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APPLICATION OF BOUNDARY INTEGRAL EQUATION USING DERIVATIVE UNKNOWNS

TO SLOSHING ANALYSIS
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A boundary element equation in which tangential and normal derivatives of the velocity potential are
boundary unknowns is employed in two-dimensional sloshing analysis method. Since in the introduced
boundary integral equation weakly singular kernel is the only singularity, discretization of the equation
and calculation of the matrix coefficients can be readily carried out. Through the application to a po-
tential problem, it is found that the rate of convergence and accuracy of the solution are improved by
using the new equation. In the sloshing analysis method, the tangential derivative of the potential (¢)
is evaluated by numerical differentiation with 4th-order Lagrange polynomials. As a time integration
scheme 4th-order Runge-Kutta method is employed. Since, in the introduced boundary element equa-
tion, ¢, and flux g must satisfy the continuity condition, two equations of those restricted conditions
are coupled with the boundary element equation. Numerical experiments show that the improvement
of the rate of convergence and accuracy of the solution can be accomplished by the constructed method,
without using higher-order elements. )
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NEET22FD25X 503, Lkdi-T, BHKES

CERBLEO N BODEELTRBII2EEEGRERE
AUlkEddE, &8 T22+N,) BOFEASBELN
BI LB LoT, ETOERBARKBITIZ2ERE
ZFHERZAVIES, A 0ERELARL ALY,
FRERBHE Ny +2N.+6 105, —F, REEEK
BNy +NA2ThHole s, COBETRIRMNELD
FRAOPEOFNRE LMK, LT, BRBLEHR
RROBBICE, FATHIABRNONBRRNLE LY
3. KHATHE, BATAIABRNBHEREL, Rag
OEIEbE 2L, ERGHERLHEEGLIGEREMST
& UT, Lagrange BHAEHA L THEXNR R
TAFED 2SR DWTRETS.

(1) FRABHERANBICEDEIHE (X —X 1)

BEHELBIE No+ N +2 TH-70T, BEHE
KOG, Nu, No,2 2 HETHEEEEL B HFIEAR,
HOBEBTHS. 22T, X33 DEHREHX 2 X
E, BENEATOREGEHGR 2N £ERATE. &
DIFE, RARIHLT, 5K Nw— N KO FER
PHEERD. 2TOHEARBITIEREEFERNLH
W3E, Ny FOFBRIPIBONBDT, ZOHFMH S5
TN N BOHECFFI3FTERERLHEDNH B,
EZAT, BROMEETER], ARIFIERACTHEINT
WBDT, MEZBERDS ¢, DEE—BRKRET S Z
EWNTES. 22T, BHOMESIIHNT B N XD
RELEFBERLERE, BOUDO N, — N AOBREER
BRERATAILET S,

UEXY, Ny - N XOERERFERX, 2N Fo
BEEERBLV 2 Fo#EREZEXNA N1, &5
Ny + N +2 ROFBRVBON, RETMELLS.
(2) Lagrange ¥ £ 5 Hk (5 —X2)

EHHRCBIIBERERFRALZAL, EREER
L, BHKE®RAESUCLETONEHICE T 2 ESEER
ERHSEBELT, Lagrange FHEAEA U THERR
EHET 5.

Bk, BERKAHOI EHRBOTR, BEMORHKE
4, LHBKENOERFHASEY ¢, 5L S5NTH
b, BEHKEEETOERNS Pny & ny EHNER
UBWRYD, nyon, #0 &% 0, XBHD2FXDHEES%
HDPORHBTHS g, b0 FRETHIENTES.
UL, hEEDBE, BEA—BONKEE 20T
BMENEEICLY, BRKEBEETIRY L TEEIC
#5 5. Grilli and Svendsen® i, TO& 4 BHKES
OBMFHIZELTVE. FHRTE, TO0XKEEBI
AOTROENY, BRSO TAHKEROBERITEH
EEICHLUTERALBIERERTSIDT, nf ny =0
EBB. 0E, npon, =0 LkES, MhEHITEITS
BEEEREROLHIE S,

(;szﬂ:qw=0
qf F bsw =20

} (E&RIE) (36)
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IIT, FEREADEHKETRES. XE6)M6 2
DORHE g5, dsw KBALULT 1AL FHEAZERNERL
ONBIEENB. XoT, nyon, P ODBEE, £
HTRWEEELETHATELIFBERENEN-TL 3.
EFRTE, FEAOEBRFHEERICT DT, B
AT EHE U TE, XEB5) DI B, RO—AT
FROWBIEETS.

