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Comparison Study of Panel Method and Finite Volume Method
for Solving the Nonlinear Ship Wave Problem

A5y, 424™, gisn
Do-Hyun Kim, Wu-Joan Kim, Suak-Ho Van

The two different approaches for solving the nonlinear ship wave problem are disscussed in
the present paper. The first one is based on a panel method which neglects the viscous
effects. Another one is based on a finite volume method which solves RANS equations. The
present paper has been focused on the advantages/disadvantages of the above two methods.
The developed methods are applied to calculating the flow around Wigley hull & Series 60
hull to validate the performance of the present nonlinear method. Although the two methods
employ quite different numerical approaches, the calculated wave patterns from the both
methods show good agreements with the experiments.
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H+EE o855k M99 vy ZKEA) (nonlinear ship wave problem) & AUMFA|GE oW 71&
2AE T FAMXE Bol AFETR Y= S8 Hoksa shiolct. HlME ZokEAe 71E ol e
ZAZA (boundary condition) & WEAIAOL & A A (boundary) @} AFF4H (free surface) 0] BlE] AalH U
A} ol e YR (part of solution) 2 FHHOF Sh= RolAL X XF4H R 4318 JEo) vl4dyol
gh= dl 7RIES Hol Uch olEidh olF wiEel 80du] ol B9 e FAISH ZTHAYE wRieE
B4 EoHEAZE O] ARSI 40 EHE AB5] AIER A2 90dt] Sl o|E3jAjolch
Izt BlAE ZoEAE XK E THAE YHO T Hol AkENX| T Utk B T4, #dslohd
MEI Ze AL F20s 2 188kt ol B4 FAE NEsld MY ZIRAE F=
7189 £XFAIERHEO] o138 JAAdEN HE51o= olE AdAlYl QP (stability) o] 2X7F QU
7] wi2olch, ¥FHol Rankine 4224 WEH (7,12)B3 22 ZEXIE YW dF] Felo) 4AME F
2lglo]l M8E 4 Yo ZEHOT HH9 FHE FABHL ULEE ALMEZ] Huls}(stern wave) 71
AABCt BEAEA FEEE Zgo]l UL FX7] (propeller) 71 AXE MuIRZY {FEY ALZIprt B2
Esichs wiEo] ot ojol 2 dFolMe B4 e USsA A vl4E ZREAE F= 3wy
Q1 2}9rst sHd¥ (raised panel method) & ZHES) MBS FH9 EME 1Bshe BlME ZUEAE &
= upHoZ SJFHIAY (finite volume method) € 71202 5l BIME AFS4H RAAE UEs§=
RANS (Reynolds-Averaged Navier-Stokes) @EAE F ZHE ANTHL Al d2M= WS UPFAES
EMSHe Wigley A8, Series60 Aol thd] AXBIPI 58] =FolAie= 1189 424 (numerical
damping), 4in|Tlo] FFHo) FHE Fol GBI}

A9 gAlg

=2olAE wiol LEE FIAE ARBSIL S UEE x, 8 YEe yE, A3 JUeeSe 22 §
Cartesian X al ZFAIE AMRSIF L, FFEAQ AHS MA B9 (center plane) I S (midship) ,
18l "4 (calm free surface}o] T FHoll YRJAIZCE oklol vle XuiUEAN HAXHS BF
BRSO 2ol ( Ly, viel &% ( Uy) 2 FAAS Ak

e g

2.1, TERiYg {5 14
BIEA (inviscid), Y124 (incompressible), BI31A4 (irrotational) @1 ZEIA|Y {FEES 7VH51H v=v ¢S
UESH= ST IRAG ¢85 HE 4 AL E L8l Hie 2ol ST IR ¢ NP o Z 21Ee}
2 &4 (Laplace equation) & THSAIFAOF STk

vig=0 in the fluid (1
A Ha AAZHSEE dAlolA 50 4dFlo] Hdlok(tangential) TH= ZHOIL oA ofle] Ao
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2 FJ|ch

