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NUMERICAL ANALYSIS STUDY OF SOLITARY WAVE FORCES APPLIED ON A GIRDER BY
CADMAS
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1. RESEARCH PURPOSE AND RESEARCH CONTENT

In research of solitary hydraulic experiments by girder position
parameter, it is noted that the horizontal force acting on a girder
increases linearly with the decrease of height of the girder. In
order to study the reasons of the linearly change of horizontal
acting force, a numerical analysis method (CADMAS-SURF/3D)
is used for the reproduction of solitary hydraulic experiments.
Here, the standard case, which have no broken wave with the
wave height of 20 cm, the static water depth of 35 cm, and girder

N|

o

Number: the mesh number

Fig. 2 Simulation model of girder

02
position of 8.7cm, is selected for comparison between the Hl.exp
experimental results and the calculated results. 0.15 | - - Hical
E
2. OPEN CHANNEL MODEL r 01y
Figure 1 shows the open channel model of experiment. As §» 0.05 |
illustrated in Fig. 1, wave height and velocity at the center of S
girder are measured by wave gauge H1 and propeller velocity § 0
meter V1, respectively. At the same figure, the simulation open
channel ranges from H1 to girder and has 18 [m] long, 0.8 [m] -0.05
wide and 0.772 [m] high. The all mesh number is 3,093,552. The TS 8 Times('gec) o 95 10
simulation model of girder is shown in Fig. 2. The mesh number . .
of X and Z direction of girder is 37 and 7, respectively. For all Fig. 3 Input data of wave height
open channel model, the mesh is cut to be about 0.005[m] at the
vicinity of the girder, and then it is enlarged to 0.025[m] near the ooig [ - .
front and back of the open channel. ol Bk Velocity distribution o
0.05 | o
3. NUMERICAL CONDITIONS 0 7
The input wave height is measured by H1 from the experiment, £-0.05 | ,,’
as shown in Fig. 3. The input velocity is computed by Eq. (1) ™ -0.1 f *
based on the Boussinesq’s theory: ‘Oblg i /
02 ¥
- . 2.3 yau 31 025 | '
u\Rn [ g+ {0 3K - 50 Eq. (1) 2 ;
-0.35 -
The velocity distribution of each water particle changes with time. 0.0 05 y (misec) 10 15
When wave height reaches peak at H1, the velocity distribution is Fia. 4 Inout data of velocit
illustrated in Fig. 4. The numerical model is run with High-Re k-¢ Ig. & Input data ot velocity
turbulence model. And the air effect is not considered in this case.
In addition, the boundary conditions is set to be slip where the
pressure and velocity is calculated in the same way as the inner
surface of the open channel.
T1 (Force transducer)
V1: propeller velocity meter Unit: mm H4 H6, V1
H1, H6: wave gauge U1 o H3T s
S
Wave _ ‘ 6000 T 6000 T ‘ 6820 ,1000 500 5650 . Wave
damper Wave making plate ‘ ‘ % dob $Ob‘ ‘ damper
3 v | Simulation range |-y c i iber 83 7xa2<86=3,093,552 hcider] . B /
— — — I
1:20 R Sk
3000 | 2000 6000 27470 2530

Fig. 1 Experimental open channel model

Keywords: Wave pressure, Wave height, Velocity, Bridge girder, Solitary experiment
Contact address: T804-8550 Kyushu Institute of Technology, Tobata, Kitakyushu, Tel: 093-884-3123
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4. NUMERICAL RESULTS
(1) Wave Height

H6, located in the center of the girder, is selected for
checking the wave height reproduction and the time history is
plotted in Fig. 5. Good agreement is observed between the
calculation and experiment for both of the wave shape and the
peak value.

(2) Velocity

V1 is selected for checking the velocity reproduction and the
time history is plotted in Fig. 6. V1 is a propeller velocity meter,
which locates in the center of girder. The calculated peak agrees
well with hydraulic experimental peak.

However, when no wave applies on girder at 15.02 sec, the
calculated result returns 0 m/s sharply, but the experiment has a
value with 0.73 m/s. We consider that the reason of this
difference is that the rotation of propeller meter continues even
if the there are no water applied on girder.