SN S SR P U GRYE
NwlNf2 — Nw2lfl qf

BROEFBRZR, R (33) DEBEHER, BEHE
BICHT B (35) OWAKHR, BLUABKEDE
HICB B (37) OMAKUREMBEREE UTHRK
+35. Thabb, BREEFRR

¢sw =

Kl{z} = {8} (38)
%, 3R (33),(35),371) 2 S B H&E
[Clz) = {4} 39)

OFTHEL. 22T, [KL,{} BR(B0) TELZShBER
BERFABROBRYATH &, RS MV, {z} BRHILE
REEMERZ P NVTH B, 5E, K] iE Nox(Ny+N+2)
DEAFRTHTH 5.

R (39 O&EESH T {z} KHUTE, —HRIR(38)
DERXIROILIH. 22T, REB)DBERY bV
{r} %=

{r} == [K|{=} - {8} (40)
ERBEL, [(H{r} BN EREI LI FBREERTS.
37 bH, Lagrange BH 7 PV (A} #EBAL,

J = [r]'{r} +2\{Cz — d} (41)

DEBEZEMHEEL.
T5E, REBANHFBARLLUTKRALES.

z Kb
) e
5. BFTGIICEDCHmE

5.1 HEERBAOBHREFT

(1) #B¥rgs

BHAMELTR-8 KRTLOINERABHNOER X
oy YU EEERNS. BHEECE, ®RRAKLDE
BKERERES X, EHEAT TOAHEBHIEE £ 8T
353.

K'K C*
C 0

_ _ 1 3 47
i(z,0) = (A+32A 1344A Jcos g
1 79

2 4
+(2A 672A ) cos 2z

3 4 12563
54 ~ 59136

+ %A" cosdzr + %A5 cosbz  (43)

A®)cos 3z

100

Y

100 (cm)

H-8 EEABHNORA0y YV MBEICET 3BT &HE

IIT, ARRIRIKET A4 -5 THD, = TEK
TCAL U R FEETH S,

R 43) 2o KkERERICED, EBRKETOEY
5 &R DS Penney and Price® iz & D BHFHICRD 5N T
WA, AENTERERKEDMEICR (43) O WK E
BRESEZTHWEY, KEP+HFITENDT, ERKSE
KT BRELOEREIETES. Lt -T, B
BERXBI) KEXoNBIBICESX, KEERK

BT HRO ) IVLTERMUIK.
Norm = Z Z(ﬂ—ﬁ)2/22ﬁ2 (44)
Step Node Step Node

CIT, RERERBILBI A5G L TOEHKER
&, 7 BEHRBTHY, Y g D onoae BEHERTy
7, BLUEHARDOTOBRERRT 3.

Bk, UTOLBHICENT, BB X T v 7i§id 0.002
Sec & U, 500 Step ECTHEAT-7. £/, BHKE
2B, KFEHIIH LT RESE4ES
Zlo. BETR, £@XFy7IED, ML 10 B8, E
mE s BRTESE L.

(2) BOWEELRERE

RMA)IKBNTA=001 SLAMEIIEIFS, &
HAKEERHE Norm LOBBER-9 KR, B,
A=001 THEITI2HEBER-8ICERLILMITHL,
H=0.16(cm),D=0.158(cm) TH b, RBHE/DRIE LN
HDER-TWAE. RIKRFEMIEHEBPLILr—2 1 &
F—Z2 X 2ERCMA, BRHKED ¢ OFEMIC
¢ L qRHETIBREFEEZAVIERBEOREE
FAHRSFR U, HERFETERERIIY T 2 IHEK
BP2RTHHDOICHL, XRFETIHE 3 RIKENPR
REPBOLNTWS. £/, BETHEBLTS, £2T0
BRSFHIHL, XFEEAVLLI LR LB REBHSK
ENADOND. —F, ¥—RA1 & —X25HEELT
HBHE, VTR LIFERABOREEIE LN T BN
F—ZA1IL X HPBEEHRERS, TOEMIEREHK
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Illl[ ¥ l i

101

1 fl_flll

ESl Norm
N
L Lt Ll_Ll 1 1

lllllll

L IIIIII
1

N . l )
7 8 910 20 30

NUMBER OF FREE-SURFACE ELEMENTS

B-9 HEKBAERREMBOKE (A=001). 7 — 2R Lo, 7 —
A 20, HER LA

1|l|_1_] 1 ] 1

101

7

-2
107778 9 10 20 30
NUMBER OF FREE-SURFACE ELEMENTS

X-10 HB/KAERHEBOBE(A=04). F— R Lo, r—
2 2:0, HER A

ORMEFXLTREHEFIENLTNS, COI&D5,
NEBTOHEEEBERLRAZTIELEDG, £BA
TOERBRABAOBEZEL YOIl L 25D, BEOR
ERBEETHE LD S.