¢.=0 on the body 2
Y U2 ARFHY ZAHAA SUTIEZ ARSH0| 5238 A8re 54 Fok ImA E oiE &
8¢t BAZHLE AFLHAY eleEo] ti7Idolojol fithe £HE RG4S TIUE 2= i(x, y)E
TRISkd ST ERAIY 92 FAIGHH chgd 55 Ag4H £24] (dynamic free surface condition) & ¢
=3

h+ ~E2@i(¢i+ i+ 82— UD=0 on the free surface (3)

A Aol Fre Fr=Uy/V gLy& 8=l Y= F2E 4 (Froude number) o]},
AFHolA] BEERool @ E TIE ZHUOE AF4Holx §80] AR5l Mo}l s zHoz2
Bl oleflol &8t Alfs™ ZH4] (kinematic free surface condition) & =t}

$:ht+ Sy, ¢,=0 on the free surface - @
2 d79 TP 7S sHdubdolxg ARrHe Mgl Steady Formulation® MESIL YSOE 9
9] & XREE 2dAlole A7) tie & term) 0] /1SS FYSich,

2.2. ¥4 §8 a4
HEY IR /789 Aul @FA A4y SEPYHAE TALSSITL Integral FormQE FA)
s ohga Zdrh

fs v+ ndS=0 )

L5 fude+ [ulo—v) - ndS= [ri; naS— [pi;- nas+ J;pa0 ®)

2 YoM ARl RS ARG A8l AXE OISAAFER Al ()Y ulSgol AREEY} =g
=lo] UABoll FABICE. = WHH IRl A% FE SHUE Uehin] ol Zo] FHWL).

Gu; | du; 2
r,v,-=(%e+ V’)(Tz%+a_11jf where v,= C,,%— 0]

21(6) 9l SELUEAIA Modified Pressure 5= Ol2N9] Al(8) 3 Zo] Aol YT A1 (6 L wlx]
o g2 ZRelolA FolRl £T( Uy MA 7kl ARREE Body ForceolTt,
2

;2 +§'k )

2 dFolA A8E IRTZHE oklY Standard k— cREE AISSIUT HEE: (wall function) & AM2EI3
th olZRe AloAl g=EkHEE ¢= 2 Ui}

—ﬂ%‘é)—+v-(pv¢)=v-[(#+%)v¢]+3¢ ®)

p=p+

S,,= P;,"‘,DE

2
sz= Csl% Pk_pcd%
C,=0.09,C,=14,C»=1.92,0,=1.0,0,=1.3

32| Yol AFBIAROl 01SHAIY HolE A1(10) 3 2 Space (Geometrical) Conservation Law,
SCL, & TI=A|A Folo} Bir}.

~°§—‘f~va- ndS=0 (10)

o2l O1SARIMY ALWFHAL A1) B 22U NS 5L J1EsIM 410028 T85E SCL
€ 0183 4 (5% &2 AXpt AV FLY ASYHAH TS FHE Yok

%+fs(v—v,,)~nd5=0 1

53] AFsHolAls oklet 22 253, SYHEE AFSH EHAE UEAA Folor dic.
Kinematic Free Surface Condition

{Cv—9v)-n} ;=0 or ms=0 (12)
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Dynamic Free Surface Condition

p=0© p=h/Fn®+2/3k, (13)
HY 75 49 A0l £ FHR|Po] EX5IA RSLE ZHAY FEH40AMY T AS4H A
Al (3), el el Balg I 9o ZAXA0] FEEA et

nixjntog ekl fSai4n 34 85 9 49 & tf &3] Y4B Realizability ConstraintQ! BrA}
Z714] (14) € wkSAIAo itk
v=(U;,0,0) at x=—o0 (14)

