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Numerical Simulations of the Flowfield and Pollutant Dispersion
over 2-D Bell-Shaped Hills

K. Park , W. G. Park

The numerical simulations of flowfield and pollutant dispersion over two-dimensional hills of various
shapes are described. The Reynolds-averaged Navier-Stokes equations and concentration diffusion
equation based on the gradient diffusion theory have been applied to the atmospheric shear flow over
the bell-shaped hills which are basic components of the complex terrain. The flow characteristics such
as velocity profiles of the geophysical boundary layer, speed-up phenomena, mean pollutant
concentration profiles are compared with experimental data to validate the present numerical procedure
and it has been found that the present numerical results agree well with experiments and other
numerical data. It has been also found that the distributions of ground level concentration are strongly
influenced by the source location and height.

Key Words : o] 7184k (Atmospheric Dispersion), ‘¢ F(Turbulent Flow), 39} &4to] &(Gradient
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Fig.1 Grid system for the Russian hill.

Figl& ZzaA9 3 o2 33 Mdyst
Al 8 Russian HillF]A HILL-39] ARAE
HF3 gled fEwgez 1201, £Aw
Foz 307le AXE EEAZCD.

FEANE A% AAzdez AF w97
Ao e ol L& 21E& R K.

U { "= In(/3) y<H
Uw wH
=0
= C.7' wl(-y/H?  30.9H
ko »0.9H
_ C 3/4k3/2
xy

A7 M, k& von-KarmanA4olil, %< FWE
Mg nlFEE 3 & HH XEZo|E ofn|
Eid=d AFHAAE  HAZxd(no-slip

condition) ¥ 92 =0, 1 °)8js} AAAAE

NeumannZ73-& F7}st4ddh

3. AaEy 9 g%

3.1 gEao RS Y ayat

HA FAANE 2o FYANS HF5E7
$18te] Raupach 3 Leggl[12]7} 33 F@4Hd
X AL M vj& 3= passive scalar] &
A AEH Y =dsAA Ade YA
th. Fig2e HEESEERIEA AANdnRs A
daat ol e F At dES & F U

line source

&394

g x/H=25 x/H=75

x/H=15

{0 o eopun
s0o) ] — m0.15m
[[—~— w1.8m

0l L £ ! ! L
2 4 5 8 10 2
U ge)

Fig.2 Mean velocity profile over
the flat plate.

Fig.39 (a), (b), (¢}, (A& ¥W&ddA 247
x/H=25, 75, 15, 3014 &3 2|4Ed ¢4
AW FEEXEZA He HEdA 4474
9] Fol& uigd. dALdA ofF &
AFx/H= 25)& A&stne ANAHY} 48
@3 & dXsta e, o9 ol Agayw
A d&AdFel EA& AL Raupach 3
LeggZ7t AF3tAxe] Tuigidolge HAAHF
9] duvoltk. o HE AYdune AHaHlow
order)8] TH|EAto]8& o] & T Hdo] F37,
FrEdgo 29 scalar fluxE TEZL WEHA



I3 B/ 1998.10 23U FY A 99 75 € FAd A 2 A4
< & + 9. Fig4e ¥1 B
g 4¥d vag ez o A
Fe ¥ T A m
A1 1 i
| | .
=3
1 1
A | L S :
'.2 2 o4 1‘1 2 o« 1?2 2 1 a (2) B @ C 4D ®) E
e (a) Mean horizontal velocity
@ wH=25  GWHTS () WHEI5  (OwH=30. . o . .
Fig.3 Mean pollutant concentration profiles 5 %
computed at several streamwise o 8 :
locations. z, 9] 9
(o o:Experiment[Ref.12], ——Present ) 3 g
W+ hO I S ‘% §
06 . ; y L S . . R
° 41 0 01 4t 0 o9 Q.18 ?rﬂ.li €15 0 048 415 0 045
0S|
/"7\. Ma B @®c @D G E
o4 . (b) Mean vertical velocity
b 0.3 — 4 —r—r
02t ‘ ° o Exp.Ref12) : g
-— Present
01|
o . ]
0 1 i 4 »? ]
) 10 20 30 40
x/H

Fig.4 Variation of the mean ground concen-
tration along x-axis.

