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Abstract

This thesis presents the results of numerical study on the unsteady flow fields around a circular
cylinder placed in combined oscillatory plus steady flows. The corresponding fluid forces acting
on the cylinder are also examined. The following items are mainly described in this thesis.

(1) A numerical study using the Navier-Stokes equation in a generalized curvilinear coordinate
system is performed for a circular cylinder in two-dimensional combined symmetric
oscillatory plus steady flow, two-dimensional combined asymmetric oscillatory plus steady
flow and three-dimensional combined symmetric oscillatory plus steady flow.

(2) Several flow regimes around a circular cylinder in combined symmetric oscillatory plus steady
flow are well predicted. The effects of coexisting current ratio ¥, and KC number on the
vortex shedding patterns and flow regime transition are clarified.

(3) In the wide range of 0=KC =20, the effects of the asymmetric velocity variation induced by
cnoidal waves on the vortex motion and the fluid forces are investigated. The structures of the
wake vortices are described in detail, and the dependence of the maximum fluid force on the
flow asymmetry is clarified. :

(4) Several flow regimes around a circular cylinder in combined cnoidal waves plus steady flows
are well predicted. The influence of asymmetric parameter, velocity ratio between oscillatory
and uniform flow components, and KC number are explained.

(5) For combined symmetric oscillatory plus steady flow, detailed descriptions are given of the
three-dimensional structures of the horseshoe and lee-wake vortices. The bottom shear stress is

also analyzed and the correspondence between the development processes of the vortices and
the bottomn shear stress is discussed.
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AROCTHE, IRCMREPICBRE SN BB HI O & LT b AR A2 MRl < itk Lt
TORADTHBAAELMBRT 5 L X AL LT, EELICEY LA CoRKER, —i
RIBRIEEARR I 25 S i Navier-Stokes HRRE M LT 2 ITAIE L TR 3 RILAGIC BAERENT L, itk
RICBT 5 TS L USRI #I0 R 2 AT o . W), MBREES LUMBREICIH BINBREI Y 518
LT, BBIRST L & HITHBRABMMEN AR L LT, AR L EEHOTT, BB
URRIETFR, —RiT & FERPMEBIR O TATRERIC R 3 AR OfAES, <5 IZHREIPE & B
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BWEDTAT, BB L ORIZSHIFRIC BT BB SRR O FiA RSN OV REE B EA#T
BT, ARVII6ECHERIN, B1ETHE, FEOERLEN, F2ETHE, KEENE B
SEMSH 5 ETIY, TR LUEBE, $6HETIE, MRz, BTFICARIOATHRERD
LR LI E BT 5.

E3I3E AHEBREEETROHXTREFRICE TS 2 RAFIESORERT
SR DIREEIRIEI T A A FRPERE L R /TR LT, REE L EHTOVT, ERXBLUR

AR FAER IR E SN AR ORGSR OSEMT 21T o 7. BITROMAL « BtHoZ2Eis J U

K DT Z — BRENT L, FRIRE TN & OBE, READELHtI F — B L UHES

DI E SDEEF I RIET IOV THEMARRE BT o 7. AT S Stokesk B =200,

2ZKC=10, 0SV.S1 DT TEONEEREZLUTICELDS.

(1) EEF & FIRBIRO VAT, BAH L ORIRHEFERIZE T, KCHE & USSR OFRRFE 1,0
T L ARFROIEE  EIEROELE & VRS iRt 8 —V BR X, EEBICBITD
R D F A Ao IR A HEZ B AN LTz,

Fibb, V=1T, KC=20%H4, HTHFE T REAHHOBRT THETRICRE L
WL ST > CTBEIL, METELAVCEENERT 5720, Wiz, wdidx
i (B 1K LT ETRRTHS. SREFH T, HETRTRET DIMOHBLTK - B
Fod B BB R A . EASEIEE T, B2 ORIIZER T, BETRIORIRET 50T,

CRSAUEIE B FIERRRE 725, KC= 8 DA, TATHAE T, REWESER T L MAHICIER T
DEVEESIC, 1 AT EI AR EHE IR THIC 3 o0 RA - i Sh 2 iR
RE— LD, RIS TCHE, MRSERD THIC L A 0 %t 2 ot ahs. EXR
WHBTIE, 1 ARIHE D 4D/ S RilnFeA L, FEOERICR S g it E R it
S>THTFL, METHCRFIDSERENS.

@) ERoikkt, <7 — OBEICRR T B IEBF M RN & OB A S MIFA ) DR R L2 ff
L, KC s R USSR O R 5 1B H1T B K I OMRIE Ei5 17 % O R B & RO %
L OBIEE R L. .

