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1. Zdravkovich, M.M. (1997) Flow around Circular Cylinders Vol.1:Fundamental, Vol. 2: Applications. Oxford Utliv. Press
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AP )PONRO—_vHDHEEDIEIE. =i, MizotaBVICK>TEAMICHDERFRIZ
IHEDRIDDOEEICERLU CHBD I U ATBERESN. FBREICETO>TLD,

—RRPICHDIAFESMB D DORNIE. AFERE L TR LU CHESERTAOILY VB
DEIOBREREHRT D, €L TCDBIDORIEE UIERNICK > T, BFICHBMRE
EDRAIREY (flow-induced oscillation ) Z3|ERCIT CENDH D, DRI MADIRED
[CRDEFEEMDIREBIE LT, Ba<HSBKEDBEEDRINITRICESNDHRN
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Flow-Patterns around a Circular Cylinder R, = 3x10°
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http:// www.str.kumamiotoiilt.ac._jp/ akashi/s1/

UBi5R)  CODBRIIRDZMBVAZNE LTI, 1960F BT+ DBishop-Hassand [C KD
NICBARHEICHEEZRFIRIIS T IZEERD, ScrutonDEEIC KX DEFEDOBHBIRED
KERZEOHBRNBETHD. NHBEICRNNTE, HRFHSZDOMBRHIELNICHKS
NTND., =5IC1968,69F(C, BAFINBFEEMICHNTHRNIIE (streamwise) DB
MIREINE T D EINERE SN, King S CRKDKIEICRITDEBHIEREN R INTZ
. COBFESY TRERSNLCRANIOOORDIRENE, 19955F128, SRISHEF [EA
Ll OREFTSOEDREZHDRATED D). CORDIRENL, WLDDDIER
]EC(J%E*FE*%D\EE@ HE@UILHBD@@CHL/)ILHC@$@E$/$lLa:Dt/_:Ejé
BRI CThD. CDBEDROIRENS, LLEBYENERTIRROBIHTEL, M2D
AE=D « DA VP=AICKDUFRERN/ NI —=9C(F, RTDEEERICIIXTIFNG
EREHEDAMEEEC K DERDOBAMBDEDE (wake breathing) IR "B 5N D
CENMEBESND.
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Critical region Supercriticalregion Postcritical region

1. Zdravkovich, M.M. (1997) Flow around Circular Cylinders Vol.1:Fundamental, Vol. 2: Applications. Oxford Univ. Press

RIC. B, BEFOBFEICDOVNTEND, T, U~/ ILAEICXT T D3 ERED

BRADRN/NY —YZbZnd., AROBRICE. —FRR USYMERBRD TEoIC
LA JIVZE Re=UDN(v : TRIADENIFEE ) DX F40~50FX TIEWMFBHOFRSN. N
FO@BEERIBDANL A IV AEEETIE, ®b,cllm UK DBRERENRAERIHES
N. BRBIIHDTFERIND, Re=(0.37~3.5) X 106D FBEGFR 15 (Supercritical region) Tld. R
2541 FRUEICE¥ER T D, B/ VT )L(Laminar bubble) D'FEFREICEASN, RIBERIL
TRAIICHEE U TBREB DB IEIRICIE R I D, LD URe>3.5X10° DIRFEEEFRIE

(Transcritical region = Posteritical region)[C/89 &, AFRBEEREIERRIEE L THUE

HEBBME N R 5N d.
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3. Morkovin,M.V.(1964) Flow around circular cylinders; a kaleidoscope of challenging fluid phenomena. Proc. ASME
Sympo. On Fully Separated Flow, Philadelphia.102-18 (E35%d &5 —EBE)

®ICE. ReBDALVEBEICHIZ > T, BREDC,DEIEENRT, CyfEN'Re=105%{Z T
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{EESEDTEL (1/St) DFETmHT, CDFRMIEMorkovinM.V. (1964) [CKDEDTHO
. CHIEEI/StDEIEHARENUCKT L TR UEIEZE T D END, SEUBIFC,DAREL\E
CATINEL, CDINENETABTREND, C,DORINETZDReEDEHETIIE, TN
ALZECRARYETEIT DDNRETHD, HMICTHRSNDC,ESEHDEIBIE. AFEDE
MNBKARDENDIDIEL,. ULHEARORBNESNRFSICEHRINDEDTHD
o JROEANDARZND. FEEFIREDHMENKIDZBESICIE. SLRADBBHNRB(CHE
CD, CoBRKRUSEHDZEILHReEDINELMETIRN D,

