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Abstract:; The present study is an assessment of velocity fluctuations in a 3/4 open-jet type wind tunnel using both

CFD and test methods. A virtual wind tunnel was created out of the plenum of the 1 ¢ 15 scaled wind tunnel. Simu-

lations were first carried out for the flow inside the plenum of the scaled wind tunnel using the URANS. The inlet

boundary condition was defined as the combination of a constant mean velocity and an oscillating component. Both

the oscillating frequencies and the mean velocities were varied in the simulations. Test for the same scale wind tunnel

was carried out. Both the test and the simulation lead to the same results, showing that the unsteady flow grows in

the plenum in the flow direction and the leading oscillation has a frequency of 20Hz.

Key words: wind tunnel; simulation; test; velocity fluctuation

FESHEE . V211.3;V211.7 X HEARIRAD . A

0 Introduction

It is well known that flow inside the plenum of
an open jet wind tunnel has apparent unsteady char-
acteristics, commonly referred to as buffeting,
which could arise from the open jet shear layer or
the feedback effect of the collectors. The resultant
unsteady test environment is undesirable for aero-a-
coustic and aerodynamic measurements as it yields
unsteady measurements of aerodynamic forces and
high aero-acoustic noise levels. In the extreme case,
it can be difficult for the facility control system to
maintain steady wind speed conditions or even the
safety of the facility could be at stake. Though in
recent years, the elimination/reduction of buffeting
phenomenon in low speed wind tunnels has attracted
considerable attention, but due to the problem’s
complication, the mechanism for buffeting phenom-
ena is still not fully understood.

To eliminate buffeting phenomenon and to es-

tablish a good axial static pressure distribution in

x WiE HHEA.2012-01-30; f&ITHHEE:2012-03-15

open jet wind tunnels, it is necessary to understand
the flow characteristics inside plenum. For the
Shanghai Automotive Wind Tunnel Center Project™"
which has a full scale aerodynamic and aero-acoustic
wind tunnel, a pilot wind tunnel with the 1 :15 scale
was constructed for such studies. The model wind
tunnel was found to have a good axial static pres-
sure . The current investigation focuses on the
unsteady aspect of the flow characteristics inside the
plenum,

Both test and the computational fluid dynamics
(CFD) were used in the present study. As indicated
in reference[ 2], the axial static pressure distribu-
tion in the plenum of the model wind tunnel is well
simulated with the CFD method. For the unsteady
flow in the plenum of the model wind tunnel, the
simulation can be carried out using the DNS or LES
approaches. These approaches, however, demand
high computational resources in time and storage.

In the present study, a simplified method, the
URAN approach, is used. The velocity at the inlet

EERAN S F A7) B LR F AL YRR, Lk oy i 4 B2 <3 51%%. E-mail: qing + jia@sawtc. com



164 R

%31 &

assumed to be fluctuating to establish an unsteady
environment, and the unsteady flow field in the ple-
num viewed as a response to the velocity fluctuation
at the inlet.

Earlier test results showed that in the plenum
of the model wind tunnel under the present study
there were strong pressure fluctuations at the low
speed conditions at some frequencies especially at
20HzM!. Since the frequency is relatively low, the
URAN approach is deemed reasonable. In the pres-
ent study, both CFD method and tests have been
carried out. In the simulation, the unsteady inlet
boundary condition was used to set an unsteady flow
field environment inside the simulating domain. The
velocity was assumed to be a combination of a con-
stant mean velocity and an oscillating component.
For the same constant mean velocity, the frequen-
cies of the oscillating velocities were varied to study
the response of the velocity fluctuations in the ple-
num to the varying inlet conditions. For a selected
given oscillation, the mean velocity was varied in
the simulations. The corresponding tests for un-
steady flow field inside the plenum were carried out
in the 1 ¢ 15 scale wind tunnel test. The velocities
of the nozzle outlet plane were set equal to the ve-
locities at the same position used in the simulation.
Finally the simulating and test result were compared

and analyzed.

