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vertical domain

Figure 1: Vertical domain.
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Figure 2: Horizontal domain.
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FHETHD, ZnooEITERER, UBIW
N OEACIZRT 27, 2V F UV RITA—=FD
IRAEME, & S B X OKER 7 — L O F %
DI DITAT RS TR TH D, AFEIZEBNT
1, r BB LV Ro$k%x, USLN, 24U T
A—% f, BEOWUEICET S by, 0 L 2 AVTE
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Table 1: Initial conditions of uniform wind speed
U(m/s), Brunt-Vaisala frequency N(1/s), Fr
number and Ro number for each RUNs (6 Runs).

RUN [[U(m/s)| N(1/s) | Fr Ro
RUN1 || 10 0.010 | 0.25 0.24
RUN2 || 15 0.010 | 0.38 0.36
RUN3 || 20 0.010 | 0.50 0.48
RUN4 || 10-15  [0.010 | 0.25-0.38 | 0.24-0.36
RUN5 || 18 0.015 | 0.30 0.43
RUNG || 6.0 0.005 | 0.30 0.14

Table 2: Variations for wind speed U(m/s) and
Brunt-Vaisala frequency N(1/s) in RUNs as
variable these parameters. (all 76 Runs).
Um/s)[3.0[50[60][80]10]12]14
15 (16 |18 | 20 | 22 | 24 | 26
28 (30 |32 |36 |40 | - -

0.0050 | 0.010 | 0.015 | 0.020

N(1/s)

Table 3:
RUNSs as variable its parameter (all 8 Runs).

(U = 10 m/s, N = 0.020 1/s, hm = 4000m,
fo=8.33x107° 1/s, L = 500km)

| f/fo]01]02]04 06 08]12]14]16]

Variations for Coriolis parameter in

Table 4: Variations for mountain height h,,(km)
in RUNs as variable its parameter (all 6 Runs).

(U = 10m/s, N = 002 1/s,f = fo =
8.33x 1075 1/s, L=>500km)
[hoclo [ 2 [3]5 ] 6] 7 ]3]

Table 5: Variations for horizontal scale of moun-
tain L(km) in RUNs as variable its parameter (all
5 Runs).

(U = 10m/s,N = 0.020 1/s,hm = 4000m, f =
fo=8.33x107° 1/s)

| L(km) || 100 | 200 | 250 | 400 | 750 |

Dividing streamline MO#E:= & top layer, middle

layer

ZOETIE, RHIEICRT DB LI EEREE
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B SOV T R RE & £ < DIFJEN T2 5 T
£V (# 21% Hanazaki, 1988; Hunt et al., 1997;
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S HIZ Hunt et al. (1997; 2001) 1%, HHER
NGB KFTRRL RS 572912, dividing
streamline DFm I &b LT, [UEE DV IZHBT DK
B BoOmNED > 5, IRz 52 LN TE 5

AVEI A top layer, [IRABIR 5 Z LD TERVE
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MR Cdh D & X I21X, stagnation point I [LHEFE
T & LT L 2 — R 5 A1 38 2 i & D 2SR FIT
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Figure 12: Diagram of lognormal non-dimensional
vorticities (¢*) for Y-axis , and lognormal Ro num-

ber for X-axis.
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Figure 14: RUN5 : Wind vector and vorticity (thick
lines every 50 x 107® 1/s) on 2000m height. Circle
represents the mountain. (a)r = 4.8, (b)7 = 6.7,
(c)T = 8.6.
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Figure 15: RUN6 : Wind vector and vorticity (thick

lines every 20x 1075 1/s) on 2000m height. (a)7 = 4.8,
(b)r =6.6, (c)r =8.4.
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cyclonic vortex formation for each RUN
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Figure 16: Diagram of vortices existence after 7 =
3.6 in each RUN with Fr number for X-axis and Ro
number for Y-axis. The character of ”O” depicts the
lifetime of vortex longer than 4.07 with move longer
than L, the character of ”A” represents the lifetime
between 4.07 and 1.07, the character of ” X” means
the lifetime less than 1.07. The thick line represents
the critical as the baroclinic instability.
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Figure 17: Strouhal number in the results of the
RUNs for N = 0.02 1/s. X-axis represents initial

wind U, and Y-axis means St number.

Table 8 : Strouhal number from mesoscale mountain
or island (a : vortex interval (km), wue/uo : velocity
for moving vortex (ue) divided by the initial wind
(uo), d: diameter of mountain or island (km), wuo :
initial wind speed, S : Strouhal number, Tineqs :
the period of vortex generating (= ue/a)), from
Trischka (1980)

a d “n Tmess
Feature (km)  wfuy,  (km) (mfs) S (h)
Cheju* 111 0.76 8 9.2 0.19 44
Kiskat 85 0.75 18 100 Q.16 315
Pavlovt 65 075 8 100 021 24

Pogromni} 50 0.75 13 10 0.20 19
Shishaldint  (c) 75 0.75 1210 0.32 28
Vsevidoft  (c) 79 0.75 1710 0.17 2.8

* Tsuchiya, 1969; t Lyons and Fujita, 1968; 7 Thomson et al., 1977.
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Numerical Study on Vortices Formation in the Middle Layer of Flow around a Large

Mountain under Rotating Stratified Conditions
Yu HOZUMI, Hiromasa UEDA, Weiming SHA*
*Graduate School of Science, Tohoku University

Synopsis

Generation of cyclonic vortices in the middle layer of flow around a large mountain like Tibet and
Rocky was investigated by means of a 3-D nonhydrostatic meteorological prognostic model. Special
attention was paid on the effects of earth rotation and stratification on the vortices detached successively
from the slope of a high and large horizontal scale mountain. It was found the successive formation and
detachment of such ’von Karman-like vortices’ occurred in the flow regime at high Rossby numbers Ro
and low Froude numbers Fr. It was successfully divided by the criterion of baroclinic instability. This
means that if the condition is unstable baroclinically, a lee vortex is destabilized into three dimensional
one, while under baroclinically stable conditions the lee vortex with vertical axis retains its standing

structure and remains for a long time in the middle layer.

Keywords: Lee vortex, flow around mountain, stratification effect, Coriolis effect, rotating stratified

flow, numerical model



