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: Flow around a bluff body submerged in oscillatory flow, is fundamental to
I n trOdHCtlo n fluid-engineering such as ocean-structures and pipe-structures in power-plant

OSCILLATORY FLOW PAST
BLUFF BODIES

Flow around ocean-structures

Flow around pipes-structures
in power-plant

Oscillatory flow periodically
reverses in the direction

. g

Interaction of vortices for several
oscillatory cycles

:

Determinations of formation of flow
pattern and fluid dynamic forces, are
very important.

Flow around a bluff body submerged in oscillatory flow, is fundamental to fluid-engineering such
as ocean-structures and pipe-structures in power-plant. In the oscillatory flow, the fluid
periodically reverses in the direction. Reversed flow occurs the interaction of vortices shed during

the previous cycle. So it is essential and important to determine the formation of flow patterns and
the fluid-dynamic forces.




Flow around a Cir

Many experimental and numerical st
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ied out and it
K.C number.

Keulegan-Carpenter Number: KC=U, T/H=2nA/H

T: Oscillatory  U,,: The maximum oscillatory  H: Prolifction length of
flow period flow velocity bluff-body
We are able to certify all flow-patterns by both computations and experiments.

Many experimental and numerical studies on the
oscillatory flow past a circular cylinder have been carried
out and 1t has been found that some typical repeatable
flow-patterns appear, and we classify 5 regions by the
Keulegan Carpenter number. When KC number increases
from low values, the symmetric vortices region,
asymmetric vortices region, transverse vortex-street
region, double pair vortex region and alternative vortex
street region, these patterns appear like these. We are able
to certify all flow-patterns by both computations and
experiments.
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Body shape Square cyhnder
Number of grid points | 41x80x25 (£,,£;,£3)
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Length from center to 20H
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Time step valie 0.0005T
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We have developed our own computational code

Boundary Conditions for oscilltory fow.

5H(2,7)
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In particular, we employ the periodic boundary of span-length L=5H of computational domain in spanwise-boundary ke this.|
Commnt E

This fig. shows schematic of the boundary conditions. On the cylinder surface, the non-slip
conditions for velocity and we imposed the zero-gradient condition for pressure; and applied the
potential-flow-condition of the oscillatory flow like this in outer-boundary; In spanwise-
boundary, we used the periodic boundary condition of span-length L=5H of the computational
domain like this.
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Driving Fan Displaceme ensor

Personal Computer

Measument section

Experimental equipments for generation of oscillatory flow

We have carried out flow-visualization and measurement of fluiddynamic forces by using this
equipment.
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KC=3 (NFB, z=/svhsaoitBfzmkais)

Vorticity contour e;
(x,-x; plane, 1/7=60.0)

Visualized pattern (x;-x, plane,
KC=3.5, p=153, Okajima et al.)

11T-60.0 s
Velocity vector (x;=x; plane, Iso-surface of vorticity @,
x5/D=2.4, 1/T=40.0) (@;=%0.05)
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X,-x; plane, x,/D=0

Mushroom-shaped vorticity A

x,-x; plane, x,/D=1.67 x;-x; plane , x,/D=0

Visualized pattern (Tafsuno et al.) Vorticity contour (#/7=60.0)
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3. IRENRPICEDNISREFAERE D OFRNAITHE

Rectangular Cylinder The Side Ratio: d/H
Thin cylinders
Oscillatory D d/H=0.4
Flow Direction
<G D d/H=0.6
H, l d/H=1.0
d d/H=2.0

Long cylinders

Fiow separation from sharp-corner of various rectangular cylinders

Computational flow patterns around a rectangular cylinder with cross-section, D/H=0.6, 1.0 and
2.0 are shown in the plane X,-x, as illustrated in Fig. 3.
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Iso-surface of vorticity around rectangular cylinder
Commnt E

In the case of D/H = 0.6 the flows separated from the leading edges of the cylinder do not reattach
to both sides of the cylinder independently of KC and roll up in the wake as in Fig4(a), (b) and

(©).
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Iso-surface of vorticity around reg

On the other hand, in the case of D/H=1.0, at the low KC numbers such as KC= 3.0, 6.0, the
flows separated from the leading edges of the cylinder reattached to the sides of it. Then the
flows separate again from trailing edges and form the twin vortices in the wake. The size of twin
vortices become large as KC increases as shown in Fig. 5 (a) and (b). At a further increasing of
KC number, at KC=12, the flows separated from the leading edges reattach to one side of the
cylinder, while on the other side of it, the flow roll up in the wake without reattachment to the side
as shown in Fig. 5(c).
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KC=3
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Iso-surface of vorticity (D/H=2)

In the case of D/H=2.0, the flows separated it reattached to them and form separation bubble as

shown in Fig.6(a), (b) and (c) in all KC range computed.
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Longitudinal Vortex-Structure KC=2.5-3

@,.X;~Xx; plane  @;.x,-x; plane

(KC=12.5,1/T=40.0) (KC=3.0,1/1=38.0)

Oscillatory

&/H=0.6 flow direction d/H=1.0 d/H=2.0

Vorticitgl contours (@;, @) ‘
Commnt E  the structures of the mushroom-shaped vortices are the same for all cylinders.

