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Abstract

In order to develop an overall efficient and accurate model of simulating an unsteady three-dimensional airflow
over complex terrain with characteristic length scales of the order of kilometers, we have been examining the
large-eddy simulation (LES) technique using a finite-difference method (FDM). In LES, the large-scale flow field
has been obtained by directly integrating the filtered, three-dimensional, time-dependent Navier-Stokes equations.
On the other hand, the small-scale field motions were simulated through an eddy-viscosity model. These LES codes
are referred to as the RIAM-COMPACT (Research Institute for Applied Mechanics, Kyushu University,
Computational Prediction of Airflow over Complex Terrain), and are based on two grid systems and corresponding
variable arrangement: one is an orthogonal staggered grid; the other is a generalized curvilinear collocated grid. In
this paper, using the RIAM-COMPACT with a generalized curvilinear collocated grid, we have performed the
calculations of a non-stratified airflow over real complex terrain in a horizontal region of 9.5km X 5km with
relatively fine spatial resolution (Ax=Ay=50m). This area covers the new campus of Kyushu University. The
numerical results are very satisfactory in the sense that overall characteristic flows over complex terrain, such as the
wind speed-up and the separated flow, are successively simulated. In addition, the comparison with the wind tunnel
experiment is made.

Key words : RIAM-COMPACT, Large-eddy simulation, Generalized curvilinear collocated grid, Complex terrain,

Uniform flow, Turbulent boundary layer flow, Wind tunnel experiment
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Fig.1 Location of the new campus area
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[ : Complex terrain approximated by
the rectangular grids
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(a)Orthogonal coordinate

(b)Generalized curvilinear
coordinate

Fig.2 Coordinate system

(a) Staggered grid (b) Collocated grid
Fig.3 Variable arrangement

LESTIZFNIBICZEB 7 4V Z(ZER ) EREL, K
IR 2 IR A — VO ELT R E, FHEE T EIVLRERS
VyRZAT— (GO 7 Difak, TNLVL/NSRH7 7Y
YRR — /L (SGS)RR 5T DIz 73BT 5. ZAUTFEW, &
B F TG TELREICETELNICENTZGSK S
DORBPERIZOVTE, MNBOEBERIZITH-
DETNVICHEHLTEERE I I=L—a®2175. —
5T, SGSER 3 D /N @AY, FELTE=RLF—
HEEAERIZOWTIE, 742V 2RV AEL-SGShs
HEYMEMEEIIESWTETALLTEHEICRY A
N5, EH5EICBOTE—BRICEM 7V ZEM o
TEOB DRI THOT, 7N FBEEEFBICEZD
HEIXRV. AR TIE, SGSET AVELTRAT Efr s
MR REL-AITI L ZAF—EF VLR AT 5.
B 7 4N F%EEL TH R {E(coarse graining)L7- 8 5z
OHEFE T - A=V 2AFBEROBRTIEE L TR
T.IIT, ERAM, A F A, $8E F A E R T E
BRI (x,=x, x,=y, x,=2)&L, & F RIS T HGSHE E
AU, (T,=0, 0,27V, U, =w)tT5 EESORE
EICIXFFE B OBt & Sha B0, HEO
REMBICTHEABERE TOESNIBITIHEEULE
S EoT, MG ERESTALV AV AEITUELE
FAVWWTRe=Uh/ v LERSIND. o, EETIHHRAF



TN K ZF IS I SeAR R 86 121 & 2001429 A 61

Code 1

Code II

Coordinate system

Orthogonal coordinate

Generalized curvilinear
coordinate

Variable arrangement

Staggered arrangement

Collocated arrangement

Discretization method

Finite-difference method (FDM)

Coupling algorithm

Fractional step method

Time advancement method

Euler explicit method

Poisson equation for pressure

Successive over relaxation (SOR) method

Convective terms

3rd-order upwind scheme based on an interpolation method

(a=0.5)

Other spatial derivative terms

2nd-order central scheme

SGS model

Standard Smagorinsky model with the wall damping function

Table.1 Characteristics of the RIAM-COMPACT
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Hiyama (h=244m)

X

West wind

Skm
(20h)

z 9.5km (40h)

Fig.4 Computational domain and coordinate system, top view
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West wind

—

West wind

=

(b) Time-averaged wind fields

Fig.5 The distributions of the streamwise (x) velocity component ( u/U) at z*=20(m), uniform flow, top view
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Fig.6 The time-averaged distributions of the streamwise
(x) velocity component (u/U) near the new campus

area at z*=20(m), uniform flow, top view
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Q West wind
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(a) Side view

