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Computational Simulation for Aerodynamic I nstability of Tapered High-Rise T ower

Y oshiyuki ONO

Abstract
Computational Fluid dynamics (CFD) may be an effective tool for estimating wind load such as aerodynamic
instabilityof astructure. In this paper, the CFD method is applied to the problem of agrodynamic instability of a
high-rise tower. First, a numerical model is constructed ,and is then validated for estimation of response
characteristics through comparison with experimental data. Next, a physical mechanism of vortex-induced
oscillation of atapered high-rise tower is discussed by use of aflow visualization technique.
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Computational Mesh in the Present Simulation

000000000000 0000000000000
ooooo =0y ¥) osoooooooo {.uo
oooooo{y oooooooo{y=> {«y 00O
00000<C000000.Y0OO0000000000
ooo

. 20, <20, oo pD? D ot AHCe(7)
200 50+ (2 ()= 2 st A0,
N N Zk=1 M o
020

oooo.y=,y/D O0:h O,s00000000000
Vr=(2U/,eD) 0000000 ,wO0s00000O
000000 OO0OODOmOOOkODOOOAH, OO
OkOdOOOO..C(@HOO00kOOO0D0000000

2300000
goooboobobOoboobobooboboboooono
goooooobooooooooooon
)000d00o0oooooooo0ooOoooooooo
200000o0o0oOoOoOoOoUOUooooooDoooO
3y 0000000000000O0COO0OO0O0OOOOO0O
4)000000000000O0OCOOoOOODDOOO
oo
5000000

oo ooboooooooon

gooooobooboboobooobooboobobaoono
oooooobOobobOobOOooooboobobono
goooooooboooboooboobooooooon
goooooooobooobooboooooooooon
gooooobooboboobooobooboobobaoono
0»000000ooo0ooooooooooooooo
ooooooooooOoOoOooo®»ooooooooo



O0D0000000ONo.69000000000000000000DO0O0OO

o000
OFig. 2(a),(b)0 0000000000000 OOO
0000000000000000000000000
000000000000 00000000000On
000000000000 0000000000000
Fig. 2(c)00000000000000000000
0000000 000000900000000000
000000000000000000Fig.2(d)000
000y=0,ZD=10D0000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000 000000000000n
00000000000000

goooooooooboboogoboogoon

ooooooooooooooooooooooooon
ooooooooooooobooOoOooooOoooooon
oooo0oooooooOoOooOoOoOoOooOoOooooo
OOooo0oooooooOoOoOoOoOoOoOooOooooon
ooooooooooooooooooooooooon
ooooooooooooobooOoOooooOoooooon
ooooooooooooOoooooooo

4.10000000000000
DOoODO0O0o0O0, 00000000®00000000
0,000000000(H/D)010000000000
0 (2m/pD?-2zhyp 20000 (M(2)/pD? Y0 1080 O
0000000000000000000000N o -
dip000000000000Freesipd0(00000
D0000000000)00000000000000
00000WO0000=UuOVviIOOOOO0O0O =0, w
0000000=000000000000000000
0000000000000000000000000
0000000000000000DOO0000UD
000000000000 Re=UD/v 0020,00000
000000000000000000.00100000
0000000000002010000001700000
001400000

420000000000O00O00000000
4.2.10 0000000000000 OFig. 3(@000
oooo0oooooooOoOooOoOoOoOooOoOooooo
00®0000000000000O0OvVr, 00000
DoooooooooooooOodrmsO00000O0OO
oooooooooooo,oocoooovrOOsoon
Ooooooooo0Ovr=e00000D0,0000000
OOooo0oooooooOoOoOoOoOoOoOooOooooon
o0ooOdoooOdoOodooooOoooocoOooon
ooow=sOvr=e0 20000000
oooO0oO0OO0ooOO0OoO0OOoOoO0oOooOOooocOooOoooon

60 ° Exp
40~ —— Target profile
< (@H)°*1u,, 501 —— Present comp
301 ° Exp 404
9 Target profile =
20— Present comp \:2 30
204
10 104
0 T T - .
0 5 T 0 1 2, 3 4
u, JU, 10g,,(z (=2u/v))

(a) mean velocity (b)mean velocity(wall unit)

—— Karman
— Present

10"

n§(n/e,

10°4

, 10° Hro
z
10 10

10"