These figure shows the vortex-contours in the spanwise section at KC number of about 3 for
d/H=0.6, 1 and 2 cylinders. It is found that the longitudinal vortices were also formed for
d/H=0.6 and d/H=2 cylinders, and the structures of the mushroom-shaped vortices are the same
for all cylinders.

Three-dimensional flow structures around a cylinder

The 3-D flow structures x,;-x; plane (x,=0) and x,-x; plane (x,=0) at the low KC region are shown
by the vortex-contours in Fig.7(a), (b) and (c) in the cases of d/H= 0.6, d/H =1.0, d/H =2.0,
respectively.

In this KC range, the longitudinal vortices which arrange regularly along the cylinder have been
observed by Tatsuno, et al.[5], and Honji [13], and reproduced by the calculations carried out by
Okajima, et al.[14] in the case of a circular cylinder In

the case of a rectangular cylinder, the mushroom-shaped vortices also periodically appear along
the surface of the cylinder with all cross-sections as shown in Fig7, and the altemately on either
side of the cylinder with the vertical separation of the pitch 4 along the span in the x,-x; plane.
Then the vortices intersect near the stagnation point and arrange in the plane with the vertical
pitch of the /2. The structure of the longitudinal vortices is the same as that in the case of a
circular cylinder.
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Wavelengths of Longitudinal Vortices

3
2.5 8.
e
2 -
5 n,
< 13f o
R A Exp. circular cylinder
1r Lok ® Cal. circular cylinder
o 0 Cal. dh=0.6
05|k B Cal. dh=1.0
A Cal. dh=2.0
0 (KC=2.5. t/T=40.0)
2 3 4 5
j 4 6 d/H=1.0

Relationship between the wavelengths of longitudinal vortices and KC (=95)

1. Longitudinal vortices are formed for various cylinders at low KC numbers.

2. The side-ratio gives no remarkable effect on the the wavelength of
longitudinal vortices.

In this figure, we plot the spanwise-wavelength, 1 against KC number, and also we compare the
computed values of 1 with the measured and calculated results of circular cylinder in this figure.
For all the cross-sections, the values of A increase as KC number increases, and the value of A for a
square and a rectangular cylinder, are almost the same value. The results indicate that
longitudinal vortices are formed in the same way for various cylinders at low KC numbers, and
the side ratio gives no remarkable effect on the wavelength of longitudinal vortices.



HRENTSRRIA T
RSP OMEICIIBHENDERT S

Morison(DT\
RO RAED mn + 8%

2
(]

Fd }ﬁj.j, F, Téﬁj.j,cp mbi%ﬁ; CM’: ﬁﬁb{%ﬁ
U : BiSOIREMNRE, p @ RIEDBE

MAORY, BELHRIDELE - T7-UIXR

/4 2 U.T 2 F 5i 9
C, = 3¢ F 6’0289 R R I SHZ J0

40



- CF(x3/D)=2.4
q
— CL(x3/D)=2.4 0.6
% | zaess Flow velocity 04
3 A '
2 it 0.2
=y 1 BIE K i) l i
~ 0 .. l l ..l I “ ”| E.If || 0 b
- i HIH | SR HEHEU R L
o -1 hhHLA f
2 -0.2
b -0.4
-4
[Time=141 5 [ 06
{xces

A Vortex Contour: 0 5 10 15 20 25 30

T=141--340 Time history of Cr and C; (KC=5)

212" §KC=5TI&, WiEAUZ =R ITHEN AU DRIV, #llo kLTI
KIFRETRY | Z D% y/T=1TRITRIZ I T DIRAL NF— 2 D IR T D AR A
U, OB D F7 3%, B D IED F A D T ~EEALT D, ZDLH78
WA E— 2 DIEACIZKHEL T, x,/D =2.4Z81FHC, DX, ¢/T=1711T%
BIZA 72y MEN -022°5 0.2 ~EREENT D, 72, KC=5TIXC, DK
TEDA R 7 M OFREIT T <720,

