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Study on added-mass effect and on-set fluid velocity of a 2-dimensional square prism under

aerodynamic vibration

Yuki KATOU, and Makoto KANDA

— 297 —



0.30 O : Sc =30.0,n, = 1/20
N @ :Sc=300,n,=1/25
© 025 F-----mmmmemmeee [J: Sc =30.0,n, =1/33
'g ' i A : 5c=30.0,n;, =1/50
£02 [ L ©sse=300m =1/100
g ‘
S 0.15 Fromode ol e
<
D
2010 -1
<
g 0.05 [ 45 " Tancen. aFRarpoo -
Z B

0.00

0.0 5.0 10.0 15.0 20.0 25.0
Normalized fluid velocity V,
Fig.3 Response curves (Sc=30.0)

23 Eﬁ%ﬁ{%;&clhrms
Fig.4 125¢=10.0, Fig.5 (25¢=30.0 DCp s T V1T
LU TCRT s Cprmst 3202 L 0 HE LTz,

F,
CL,rms = 1L,T_‘m5 (2)
7 szS

TIT, Fums - BHOBIERE, S BEORER
HTH 5.

Sc=10.0 DA, V,=3~10 12V TCp pms I, 1EIE
—EMET D, V=8~10faNnbiEFryry B

WEh & BON DB TIREMNRIRL, Cprms PRE

TRHETH D,

5¢=30.0 DEA, KW ORI CUEIE—TE
LD, WEMENRFEAL TWB EE X LML MHEET
1, CLrms FRBIZIHAT D0 T DC pins DIANEn 2
RKEW DV NESUINTEEREL 2D, INEDHRNAE &
720V CCL s/ ME L 725, INRBEOF v o E°
yﬁ%%ﬁ%éﬁéif@ﬁﬁfichm@ﬁﬁ%

o TRARDN, VicH LTURIE—EfEE 25, 72

B, _zngﬂi@cums IZBET 2 BT RENE T
HE S NAER 2 L A BmE R LT 5,
3. [AMBERBy LHENTA—FDFE

AIETIE, THAT % V7= SSs, s fetts X
VZENIEBIEDC, s | T OV TR ZAT o 72, T D
DR CTRHCE BT D& AT, Ak, SchRETH
NI, BIRT AV 28D TZOISEMERITIEIE R

2.00

O : Sc =10.0,n; = 1/20
! ! ¢ :Sc=10.0,n, = 1/25
| . O :8Sc=10.0,n;, =1/33

e LR— rits
1.50 A : Sc=10.0,n,=1/50
& 1Sc =10.0,n, = 1/100

Variation lift coefficient C; s

0.0 50 10.0 15.0 20.0 25.0

Normalized fluid velocity V,
Fig.4 Variation lift coefficient curves (Sc=10.0)

B ZRTIET THDH, SEIOFER TIEScHFRE
TH o> THnBRE T (o /NS W)FRIET DV,
KL o722 & TH D, RimSUTIE, A
TORMIVERNR DX D2 L 2 ERERRE &0
Wi 22 LI/ RLTW N, KETIE, F7,

KO TEZESNDINE BBy ZEAL, £2E1E
/T A — ZIIINEEDRNE UGG, B

L EOREZELT B MOV TR,

Mg pa

‘y:—:— 3
Ms ps )

Z 2T, M3z KRN K 0 ER T 2 MHIE &, p,
WIAINEECH D, £z, plp,DEETH BAHINEE
tngizX@cEsns,

p
a=— 4
" Pa ®
MINEENREBE L 2EEEMSETD L, My

Ty EMgEHNTARBID LD IckEN D,
Mg" =M + Mg = (1 + y)M ®)

AR HJJD’?’?E”JJ%%%)%LK%M%MO)/\7 7‘
%&T&)élﬁﬁﬂ%@li&ws , AR, R
ehg, BEROTHEY, A7 /L— b ‘/%ﬁ%‘c*%iﬁ(ﬁ)&:

AT
s (62)
s* 1/1 +y
* wS* (‘OS fS
Js 2n 2m ,/1+y J1+y (6b)
. Cq Cs 1 hg
hs" = vE . = (60)
4nifs M 4mfM J1+y J1+vy
= v 4 1+y=V. /1+ 6d
"= TBTELB y="W 14 (6d)
Sc* = 2—2T[h sy1+y=S8cy1+y (6e)
2.00

T T
O : Sc =30.0,n, =1/20
@ :Sc=30.0,n,=1/25
[0 :Sc=300n,=1/33
A : Sc=30.0,n, =1/50
<S¢ =30.0,n, = 1/100