(c)?(ﬂ%lgt?ng velocity

nLJ/U
(d) power spectra
Fig. 2 000O0DO0OO0O0OO0OO0ODOOOOOOOOO
Comparison between the Computational Results

and the target profile
0.3+

o Present O Present(000)
/*A —a— Exp(Kawai) e Peent(00ODO0)
02 O
a [
Z °
>h-01 ° O
\A .14
o,/ ‘a ¢
/ :‘AA °
B YN N R =N

3 4 5 6 7 8 9 10 345678911112131415
Vr Vr
(b) response characteristics
in boundary-layer turbulence
(computational results)

(a) comparison between
the computational results
and the experimental data
(uniform flow)
Fig. 300000000000
Response Amplitude of the Top
of aThree-Dimesional Circular Cylinder

OO00000000DoFrig.3ooooooooon
obooboobobobooboboooobobooobooo
ooobObooooooboobobObObOooobobOoOoooboon
gooooobooboobobooboboboobo,oo0oo
goopooooobOobooooooboobooobooooog
O00OUOOOOHowelDOOOOO®OOO0O0OOOOO
ooooobobOooooobobooooooobobooo
gvr=5,6000000000000Vr=50800000
gooooooboooOoooooooooboooo
obooboooobooboobooobooboobooo
oboboooooboboboooooa

4.2.20000000000000DO00ODAO

OFig. 400 0000000D0ODOOCOOOOOoOoon
oobOo0ob0ooOoO0ooOoO0oooobooooovessood
goooboooboobooOoboooooboobooboooo



000000D00O0ONo.69000000000000000000O000O

gboooobooobooooocooooooa, vr=e0
ooooooooooooooooooooooono
ooooooooooooOoOooooooooobooOoo
oooooooooOoooOoO0oOooOooooOoooOoo
oOoeeeiigoooo0oooooooooooooon
oooooooooooooOoooooooooogd
oooooooooooocOoOogdvr=6000000
oooooooooOoOooOoO0oOooOooooOoocoOoo
ooo0oOoooooOoooOoO0oOoOooooooooOoo
ovrioo0o00000O000000o0oo0oooooogd
oooooooooooocOoOogovr=5000000
oooooooooOoOooOoO0oOooOooooOoocoOoo
oo00oOoooooOoooOoO0oOoOoOoooooooOoo
oooooooooooooOoooooooooogd
ooooooooooooOoOooooooooobooOoo
oooooooooOoOooOoO0oOooOooooOoocoOoo
oo00oOoooooOoooOoO0oOoOoOoooooooOoo
00000000000 000000000000®0

goobooobobOooobooooobooo

gooobooboboooboobooooobobooo
gooboooooooocooooossomdbOon0nas0m
gobooboooobooobooobooboooooo

5.100000000000

000000000000 0OFig. 50000000
Oo0000000O00000000000OFig. 600
oOoooOooo0g0201 ~170 ~170=5,808,9000 00000
OO000o0oO0oo0oOoOO0OOoOoO0OoOoOoOoOooooooon
obooooOooooooooooooobOoOooooood
oooooooooo,01o,0o000000000OH/DOO
22.50000

5.20 0000
Fig. 0ODOOODOOODOODOOOOOOOOOO

ooooooooovw=7m000000000wW=105, =14

obooooOooooooOoooooooooOooooooo
oOoooOoOoOoOoOoOoOoOoOooOooOoooOoooOoooo
O0O0o00O00O000O0000000000000000
0000000000000 0000000Y0000Fig.
g 0o0oO0boOoOoooOoooooobooOooooooon
oOoooo0oooo0ooOoOooocOo0OoooooOvr=8 OO
100y MOO0YA000000O0Fig. 3()DO0O0O00Ooo
oboooooOoooooOoo0oooogoooocoooon
oooooooooOoooooOooooooOoOvr=17 -
10.50y, /OO001/20000,0000009°0000000
oo

5300000000000
goooooboooooboboooooooooooan

Fig. 700000000

=6
OFig- 4000000000000000O00O00O0O
Weke Structures around an Oscillating
Three-Dimensiona Circular Cylinder
with the Rocking Oscillaing Mode

—eo—10
] |®
P 20 ./ 20 o
85D /
J 15 /° i5{ ®
| s |
L[225D 10 ° 10 °
| ‘ .
54 | 5
I ° °
. .
b 0 o —,
-1 0 1 100 %2300
o1 0oooo e
Fig. 50000000000
Target Tower