3. FASA Uy

FE 75 ol4g FRole 32 Syl AXAE G461 Foid AMAEAE FE= Field MethodS
elgfol Sht THRAY {612 ZRole XY F7Hol HAE B3 Rolx He & o] 585
Q] Boundary Integral MethodAI®S] whHo] Exfigic). 2 T4 XME ddHS Boundary Integral
MethodA €9 o 201 o]2 ols] {ERIEEHN MdHS £Ad4 Y4 ZrNoZ U2 xjo|8e
ZIAA et d213 AR Meldie YdEHE F Uy, FOREMY ddy, o] el :Eo) uk
chA] g olAl= Steady Formulationo] FEHRIAHollA= Unsteady Formulation®) F£Z AHZEL Ur}).
olol| tish UI8E oklol 7Ieks] HHTICY.

3.1 ZTEOXY 85 514
3.1.1. o]4is
RULEAQ BEEls WHAS USse STINAYES HAS XIR4U0l YRE A9 (source) &
RE3l0] ofel Alz go] E@Ich

$xy.= [ oa)/Hp.0) ds+ Uyt (15)

Hull+ FS
A oA aea= oln] Auierg4lel gtEeks WEAE UEGIL ALEE Fig. 33 Zo] LA} Xg4
T ARE AR sdg BESKL ol4tsl HEE Sold JAQ AFrHdAY FAZTINE BEEITE

F 2229 4718 25 ¥rt

3.1.2. XgHo X
AFEH Z2HAE HEoIE BHEog Xelsle 24 £TEHAY, TE e Zol 23sld 4y
ste] B E Aol dct

Ve=vO0+vVve, h=H+FI (16)
9 oA 0= ERSETIHRY, o't FHETIHAY, He Z0i1, Ae IgnE 9u|sh) o
714 ngEEEHAR, aPsines AT 7FEEHR o] ngell thal ARFLEEEA4A (3), (@)Ale LEs
S (17), (18)Ald 21 0] Al2 z=holld] RISAIAFOI0F k) 1S wi=vol oa) AF Fob) 9
ko) Zioh= JEESlol 2= HollA] BIEAA &}

¢.H.+ ¢ ,H,+ on .+ myh'y —¢.=0 - an

=1 P14 O+ 0L+ 02— 20,4,-20,6,-20.6) - H (18)

919 F AollA ZU|EHeR Hatil(base height), ZRS (base flow) & H=0, 0,=1, ¢,=0, 9,=0
2 FH Z ¢edd vleyo] Kelvin XFFeHIEAAE A1 o|Z2 8 (double model solution) @l 2L
0,=0 AL 0183l ¢, HE U o1FZYN £x TPAY, TIE AHESIH &2 2847 Dawsond
219] MY AReH ZHA2)E el

A9 AFrE ZHAE ol4tsksle AElA] floiid AF3IdRo] 4l (14) 2 FHEHE SRIZHUE TEA|
FAF7] Q5k0] xret ujEE2 Dawsono] AQFSH 4-Point Upwind Operator ()& ARSI 4X]HQ] oz
OEA|A Frh

ol@ FeH9 Zati, BREE HYGIEAl ol 2AE HI4E AL A HA Iteration®] EHOE AR
Sl RIERECZE A(17), (18) € HEBdkd HEBHOR MY ANRSE RHAE USAIAZFCE 81 H)
AY A4S uiEALIE = ol 4122 2&5HH (kinematic), X (dynamic) AIFLHEZALl0] UIES)
X E ZARIL
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€= ¢.— O.H,+ O,H,, ed=%Fn2(1—w§—¢§—¢§)—H (19)

BE & Fnd 0.1%-0.3%, e, AT (stagnation height, Fn?/2) 9] 0.3%~0.5%8 +€zHOZ
ABIH Ui