(3) Horizontal Pressure

P3, which measures the pressure applied on center of leading
edge, is selected to explain the pressure reproduction. The
pressure time history shows in Fig. 7. It can be noted that the
peak value of calculation tends to be 24% smaller than that of
experiment. However, the calculated peak of velocity is same
with experimental peak as shown in Fig. 6. This peak difference
of pressure might be caused by the insufficient relationship
between the velocity values with applied force. So further study
about the effect of the turbulence model (High-Re k-¢ model)
on pressure is required. For example, the coefficients of the
turbulence should to be studied.

P12 is selected to explain the pressure reproduction at the
inner surface of girder. And the pressure time histories has
plotted in Fig. 8. At the same figure, the calculated peak value
of P12 is about 26% smaller than the experimental value.
Consider the air effect, P\V=Const. case is carried out. Here, the
air pressure and the heat capacity ratio are set to be 101,325
pascal and 1.4, respectively. Other numerical conditions and
input data are not changed. The pressure time history of
calculated data from PV=Const. case is plotted by the gray line
in Fig. 8. In the same figure, it can be noted that the calculated
peak value is about 9% smaller than the experimental value.
Compared with the unconsidered air effect case, the simulation
of PVV=Const. case can reproduce the experiment better.

5. CONCLUSIONS

(1) For the wave height and velocity at the girder position, the
calculated peak agrees well with the hydraulic
experimental peak.

For horizontal pressure applied on the leading edge of the
girder, the calculated peak value is 24% smaller than the
experimental value. This peak difference of pressure might
be caused by the insufficient relationship between the
velocity values with applied force. So further study about
the effect of the turbulence model (High-Re k-¢ model) on
pressure is required.

For horizontal pressure applied on the inner surface of the
girder, the pressure difference between experiment and
simulation is 26%. However, when air effect is considered,
the pressure difference decreases to be 9%.

@)

@)
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Evaluation of hydrodynamic force on a bridge due to a solition

Applied Simulations Inc., Fumiya Togashi, Rainald Lohner

Abstract: We conducted numerical simulations of benchmark tests designed by the Japan Society of Civil Engineers. The
numerical simulation was performed by FEFLO, an in-house, general-purpose computational fluid dynamics code. The
volume of fluid technique was adopted to describe the liquid-gas interface.

Flow solver:

The numerical simulation was performed using FEFLO [1], a general-purpose CFD code based on the following general
principles:

- Use of unstructured grids (automatic grid generation and mesh refinement);

- Finite element discretization of space;

- Separate flow modules for compressible and incompressible flows;

- Arbitrary Lagrangian-Eulerian formulations for body fitted moving grids;

- Embedded formulations for complex/dirty geometries;

- Edge-based data structures for speed,;

- Optimal data structures for different supercomputer architectures; and

- Bottom-up coding from the subroutine level to assure an open-ended, expandable architecture.

The code has had a long history of fluid-structure interaction applications and has been ported to both shared memory and
distributed memory computers.

Volume of fluid (VOF) basic equations:
The liquid-gas interface is described by a scalar equation of the form:
P, +v, VP =0 (1)

Here v, denotes the advective velocity, and @ describes the total density of the material in a cell/element or control
volume. We remark that both the gaseous and liquid phases are considered incompressible. The incompressible Navier-
Stokes Equations are solved by the numerical schemes based on the following criteria:

- Spatial approximation of unknowns with simple finite elements in order to have a simple input/output and code
structure;

- Temporal approximation using implicit integration of viscous terms and pressure (the interesting scales are the ones
associated with advection);

- Temporal approximation using explicit integration of advection terms;

- Low-storage, iterative solvers for the resulting systems of equations in order to solve large 3-D problems;

- Steady results that are independent from the timestep chosen in order to have confidence in convergence studies.

A detailed description of the methodology is reported in the references [2].
Benchmark test #1:

We prepared the symmetric computational domain of benchmark test #1 as shown in Fig. 1. We used the measured data at
500mm away from the bridge as an inflow condition. Figure 2 shows the snapshots of the wave motion over time.