3.2 A2l gH<e eoi=o] oSt

7S Y AN

oS @44 de L94EF il 43

A I= HFE A 48T F66lel 49

8t $A A& FAF(cosine) FE Ad o]
et Ae T3ty

Q|
°
1

ma

@8

L PRI ! :
o 001 02 ¢ 00t 002 O

n )
001 002

@C

N L L1 Fa—
o 0ol o o 001 002

4 D & E

(¢) Turbulent kinetic energy

Fig5. Comparison of measured and predicted
mean velocity and turbulent kinetic

energy profiles over the cosine
~shaped hill(S3H7).
(o o:Experiment[Ref.5], ——Present )

Fig.5+

duel Z fAAN 2P xdg

yiEe $E $E 2 UR

+EUA EEE



68

o 2 97

A8 vag Aoz gAY IF F5HA

“il'ﬂﬂ Ao} 2HEA olF & &3
3 S-S ¢ 71 AU Figse °]-3H’4J—1' z

°] AYHE FE£E7M8E Yy A

Uy)— Uy
Us(»)

2 dY AN Y 28X

T 99| gl 479 d2 44

4S= (12)

& A" AgLAAe Aug
Z7H& % Fl?::]akﬂr AR5l AEE o=z 011
83 glew, O ge 11~124%7 e
¢ % 3l

151

yiH

0S|

n o 1
"1 475 05 025 0 025 05 075 1 12§
Fractional Speed-up Ratio

Fig.6 Comparison of measured and predicted
fractional speed-up ratio(S3H7).

Fig7& AYF9e JqYAs £XE 4Y
I vlag ez vzl 44 F dxsta gl
9 SAEY FEe FET Sl TN
d¥el FYHA FA7] WEel QP
s £453] Rgn, age AN X
BN 29 FAZAs ulado Figsel
BRAg. AET T ALAs dA 73
F7h ozke] Folg Belm lev, 2 YA
A SRS F FALR) FY¥LE ¢ £ 3
=2

2

xILs

Fig.7 Distribution of Cp over the cosine-
shaped hill(S3H7).

GLC
eLe

A "
12 16 20 ° 4 L] 12 18 20
[

(b) Source height : 1.0H

s+ e
(a) Source height : 0.5H
Fig8. Ground level concentration of the two

different source height(S3H4).

3.3 Russian HillF9{o] A A

g XA G2 T 23HYAES] 7
U3 Fig9s} Z& 'Russian Hill'olgta #g
t 293 d49e ez ANL F939
B

Fig.9 Topographlc proﬁles of the Russian
hills.



3 B 1998. 10 29 28 dY F9]9)

o

}

oft
p oA
>
£

>y

& £A94

o
[

69

JHF Aue FHu(AY Fold WE o
Y $elel Aol w)el w FRIA He
9, & 4FE 3 §4ut 3,5 89 ASE
g3t 1 o] &-& HILL-3, HILL-5 HILL-82
Yehilz stEoh. 99 g44e obgst
2.

_1 &
x—25[1+ Ez+m2(a2——52)] (13)
L1,y al____ &
Y=g m a*~¢ [1 52+m2(a2—éz)}
q71A £ [<a (14)
m=n+V n?+1 (15)
n=4 (16)
& uiEw HE A9 Eololn, ak dge
Y ooy, ng AHY Py L72A ¢
oA Heojg HAuol7|E 3. Fuz dY
o Huprl&7l= 44 267,167, 10° 9 2D
g,

x/H=0
XfH=1.8

XH=-3 l UHe3 xH=4

R U

T T

2 & N &
T —

yIiH

- N W .
T——

|

L

43 0 0y o8 0@

Ol

1 —
0 030800
u

et
9 03060912

N N
0 030600 0 030800

@xH=-3  (OWHO (©H15 (dwH=3 (ex/H=4
Fig.10 Comparison of measured and predicted
mean velocity profile over the HILL-3.
( o o:Experiment[Ref.3], ——Present )

