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Development of Numerical Wind Wave Tank using Scheme
- to Solve Gas and Liquid Mixing Flow Field

- Construction of Completely Conservation Algorithm -

Natsuki MIZUTANI*
Yuji SATOH**
Takeshi SUZUKI***

Synopsis

It is very important to forecast the wind-induced waves in shallow water area, which has complex
geographical features like the place in the bay. or around the peninsula. Various phenomena such as
the white caps and the depth-induced wave breaking are generated in that area. We still can’t
understand fully and can’t treat all of them theoretically and numerically. We have to make some
estimation models of the white caps or the depth-induced wave breaking for more accurate wave
forecasting. We should not only use physical wind wave tanks, but also develop numerical tanks to
understand the dynamics at the air-sea interface.

In this work, we develop a numerical scheme to solve gas and liquid mixing flow-field such as that _
between wind and wind waves. It is based on C-CUP method, in which the liquid phase and the gas ‘
phase are treated as compressible fluids, and the surface tension is properly included. We applied this

scheme to the dam break problem and the bubble rising phenomena to verify its accuracy.

As the result, it was found that the conventional C-CUP method has such a problem that numerical
diffusion is generated at the air-water interface. We adapfed a completely conservation algorithm to
solve its problem.

Next, we explain outlines of our numerical scheme and show some results. Finally, we evaluate the
validity of those results, and summarize the conclusions and the left problems.

Key Words: gas and liquid mixing flow, completely conservation algorithm, wind waves, numerical

wind wave tank
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1. Fa2sE

HBEEEY OSERA TR Z CBEERICE T 2
BRERLSZ2TI DN N TH I RBRRBROERLZE
ENEELAD. BE, ANEREELOOBRT &0
IV, SEEOHBEBAEOIERIC LV ZE L EBHENT
WHR, 2EOHERE ERERT LI LOTIEARL, %
RENC 2 o OBRREICH T D HMMER & L THIBOR
BEREELU-ERBERTT VORMMANEER LD L5
TL 5. LaL, R CHEMELHIBORELZR LILKR
HREEFNVIZRALICE->TE LT, S OBREEROS
EVELELNE, TORBEMIRETHHEEXD.

RERO & 5 REBEEICE T A ERER T T LVOER
BEbiZid, B bE~OZ RV F—ADRY, BHEICED
TR —HEESENICET VLT ZNERS . D
DI RBEAE CE L 4 B S EMICEET 2
EEBIT, B - ZEHRRBIZOVTHY - 7k
L szuv. BEOHRIZIE TIZE A ENE
RAERAEZBO TR ENTE . EREZE D AEE
BROEENRISHLEDD Z Lk s, AEER T
T2 L PRERYBERGFETDIZ LN THS.
B 2 (AR EICAER 3 DEAH5HACKF O 3 RITRBES
ity E BB OZBHRSRIC OV TIL, ERTIEHE
BT ERE,

Fie, KEERPEZ bNRVKRE LRBBEIZA T —1 %)
BOMERD . EEFIIBWTRE L TE-AR O
I, AEEREBHBRIOEE ) HHED SR TE R, £
BARIZBIT A RESLT L HBEBBRAOBRICAEKL
RNEWHIBBERAE L TWS. BEESHEAEIERTAA
EITE XA O L EESTEMN L R AR TH DT
B, LA NZBEAIBREN TS, —F, ROEEZER
LAaWERBIZCOWTREICENNIEN BT L7420
7 — FRREBRIPBRI TS, Zi b Z OB R A REEHC
WMYOIM-SZ EZHVERNED, KIEEROR 7 —/L LB
WA — VL TEy v IBEL, MROBSHESENZ
LWHRERAE LSO THD.

IS OB RET 5 70, BERRAE OB REITE
BCEELE 5. ERIHUTIHES2HERICONTY
EREENCBREMT 5 Z EBAREL 22 B 1IN0 s, A —
w0%%mowf%mﬁx&—meﬁﬂxﬁ—wif
EERMEEICEIET D I LT, A — VK ET A WEED
WERTERIZRD. LaL, BEHBEOLR TTRTHRMHFR
THOITTIERL, 5% L RRAEERIC X 505 &8
TNAT ) o RS 2T LERSD.

