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Assessment of the RIAM-COMPACT for Predicting Local Wind System over Complex Terrain
—Part.2 Investigation of the Computational Accuracy in the RIAM-COMPACT
and Application to the Prediction of the Wind Field over Real Complex Terrain—
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E-mail of corresponding author: takanori@riam.kyushu-u.ac.jp

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. First,
using the RIAM-COMPACT, we have performed the calculations of wall turbulence at a Reynolds number of 3300,
based on the maximum mean-velocity and domain depth, with about 1.1 X 10° grid points (129 X 129X 65 in X, y, z).
The numerical results were used to investigate the computational accuracy in the RIAM-COMPACT. Agreements of
the computed mean-velocity profile, turbulence intensities and Reynolds shear stress with direct numerical
simulation (DNS) databases are very good. The detailed flow structures were also examined. Next, we have applied
the RIAM-COMPACT to the wind field over real complex terrain. The characteristics phenomena, such as the wind
speed-up and the separated flow, are successively simulated.

Key words : RIAM-COMPACT, Large-eddy simulation, Orthogonal staggered grid, Generalized curvilinear
collocated grid, Wall turbulence, Real complex terrain
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Fig.1 Coordinate system
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(a) Staggered grid (b) Collocated grid
Fig.2 Variable arrangement
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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

Standard Smagorinsky model with the wall damping function

Table.1 Characteristics of the RIAM-COMPACT
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Reynolds Computational Grid number. Spatial resolution Time Smagorinsky
number domain hi*(=Re . ) increment constant
Re. L, XL, XL, Ny XNy XN, h* | hy* h,* At Cs
(=u.8/v) (=Re At)
180 272 0 X §d X § | 129X129X65 | 8.8 44 | 0.47~5.69 0.018 0.1

Table.2 Computational conditions
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(g) Root-mean-square vorticity fluctuations

Fig.3 Fully-developed turbulence statistics at Re . =180
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Table.3 Mean flow characteristics

Urns. max_ | Vems.max_| Wrms max | “UWmax
Code I 2.70 1.03 0.83 0.72
Code Il 2.76 1.07 0.88 0.73
DNS'? 2.71 1.06 0.84 0.72

Table.4 Peak value of u,pg, Vims, Wems and -uw
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x=0 x=2m 0
X (a) Code I (Orthogonal staggered grid) (b) Code II (Generalized curvilinear collocated grid)

Fig.4 Contours of instantaneous u’ in the (x, y)-plane at z"=5.3, top view.
Solid lines represent contours of positive values while dotted lines

represent negative values. Flow is left to right.

X (a) Code I (Orthogonal staggered grid) (b) Code II (Generalized curvilinear collocated grid)

Fig.5 Contours of instantaneous P’ in the (x, y)-plane at z*=5.3, top view.

- Solid lines represent contours of positive values while dotted lines

represent negative values. Flow is left to right.

> x x=0 (b) Code Il (Generalized curvilinear collocated grid) x=2m

Fig.6 Contours of instantaneous u in the (X, z)-plane at y=0.5x § , side view.
Flow is left to right.
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(a) Code I (Orthogonal staggered grid)
\s

(b) Code I (Generalized curvilinear collocated grid)

Fig.7 Contours of instantaneous p ’ in the (x, z)-plane at y=0.57 0, side view.
Flow is left to right.
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Fig.8 Instantaneous streamlines in the (y, z)-plane at x=n § , rear view
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Hiyama (h=244m)

X

West wind
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Fig.10 Computational domain and coordinate system, top view

Fig.9 Location of the new campus area
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Fig.11 Time variation of the iteration number of near the new campus area, side view

the SOR method (for pressure Poisson eq.)
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DOplEB ). ZOK FIEFig 13128V T, Code I &
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T 560D T H(Fig.14, Fig. 150p2% 5 R).
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Fig. 1512 ¥ . M BZRB H L2 & ILFig.14(a) & Fig.13 The results of particles simulation

Fig.15(a)iZ’R¥pl, p2, p3THS. pLITKILILTED T near the new campus area, top view
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(b) Turbulence intensities
Fig.14 The vertical distributions of turbulence statistics,
Code I (Orthogonal staggered grid)
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(a) Mean-velocity profiles
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(b) Turbulence intensities
Fig.15 The vertical distributions of turbulence statistics,
Code II (Generalized curvilinear collocated grid)
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Reynolds Computational Grid number Spatial resolution Time
number domain h;*(=Re , h;) increment
Re (=u, 6/v) L, XL, XL, N, XN, XN, hy* h,* h,* At'(=Re_ At)
150 | 2728 X dX$ 65 X 65X 65 14.7 7.4 0.39~4.74 0.03

Table.5 Computational conditions

COMPACT D3 B ¥ %M B+ %75, CodekCode Il
ERANT, A—&HEOLETEETAMELTS O
EiTol. 2ORE, LTI rRTRREEE-.