Fig. 1 Symmetric computational domain of
benchmark test #1
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Time: 15.200000

Fig. 2 Wave motion over time

Figures 3 and 4 show the overpressure and force history comparisons between the computation and measured data
respectively. Our computation captured the pressure rise (time of arrival of water) and duration accurately. While the
computed overpressure peak agreed very well with the measured data, the computation history on P21 showed greater
negative pressure than the measured data as shown in Fig. 3. The computed force peaks were higher than the measured
data, however, the integration values over time agreed well with the measured integration values. In the comparisons of
pressure/force histories, the computation showed sharper variation than the measured data.

P3 P21

P3 [ p—
Exp. — | Exp. —
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Fig. 3 Comparison of overpressure history between the computation and measured data at the front and top of the bridge
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Fig. 4 Comparison of drag and lift history between the computation and measured data
Concluding remarks:

We conducted numerical simulations of benchmark tests designed by the Japan Society of Civil Engineers. The
computations were performed by an in-house, CFD code, FEFLO, using the VOF technique. The computed pressure/force
histories agreed very well with the measured data. The computational time was 0.5 hours using 36 cores of the Cray XC40
system.

References:
[1] Léhner R., (2001) Applied CFD Techniques, J. Wiley & Sons

[2] Lohner R., Yang C. and Oiiate E. (2006), “On the simulation of flows with violent free surface motion” Comp. Meth.
Apple. Mech. Eng., vol. 195, pp. 5597-5620
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4. $ER (F4E)

B 7 IZRHERANC I T AR I ORI 23, SIS L CIRERET v & RRR, SHRSER LV (EH]
HERELFHE L, SPH THREBEOHEMAE LN TV D, HAICBE L T k& - FiE & b2 3R & i)
Rons0, AitHE L SPH OFRIZEERMICHL —E L W15, EROERANONE 2T 2L, B -5
NEBICKRERBEN O, BIFEAEZRE LIZFEERERBEL-EZ 2 DD,

X 8 IZ., FETMIBITHEME I LD - HHEH UIEREZ RS, EFWREEDDERT 5
t=3.0[sec] LARR 1T L ATV EA S K & WARHEE T VN ERGZ L8 5, —J7  Hal Jesiil 23 & 253 5 t=2.3[sec]
i CiE, FEREED N S WEGET A~OHNPREZENC ERID R E o7, ZHUFRMEE T LTI
R B B (2 3 SRR - ZERIAOIC Y B L CTHEA T 2 720 C ER IO S B3 0 UG T T L O J5 MR H
ThDZEDNmn5G, £ 9 ITHEEEREORKFEE 27732, RIXVEHRET VOLFREOED EAY
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SE Xk
1) OpenFOAM Foundation, OpenFOAM Documentation, http://openfoam.org
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RE2. MBS HERIERSN

A StERtEarsesr OBl ikl
R SHMGEF s B e

1. Fi&

SPH B MPS HEICRFE SN ARIAIEITIA v 2 Z VR WEHEATIETH Y, RO LA BRI
75 & OUREIENTC, RE 2 AT 2 BEERMES TR/ <RI I TWD . REITTIE, SR ET HBRED
BHEZR T Z 3 IRTAIC BT 5728, SPHIEZMET FiEL L& L 7. SPH ETIIRATREND L9
IALEXIZ T D E g (x) & 45 BRI 7 | OB N ORI EOEA T LTRET 5.

M@uw=2%@mmm "
J

m; & p IEENENITRRLF | OB B L BEETH Y, EAITR R, & SRR h ORI TH D U — VB
Bw (ryj, MIZ XV EHET . ARBFEICIWTI A — L BI% L LT 5 ko> B-Spline B¥cz lv, APl
BED 3 (A @B s U CRtR A3 Lz, iiASES) o LRI i3 o & Navier-Stokes 2D 2
KaEHND. RN CIRRIRE S 2303 28812, JEART Y U HRRE R R E VWb 2 & &
L, ftEORELEHRE LT, EHES 223 MPS ¥4
A U7 AERRIEE S V% SPHIEICHE A L7-.

