sgo] HAFAY FEFe) MAE I
d 897, o &8°
A3stn dutalFF st

On the Effects of Incoming Waves on
Flow Fields around a Ship

Yong-Bum Lim®" Seung-Hee Lee’
‘Dept. of Naval Arch. & Ocean Eng.Inha University

Abstract
Numerical computations are carried out to analyze characteristics of flow fields
around an Wigley hull form which is advacing in the incoming waves.
Navier-Stokes equations are solved by a finite difference method and a MAC
method is used for coupling of pressure and velocity fields, and O-H grid
topology is used.

3 oF
BZFFE IFFIE Wigley HA¥FH HARTAL F£AHoz g Asdy.
Navier-Stokes WA 4-& FPANEHL o) 83l A23sln YAd Sxe) dYye
MACH#¥ o2 AHIAJQYD FARAZE O-HF AAAES A1gdgoen H4EFoA
FF3e A3g o8 APEHY L AuQqHs} viaste ANAES H2sgon,
gte] AAF Y] FF5Fd vl o] B3 @3}
1.4 e
AAFAY FARTZLE ARTHIENE FACAE b Po] ul-$ Fale 3457
7} o} M, AfFede]l TP QUL Fvde ARTHe) 4L vy AAzA9
71 g2 434 $xHo 2} BaFos ¢ ERsA "o
olxy{g RAEL A st B AFEo] dy=olgrt HinolBlE Wigleyd 334
Series 60 Cv=06 918 AFHrFAS TFT FARETZL 43I, Jeong[10l& =&
AL BF3te e FH9 4532 A EAZAY 4P AL HMEy 3
Ak 2 oldF AFTEL Mute] AN 23 o) MAFY e 45H T HYPL
g Ao dise WU FFE 1A R Qo oA YRS ¥y
AR+ HE gFIe AutFHe] 533 old wE Mulrlole] AB@A ] BYF Q¢
E B 97 & 3L Holx R A B
E=RdAE FEAEYEFEDMT o183ty A4 T BFo] EAFHE AH4HS ¢
F3h= Adt 99 AAARTE £ 34 B3ty £AHHL Y3
AdzA02E Rn=10°, Fn=0.25.91 Fejolr §F3E Wigly 8399 4532 a4t
do9 mFe] e Stokes 24 Fo 2 JHAHRYL

2.5 Al A23
2.1 A4

FAE 32, HgHdolet JHA s g o 2= 339 Navier-Stokes$ 4]



(4. 113 929404, 21e AFesde
Pu dup _ 9P 1

9t Moy, T ex TRV W v

ou:

TE=0 (i=1,2,9) @
2252344y

FEARYE AH880] Navier-Stokes$ A4S ARART. Aol BaME ARy
2, 3ol B ARV AAEY YRALE, BUFE GHYSS FUREE o] L3l
AEBAT. EF AL AT SYEE Eol7) A3k ADI 42 oS HAT

2352 F A

AAFAE /&3 Aol A8 FAFAA) PPo 2+ Figlsh 2 0-HIEL Ay
oo ANGAL Fig2ol TASIIth £§ 7B AA (Non-staggered Grid System)& A
B3l £33 =AYl TLE FAYA UAEE HHY. Ao ALY ARt 2= ,
n Lo 2 247t TSolxeleln Ha HAAAL Zhzh 0.0090, 00008, 0.00122 Hch

23 AA=zA

231 A{$aza

AHredelX 43 BRZHE TAGE FPdM L3583 2A04. 33 53H 237
[4. 48 BFIATE dAG. oL A SN A5 e LEA zHdoe

TE FHAR, A2 2AHAA AR4A e HFHASE ojAR BAo ARE A
B4

oh _ vy 70k _ 1,0k
T W- Uax Vay 3)
R Free Surface
PFmeSurfaae=_F_};-—:2—f_ (4)
h: ZAFEHe o]
232 718} A=A

7Iet ZAZAEL & 19 A3 MEu

3.ANE & n@

31 AdzFe A&

AAFHE 3234 F5FE 437 Ao A4 B AXzAe) HZL 9F AVL
TA3AL. 59 Y522 Stokes?] 24 YPo] £ Ho T AR Ao Hix
g fUsigen old AAE By P FEYA 399 45 W3S 79 g
A4z vx, A3

A48 3¥& Fig3, Figdol Bolx 3100 Stokes 23t} o] A3 FAaA WA
& RoF3 Qo

Fig5= A/dd Stokes 22t Yol 2@ T3 2 HAF9 459 WS Choild]
A % AWAIA} vn, HEF Aod. AL HARALES AEPLAE BFsm
Choil8]9] Al Aast AAHogY AFHo2 F QA& USS FUATS YA

_.94\_



32 334 dHAFAY 57 4y

olg} e AME EYE AL Tt HFF L FF3= Wigley 48F99] 52
FAHo 2 HNIRAT. £ A I L AP0 Y& AFLFE FFe= 4¥F99
A E ()3} Case lojgt A &)3} Wave Steepness’t 0.02(0)8} Case 22+ X&), 0.03(0]
8} Case 3°12} AU A& d3idd. A AazAe F.2d AAstg.

