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Numerical Simulation of the Flow Field around an Inclined Square Cylinder

Using the Immersed Boundary Method
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Numerical Simulation of the airflow in an urban area requires the ability to deal with various shapes of buildings. Considering the
difficluty to generate the grids for plural arbitrary geometrics , it is reasonable to usc the Immersed Boundary Method (IBM) in
conjunction with Cartesian grids. However there is no previous rescarch on the applicability of IBM to the the flow ficld that is
sensitive to the separation-reattachment effect, wihch is peculiar to the flow around buildings . Therefore, in this study, we apply IBM
to the DNS of the flow ficld around an inclined square cylinder (a basic building shape) and investigate the accuracy of the simulation
for the separation-reattachment cffect by comparing the arcodynamic propertics of a squarc cylinder with the previous numerical and

experimental results.
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Fig.3 Sample time history of force coefficients.
(a) a =0° (b) a =45° (C) a =0°

AU T B HTAR @ < HURE Cp (force) RUSRE T
¥ C, (force) % (6) X TR 7240 D IZ 1 L€ AT HEE S
BTHRBEETEIT) 2L I VB L7 Fig.3l2Cy, C, D
RTINS % 7R $6 Cp (surface), C, (surface) 3 JEH &+
AWTIE T % AR RTE E TRl L TER L MR ER S
%35, Cp (momentum) |3 AT SEIE~ O EBI R OFE LA b OEI-
IDEHRLAMNERYTHL.Fig.32 0. (a), (b), () Fh
FHNOBEEHIEER ~BHLTVADONSh5E, ThED,
SHEHWZC,, CL BHEOR UM EMRT LI LA %2,
T AR IIBU A RETHOEBERE L C, DAY
WO BRI 55412 —8 L. Strouhal #(St) 13 — &Ry
KT -7
3. 3 LHEMOBEMICHT 3ER -

W2 ADEALIZHED St % Fig. 412, FHH B C, . F

B R C, % Fig. 5 ICBEEOERR - SHEME L £IIRT,
Tamura, Yamada DEHHIE, BRESKTE*HHLTEL, A
HOREICREET 2EINERE * Mg TE oRICEREREE
BT HBT*RAEL TS, $7:. Tanura® =RCEHE
TIZ AN AR S BI2a) LT B/S0 DS FHEEEL 5 2 T
Wik,
3. 3. 1 Strouhal BMOBHEM  Norberg @ Re=1000 25
JAERIZEAEStZa =15 CBWTY =2 %D, —f
12, St DW\RIIBEFBE OBENFECZ EHFHMSN TV S,
FEECAMBIENET L & BAWIRL 2, StIZ LAY
Ho a DEIMIPE> TOD S FEE L 728 AR IZBRRIIZE)
WCEBRAETAHENIEL, ¢ =15 TEHENLEMSIREL
%5, a=15" LTI, RISITEOBEMIZEE > TRFKIEH
LAY, StidBAT 5, $72. o =5° 5 ETOSt DA
3. BMYEAEORERENRVS, BT EoBnOE
Brd{ FI TV EDOPERETH 5,

AEFEIZBVTIE, ¢ =10° IZBWVWTStOEY— 27250
2o LU, Fig. TOBMBESH IS, o =100 BT 75EE
BAABERBICEL TR, E—271310° ~15° OBIICHEE
LTWwWahEEZLND, $72. ¢ =5° I2BWVT, St DEAME
MERZ LN TWRVOIR, (6)X0 v BRI L ke
TWBDWEKREEZ S5ND, v OEEER DB A WS
ORBNCHFEL . BRNE S HOEEE TR EES AR
REONRNFFAET 5 & &V IZHBEE ARSI O L
IVBMIEHMBSNDB. Vv OEIREL ) FEEANBO
B &0k o T, MBSO REEESBNT 200
LEbhz, 3
3. 3. 2 FHRNRB(C,) RUFHISHER(C )DER
L2 AE. Re=1000 12 BIF B EBRIERIIRL TS,
Cp. C, bSt LRI =15 TE—22HTHbNDEER
SEN%, MLAMBEOILHENET D L, HEAADFH
AR EN B2 ) R THORIESREE L T, C, R
D3 %o o, HODIZFEAMEATER ENT C BT
o EDH. a=0° ~15 1ZBWTIE, G, RUTC, BiITH
RICTRT 2. o =15° LIETIE, FIBEARRBAER@IC
BNET S8 FEKREElBI LT, C IdEmT 5. 57-.0
WKBWTHHBELEL, BEARAOBMOBEITEREEE.,

0.2
T ! T T ! T ! T ! ! e Prosent comp.
Lo N PR R S Re=1.06+3
0.18 |- 3| ———— Norberg
Re=1.0e+3 (exp.)”
- -
0.16 : [ ------ Norberg
- : Rex1.3e+4 (oxp.)”
St . .
0.14 |- Sl AP Igarash
: - Re=3.70+4 (exp.)"
T 0O Tamura
.12 - : B Re=1.0e+4 (2D comp.)®
- RS . .
: O Tamura
0o - 1 1 { ! 1 I ;
0.1 - - o
o " 2 % o 30 Re=1.0e+4 (3D comp.)

Angle of attack « (deg.)
Fig.4 Strouhal number vs.angel of attack

e Pr@SON T COMP.
=1.0e43

ESDU
Ro=1.00+4 (exp.) ¥

-~~~ -Norberg

Re=1.3e+4 (axp.) ¥

: : . | Ohtsuki
1O = : : : D Re={(6.5~

| Lo . I 7.6)e44 (oxp.) 7

O Tamura
Re=1.08+4 (20 comp.) *

(o] Tamura
! Re=1.0e+4 (3D comp.) ®
|

A Yamada
Re=1.0e+4 (2D comp.) *

R SRR SN (NN SN SR N W S
0 10 20 30 40 5
Angle of attack a (deg.)

Fig.5 Mean aerodynamic forces vs.angel of attack
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