41



—— CF(x3/D=2.8)
—CL(x3D=2.8) | &
" "CL(x3/D=3.4)
- Flow velocity

phase(degree)

Time history of Cr and C; (KC=5)

The phase of C; (KC=5)

42



MorisonD TN IC K DINDREC,

¢ CD
= CD-masx,min B 4

" Ec,g Okajima el al L
+ -symmetry 35 —+—.CD-max, min
Theory (Wang) A %"‘gﬂm'"-" al
+ CD (d cal) 3 i &
( cal) 3 a Exp. Beml'ga“m etal

0 5 10 15 20 35 30
KC KC

Circular Cylinder Square Cylinder
Relationship between drag force coefficient C, and KC

KCEDZAUIT T 2EY Y o ORI DIIIREC, DL ZH 12177, 22T, @DT 1y
NMIFGIALIT O x, Bl 33D IERIRME DS B L 72 O RELNZ BT HC,y DA/ T7 1R E
R LTz, e, K20 FERE, Cp DA F AP EE S AT LIZRE L, 20K EE
KO/ MEZRL CND, BB OTDIT, ] 550 RS R4 ARNCEY  HFRSE % O %8
DN OB ARIERRIFD Cy DA JF A EE EZ , ®FNCEVRLTZ,
121277 T EII2C) EIFKC = AT DIRC, FFEIRNHKC = 12641 £ TKC B OE MY
U, SHIBER OB K EIRIERR, “hT v AN AN — N RH TN T " RE TR AT AT
HZEIZEDT-O T, ERAEREBR—HL TS,

— 7 IEFAEOFE L, BV ORIZLDHIIMRIEC, EKCE DR E A KR $.22
TR RO CHIIE A AL B2 1T DX -X2W TR H U=l 1R 5k % 20 7 [ )
L7tz IO NIRRT 891, CplZKC=3DARKC DK C OB EHLITKC =12F T
E2380 LT, BearmansH D FEBR#E F(B=231)(6)E B — KL TD., ZORFPEIZ OV TN
L7128, KC =3B L UKC =12 T O im IRENGE RF I35 1T 2980 D ) 5% fie e IR Bh it
(ZFES<ENE L L, @R E L C LK 11(a),(b)ICENEIRT, KC=3DIH72KKCEL T
X 11(2) D LN IR L WL O AR 5 CRCE AT AN E TR L, & O FE A AT
LB, KC=12TIE 11(b) D IR K CEAEII L ST S AN Bl 77 &
TIEND, DT, KC=12TKC =32t TR FEr 5 CIE DS Rl L, 2 DFE R, C)
B NELT2DE DEE Z HID, KC>12OKCEFER TIXCIEDKC HUZLHZEA D NSL72Y,
ZORERIL I B H(2) D EEE R LFE— BT D, ZAUIKC >12 TIEFRAD SR HIRIZ AL
MR D FETIZ— 2L LR FERITHET HIREIRIEEIL Ch 5720 | #REhD - JE o
S NAIMOAE NI T 28 DD | IEF AR DB AF— AT RERELBED
RNeDEB Z B, RIT, IR ZARDIHRIIAKC BBV C—IRE A W f312C)
EEH L, Z DB O KB L e/ IMEZ ZAVE IR VT2 M T, 0O RO EeENLT-
FEI MR B JE 8 O CDIE O ZAL D& &2 7R L TS XD HIA B2 KW HR B JE 4 D DA
DOZACITIE S AN GRS K CH8 B R EL 7D, 2 DAL DR EX1F0.2~0.5F
ThD. FKNIFR L TR A X T-X2Wr i T L 722X J7 i OCDIED X6 > X 13k
TO19FEE Tho7e.

43



43



MorisonD T\ C R DIRMEDREA C,,

4
e CM A A
—s— CM-max.min 45 A .
4 Exp. Olajma elal a b A &
& CM-symmetry 4 A
Theory (Wang) A
¢ CD(Q4 cal) 5 W
25 » 7o n n
3 il = | a ‘:.9
. #’b“
- f . = i
", L '
15 } L] m CM
Aa s 4 2 —-—C}i.mum
A Exp. Okajma elal
1 ¢ 15 + CM-symmetry
& Beaman etal
0.5 1
0 3 10 1 0 30 o 5 10 15 0 30
KC 30 KC