2. &

FRATICIZ SRR ORI & [F 2 & — )L, [FRO 3 &k
TET NE WD, BHRERIEER -, Z OfhDkE
EIEARY FTUBEVTET ML L (B-1), BER ORE
FMHE Morris B OFIEVNTHEWIET R FtE 215

RY 2 BE

REN A

X-1 ETILK

U7z, EAGFME & &I HIHPR 7 FEI0REIX Smm, REFEHE 2 007
1.0X 10 [s], #RFEITZEh 4 593,050 ki, 0.06

592, 874 KT 5. MR DE L 1, 000[kg/m*], #4

0.05

PEARERIX 0. 001[Pa « s] & L7-. E

3. #R % ™ — SPH(E1E)

AEE T, ERRo SPH IEIC X 2 fTHER (A)E 0.03 — VOF(IE#8)

EFEELRV) TIZ, BURARHT 2 %M L7z VOF ¥ 002 —FRER

OFER BIEEBET D) 225 Me LGElL, 15 R e T

YRS D AR ) & R & T

FE LIS, FREHIET TR S Ao K258 &
FoH Ok A R-2, B-3 IR, o2 CRTIC BT 020
ZHARAEE, BLE RIS TEET 2 AR T O RRE X v E 070
L, I A o0 8 BRI AEAE S 2 KR - S 0.60
HEENSRDT. W LY, EROFEE ik LT
FRHT DT I EAE DO BB 5N 5 —H T, 1FE

X-2  FrRIE KL

—— SPH(E*E)
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3

FIRFANC BRI DS EE L TV D Z e bns. 020 —— VOF(IE&18)
0.10 73

T, REHTIC X o TRRBIZK O A TR 000 —— FRER

BZLIETETVB OO, FEEHNFHET R s 200 25 30 35 40
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MBI LTI, FEBR T ORI RAF 2 —Es R oz,

W, BEMEIZERT 2900 EE oz 2 nEinl-4, B-5 127, R I, T N S =X
R TR BIUKRE SFHEESN TN D OO0, BBLPRER L FEOEREZRLTND ZERNbnd. RIS
BB L TYH, BEEIC EREONMEAL, ZO% TFTREONMMERT L L Vo ERFERAHE L T
DT ENZInoTe. Lin LG, T E OHIEITREKMET 2 EREBRICSHI SN TEHY, ZhEIBEHE
& LR LT VOF HRICB W T REEDORE RN S 7.

R, RHBICERT 2910 B0tk a: 22 B-6, -7 1273, #HE T, iivrmicxt L TR
(R SERE STV DT80, EABICK L TRAPLORAENBEN D BENFHIR S 2. — )7 CEMB & R,
P LI ORKETIE, FEBR L fAT ORI TRBEA L Sz,

R O OBFIE ¥ ClE, 229 2 8 OIROBBRIARIC X o TREJEICHBER R AE L, Tk > TAEL
HEENGICRELS BET L LHE SN TWAS. L, SEIOET /AT, BEER ) &2+ 2 ERICA
JEZZE L TRV SPHEE, AJEAB[E L7 VOF IEomfi#iricihd L ¢, Bl LB illsn sy,
SEOET BN TAEITENCRESEE L2V L TRISND. 2 enb, FEEfFT FIEICIE L
T, BBLTE TV RIS NOERD, AEUSMIFELTWNDIHDEEZHILD.

SEXH

1) MEUEE, MEATE, SR BERBIR O KL &2 L8 L b RO A BT 2 SRR, BARG T8 g,
No.20130021, 2013.

2) IHENERE, BUES— : MPS TR DR BRARIIERBI O, B ARG T2 0, No.20080015, 2008.

3) J. P. Morris, P. J. Fox, Y. Zhu : Modeling Low Reynolds Number Incompressible Flows Using SPH, Journal of
Computational Physics, 136, Issue 1, pp.214-226, 1997

4) PR, SOk, REETE, JHEEEFRAT, ML o EEARR R WTE AR ORISR T S A 2 BT B FRBREITESE,
AR CHE A2 OSH1), Vol.67, No.2 (i 1% U4 Vol.14), 1.481-1 491, 2011.
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BE2. AMEICHT BEEAEAD

SEERY: BRSO BPRK JnaR

1. FRIEIE
B AEHTIZ I, OpenFOAM (Ver.2.3.0: Linux i & = 2 = L —# L THELT) 2 H\\ 72, AT, VOF (Volume
Of Fluid) £\ X 2 FEEMGIREHRARNT 73T 2 5 interFoam % AWM=, fEATIZ 3 RocET V& L TITo 7=,

B2 SNTEITKBERTH DD, KEEEREET LT 2O TIEAR L, BRERAIT (B O
5 1.0m FHi D 1.5m % OFF 2.5m XH) oA EET /ML, £z, TR S (E) 13 190mm, Bk
S5 OKEOEJT ) 1% 196mm & LT 6mm OFRFEZHE L T\ 5. RIS OIS 4 [X-1 (27, X
DOHELSLITI mm THAH.