BOEIMHMERASNDIARICE > TELLEBRDRCEEZBHEULEDRI Vv I )L (
Eiffel,1913) T o 12H'. FIFEREBORIBEDERFE EIENRBORBIC DUV TDERBAE.
Prandtl(1914)ICK > TEZ5NE, SHICENUA IV BRIV THETRE OIS T
DT EIFE. 1960-70F K, HFLHONEBRETHD., ZNETIE. SL\L1 JILZET
FHILVYVBREEFEELRNEZEZSNTULED, EERICHRRDD TIREN I DIEZRODE
RZmiEE U CTIRRDIE LN EBEIMESSNDKRDICIR o I2D TIHDRoshko. (1961), (A7
& B5—BB)
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Roshko. A.(1961) Experiments on the flow past a circular cylinder at very high Reynolds numbers. J. Fluid
fech. 10, 345-56

BOBEDR DT S IRIROMAENKEVENZEZTDDE. BRENMAERE D
SRBELTRZEDCEICERT D, ERDIENICXTT DERIBENDOSTSIEBH TN
VDT, IBROKRNIFEEAERBENIBICK > TRESND, BERFRIZ(Subcritical
region) Cld, BREIEBROIIRANSRHNANDD. BREL 1 /L AERe=3.7X105%
BADE, HEEUIZBAMBNELRICEBR LT, RBICBUNEULUER/NTIL
(Laminar bubble) DR T D, TDRRIFELRBERELIRD. ELRRIEET D, CDEEZ.
HBERSR 1 (Supercritical region) 1D, =H5IC, Re>3.5X10° DIBFBERFR1e(Transcritical
region=Postcritical region) Cld. EREIFILRICER LICHERIBET DN, ZDRIEIRL)
<HNERICHEET D, BERFRETIL, HRIECTHIEDEILDLEBBIDIENER/NT
JU(Laminar bubble) ' FIREREICH KN, RBERETRAICEIET D. Re=8.4X10°DIH
BERFRIEDAN TIE. ETFOEIORIBERIED UBTE U CHEKIEAEART D, (FBFHEE
B BECRIB I DIRAENE. BAEEE)

NNICIE. SBEEICHITDATRAE LDEREORBH T DROBAMEDER I D2md

BUERFOBRANEZTRYT, BRFEOHZIE. Re=100DHBEICIE. ERIEHRDS

TEMOCRBRAEE L. BERREMDRe=6.7X10Tl3, AFRBDLICERSNDER/NT
IVRDEDDHIFLEBINSEIBICE > TNDCEITFRSNLL,. (B—E8B: 7N

F. aKkEE)

188, Roshko?(d, Re=8.4 X 10°MIBIBESFRIZ DRI DPEIZ, & Transctital regionZ ¥ A T\
D, CDtechnical termlFERBEET CEND, Zdravkovich)[CRKNIE, MTFDXRDICIELE.
RER L CL\D, ZF/E. [Transcritical region=Postcritical region| (XT3 DFIBICDUNT
E. B—BBICKD>T. MIEEEERE &[T Nnc,

Further increase in Re brings transition to the primary laminar separation line in an irregular
manner . This leads to the disruption and fragmentation of separation bubbles along the span of
the cylinder. The irregularly fragmented separation lines prevented periodic eddy shedding, as
seen in Fig. 1.10(d). The latter is the main feature of the super-critical regime. It was generally
believed, up to 1961, that this was an ultimate state of the flow for all higher Re.