D AERELELFESEHTIE, Codel LCodeI D
I E I EEMICR O — %R,

2) ZHICHY, EEBEAKRFEBOSHIZONTYE
Code I £CodeIDE ERZRITIRONT, BWHFL
HIZF ¥ R ELTRODNS T —FZ R~V B 70—
HERLE.

b, xBEBLTWSRHMNEARTET LV

RIAM-COMPACT DB R E M Hesi ST,

RICAMN KREF XYy ARG & e EME L
D & 157 38 #8 H1 {2 RIAM-COMPACT(Code I & Code II)
EEALEL. ZORR, LTI /RE/-.

3) Codel ¢Codell¢BIZENDRI Y FERKD

BAMFEIIERICHRBIDOERICETEND.

ZhiE@a—REbIZENEFNOEKREBIZE L
EHEP I REEREADORT Y HFRAD
BEB(L)' QDI N THDBTDTH B,

4)  ZHIZEEW, Code I &Code I ® CPUBSRIXIZIER
LThB.

5) [BOHNBEMNRE— Bl T, BERCEHK
EEIZLDST, Code] LCode D EMHBIOE
BAEEITIETE— T 5.

6) BHICSEHEMBLELZUMKEF Y 2B
B P94 IZBIL TIE, Code I &Code T EHITER
244m)DO K INIZE R LB N B F v 2B

# E DR FFHEICEEEL TWBAIENRENTE.

F BRI B T AEFI9MmMDF » &I
TEfTIZBWTIE, IR EAET—HFEKAR
HUIZH L TR20 83— FO B E N FEER S NT-.

Appendix
BLERICKOIMELBIBBORE

Bx DR BELTORERME Eo RSB,
FEFERBLA/NAHERG THD-0, ERAFHE
ETO5T-DIIEHERLZE(BREREEEEE T LM
MWOFENLETHD. COBBEICHL, 21T
filtered 7B =« AR—7 X H A DO X Fit EIZ 3R K E &

EEDURBE D LES QAR B Y BELHEE) %
BWRATHIHEZRALTHS. BL, ZOHEAIZITE L
EHIEABEILEEOR BE+ S IIEE LTI
BBV, 2T, SE TR A-EmTAKNELKSE %
MNBIUILEREERDAIT—REFICESWEELK
H a2l —a (DNS)EITD. R4 T o S0l $ k
HOER o BT A—FLLTELSE, Z0OEVDE
MEBECEHEIARA BICEZDEEBC DO THRE
T5. E-RIFFIC, 6B BEILBIED L BIZ D> T
LRI E1TS. Table.5&Table. 612/ 3T A—F &7

Weight of 4th-derivative error term, «
Casel 0 (4th-order central scheme)
Case2 0.05 (3rd-order upwind scheme)
Case3 0.1 (3rd-order upwind scheme)
Cased 0.5 (3rd-order upwind scheme)
Case5 | 1 (3rd-order upwind scheme, UTOPIA scheme)
Caseb 3 (3rd-order upwind scheme, K-K scheme)
Case7 4th-order central scheme

+ 6th-derivative error term

Table.6 Computational cases

Fig 16\ 8 BELR A BEO DM ERT. ELITHK
BEI+HSICREBLLENEEG2%, BIRTRET20
DR ZEREHETNEH L, UTICRTEHK
FiEu=u,<upTEBRBSN, XKPOCOIIRFRZER
T ERT. Fig. 16(@)DOEHFE S MHu (=<u>/u )

HEBT5. EmEHFEDI=Z2" 1008 TIL,
20 Casel 5
Case2
Case3 ]
15 Cased -
———— Case$ ]
. Case6 1
=10 Case? 7
5 .
1 1 11 113 l 1 1.1 bl I 7
01 l 10 Z* = 100

(a) Mean-velocity profiles
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(b) Turbulence intensity, u;p
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(c) Turbulence intensity, Vim
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(d) Turbulence intensity, wy,
Fig.16 Fully-developed turbulence statistics

at Re . =150
urms. max Vrms. max Wrms. max
Casel 2.55 0.93 0.71
Case2 2.57 0.92 0.71
Case3 2.66 0.94 0.73
Case4 2.85 0.90 0.71
Case5 3.07 0.84 0.70
Case6 3.18 0.84 0.65
Case7 2.74 0.96 0.74

Table.7 Peak value of Uy, Vims and wi

y=7t6

(b) Case6 (a =3)
Fig.17 Contours of instantaneous u’ in the (X, y)
-plane at z'=5.1, top view. Solid lines represent
contours of positive values while dotted lines represent

negative values. Flow is left to right.