(b) Top view
Fig.7 The results of particles simulation

near the new campus area, uniform flow

Fig TICKL T BB OfE R a2~ 7. FLF &2 HL7ZAL
Bix, KILWTEO FTRIZYE 2R F (AL, Fri /32
BEMELROR EHILTEZELXF(B)THD. 20K
NE, TNETRARTEEF Y AB N 4 O &I
NI VBAREIC 43 5. Fig. TR0 T (A, k
WHZEER LI E - TR EFMBLIORE FH &
DI LSEBHLAENLR FLTWSD. ZO T 1T
Fig. 7()IZ B W THL F(A) D ZE B DOIE 23 K 55 17 (2K
Mo TNBIENSE NS, —F, BLF(B)IFAEFHH
BLOEFAELICEETIEF /NS, B EILTE
fFEICBWTHRADBITOICEEL T2 H ik
IORIEL TS,

X RATEERHE N A O B R ICBI L TRE R AR
EBERTOED, EMFMXOFELHEE 277 AL
(W/U)EELNTERE (o /U)DERE 53 Fi & Fig. 8128 T, #E

HEZEH L& ILFig.8@)IZRdpl, p2, p3THA.

pUZAKIIIUTED Fit CHREHMO T EiRTHD. p2ik
BEHmEHOA & ILIEME THD. p3lidBisiiod
REEICMEBETHRE THD. HtdIHEREND
DFEATr— Nz *(m)E AL, B — &R EABREUTIE
HALLTWA. pl TiEz*=60~400m)IZ B W\ TEH)HE

E7a7 7 ANCEERBPAKICELOND. ZHUZEF
WZOFRHIZB W TENEIL e KED. Ttk
V2R 7= I K TR B U7 EL AL A3 2 o0 i isk oo L i
BB BL TV DILERETIHLOTHS. p2 T
1E, z*=40(m) {3 T— 8k jic A BB UICXF L TRI20/3—
TUOEEN RO, FRFICENEIITIR2L LTIk
AN ED. p3TIXEHEE a7 7 ANV EELNTRID
SFIHFIZ B Mo E I RN,

600 ’_I|III'IIII‘]’IIl||ll|l|'|l‘l_
S et :
- R B
C P33
. [
400 |- p1 S\'j"f 1
—_ C P: .
E 300 F -
* o pl .
- ——— 2 a
200 | i :
100 F-
0 Ciied
0.2 12
(a)
600
500 [} pl
5 ——p2
400 f£ 3
— E
E 300 -
* H
N o
200
100 A
0,_ ol
0 005 01 015 02
() Ou /U

Fig.8 The vertical distributions of (a) mean-velocity
profiles (u /U) and (b) turbulence intensities ( ¢ ,/U),

uniform flow
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5 Fig.10 Instantaneous distributions of the streamwise (x) velocity component ( u/U,)
in the upstream driver unit at z*=20m, top view 0.9
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Fig.11 Instantaneous streamlines in the upstream

driver unit at x=76h, rear view
L,

1200 llllllllllllillllllllll

T

lllllllllllllllllllllll

IllIlllTlTIIlllIllllll

(o] WENNNNRNS O B ca i if
0 02040608 1 12
(a) U/Uref

..._
[
(=]
(=}

j

Oy /Uref
Oy /Uref
Ow /U ref

lillll]llllllll

0 005 01 015
(b)

Fig.12 Turbulence characteristics in the upstream
driver unit: (a) mean-velocity profiles (u /U,);
(b) turbulence intensities (0 /Uy, 0 /U, 0 w/Upep)
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West wind

West wind

1.3

E /Urcf

g (b) Time-averaged wind fields

Fig.13 The distributions of the streamwise (x) velocity component ( u /U,) at z*=20(m),

turbulent boundary layer flow, top view
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Fig.14 The time-averaged distributions of the
streamwise (x) velocity component (u /U,)
near the new campus area at z*=20(m),

turbulent boundary layer flow, top view

I:> West wind

(b) Top view

Fig.15 The results of particles simulation near the new
campus area, turbulent boundary layer flow
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Fig.16 The vertical distributions of (a) mean-velocity
profiles (u /U,) and (b) turbulence intensities

(0 / U,), turbulent boundary layer flow
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Fig.20 The vertical distributions of (a) mean-velocity
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(b) Flow passing the top of Ishigatake

Fig.21 The flow visualization by using the smoke-wire

technique, uniform flow, side view
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Fig.23 Inflow characteristics: (a) mean-velocity
profiles (u /U,) using a linear scale; (b) mean-velocity
profiles (u /U,.) using a log scale; (c) turbulence

intensity (o ,/U,y), turbulent boundary layer flow
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Fig.24 The vertical distributions of (a) mean-velocity
profiles ( /U,) and (b) turbulence intensities

(0 4/ Uyyy), turbulent boundary layer flow
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