Roshko discovered that regular eddy shedding reappears at higher Re when the boundary layers
are turbulent before separation all along the span. He called this the “transcritical ““ region but the
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term was not generally adopted. Some authors, such as Szechenyi, interchanged transcritical and
supercritical (to make sense in Latin) and others like Achenbach, Buresti and Lanciotti, Buresti, and Farell
substituted it with supercritical, and Sarpkaya and Isaacson called it post-super-critical. Roshko

Noted that “the proliferation of regime-naming in the literature has created a great deal of confusion and it
is high time to stem the tide”. Pearcy suggested the term postcritical regime is characterized by the transition
in boundary layers being somewhere between the stagnation and separation lines. As Re increases the
transition region advances towards the stagnation line asymptotically and hence the value of Re for the
upper end of this region is hard to define.
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(b) Supercritical region

Transition
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(c) Postcritical region Eﬁusuﬂﬁatﬁ Re~4.2x10°

MICIE. BFESICEIDRe=2X105D'BRe=8.4X10°DEEICHIFTDEFEEHD DTN
ZRY, RIAEZES T, ORIbOBESLIEEFY Y DEEAFREN S FHEEIE T
2, BIIHEHSF TR U CRBEAWRBIC > TRN TIEKIEETRIELTIND, L
®(E. Re=2.1X105 DFiNZERL. EFAFRC7TSEDORBND SRIEE L CREEIEKIG
ZERR T D, Re=3.8X10°DIBEICIIAFEDHBIDOHRIBHE R MNAE < #IB U THEKIZ U
BLTIRD. RNIIBOTALZETHD, FHIFRe=42XI0DFRNERT, CDHBED
BRI LETDBIEBI3SEMNEETERIE U THIKIEISURKET D, Re=8.4X105DIBEETR
BOFRNIE. EFORIORBERSD UBIE LT, KEMERT D, (GFEFH)

NHICE., SBEICRITDIPREXREDLDEREDREET DROTAMEBDERL T DR
BEREFOEIANERT,

BERRIFZDRe=10DIHEICIE. ERKEHRNS0=78EMNETEBRZIBE L. HBERFRIED
Re=6.7X105Tld. 0=80-100E CEBRFEEL. ZORNRCBNELTCRALICER/NTIL
(Laminar bubble) MEREND, TDPDENDRISLEENNS S EBICEZ>TNDCE
[SEESINEL), BIBERFRIE TIE0=100-110 (103) ETERFEIDELIDICE D,

10



EE TFSAZORNIRE

—| 13iBER
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BRFTL 1 /)L A
Crc;’zical Reynolds number ™\ rfg;ah N\ legw\
0.5 T I — o o §
e\
— )
= =
St | @Fﬂ; 2 =T ‘\,.;,p_;f—o_v-,.’
— SN
o= ==
10 - 10t 10* 107
Re
Strouhal Numbers of a Circular Cylinder
[€3:3 HEAERCEEFROR ho— gg"”
1. BFRBHZESR, BFARHFEEE. ASHAELS R, (1985.12) 1

BREDOBRICERSINDIBDEIREY, S YMEORDIREIOAREICKT U TCERR/ND
X=BTHOD. — MR VEBRICK > TERTERRUC, St,=,D/U ERSN. R
~0O—/\)L(Strouhal,Sz ) EIHEN D, D St HDIEITRe BDRIEE U TEERICK>T
KROSNTND, BICIERe=40~10"E N DAL \ReENEIRICHIZ DT RUEBEIRDS:,
BOELEZERT., MNDS5. BEDIBEICIER=500UENSEBRL 1/ ILXHED
Re=3.TX10° DLV \ReEIDEEIC BT, S¢,[E1F0.20~0.21 TEIF—EFETHD, CDEKD
BRENICEE T DERBEHEDIATFRDDRNICHBNTIE. DDIRBEDREDELET
BREOREBE UITRNICK > TRRICHERSNDIRE). IBHERDIREDE UD.
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Flow-Characteristics of a Circular Cylinder
at Very High Reynolds Numbers

* Wind Tunnel Tests

* Vortex-Excitation at Very High Reynolds Numbers

Supercritical region: BEG51E
« Transcritical region: ¥ EEG 15
) Professor Ichiroh TANI &5—8p

M.M. Zdravkovich =) Postcritical region

FItERg ST 12

B A L R EREIR 2 31T B
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1. Immingham O BFE&EY :

