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The emphasis here is on The emphasis here is on qualitative qualitative aspects.aspects.
This is a first set of experiments with the main motivation (but 
not the only) to evaluate the feasibility feasibility of using the multi-hot-
wire system in studies of fractal generated turbulence with with the the 
emphasis on what can be doneemphasis on what can be done.. The outcome is essentially  The outcome is essentially  
positivepositive,  but it has to be stressed that all results are crude and 
require checking, especially as concerns the quantitative 
aspects, e.g. numbers.  Therefore the presented results can be 
seen as preliminary and mostly qualitative only.

All the results below  refer to the centerline only.            





THE PROBETHE PROBE

Manganin is used as a 
material for the sensor 
prongs instead of 
tungsten because the  
temperature coefficient 
of the electrical 
resistance of manganin
is 400 times smaller than 
that of tungsten.

cold wirescold wires

hot  wireshot  wires

3 mm3 mm

The tip of the probeThe tip of the probe



Probe in calibration Probe in calibration 
positionposition

The  calibration unitThe  calibration unit

The noise of the The noise of the 
system is below system is below 
0.15% in RMS0.15% in RMS
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MEAN VELOCITY AND 
FLUCTUATION RMS
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RMS vel. components at the tunnel axis
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MEAN vel. components at the tunnel axis
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TURBULENT ENERGY 
PRODUCTION

Turbulent energy production
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ISOTROPY INDICATORS
velocity

Isotropy indicators
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0.840.840.630.631.601.60
0.790.790.730.731.001.00
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ISOTROPY INDICATORS
velocity derivatives- grid Tr28
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X= 3.1mX= 3.1m X= 4.1mX= 4.1m



INTEGRAL AND TAYLOR MICRO-
SCALES



Taylor microscales (Case MEAN)
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TAYLOR MICRO-SCALE RE

Reynolds numbers  (Case MEAN)
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ENERGY DISSIPATION



Dissipation rate at the tunnel axis
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THIRD ORDER MOMENTS

Skewness of derivative components
at the tunnel axis
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Reλ∼104  Field experiment



THIRD ORDER MOMENTS

Skewness characteristics at the tunnel axis
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Reλ∼104  Field experiment Reλ∼102  grid
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FOURTH ORDER MOMENTS
Grid 1Grid 1-- TrTr 2828 Grid 2Grid 2-- TrTr 1717

Reλ∼104  Field experiment



Reλ∼102  Grid  experiment 1992



PDFS OF EIGENVALUES OF 
THE RATE OF STRAIN TENSOR
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ALIGNMENTS OF VORTICITY
AND  THE VORTEX STRETCHING 

VECTOR, Wi=ωksik
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ALIGNMENTS OF VORTICITY
AND  EIGEN-FRAME OF THE 
RATE OF STRAIN TENSOR
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PDFS OF ENSTROPHY AND 
STRAIN PRODUCTION
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PDFS OF VELOCITY 
DERIVATIVES

∂ui/∂xk

Grid 1Grid 1-- TrTr 2828 Grid 2Grid 2-- TrTr 1717







JOINT PDFS OF ENSTROPHY
AND RATE OF STRAIN 

PRODUCTION
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More qualitative than others, e.g. the tails of the RMore qualitative than others, e.g. the tails of the R--Q plots Q plots 
do not sit at the line where the do not sit at the line where the discriminantdiscriminant D=0,  which D=0,  which 
is not the case in is not the case in ‘‘normal normal ‘‘ mturbulencemturbulence . . It has to be seen It has to be seen 
whether this is a genuine  flow property or is it mainly  whether this is a genuine  flow property or is it mainly  
‘‘instrumentalinstrumental’’ or both or both 
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IN LIEU OF CONCLUSIONSIN LIEU OF CONCLUSIONS



As mentioned at the very beginning the presented results are mostly of  
qualitative nature. Here we bring some preliminary conclusions which 
can be considered as “safe” along with some “less safe” considerations.   

# Among the motivations for the described experiments was the 
existence of a significant finite region of kinetic energy buildup reported 
first by HURST & VASSILICOS 2007 (HV) as exhibited among other 
things by existence of xpeak as is seen from slides 14 and 15. The latter 
exhibits significant TKE  production at all flow accessible locations which 
is mainly due to streamwise gradients. HURST HURST VASSILICOS

2007 VASSILICOS 2007 and SEOUD & VASSILICOS 2007

(SV) do not quite observe this. 



