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Study on Generation Method of Inflow Turbulence for Numerical Simulation in Wind Engineering

Partl. Large-Eddy Simulation of a Fully-Developed Boundary Layer Flow Driven by a Constant Pressure Gradient
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Abstract

The primary objective of this numerical study is to establish a computational method for generating inflow
turbulence concerned with the wind engineering. In order to generate instantaneous velocity fluctuations in the
approaching flow, the unsteady flow field is directly calculated by using a large-eddy simulation (LES) technique
with a finite-difference method. As the first report of the series of the work, we made a calculation of a
fully-developed boundary layer flow driven by a constant pressure gradient in the streamwise direction. Turbulence
structure near the ground is visualized, and turbulence statistics are compared with the DNS database evaluated by a

spectral method. Agreements are quite reasonable.
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Fig.1 Computational domain and coordinate system.
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(a) Mean-velocity profiles normalized by

the wall friction velocity
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(b) Root-mean-square velocnty fluctuations
normalized by the wall friction velocity
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(c) Reynolds stress proﬁles normalized by
the square of the wall friction velocity
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Fig.2 Fully-developed turbulence statistics at Re . =150.
Symbols show the present numerical results of the LES.
Lines shows the numerical results of the DNS
database'? except for Fig.2(a).
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X
x=0 Fig.3 Contours of instantaneous u'inthe (x, y)-plane at z*=5. =27 &
Solid lines represent contours of positive values while doited
lines represent negative values. Flow is left to right (top view).
y=mnd
X -
_ 7
x= Fig.4 Contours of instantaneous p ' in the (x, y)-plane at z™=5. x=27C 8

Solid lines represent contours of positive values while dotted
lines represent negative values. Flow is left to right (top view).

xlo Fig.5 Contours of instantaneous u in the (X, z)-plane at y=0.57¢ & . =2|7t 5
Flow is left to right (side view). X
O
<=0 Fig.6 Contours of instantaneous p ' in the (x, z)-plane at y=0.57¢ & .

Solid lines represent contours of positive values while dotted lines
represent negative values. Flow is left to right (side view).
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Fig.8 Flow structures visualized by particles : (a) particles are generated along a line parallel to the y-axis at z"=5 (top view) ;

(b) particles are generated along a line parallel to the z-axis at x= (side view). Flow is left to right.
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