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Abstract: Diesel engines equipped with turbochargers is
an effective way to alleviate energy shortage and reduce
gas emissions, but their compressor aerodynamic noise
emissions have become an important issue that needs to
be addressed urgently. In the studies of diesel engine
turbocharger compressors noise emissions, the pattern of
compressor aerodynamic noise emissions in the near-
surge condition, near-choke condition and its relationship
with the internal flow characteristics are still unclear.
Therefore, in order to study the aerodynamic noise
emission characteristics and mechanism of a diesel engine
turbocharger compressor in the near-surge and near-
choke conditions, the experimental and numerical
simulation methods were used to analyze the aerodynamic
noise of a turbocharger compressor in this study. The
analysis of experiment results showed that total sound
pressure level (SPL) of the aerodynamic noise for the
compressor increased with an increase in the speed under
the near-surge and near-choke conditions. At low speed,
the total SPL of aerodynamic noise was influenced by the
mass flow rate of the compressor more obviously. In the
compressor aerodynamic noise, the blade passing
frequency (BPF) noise was dominated. With the increase
of speed, the contribution of BPF noise to the total SPL of
aerodynamic noise was greater, and its proportion was up
to 75.35%. The analysis of simulation results showed that
in the near-surge and near-choke conditions, there were
obvious stall phenomena in the internal flow of the
compressor. Among them, in the near-choke condition,
the rotor and the diffuser regions of the compressor were
and the

dynamic-static interference between the impeller and the

dominated by multiple monophonic noise,

diffuser had a high contribution to both the axial
frequency and its harmonic frequency noises. In the near-

surge condition, the compressor inlet and outlet regions
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and the

interference between the impeller blades and the incoming

were dominated by low-frequency noises,

air flow had a more obvious contribution to the induced

low-frequency noises.

Keywords: compressor; aerodynamic noise; extreme

operating conditions; unsteady fluctuation pressure;

dynamic-static interferences

R AC1G TR A% RE P2 =y RIS H0 L D8 RIS
TRHERL , fE 2 s SR 8] T M. 4R
T, B T A& ShHLACHT N BB M RS RN IR e g rs 41, 1
JEA% 7= A NS R T R B AL PR R A ] Z2 )
— R BEAE ST AL B DR N W R L A
e A TR LU S R, X S BURSHLA mr3 n, <
SR HERC R . AR Sk, A B S A
SRR HE TR AR A E MR YR T AR, R
RSN HEROSC A T S BLIR e e ik 77
i TR ) L A

R RS T B AR Tz — it
i . AEME g, AT i R S Lis AT T
{90 5P e A 3 M 7 i | DT U4 78 e L A e
FERHE, X T AV 22 e T8 A sy T
YEo LigE PR as 5 22 LI T s il g
5%, M BEZN I i T YR AIL IR SE 1S R 2% 1 R 4R
SRS o g5 RER], AL S MR R G R A IR S
B FZ R IF . Raitor V5T T 8O RS ML EE
WP, A B 1 A (BPF ) M 5 -2 [i] B
M R R EME R . Figurella %5 TS W, 7E
JEAAIUI 3 2 451 558 N B A rhmT DU ER 2] 25
RS 25 F TR, OCF SEMPLIRAE 3G R 48 R AL
TEMCBR T30 Ak g i 2 473 LU IR =, T J R <L
TET Wi PR AL 35 28 00T B9 sl M s i e o2, %
e RS A EEE L,

XTI SCHR 12 B, A PR 5 2 T R AL
Mg P ) £, (LA ol A 2 Ty s 2t LA TRl R
— VR R TR S MRS I R PR A A v
GG 1, e s 2 AR ME 73 HEAS [R] W P 13 o —
b SRl R ) A% SR I R RPN e s
{H I 5 B M T e A R A s 4%, e A e o
WA, Ry 3E 5 T SR A 2 RE s, Tt
RS RSB S AR SRR Z B R . R
PRAN FIRAS R A 2 R FHEUE T ot AL
TR W s B 5, e ML RS B A L #
AR T2 F g i = Lin &M% R