3.1.3. AAAQI ALtk
7IEHOE AR4HY AElE Steady Formulation2E FAE0] QT AU sidW(12)S A5 olzh
o} 22 HIEARIHOE FJi).
L 9IEAAY 27108 ARS4HS H4H, B85S FUSE Y5l Neumann-Kelvn gEe 7
¥ skeli=
2. BEEE AR Hd9 S okl 4ol Eoh. £ LRl wel ASYEOE o]EA)IC)
3.4 (17), (18)€ UESIL Aol HIARENE USSIES Foixl 2AE HEWHAICR o)A 5}
o FEot
4. VEHE MEL AF5Ho BEE o]EAFICh
5. B7RE (base flow) S MZL dol LA BT
6. AFTHl 728 Yol&ES YoUHE T8l Folz ROl UX VO THA] 39 WA
Fd =3

3.2. 88 /8 a4
3.2.1. ok}
SEUFY, SETYYFA, ke 01SWHAS 2z CV(Control Volume)oll thah S-8HAY (finite volume
method) 22 ORIBISIHOM £T-01 A4S SIMPLERRHE ARBSINCh olo] tidh xS ulge
Ferziger(4)9} Kim(9)€ &Z5l7] BIRICL AlZiol widiAs Euler Implictd¥e, SSTS Deferred
Correction & ()& AKBSIH] QUICKSE, ERIEIS 2k ZYXHE (CDS) S AIBSI AuiYEAIS o)t
S5k 2 EXHOE o9} e HEWHAIE ).

Appp+ };A,¢,= Qr where /=E, W,N,S, T,B (20)

A9 AEUFHAIS Stone?] SIP SolverE AIE5HY =ct.

2 YEN Ol Moving Grid M9 Z R0l Bl AXLEE Teis) Folok 5h= o A(7)Q
HFZ AXLEE Demirdzic(3)9) WHE w2} Volume Flux 7NEOE 12dslQct. 94 41092 ¥
BE= SCLE Euler ImplicitE 014H8151H ol A1z Zic},

(42 ";l't_ (49" _ Zc: (v,° W2LS,, where c=e,w, n,s,4b (21
2l gHHol Cvel ME Q] Mk okl ol EHE 4 Uk

(49 "' - (49 =3 5@, (22)
19l A€ Al (21) ol HAIEMA Volume Fluxis OOl Zo] 78 4= ot

Lo=(vy W' S.= ‘if; (23)
21 tiFE) o]itslol] BQF Mass Fluxis olelo} Zo] ZAMRLY,

m.= fs‘(v— vy) - ndS=(v- m) S.— Q. (29)

3.2.2. ARsEY M)

7125 2R A{4HY HEle Mupferin(11)9) $¥E WEX UL Hino(5)E 0] uj4st YHOZ XK
+HE AM2ISIYch. SIMPLEWHOIA XIR4He) Ui Al (13) 9} 20] DirichletsiAl 71 AMFHol A9
Mass Fluxe 001 X o33 oWet & 7IXA ok 22U X} RAgSHolA= Al (12) 3} 0] Mass
Flux7} 00] HojokgloZ ol 0] Mass Flux} 00] HEE A{4HE o=t o] HES oy
Outer Iterationoll 4] IterativeSIAl QESA)ZIC),

Ah:ak—SfeLf,At_ Wx, )hat, where mg=(v4—vy) - Sp=vy4+ Sp— 0 (25)

?1 AlolA ex= Background Grid® WEE UAMEIE 9mIdic). 811 9 Aol ST7WA 9 o
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o} YRE R A8 Hino(5)9 W& wigh nhilo| 44188 TAUSIACE 9 Alold] AR ALl
2ZE= ol Zrt

Wz, y) = Ax max(W/(x), W,(x)) 26)
2 2
X xd ; Y— Y4 .
Wz, y)=[ ( x,,—xd) if dexSxo‘ W,(x,y)=' ( yo_yd) if y,<y<y,
0 otherwise 0 otherwise