(b) Caseb (a =3)
Fig.18 Contours of instantaneous p ’ in the (x, y)
-plane at z°=5.1, top view. Solid lines represent
contours of positive values while dotted lines represent
negative values. Flow is left to right.
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Casel(Z{E¥5 M £ L) & Case2~ CaseT(FEXERY)
IEERIURE R AR, linear lawSEE B<HHIN
T, T &Y EF O >100TiE, #FE/ERIC
BHELRERNRLND. Case2~Cased, CaseTlXCasel
LIZIERIL A ZRL, log lawEE R<BRINL TV
B, ZHIZKIL, CasebECase6 TIT EHI B2 K
O MENTEY, ilog lawh BHNZEBHINT
W72 V. Fig.16(b) ~ Fig.16(d) @ & 4t 38 & 47 #i
u, =< u CHY2 ), v EC v OB e ),
W, (=< w "2/ ) Tix, Casel & Case2 ~ Cased,
CaseTIZIFIEM U AR Y. Z4IIx L TCaseb &

CasebliZZ LS D —REB LN R DHEME R T,

Fig.16(b)D E ¥ 77 M AL 43 Tid, Caseb&CasebidZ LA
Sor—2L0bLEEHICHRYKREREEZRT.

Fig.16(c)&Fig.16() DR/ F[H &SR E 5 M K55 12D .

W EEIIDRY/NSI2EE R $ (Table. 75 HR).
Case2(=0.05) L Caseb( « =3)IZBIL T, z'=5.1{c 8

FA(u’)oar#— [ %&Fig1TIiZR 7. Fig.18121%

Fig 1TICRISLI=EBE (D )0arZ—MERT.

Case2&CaseblHIZFig. 17LFig 18128 W T, #hithiKE

PUZH IR T 2R OARRN — 718 351255 U7 SR I8 A3 B

HICBEEND. ZO®MBEEIIE T OREMEDOLE

BHICEETHD. s, BmEITEICHE TR

VIR ENOANAERICEEREE R

T THD. Fig.17LFig. 18&H1Z, Case2tCasebiZix

FEMMBVRADND. 77205, Case2 TlI LB A

DR E N ELRONDDIIRIL, CasebTIXE LA

ERFENINRYEHERFINLTH S TVS.

PLEMR R TEREIIZ, 3RFER L5 ICLD4RE

W OBEILED RIL, BRBAOELRAEEITHL

THEBIERTAZLIRINT. ZHUTHWE FEEL T

HEODHICLERMALNE. SEIBLNI-ERE

BIIUTIZRTHEITHD.

1) ¥ S A Tid, Case2( a =0.05), Case3( o
=0.1), Case4(a=0.5), Case7(6BE M 73 D EX{E HL#k
B, ZBEEBEDROMMEIZEDLLT
Casel (BHEHEMELLITERM DA ERL, linear
lawklog lawBFEE BRS<HRIND. ZhizxtL T

Caseb( o =1)kCaseb( e =3) T, linear lawid1# ]
KHEREINALOO, xt# Qi Crd I8 5t 38 235
RO REFEMEND.

2) % 5 1A @ EL T 3R B 43 4 Tk, Case2 ~ Cased,
CaseTiICasel IZIEEM LN MEe=d. — 7,
Case5 & CasebTid, F it 5 1A ik 43 232 (K 19128
KEEM S, A FRIESRE F AL T IEEED
W/ RS LS.

3) Case2&CaseblBWNT, FFICEEEITHEDAN —2
I TR EIEBRICEE 758, Case2
TIRHHEERHMNR2EEENERONDLDITHL,
Case6 TIZZNRE T MITHRVELHMERSNT
HioTWD. Lo T, BEIHEBESKREIVIZE ALY
— 7 EWRFRICESHERFIN, DOBEOHRE
EEETHIENRBIND.
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