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Development of Computational Method for Large Eddy Simulation of Micrometeorological Field using
Subgrid-Scale Model Based on Turbulence Structures
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Synopsis

The diffusion phenomena of heat and pollutants caused by the heat convection or the
turbulence flow in the non-isothermal field is one of the important phenomena concerned
with the local heavy rain or air pollution. The large eddy simulation (LES) which can
analyze the turbulence structures in the non-isothermal field is considered as one of the
effective means for investigating those phenomena. The purpose of this study is to develop
a computational method for the large eddy simulation of the turbulent transport of heat
and vapor in the micrometeorological field. The equations for conservation of mass,
momentum, heat and vapor are discretized by the finite volume method using a
generalized curvilinear coordinate system, and the coherent-structure Smagorinsky model
is applied to a subgrid-scale model. The large eddy simulations of the turbulent channel
flow, the backward facing step flow, the Rayleigh-Bénard convection and the shallow
cumulus convection are carried out to demonstrate the validity of this method.
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Fig. 1 Profiles of mean streamwise velocity
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Fig. 2 Profiles of rms of streamwise velocity fluctuations

Fig. 3 Iso-surface of streamwise vorticity w; at T=250,
(red:+2.0, blue:-2.0)
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Fig. 4 Computational domain of backward facing step

Fig. 5 Velocity vectors at the vertical center plane and
iso-surface of pressure p=-0.1 at T=300
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Fig. 6 Mean streamlines and contour maps of mean
velocity magnitude, (a) k- « model, (b) SM, (c) CSM

Table 1 Comparison of reattachment length

Model Reattachment Length (x/H)
experiments(1995) 6.5~7.0
Kobayashi(2008) 7.09
k- ¢ model 6.0
SM 7.5
CSM 7.2
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Fig. 7 Contour map of mean Smagorinsky coefficient Cy
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Fig. 8 Diagram of Rayleigh-Bénard convection

Table 2 Computational conditions

Case A T(K/m) Ra

Casel 0.1 1,118
Case2 0.5 5,592
Case3 1.0 11,184
Case4 2.0 22,369
Case5 5.0 55,922

v=150%x10"3m?/s,a =214 x 1073 K?/s
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(a) Ra=1,118 (d) Ra=22,369

Ra=1118.45 Ra=22368.94
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Fig. 9 Velocity vector fields and contour maps of temperature at T=1,000s,(a) Ra=1,118, (b) Ra=5,592, (c) Ra=11,184,
(d) Ra=22,369, (e) Ra=55,922
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Fig. 11 Iso-surface of liquid water ¢; (=1.0< 10%) and
contour maps of vertical velocity component w at T=6h
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Fig. 12 Mean profiles averaged over the last hour of
(a) potential temperature 6 and (b) water vapor
specific humidity ¢v

— 279 —



ZOHERREETICEKRRERILIE Y 7 v 7 ADH
|14y 7fi % Siebesma er al.(2003) D% B & Lhigs L 7=, Fig.
13125~6IFM D EKE, FHEIC LD REDMERE, 3
~BIFI D KRR T T v 7 ABL VBT 7 v 7 A
DT TN b o N E A R, A6
D Siebesma et al.(2003) D #& F 1L 10D BF 7EF4 B D LES

(a) 2500

present study
2000 i

1500 -

height(m)

1000 -

500 -

Il Il Il Il
0 0002 0004 0006 0008 0.1
a(gkg)
(0 5500 , ,

2000 — —cloud m

15001, "\ b

height(m)

=

o

[}

(=}
T
7
1

(3]
o
o

1
0 0.02 0.04 0.06 0.08
fraction

(©

2500, T T T T T T

2000 -

15001 m

height(m)

10001~ m

5001 .

| L
0 25 50 75 100 125 150 175

W, (Wim?)
@ 500

2000 -

1500 -

height(m)

1000 -

5001 -

0 | | | |
40 30 20 10 0 10
W 0, (W/m?)

AU LIEbOTHY, ERPEYE, BELSET
AEDOIESL & 2R LTWDS. EIORFFHEEIL
TEOKER T 7 v 7 ATWKFMAB A 550,
WL HIZIERBROBESfiE T L TEY, TaH
WCHMRETARDIZSLSEONIZINE->TND.

2500
Siebesma et al.
E 1500
£
=
'S 1000
0 . v 2 :
0 0002 0004 0006 0008 0.01
alg/kq)
2500
2000
T 1500 cloud
z
o
‘@ 10004
£
core
500
0 T T ~
0 0.02 0.04 0.06 0.08
fraction

height (m)

100 125 150 175

25 50__75
war (W/m?)

2500

2000+

15004

10001

500+

e m—"

-20 10 10
W (W/m?)

Fig. 13 Mean profiles averaged over the last hour of (a) liquid water ¢g; and (b) cloud cover and core
cover, and turbulent flux profiles averaged over the last 3h of (c) total water ¢: and (d) liquid water
potential temperature 6; (left side : present study, right side : Siebesma et al. (2003))
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Fig. 14 Mean profiles of Smagorinsky coefficient C;
(solid line : CSM, dashed line : SM), the dotted line
shows the profile of vertical turbulence intensity w’w’
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