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Abstract The flow around a bluff body submerged in sinusoidally oscillatory flow consists of
the development of separating flow which is usually related to starting flow and unsteady wake with a
limited length because of flow of the oscillation in alternate directions. The studies of forces acting
upon and flow patterns around the bluff body are fundamental to such fluid engineering constructions
as piers, submarine pipelines, breakwaters, caissons, sheet piles, gates and other ocean structures. In
this thesis, simultaneous measurements of both in-line and transverse forces of a bluff body were
made in a relatively wide KC range. The force signals were analyzed spectrally to determine major
frequency. Flow visualization was also employed to understand the correspondence between flow
patterns and force coefficients. In particular, CD values and St numbers compared with the experiment
results obtained in steady flow. We discussed the influence of the angles of attack of the square
cylinder and flat plate and the width/height ratio of the rectangular cylinder on the flow patterns and
fluid dynamic characteristics in oscillatory flow. The discussion concerning the effects of the un-
steadiness of oscillatory flow on force coefficients and flow patterns are presented. Force coefficients
were measured in a wide range of KC numbers including high KC numbers. It is verified that good
agreement between CD and Cu in Morison’s equation and near wake pattern at the time of maximum
velocity and the volume of the flow region visualized at the time of zero velocity U=0, has been
successfully obtained, respectively. The Cp values gradually approach the values for steady flow with
increasing KC number for each shapes of bluff body. The phase delay angle ¢ F of in-line forces
related to oscillatory velocity strongly depend on the cross-section of bluff body. Good agreement
between the growing/shedding process of vortices and the time trace of transverse forces was also
confirmed by flow visualization. With increasing KC, dominant frequencies of transverse forces in-
crease stepwise as integer multiples of oscillatory frequency along the St-KC line obtained in steady
flow and the shedding frequency of wake vortices is controlled by oscillatory flow, except the cases of
small angle of attack of square cylinder and flat plate.
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Fig.1 The rms values of in-line force Fig. 2 Phase angle ¢r of in-line forces for
coefficient for various cylinders against rectangular cylinders with a cross-section
KC number of various width/height ratios

~325—



U EDOERBBEEBMNINE <, REROELE R TH 2 IRENZE R FEEALS oI B I
BT 3, I T, MEEENINT 2IREFANFE T Fin DIRENE B ERDHDIEZE prod—
Bl UTEREDBEZ2RK2IRYT. WEAETIEIEAENNREEL. KELQBEERT
2 ROGEITIEKCRER THHENKRE BN, —F. FEEMS /NI WEAK
HENBTEHFBECHELELIANAKEVEREOBEAICIIMNMADEBNIT B/~
W, F/z. $90° DAFEEN &R TEKCEESR TIIRE T & 2B S OEIS AT K
ERY, BKCEEETIR. ThTNIIE—ED OFEICEEL . HANIEANIR DM,
Or=—nIZRES T, BER—EOBEANERAL TR I EBSNS,

3. EYVYYDRICKDBCpECH

3.1 CoDKCERICHTRELLER NN -2 FTUYVORIDEHLEHRAFREKCOD
FlEUTRAADKENWTES BT (2225 ) EEHEDELERIA=0.2~0.6 DEEHDOBEZE
F3(a),(DIZFRT . KCEROBEIMZENWEIERRDOCHEIT E B IZEROEREISR T—HiRP
WBITACHBEICENEYT 5. EABEDAZANKE Na=22.5 OBREITIIEKCE R THX
BNIZ K ERCOEZE L, KCEDOMEME EDITCOAEIIIBATS. &FiZ. =45 DFES. CofEid
BEKCEMEBRTRERY—I &2RT, ZD&SIRCEDLEL EBRFERICHBIT B %Y —
COTRICEEE BT 5 &, EAF =45 DBE. EKCEEE TIIR4I@IZRT &<
BRI <EENAESRETA LB L TRERCHEZTT. R4AOITRYT ThF X

Test model| _d/h B
02 ©:22
Rcc_!.an.gulnr 04 v: 23

6 Test model] « B

1asa0)
(=}

5t - 0.6 | @:23

add b ad

d/h
0.6

Uniform flow

NPT WA

0 40 80 120 160
KC
(a) Square cylinder (22.5° = ¢ =45") (b) Rectangular cylinder (0.2 = d/h < 0.6)

Fig.3 Drag coefficients against KC number
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Fig.4 Flow patterns for square cylinder at 0=45
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Fig. 9 Power spectra of CL
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