=
U
=}

o
)
o

Variation lift coefficient C, s
[N
o
S

0.0 5.0 10.0 15.0 20.0 25.0
Normalized fluid velocity V,
Fig.5 Variation lift coefficient curves (Sc=30.0)

o
o
S

— 298 —



4. EBHRBLUEBR
41 fHMEELn, &TNEEFREY
WICAGR L TEA LTzn, B LR yIiZ oW TR
%, §c¢=10.0, 30.0 {ZBWTCYAZxd BAHINEE LD
W1 /n, % Fig.6 IZ/”7, Sc=10.0 TiX, V.23 & HIK
W 1/n 3 m KMEGI160~750) 2R, 72, ngdd
INEW (N REUVIIE LR, D%, VMEINT 5
LB L XENCHNE T 5, 728, ngadd/hEn
(ps MR EUINE E1/n 13BN T 5, Sc=30.0
TIE, 5¢=10.0 L IFF—HET AR LI, Thbo
FEND, SCRRLHETH> ThnNRETHN
WZxtd 5 1/n, bIFIEREEZ R ISEANH B Z &

RTPRCE D,
< 800
= @ : Sc=10.0,n, = 1/20
9 A : Sc=100,n, = 1/50
" 600 & :Sc=10.0,n, = 1/100
oy O : S¢ =30.0,n, = 1/20
£ 400 A : Sc =30.0,n, = 1/50
4 &1 Se =30.0,n, = 1/100
< 200
=
<
0 ‘ :
0.0 5.0 10.0 15.0 20.0

Normalized fluid velocity V,

Fig.6 V. vs. added-density ratio
5¢=10.0, 30.0iIZB WV TCYIZHT Dy &2 Fig. 712779
ERNREN E LT, LR BIEROER, yidRKMEZ R
L, ﬁ%%#%&w%ﬁﬂV'%quyo IS 5,

T2, VORI TScengN B> THhyldZE LW,
0 10 00
] @ : Sc =10.0,n, = 1/20
g 8.00 A :Sc=10.0,n, = 1/50
=l @ :S5c =10.0,n, = 1/100
< 6.00 O 1 Sc =30.0,n, = 1/20
g At Sc =30.0,n, = 1/50
w= 4.00 O & Sc =30.0,n, = 1/100
£ 200
=
& 0.00
g
&)

0.0 5.0 10.0 15.0 20.0

Normalized fluid velocity V.
Fig.7 V. vs. coefficient of added-mass

42 V., VITH T BISEHR
é%t,:ﬂ&@%%%%#f IINE s R %

B L BRI (= V- 1+ y) ISk 2%
Rz >V THETT %,
B LT x T 5 A ik & Fig 812 n 3, 7233,

JSE L, BN B LT < Z7=0~0.085% TEIR
L7, %2, Fig.2, 3TH/mR LD, Fig8liku\ T,

VAT 2B R (BEDIEn 3K & W (o 23N S V)
ERFERNATE S D08, V*L:iﬂ'éﬁ&%ﬂ%%&(éﬁﬂ)
%, ngll Lo THRZR LT, IITEMEZRT, Fig.7Cy.»
RKEL 725D dﬂLLTW)) J?fri&@“é: EMB, Zo
BTy = 03 7ebb, p, » 0F 72iTps = 0 DIFE(3)
SR)OIGEMBIC 22 LRI N, 2, ZOER

EXFOZBOMHEITRBB LEA ha— Aok
1/StE — %95, Fig.8(XSc=30.0DH DFEILIEMN
S5c=10.0T b [AEE DR 27~ LTz,

N ® : Sc =30.0,n, = 1/20 ,V, vs.
® 0.10 A : Sc =30.0,n, = 1/50,V, vs.
< @ : Sc =30.0,n; =1/100,V, vs.
g 0.08 O : Sc =30.0,n, =1/20,V." vs.
3, A 1 Sc =30.0,n,=1/50 ,V." vs.
§ 0.06 <O ¢ Sc =30.0,n, = 1/100,V," vs.
= 0.04
8
= 0.02
g
5 0.00
4 20 40 6.0 80 10.0 12.0 14.0 16.0
Normalized fluid velocity V. or V.*
Fig.8 V. and V" vs. response curves (Sc=30.0)

5 HIRTERDHE

%4 EIIBWT, WhRDINEIHRTH > THA
IWEENREZEET D LT, (RIER— 2 iR
ERDIEER LT, AETIE, ZHUIIAT, ng&
ZICHIRRBGERH 5 &V ) HEICESHWTEED
FEAR IR TTIRIEZ, (2B Dy 2R, BRIz iRlhiE
DOFRIRIR TR DOHEE H1T D,
51 #EDOHSE