FRNTREIRIC VT, EmITMAER & L TITEDOWER LOKMABRTEL2b0 & Lz, FTE el o
BRRmEIIRES L, Wiz 0, EAARE 0 & Lz, AlEiTEEER, RmiTREEERE Lz, B G T
SO E TOMHMEIL, T RICEEL EZRWEREICE > Th 5. MTEKOIE (-1 12k 58T7& )
[[]) 13 196mm & U, KOO ITEE, Rz oW TEdHEta b2 o5 e Lc

Ay atA XL, K-1 1R TFEE B2 0T, ARE D T 0.5SmmX 1.25mm & L, EoOftiisiks Lz
2mmXSmm TH VY, FHRNGEEN DI Lz > THL Lz, 1B RIZ OV CHER 3mm~10mm & L7=.
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BAEFRMT X ELIEAEAT & L TITW, LA VT T L (RANS) VW5 Z & & L, OpenFOAM [ZHHLAxIA
FNTVWDIEYE ke TET VEMFH L. ZOFT BV THER AT A= TEHT R VX —k L =¥
—HWuEFE e THY, ARFITIZENEI, 0.0Im%s?, 0.01m?%s’ (25 E L THNT 21T > 7=, fRHTHFZ 220X, 7
— T UM RMEERDIDICTHBREL, MHEE LT 1.3x10%~2.0x10° BAI A & 7o o 7=, fENTRERIZ 0.01
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AL, fHBTT MCB VW TCARMOY 2 2 b— 3 CE LT RERTIER 4 BRI TH - 7=,

2. R
ORISR Z -3 (B1)) B8 X4 3
) T, EREN, BB HIR IO —— PR (L)

B71 (BALIEN) THY, BT <H 5. e FRATCRYR)
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FBRME 2.39N (2 L CAENTARIL 2.99N, £57) D -3 HiH D

A DR KA TIXEBRAE-1.76N 12k L CTRENTE

A3-2.8TN (RFfH] T 2.5 ATIEDOME) &, ADH . p—r———
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o, WH LY, B BOFEHREL > TV 2 o EBR(E)

%, ZORRKE LTI, FEERIFFICEBIARE) L

TWHZEHEXLND. £, 2O OffIT,

IR LIZEBY , RELEATTT — X 2 HW

TRERTHDLIFEICHEENPLETHD.
FHBIZB W T, HLADIEDRKEIT 1.54N,

BHOEDOREKEIZ23IN /e o7-. 3% £ T

2, BLA R E 72 B0 (238 B) 12815

R JE) L) D YR OO R~ (R o ke Phir i) % [

ST
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4

X|-4 577 O g

SE X

D REBER : HIRORIEY I 2 b—va v, BEE,
1999.

2) JIIGHHEE « PR - GHERFRIAT « FETRWT TS
TR 2 B B & RIS B3 2 RO AR I
Hr, EARPEERICE Al (G - HIEETY), Vol
71, No.2, pp.199-207, 2015.
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B 2. BB BERIER A

FAERZFRF B TEFFER Ol {5
FAERT:  KERFEERAERT Fe I -
FAERS: KERFEEMIET FHOE

1. F%
AWFZECIE, FEEREREPEFRIR D Navier-Stokes 2 & #im =4 il A L L CEAT 5.

p(g—]:—l—u‘Vu—f) ~V.o(up)=0 @
V-ou=0 2

T, plIEBE, UIXEESY ML, pI3ES, IS, o i Newton iR EUGE LIS ST v VL
Thb. KEHFER(), (2) 2% LT SUPG/PSPG #£ "&2A+ 5 &, kXD Xk 95 2@ b AIREREIC X 28

BT RAN G OND.