E&:D=0.762m, #iEU=2.6m/s. E%¥E 1=1.0x10°m?/s
Re=UD/v=0.762x2.6x1.0/10¢=1, 1.98x10°

2. “6AURW DBEHEPE (V.=1)
E&:D=0.0104m, FiEU=2.2m/s (40%E ¥ )
B 45 B 1=0.3x10-°m?/s (450°C )

Re=UD/v=2.2x0.0104/0.3x10¢=7,0.72x10°

FItERg ST 13
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U=0.5~60m/s

H M 1 KRB W BE (A — R) 1I2HL Y A fo BRI

ME, RERREEDORBAESERT, BEMBEIISI2m, Eigdm, BIELORS
6mC. MERERIE(FU=0.5~60m/s TRIBADELNIEH0.1% ThHhD, CCT. BRELT
JIWZEUEDUA /WA ZESDICIE. —TEZEF HEPFOBER:D=0.6mDX DS
REVVBET, FRU=15m/s, ZRODEHEEV=1.5x10m¥s T, L1 /ILXEIZ
Re=UD/v=0.6x10x15/ (1.5x105) =6x105CHD, CHOXIXDODBIAERBESTIILHT,
KU JIVZEU EDBEIBOEENTEETH D,

BR. BAIESICHRITIREMTOREZLSRIISHTHD, COBE. BRRNICRITD
Blockage )R NANDXDKREZNND T, BIESNIZIEMDOBEBEHOREBIC. RRLET
BEIC K DBDHZ<LNREICXITDHEZEL TCLND, CCTld. Allen-VmeentidDF3EICK >
T13D. 935,

U=U'(1+0.25C'p(D/H)+0.82(D/H)»)

Cp=C'p(1-0.5C'5(D/H)—2.5(D/H)»

Cp=1 +(U7U)X(C'p,-1)

Thd. CCTO IWEMRIDBZERDL, HIFREEBDESTHD. LIEND>TD/
HIZRIEEBICHITDIREDEHZSRZRDL, CDHBED/H=0.15THD.
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BIREICK>TY
RIESNICEBERTR
BORNI/INET—>
Re=4.0%10°

I,

amiﬁ?%zmda{r layer
=pieE: _
Laminar separation

JBE/ T L

aminar bubble
% NE={=t
eattachment point

SLRIRRE

Turbulent boundary laver

Bl

Turbulent separation

cCOENIw—2IF. 3
RITOKRDES. EAG
( IS —VICIZ2D ?

(FEFBEROHR) RRSRPICRIMEARREDHEEREZRT., RENESIS
X2m, EIR4m, BRO.mOARRBIIZER(CEEINTRD., HBESIZEBILFIVE

REINS T« VERSURLEDICVEDA LY VBENZZBEDMTHD, COHE
ARFRBIC—RICBSEDSRICESS T ESHENER U TERDIIEND, RO REIBD
THOSRBRENDMERENDETICE. MIDEEZETD, "E. ERIoms, LT JILAE
Re=4.0X 10°DBEERERT, L1 IV AE D Re=3.5X10IREZHMZDE, BifaKRE

HRHDSI100E, 110ERKIUIB0EDMBICEZTE URIADEZNIEND, 2L T, 100E

ENOEDETIEHDINEFIRICEUE. 110EE130EDRTIEEREIICZON)

T3, BIEXIDEEATIETHRIZEAEZILE T, ZTHBEKEFETHDICERL

TWB, 100EDIRIBARRBER. 110EDIRIBUSIRE. BOEDRITILRREHETH

D, 100EE10EDEIISIFT—/N\TIL (BRIEED) CIHEENDMBFETHD, 110E

EBEDE THIBOE B ICIEI/ON TENREDHANAIREN TN, ELRE

RETH> CREEZENNBNNDSTHD, BEICIRNDEBDIEESAKEITENZFER
EEEBRONBINCEERT,
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15|’ o End-Clearance Open
® End-Clearance Close |
Co a  Achenbach(1968)
=== — Delany & Sorensen(1953)
“==" Wieselsberger(1921)
—-— Roshko(1961)

1.0}

‘ Oscillation of a Chimney

05

4 éé1l05 2 4 éé1b6 2 4 6617
Re

Drag Coefficient of a Smooth Circular Cylinder

Corrected by Blockage effects ( Allen-Vincenchi)

Mg B, ONES SL7 /)L AARBICRITSREBASTDHDIBPEIDOORN. NINAFINADFERE
FAFAER. (1973) 40, pp.387-400.

