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effect'of'Reynolds'number'on:'
1.''Decay'of'turbulence
2.''Scaling'in'turbulence
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GRID%TURBULENCE
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THE$VARIABLE$DENSITY$TURBULENCE$TUNNEL$$(VDTT)

Bewley,'Nobach,'Sinhuber,'Xu,'Bodenschatz''(2014)''under#review.##
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THEORETICAL PREDICTION 

MEASURED ENERGY 

TO DETERMINE THE DECAY RATE IN AN EXPERIMENT:    

“VIRTUAL ORIGIN” 

least squares fit to:  
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IDEA:  

Eliminates dependence on 

Valid#if#variaBon#in#virtual#origin#with#Reynolds#number#is#small.##
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SCALING
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SCALING



'

' ' by'extension

' ' when'

for'locally#isotropic'turbulence'
and'sufficiently'
high'Reynolds'number:''

Kolmogorov''(1941)''Dokl.'Akad.'Nauk.'SSSR…''
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Introduction ESS Decay Summary
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M. Sinhuber Grid Turbulence

INCREASING

let =>

scaling'would'appear'as'a'range'of'constant'logarithmic'slope
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M. Sinhuber Grid Turbulence

When#do#we#first#get#a#range#of#constant#slope?##

let =>



Introduction ESS Decay Summary

Deviation from ideal scaling
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M. Sinhuber Grid Turbulence

Qian''(1999)''Phys.#Rev.#E
Lundgren''(2002)''Phys.#Fluids
'



100 101 102 103 104 105

0

2

4

EXTENDED'SELFBSIMILARITY Benzi'et'al.''(1993)''PRE



100 101 102 103 104 105

1.2

1.3

1.4

EXTENDED'SELFBSIMILARITY Benzi'et'al.''(1993)''PRE



0 500 1000 1500 2000

1

2 1.984
1.779
1.540
1.284

0.692

7
6
5
4

2



Introduction ESS Decay Summary

Black diamonds: Pearson & Antonia, 2001
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54 H. Makita / Turhulence field in a small wind tunnel

and Ling and Wan (1972) and Sato and Saito (1974) developed vibrated grids. It seems difficult
for the jet grid to keep good uniformity of the turbulence field. The vibrated grid could hardly
attain a fully developed state of turbulence in the test section of the wind tunnel, because it
agitated the flow field in a two-dimensional manner.
The author developed a new type of turbulence generator which stirred up a flow field

randomly in a three-dimensional manner. A rough sketch of the device has already been given
in Makita and Miyamoto (1983). The present work aims to describe its performance in more
detail and to show some basic characteristics of the homogeneous, quasi-isotropic turbulence
induced in a conventional laboratory wind tunnel.

2. Experimental procedure

The wind tunnel employed in the present study is shown in fig. 1. It has a test section of
0.7 X 0.7 rrr' in cross section and 6 m in length. The cross-sectional area is slightly enlarged
downstream to minimize the streamwise pressure gradient. Without the turbulence generator,
good uniformity of less than 0.1% in the mean velocity distribution and a low background
turbulence level of less than u'I Uo ::::: 0.04% are attained in the core of the test section at
Uo= 10 mis, where and u' denote the mean velocity and the root-mean-square value of the
velocity fluctuation, respectively.
The turbulence generator was settled upstream of the test section. It is a kind of active

bi-plane grid composed of 15 vertical and horizontal oscillating rods with many agitator wings.
The mesh size of the grid, M, is 46.7 mm. When the wings stand still, the generator acts as a
usual static grid. Each rod is driven by a stepping motor on the outside of the wall as shown in
fig. 2. The oscillating mode of the motor is regulated by feeding two kinds of electric pulses to
each motor's driver circuit; a drive pulse regulates the rotating speed of the motors while a turn
pulse changes the rotating direction. The rotating speed was fixed at 2 cycley's. The random
oscillation of each agitator wing was made by feeding the turn pulse of random frequency with
the recurrence period of about 10500 s. The period is long enough compared with the residence
time of the flow in test section, 1.3 s at Uo = 5 my's, and the data averaging time of 100 s. The
flow was agitated as it passed through the grid and turbulence fluctuations of less than about
30 Hz were directly induced by the grid's random oscillation. The wake of the rods and the
flow separation at the leading or trailing edge of the wings also produced turbulence. The
present turbulence field was endowed from its birth with various spectral components of large
amplitude which helped it to attain a fully developed and self-conservative state rapidly. The
resultant turbulence is called the excited turbulence, hereafter.

Controller
Flow

Test Section

Fig. 1. Experimental setup (unit: mm).

Traverse
unit

'''''''''''''''''''AN'ACTIVE%GRID%

FLOW

Makita'(1991)#Fluid.#Dyn.#Res.##

Poorte'and'Biesheuvel'(2002)'JFM
Cekli,'Tipton'and'van'de'Water'(2010)'PRL

Qfor#high#Reynolds#numbers
# e.g.#

Qfor#control
# e.g.##
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