Al(26) oA A 24FE9l 3718 ZBSH: 440la ol 0<A<1/4:0) Hol Qlojok it B Al
AME 1020859 #E AT x4y Damping ZoneQl ARIXIE, x,,y,= Outlet Boundary,
Outer Boundary®} 91%|& Qu|dict

Al (25) ol A ez AHRTH o) Boll theh SHEsl ASoll B JToAME 0.59 e AIEsiTh 41 (D)l
O8] Outer lteration Fol MZL A™"'=h"+4h 7} FHHAH 49 Background GridE O|1R8lM 2z}
{—line2 3D Parametric Cubic Spline@ O|&3l {—Ilineflo) UL ARNEES NEL shao] o)
MBEEICZA Tl AXAE FHEL  (—hne® ZHARIE A Outer IterationdllAe] =31
Arc-Length 23X F AKETICY. Background Gridoll thdt 3D Parametric Cubic Spline®] A4 HEE= Alkbx
71l gt Falo] MASL AXAE AMFLE wole 78 B2 ASE 0183

HlolA HET WHE AS5HE ZAshs BEoA AS45HY B2 A9l Smoothdt TS 9IS 4
AASU 7HE H4 o4, YW B29 mart SUZRYY Oscillationd] w381 Miyata(10), Beddhu(1)
9] Filteringl & 0|83l M4 &0 FHXOZ XF4HE SmoothingdIITh

3.2.3 AAAQ ALy
ZEAL {FE AMolxY Ao gl 7182808 AMF4HY Aele Unsteady Formulation2 8 745
o} Y AAEH AL ol Lot
1. SxY AMeed 2 A () 22 FAHE Q-ENE USA7Ie S5uEAe Fo
2. 7t dollA} d&abEo] MEEEE U BAWHA] (pressure correction equation) & EI &%,
€ BAEsK}
3. AP dRZda ddshs YgHAE &
4. X1FHolAl Mass Flux7l 00] EIL&E 4] (25) & 01838} AMFrHE olETIC)
5 TESTUFA, ALKUEA, XFeH 2740 EE t7kx 1614 37KK19] Outer lteration THAIE
Rl=teli=d
6. T8 AIl~@oZ MR

4. A4 A3 R HAS

ZRAIL Aol AHBE HEEEO] 3l ol E Fig. 10] FAIBIAL H4A 0] ARE AEEQ A
BE Fig. 2,30l Eeldrt o] 5 1E vlasid sdgol SSAAH visl I A4dko BoMe €A
R Yot A Hal AS9 o224 Fn=0.3169) Wigley 480 tidl Aldlo] ojZoigc). MMA4LF &
mel HEIEe 4y 8A Fig. 4 TASIKCE Az & YXighs Z2AUE QUL EF d4uo)
Peal} HIMY ZWAIYE WHEDE H4E AR Fapt Azl o 288 Utk ols FdALlAE A
EF9 AR ZRAIY 2ol AL B} 84 &0 2ol viEel Ao s Yyt

T B 859 Z2RE Toda®] HB 3ol EMBKS Fn=0.3169] Series 60410l thet A4S $WBINCT
All=lolZl dETEE Aty 84 Fig. 5 TAISIMCE 813 Fig. 6, 7ol HAARNK Anz Uy M
o] ¥ H9 £T RIS Toda®l AT A FAIGKACE o] JUEE HINEIY Wake BEXE= A3t
g A uiZiK] RS ¢ ¢ UL ol 71&EQ IRZHEEO] AIRsHe gate uEsiA ge
o] 2 ¢ Y 4= AX & old] thEME tIR YREHE ARSI & ©] FHo] €ad neolg
I AgEch U E HYARISZ ozl oA, ZEAY YHOE Holxl TIAE tikst ¢ixlolAle)
Cut AR vlusle] 42t Fig. 8, 901 TAIGIAEL HAA4LI9 o]H L y/L=0.0775 Cut H]|Zo|A] AMnja}
ZollAl 2 UEpdT). 4&Q] HPAKLE ol Aujuirl A8EE & wWE = v TR g A
A O] Mulahe A4g5] BEEe] ASE & 4 ek BHE ZRIAIY dike Ao ) "old
= CutdliXe 1 #Ipt 4740 ZBHD & o 81 ol 4740l TaAY wEct 42120471
Asl7] MEQ 2O AIFHI E3] M40 E 038 £IIUNE Y & UE WHol ZAFER oot
¢ AL HzEct