Fig6& Case 1@ ZAAZA HZqMY B E 4FFAA vz Aol AL
I 498947 AAH, AFHoR F dAFn oy AdujdMe Burt AR
o ¥e olfe S AL A 2 Reynolds £7F A olA 2 Reynolds ¢£8¢° ¥ 27
o] Aitele 2 Mujojre] 4B o] FE3I] o]FAXA FU ZIdPgn & 5
1ot

Fig.72 Case 29} Case 39dl@ AAMEHNA S S Holil e Stokes 2x} 3}
ol A% DnE AP Aol aPAA & 5 SURo] Mu|REEL AY3E AA
< AMHO=Z Case 19] BHs} AAHoZ A v xS & & oy Hgo] A
FH9 AHF TS T UASET ¢ 5 den g JAgAFGAE gL n Y
£ & 4 A

Fig.8& Case 191A1e] ¢+=8 A3 Case 2, Case 3922l 4RAoA] HBej o7 g7 &
S AT 4H8FAS TAE Hold, Fig7dA 9 Axse} vpdrlxz dnjiiore]
YFPo] A& Uddiel AFFY of & FolE Bolxu AL ¢ &+ Utk

Fig9t HAAFLGHAMY u £ L8] FTEEHE Z4 b9 Casedl Wl EAIG
Aolth. o] o3 HAFAY FeFo] WIAF L B & Jon 53 Mooy
o] Waked] W3l FAAFTAE B2 93-S 2 AYL 428 5 A

Fig.102 247 9] Casedll M9 AFrEH] 4L 3adH o2 TAIF Hoj,

4.4 £

(1) PR HE o] 83 o TFo] Y= Audre] M= $5RZL A7)
AP £x ANzxAE AL ,

(2) o] gl FedAe HA o] e A FFFol 53 Moo
A 433  AelE HAFT USE A £ Aoy olRAo T Mute] FAAHF
A= 4FL & & UL 42T 4 AU

() BFol A A e 759 HA W YHEXE €& Aoyt UL @
47F AR ew oo wat Mute] AYFFAHNT Fgo] U YL A5E F AN

4 AA HIRE EF3H7] AN FAe HFo) I 2P opdy ojs B
&ateid 333 B2 FAPE AHE3ool dm2 B} G833 Adde £5lof ¥
8% Aol

6) B AFE 57759 U Adolnz GFEYL =39 B AAld 77t
< FEEAL HME £ A2 AHY "ot U

&I

[1] Hino, T., "Computation of Free Surface Flow Around an Advancing Ship by the
Navier-Stokes Equations”, 5th ICNSH, Hiroshima, Japan 1989.

[2] Kang, K.J, Park, Y.J. and Cho, K.J., "Study on the Differencing Scheme For

Convection Terms of the 2-Dimensional Navier-Stokes Equation”, Proc., SNAK Spring
‘Meeting 1991.

_95_



{3} Kang, K.J.,, “Numerical Simulations of the Flows around Ships in a Generalized
Coordinates System”, Ph.D. Thesis, Inha Univ., Xores, 1991

[4] Lee, S.-H. & Kang K.J, "A Numerical Computation of the Flow Field Around a
Series 60(Cb=0.8)", Proceedings, Korea-Japan Joint Workshop on Hydrodynamics in
Ship Design, 1991

[5] Thompson, J.f, Warsi, ZUA and Mastin, CW. "Numerical Grid Generation”,
North-Holland, 1985

{6] Ed, Larsson, L. Patel, V.C. & Dyne, G., "Ship Viscous Flow", Proc. 1990
SSPA-CTH-IIHR Workshop, FLOWTECH LAB, Sweden, 1991

{71 Kwag, SH, Mori, K. & Shin, M., "Numerical Computation of 3-D Free-Surface
Flows by N-3S Solver and Detection of Sub-breaking”, JSNA, Vol. 166, 1989

[8] Uh-Cheul Jeong,Yasuaki Doi & Kazu-hiro Mori, "Numerical Investigation on the
Turbulent and Vortical Flows beneath the Free Surface arounde Struts”, ONR, 1995

[9] Jung-Eun Choi, "Role of Free-Surface Boundary Condition and Nonlinearities in
Wave/Boundary~Layer and Wake Interaction”, Univ. of lowa, 1993

¥. 1 Various Boundary Condition of

Computational Fields

AY =4
S 2 v -
hret
AAEY Diric
KAz Dirichret
F9dEAAzd Symetric Condition
2343 Damping Zone

. 2 Computational Condition

Ay CASE 1 CASE2 CASE3
Amplitude 0.0 0.02 0.03
L 10
Fn 0.25
Rn 1.0+10° . . )
A & 5 w21 e 21 Fig. 2 Phisical Domain
TAAAIZE 7.0 (F2A4A128 0 L 21E)

....96_



2 i I —
- . [ [} ?
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Fig. 3 Generation of Stokes 2nd Waves

W CONTOURS

PRESSURE CONTOURS

Fig. 4 Various Contours of Stokes 2nd Waves

— -— ~—
— e —_— L —
™ — —— oy oy

I

L
——

§
!
§
I
[}
§
§
§
§
§
i
-4

]
I

L
i
i
-4

Fig. 5 Comparison of Free—-Surface & Wave
Interaction with Choi’s Calculation
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Fig. 6 Wave Profile of Case 1
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Fig. 8 Pressure Contours at Free-Surface
(Interval=0.01, Negative pressure=dot)
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