BERIRAREDORRBIZH T > TIILE L R B EMERN

O B AN, ETHBREREZIROFLR TER bRz,

BHFRmARYE S FkE, VOFHE, ALEE, C-CUPKE,
Level Setis, K173, BIMiE, #TEAER UHE B D
B, FNENC—FE—E1H 5. ZOFTREDHEL
BEEROFLO ZENTE, BHERDS L HIEIZVOF
ETHAIBIAE, Linb, 1998; KA D, 1999). LavL,
ZOFEHHRD B, DF D KOEB T EEO B S 72 0
SHOEBIC SV TIRERZ1TH2 V. B OFEEIIRIC
Lo TKEITHRPFEETIHBLTHLIMNE, KMHEETT
72 KA OWTHRIRICHEEZITY, #OMAEERIE
WTREZIT I HER DS, LROP TRIEEHEOHE L
1T 5 FiElLevel SetiEdid % A3(Sussman, 1994), Level -
SetPd4x & v O EERERAE 2 BRI I3 5 & W S {EE R AT
), BICREAEE Y2z ey LTRSS,
RIEREBOEWE - H5&ICx L TR EENE LT 5.

IHRHEH L TRRTRVEN THDLLEEZOND S
% 73 C-CUP ¥ (CIP-Combined Unified Procedure) T & 5
(Yabe &, 1991a). B ¥iTH 0 3 4% 12 I3 & K6 £ 72 CIP 3
(Cubic-Interpolated Pseudo-Particle)(Yabe &, 1991b) % AV 5
F, Tk E ERERA S L, BERBAOESORT Y
VERRAZEHT A, KM, mENE QICEDEBED
BRI E A EHT 52 L TRT Y U FRAE M
LT ENTED. [E - EHOHEENIOL 1OBTENRT D
BEEAEEZERL, Tho 2BV Z & TREEAHED
PMELEELRSRBETAE LN TE S, £z, [iKmHE
EH—RETDHZETELLIHEROF AL L CHBEDOHR
RCHRKBEBITVENBN L THDH. VOFIED LD
WA DR %R BE, BRRE ISV T OEREA L
Wit L O BERANGE 5 X DUENS B, BEE
BHEICEL L, ERXE AENICHT T X5 ITER &t
5257 ENTERL 2BGEND L V. Wi % FRE
I — B IRE 21T 5 C-CUPH R CIEmME O BE R TR &
2T LBERRL BT, R R D X 5 MR
FoRBEBIC L THORIETHZ B8 TED.

AR T, BEREDOR—2 L LTIDC-CUPKELH
Wiz, L L, F U PFHOC-CUPHE Tl R B O R
SERIT oIS, BEIEEIC L A58 LM OBEfSE Z
STLEW, FEBREEOREIEELTLE Y. ER
EAKDESRFLALRLUVEDRVWHREZRVEOH

A, DG OREMAEEORENHEEEO — % 5

57 L THYBENARRSENMECTLE D . B ORZERE
AHERTIEE, BOKREGONSEFREL 22 F T
+P OB ELEETS. £, EEREL R THD
WRHHBE2EHT DI+ RESOREE Y I 2 v
— rFALERHY, HERE L THESPLETHRED



RBBEATRFRRE A % — A% O RERRAR 0BRSS EM# - EHERT - sk R

B ZERLATTR LAV, Z0 k5 Ic EREOMRE

BT 5 LEMD S, fiRORIERE CORMEEEIC X
LIRMOMEITE S LTHEEE LR NiEZR S 2V RE
Tho.

£ ZCAMF TIE, C-CUPHEIZLevel SetikhI72% 2 %
ﬁlb,E%@ﬁﬁﬁ%ﬁ&%mm%#f,ﬁﬁﬁﬁfb
HEEBEE RO C, RIRFEAOEEY BEICRETS &
SNBREELARLEFNFNOEELE Y Y THHE
ZRWE. 2L Y, RIEFROERAZELSIRESN,
A2 Yabe 5 (1991a)ic & 54 U PF A DC-CUPE TR
REE2FRBETEDIA~6ENVBEE >T=DIZR LClEL
DHETY Y —TICREERRT DI ENFRELE R o7, LA
TTiEA VP F N DC-CUPEIZE S THRERRE O
BERTLEELE, AME TRV EEREICHT 2B
BEROEREIE ST 7 /V(Brackbill 5, 1992)Di# A #2 Eizo
CWTHRAD. e, FAT LA/ RECRE LA R X
LTHY O ADC-CUPEE & DRB R RT & & b ITARF
FTHEL-EER X — ADORIEZHO\WTRY.

2. EFHFEOBE

2.1 B@ARE:

ERAERIL, 2R EMMEREIC A 5 BREER,
Navier-Stokes 52, EAFBRR, (MK CHSBER
BORIER, A0 ko BRI 5 RESBR THR
Ehs. ’

9p

SV (=0 b
O uVu=-YP S, +Fy+g @
ot P

D uVp——pCVu ‘ 3)
ot

% (hu)= -

V- (gu)=0 )
p=1(p) 3 )

T ZT, pidEE, uEuw)IIESY ML, pldES, S,
LRI EUR, Fol3RERAE, CAIRPTEHE, N1,
V(=(0/x,0/) IO EEF 27T, £/, ¢i3if8
(=1,2;¢; 80, HBH)OEEBEETHY, ¢ g1
O0<g <)) PEFE LS. 226, RERHEFyIE
Brackbill 5 (1992) B3 2E L T:CSF 5 /1 (Continuum Surface
Force Model)iT & » TR & LTEB S iz L THAA
FhTWD.