Circular Cylinder Square Cylinder

Relationship between inertia force coefficient C,,and KC

BUZTEMETIRELC,, DKCEUZKRT T DR E R~ T,

Cy PKC BUZXDZAITC, LI ORI E 295, TP, 1HMERNWKC HiE)HKC=12
FHEETHA T2, ZNHDOEAUITIRWKC ETHHRIZAT B L TOTZIRAKC o me LI
FERIFRIEA I L CHAEDDREEBLL | Bt SIofE S, (& Rk L, C 1335, Fiz
Gy 1XCH DFERLITIAT, EDKC BUZINTH B AIRTERRF O e KAE L 725, EHIZ,
B12,13735C), Cyy EBITLAN—=AZR) = X T VT PRELNDHKC=12~ 16 DFESIZF
WTHI2,130EHRTRTHEAMTLDC,, C DRKEBLI G/ MELDZENKEL /2D,

I, 212, IEHT D EYY - ORI IDEME R C,, LKCEDOBRERT. C), Dt
RAE RIIKCEL D N 2 Bearman(6) D FEHRAE B LR ICK C=8F 1T £ CTH TN 523
KC>8 TIIKCHUZ L DAL AV INEL 722, ZHUTK C<8 TIZKCEL DN L6 I R TTfRH DU
XA EOFEALDIZBEIZ LD S NS I K EL 2D, Z U IRICA S L CTIRET D
FEIRH RELRDT2D FEREL TRINE BN KELARDTeH LB 2 DD ET2 KC= 10D FEKIC
OB 5 (2) D FEERAE R & D T BRI7RAHIEIT A/ J5 [ O Mg E R ELIR D 52 B 18
Exbb.,

44



25 2 —
2 16 | ——cimmmma
S ) 14 4 Exp Olaimuddal(l)
2‘ -
: %12
1 <08
0.6
- 4 0.4 :
02
0 2 .
0 30 6§ —5 BB 2 % %
KC e
Circular Cylinder square Cylinder

Relationship between RMS value of transverse coefficient C;,,,, and KC

4.5 EAGAFAET) OmsE Cp,,

B 16\ Z B J5 [ i AR SR B Drms B C,,, DKCEUZ KT T 22402 T, Cpd TIRDOFEXFRIC
IR0ITCDDKC=4 (TN LENIAED | i3 5e I HBTHKC=8 £ TaicsnL ., i
NDIERARPENRTEE IZBINAKC=12, 16D T2 ZN—2ZAARN — R B L ONH 7 )L ~27 7 §Elk
FTCRERMEZIRFFT D, ZNOORERITERF Kb R —ET 2, SHICKC=20DFE5IZ72
HEASR S OFBIMEPME T 357280, Cp,,, [EIZID 23 Bbid,

WAT, IEHTEREDEL A 71 O 1% 5§ 700,45 A/ A 351 5 X 1-X Wi d TR
U718 £ 7 151 ) rms {2 2 W CZE R I LA C,,, & O A/ AT 3513 5X, X,
W Y L IR 48 7 140 e ) OB T4 2t i 22 R P LA, BB L
T 7285, Cpp & ONCppoan D EASAL TR B 0D B TS O35 |~ S S< BT 2 iV VB,

E 5 FEAEDIE A 7 105K 1 OrmsfiC,,, DKCEIZ R DB A 1312787, RIS ik
72O DG AT DEHREFER(T) Cp, PIEZBMN LT KC=4DFE CIXIE S TEAEDC,,,
XD GG LIRERITIREY O - 8 W R SRR T R iR TR S L’ R #rered
72 M HF 0N KC4TIIKCE D ENMNZHEN R D B R CIERFR2 MR I I ET D
=0 C,,, NEINT 5. £ FAEDB A I8 S KC = 16D, T, b T AR —Z e AR — (" &
TNATVED BT I FERBEE 2t \F— B ALNDT0, Cp,, JEEIR TN 273,
ET DS E IO LA I AN TKCEIZ L DI 2 — o DAL N SN2 C g
DAL HNNT RO SSICKCE D BINL KC= 201272 5 LR BT B L 7= iU d
KRB ZAIIGD R NI TN~ ARG D LI 72 2 — L Z R T 5720, I OS A
DPRALF— 2 LFFE RS20 W RWT R TR OAHIEIZ LD C,, DO FHEDNHD 375

45



i © |- Cal DH=20

LY = DH=L0

Xy > o DH=06
l‘lf b0

5 10 15 20
KC
MO DREC,
.’.o m Exp. DH=1.0
I R + D/H=1.0(Bearman et al)
8 —a-Cal DH=10
oy
" 0 ki
n
5 10 15 20
KC

EERBE S DOLLE | D/H=-15EF

33
Q
ik
25 | 052‘& _./’0 e
s - 4o
Ous e Exp DH=06
1+ —o— Cal. D/H=0.6
05t
0 L 1 I
0 5 10 15 20
KC
KERE & DELE | D/H=0.65EHAFE
35
- N s Exp.DH=20]
: a, & Cal. DH=20
25t A A
o A
= 2 A ™ A A A
Cistooa e ah
1}
05 f
0
0 5 10 15 20

