont; Concepts ETI,
1996.

L2] T, (%R U AL 5 AR & 6 A Al it s SOPL BT P iy
NHLD]. Ab 5t o E R B R, 2016.
YU Chenghai. Application of the low-speed similitude
modeling principle in highly loaded axial compressor design
[D]. Beijing: University of Chinese Academy of Science,
2016. (in Chinese)

[3] #RE. EAHRHB BRI KALFE AL BB 5ELD]. L.
A2 R, 2014,
HUANG Tianhao. Low-speed model design and casing
treatment study for compressor [ D]. Shanghai: Shanghai
Jiao Tong University,2014. (in Chinese)

[4] Mt GE Aml M MRE o RS S Wi m 28 0]
IR IR AR B0 5 B ST, 1995,8(4) 1 1-3.
CHEN Guang. Low-speed research compressor and turbine
facility at GE[J]. Gas Turbine Experiment and Research,
1995,8(4) :1-3. (in Chinese)

[ 5] WISLER D C. Core compressor exit stage study: Volume
T blading design[ R]. NASA CR-135391,1977.

[ 6] WISLER D C. Loss reduction in axial flow compressors
through low-speed testing[ R]. ASME Paper 84-GT-184.
1984.

[ 7] WISLER D C.HALSTEAD D E,BEACHER B F. Impro-
ving compressor and turbine performance through cost-ef-

fective low-speed testing[ R]. International Symposium of



494

1%

i1 EAREE

[10]

[11]

[12]

[13]

Air Breathing Engine ISABE 99-7073,1999.
BARANKIEWICZ W S, HATHAWAY M D. Effects of
stator indexing on performance in a low speed multistage
axial compressor[ R]. ASME Paper 97-GT-496,1997.
GALLIMORE S J,BOLGER J J,CUMPSTY N A.et al.
The use of sweep and dihedral in multistage axial flow
compressor blading: Part [I low and high speed designs
and test verification[ J]. Journal of Turbomachinery.2002,
124(4) :49-59.

LIM H S,LIM Y C,.KANG S H.et al. Experimental anal-
ysis about the magnitude of the draft frequency growth
near stall in the axial compressor[ J]. Journal of Mechani-
cal Science and Technology,2011,25(5):1317-1324.

ZEHO T R AR L R T R R W
R A AL BT[] s 3 J7 %42, 2015, 30(1) - 237-247.
LI Yankai, HUANG Tianhao, MENG Dejun, et al. Low-
speed modeling design for tip flow field of compressor ro-
tor blade[ J]. Journal of Aerospace Power,2015,30(1):
237-247. (in Chinese)

PG W A TRt S BT 5L T N U B Y R R
FEAHL 92 90 4 B A sh A B AR LT = 3 0 % ik
1992,7(1) :1-8.

JIANG Haokang, LI Yuchun,ZHANG Hong,et al. Exper-
imental device and dynamic measurement technology of
large size axial compressor for studying rotor internal flow
[J]. Journal of Aerospace Power,1992,7(1):1-8. (in Chi-
nese)

AR 5 AR AL T 5 O 5 LD w9 50 v Bt
23 R R 2, 2010.

[14]

[15]

[16]

[17]

[18]

(191

WANG Zhigiang. Research on the method of low-speed
model testing for high pressure compressor[ D]. Nanjing:
Nanjing University of Aeronautics and Astronautics,
2010. (in Chinese)

RAITOR T, NEISE W. Sound generation in centrifugal
compressor J]. Journal of Sound and Vibration, 2008, 314
(3/4/5):738-756.

HYOSUNG S, SOOGAB L. Numerical prediction of cen-
trifugal compressor noise[J]. Journal of Sound and Vibra-
tion,2004,269(1/2) :421-430.

TAELS AR SCUL, B8 T 55 S 00 6 1 s 4 1 A L
R PRI AT TELT ], AL T A, 2013, 34(1) . 76-80.
WEN Huabing, XU Wenjiang, BAO Suning, et al. Experi-
mental research on noise characteristics and mechanism of
marine diesel engine turbocharger [ J]. Chinese Internal
Combustion Engine Engineering, 2013, 34 (1): 76-80. (in
Chinese)

STEFANO F,STEFANO P, GIUSEPPE C. CFD analysis
of the acoustic behavior of a centrifugal compressor for
high performance engine application[ R]. Bologna, Italy:
68th Conference of the Italian Thermal Machines Engi-
neering Association,2014.

ZEGHEE L Rl R AR M0 B T 5 80 EAAHLIM.L db st [F B
Toll Hi it 1987,

NAVARRO R. A numerical approach for predicting flow-
induced acoustics at near-stall conditions in an automotive
turbocharger compressor[ D]. Valencia, Spain: Universitat

Politecnica de Valencia,2014.

(h#t. TR A





