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Abstract: Wind tunnel testing is a pivotal methodology
for investigating automotive aerodynamics. In order to
simulate test scenarios encompassing a broad spectrum of

real-world driving conditions, wind tunnel test sections
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typically demand a relatively low level of turbulence
intensity. However, as road traffic research becomes
increasingly intricate, the notion of simplifying vehicle
inflow conditions to uniformly low turbulence is no longer
adequate. On one hand, the evolution of autonomous
driving technologies has led to reduced inter-vehicle
spacing at high speeds, even giving rise to platooning
scenarios. Under such conditions, the trailing vehicle
with
intensity. On the other hand,

contends inflow characterized by heightened

turbulence vehicles
navigating through non-open-road environments, like
those flanked by trees or buildings, confront inflow
conditions that are far from being characterized by low,
uniform turbulence. The aerodynamic flow structures and
drag-increasing mechanisms experienced by vehicles in
these high-turbulence real-world settings undergo
transformation. To furnish a flow environment more

closely aligned with these road conditions, this study has

devised a passive turbulence generator, aimed at
emulating elevated turbulence intensity scenarios
prevalent in specific driving conditions. Initially,

numerical simulation techniques were employed to assess
the turbulence-generating efficacy of the generator, and
its resemblance to actual road flow spectra was examined.
Subsequently, an analysis of the wind tunnel test section’s
flow field quality and jet shear layer characteristics
revealed the amplification of low-frequency flutter
phenomena attributed to the turbulence generator. To
address this issue, a vibration-damping variant of the
harbor seal whisker nozzle structure was incorporated,
further investigating its impact on turbulence and flow
field characteristics. Finally, model-scale wind tunnel
experiments were conducted to validate both the
simulation outcomes and the generated turbulence effects.
The results underscore the capability of the passive
turbulence generator to aptly emulate the higher
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turbulence intensity natural inflow conditions while still
maintaining low-frequency flutter at manageable levels
within the wind tunnel environment.

Keywords: automobile aerodynamics; wind tunnel

testing; turbulence generator
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Fig.1 Grid-like and spire-like structures
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Tab.1 The turbulence intensity and length scale under

different structures

sitgfsel 1/ L/% L/% L% L% LoJ/%
SMTH 0.6 1.0 1.1 0.098 0.079 0. 086
C7F 3.2 3.8 4.4 0.035 0.077 0.117
Cc6Q 3.8 4.8 5.0 0.036 0.081 0.104
VB 4.1 3.9 3.8 0.016 0.012 0.010
C3W 4.6 6.2 6.0 0.039 0.108 0.082
C3S8 5.5 7.7 7.1 0. 047 0. 156 0.117
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points within the test section
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seal whiskers

o modell .model2 .model3 J7E JF uf I 1 | 22 %%
#E B AR, = 9 3 AR 1 4 L
H£&]  model s, model2 s, model3 s HFENNZEE THIR
UV A 2502 E I 1 P e sl i O &k
A0 T A g e L A ]

= «modell

——modell_s

= smodel2
model2_s
1000 "= o, e == = «model3
,173‘5 _=/,_1_-‘: :“-‘( o= A‘\ model3 s
= 1004 i By \\‘(\‘ A
R 7 \f Wiy '
N ALt AT
é 10 \ ’k\ fc_\ Lt !
g LVl Vo
z ‘U’ y 1y
3 ' vy i r ' -
=] u v ol |.i'|| W : "
5 w5 v LIwm luu. *f lkl
b 7 wv | e S
& v |l QII i n;’& _ e
I oo r It-"" i
: ' “”| ; W%
1 3 e
0.0014 \ ——
3 : & 10 30 50 20 100 300
Frequency (/s)
E 20 EERSEEMHFES T

Fig.20 Comparison of Fourier spectrum analysis of velocity modes
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Fig.21 Vortex analysis plot of the mid-section (y, plane) based on the Q-criterion
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Fig.22 Jet nozzle with installed vibration-reducing

seal whiskers
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