KC

TERE & DELE | D/H-25BHAE

46



—& Cd. DH=20
5 -+ DH-10 33 ® o8 o
7} ) ,__L‘O—L:}'—a
i & o ~~o
=15 =15 H
= 0 -] o
- A—h—— -
1 N 1 o Exp. DH-06
05} 05} —o— Cal. DIH=0.6
0 - . 0 -
0 5 10 15 20 0 5 10 15 20
KC KC
B DIEMENTREC, SERBE DHEL | DH-0.65ETAE
3 3
A Exp. DH=20
25t 25 ¢ o
3 ., 8 ] P 3 —& Cal. DIH=20
. 5 ' A
51‘ &9000 s Exp DH=10 ,:f 1.5 A A . A 4 A A 4
Lt & D/H=1.0(Bearman et al.) Lt i‘:_‘i“—‘
05 - Cal DH=1.0 05
0 0
0 h] 10 15 20 0 5 10 15 20
KC KC

=SB OHE | D/H-1564E EERBE S DOLE | D/H=25EFAE




i e B B DR8I TRIR R UNREE DrmsfE

KC=8.0 KC=12.0 KC=16.0 KC=25.0

Time-meaned stream line contour at maximum velocity

i N
KC=8.0 KC=12.0 K(C=16.0 KC=25.0

R.m.s. value of velocity vector at maximum velocity

48



REDICXT T SMAMBRAIRDOZEDE D
TUYYVDORICKDADREC,I,

- BIEMEOHS | BOTEXIMIC S DBERICHNTOEBRIARELRD.

- EFSHEDRS | MFBREEICENTAEBRCEZED

TV VDRICKDEEDREC, (S,
« BREORSE | RFBEBITIEIRERC,EBEED.
- EFSREOEBS | CEBOZEFDIRN.

BEANRREDREC,,, S,

- BEMEOBE : JEIFMENKE VRNDOEFTDKC=-8~16DFR
BTRENC,, [BERD.

- EDNEMEEDES © Cp,, DEIFHSND.

R EORLEDEE( !

« BKCEREE TIXREBMBMIRCKDENNES LD,

 (BKCEIC KW TERMELRILICEN 59, /U QDR EAEY
BHEBN'H SN MELRLICKDIREDZELIFEALR).

49



fo

RERPOENDFEELSIURRERDDRNZ 3 = KC =25, 950D/

DX =Y HE THRIKIEEC KD 3XTHEEITZ1TV), WNOD3XRT
MEDFZEDIFERBERIRDFEICEB U T, BREICHN/ Y — 205 E
NEFEZREN, QIFICERBREOBUSTERROZIMZER LI

1.

Eéﬂmu@mbn@’iiﬁlg & L/TKC:&@E‘[ELJ: ‘DT |“7J2
ﬁﬁfﬁf&l%iﬁﬂ?lﬁ@'%

RENTRDDOMER VD DOFNIB TII KC = 4DEKCEREIFIC 330\ T
P NGsiiE b 2 YN AT = A e W VAW m | (=] S )= [0 VAN P S =va) 7 D daY g
BD.8=KC =16 CIL,BE.0.6MfE AT A4S EPERET. RSV
JIN—R ¢ AR )= RO T)UNRTPOENEBODE LD, KC=20THB
U'h{FEE IR IC KD/ N5 — 2V OEEN D5 L15D.
RENTRDDOMEICEFRIEDIX, KCEUZ# > TSN DN/
H—=VDZEECANUTEEITDCEZHEYZaL—Y 32,0
RICEER R DEHRICK > TS M UE.

50



1.

10.

11.

REFERENCES®R)

Okajima, A.: Force Measurements on Bluff Bodies and Flow Visualization

in Oscillatory Flow, Proceedings of 3rd Int'l Colloguium on BBAA, (1996)
cis.

Okajima, A., Matsumoto, T., Kimura, 5.: Aerodynamic Characteristics of
Flat Plates with Various Angles of Attackin Oscillatory Flow, Proceedings
of ISME International Conf. on Fluid Eng., (1997.7) 1, pp. 513-518.
Okajima, A.: A Numerical Study of Oscillatory Flow around Circular and
Square Cylinders, Proceedings of 1997 International Mechanical
Engineering Congress and Exposition, Dallas, U. 5. A., (1957) pp.127-134.
Okajima, A., Matsumoto, T., Kimura, S.: Force Measurements and Flow
Visualization of Bluff Bodies in Oscillatory Flow, Journal of Wind
Engineering and Industrial Aerodynamics, (1997.10) 69-71, pp.213-228.
R8s A ES AREA PO BUE S FALISEHT
BREHOAELANOIR L, DA ZiRTHs, (1997.11)63,
615, pp.3458-3476.