REDEDNIZIEZE

KRAICODMHSDOHIBEICTHIZ DT, FFRe=4x10*~2x10°D L /)L XEEHICOTC
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R.N. Sainsbury, and D King,(1972.2) The flow induced oscillation of marine structures, John Mowlem & Company Ltd.

Immingham Oil Terminal (Figs 1(a) and 1(b)) on the south bank of the Humber stretches more
than half a mile from the shore into water with a mean depth greater than 75 ft which during
spring ebbs reaches a velocity of 5 knots. Helically welded steel piles were used, of wall thickness
0.5 in. and of diameters between 24 in. and 30 in. The berths and dolphins (RADFRIDORMHE

) have concrete decks but the pipeways are of open construction, consisting of steel bents at 50 ft

centres: a typical bent is shown in Fig.2.
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Fig.9. Flow pattern downstream of the 457 mm pile oscillating
in-line with the flow direction at V/ND = 1.4.
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8. Wootton, L R. M.H. Wamer, D.H. Cooper (1974) Some Aspects of the Oscillations of Full-Scale Piles, In Flow Induced Structural Vibrations, ed. E. Naudascher, Springer, Berlin, pp.787-601. 7

1. The first indication of trouble came duding construction at the root of the coastal berth when
it was noticed that piles in the cantilever condition, prior to the placing of capping beams,
were oscillating, some across the current and some in line. The amplitudes were a few inches
only and the motion stopped when the structure was completed.

2. There was clearly
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V=5.5m/s

EAUWREFTOKIEERE (F2)
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V=8.1m/s
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In-Line Oscillation of a Circular Cylinder by Wind Tunnel Test

BB . AAUBE. AN, HIEE. AWML, MRS I EHEORNIERDEHHYE. OARBESECED, (%) 65635,
pp.2196~ 2203,

This figure shows the amplitude of the two-dimensional circular cylinder at different reduced
mass-damping parameters.

For all values of Cn, there are two excitation regions in this range of reduced velocity. The
response amplitude is damped in both excitation regions as the Cn value increases.
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Conditions for the Suppression or Avoidance of Flow
Induced Vibration (JSME Standard, S012-1998)
referred from the experimental results by R. King in a water channel tests
and by C. Scruton and A. Okajima in a wind tunnel tests.
[ | Suppression or avoidance region of FIV
- FIV region
a
10 T T T T
& 2 Cn> 64
E- 10 | -
3 o 2 Vr<3.3
g':: 3 Cn>2.5
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é ;E 10 direction)
wise direct. Sl s e
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IRENNBIDIEHDBRE R =R
BAEWES - BEBERABTEAEEMDRDIREIFHMIEEt (JSME,S012-1998) Tld. N
BEIRBDINEIDIZHDBEFHREEASMEI — RDCn =12TIEARTRDTHD. 26
IRIEBDCHDED SREDEECH=2.5E LT D, Z UL TH=3.5~9DFnRMEIg TE UDE
IRIZ Cn=641 E THNIE. ARBRDI.IBMUTE TR ZIF T D ENEE,
ASME J— R &[@kk. JSME, S012-1998 CERFEDCrlEE64E LTUN D,

Then, this shows the conditions for the suppression or avoidance of the synchronized oscillation,
which is quoted from the JSME guideline. This figure is mainly referred from the experimental
results by R.King in a water channel tests and by Scruton and Okajima in a wind tunnel tests. The
conditions for the suppression or avoidance of the streamwise oscillation are established in this
area.
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Vibration Amplitude of a Cantilevered Cylinder at High Reynolds Number
with Some Reduced Mass-Damping Parameter, Re = 8.6x10%at V, = 1.

by Sakaiet al. (2001) 33

Sakai carried out experiments of a cantilevered cylinder with some reduced damping. You can see
some streamwise and transverse oscillation regions. However, each oscillation is suppressed with
Cn more than 2.5. The criterion of JSME is valid for the transverse oscillation at supercritical
Reynolds number flow.
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This flow-pattern shows the difference of supporting condition. It is the flow-pattern around a
cantilevered cylinder. You can see in this picture, there is a tip-associated flow over free-end of a
cylinder, and it makes flow-patterns different from that of a two-dimensional cylinder.