1 Simulation

1.1 Modeling

Part of model open jet wind tunnel is shown in
Figure 1, which includes the contraction part, the
breathers, the nozzle, the plenum, the collectors and
the diffuser. The dimensions for plenum chamber is
1.517m in length, 1.183m in width, and 0. 818m in
height. According to the 1:15 scaled wind tunnel, the
max velocity for the nozzle out plane is 45m/s.
1.2 Discretization

In the computational study, the Hex-Core me-
shes were used. The character of this kind of mesh
was that in the main computational domain the hex-

ahedral meshes were created and in the area near to

the wall the triangle meshes were created. Thus the
more accurate and economy hexahedral meshes were
used for most of the computational domain. While
due to the complicated shape of the collectors, the
volume surrounding the collections were discretized
with tetra meshes. The prism layers were created
on the floor inside the domain. The resulting me-

shes are shown in Figure 2.
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Fig. 1 Components of the virtual wind tunnel
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1.3 Numerical method

The commercial CFD code of Fluent"! was used
for the current analysis. In current study, CFD was
performed in the framework of URAN to analyze
the velocity fluctuations, which were found to be at
relatively low frequencies. The incompressible con-
tinuity equation and unsteady Navier-Stokes equa-
tions were applied as the basic equations. The
boundary conditions for the computations were set
as follows: at the inlet for the contraction part of
the virtual wind tunnel, the inlet velocity was as-
sumed to be a combination of a constant mean and
an oscillating component defined as following equa-
tions:

V = v+0.0lsinwt (D

w=2xnf (2
Where v denotes the constant mean velocity which
was set to 5m/s, and [ represents the frequency of
the oscillating velocity. From the acoustic test re-
sult shown in figure 3, the sound pressure which re-
lates to the pressure fluctuation of the flow is found
to have peaks at the frequencies less than 100Hz. So
the oscillating frequency in formula (2) was set to

20Hz, 30Hz, 40Hz, 45Hz, 50Hz, 80Hz, and
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90Hz, respectively, in the simulation. For each case
a turbulence level was set to 1% and a turbulent ed-
dy viscosity ratio of 100 was set for the turbulence
field. At the exit of the virtual wind tunnel, the
outflow condition was specified. Inviscid wall condi-
tions were applied at the virtual wind tunnel side
and top walls. On the wind tunnel floor, velocity
was set to zero and the wall functions approach™ was
used to model the turbulence field at the viscous walls.
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Fig. 3 Sound pressure level plots at low speeds
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In each of the computational cases, the simula-

tion was conducted in three steps. At the first step,
a steady state flow field was obtained using a uni-
form velocity inlet condition. At the second step,
with the results from the steady state simulation as
the initial condition, an unsteady simulation was
conducted with time step At=0. 005 using an oscil-
lating velocity inlet conditions. The calculation
would be stopped after the monitored points show-

At the third

step, the sampling computation would be contin-

ing the definite periodical changes.

ued. The sampling time was defined as 1 second in
all cases.
1.4 Test validation

To validate the simulating method, the corre-
sponding test for one situation was carried out. Ac-
cording to the simulation, the velocity for the nozzle
outlet plane was set to 25m/s. During the test, the
data at the same points as the simulation were ob-
tained.

In the simulation, for each case the velocity
fluctuation data were acquired at the positions indi-

cated in Figure 4.
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Fig. 4 Location of testing points
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The points were set at varied axial positions:
the nozzle exit plane (1, 2, 3), the shear layer re-
gion (4), the axial center (5), the collector inlet
plane (6, 7, 8, 9), the diffuser inlet plane (10).

The RMS value of the velocity at the three di-
rections from test and the simulation separately at
the position of point 4, point 5, point 6 and point 9

were compared and shown in figure 5.
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The test result and the simulating result were
found to agree well. Such agreement validated the
simulating method used in the paper.
1.5 Simulating results

The data obtained in the time domain were
changed into the frequency domain. Thus the power
spectral density (PSD) figures for each point (see

figure 6) were obtained as follows.
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at different points ity magnitude for the case with the oscillating fre-
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Figure 8 (a) and (c¢) show the position of the
observing section and the points, respectively. And
the corresponding results are shown in the figure 8
(b) and d). The distribution of the RMS value of
the unsteady statistics velocity magnitude, which
embodied the flow energy, is shown directly in fig-
ure 8 (b). Out of the nozzle, the flow sprout into
the plenum, at the position of the nozzle a shear lay-
er was formed. Above the shear layer, the fluid
outside the flow field with lower speed was en-
trained into the shear layer continually, which in-
duced to the higher fluctuation. Below the shear
layer, the fluid inside shear layer met the higher
speed fluid inside the flow field; the speed difference

caused the higher fluctuation here. At the position

of the collectors, some of the flow was feedback,
which will enlarge the upstream fluctuations.

