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A Numerical Study of a Effect of the Uniform
Flow in Horizontal Convection
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Effects of uniform flow on a two-dimensional mesoscale horizontal convection were investigated by us-
ing the vorticity and thermodynamic equations.

For this purpose, We simulated properties of a thermal convection in a stably stratified Boussinesq
fluid caused by partial heating at the center of a lower boundary. If we don't consider effects of the un-
iform flow, the convection takes the form of axisymmetric with respect to the z-axis. But when uniform
flow is strong, velocity field and temperature field consist of a single cell structure which spreads
upstream side of the partial heating area. The flow pattern for strong uniform flows takes the form of po-
sitive temperature near the ground and negative temperature perturbation aloft over the partial heating
area, and downward motion directly over the upwind portion of the partial heating area and upward mo-
tion on the downstream side. The downstream edge of the upstream cell is shifted in the downstream
direction with the increase of uniform flow almost linearly.

Key words : Horizontal convection, Uniform flow, Partial heating

1.4 & 2.H B2 2]3F BA Y2t 23 Cross Over Effect7}

LAY L AEF FA9] o sHFgozo &
Ex7 FAAA e FATEELE £3IF
(horizontal convection)z} ¥c}. Yulyg e g x A9
A7l 299 A7 EHY For2 AL Fe=
ulsho] ¢ A o= A A Y P XX} o3
R ZHE EA) e FAREE Fai ulFo] Boj oA
H+d ol#3d vlg-S 3 F(country breeze) o)zl
= g ol A2 414 d4(heat island)o)ztx
T Eeled, 53] F3vgge] g A$ AA dey
ZF W AREcHOke, 1973). o= dt &AL nlgAbel] oigh
A4ie] o] AWelA e FRrtdel hajA A
A28 iyl wrgelehs SHdM olgH oz o7y
o] A 4 9]l& 7le|th. McElroy(1973)= F9 & 375
Z Ao A ] o}t d Ao FaH QF-F s+l Fanaki
(1971)= dA-EA o) #3 AW AL st o), bt
& 23 4% FA dAHAHEE PYAA X5k
t}. Stommel and Veronis(1957)+= thermal forcing
o] &g 32 f-4lell 42 Boundary layer®} §4-& =
9]3lgl 2 Kimura(1975, 1976)x Aol 22 a4
A8 8ol tha] doln st} Atwater(1971)&

349

glct= Ae #qlslg o] Davidson(1967)-2 X A] ¢} 4
2] 7]&e AzFz7} % F83cha 3t} Born-
stein(1968)9] dAFoAls ¢ 3mse] HFFFL A4
ol i LPEL XA AT oF 1A% Axy HFF
AAAZE Adda stgdoh. =3 Leahey(1969),
Deardorff 5(1969), Deardorff{1969), =z&}3 Myrup
(1969)2 AHLEZ | W& WF-+Fo 928
ol s 3 A4S sPstgt.

ole{gt YU FHA g, 3 iAol o
AR QoM 9 #FF 22 UubFo F3E w2 slx
@& 7 %o g A7 G AR vt QKA S
., 1998), dub{F2] d3g vaste FHYFIA)
=g AT AY o]FX A gz sld. AT
A AS, =AM wEEe Hoid deg o
P g FaAal dade] o] Fox =), o] Agel &
% vigkatel wjeld FH U FEAF) S LA Hoh
Selviel A 19 75 jel Fagad e A3
Qx| Aol 95l glornz Y EH Fx|&Hal
o] A b} (L83, 1995). welr] S E
ol A o] FtutgAtol 55 UukFe) o

o 2 oo 1>
ofd

e 2 gn
2 =

o, Jinl
2 o



ol % &7

Temperature

—v— CASE1l
—o— CASE I

FE TAbebE 22 7R ke @ 4 9l

FH2 33U 7| FEAEYo] dutder Fihs)
3 ooleg 23] Az FHAFHA A gloiA g
Aubel el dY €M FAEE EHY o
g A& Fopll L oldsle o] oidr). detA &
Al e 22 $3] 28 -E o] 43t 3FA AN
o] F¥rtgel &) HAR FHAFEFNA Ao
WS dotriat Yot

2. 22k 3 A ¥

¥ ATz ohg3 o] YRyl SR} A
g FHAAsMVS dAEE( 44 2449 Bous-
sinesq F M & oF 2 i}
p=p,(1-of) 3y