Then, I will show you the response characteristics of circular cylinders with various aspect ratios.

BIRANYRSHEFDDREN

EEDREFTDXIOBERI/NYRSHIEBAD OFRNIE. FER/NV2RTHEFEDIS
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Xperimental Apparatus : Water Tunnel
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lefu\ser Velocity Measurement Section
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10.5m

Velocity Range: 0.2 m/s < U <2.4 m/s

A., Okajima, A., Kosugi, T., Experiments on Flow-Induced In-LineOscillation of a Circular Cylinder in a Water Tunnel (.
the Aspect Ratio of a Cantilevered Circular Cylinder), JSME, Inter. Journal B, (2001.11) 44-4, pp.705~711.

This is experimental apparatus. Flow comes up from a water tank and goes through a pipe-circuit
as shown. Here is the test section.

The range of velocity in the test-section was from about 0.2m/s to 2.4m/s.
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Test Section of a Water Tunnel

A., Okajima, A., Kosugi, T., Experiments on Flow-Induced In-Line Oscillation of a Circular Cylinder in a Water Tunnel (
the Aspect Ratio of a Cantilevered Circular Cyvlinder), JSME, Inter. Journal B, (2001.11) 44-4_ pp.705~711.

Thank you, Mr.Chairman!

Today, I'm going to talk about flow induced in-line oscillation of a circular cylinder. We have
experimentally studied flow-induced in-line oscillation of two types of a circular cylinder by free-
oscillation tests in a water tunnel.One is a two-dimensional cylinder wich is elastically supported
at both ends with plate-springs, and another is cantilevered cylinder. I’ll show the response
characteristics of each type of circular cylinder.
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Comparison of response amplitudes between cantilevered and 2-dim. circular cylinders

—=— & Cantilevered Cylinder (AR= 10, Cn= 0.27)
—e— 2 2-dimensional Cylinder ( Cn= 0.77)0 2

0.10 25  (2-dimensional)—
0.08/ »
-4 0.20
£ 249 + ~(Cantilevered)
—
un 3
U
0.04 —
~40.15
0.02
AR=10
Nakamura, A, Okajima, A, Kosugi, T., (2001.11)
0'0% 4 3.10 Experiments on Flow-Induced In-Line Oscillation of a

Circular Cylinder in a Water Tunnel (2nd Report,
Influence of the Aspect Ratio of a Cantilevered Circular
Cylinder), JSME, Inter. Journal B, 44-4, pp.705~711.38

This figure shows the response amplitude for a cantilevered circular cylinder, comparing with the
two-dimensional cylinder. The response amplitude becomes very different from the response
curve of a two-dimensional cylinder. The wake frequency shows the lock-in phenomenon at
Stw=1/2Stc for 2.6 < Vr < 3.2. The in-line oscillation gradually decreases in the range of 2.7 < Vr
< 3.3, although the lock-in of frequency continues.

BRR/N\NVESBREOBHIRENEIC K DINBIRIB(AR=10, Cn=0.24)

HiF. BRIA/NYESBIEOBBIRINAIC KDIMBIRIB(AR=10, Cn=0.24)Z2RTTHFED
IMEIRIB(Cr=0.77)ELLEE U T T, BB DIRENFIEIZ2.7 < Vr < 3.3 DA TLock-in L.
CDIZEDMIRIZIE.2 D PidDD. —T1. BIBDREFSTDRDBAR=10DERA/NVES
AEDIBE. 2.6 < Vr<3.0 TLock-in UTHIRIZIE 1 DPIDH THDCENFESIND

o
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Nakamura, A., Okajima, A, Kosugi, T, (2001.11) Experiments on Flow-Induced In-Line Oscillation of a Circular Cylinder in a Water