ZZTHWIHEE O E A AL L, Fig9llR37,

BRI, y=0 OIS HIHR, H#k AR DI thi
<, Fig.9 Tl i%%%}&ﬂ/kmﬁﬁim&m@ﬁ% TR DG
FZihRTh B, B 5 En EOERTTARRIX
”_0f&5&%Ménéth@)(1mak@
%, Witk L0 Zylz féHMEEMﬁ%m@)kﬁ
5 &, ik EDZOZ B B R ITIRE Y, (Zo) 1E
GDEVRMDD LS IcEREND,

Voe(Z) = Vi'(Zo) /st
[n@)  [1+n()
L7285 C, 1/Stey(Zo) BBEMToiuE, Vi(Z,),
T B REIR IR T IE I ASD GREVMEEHEET 5 2
EWNAREL 72D, 7283, JEMD X D ITStIBERE O Sk
RO EEBRIN DB FENTE D,

5 &

A

@)

Eq.(7)

=0

L A

Vere(Zo) w%%?#u&
Fig.9 Concept of estimation of normalized on-set fluid velocity
52 Z&n,OBE%

KBEY, y(Zo)lE, p AT 5 HZ DB
Dpa BADIUTEEFARETH D, v (Zo) & BT 572
W, ZEn, OBMRIZOW TR 5, Fig.101cZ1zxid

— 299 —



DngEoRd, 7ok, RIEFEOHEE TIE, IWEDLH
230 IR DI B A HEET D726, METOxI 44
B & INED D EX3 ) AT &R S D Z < 0.02F T
OEBRIEE Lz, KLY, ZEn3lFIRERICHY,
1FEnIZ D085 TH D, TDFEND, EED Z,Z
KL TngZRDDZEMTED LR, XBLY,
2B Dy (Z) B HEST HZ LM TE D,

0.020

0.015
54%
[ ]
Lxs‘/f?
0.010

9,5‘;}
0.005

&

: Sc =10.0,n, = 1/20
: Sc¢ =10.0,n; = 1/25
: 5S¢ =10.0,n; = 1/33
: Sc =10.0,n, = 1/50
: Sc =10.0,n, = 1/100
: Sc¢ =30.0,n; =1/20
1 S5¢ =30.0,n, =1/25
1 Sc¢ =30.0,n; =1/33
: Sc¢ =30.0,n; = 1/50
: Sc =30.0,n, =1/100

XPHReO®x>IO0

Added-density ratio n,

0.000
0.000 0.005 0.010 0.015 0.020

Normalized amplitude Z
Fig.10 Normalized amplitude vs. added-density ratio

54 ERBROTREOHTEHR

Fig.11 1Z8c = 10.01281F 2 HEE L2V (Zo) & 71
3, SEOHETE TIE, St = 0.125(1/St = 8.0) & L 7=,
Fig.11 2B WT, R0, €4 CIIFERIETH
Do HEEMITFERMEE R —HLTHBY, HEDKH
ERBWIZ EZ2RLTWD, o, fimo#a it
L TORWASe = 300128V T, [REEORERE
RLTWD,

0.020

Experimental curves

N O : Sc =10.0,n, = 1/20
) @ :Sc=10.0,n,=1/25
g 0.015 0 : Sc =10.0,n, = 1/33
E A : Sc=10.0,n; =1/50
= <& 1S =10.0,n, = 1/100
g 0.010 Estimated curves

= —: 8¢ =10.0,n, =1/20
X --:5c=10.0,n, = 1/25
= [ - =:8c=10.0,n,=1/33
£ 0.005 —:Sc=10.0,n, = 1/50
3 - =S¢ =10.0,n, = 1/100
Z

0.000 T T
0.0 2.0 4.0 6.0 8.0

Normalized fluid velocity V.
Fig.11 Experimental response curves and
estimated response curves (Sc=10.0)

6. &

THAT % F\ T IR IEIE S AR 0 %8 F1 iR E RS
FOINE BRI OV TR, ZDIHEDNTH
RIGRDOHEE 21T o7z, ATFICE LI REZRT,
O AT BNT, A7 — o #Sc = 10.0 Tl

MR ITHRIEY, = 8~10FHE CMBIHEN b X vy 1 v
VL TR SEBIBS S EEBIT L Q0 D L HEE
Ehb, £72, Sc=30.0TILV. = 8~10{F Tl
Jib#E, V. =20fECX v m v B TIRBINRAE L
TND LR SIND MR L OFyr oy B