Wi, A = 04 EL-HEINTIERERK-
10 KRT. BH, A = 04 ELEBEOEEIR,
H=8.16(cm),D=5.438(cm) TH 3. XF % Z OEI
BMALLESS, HBHAKHABRKEREERSORBENR

K

20

w | =] « |

®-11 ERAFNORHEBEBMBEIC ST 2 BHF&E

Hot, RRETHELZEDAZ LD TEH D -2, B
HEHI TR, BERFETRZORBARERITE
LTWRVDT, ¢ L g ERBETIERERFRBAR
BMERLTW3EEbNha. BREAI, B 2) IKERL
THBBERBOTR, BRHAKRED ¢ RO I DR ¢,
g RBEIIERERFBAEAVAY, ZOBISA
B> BARARERIBD ORI -T. T TR, B
DREH®EZRRT 2D, BHKABEO—-KERE
CHRERS SCKRERBRICHT SR L-Y V7 RE®
%50 Step I 1 HFDEALL. R-10%5 83 &, ME
OF/EHITLY, HEREEEFD, VTFNOFERSL
THHROWHKREDF A=001 ODBELVETLTA.
A=001 DHEAEREEEUBERBRZDSNT R
WTNDOERSHLITH U THRRB R LB E A L
LTW3a. £, ZOMBIRENTD, ¥ —X1OEFN
=225 0bBFREREEZ TS,
5.2 BREEI[NOBRMNEHICERT

R-11 iR TLH%, FEBROBFBCRATELS
NEBHEHEMALEESO A DY ¥ VBRI, r—
X1 OFEREMRL.

uy = Asinwt (45)

SIT, us REBOKEBHE, A REFDHRIE,
w AR (radfsec) TH 5. B EKHLL T,
A =0.003(m),w =3.55(rad/sec) &L, BHKE%E 10 &
FTHE L, At =0.005(sec) D F T 4000 Step(20 sec) F
THELUL. 48, VA9 YT ERL=—D YT 40
Step i 1 B9 24T/, AUWBEHKEHDHESA®
BEER-121I77. Uk, K 20 Step BOIEE%
AR TToy Uk REFABBHEE Tcan EKE
TELTED, kKEFA~NEH 4 cm BELTWSZ
ERiA KLY, FMBEO LI, FEEROBERIK
FOT, BHAKERIKEFHICKRESBEHTALIIN
BAETS, AFENTSEHATETH S LIERTE
5. Fh, BANEBERANTEARRIREZIEHLT
V3 3740 Step & 3900 Step I ¥iF 3 AH/KERIRK £ R
TER-13D LS TH3. b, HRHBEFICIHEAL
T3 BHRHOARLEHSMBEERLTWEAY, ~KE
REFZHALTHE7®, HISOREZED TR,
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=3
a

HEIGHT OF WAVE (m)

-0.05

1 n |
0 2000
TIME STEP

R-12 AHAERORELDE

3900 STEP 3740 STEP

Y (m)

®-13 gdkEBR

6. BpLYIC

RERT VUV VOBERERAOEBH ¢ LHRK ¢
KT ABEREZFBA LAV EIRTA Y Y v TR
WERABER U, BHRbodRL Uk ¢, & ¢ MY
LZERBHSFEBRAINHBEOFOHERL LI LT
OT, BABREEREEROT™ AL, KEAKEHEKT
FERT B ENTE, REMTIIRSOHEIEZ T
JEpTEE.

BRADy Y E— FIEHELERT VY v VEE
WHEAUREER, SELF Yol EqRETAEE
ODBRAEZFEANBUIRBOPRREIP 2RTH 5
DIZHL, ¢ L KETHIHREFHFBATR 3 RO
WRRPBABDIENTE, BERKDRIBRKAM LTS
ZEdbhoi.

AFETHOLEREZFERCELWTREFUEEE
BlbiciE, ¢ & q BT BEBEHERRT ZLHEDN
Hhr. 2T, COREZEERERFHETEOFERR
ELT, BREEHFERLERZERBICEEIEH

Whit3 ¢ & g KT 2HAEAERLETIL, KRB
BEBROFEBRERRT I HE(r— R 1) &, Efik
BREOESDHESZHEREMFHRE L LT Lagrange
RHEBAL, FRAEBRTIHE(r—X 2)%2%X
fo. BREARNOBBREBITICER LILER, ¥ —X
12 R RRELOVBENA LTSI Eb 7. &
2, RIEBXNDSSBRERERENE I BRETR, BR
it T 2 BMOPCRREN IR LD, BEDRERER
EEABVWARRFELD L REVIRENE SN S Z
Ehibdhot. BE, F—R1 E2%8BT2E, r—
ALIREIZFNREIVBOBEEEELLPTEL. &
fo, ERBREBRNOMFIREBRITELEL, BEIEH
ULEMETHLRESERNMEONB I &b ik,
IhET, BRREELSILD, AT VHREHA
WA ETHRKEMEOBRITBELRERE ZH L&
HBMAEDNLDOBEINTRTVEY, BERYE L
I, BESHING C° EHENBEREACTD, ER
EEFBALTIRTII LT, BITBEOREBER S
ERTER.
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