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Abstract

The synthetic turbulence generation model for inlet boundary conditions of subsonic Backward Facing Step (BFS)
was investigated. The average u-velocity and Reynolds stress at inlet boundary follows experimental data. Synthetic
Eddy Method (SEM), random noise, and uniform flow conditions were implemented relative to the synthetic turbulence
generation method. A three dimensional Large Eddy Simulation (LES) was applied for turbulent flow simulation.
Turbulent and mean flow characteristics such as flow reattachment length, velocity profiles, and Reynolds stress profiles
of BFS were compared with respect to the turbulent effects.
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Nomenclature
a : Cholesky decomposition of the Reynolds f : Velocity distribution
stress tensor
B : Eddy box H : Energy flux
E : Specific total energy h : Step height
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2 SHEAEA
k : Turbulent kinetic energy : Density
| : Eddy characteristic length : Viscous work
N : The number of eddies T : Viscous stress tensor
p : Pressure Subscripts
R : Reynolds stress tensor o - Freestream variable
S : Inlet face b : Eddy box
T : Temperature con : Convection
! : Physical time ijk : Spatial coordinate index
u,v,w : Velocity min, max : Minimum, Maximum value
\ : Volume r : Reattachment
: Spatial coordinate Superscripts
Greek symbols s - Eddy spot
d - Kronecker delta sgs : Subgrid-scale
: Respective intensity (—) : Time average
A : Heat conductivity ~
() : Favre average
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Fig. 2 Synthetic eddy convection
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Fig.5 The results of random fluctuation, (a) Time
history of v-velocity (b) v-velocity contours
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Table 1 Computational domain
Parameter Dimension

9.6 (h)
-3h (from step)
Outlet boundary location 20h (from step)

Height 6h
Width 4h

Step height (mm)

Inlet boundary location
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Fig. 7  Average u-velocity contours with streamlines
using LES with SEM
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Fig.8 Instant iso-surfaces of vorticity magnitude
colored by velocity magnitude
(a) uniform, (b) random noise and (¢) SEM
|

Fig. 9  Instant iso-surfaces of vorticity magnitude
enlarged near the backward step; (a) uniform,
(b) random noise and (c) SEM
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Fig. 10 RMS (u-rms(a), v-rms(b) and w-rms(c))
contours of uniform(a-1,b-1,c-1), random
noise(a-2,b-2,c-2) and SEM(a-3,b-3,c-3) at
inlet face:
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