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This paper presents an application of Isogeometric analysis(IGA) for free surface flow analysis. In this
method, the free surface shape is expressed as a domain boundary with IGA technique based on the B-Spline
function. As for the moving boundary method, ALE method based on interface tracking approach is used.
For the fundamental research, several numerical examples are presented to demonstrate for the proposed free

surface flow analysis using IGA.

1. IEL®IC

HEZmRENIE, ERILZEIFIZEVWTEE EEL,
FEE MR A ¥ O &Y), BhER 2 ¥ OMERGEY L
DFEN, AB vy eIEEN 3 IES W5 BN
REZRERREITFoNE. ZOLd> R THRNMETEERZ
LlE, TS OFARSEEIFEY I RIFTHEEN T L
TZDBEYIDOHRFIIKMI ZBZLTHD, ZTDHIZ
IXEBRAERNORMZ EHEICILEL, i 2087 H
5. Fiz, BEYIERT 2% ERHECTHIS 2 720
2, B R EREIZE T LD, RNREN g
LZRENH L2, HHREZZRE L 7 Bk AR
DB 5,

34, TJ.R. Hughes & 12 & o THIFE X 7172 Isogeometric
fER (IGA) D2 PRESEMERT O TIZBEWT, HEHEINT
W5, IGA T, WHDCAD Y 7+ 727 TCH—7x—
A DFHEIZ W ST\ % B-Spline BI%(% FEM O &K
BUCEBENHT 5720, BREFOEEZZKIITE I LR
{, ¥z, AvVaEROFHEENPITICYIal—va
VINTHEE o T W B,

F ZTARMETIE, IGA %W HHERERNMEN 5
OSBRI 5. BARIIZIE, HEY s ERira 4z
CAD DOJBIRFKRIIZ W 515 Spline BAEK % & IR 5 7T
DOHEBBIZERAT S Z & T, CAD T NERIE
LEEEDI DT MR AT RE L 72 2 IGA ICEH U, BHHEmT
NFEMFZ247S5. F72, Spline AIZ B RO R EBEEZ2ES
WCEBATESZ2h 5 REBEHED 1 DTH D ALE -9
ZHAWCHRXRAMIRZ BERICF 2352 2T, A
TROKE R L ETE S, KRSCTIE, BUEEH] %
BLT, AFEOEMMIC OV THEZ21TS.

2. fRWFE
2.1. XZEAHER

ARtge TR W5 Xl AL, FEEMmEMERIRIZ BT
% Navier-Stokes DEE) RN & HHFEXNTUATD L S I2FRX
ns.

ou _ B
;{57+u-Vu—f)-v-a(mp)_o 1)
Vou=0 ?)
ZZT, p \EEE, wlXREH~T MV, @ IZHEEETH
0, EENZE B BIHH OBENEE (Fi S EhdE)

i DFXNEEETH B, p lZENL, fFIIYHEIRT ML,
c TV VTHB. 72, Newton Ak ZEL,
AN IEIR A Z AW 5.

o =-pl+2ue(u) 3)

ZZT, TIZ2WOHEAT VY, w3k EERTHY,
e(u) FXATEHINDIERAHET VIV TH 5.

e(u) = % (Vu + (Vu)T) “)

2.2. NURBS E[ERE#

AWFZE T, NURBS KB % W T IGA DT %17
5. NURBS #h## C(¢) &, FE4EM ECREIND 32 b
O—)LKRA v MEEEIZE DRI NBEMENRT L B;
& NURBS ZEREL RY (¢) DFMEAEG L LT, IRATHZ
na.

C(#) =) RV (&)B; )
i=1
R (¢) = e 00 ©

DN p©wi

i=1
Z I T, Nip(¢) 1% B-Spline BA%L, w; (3R ZHIHS 5 7=
SOOI bA— RS Y MBI BEA, pl3EERKD
W, niZay ba—LRA VY MTHB. F7z, B-spline
BB NG, p (&) IZIRR TR I NS HIRINZRBEETH 5.

Nio(é) = {1 S =€ = Sl ™
0 otherwise
E-&i §i+p+1 -¢&
N; = N; ——N; _
PO = 5T Nip1 €+ 2N 1)

(®)
X/ Y NEENDENRTIA—RTHY, HFRLOERD
B e RS RAERETH 5.