PURGEE & 8 T T3, R T3 25 S AR B 75 A
B Khelladi %" 43 51 5k F§ RANS J7 7 Fll Ffowes
Williams and Hawkings (FW-H) 75 #2154 85 .0 KL
FU RS HUME A L Karim 250 5% A IR0 5
YEAT TR, 78 R AMLE Y O A 1155, 3t
TR PR GORU RS S Af o SR, 76305 Wi I R B %€ T
BT B SETMBILIR FE 1 28 RS S s Rt Ay
ISR AT SR Bl = DR G 5 BT R A LA
PIBEFE , LIBT3 s s RN shARHE Z Rl G 2R
J T A TSI AL R G TR TR AL S 7
T M I R385 2 T8 T A HEBCREE FIATLIE, A SCXF 5
P 2 RS HLIT R g A S oY, B e
KSR TR IE S S Z e R,
SR SETMAILIR o 1 PR AL B 75 HE R B I 2
PEFLSARAE . ASCRFFERESRINIE 1 FiR o

SEBFE TS SEEFHEA UL
CFD HE3H8 BRE SRR
\ BURTSASARI
o EREMEEETR » RERBAEN - m;u% i
e = SERERAEN, 3
. W \ BESHIENSHREL
> HiT ANEE, BRRRIA

TRARANE

B1 ESHXEEMHRIER

Fig.1 Investigation procedure
1 R FMATIE

1.1 RERZMNEEE

e T IS e ge PR RIS B 48 L T AL
MRS, W 2 s o FRAHLIE A 00 R 4 5
A0, 45 186 15 251050 &5 48 . PCB-SN152495 AL 75 8% |
PCB-HT356B21 A4k 8 1% & 4% . SIEMENS {55 %5 &%
A vty 1 FNIG e g g il 55 45 0 sl s s
() B PRI B N 1 T o S0 sl M 30 it 9 A 3T
FEMR TN 3 TR o
1.2 RIS FEFEIE A I

SARAIEFESALEE AR S M N A7 At M
P2, R AALEE DA E RN R T A o il
o, H T R38R X6 e ASOML A Sl W 7 0 P 52 T, TR %
10 PR P B b T2 1. 4m, 3 R 28 7 e 1A I B 1k
KT Imo BIETFARHT, X3 FRA282 1 TPRBE 1 e 7 F



5 S1 T

5%, A TR PR 0L LS S HE R S AL 5 59

L FEACHUE PR 2. FEACHLMEC TR F A + 3. FRACHUE IR PR 4. ISR 55, FRATHLs 6. JRATHLEI TR ERR B
7. FEACHLH CU B 8. HSBVHESCR I O. OSBRI : 10, WebLs 1L MRR ¢ 12, WSO+ 13, Wb tb -l
514, 2 SCHEACIRL; 15. 2 b ba s 16. REFRRASCHE 17. SR (GRS 18, 40 19. BRI 5 20, HHAEHL

B2 ESHMKARTEE

Fig.2 Schematic diagram of compressor test bench
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Fig.3 Aerodynamic noise test condition points
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Fig.4 Aerodynamic noise simulation condition points
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Fig.8 Aerodynamic noise emissions spectral characteristics of compressor under different operating conditions
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Fig.9 Aerodynamic noise emissions spectral characteristics of compressor under different operating conditions
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Fig. 11 Time domain fluctuation pressure distributions of the compressor inlet region under different speeds
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Fig. 13 Time domain fluctuation pressure distributions of the compressor rotor region under different
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Fig. 16 Frequency domain fluctuation pressure distributions of the compressor diffuser region at 90 000 r/min
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Fig. 17 Time domain fluctuation pressure distributions of the compressor volute region under different speeds
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Fig. 18 Frequency domain fluctuation pressure distributions of the compressor volute region at 90 000 r/min
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