From figure 8 (d) it could be more clearly that
at the position of the nozzle outlet plane and the col-
lectors the fluctuations were higher compared with
the fluid inside the flow field. Thus the frequency of
20Hz must have relation with the construction of

the nozzle and the collectors.
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2  Test

The corresponding tests for unsteady flow in-
side the plenum were carried out. The contractive

ratio of the contraction part was 1 : 6, thus accord-
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ing to the simulating boundary conditions, the velocity
for the nozzle outlet plane was set to 15m/s, 16m/s.
17m/s, 25m/s and 30m/s separately. The PSD fig-
ures for the points are shown in figure 9 and figure
10.

From figure 9 we saw that for different points,
the peak of the velocity fluctuations all appeared at
the frequency of 20Hz. And the value of the veloci-
ty fluctuation at the position of the collector was

larger than that at the position of the nozzle outlet

plane.

~ 0.003 :

N - point |

oy - point 4

w 0.002 ll = point 5

= L ﬂ'\ point 6

= LY —~ point 9

8 0.001

v “u i

a. - _I'.-.'!!e_-.‘.:"‘._.::‘:;:\:_“ ]

Ol(] 30 50 70 90 110 130 150

frequency/Hz

Fig.9 PSD figure at different points for case of V=30m/s

9 EEAIm/s HAFEMNRAEEBNREZER
= 0.005, =
= i ~1sms!
".T 0004 —16ms']
20,003 —17ms’
E 0.002 ~25m-s']
'5 f “30ms’
&= 0.001.- 1
- A

10 30 50 70 90 110 130 150
frequency/Hz
(a) PSD figure at point 1
E 005 ~—15ms’!
. 0.04: —16ms!
< 0.03} —17m-s!
3 1 ~25m-s’
= 0.02/ ~30ms’ |
z 001+
& o W

frequency/Hz
(b) PSD figure at point 5

. < 15ms’

= l6ms
|| - 17 mM-§
il ~25ms
¥ «30msg
4

50707790 110 130 150
frequency/Hz

30
(c) PSD figure at point 9

Fig. 10 PSD figure for varied velocities

10 AEAEETEEBNRILTEEE
From figure 10 it is seenthat the velocity fluctu-
ations all had peak value at the frequency of 20Hz.
As the velocity of the nozzle outlet plane was 25m/s.
the velocity fluctuation was amplified the most. The
test result again showed the distribution of the ve-

locity fluctuation of the flow inside the plenum of

the wind tunnel.

3 Discussions and conclusions

To study the flow field inside the plenum of a
low speed 3/4 open-jet type wind tunnel, both the
CFD method and the test were used. The unsteady
character of the flow inside the plenum of the wind
tunnel under the low speed condition was investiga-
ted.

In the paper a simplified method was carried
out in modeling the unsteady flow field. The inlet
velocity was set as a combination of a mean velocity
The frequencies of
the fluctuation were set at 20Hz, 30Hz, 40Hz,
45Hz, 50Hz, 80Hz, and 90Hz, respectively. For

the case with oscillation frequency of 20Hz, the

and an oscillating component.

mean velocities at the inlet of the contraction were
set at 2. 5m/s, 2. 7Tm/s, 2. 83m/s, 4. 17m/s, and
5m/s, respectively. For these inlet velocity condi-
tions, tests were carried out to study the unsteady
flow field and to validate the simulating method.

In the plenum of the wind tunnel, the flow
sprout out from the nozzle and a typical jet flow was
formed, which induced to the high velocity fluctua-
tion. At the position of the collectors the flow was
feedback which brought some of the fluctuation
back into the shear layer enhancing the velocity fluc-
tuation. At positions both above the shear layer and
below it, the fluctuation seemed high because of the
huge velocity differences.

The velocity fluctuation, setting in the inlet ve-
locity, was reserved and enhanced at the frequency
of 20Hz and 30Hz. At the position of the collectors
the value of the velocity fluctuation inside the flow
at frequency of 20Hz was enhanced the most. With
different invariable velocities the dominant frequen-

cy of the velocity fluctuation remains at 20Hz.
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