Gy
i

[T
AN

Fig. 6 00 00O0OO0OODOOOOO
Computational Mesh around a High-Rise Tower

015, vy VIF105 0.15-

o ExpO O OO0
0107 / V=14

e Present

e 000 005 0 10 20 30 40 50
XD Vr=U/f D
Fig. 80000000
Comparison between
the Computational Response
and Experimental Data

Trace of the Displacement of
the Top of a Tower



000000000ONo.69000000000000000000DO0O00O0DO

ooooooooooooooooooooooooon
oooo0oooooooOoOooOoOoOoOooOoOooooo
ooooooooooooooooooooooooon
O0O000O0Scruton*®0 0000000000000
oooooooooobooooocoooooooooon
oOoo0O0Ob00ooO00oOoO0OoOoocOoO0Ooooooooan
ooooooooooogo
OooooooooooocOoOooOooooooooooo
oooooooooOoooooooooooooooon
ooo

5.3.10 0000000 Fig. SOO00O0O00O0OCOCOO
oooooOoooooooooooOooo0oz OOooOooo
oOoOoO00ooOoO0OO0OoOoOO0OoOO0O0O0OoOO0O0oOOo
OO0oOO00000000000DOO0OC000000000O0z
oooooooooooocooooooooooooooon
OO0zoOoooooooooooooooooooooo
oOoo0Oo0oO0OO0oOOoOooO0OOoO0OoOooOoOooOooOoooo
oOoo0O0oDOOoO0O0oO0OOocOoO0O0OOoO0OoDOOoOoOooooon
O00O00OzD=0.4~0.80000000000000000O
oooOoooOoOoOooOoocOooOoOoboOooOoOooOooa
ooooOooOoooOooOooOooOoooobooooOooon
oOoo0oO0OoOOoO0O0O0O0OO0OOoO0OOOOoOO0O0oO0O00oo
O0O0OO00O00Fig.1000000000000O0O0O0
OOozoOooOOOOoOOoOoOoooOOOOOOOooooooz
oOooooooooo.livysOooOooOoOoooonoooooon
oOoOo0O0oOoO0OO00O0OO0O000O0O0O0O0O0OO00o0O0Oan
O00VikeyDOOOOOWOOOODOO 000,000
ooooooooooooOooooooo, ooooooo
OO0O0o00O00O000O000O0ocO0oocOOooOoOoooan
ooooooooooooooooooooooooon
ooooooooooo

5.3.20 0000000 OO0O0O0oOoOoOooooOO0w=rd
gOvr=10.500000000000000000C0000
0000000030 s0000000000000Fig.0O
ooooovr=s7O000000C000COO0e6O8OOOOO
oOooO0o0oo0OoO0OoOoOoOobooOooOoO0OOooOooOon
gbooooOooOoooooooooocoo3osooooo
oo0o0oo0oooooooooooooooooooooo
ooooooooono oovw=10.500000000004,
OOoed0sO0OOOOOOOOOOOOO0O0OO000O30
sodf0obobooonooooogovr=10.50000305
ooooooooooooooooooodo.a7soonon
ooodO0ooo0ooOoooOooOoocOoooOoOooOoOoooo
oOooOooOoooOoOooOoOooOoOooOoOoOoOoooooo
oooooo

Fig. 120v=105000w=700000000CCO0O0
D0, 0000000000 OO000OO0OOOOOoOoOO
O0O0OO0OO0Fig.l00000000000000000
goooovr=l0.5000000000000000000
ooooo0ooooooooooono oooow=7O0o0
oooooooooooOoOooooooOooooooooo

0.2

0.0

Fig. 9 0O0OO0OOOOOOOO
The Distribution of Aerodynamic
Coefficientsinthe Axial Direction

yiDC,

0.0

1.0

0.84

0.6+

I

0.4+

0.2

0.0

0.0

T T T
0.2 0.4 0.6

05 c 10 15
“DZ

(a) Time-Averaged

Local Drag Coefficients

CLrmsz

(b) Therm.sVaueof Loca Lift
Coefficients

A
\

%

A
®
e
g
N

-

/

-

T T
0.1 0.2

Sz
(c) Strouhal number
Fig. 10 0OOOOOOOO
Oooooooooa
O Insatantaneous Contours of
the Vortices Around
a Stationary Tower

