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Hydraulic Experiment on Near-Bottom Flow Around a Cylinder
Placed in a Bidirectional Regular Wave Field and Its Numerical Simulation
(Proceedings of Symposium on Applied Mechanics)

I A (RIRK - T B SUE (RIROK - Bo)
Je R (RBEOK - BE) e B (BEOR - 1)
Yuki KAJIKAWA, Tottori University
Takeyuki OCHI, Tottori University
Masahiro KITADE, Tottori University
Masamitsu KUROIWA, Tottori University
E-mail: kajikawa@tottori-u.ac.jp

In this study, the authors aimed to clarify the near-bottom flow conditions around a circular cylinder in a
bidirectional regular wave field, and conducted hydraulic experiments and its numerical simulations using a
three-dimensional flow model. It demonstrated that in the bidirectional waves, the flow direction away from
the cylinder is more pronounced than in unidirectional waves. Furthermore, while the three-dimensional
analysis was able to reproduce the general flow conditions, challenges remained in accurately reproducing the
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cross-flow velocity.
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Table 1 Experimental conditions
Water Wave

Synthetic ~ Wave

depth  height wave height period Waze(ll‘;r;gth
hy(m) H(m)  H (m) T(s)
Unidirectional 0.073 B L0
regular wave
Bidirectional 0.30 1.0
idirectiona 0.052 0.103 38
regular wave
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Fundamental Study on Flow Structure around a Submerged Bridge
(Proceedings of Symposium on Applied Mechanics)
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Takuma YAMAGUCHI, Faculty of Engineering, Kumamoto University
Hiroshi CHO, Faculty of Advanced Science and Technology, Kumamoto University
Masahide MATSUMURA, Center for Water Cycle, Marine Environment and Disaster Management, Kumamoto University
Yan WANG, Graduate School of Science and Technology, Kumamoto University
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Frequent floods exceeding the design level have caused severe damage to river-crossing bridges. This study
conducted hydraulic model experiments to clarify the flow structure around submerged bridges and to
quantitatively evaluate the effects of railing presence and overtopping depth on the surrounding flow. Analyses
of water surface profile, time-averaged velocity and Reynolds stress demonstrate that overtopping depth and
ancillary structures significantly influence the hydraulic characteristics.
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Stereo PIV Measurements of Longitudinal Water-Surface Variations
and Flow Structures around a Bridge Pier with Focus on Downflow
(Proceedings of Symposium on Applied Mechanics)
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Bridge piers generate a downflow in front of the pier, which plays an important role in the initiation of local
scour. In this study, laboratory experiments were conducted to investigate the relationship between
free-surface variations and the downflow structure around a bridge pier under both subcritical and
supercritical flow conditions. The flow field around the pier was measured using stereo PIV while the
longitudinal water-surface variation upstream of the pier was recorded. The present paper reports these
observations as a measurement case focusing on the relationship between longitudinal water-surface
variations and the flow structure around a bridge pier.
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Fig.1 Experimental Set Up

Fig.2 Laser Sheet and Pier Model

Table.1 Hydraulic conditions of the experimental case
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3 S - e E R S AR AL ] \ 17100 [ 0.0055 [ CaseB2| 0039 | 0.70 | 113 | 34001.9 | 0.031 | 0.89 | 161 | 481953

& OFIGBMRSC, BEHEOEITIZHE S v E O ZE{kIZ oV 0.008 | CaseB3| 0049 | 082 | 1.18 | 355241 | 0039 | 101 | 1.63 | 488800
TIET+SICEE I N TWRY., ZZ2TIEFENS0EKEAY H 0.003 | CaseC1| 0.022 | 0.67 | 143 | 427659 | 0.018 | 0.83 | 196 | 587605
N . e [, . 150 [ 00055 [ CaseC2] 0.037 | 074 | 123 | 369837 | 0.025 | 110 | 221 | 664087

LT, £, MBS0 OKALHERT AL & st iE o AR 0.008 | CaseC3| 0039 | 103 | 166 | 498322 | 0.033 | 123 | 217 [ 650609

WZE B L, Wit X OSSR TSI DT o T

OABMHEEATIARES

TG KB ERICEL VHHT D Z Ll Lz, AT — (2) EEBREHEBLUEAIEE

FHAEG OIS L 22 528, KA L & TR E 2T, KBTI, RA 2 M= X > THBIHER DKL E 2

F& BB I LA D FFERIZ DV TR T T UA PIV IZ K> T2 53 L7z, AKALEHHNIE Table.1
R RO, EEIZEED 3 5, 6 BER (ERi

2. EEAE 2.1mm, 021mm) ZED FHF7ZBEEEREZER L, HE, K

(1) EREE

Fig. | IR+ X912, EBIE, EX 10m, 0§ 0.2m O
BAEKEEIZ ZIEER 3 5l X OV 6 52 R I - EE R
ZEEABMAZRE L CIT o 72, B3N8 o i <
VERR L, KEE T HEsA S 3.4m DK IZFE L7-. Fig2
® X 512 LaserSheet & Afv, s & 522 R L 7= dd
AT (kU KS) T L7cBiE 4 VW T AT L
4 PIV % Efi L7-.