Tunnel (2nd Report, Influence of the Aspect Ratio of a Cantilevered Circular Cylinder), JSME, Inter. Journal B44-4, pp.705~~711. 39

Here, I’ll show you the effects of aspect ratio on the amplutide of cantilevered cylinders. In the
cases of cylinders with aspect ratios of 5 and 10, the response characteristics show one excitation
region. On the other hand, the cylinders with aspect ratios of 14 and 21 have two excitation
regions. When the Vr is between 1.7 and 2.1, the behavior seems much the same with all aspect
ratios. The amplitudes of the second excitation regions are low for the case of small aspect ratios.
It seems that the aspect ratio significantly affects the second excitation region more than the first
excitation region.
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Flow-Induced Oscillation of a Circular Cylinder
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Imaginary Components of Fluctuating Lift

| The vortex-excitation is suppressed when the reduced
velocity is in the range below the resonance velocity Vcr.
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Conference on Modelling Fluid Flow (CMFF -6)
The 13th International Conference on Fluid Flow Technologies
Budapest, Hungary, September 6-9, 2006

Flow-Induced In-Line Oscillation of Two
Circular Cylinders in Tandem Arrangement

Atsushi OKAJIMA,
Professor, Kanazawa-Gakuin Tanki University
and
Satoru YASUI, Takahiro KIWATA, and Shigeo KIMURA

Keywords: flow-induced oscillation, in-line oscillation, two circularcylinders,
tandem arrangement, flow visualization

(1) Thank you, Mr. Chairman.

I would like to talk about Flow-Induced In-Line Oscillation of Two Circular Cylinders in Tandem
Arrangement.
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In-Line Oscillation of the Upstream Cylinder for i v
Narrow Gap Distances, s=0.3 ~ 1.5 __ ;g
Atsushi OKAJIMA, Satoru YASUI, Takahiro KIWATA, Shigeo KIMURA, Flow-Induced —— 5=0.3
Streamwise Oscillation of Two Circular Cylinders in Tandem Arrangement, International —— 5s=1.0
Journal of Heat and Fhuid Flow 18 (2007) pp.551-560 —— 5=1.5
0.07 Single with S.P.
0.06 Cn = 0.99 A
0.05 -+ .
0.04 4 -
; -
b?‘ﬂi&‘
0.03 -+ -
0.02 + .
0.01 + .
0.00
0 3 4
And it is noted that the maximum amplitudes of a cylinder with a splitter plate
and two tandem cylinders, all are larger than that of a single cylinder.

(11) This figure summarizes the response characteristics of the in-line oscillation
of the upstream cylinder for the narrow gaps from 0.3 to 1.5. This is the response
curve of a single cylinder. This is for a cylinder having a splitter plate. The gap
distance changes into 0.3, 0.5, 1.0 and 1.5. You can see all response curves are
similar to the response-characteristics of a cylinder with a splitter plate. It means
that downstream cylinder works as a splitter plate.
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In-Line Oscillation of the Upstream Cylinder for {:
Wide Gap Distances, s=1.75 ~ 3

[ — Single
Atsushi OKAJIMA, Satoru YASUI, Takahiro KIWATA, Shigeo I‘J.\TURA Flo“ Induced
Streamwise Oscillation of Two Circular Cylinders in Tandem Amr ternational —— 5=1.75
Journal of Heat and Fluid Flow 28 (2007) pp.552-560. — s=2.0
0.07 T - T —a— s=2.5 —
| e —— 5=3.0
] U, == i
0067 § ....... 9 Cn=0.99
0.051 D| 30D |D| 4 Lsamty -
0.04 -
S s ]
0.034
0.02 -
001
0.00+
0 1 2 3 4
Vr

(12)The response curves for the wide gap distances from 1.75 to 3 are presented
here.