— o)
— oosooooo
—— oo400000

Fig. 1100 0000000000000 0OOOOOOO
O Time Histories of the Displacement of the Top
of the Tower and Local Lift Coefficients

oOoooooOOoOooOoooOoOoOoOooOoooooOoooon
oOoooooooooO, 000o000oco00ooooooon
ooooo0ooooooooooooooooooooon
ooooooooooooooooooocooooooon
ooooO0ooO0OO00O0OoO0OO0OoO0OOoO0OOOoOOoOooOOoon
oOooooOoOoOooOoO0ooOOoO0O0OocOoO0OOoOooooooo
ooooo0ooooooooooooooooooooon
oooooooooooooooooooooooo, oo



oo0o0ooOooo0oO0ONo .69 000000000O0O0O0OOOOOOODDODO

Vr=10.5 VIr=7

Fig. 12 00O00OO0OO0OOOOOOOO
0000w zOOOODOOO
O Insatantaneous Contours of the Vortices Around a Oscillat-
ing High-Rrise Tower

gobboobooobooboboooboboooboboobooo
goboobooooooa

oooooo

gboooooboobobobooboooboboboob
goooooooooooooooooooooon
goooboobooboboobooobooboboooooo
gooooobobobooobooobobobooboooo
gooooooboobo, oobooooboboboooboo
gogo
gooooooooooooon

NoooooooooOoOoooooooLestoood
oo, ooooboboboboooobobobo
gboooobooboooobobobobooobo
gboboboobooboobooogoon

2)y000o0oo0oooooooooooooooooo
obooooboobooooboboboboboobo
obooooboobooooboboboboboobo
gbobooobobooboooboboboboobo
gbobooobobooboooboboboboobo
gooooo

)y LESODO0D00OO00DOO0O0DOOODOO0O0ODOOODO
gbobooobobooboooboboboboobo
gbobooobobooboooboboboboobo
obooooboobooooboboboboboobo
obooooboobooooboboboboboobo
gbobooobobooboooboboboboobo
gboboooobobooboboboboooobooo

A0000000000O00DOOOOO0OO0DOOoOoDO
oooooooooboboobbobobooboooooo
gboboooboobooboooboboboobooobo
gboboooboobooboooboboboobooobo
gboooobooboooobobobooboobo
gbobooooobooboboboboooboooo

500000000000ooooooooooooo

goboobooboooboboooboobbooobooon
goboobooboooboboooboobbooobooon
ooboobobooboboooboobobooobooon
ooboobobooboboooboobobooobooon
gboboooooooboobo
gboboooboooboboboboboooobooban
goboooboooboboooboobooboobobooon
goboooboooboboooboobooboobobooon
gobooboooboboobbooboobooboaoon
gobooboooboboobbooboobooboaoon
goboooboooboboooboobooboobobooon
goboooboooboboooboobooboobobooon
gboooobooboboon

g

gooboboboooooooobooooboboo
goobooooooobooboooooboboooooobobo
gobooobooobobooboboobooboobooon
gooogooo

goano

HO0ODO000ODO0DOODOO0DOO00ooOobOoooooooo
000000000No067.pp17.2003

) 0d0D00oooooooooooooooooooa
gooooooooood,1999

UOO0D0O00D0000000D00O0O00001993

AHO0000000O00DO00DOOO0O0DOOoO0ooDoOooog
U 0 0No060,pp127-130,2000

5)0000000000000000000O000000s590
»pp49-52,1994

6)Howelld , Vortex Shedding from circular cylinders in
turbulent flow,Wind engineering.J.E.Cermale (editor),vol.1,
Pergamon,Oxford,pp619-629.1980

HOOODOoOooOoOoDDhoooOoooooooooooo
LESOOO0O0O0O0O0O0oo-o00oboooooooooo
05340, pp17-24,2000.8

8o oDoooooooooooooooooooooo
LESODOO0ODO0ODOO0O0ODO0ODbOO0s5690, pp23-
30,2003.1

9)yloooooooRCcOUOOODOODODOODOOOOO
ggooooooooooobooo, ood, pptst -
1521 2002

10)Scruton,C.,0n the wind-excited Oscillations of Stacks, Tow-
ers and Masts,Proc. Int. Conf.Wind Effect on Building and
Structures,1963

11)Vickery,B.,J., Clark,,A.,W., Lift or across-wind response of
tapered stack, Journal of the Sructual division, Proc. of the
ASCE,pp1-20,1972



	概要
	1.はじめに
	2.流れと構造物振動の連成解析手法
	3.境界層乱流の生成方法
	4.三次元円柱の渦励振に関する数値解析
	5.高層タワーの渦励振問題への適用
	6.まとめ