ISRANEEER

A2 ZNEN 3 = T H5E T TiTo7z. 3 5
BN O [E R TIABMIATE O TR ZFHT 5 27 L A4
PIV %, J% T CaseAl, C1 \ZFRE LEHAIMTE & Ml 57 m
WS LRl b T o 72,

3. AR

(1) KEEHAIKER

Table.1 225035 £ 912 3 SEERPEER &2 VT4 Rl
W BB SA F CIE, Al 1/200, 1/100 & 1/50 82

-11012-



11012 BOOESANEY VAT A/ BSEBABANLEES

FIEARL, SARLL 72D, RIEBRLMTIIKKIED 15% Table.2 DownFlow Condition

DREWE = =0, FOKBRHOERRS K E V. =75 L, Case | T PEIR] BX TA | | TSR | Rk TR
AL L o THBME T VAR E W & & OKEOELRKE CaseAl 36 127 CaseCl 27 247
<ERV, Fig3 IR T L ITHEABL L 725 1200 TIEES CaseA2 50 157 CaseC2 16 -207
— 2 LFRMIOIEWETE TAEN R E LY, BHTIRE O Lo : 10 ] ConeCs B g
IKNDFX ¥ v TINTEDB., FO—FT, 2AREETHD CaseB2 3 135

1/100 <2 1/50 TIIKN.OHE T 23 8HE ERICIE S -, CaseB3 56 180

INZ CTAEL 1/50 VXEATE TRALBEE H2S 5P HE A K
W2 ORI AT TR EIKEAME B3 D r— A2 &
S TUIED X 5 REBIG b R o7z, MG O KA e
RHEDTZFHAIBZ Figd 12T L, AR TH D 1/200 D
Zr— A TIIAEII R E K E AR TE DR & o7z,
(2) FHEDRT LI PIVEHAIERDBE

AT LA PIV Tl L 72 SR O —EB % Figo (2”7 &[E
DFHIE 4000fps THsz L 7= BhiE & FH W& FRFH 0 R otik

WA AEHRLTEY, I 2 CIERRSERE A & s 5R
Bl & LCRY. Figo BT B M O@BIZZRE D=
PR, RO —I13NE LA E R OHROKE
SEET. INHORNG, ARIOFHCREERTmO TR
MERZDIENTERLLESEZD. £, BARDO =FE
TO[EE PR CaseA 2V — X TIIABM_E i o0 5 &P TR AL
PME B S PEEIZEL 220, FEIRIE T T IS m ) i
HWHEW S OOKEFFITIEWER TEHNS. —F, A%

Water Depth(mm)  «Bridge Pier Model -=CaseAl 0.008 —CaseA2 0.0055 -~ CaseA3 0.003 BLD 77— 2 XM EDRE L 5 LB o E Bt c/hBEFRmE
R " FHEIEEATE L & DR A3 < Fh FAIC D 5 fEAk
e t i AT ; EHENITHELS o XLV HWFER E oo, lir—A L
*e0 550 500 450 400 350 D120 e rom 2 unet outi ) (B {ﬁh5i7k/(’f% /NS W — 2 TR b7 fElK
Water Depth(mm) Bridge Pier Model  -=CaseB1 0.008  ~CaseB2 0.0055 -~ CaseB3 0003 TL2A 5 ﬂf"? Wwo %) tﬁ‘:@f{ﬁ’] Thotz.
100 | (Bed Stope 11100
Py Vs e 4. %g
e e . REBRTHEBIMZEAN S0 D L, EJF LT ICHE
/600 550 500 450 400 350 Distance from thannel outichiem) %> - F AN E & BTN TR SIS 2Bl Ln
l;:)ate‘rnl:dp;::r::;)u Bridge Pier Model  =CaseC10.008  +CaseC2 00055 ~CaseC3 0.003 R EINT-. HARREKIENRKREL L EE EME OB
50 ] MR CIIMEM A J T 238 ET 50, Rl < OfF
I I —— . BRI I 55000 W AKIE A3 Y AN A FEIR & TR A U 5

600 550 50 40 400 30 D¥hnce trom Hnnet oy BRI AV D . T OFEIREESNLE & W bR O E
Fig. 3 Water Depth Variation along the Center Line of Channel A X S OB KAE 2 EBFE RN DL F L D=0Nn

l:\:lter ]?keipth(m::: - ‘hl‘;"rni:l%:"l’ier Model = kprhiR - 15Smm&EF > 50mmERF H7 2@ TableZ ’G\ % %) . J\E T%L’ , T ng&; ?}iIE D 'ﬁEij &i*ﬁﬂi‘ﬂ IE@ & :{Kﬁj“ Z)
N Bttt e LEDITV AN, AEIHEAR & AR TR SR
5 Lipolo. TR, Figd OBNIR LIZ SR EZAEDE
00 50 00 40 400 30 Disthnce from 2hannel outle%?cum) 71)3‘ 95 U ‘J}ijﬂ ) 4‘%“4& 7j§ E{“—j’f;%ﬁ— E) k A:% %_ E) . 4‘%‘: & Z, ;f%@ EE‘ < L‘j:
i Svintinkionnt Moo Milnis - Bilinsisa e doi EFAN O KN OHE 11T X0 FEIMAT TR E AR & > <
50 J&,Mw&WWWW 720 FEE IS B 72 O OFE AR E < SN 51T
‘ | | . Thd. RITEIEZERT DBRCIEZ 5 LK ORBIC