RS R AT DV L B tin S K & W& D5
FEps DN S UINE EIRIEEH & 72 D,

@ BHOISEMBRE HINE R R E B8 LI TR
TV (= V- JT+ ISR LTI T AR D &, 20
FRIZE R EICHi N D, E ORUTITITERR E 720
Zg > 0BT = 1/StE 725,

@ FEBEQOWMFEEZ WM D Z &2 & - T HIRmEK T
TEHOHEEDATEETH B, T70bh, SUIBEMTH
L5, yRREFIWSEEDISEMZ,Z, = 0ICH
VD IR IR TRV, (Zo) B HEE T D Z & AN ATHE
Thbd, £77, yiFFig 10w d Xk H512Z Eng 25kt
BIRRIZH D Z L DLHEEFTRETH D, Fig. 111k
WCHEE I EBRE & RAF e —Ba R LT,

57 30Tk

1) G.V.Parkinson., and M.AWawzonek : Some
considerations of combined effects of galloping and vortex
resonance, Journal of Wind Engineering and Industrial
Aerodynamics, Vol.8, pp.135-143, 1981,7, 2) BH/A—EL,
KEWRF, REEBT, FEFFARRE - FHRRER 0> 22 )i et
ZBES 2 RIRSEER, 2 4 S OmEPEICBET 5 v R
P A, pp.191-198, 1976.12, 3) Bishop, R.E.D., and A.
Y. Hassan : The lift and drag forces on a circular cylinder
oscillating in a flowing fluid, Proc. Roy. Soc. A, Vol.277,
pp.51-75, 1964,1, 4) Scanlan R. H., and Tomko J. J. :

Airfoil and Bridge Deck Flutter Derivatives, Journal of
Engineering Mechanics Division ASCE, Vol.97,
EM6(1971), pp.1717-1737, 1971,11, 5) M. Novak. :

Galloping Oscillations of Prismatic Structures, Journal of
Engineering Mechanics Division ASCE EM1, pp.27-46,
1972,1, 6) AR, AARA, ALEW, mEEig, 5
JRRE, I REEL - A BRI O I E 22 R BE T D
R, 55 12 MR TS 2R Y v A, pp.231-236, 1992.12,

7 WUmY, EERME FEEEESECLD 1 2 RHE
Wtk D ¥ ¥ 7 v B ZBIROE, AW E, §
344 5, pp235-241, 1984,4, 8 IEME A, A EE B
TEWTE AL DIETE R 451 & BT OERELETOWT, Y
OTit AT 2% 3 Bl R YU AGmHE0974),

pp.201-208, 1974,12, 9) HIAITEHE : MR OMREMEIZEI T
DRFTE - 2D 1 MEHRIROET AL -, BARE S5
SCHAESE, 5 266 5(1978), pp.87-95, 1978,4, 10)  Scruton
C. : On the wind-excited oscillations of stacks, towers and
masts, Proceeding International Conference on Wind
Effects on Buildings & Structure (Teddington), Her
Majesty’s Stationary Office(1963), 1963, 11) {[H-727¢,

BRI« R O R 2 © 3 IRtAREDZE AL ENR
), MIFTrRT T NG, & 16 8], pp.285-290,

2000.12, 12) HFAERS, PR « B EREMOZ b
(2 & D ZEN AL EIRB OISEFAMN,  H AR 2 R
SCEE, B 504 7, pp.15-21, 19982, 13) flEE, i
FEN A E A T ISR 5 O ZE )R EEEC DN
T, AR MG RamSCIE, 55 306 %5, pp.11-20, 1981,8,
14) KeERF], SUINVER, FRaME, #REeRE  — koo
W RS (SR T 2 B A7 U M2 B 2 Al
HOMFSE, B AR P AE R Sk, 55 512 5, pp.39-46,

1998,10, 15) 4 FARER : MEEUEEMIAEN 3 5 HE R
DIOFHII BT D98, KIRTSLRF LR, 2000, 16)
PO, #hESE - ZEKUR AT CINE RT3 5 = IOTIE T
FREDOIVE Bih It & SRR B9~ D AT, B AR Y
Mk RamsCE, 5 651 5, pp.895-903, 2010,5, 17T,

e, ELF, BUEZ, HPHR  ZXERTES
ERIBLE L2 TEA DA T ) RRFERE L ZO)E
H, BAERS SRS, 778 779 %5, ppl91-205, 2011,7

— 300 —