It is evident that all the response curves gradually approach that of a single
cylinder with spreading gap distance over 1.75.
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Map of Excitation regions of Upstream Cylinder as %}
Functions of Gap Distance s and Reduced Velocity Vr
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(13) Then we try to make a map of excitation regions of the upstream cylinder as
functions of gap distance and reduced velocity. We can see two kinds of
excitation regions due to different oscillation mechanisms; that is, symmetric
vortices and alternate vortices. Excitation induced by symmetric vortex-shedding
appears at all experimental gaps. The excitation of the upstream cylinder with
wide gap have two kinds of excitation mechanisms; that is, movement-induced
excitation and vortex-excitation. These characteristics approach to that of the
single cylinder with increasing gap-distance over 1.75.
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The strange flight behaviour of slowly spinning soccer balls

Taketo Mizota,! Kouhei Kurogi,! 3 Yuji Ohya,?
Atsushi Okajima,® Takeshi Naruo* & Yoshiyuki Kawamura'

The strange three-dimensional flight behaviour of slowly spinning soccer
balls is one of the most interesting and unknown phenomenon associated
with the trajectories of sports balls.

Many spectators have experienced numerous exciting and emotional
instances while observing the curious flight behaviour of these balls.

59



EE TFSAZORNIRE

o

06 | |

05 Type A-ball

1Tl N
Smooth sphere
P —— i

|11

04 Type B-ball

02

01

|
o

0
Reynolds number

Wind speed L

10°
[ 1114

10 15 20 30 4050 ,,

Taketo MIZOTA, Kouhei KUROGI,
Yup OHYA, Atsushi OKAJIMA,
Takeshi NARUO, Yoshiyuki
KAWAMURA, (2013.5) The strange
flight behavior of slowly spinning

soccer balls, SCIENTFIC REPORTS,

22,

60



EE TESAZEOFRDIRED

Contents ’éﬁ

1. Strange behavior of 3-D flight of a soccer ball
(1) Shoot scene on TV image

+ Middle shoot by Schweinsteiger
2006FIFA World Cup Germany tournament : Portugal vs. Germany
- The strange flight behaviour of slowly spinning soccer balls by
Keisuke HONDA

(2) Free fall experiments.

2. Force measurement by wind tunnel tests,
(1) Forced oscillation method; locking-in occur?
(2) Unsteady force measurements; a ball at rest.

3. Unsteady flow visualization and unsteady force,
* Tuft method with high speed video camera.
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U=21[m/s]
N=1.3 [Hz]

2006FIFA World Cup Germany tournament
Portugal vs. Germany
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2 . The strange flight behaviour of slowly splnnlng
soccer balls by Keisuke HONDA
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(1) Honda
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Free fall experiment Aso choyo bridge
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Strobe-image from free fall exp.
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Next contents

wind tunnel,

(2) Unsteady force measurements
for a ball at rest.

)&l

2. Aerodynamic force measurementin a
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(1) C, amplitude and phase difference for velocity by forced ! \8} ‘
oscillation methods

Flutter oscillation of a soccer ball does not occur.
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(2) Unsteady force measurements; a ball at rest.
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« Ball flight behaviours are able to be
estimated by using the measured values
of aerodynamic forces in a wind tunnel.

* Frequency of ball behaviours is
St=0.01 ~ 0.014 : Quasi-steady

74



EE TFSAZORNIRE

Next contents &

3. Unsteady flow visualization,
in the 3.8m x 2.0m wind tunnel.

(1) Tuft method with high speed camera,
(2) Comparison with the experiments of

a smooth sphere flow by Teneda (1976)
in the supercritical region of Re number.
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Front view of flow visualization apparatus
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Cq 1s + and vortex position is left side.
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30 Flames integrated image
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Unsteady twin vortex behaviors
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U=26.0m/s, case 2, During 4

Flame speed 250[f/s], during 4 seconds

seconds
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Sketch by Taneda(1976, JFM): 15
and vortex rotates around center line o

Smooth sphere : Re>3.8 X 10°

the super critical region of Re number

Hose-shoes like and two-

longitudinal vortex rotate
around center line

.

Reaction force on the sphere

Flow around sphere of Re=3.8 X 105

By S.Taneda (1976)
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U=26m/s,Integlated view from movie:
Evidence of one pair of longitudinal vortex
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-

\_

181
Thank you o
for your attentions !
Atsushi (OKAJIMA) \

I assume this means that above a certain Reynolds
number it is impossible to make a football go perfectly
straight no matter how carefully it is kicked.

Peter (BEARMAN)

Imperial C 01139
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