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area is large when compared to other experimental wind tunnels in the existing literature.
A passive grid with specific mesh (M) and bar (b) sizes was used with different wind velocities and
downstream measurement positions. It was found that the flow field is comparable with existing grid
generated turbulent results and nearly isotropic, homogeneous. In this study we characterize the
turbulence by means of energy spectra and match up the model scale with full scale atm. turbulence.
An in-depth study will be conducted to capture the mechanics involving in jet wake and stack wake
region which can depict the basic mechanisms associated with changes to combustion efficiency.

Atmospheric turbulence generation in wind tunnels is an important issue for the investigation of
combusting jets in cross flow. Typically, combination of roughness blocks, spires, barriers and
grids are used to generate desired turbulence in atmospheric boundary layer wind tunnels.
Among the choices, passive grids are selected to obtain the ideal turbulence intensities (Iu) and
length scales (Lx) for model flare stacks. There is existing literature for physical grid
construction for contraction-expansion sections in wind tunnels. However, the Boundary Layer
Wind Tunnel (BLWT) at Western University is almost uniform in cross section & the sectional
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Figure 1: (a) Gas Flaring at an oil and gas facility
in Alberta, (b) Plume from Western University
power plant, (c) Experimental image at Wind
Tunnel
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Atmospheric
wind
possesses
some
interesting characteristics i.e. turbulence
intensity (Iu), length scale (Lx).
Wind tunnel experiment is conducted to
simulate certain characteristics with reduced
scales by passive grid to capture the
interaction of flame with crosswind.



Results of Iu & TKE follow pretty similar trend with mentioned authors
and Roach (1987) empirical relation (for Iu).



Lx is getting increased with distance from grid as expected. However, Length scale is a function of wind tunnel
cross section.
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Umax = 8.156m/s

Umean U
=mean
6.8365
= 6.8365 m/s
Umin = 5.672 m/sm/s

Why grid is chosen?

 It’s more prone to adjust Iu and Lx by
changing the relative distance of grid and test
section and set to a position that can represent
the real world scenario.
z

Figure 5: Variation of Iu, Lx and
dimensionless turbulent kinetic energy with
distance from grid.

Figure 6: Time history of velocity at 20M
distance from grid



The green and blue line (figure 7) of full scale
represents 18% Iu, 40m Lx and 25%Iu, 100m
Lx respectively.
The energy of most significant eddy for model
scale is almost 10-12 times smaller and the
frequency is 60-70 times larger (implies the
length scale is 60-70 times smaller) than the
full scale.
Grid placement in between 16M to 26M
represents the real world scenario.
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Figure 2: Passive grid at 21M upstream of 2 inch
nozzle in BLWT
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Numerical
formula

Grid geometry based on empirical relation (Roach
1987) of Iu with bar width (b) and downstream
distance from grid to test section (X) is given
below :
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Where,
τ – time difference,
𝑢ത - streamwise mean velocity,
𝑢ƴ - streamwise fluctuating velocity, M – mesh size,
b – bar width
ρuu – autocorrelation function,

Isometric view

Figure 4: Geometric dimension of physical grid (in inches)

Workflow:
Place the grid
upstream of
the nozzle

Use Cobra
probe to
measure the
time history
of velocity

Data
processing
in MATLAB
Results

Figure 7: A graphical representation of real world turbulence to BLWT
simulation in the form of dimensionless Power Spectral Density(PSD) vs
dimensionless frequency. (Full scale Data is based on ESDU 85020)

 It is clear from the decomposed image that reduction flame(red)
has less or no effect on forming coherent structure.
 Double horse shoe is originated from both side of nozzle and
intermittency starts after certain distance.
 In depth research is going on to capture
the characteristic structure that may lead
us to get the reason of inefficiency
associated with combustion inefficiency.

Current research:

Figure 3: Instantaneous streamwise velocity (U) of
the flow in the (x − z) plane ; blue regions
correspond to negative values & red ones to values
above 1.5U∞(the location of Y-axis is depicted inset)
(Sylvain 2011)

Figure 8: Flame image decomposed into RGB color
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