h
p/ wh - p (8% +u - Vu - f) df? +/ e(wh) : a(u”,p")dn -l—f "V - uhd2
10 o)

Q
+§i Teupett” - VW' + 7 1vq dp §£:+MVVuh—f —V.-oh ph) b dn
— Joe L7 PEPE at ’
el
—0—2] Tcomv"ll)hpv culd =0 (3)
e=1 ¢

u", pMIE TR L E oA RERELR, W, qMiE, FhEnEs R LRIk B '

B O TH LS. NP OHE 4 HITBI O HBUT 3 L TEELA T3 SUPG 3H, 38 X OVEHIRE 2 [EhEEd 5
728 ® PSPG I TH V), 55 5 HHIL A MK M OEAEARL ENEZ BT 2 720 O L (Shock—Capturing) T
HDH. tIFTXTREMNNTA=FTHS.

(D), @ Z2IEFEALET LA OK) E&E (EX) L DOFRMEORBTEL, BERA v 2z Hn
7z Euler FJFIETH 2 Rttt 2 W 5. AR TIE, RO FEIZIE, KEUTRT Phase—field (D
1 > Th HIRFHARUTEE Sz Allen-Cahn TR T FEAZ FIV T 5.

A e
Vo
F,=¢(1 — ¢)——

ZIT, el IBHE, SIFREBERONKRIETHD. £72, ¢ Phasefield B AR L, KUK THIIL 0.0,
WATHIIE 1.0, HHEm ETHIUT 05225605, T LT, FERICBIT DHMAROBHLE & MR
Bax, Wik OK) ERIR (2ER) OFEE, RMEAREL, Phase—field ¥ g Z MW TRAD L I ITRDEND.

p=pmo+pg(l—0)

(5)
1= o+ pg(l—¢) ’
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Allen—Cahn FHE(4) 2%t L C, SUPG IEIZ D K ZEAAIREREZ#EH T 2 L UL TOXD KL 95 2Bt 2
AR ELN5.

h
/ Pt (a_ + ul -w) de +/ eVl . v¢d9+] "V E,d0
Thel
€

+Z/ (. uh-ng)h’)-(a;&—l-uh-quh——V-(é(ng)—F))dQ—O (6)
2 o, N0 . ot 5 @ -

ZITC, #"BEOPNE Phase—field BE L Z OEHEBOEREF LR TH S,

2. &%
-1 IZAHADKIETZAR, -2 (IZHAT IO T2 BRI D X o =2 I, -3 ([ZIEMED A v ¥ =2 ik
B, -4 \ZRHERHED A v & 2 iR 2R~

-1 WA

7 ramETAe
ALY T YAVATATATAY P S T AT B A ATV LT AT VAT VAT A VA AAaVATa

S SR SRR, e S A A A A K A A A A A A A
AR e e e

-2 AT A AR

-3 EABHED A v 2 YLK X-4 BHEHED A v > 2 5K(K

FAUATITIE 0.002m D A v oA X272 5 X9 ITHE ZHT HEREGER T O WA ERZ 2 W TERR L, EH
FEET L, SOE0 S 4216571, BEZEH - 24529497, AUET T /LT, KET S - 450725, MABEFESL - 26288707
Lo TWA., TSR LT, A — N, BTSN, non—slip §tF, MLOBEHE 1T slip & T 24T -
T3,

3. &R

EMTHE R & LT, X-5, KM-6 [CFNFNOEAUS T TOHBREIPIRZRT. ZOK X0 LZETHNTNTT
DOITWD Z ERbnsd. BRI DE FMON%2K-7, K-8 (23, ZOREIY Dz —27 13 n—=
ZRLTWAR, E—Z LK, HOTHRRKEIHTNAETED, 5%IZA vy a4 ROEBOMFNMLET
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08

|0.4 o~ io_a
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X-5 EAATT /IR 5 EBERBL (2.3 1%, £:2.5 %)
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1,2! 1.2l
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IOA st o IO.A
o E 0
-6 AHEET/CETDHMEREK (£:2.3 W%, £:2.501%)
— EX
Al — | 2r
- =0
2k
0 b s
6 : 5 5 i 5 0 I
Time[s] Jimefs]
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S S B B e
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M-8 FHEET TR 28T RITHER T 2 11 DL
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1) Tezduyar, T.E. : Stabilized finite element formulations for incompressible flow computations , Advanced in Applied

Mechanics, 28, pp.1-44, 1991.
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B2, AUBITHT BERIERA S

1. Fi&

AT, R 1EOOE D TH S SPH(Smoothed
Particle Hydrodynamics)i£(Z & V) [BAG 525 O B BUAEHT
HRMELT-ER AR L, EOMEAERE 2, FHE K
T AWM FHZIT o e R A WwET 5.