Frebh, KC=20HE, VTEFES T, EERSESE L THLRASIREOADEE L
RIS, xEIRFRCH B0, RBERFAOKKNIE e THS. F2EER T, B I
VT b IBOSEAEBMET R SN AIRELAE U A2, IREIRA S REET 2 & & Iidmidd T
B LT B DIRBIEA A A% RO BT Y R Th 5. BXSHHR T, RERS
AR R & 250 B CBMNES 2R L, DR TR (EH O Ttk TOogHn
BORAEICFNT 5. UL, WESEaED & 5 L, TOKE SIZHEFITNEL, ZOME
1A ELTATHS. WThORFEOSE S, REDFHFHTIER & F CRBE TR%

| R ENERERL, EEORANSELTNS. KC=8OBA, WATHIASTE, RIS
R OEE)TEFIROAR - BHICRHE L, RERTEA T2 20— 2 L 5. ARHTE
L, EEHERERS, BAEEKC=2 0 & XITH_RT 200 LEREICETEDL TV D, REVAH
A CIUEBTE ORI L BRI L 27128, IS S T L E o T iRBE - AH T
X, BB H T TH 5. EEE SRR SRERTEES RS A LRI C <,
IRENR O E I L7 B b & R, BB L CIRAR T OROFE b b THTHS.
—F, BASIIEE T, BT (RS & R CREET, IREIEAE) L | L
BRI AR L, FEAICs LTRSS £ bHABRSOFEVEBL TV .

—568—



(3) FIIFEITIT DR DBRAE & KC %36 K OMEHE & D BIRIZ DU TR L, Filk A1)
(RS % HTFESS L OREADEEIC OV TR T o7, FORE, 1K KC SEERICH
T HTEN DBREIZZAA RS TIRE—E L 725 2 &, KC B AR 3128,
READEIMAES READBRTHBEEICRB L, SbiT, BEXEFROKKIL, BimE
WOBE DTS L FREEIITNUTICR3BENHE Z L 2B LN L.

EA4E AR L BEROXEBICHEIT S 2 RIAFEIBOMIERT
HRALBRRI TS, FOREIIT L FIRFRL 2D, BOWMADL Y R, BOWARLY T

ALREZRBDIROND LDICRD. £2T, £F, #HHOY /A NELEIE L EL8 24+

HIERPRENTIRIC 31T DAL OFRS & 5 & U CRROAEERT 21TV, Bih & kS

EBOBEE, HR R L KCER & UWOEIRIBIC T 2 EFMRGEERED, 372 b ko

FERFER TR IERIR T A —F 4, DBURZEERITH SN L. A TE LN B RE

I, ROEHizELHENS.

(1) 7 A FIEAEEE U FOREB ORI/ RT A — 2 4% 0.5 55 0.8 T, KCEA 055 20 -
FCRMECELSET, IERFHREIIC I BRI O RIS ORI ETT, KCSAE L
TH-TY, A BMEINT DIONT, KK FOELHBEEEMIVNS < 25720, ML ]
INDZLE, ABIUKCEDE N & BRI 7 — DL a5 2NN L.

(2) FEXIPMREIFE R O LB L FAERL ORSEEOBEZRA LN L. £, FhFas
L OERFROFAR S OB E RN L, 20854 R L=

@) PRSI DB, KCEID SO EITIEBROIRFMNRE Bi2ohT UL 5
IZoNT) KELSZ2Y, M2, KCEAKREZVEAITIE, IEHEAEIcon TR 2B b
ERLI | |

(@) PN TR ORI BES 2 Morisons D DFLIRE C .3 L OB NRS C 28/ 2 Tl
LR, Ads KUKCEOEIIC & 5 LEMEES B 5252 L7-.

Tbb, JIIMREIL, KC=2 DBEAERNT, —MRIT, ADKEL R BTSN TIEL 72518
MEF>TNS. 72720, KC=16, 20 DAL, 4=0.6 THIEZIRBHELS. —F, KC=2
DHEEIADRE < RDITONTHMT ZHAB R OIS, BRI LRI, KOk
KRDITONTIELARD. TI2L, KC=2 DBfIE, AMKE < 2 BIZONTHTHNIA LT
B. Elo, T, ABSKELARBIZONT, BIEAEEARINT 2 ERRE b,

&K,#ﬂ%ﬁ&ﬁkE#%ﬁ%ﬁ#éﬁ%%*K%Eéhkﬁﬁ%ﬂﬁ%&&ﬂ#é&ﬁ%ﬁ&
70, FLlds LUBEAFHET ST, Stokes$ B =200, V;=-0.5~0.5, A4:=0.5~0.75, KC=20 o
%#Tf%ﬁ%ﬁ&ot.$ﬂ%ﬁ%6ht$¥&&%ﬂ,&@iiuikbané.