# The Taylor microcsale as estimated using also full energy dissipation 
and enstrophy exhibits a  tendency to become constant with distance as 
observed by  HV and SV. 
# The energy dissipation rate appears to be smaller that in regular grids 
as  exhibited in lower values of Cε ∼ 0.1 - 0.25 again in agreement 
with observations by SV.  However, our results may be underestimated 
due to the  underresolution of small scales (the probe is too large).
# The streamwise velocity derivative skewness is pretty close to the 
conventional value 0.5,  whereas it flatness is between 4 and 5 which is a 
somewhat smaller then observed in flows past regular grids at the same 
Reλ. There seems to be an issue regarding the choice of Reλ as a 
parameter for comparison: as pointed by SV the relation between Reλ
and Re is qualitatively different  for fractal grids.



# The statistics of the eigenvalues of the rate of strain tensor is very 
similar to that observed in ordinary turbulent flows.
# The alignments between vorticity and the vortex stretching vector is 
similar to the “usual” at two two farther locations, but close to Gaussian 
at the two closest locations. This should be contrasted  to the  alignments 
between vorticity and the eigenframe of the rate of strain tensor which 
are essentially the same at all locations as in “usual” turbulent flows, i.e. 
the flow field is everywhere non-Gaussian. It has to be mentioned that at 
these locations the flow is far from being similar to “regular” turbulent 
flow and has distinct low frequency peaks.



# The PDFs of enstrophy and strain production is qualitatively similar to 
that observed in ordinary turbulent flows at the three farthest locations, 
but are less skewed. At the closest location both are practically 
symmetric, and the PDFs of the strain production have much larger tails. 
These observations indicate that close to the grid the flow has reduced 
nonlinearity and is dominated by irrotational disturbances.    
# The PDFs of the components of velocity gradient tensor are  
qualitatively similar to that observed in ordinary turbulent flows, but the 
diagonal components are less skewed (the off diagonal are symmetric).
#  More qualitative than others are the R-Q plots, e.g. the tails of the R-Q 
plots do not sit at the line where the discriminant D=0,  which is not the 
case in ‘normal ‘ turbulence . It has to be seen whether this is a genuine  
flow property or is it mainly  ‘instrumental’ or both. 



Summarizing both a number of important Summarizing both a number of important 
differences along with several similarities differences along with several similarities 
with with ‘‘ordinaryordinary’’ grid flow were observed. grid flow were observed. 
Again we remind that the presented results and Again we remind that the presented results and 
conclusions are preliminary and mainly qualitative conclusions are preliminary and mainly qualitative --
the quantitative aspects, e.g. numbers, require the quantitative aspects, e.g. numbers, require 
additional processing and checkingadditional processing and checking. . One of the key One of the key 
issues is the Reynolds number dependence.issues is the Reynolds number dependence.
More conclusions to come after more work done More conclusions to come after more work done 
on checks, additional processing (which includes on checks, additional processing (which includes 
the off center line data and a number of the off center line data and a number of 
additional quantities) and related.additional quantities) and related.



MEANWHILE SOME QUESTIONSMEANWHILE SOME QUESTIONS
OF CONCEPTUAL NATUREOF CONCEPTUAL NATURE

(There are much more)



MEMORYMEMORY
## What is the mechanism that turbulence does remember what What is the mechanism that turbulence does remember what 
happened (say, happened (say, ‘‘locked in one scalelocked in one scale’’)  at the inflow position and )  at the inflow position and 
after undergoing some after undergoing some ‘‘adventuresadventures’’ in the production region at x in the production region at x 
< < xxpp? ? 
## Why the flow does not remember, e.g. the strong Why the flow does not remember, e.g. the strong 
inhomogeneityinhomogeneity at the inflow position and in the production at the inflow position and in the production 
region?region?

STABILITY                                    STABILITY                                     
Same  as above Same  as above –– how/why  this state (i.e. the one beyond how/why  this state (i.e. the one beyond xxpeakpeak
claimed to be homogeneous and isotropic and claimed to be homogeneous and isotropic and ‘‘locked in one locked in one 
scalescale’’)  remains stable, i.e. why the flows does not want to turn )  remains stable, i.e. why the flows does not want to turn 
into into ‘‘normalnormal’’ turbulence?turbulence?


