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Abstract

High-quality flow field of automotive wind tunnel involves steady and uniform velocity, low axial
static pressure gradient, turbulence intensity and background noise, and no low-frequency fluctu-
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ations in the test section. Based on the aerodynamic configuration properties of 3/4 open jet au-
tomotive wind tunnel, and by theoretical analysis, numerical simulation and engineering estima-
tion, the thesis conducts a preliminary analysis of the decisive elements of high quality flow field
of automotive wind tunnel, including the aerodynamic configuration of wind tunnel, the matching
relationship of nozzle and collector, and the method of controlling turbulence intensity, back-
ground noise and low-frequency fluctuations. The research shows that: 1) The aerodynamic con-
figuration decides the velocity uniformity and flow angularity; 2) The matching relationship of
nozzle and collector decides the axial static pressure gradient; 3) Contraction section, settling
chamber, corners and fan section turbulence reduction, the roughness of airline walls and the step
of airline sections decide the turbulence intensity; 4) The axial fan, turning vanes and anechoic
chamber decide the background noise; 5) The vortex shedding frequency of nozzle shear layer and
the sound and vibration frequency of wind tunnel and the plenum decide the low-frequency fluc-
tuations. This paper gives the basic program and technical route of aerodynamic design of high
quality flow field in automobile wind tunnel, which has certain engineering reference value.
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Figure 1. Aerodynamic profile of wind tunnel
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Figure 2. Contraction curve of contraction section
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Figure 3. Outline structure of contraction section
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Figure 4. A diagram of test section
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Figure 5. A diagram of diffusion section
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Figure 6. A diagram of circular to rectangular transition section
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Figure 7. A diagram of corner deflector
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Figure 8. A diagram of heat exchange section
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Figure 9. A diagram of control airflow section
9. RERTEE

NN NN
NSNS AN
NN N

J
/
/
S

. 4
e T, N

X

(a) MEE A (b) FHLJE M

Figure 10. Honeycomb and damping net
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Table 1. Total pressure loss coefficient of each section of wind tunnel
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Figure 11. A diagram of fan section
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Table 2. 50 m/s, uniformity of dynamic pressure field in test section under different contraction curves
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Figure 12. Wall turbulence characteristics
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Figure 16. Axial static pressure distribution with different
area ratio
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Table 3. Calculation data of vortex shedding frequency of nozzle shear layer under different wind speed

3. FRIKE T OBV RIRBE SRR B ER

Wiy 55 IR E Sr SR X (km/h) WE 11 7K ) ELAR (m) M5 11 i A9 % (Hz)
0.34 80 5.09 1.48
0.34 90 5.09 1.67
0.34 100 5.09 1.86
0.34 110 5.09 2.04
0.34 120 5.09 2.23
0.34 130 5.09 2.41
0.34 140 5.09 2.60
0.34 150 5.09 2.78
0.34 160 5.09 2.97
0.34 170 5.09 3.15
0.34 180 5.09 3.34
0.34 190 5.09 3.53
0.34 200 5.09 3.71
0.34 210 5.09 3.90
0.34 220 5.09 4.08
0.34 230 5.09 4.27
0.34 240 5.09 4.45
0.34 250 5.09 4.64

ARSI 77 Bk U i 11 B USCEE 110 B R S 15t A 11 5 4 0 9 T g i Bl 2 3t 1l VRS 30
HAEBHE LN O F TR FEN 0.65 5. FR AR 15 SR e 5 U8R 1R AR 1 T RRRE, Al 0 ol e
LR AR ) 3Bl AR BELL ¢ — U (38 ) ik s, 23 7EmE LUV — i S s s 3 397 87 00 )
FEAE . W AE RS 5 WO DV 2 R i—Fh B R S IR ER, HE— B R T IR B N R 0B . R,
PSR 12 B X o 5 30N S AL 2 7= AR B B R 88l o el N 1B %, B = Bk R R 1T Y
wHE AR N2). (13). (14), HHEERWE 4 fin:

L. +AL

b =650 (12)
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Table 4. Self-excited feedback cycle frequency of nozzle and collector under different wind speed

3 4. NEIRGR TR O SWER O B M R IRIEER SR

HE km/h ARE e SR TIE) MR 1 25 F1E [R] (5) i (Hz)
80 1.25 0.06 0.77
90 111 0.06 0.86
100 1.00 0.06 0.95
110 0.91 0.06 1.04
120 0.83 0.06 112
130 0.77 0.06 1.21
140 0.71 0.06 1.30
150 0.66 0.06 1.38
160 0.62 0.06 1.46
170 0.59 0.06 1.54
180 0.55 0.06 1.62
190 0.52 0.06 1.70
200 0.50 0.06 1.78
210 0.47 0.06 1.86
220 0.45 0.06 1.93
230 0.43 0.07 2.01
240 0.42 0.07 2.08
250 0.40 0.07 2.15

3/4 ¥ AR BOR A RRAAA AL =R RS, — R IR IE SR P 22 s A RS R = A
FPRAEAS; =W - SRR XMW SRS . =R IR A S
SERE AW RS R TS L 15, ANFARS T ARG R ILE 5,

n-a

Je =50
K £, R WO A RAR, n NBESHEG o N BOERE, L ANIFAGFHE K.

15

Table 5. Frequency of sound vibration under different modes of acoustic blowpipe

#= 5 FERETERSTERMZE

FEHRELES 1 By 2 By 3B
Fi#R (Hz) 0.6 1.3 1.8
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UR A A T KSR s RS TTRE T, R AT 2 R vy i v Bl 45 A it e &6 SR e
2T B AT IR B LT AL 75 2 [0 e el p e PG R P i o o B AR I 75 A IR rT Y — A
SE RN I TAEIRBIAR S b o FETE AR (AN RS X B AR AT 16 a5, ASRRAS T AR

RN 6.
- a (16)
] 2 / 2 / 2
n, n, n
X y z
Table 6. Frequency of sound vibration under different modes in anechoic chamber
6. HEETRRES T ERIE
n n, n, F,.(Hz) ny n, F,.(Hz)
1 1 1 4.7 2 1 2 5
1 2 1 53 2 1 2 7.1
2 2 2 11.2 3 2 2 11.6
3 2 3 12.4 3 3 3 14.2
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Figure 18. Curves of test section nozzle vortex frequency and wind
tunnel different acoustic vibration mode frequency
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Figure 19. A diagram of Helmholtz resonator
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