U)7/4Pﬁ@ﬁ%ﬁ%%ﬁﬁLt#ﬁ%ﬁﬁ%t~%ﬁ@$ﬁ##%&%i{ﬁﬁmﬂmﬁ@

Emu;6%Hmﬂ5—y@%m¢ﬂmT6%Wﬁ%ﬁ@%ﬁ%,—%m&%ﬁHMénézt

12 & BREBET v L. | |

TRbH, V=0, +0.5 DFAIL, BAB—oMHINBD,  V=-0.5 DEBAITIE, BRHi—o
e%GMK%ﬁ:OWMéné.ﬁﬁﬁﬁ%@ﬁmﬁﬁfét,VFO?@,E#&%KEE,%

R TILIE O THY, V=+0.5 DHFAIL, FITELRBDICHLT, ¥, =—0.5 DA,

YT=6120 LI%i3, BLOEBBHSbOD-05 AikDEL L 5. —F, EAFRAAIL V=0

TIRTEEH CROREITECCEADES LV, HEERTIHEE 0 ThHE. V=+05DL Xt

—o69—



1S TRIZRDADIZXILT, V.= 0.6 DBEAIE, BOBLEIGCTE - AOER L 5.
(2) FERBRREIT 2 —RORFBITBN T, —RBADOKE SOHL TR EOEALHSEET
Y, WHHAFE (V<0) LIEHIAFS (Vo>0)TiE, BRI OME 2 FREETRILLABS T
LERLIE. : .
Q) BERHEMEEDORREE, FICHEOBRMEICHKEL, oML LHITEDELEMTEZ L
%R LE. —F, BACELTIE, BACXY, MRORKEICNLZ T, —ERELET 5N
| DRI R BT B LERSHS = L BRLE.

S5 MNAERFE ERAOKFBICET S 3 RuFEBOBIBEMRNT
Navier- Stokes HBR % BRI — R HREHERICER LA ET A2 VT, KB & R HOFAT,
BRI L UGS ARE tIT BB S BN AEEASED 3 IRIEHAEIZ B3 5 BT 21T o 1.
BETRCERITRORE - FEERS L OBE S AN T2 Z2AR, KCHB LUHELY,0R
Hr SWNTERN Uiz, AREHT S Stokesti #=775, KEAE a<90°, KC=20, V=15 OTTHDL
NEEREUTICEL DB,
(1) FEEGROES, REM L EEHSFAMICERT AREARICI TRET R A L3
BhoRA - L, FETRA YT HEEEIICR 5 & RETRIL L BB L, R
B o2V, EREMBEC R EERRARE  HRT 5. ESERORS, REMR
R EICRT 5 MR LRI R A AICBE LN bRk 5. RIZSHERORa, ik
I TS b PRI BRI A « RE L, BRI FAEAEICE D AT X
CRE 5. BSOMDATET, BETES—BERT  ORMRFRORETHD. R
ORI AR DRI TR R OO, MECHEEEMIRD T 5. %R
IZoWTHL, SN AEOEIIEMT 3 b00, He OROBETETIHERICHS.
(2) EfEICED L TETEAATEERDRY MK L TIRERFRNCIE T 5. HTHF
SEOEA, 1/6 EREICSEIRG L CRIER TicRV CERE ABMIIBRICE TRAL, BE
THRAEERH IR B I DB T OERYEABITRBIIRST 5. BERMIIHT 72
BORERRVDI, ETEANAORFTREMIRY. FTORSSHFEROES, HAR
EHLRECT T, BRI LU ERT 2 EEEANASES L, ERXOBEIL, &
BT 5 HRHE CEASII R T 5. BT, EREHEROEEYARAN
JEEEER TR .
() FEEFORIESHBH/NSME KC 30T, BEROEIRES £V BELRVED, K
B A RO FICVTRA L 25, f-T, ZOEERAMADRKMERL, XEA
Bl E DKLV, & KC BROBEORKETEARNIL, B X Uit OEBIC
HBEL, TORBERREAEORINCEVETT 205, EEFANAOEREIRZALD
B OR T T 5. REEIC R B HFROEEE AR ORIBRIZFEL L L bICERL,
TS O ERRAR DI REY L AREOERE AT B OBIERIT 13~18 B
BEThB.
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