2.2 HEFLIYXL

C-CUP#T Yabe 5(1991a)i” & » THREBI N R F— A
T, @R T T Y X A TEMMT L SR %
F—stEERP TH—HIHER S Z LB TX 5. C-CUPKET
RN F OB RFEERE L DT = 4 XIZHBEL T
5 ORI T B0, BEMICIT LR SRS B
THBICBIE L EBREC OB L, & 5I2EBHREIZS
WIS L JERCEIC B L CRHE 1T D .

- $ i TH(Advection term)
2—7+ u-Vp=0 6) .
Z—I: +u-Vu=0 @)
%+ u-Vp=0 ®)
%m-w,:o - 9)
« JERFRIE(Non-advection term)
n+l *
P = 14 =_;)"V.urﬁl . (10)
ndl _ % . .
u Atu __ I.P"H*‘Su*FsV'*'g an
n+l *
v (12)
n+l * .
. ¢i A;¢1 =—¢,-‘V~u"+] (13)

ﬁUV%wwoam&uﬁan@%ﬁ%&b,%anuﬁ
ATDHZETUTOENCETIRT YV HEREESL.

n+l n+t *
V| Vp‘ =2 n 2p +LV~u'
P pCiht At

(14)

BRZMOBEET FAERAL, M5O RKRMAES
BOTERIMNS p™ ks tBTEniE, #hzA
WTRADD BRI+ ) DOEER T ML ERDDZZ &
BTED. IR0 EXWNEZHCTEE L BEREK
EEFHTHIENTED. 2 TOYHEBIZ OV CHEBRIE
WL DEHITON%E, R(O6)~0)%F AV THRIREDH
BHETV, —BRAORT v TEFBRETT5.

ZHUZH L, Yabe(1997)IXBANTBMIB 4 H5E L= FH
BEORGFHIELTWA LBEL TS, Fhic kit
FICBRERS EZEHE L, A0 BRI ~2TO
MEREIHTD. WICKRREAOTHED FRME o %
HETS. -

‘*
u'-u 1

=——p + 8, +Fg + 15
AL pP syt 8 15)
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KADH LR ZEFWIRORHERD, ét(12)¢:ﬁl“9“
5L CTEAMEME KT HRT Y R EHET
HBILEBTED.

(%) b Loy a6
p p CiAt At ,

IIT, p=p™ -p ThHBH. BBLEAMEEY 2H
WTKREZAM+HDICB T 32 TOMER LRIV ESHT
5.

Ca™ = 2’ Vép (1‘7)
pr=p e (18)
pn+l — p‘ —p'V-u"*‘At (19)
ntl _ 4% g nt
=g -4 V-u At (20)

AZ T, U PFAVDC-CUPED & D IZERIZENF
BREMONTHOHERIRE, BRADIETHIBEL, B
FOH AR TH b ENFRAR CHEBTIELH HE L
CHBRT o128, BHEDOBIES LML FAOHPET
T H 3 PRERICEERL bNE. &> CTAFE TS

ETHEANTIIARVWI Eh b, R TIE, ZARAE
{EU[RF 43 f#(tridiagonal approximation factorization)H{TAL#R
A AEE(TFCGS) & A\ 2. ZORER, 60X60EVEE
DBE, WREE TR L Z100fE D3R+ 15Tk ¥ (I
B0, BABREL RDIELHHEL 25 T & RHR
LTW35.

2.3 RERAETL

FEENL, ERCRAKBARCANE LTELDHO
ThHD, ESRFEERLTAHERAX—ALATRIED
EAIITEEAE LTEFAEL, AR E 2L TidA b
ZevN. BT L7- & 5 ic, #EEAEFgi3Brackbill 5(1992)

HSRER L 72 CSFE T /W (Continuum Surface Force Model)IZ

Yo THEHELTET M LENTZBDER TS,
KERL, ,
F@=dms 21
o REENFK
k=—(V-n,) : RO fE
n, : REBMAERS Y bV
LRXNDDS, Brackbill (199203 2%,

WM OIS T Y RAERATHI L ET 5. v :
B, YUHIEHDOREMREIZIISOREE VT2, Fg = G{VIV—;'}W& (22)
— i DU (1072 ) 18 5 1T 1L 3R (TR R A3 935 D ?
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E E E
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[IRBAATFIAFER F— 22 AV 72 SERRAEORBE KRN - CERE - 868 R