Okajima, A., Matsumoto, T., Kimura, 5.: Aerodynamic Characteristics of
Flat Plates with Various Angles of Attackin Oscillatory Flow, Japan
Society of Mechanical Engineers, International Journal, (1958.2) 41, 1,
pp.214-220.

Okajima, A., Matsumoto, T., Kimura, S.: Force Measurements and Flow
Visualization of Circular and Square Cylinders in Oscillatory Flow, Japan
Society of Mechanical Engineers, International Journal B, (1998.11) 41, 4,
pp.796-805.

R [E A8 AR AP CE N1 o D R
DIEFAEEL RN, B FEF AT, (1999) 65, 635,
pp.2243-2250.

(8 & iFEs AR AR TI B0 2 HA ADE
AFATEL DR

B =iACT# B, (1999) 65, 640, pp.3941-3949.

HAEs, ES F:EBHREATOFRENORN, TRFE#EET
ERSTIE, (2000.4), 464, pp.1013-1022

Okajima, A., Matsumoto, T., Kimura, S.: Flow Characteristics of a
Rectangular Cylinder with a Cross-Section of a Various Width/Height
Ratios Submerged in Oscillatory Flow, Japan Society of Mechanical
Engineers International Journal B, (2000.8) 43, 3, pp.329-338.

[
f=-

12. Okajima, A., Yasuda, T., Matsumoto, T.: Experimental and Numerical

Studies on Flow and Fluid dynamic Forces of a Circular Cylinder
Submerged in Oscillatory Flow, Proceedings of 3rd Inter
Conference on Fluid Dynamic Measurement and Its Applications,
Beijing, (1997.10) 3, pp.277-282.

. Okajima, A., Yasuda, T.: A Numerical Study of Oscillatory Flow around
Circular and Square Cylinders, Proceedings of the 1997 Int. Mechanical
Eng. Congress and Exposition, Dallas, U.S.A., (1997.11) pp.127-134.

. REFEES [F R PORIERNORNO = RITHAERFT (
1R RTA NS0 H—H L h—~ U2t 2% k), B
BRI B, (2002.2) 68, 666, pp.293-299.

. THHFEES [T IR OPEENORND Z/RITEIEAFT (
W24, AAENHE), BB ZERITNES, (2002, 6) 68, 670,
pp.1614-1620.

. Yasuda, T., Okajima, A.: Numerical Study on Three-Dimensional Flow
Structures around a Square Cylinder in Oscillatory Flow, Proceedings of
Conf. on Bluff Body Wakes and Vortex-induced Vibration, (2002.12)
pp.77-80.

. Yasuda, T., Okajima, A., Moriyoshi, M.: 3-D Flow Structures Around
and Fluid-Dynamic Forces Acting on a Rectangular Cylinder in
Oscillatory Flow, Proceedings of 4th Joint ASME/ISME Fluids
Engineering Conference (CD-RO M), Honolulu, U.5.A., (2003.7)
FEDSM2003-45626, pp.1-6.

. RRELES FARMATOEATAEBLORND =R (E
AR, B AR ZIRIUIE B,(2008-3) 74-739, pp.515~522.