0

600 550 500 450 400 350 B nce from Homncl uwtdllny 3% D PALEFZBE LT 9 2 COFMNDOBEBLIEN /5.
Fig. 4 Variations in Water Depth Downstream

» Fixed Bed covered by Silica Sand No.3 5. ﬁgﬁ
golz/zg(m ) o Fixed Bed covered by Silica Sand No.6

o WIHVEIRIE, TR L BHR R BEL T D 2
008 ) BESNTNG., AT, “hEThEVHEINT
007 WIS TR - SRR DI PER  E T R T
o s DE—HE LT, KBENICHIZ AR L & ORI E HI
0.04 = ATEIC A DILD FRERICOW TN, ZO/RR, B
ool Y TR L B D TR FFORER & 72572, B
oo |70 DHEFTITHE 5 ANHE T AR BL G & TR BIR 22 & 4%

0 = (‘ 2~ P
0.000  0.020  0.040  0.060  0.080  0.100 uiﬁ;ﬂﬂ % pﬁﬂ 6 ?’/E < &) %) .
Water surface level in front of pier(m)

Fig. 5 Relationship between Mean Velocity Head and Water BEE . AR O—EE, WM ORERE e Y e s -
Surface Elevation at the Front of a Pier (B B 2024-8111-002, LB« EMECT) 35 L O ISPS

PP (24K01136, U3 @ MENBT) OBIpAE 321 THhi

L7, ZZICRLEEEZRT 5.

S 3

1) Bruce W. Melville: Pier and Abutment Scour: Integrated
Approach, J. of Hydraulic Engineering, Vol.123, No.2,
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Fig. 6 Velocity Vector along the centerline in front of pier
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An Analysis of Velocity Gradient Tensor Fields where a Vortex is Generated or Generates
(Proceedings of Symposium on Applied Mechanics)

il BT (TR - T)
Katsuyuki NAKAYAMA, Aichi Institute of Technology
E-mail: nakayama@aitech.ac.jp

This study presents an analysis method to investigate geometrical characteristics of the velocity gradient
tensor field around/inside a vortex. It applies theory of local flow geometry that defines the Galilei invariant
coordinate system associated with the swirl plane and elliptic vortical flow geometry. An analysis of vortices
in homogeneous isotropic turbulence shows that they are generated in a region where two shear tensor
components support swirling and that they generates uniform strain and maximum shear components regions .
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Fig. 1 A vortical region and swirl plane represented by contours
of ¢, and vortical flow v, and line where ¢ =2 in the plane.
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Fig. 2 Contours of (a) ai1, (b) a12, and (¢) a21 components in
swirl plane in a vortex, with bold dot line where ¢ = 2.
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Fundamental Study of Weak Radiation behind Air Shock Waves
(Proceedings of Symposium on Applied Mechanics)
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In our laboratory, the characteristics of radiation behind air shock waves have been studied systematically by
using a diaphragm-type shock tube. In previous studies, we generated a shock wave with an incident shock
Mach number of approximately 5 and analyzed the radiation behind the reflected shock wave by using a
high-speed video camera. This radiation was high intensity and varied according to Mach number. In this
study, we generated a shock wave with low Mach number and focused on weak radiation to analyze the

ORBWHEEALIAZR BRANEEER

fundamental characteristics of radiation from weak to strong.

1. [XL®IZ

AFFEE T, BEEEE RIS 2RO % H
& LT, REEERE 2 W2 ERIITE 2 RFric
ToTW5. LREIOWZED DTN T, AFEEE~ >
E B REMOBRER O L (K1), 72, Ak
IR~ > B EOEIR (R 1 OFRFEIR) 12Xk L Oy
W7 4V E—E RN REHIEITY, BUICEHE LR
NEHESTBHZ Enbhot=. —J7, KO ARERE~ v

BICHR T DBEINTE B LIFRIRE & A E1Ton T,

T AT, RO ARERE~ v B (K1 OFHE
) ICER L, Ms =45, 40D 23564 S 7. i
W7 4 NH—FAOCOREEHIL, BTSSR
EHEELERLE.

2. EREELIUERAE
BB EIINAES mmTH Y, mEHNE (& 1,000
mm) EAIRJEE (E &£4,000 mm) 7 SHER S 5 R
REREETH D, BERIMKIZHe, REXEIZ IR

500 T T T T T T L T T T

I O Experimental (Averaged)

400 -

300

i | ]
| Js%%f % .

0o o om o 8o :

A
1.0 2.0 3.0 4.0 5.0 6.0
Incident shock Mach number M; [ - ]

Radiative Intensity / [ a.u. ]

Fig. 1 Relationship between radiative intensity
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