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University,

Abstract: Establishing aerodynamic noise prediction method
for high-speed train head helps to quickly obtain the
aerodynamic noise characteristics produced by the interaction
between the head and airflow. For this purpose, the
aerodynamic noise simulation model of 1:8 contraction ratio of
three connected vehicle was established. The large eddy
simulation was used to obtain the body turbulent fluctuation
pressure. Based on the FW-H equation and the acoustic
perturbation equation, far-field noise and near-field noise
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were respectively obtained. Then a set of prediction methods
for aerodynamic noise were established. The difference
between the simulation results of the total sound pressure
level in the far field measuring point and the wind tunnel test
was less than 2.0 dB(A). Their spectrum change trends were
the same, and the magnitudes were relatively small,
indicating the feasibility of obtaining far-field noise based on
the FW-H equation. Based on the acoustic perturbation
equation, the total sound pressure level of the key parts of the
head region could be obtained. Comparison of the magnitudes
showed that the total sound pressure level of the bogie was far
greater than that of other parts. And this was consistent with
the microphone array recognition results. So the near-field
noise result obtained from the acoustic perturbation equation
was verified. By comparing the turbulent pulsation total
pressure level and the total sound pressure level in the
different parts of the head type, it was found that the level of
the bogie and the obstacle protector were greater than that of
the window, nose cones and body. Compared with the total
pressure level of turbulent pulsation, the total sound pressure
level distribution was of a better uniform and the magnitude

was smaller.

Key words: high-speed train; head shape; aerodynamic

noise; FW-H equation; acoustic perturbation equation

Fe B R A 4B R R AN ZE [ P JR B B A
DRFSHRIR Fe 18k 2 1O L PRI %, T Lt 257 BT
TSR I RBL T 5O E bR 3 5 4 R
g R R Es T R T R SRR, X 4
PR T A 7 38 M AR S0 BRI 7 AR 5 R S T A
BRI MRS MR B MR RE TR .

KBS BA PR LR S5 52 R4 L 2 R A
MR EAME RN GRS R

HEWH . BFESPAITRI(2016 YFB1200503—08) 5 i it [ BrBHH: B3 & VR E S €T (2016 YFE0205200)
B B BHA980—), B, B TR, B4, EEHFFE T R AR ESFE RS 5PR31% 6. E-mail: ck_gy@126. com
WEMEH . 28 R (1980—), B, BIffsT &R, 1+ A4 S0, T4+, EER T N EES RES FE s,

E-mail; qiliang@tongji. edu. cn



E1M [

PH, 56 W F 4 K AL 4 e Tl 125

WY S B PR, Nagakura 7EBESI 4 25 m SMfE
P B A T B 300 km « hT OB T2 & HB
LR 7 R B, Sk 750 B o) B R HE e 2% X J M 75 K F L
i X35, B2 43 B AT 3% 73 dB 1 76 dB. Noh 4502
BT 144 FETEZE 50 XS I w55 8 51 4 fr) M 7 R gt
RS, FRERHEE 390 km « h™ ' B A ZE 59 MR 75 4y
A5 P 1 R Sk U2 ) R D v R B B P R MR R

HT R R 4 2 B X U bk 3l R O AR R
B E R IR LR o B AR B, i g
Mg D i AR IS L i FW-H 520 3145 Xl
TSI JIRASAAN 75 28 EL BRI 4 BB 4 Sk
T Tt K 30 g R A7 MR 75 4 Y i iz B B B i Sk
TR F B BN IR, Hom T bk 3h B ) B A SE SR
P, BB A ZE IR B, 37 M st B S AT e 1
HEgREF7E 1 800~2 800 Hz. k&I H F W H T
R BHRBAELR FW-H 7250 5015 2 3k 4255 17 283
AR B W AL e 7S L 48 H 3 10 28 5 5% n) 248
T AT I L AR AR S L IR A R R R R R B .
A 23 FR 43 T 7 VR BB A I T 8 3R 5] B3 3 e 75
T, AR A BT RIREM FW-H 7, R H
FIIESLI T @ R 51 42 3k 78 3% 1 i I bk 3h &
73RN 3 W S T