ERL, FORUEER L. AR TIL, T b 2 8H

AF— AT AATe Z & CERER DR ERE LT
B-1id, ZRPCESEOKEBEET HESOEREE

HE2ER 32— arThd. HESRELR-

e
®-1 HEZMEF
SRR 30X 30
EEFEABBOKE X 4.0%X4.0cm (16 X 16)

Tl () p=125kg/m’
A2 (i) £ =1797.88 kg/m’

BTy X Ax = Ay =0.0025m

R 2 2 At = 0.000001s

KRERAHRE o = 23.61 X 10dyn/m

BhEE g = 0.0m/s>

Z OFE I Brackbill & (1992) 2575 L 72 b DI MO E R
EANTHELALOTHS N, BRFCHLYHETE,
REEHDEBNE L ARAF— ARV ATNTIND D
EBGID. =0~0.055125F T, WHFOAN S RE DR
FITE U= REESBVEHA L, BTEAMIL 2o TV AE
FHRBRENTNDE. ZOHK, =0.09sTIZHHRE TR
PEETh > & D PREBICTESES LD, 0.18s
THEZRLMABE RS, Z0%, =036sTIEIMID
PREZ ST ZANRERVIRD, BER~LBITT5.
Brackbill 5 (1992)D#H 5 THMAED FEA A » T3 57,
WHEBENEE LRV EPOANER L RDTRRER
~BITTH0, AFETIIEN DR DB ERIN L2720,
HHEORBIZ L > THEESNBEL, B2RER LIIRD
2V F0.72s TTIIBEOETEAD BRAHRABER L TED
EFHARS D & LTEY, LRI & > TREDBHR
BRE IR ETIOWENRYIRENS. EBO—/F
113400.425TH D, Bracbill & (1992) D% R(FH0.45)124F
FE L RoTNA.

3. ERREEHME~DEA

BAIEICRB WV TAREICBIT 2 A % — AOBEET
F L L LIEEAENEFMCONTHER L. £, B
HDOERAD R RERADOLPHER T 258 DKHOE
FEBIZOWOURL, REBENET N OZ ST ONTH
AT T, TITH, RAF— A0 HEEEDIE~
DEAZITY, BERF—LADHELZIT D .

3.1 HLILAVEE
REOKER &> AMREEBHEO N Fv—2

ELTHE AT LA 7 BESHT b 5. BHEERN ISR
H2ZIOKEEZREL, £OBRERRBIIOWVTRIEELITS
HDOTHDH, BRI TS REDBBEIC-OVWTERY
P, BEAX—LDORIEEIT -T2

B2 20RTH 3. B, FEERICRT 2MBER
UG ETEIZ 2V Tidfree slipDBERFMEAER LT, 2D
DHEEMEIT OV TIER-2ITTT.

=2 HASEH
FHERTH 100X 100
KEEDREE (BEXHE) 1.5X3.0m (30 X60)
ikl (=R p=125kgm’
w2 (k) p =1000.0 kg/m’
Bfyra4X Ax =Ay =0.05m
KT ) 2 At =0.0001s
REENRE o =72.0%X10%dyn/m
EAIEE g =9.8m/s’

Z LT A 7 REEIT, B-20=0.00sIZ5RT & 5 03B
D B FRE X AT kAR O A R BE A R H 2 B Y Sb
LebDEEZ OGNS, SREF AT B ENNER
CHRIND Z & T, KEHFRAOES~LiELESh, KiE
DT OFHED L FAENFTIVE T . =0.15si35E H#0H DOk
BThd. LY EMOFEIINH % REISERET S
BTTH~REESNTHDS, —F, SENOESHE RS &
ARED LFE B FH~BEN 5 DI - Ttk
LIV ABEELEA~MEEZ L ICKHENEL TS, KiEDH
BRI 3\ Tl T & OADRN 2 HET 2T
EFZE»D KRB E T TR, W LR & ORTHE S
BREMHERTZ L2, REOHBIHEEATIET
KBEIh T3, -

BEZI A3 A T =0.30~0.60stZ 25T TILEEIZ IR - 727K

- TR SRR THOEAS TR K & 72 2135, AHEERI O KA

E2OR2ICAFIBE - T, KL OFE TR SN
B REH b AKEIZI » THOTOS TS5,
DB, FHEEIRN ORI RES —DDOKE il koo T
PR L TUND. ’
=0.75s TAFD Fe st I EEROGMIZELE L,
£=0.90s T 13 3HE RIS O A BT I8 o TAHAS E5 LT
W5, ZOEF, =0.75sTT CIKFTICIF S - KRS
> TERLTED, =090sTH FHT 2 AFKDOEFT
KFEBEITLTERLTWS. Z I THMEKEDENIX
BlENTRF &K E DHEEROKEREARNATRY, =
SOFREBEN BN L THEEZBLELE > TV EE
BRWRBTED. '
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