SPH £ T, 1@feik z A IRE ORI BBk L, xt
G LR ETOMEE f(x) & EEERNICHTE
TR DEIC E AR & 2T T, —FRDEA
fP&EEE L L TREET 2 FETHS.

f(x)=ZN:r;jjf(x)W(x-xj,h) (1]

ZZTHI OEEmM, EEpl L L, ELBERIE W,
R A b L35, ERROUTElUAE i AES) O L
A Thsr v - X h—7 2GRAUTEH LR
Br L7z, A& T, SPH EOH TG IEEMEIEGTA
& LT R &= &l ISPH(Incompressible SPH)
DEBH L.

AW TIE, LLTICART 2 ffEO HFiEZ VTR
EFHZAT > 7o ET0E, MR EIZERT 2E
POIENZRD L FIETH D, HEOR R
TERT 271 pi &2 DEHEM si, NI E OERR
7 v VT, IS TR S 2 i3 5 ik
Thb.

F, = ZN: p,As,n, [2]
%1 OFE (LA, EEEEHA & IR 1, W
RREIAET DRA O AT D Z & T, WA
WIVERT 2B FEZRDDHBDTHY, £
[ EIERA Y PV ZBERNZRHI L TW D LERH D
WATFRET U7 5HA I, K SRR OFE BAER -
A1 RO D FHFIETHS (LI, fHAEHFH
L WEED) . Smagorinsky E 7 /L& HWTEE S 7z iE
#reXr Ay, ERADZEHT 5. SR THWE
RALLTITRT. § 1 HITE AR, 5 2 B
FEORMIE TH D, ry 1 LAl & TR+ & o PR
B, nldhiRlL8a2 &4 756 OREFRHK
ZRSTZODNRT A =2 Thb.
P

p.
mam(—+—)+m,
Z : .0i2 PJ?

Pitp; Vel

F,
PP; rijz + 772

(Uj—ui)}VW(rij,h) (3]
jefluid iesolid

ZIT, kY, v, =,y OBITRTR S
U, v, ;% Smagorinsky ETATEBWT, eddy Ktk
EREEND.
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TUMNKRFRFRE  TF5ERE o Yol
JUM KRR FERE TSR K= S
Lo (4]

1 6U Uj [5

5 = 2(6x ax) :

ZITCIEET ARG A—=2THY, Hignd
0.1~02 FREDERE LTHEZOND. L iXRA

B & MR D BREEE S TH Y, ST 0T AR E
w7
PLERLTZ@Y, SLRETAD 1 OTH D

Smagorinsky €7 /WIZIX, Cs, BEBEZE L, D2 DD
T A=BZRHY, WRT A —Z 0w N TO
JREE A A LR G, PR TR 2 S0 U 7.

eSS

ARG TIL, FEBEEZLZ TX LT RRICHEL
72 3 Wonftre T v 2Bk LT-. ﬁ’ﬁﬁ:&:ﬁ“/b@%ﬁ%%ﬁ
ZB-1 1ZRT. fRTE T AR OB, BE% 5T
FEEREEICIIHONTW WS 7 Z2RETH 2L T,
PR Ze 3t L 72 R D ST A U7 D K D IZRLRE L
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JIELLSF— D5l & EFEHB L. £72, 7— b
LK DBEGTNBIEAKEE L 7o TRBY, Eofli
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=-1 MEFTEH
Rl | Sk ¥ | ARy | EEER] | AEHTIRERT(16n0de)
0.5cm 92504 | 0.0005sec | Ssec 121
3. #BR