PRANRASESY MI1ERY 63
] Ship/Gavitation Flow
Fiegd

8y

@
3
@
()

(6)

Q!

Ity

9

Beddhu, M., Jiang, M.Y., Taylor, L.K. and Whitfield, D.L., “Computation of Steady and Unstea
dy Flows with a Free Surface Around the Wigley Hull,” Applied Mathematics and Computation, Vol.
89, pp. 67-84, 1998.

Dawson, C.W., “A Practical Computer Method for Solving Ship-Wave Problems, ” Second Internation
al Conference on Numerical Ship Hydrodynamics, Berkeley, 1977.

Demirdzic, 1., Peric, M, “Space Conservation Law in Finite Volume Calculations of Fluid Flow,” In
t. J. Numer. Methods Fluids, Vol. 8, pp. 1037-1050, 1988.

Ferziger, J.H. and Peric, M., Computational Methods for Fluid Dynamics, Springer-Verlag, Berlin,
1996.

Hino, T., "A Study of Grid Dependence in Navier-Stokes Solutions for Free Surface Flows around a
Ship Hull,” Journal of the Society Naval Architects of Japan, v. 176, pp. 11-18, Dec., 1994.

Hino, T.., “Computation of Viscous Flows with Free Surface around an Advancing Ship,” Proc. 2nd
Osaka Int. Colloquium on Viscous Fluid Dynamics in Ship and Ocean Technology, Osaka Univ., 199
2

Kim, D.H., Kim, W.J., Van, S.H. and Kim, H., "Nonlinear Potential Flow Calculation for the W
ave Pattern of Practical Hull Forms,” 3th Int. Conf. on Hydrodynamics, Seoul, Korea, 1598.

Kim, J.J. Kim, H.T. and Van, S.H., "RANS Simulation of Viscous Flow and Surface Wave Fields
around Ship Models, ” Proc. of the third Osaka Colloquium on Advanced CFD Applications to Ship F
fow and Hull Form Design, Osaka, Japan, 1998.

Kim, W.)., Kim, D.H., and Van, S.H., “Calculation of Turbulent Flows around VLCC Hull Forms

with Stern Frameline Modification, ” 7th Int. Conf. Numerical Ship Hydrodynamics, Nantes, France,
1999.

(10) Miyata, H., Sato, T. and Baba, T., “Difference Solution of a Viscous Flow with Free-Surface Wav

e about an Advancing Ship,” Journal of Computational Physics, Vol. 72, pp. 393-421, 1¢87 .

(11) Muzaferija, S. and Peric, M., “Computation of Free Surface Flows Using Finite Volume Method an

d Moving Grids,” Numer. Heat Transfer, Part B, Vol. 32, pp. 369-384, 1997.

(12) Raven, H.C., ”A Solution Method for the Nonlinear Ship Wave Resistance Problem,” Ph.D. Thesi

s, Delft University of Technology, Netherlands, 1996.

N
X
" Svm——

e
" A - W W . ¥

View of Fish's eyes
Just to remind you of the problem we are solving ...
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Fig. 7 Velocity Distribution at x/L=0.6 (Cal.)

Fig. 6 Velocity Distribution at x/L=0.6
(Exp., Toda)
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Fig. 8 Cuts by Viscous Method
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Fig.9 Cuts by Potential Method
(Solid Line=Exp., Dotted Line=Cal.)