2.3. ZEERERZEICL 2EEL

FTH AR (1), ) 12X LT, NURBS £EEBKZ W
T SUGP/PSGP ¥ [z D et EREXEE 2 #AT 5
EUTOEEALESNS.

- 22020-25-01 -



OABHEEATIARER BANFEESR

22020-25-01

no (0u" h oo
I w'-p|l—+a"-Vu" - f| dQ
oP ot

+/ s@%:awhphdg+/ ¢"V-u"ao
QF QF

Nel
* D,
or

e=1 e

ouh hoh
{p W+u -Vu - f|-V-o@",p")} dQ

_ 1
{Tsupguh -Vl + Tpspg;Vq}

Nel

+Z/ TeontV - 0oV - u dQ

QP

e=1 e

=0 &)

0 4 IR O HBIT T 2 ZE L& Ed SUPG HB L O
JE IR E) % B 5 72D D LI TH % PSPG IH, 255
T3 B R OB LM % Bl 5 LI TH 57
R (Shock-Caputuring) JHY TH 5. ZI T, wh, ¢" Ik
sk, EHDOEMEAE, Toupg Tpspgr Teont FEEAMANT
A—=RTH5.

3. EEEERZROY Y JRR

AFEOKRE S BEHT 5 B HIRMMETOREMEE % 17
S5-I IEN AT Y v TR BB, s
2 LT, 1§1.0[m], & 1.0[m] DEFRENIZ 50% B £ -
T2IRARIZE (10) TRENZKENEEZ2 5 2 5. RKIE A
1% 0.0093m, fAHEE w X 5311rad/s TH 5.

fx = Aw?sinwt. (10)

TARIZK EARE U T2 72 DB p B L CBRMERE 1 3T
Fh, 1.0x103%kg/m3, 1.0x107%m?/s Z 7z, Bifi&ft
& UTCEEH T slip 5:fF %2 5. 2 7-. REIB 9 &1 Ar = 0.001s
Wz,

fRMFAE R 2 LT, B-1 2RI BT 2 KRR Z 5
T, oMLY REBHEAMMEEZZLIERNS, &«
EIRR BT O T W Z e hbh b, £z, E-212, I
FENEBEIZ B 1 2 KA DRI JEE D EBRfE & D Lk # /Rg .
IRATRSRITERRED LB RVW—H2RLTWBEZ 22 bh
5., ZOZr &b, RFETHWT WS HHERIRNFIE
DFEIEENP R T E T,

SE X

1) Hughes, T.J.R, Cottrell, J.A. and Bazilevs, Y., Isogeometric
analysis: CAD, finite elements, NURBS, exact geometry and
mesh refinement, Computer Methods in Appled mechanics and
Engineering, 194, pp.4135-4195, 2005

2) Cottrell, J.A., Hughes, T.J.R. and Bazilevs, Y., Isogeometric
Analysis Toward Integration of CAD and FEA, Wiley, Chich-
ester, U.K., 2009

3) Hughes, TJ.R., Liu, W.K. and Zimmermann, TK. :
Lagrangian-Eulerian finite element formulation for incom-
pressible viscous flow, Computer Methods in Applied Mechan-
ics and Engineering, 29, pp.329-349, 1981.

4) Huerta, A., Liu, W.K. : Viscous flow with large free surface
motion, Computer Methods in Applied Mechanics and Engi-
neering, 69, pp.277-324, 1988.

5) Tezduyar, T.E.: Stabilized finite element formulations for in-
compressible flow computations, Advanced in Applied Me-
chanics, 28, pp.1-44, 1991

6) Aliabadi,S., and Tezduyar, T.E.: Stabilized-finite-element/interface-

caputuring technique for parallel computation of unsteady
flows with interfaces, Compute Methods in Applied Mechanics

E26EIGANREY YRY U A

Pressure
0.0e+00 1000 2000 3000 4000 50e+03
| |
(b)
Fig.1 Analysis results at various times ((a):t=6.0s,

(b):t=9.0s)
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Fig.2 Time history of water level at left wall
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