Tt L Bk 3l R 1 R 3 75 2 42 N 5 A Mg 75 1 38
BRI SN A AE G BT AR g TR IR
BEEBOR, HABTHE BB 75 TR ARG A B I s
JE. BT 3RA8E7 IE, Ewert 259178 2003 4E#E S
BT —F&% 753 B (acoustic perturbation
equations, APE) 5Ll B 8] F1 23 (8] 35+ i i 3 i
TR Y. TEBY YR JHE R i L A B A 58 I 4 [R) A L
B T e hsh R M k. A S EE R s
FRRERE LA T —Fh S IR, YR Ah T 7 I (E 3
/NI . FaBmann 260K 75 3t 35 5 2 0 IR B RS
SISk B £ 1 R 7 AR DT T R 1t 3h
2, H IRTE NACA0012 HL3E J5 % L #i 2 £ FL.4r it
) R MR AR

RAE 7Bl 7 AR e e et ) B 8 O i —
R BB REE 5 18 FL A B, (AR N A F 14
PR B R FE R, AR R A 4 B R . BT SC
Bk K 22 56 1 2 B B30T T U Bk 30 s 0 ROz 3 Mg 7, 2R
RS . T bk sh B fE g R 2
Z P M T P SRR B — AT, PR R B A
WIS RS TFBORRARIE S5 . i, 43¢
DIFESL RO 5 IR R @ E T FW-H FREMAE
Bl 7 R B A 3 AL 7 M R R i B A IR
53 WL bk 3h FE 1, DT 8 37 — 3B R 3 4 Sk A

B BT .
1 HRFGE

1.1 KRRk A &

32 KR R/N B BR 1 H A E A5 E F R ge AT
1: 85 B /g B i KGR S o T B S0fE i B O
P PEER T HE S RVAE [R] B K2R3l 2 3 42 XU
171 845 tb = AR M B MR 75 NI NI B 7 42 ¢
TEIRTS B i S b b b SR P 3 7 S 43 ek 2D S %
FEXT R Bh AR S e, A& 1a . 130 42 4% 3
BJE s XA RS A AT , B SRR AR B 2

BHMFE IR R VAL R R B MR TS I AR
Pz — AR AR R A M A & 3 Mm% 2 e X
7% 3 W S5+ Fn4s LA B S B e 7R RIS ok 2 R
1SO3095 #RifE , 45 & 1R 458 i M 7 dn vl B i ¥ &
T XUBE 2 B AU ARTE 7. 5 m, B BEEEHbAR 0. 8 m. I
MO IEXTHH A 5 BN R0 E AL, &0 5 P1,
P2 71 P3 488 3. 0 m, 70/ 1b FiR.

TR RN R 22 I R A RSB s R
SRR HERR R HE BT 22 50 X0, JT 8 OB 88 3 PR AR 7Y
bF 0°. XIS XA E TE 250 km « h™' B, WE K
FEATER R AL BT ] 4351 A 48 kHz 1 10 s, B3I S5
PR R G AT R E. RE IG5 IFE
PR e L P AR AL A5 B I 6 7S e R 0 75 2

a 1+ 845 L =F R ik e 7

2 3m 3m

— o &

1.
!

ioPl P2 P3

b T
Bl REERSiEGN R
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Fig.2 Computational domain and permeable surface

{#iF STAR-CCM+ 4 Trimmer+layer B4
B R IR AR A B TF IR AU X I BE X o 4 2
KO AR T BEER 0.8 mm, KRR 1. 2,3t 8
E W0 52 A RS 1 2 AT R v A1, 4 ]
XoF Sk 2 B A A i 2T A R AT AR I, in 4 DX s
B 3a Iz, 0% DX 25 6] A% K /NG3 500k 6. 0 mm F
3.0 mm. &IN5 X Ab, B4 T A 25 18] A% K /N
12. 0 mm. A5 4 k& B0 2 R T BB (5 AR 43 1 P
7] LA B0 1 B AR 43 T L, DA 488 755 3 37 e 7 T3
DUKS BE. AR AR A 4 043 TR , T
JE A% TR B R , AN 3b .
1.2.2 WitHE T

% B B THIR R X L 5 R4 Ma~=0. 2, R 7] Fe
THE RS 7 4 1T WU AN B S e 8, R AR R e
MR SR AT R IR AT 45 A BE 38 N
JRI R I8 %5 45 AU (wall-adapting local eddy-viscosity,
WALE)!), A HHA T A% TR, 208 B X A 2 R
BOANHURR, BB 5 Bh 4 R Y BE T H00E , =R AR A
2 BT PR Y 2 —. 38 i R AT A4S B 5]

3 B Bk 3 s 0 .

a N X
B3 mEXSMEEE

Fig.3 Encrypted area and grid section
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Fig.4 Acoustic perturbation region
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