B-2 ([CEFICBIT DH0) O FBRE R L AT RS S %
AT (FATICBWT, BT AT A—X C % 0.2,
PEEEAEL Ly ZHRLTRMRE L CEEAEZIT-o TV D)
fEBTRESRIE, EAEHGEHFE (BN 2] L A
U729t ) LHEERGHE FREERSXA[BIC
X VR L9 OREREZRL TV D, iRjHT & ER
DOFERZ BT 5 &, AR HEZE L ZBRICHi)
XK &2, FEROBEMBE DT, Eo, TR
FIZBWT, HUEHIAEDOZRIZ OV THRFTT 5
&, BIERER, FERREBILISIEEBI LR TH D
D, FL OAEHE DS S ZHEHR D J5 7%, M AAE G
POMEE DY b/hEL R ERoT. BRELT,
KRETMZBNT, B Z FEE CET MMk Lz
ZET, M OREORFEN KB LIZZ &, EToM
TSGR OERRR 7 DOV & IXE AT ER ST
WEEE LTEESN TV ZENRERTHD L E
5.
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Evaluation of hydrodynamic force on a bridge due to a dam-break type wave

Applied Simulations Inc., Fumiya Togashi, Rainald Lohner

Abstract: We conducted numerical simulations of benchmark tests designed by the Japan Society of Civil Engineers. The
numerical simulation was performed by FEFLO, an in-house, general-purpose computational fluid dynamics code. The
volume of fluid technique was adopted to describe the liquid-gas interface.

Flow solver:

The numerical simulation was performed using FEFLO [1], a general-purpose CFD code based on the following general
principles:

- Use of unstructured grids (automatic grid generation and mesh refinement);

- Finite element discretization of space;

- Separate flow modules for compressible and incompressible flows;

- Arbitrary Lagrangian-Eulerian formulations for body fitted moving grids;

- Embedded formulations for complex/dirty geometries;

- Edge-based data structures for speed,;

- Optimal data structures for different supercomputer architectures; and

- Bottom-up coding from the subroutine level to assure an open-ended, expandable architecture.

The code has had a long history of fluid-structure interaction applications and has been ported to both shared memory and
distributed memory computers.

Volume of fluid (VOF) basic equations:
The liquid-gas interface is described by a scalar equation of the form:
P, +v, VP =0 (1)

Here v, denotes the advective velocity, and @ describes the total density of the material in a cell/element or control
volume. We remark that both the gaseous and liquid phases are considered incompressible. The incompressible Navier-
Stokes Equations are solved by the numerical schemes based on the following criteria:

- Spatial approximation of unknowns with simple finite elements in order to have a simple input/output and code
structure;

- Temporal approximation using implicit integration of viscous terms and pressure (the interesting scales are the ones
associated with advection);

- Temporal approximation using explicit integration of advection terms;

- Low-storage, iterative solvers for the resulting systems of equations in order to solve large 3-D problems;

- Steady results that are independent from the timestep chosen in order to have confidence in convergence studies.

A detailed description of the methodology is reported in the references [2].
Benchmark test #2:

Figure 1 shows the computational domain of benchmark test #2. We conducted both the straight bridge case and the
skewed bridge case. The inflow conditions were identical. Figure 2 shows the snapshots of wave motion hitting the straight
bridge. Figure 3 shows the drag and lift history comparisons between the two computations and measured data. Our
computed histories showed a higher estimation in drag and lift. The computation also showed the greater negative values
on lift history. We are now investigating the reason.

Water gate Bridge 196mm

N

~ &
>

2500mm -
Fig. 1 Computational domain of benchmark test #2

2000mm
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% Time: 2.400000
Fig. 2 Wave motion hitting the bridge
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Fig. 3 Drag/lift history comparisons on the straight and skew bridge between the computation and measured data

Concluding remarks:

We conducted numerical simulations of benchmark tests designed by the Japan Society of Civil Engineers. The
computations were performed by an in-house CFD code, FEFLO, using the VOF technique. The computed results agreed
well with the measured data, especially on drag prediction. The computational time was 3.5 hours using 128 cores of the
Cray XC40 system.

References:
[1] L&hner R., (2001) Applied CFD Techniques, J. Wiley & Sons

[2] Léhner R., Yang C. and Ofiate E. (2006), “On the simulation of flows with violent free surface motion” Comp. Meth.
Apple. Mech. Eng., vol. 195, pp. 5597-5620
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