51



BHY

52



REFERENCE

2 A, BYEE. MHEE. BREP
1.  Tanida, Y., Okajima, A., Watanabe, Y.:  Stability of a Circular Cylinder Oscillating in Uniform Flow or in a Wake,
Journal of Fluid Mechanics (1973) 61-4, pp.769-784.
2. PELREZ.RE TR A ELE BN 2 RO AR WA T - B AR SE SRR SUEE (1974) 40, 331,
pp.765-773.
3. WM& E:@mbA /AT BIT HES 2 KL DY OiL, A ABRCS S SCE, (1978) 44, 384,
pp.2663-2671
4. [k JE. PFZ%\%T B : EA 2 ARMAEO T AL DR ZE S Rk, 5 7 R LY AR Y D AGe S,
(1982.12) 7, pp.115-122.
5 WM& JE. *’”‘ F—RR - B HICEDN T E DD OWALE L OREOIPLE A b r— v ) B AR
FEMOUEE B, (1984) 50, 458, pp. 2531 2538.
6. [ME & BERE:mLA VXTI 2040 2 £ DY Oidr, B AR5 3 B, (1986) 52,
480, pp.2844-2850.
A
7. M5 B ERBE, EHRA  RIETICEINZAEED Y OFI(E mIREIER), B AR Uk
B (1986.2) 52, 474, pp.527- 531.
8.  Atsushi OKAJIMA, Satoru YASUI, Takahiro KIWATA and Shigeo KIMURA, Flow-induced in-line oscillation of two
circular cylinders in tandem arrangement, Proceedings of PVP2006-1CPVT-11, 2006 ASME Pressure Vessels and
Piping Division Conference PVP2006-ICPVT11-93873, Vancouver, BC, Canada, (2006.7)
9. Atsushi OKAJIMA, Satoru YASUI, Takahiro KIWATA, Shigeo KIMURA : FLOW-INDUCED STREAMWISE
OSCILLATION OF TWO CIRCULAR CYLINDERS IN TANDEM ARRANGEMENT, Conference on Modelling Fluid
Flow (CMFF’06), The 13th International Conference on Fluid Flow Technologies, Budapest, Hungary, (2006.9)
10. [lE B, &I B, RREE, KRibEsL B 2 [FEOWN S MR IRENC BT 2878, H AR TS
4 B, (2007.2), 73-726, pp.428-436.
11.  Atsushi OKAJIMA, Satoru YASUI, Takahiro KIWATA, Shigeo KIMURA, Flow-Induced Streamwise Oscillation of Two
Circular Cylinders in Tandem Arrangement, International Journal of Heat and Fluid Flow 28 (2007) pp.552-560.
12.  Atsushi OKAJIMA, Takahiro KIWATA, Satoru YASUI, Yoshiki MORI and Shigeo KIMURA, Flow-induced
streamwise oscillation of two square cylinders in tandem arrangement, Proceedings of PVP2007/CREEPS,
13. 2007 ASME Pressure Vessels and Piping Division Conference PVVP2007, P\VP2007-26123, San Antonio, Texas, USA,
July 22-26, 2007.7.
LG I AR IS O §R R
14, [jE B, AKRRFEIL - EAIELE O 2 SERFEO 2 ERRE . S Tam SCE. (1990.3) 36A, pp.849-857.
15. bl JE. EEFARE. ARRRFESL, LR  WHIAAEOZE RIS KT A A O MG LR 3
£ (1992.3) 38A, pp.857- 864.
BRI
16. Pl R, FIEBEN. ARHBEESL - B 2 MTAE O ZE AN ERE) . WS T Rm S . (1990.3) 36A, pp.859- 864.
17. M &, LI |, &K ORE, ANET, ﬁ?ﬁ%ﬁ%% D ES 2 Ao R IRENC BT %R, AR
FEML - 20 SCAE B (2007.1), 73-725, pp.76-84
18. Takahiro KIWATA, Atsushi OKAJIMA, Flow-induced streamwise oscillation of two square cylinders in tandem
arrangement, 9" International Conference on Flow-Induced Vibration - FIV2008, (2008-7) Prague, Czech Republic.
T 2 72 W A
19. Okajima, A., Ueno, H., Yi, D.: Study on Aerostatic Characteristics and Aeroelastic Instability of Structural L-Shaped,
T-Shaped and Cross-Shaped Sections, Proceedings of Third ASIA-PACIFIC Symposium Wind Eng., (1993.12)
pp.649-654.
20. Okajima, A., Ueno, H., Yi, D.: Observations of Flows about a Longitudinally Oscillating Cylinder with Rectangular
Cross-Sections, Proceedings of 3rd Asian Symposium on Visualization, (1994.5) A16, pp.46- 50.
21, [ 2. EEPAGE. BTEEA BBV ERmEEOE R EICB XIET LA VR ORE, AARR LY
£33k (1991.11) 49, pp.1- 13.
22. Mizota, T., Okajima, A.: Unsteady Aerodynamic Forces and Wakes of Rectangular Prisms with Oscillating Flaps at
Leading Edges, Journal of Wind Engineering and Industrial Aero., (1992.10) 41, 44, pp.727- 738



REFERENCES

2 O, BYEcE. WHEE. ERD

1.

Tanida, Y., Okajima, A., Watanabe, Y.: Stability of
a Circular Cylinder Oscillating in Uniform Flow or
in a Wake, Journal of Fluid Mechanics (1973) 61-4,
pp.769-784.

s, ME &, AHELE  BEYIZBN
7o 2RO MAECE < FRIRT) - B AR =5
4E (1974) 40, 331, pp.765-773.

