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NUMERICAL SIMULATION OF WIND FIELD OVER THE TERRAIN
WITH COMPLEX TOPOGRAPHY

By Yasushi MITSUTA, Michio Y AMADA, Mitsuaki HORIGUCHI and Munehiko HIGUCHI

Synopsis

Wind field over the terrain with complex topography has been studied, when strong wind
is expected from synoptic condition. The wind field is mainly determined by mechanical
conditions, and 3-dimensional MASCON (mass-consistent) model is effective. In this paper,
as the first step, the character of the solution of the model was compared with the solution of
potential flow model. Both solutions correspond each other fairly well. Then, with this
model, simulation was made on the wind field over the simplified topography that resembles
the real topography to study. In this calculation, we attempted to take account of thermal
stability of air flow as the ratio of modification coefficient between horizontal and vertical
wind velocities. Under two conditions (stable and neutral) the results corresponding to the
observed wind data qualitatively were obtained.
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Fig. 1. Z* co-ordinate. Fig. 2. Staggered scheme.
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Table 1. Constants given for the 3-dimensional MASCON model
Number of horizontal grid points T 37X37
Horizontal grid interval : 50m
Boundary conditions (sides & upper) : free
Boundary conditions (lower) : fixed (topography)
Topography . hemisphere/half-cylinder, radius 500 m
Initial wind field : horizontal and uniform, 1.0 m/s

B e S AR
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(a) for a hemisphere, (b) for a half-cylinder.

Fig. 4. Near-surface », v wind field calculated with MASCON : (AZ*=50
m, N,=30, H=1550)
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Fig. 5.(a) Wind speed profile for a hemi-
sphere along the long-wind
horizontal axis: theoretical

solution (thick line); calculated

solution using MASCON (thin

line).
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Fig. 5.(¢) Same as (a), except along the
crosswind axis.

Fig. 5.(b) Same as (a), except for a half-

cylinder.
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Fig. 5(d) Vertical profile of hori-

zontal wind speed
above the summit for a

hemisphere.
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Table 2. Comparison between numerical and theoretical solution

v
N, | az* | H - Vs
MASCON| pot. flow | diff.
m m m/s| m/s % m/s
30 50 1550 | 2.04 | 1.45 | 40.7 | —0.24
. 2500 | 1.88 1.45 29.7 | —=0.24
hemisphere
5000 | 1.78 1.44 23.6 | —0.24
7500 | 1.75 1.44 21.5 | —0.24
10000 | 1.74 1.44 20.8 | —0.24
100 | 3100 | 1.78 | 1.39 | 28.1 |-+0.03
20 2500 | 1.82 1.40 30.0 | +0.03
5000 | 1.73 1.39 24.5 | +0.03
30 50 | 1550 | 2.23 | 1.94 | 14.9 | —0.31
halfcylinder 100 3100 | 1.94 1.85 4.9 | —0.03
20 2500 | 1.98 1.86 6.5 | —0.03
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Fig. 6. Map of simplified topography.

Coutour interval is 10 m. Frac-
tions indicate gradients of
slopes.
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Table 3. Constants given for calculating wind fields over simplified topography with

MASCON
Number of grid points

grid interval

37x 37 (horizontal) ; 30 (vertical)

50 m

1550 m

Inversion height

inversion (no vertical wind)

Upper boundary condition

9.8°C/1 km)

2.44 (stable, dT/dZ

1.00 (neutral)

{

a/ay=

300 m

a=

Modification coefficient

Mountain height (h)

15.0°C
. velosity U

Layer averaged temperature

Initial wind field

+20°, 0°, —20°

10.0 m/s, direction =

{horizontal and uniform)
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Fig. 7. Near surface horizontal wind field. 6

(@) neutral stratification,

(b) stable stratification.
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Fig. 8. Near surface horizontal wind velosity distributions. #=-+20".
Contour interval is 0.5 m/s.
(8) neutral stratification,
(b) stable stratification.
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(a) neutral stratification, (b) stable stratification.

Fig. 9. Near surface horizontal wind velosity profiles above CD line.
O 6=+20", @: 6=0°, O:6=—20".
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Fig. 10. Near surface wind direction profiles above CD line.

same as Fig. 9.
(a) neutral stratification,
(b) stable stratification.
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Fig. 11. x-z cross sections of horizontal wind velosity above AB line.
(a) Neutral stratification. 6= -+20".
(b) Neutral stratification. 6=0".
(c) Neutral stratification. 8=—20".
(d) Stable stratification. 4= +20°.
(e) Stable stratification. 6=0".
(f) Stable stratification. 6= —20".
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