Fig.10, 11, 12& #4¢ HILL-3, HILL-5,
HILL-8¢] 4Y 2 9AxojHe &2z

x/Huo

xHe-5 |

‘ WH=5  xH=$.§

xH=2.6

3
Py
1

ST
©3 0 030609

L ten

0 030600

" P hmat L PR
0 03 0809 0 030800 0 03080812
u

@xH=-5 (bWH=0 (©WH=25 (DWH=5 (/H-65
Fig.11 Comparison of measured and predicted

mean velocity profile over the HILL-5.
(o o:Experiment[Ref.3], ——Present )

H=0
) x/H=4
WH=8 | | WH=8 x=10

T e

T

™ T ™ 7T

¥iH
o o N o

- W w
T

S

]

29 A
€3 0 03008 09

P
© 03 a8 09
v

Ak 1 1 -
© 03 08 09 0 0308 09 0 030009 12

(a/H=-8 (OH=0 (Ex/H=4 (dx/H-8 ()x/H=10
Fig.12 Comparison of measured and predicted
mean velocity profile over the HILL-8.

(o o :Experiment[Ref.3], ——Present )

Aryadl A¥[BI% & dXsa Y& ngF
I Y. o £EEIXE HY AdEHgyoz
frEe] Ao 48 & F713iv, dy
o FERAAME A 45EL B F7 9o
HILL-39] A%t d499 ZAAl F87) g8
oA ofF & #FuEst SR wegy
o] Av)x 53/HAEZ AYoA TIH:



70 o 2, e

ki

[
rx
Ho

A

oj

%37

55HE A9 #AE AR o235z Q.
HILL-5, HILL-89] A%t Y7t 4943
2348

p b

y (mm)
| ]
]
2 o o ©

o

o

o 1
[

[

o 9

i "
[ . ) . [ ] . [T . [T} o

-
_ @xH=3 bH=0 ©WH=15 (@x/H=3 (ehwH=4

Fig.13 Comparison of measured and predicted

normalized Reynolds stress profile over

the HILL-3.
(o o:Experiment[Ref.3], —Present )

i 1 T 1 T
: o o HILL3 (Ref. 3) |-
' & 5 HILL-S (Ref. 3)

0 o HILL-8 (Ref. 3)

HILL3 (P

------ HILL-S (F

—— - HILL-8 (Present

1 12 14 18 18 2
speed-up factor

Fig.14 Speed-up factor compared with
experiments.

Fig.13& HILL-3 #4919 #ols= A<$Y
< 49a3 vay Aoz A9 PEgoMe
vy F dXdn od, fEdest ¢4
@ A9 FodAME gae EUXE BAF
I Qe ol k-e W9 FAHAQY AR
AAAY. a2y AAFez ¥EY v 2
XE g F AW Fig.dE 99 AR

Ao Eold WE K457 dde] ¢S w9
Y EoldMe f49 v FPo=H= speed
up factor& YEld Aoz AYPy viwsgdes
d, 9A] vlz3 ZF A2 A+ &+ A
o A9 RN #& F/HEYL dY
9] 71-&71o] upet vBsty HAuloe why g
e & 7 Uk

G222 2HEAY o dEAEe 29
49 94X MA 4L vAE HF Fa
249 XEHE FX(Ground Level Concen-
tration, GLC)7t 73 3 A vehvds AH, &
A9 B d¥E AXNANA FAAIE
88t Fig15& HILL-39A4 |9 =
o] Wg B FTFEE AEE REF Ao
t}. Fig.15 (a)%} (b)x o] Ztzt A FH
A 0.25HSt 05HS] Eolo] HXE ZFF-2A4 o
ES ddo] #5999y el YASA Hof
5 Aiwgdoezx ogEAH. HiHm
ASS ¢ & Utk ol A&FIY R
olF BUH GFEFH FAd 7AY Aoz
ol g AcPIY UFe 24dde] XY H
5 gito] A FIE £ UL BHFER 3
t}. HILL-59} HILL-8¢] A%t d499 ¥F
A fFEeEst dAsA Yol 2dH] FF
o FHugezgt WA

\

(a) Source height : 0.25H

[T

3
x:
3 e}
Al
e m————
o ¥ W = PYT?ad W 3 )

(b) Source height : 0.50H
Fig. 15 (continued)

cssesssse
T




$3E F14k. 1998. 10

224 3% A9 299 F5 ¥ $uAR 38 $AA4 71

(c) Source height :1.00H
Fig.15 Mean pollutant concentration over the
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