WS E LA LRI B A 2 A
HED Y Oiitir, AR 256 ST, (1978) 44,
384, pp.2663-2671

Mg B, BEAE—AS . B 2 AMEO Tl
MEEDOFAIZE T RRE, 7 ERA LY R
LimSCHE, (1982.12) 7, pp.115-122.

e B, ERE—RS  BiPICE L7 A
Fh ) OWNEIEOREOEPLE A Fr— L
) B AR SUEE B, (1984) 50, 458,
pp.2531-2538.

M B, BB mrA VBT
ZAFN 2 (i E DY OfiiL. B A 725
45 B, (1986) 52, 480, pp.2844-2850.

B

7.

10.

11.

ks JE. ZAE—BES, WHEXA BT
PV E DV OV (B RIRE)FEER), H A
PR 23 SCHE B (1986.2) 52, 474, pp.527- 531.
Atsushi OKAJIMA, Satoru YASUI, Takahiro
KIWATA and Shigeo KIMURA, Flow-induced
in-line oscillation of two circular cylinders in
tandem arrangement, Proceedings of
PVP2006-ICPVT-11, 2006 ASME Pressure Vessels
and Piping Division Conference
PVP2006-ICPVT11-93873, Vancouver, BC, Canada,
(2006.7)

Atsushi OKAJIMA, Satoru YASUI, Takahiro
KIWATA, Shigeo KIMURA : FLOW-INDUCED
STREAMWISE OSCILLATION OF TWO
CIRCULAR CYLINDERS IN TANDEM
ARRANGEMENT, Conference on Modelling Fluid
Flow (CMFF’06), The 13th International

Conference on Fluid Flow Technologies, Budapest,
Hungary, (2006.9)

Mg &, LB, KRS, KR E
F 2 MFED BT M IREN B9 24858, A
ARk 250 SCEE B, (2007.2), 73-726,
pp.428-436.

Atsushi OKAJIMA, Satoru YASUI, Takahiro
KIWATA, Shigeo KIMURA, Flow-Induced
Streamwise Oscillation of Two Circular Cylinders in
Tandem Arrangement, International Journal of Heat
and Fluid Flow 28 (2007) pp.552-560.

12.

13.

Atsushi OKAJIMA, Takahiro KIWATA, Satoru
YASUI, Yoshiki MORI and Shigeo KIMURA,
Flow-induced streamwise oscillation of two square
cylinders in tandem arrangement, Proceedings of
PVP2007/CREEPS,

2007 ASME Pressure Vessels and Piping Division
Conference PVP2007, PVP2007-26123, San
Antonio, Texas, USA, July 22-26, 2007.7.

B L ETEAREE Y DR R

14.

15.

Ml B, AfFEIL - EAIEE O 2 i 22
T EEREME . MRS LR U4 L (1990.3) 36A,
pp.849-857.

M JE. REPAEE. ARffEIL, E i —
B RE D22 J B KIE A 2 A DR
HEE T 550 S0 (1992.3) 38A, pp.857- 864.

BEIEE

16.

17.

18.

i fey  JE. BUEREZ AN, AR#RFESL © ELF 2 FEIEAE
DZENALERE), i L5 . (1990.3)
36A, pp.859- 864.

Mk R, 2 B, &K/ ORE, KNS, K
MabEsL B 2 AEE OB T i I IRENZ B
DHFTE. B AR S5 SCE B (2007.1), 73-725,
pp.76-84

Takahiro KIWATA, Atsushi OKAIJIMA,
Flow-induced streamwise oscillation of two square
cylinders in tandem arrangement, 9™ International
Conference on Flow-Induced Vibration - FIVV2008,
(2008-7) Prague, Czech Republic.

T % 72T

19.

20.

21.

22.

Okajima, A., Ueno, H., Yi, D.: Study on Aerostatic
Characteristics and Aeroelastic Instability of
Structural L-Shaped, T-Shaped and Cross-Shaped
Sections, Proceedings of Third ASIA-PACIFIC
Symposium Wind Eng., (1993.12) pp.649-654.
Okajima, A., Ueno, H., Yi, D.: Observations of
Flows about a Longitudinally Oscillating Cylinder
with Rectangular Cross-Sections, Proceedings of 3rd
Asian Symposium on Visualization, (1994.5) AlS6,
pp.46- 50.

ik JE. BEFARE. BIEREZA : BEEDY T
EAEDZENREIC B JIET LA VXD,
HARE T35, (1991.11) 49, pp.1- 13.

Mizota, T., Okajima, A.: Unsteady Aerodynamic
Forces and Wakes of Rectangular Prisms with
Oscillating Flaps at Leading Edges, Journal of Wind
Engineering and Industrial Aero., (1992.10) 41, 44,
pp.727- 738