714 pe 833}7] A APL Tl Yxojn
ax AR RAAgo ). 279 A7 71274 2H9
Aglo] 9l w7 &Ql Y HEE o] T3 A A
27, 7|8 X EE
T=I% {2)
o} 2ok A7IM re F9) @E FHIE 452 S A4S
o AT E L]—E}-\—l]t:} o]»Z-]AJ—q‘i_r_Ei_4 a8 e
3} o] B2AANMAY $EA, 1,8 Fo2H A
s A2 W2 Ags gk

T, a |x|<i
z=0 3)

0 otherwise

714, 1& 32719 9499 ubgelel. e oy
¢ zA o 2RE] YA F laminar, 234 FFo BAL
F2 At

21 A9 25 234

2 JFoAE c}g3 o] Olfe and Lee (1971)7}
A) ¢+ mountain function?] B2 A 3}& AA S ¥
¥4 A9E b A} g

a0 =— 300K ()

o
1+1—
2

X point
Fig. 1. The distribution of bottom boundary temperature.

714 x& 33 AAY sHutske AxE ebic
a8z g4 Gi)v HAAE 5° 5 e sine
curve® Fr}. o] A& By REr dde
300K ~ 305K X2 ¥ E wolA Hl 3t A

A2] B2ride] HehE Fig 1.oA] B ule} 3pe] o
59 27FA 2 vreiA] A S+t

(1) CASE 1 :

&% AA A Fzhell BAA 71do] s AS2A 3}
3 AA FAFE A5E rtd o] A FYE AP
k. F, Al A i sd G v g mEe
Aoz Zcof ahelA s&2A A4 7ldel AR Fat
A= FANYE 255 125 vepdin

{22 CASE I :

a3 A FAoZRE FH42 AdH WA
7tedo] deoji}a, 7l g0 A X CASE 19| 7393y
FAI -2 7td o] ZHA £ FHE Agc) FEvtd o
AL A FA KA A2 742t o 35 mA=r}t €
th 22w oA W ol H dHL 2 Fof
2l L2(300K)2 AAsHA #2352 gt

2.2 71 28} 4]

AzAAAL 5 R4, dgshgA, A5uA
A Agsta ook AAREA T ABFE £
C2A8 FRAEES SR e 2
9 98,9 ,,,9¢ 2
3t U;ﬁgw—a;-aga VC (5)

o2 YR A3t e

99 U89+ a9+w£+w1" xVig (6)

¥ ax ax oz

o2 ¥3=Hc a8y A& WA
w,aw_

ox oz
22 33dc} A7 Ue duFe F5mseld, ¢
€ HEms), uwe 47 x 288 W ST Rims
) 62 9K, g5 FHMESEmAYE Jebdc. 1e
3 chg-o 2 A% stream functiong T¢]dkchd,
w=-P =g (7)

gxe b2 vebd 7} sloh

350



AR 7l ARl vl e e Y FAAT

U-component W-component
i
2 1 L 1 1 1 2% 1 L 1
»-—e-u L i ol P [ i
J
17 17-’.-..
15 - 18~ -
131 13
- 19—
1" | —t
>4 [
7 . 71
i - Pl —o" ] ] - !
LA
o ¢ H)|(C= 4’/3"’ s '\‘ %
LA R . PSR UL R A )
J |l| |'Q zl; 2‘g :I| ; 4'1 4'5 s & .‘1 .'. 7’| 1" .‘| & g’| ‘ (11} 6 11 18 21 26 31 38 41 48 51 58 61 68 7 T6 &1 88 91 98 101
{ Temperat
2 \ §lream functl?n L L . \ X perature N
c L d |
194 1
171
17—"—-0 | Sy
154 - 154 o
13 13
11 11
L L
b o t
-1 -4 —
’] =)\ (= T — -—f
ke 8 I N, '\ ot~
J 'm)l/lllllllllll
T 6 D 25 3 3 41 45 51 55 61 88 T 7 81 91 95 100 6 11 18 21 26 31 36 41 46 51 56 61 68 71 78 81 86 91 % 101

Fig. 2. The perturbation fields of (a)horizontal velocity, (b)vertical velocity, (c)stream function, {(d)tem-

perature distribution for #51,1)=305K, u=0 m/s and CASE |

. X=51 means the center of the

heating area. The grid interval of x, z direction in figure is 1 km, 200m, respectively.
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