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Numerical simulation method of viscous flow field
of planing craft with free—surface at high speed

XIANG Guo', OU Yong—peng', CHEN Jun—jie', WU Hao®
(1. Department of Naval Architecture, Naval University of Engineering, Wuhan 430033, China; 2. School of Naval
Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology, Wuhan 430033, China)

Abstract: For a high—speed planing craft, remarkable variation of the sailing state may cause abnormal distri-
bution of air—water on the bottom for numerical calculation. In order to match the mesh layout and free—sur-
face, a numerical wave tank based on Reynolds—averaged Navier—Stokes (RANS) method was established
with dynamic mesh and manual six degrees of freedom (6—DOF) motion model. The high—resolution interface
capturing with volume—of—fluid model (HRIC-VOF) scheme was applied to calculate the bottom’ s water—air
distribution on the ship model. The influences of angle factor, sharpening factor, Courant number’ s upper
bound, Courant number’s lower bound and time step on the calculation results of water—air distribution and
total resistance were explored. The comparison of calculation and experimental results indicates that the cur-
rent method is feasible for high—speed crafts’ resistance forecast and for capture of free—surface. The relative
error is less than 4.5% for ship model’s velocity at 2—13 m/s when F,=0.96-5.78.
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Fig.10 Influence of the angle factor on model bottom’s water—air distribution
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Fig.11 Influence of the sharpening factor on model bottom’s water—air distribution
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Fig.12 Influence of Cyy; on model bottom’s water—air distribution
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Fig.13 Influence of the Courant number’s lower bound on model bottom s water—air distribution

M 13 0] LU Y« BT S I, BE e 1 b i -k S R KRR AR, 24 R FHE R €=

LS I, SRR -/ R BB I 5 BT RIEX B R
RSy T REWIECT SHE AR BB Tab.5 Influence of the courant number’s lower

AR, WRPATLIE . 22 bound on resistance

BN FUE I KON S, B A R 5l PR R T C 05 5 0 15

SER A 22 I\ 17.12% 8/ 5 3.63% , K5 R FBH ) RN 13050 15173 15217  152.23

TEHE = . S5ik®mm2E -17.12%  -3.63% -336% -3.31%

5 HEFEEESH

ML B4 Hra] A1, HRIC-VOF RS RS () £ BE R T B Ak R 7 28 B AR B SR 6 i 26 T 1 < - AH 43
AW, o AR RS- K S5 IR BRI AS K, B A DR 48 K T di s i B 4, 5 < -

SHAR SRR S PE R R T e —
14 é/ﬁ};':lj T*ﬁﬂﬁg Vm=8 m/s HTJ‘E%EJ: i 7 - 0‘1 152 3 45 81015

Y E R S 1 . NIRRT LR Y oA TR
AT L B 2 A RS LR 0.5~3.5. Y ERIALC T 5t
(B b AR 3.5 CANER(E R 5, 255 A 0(3)
AN, I ORI FE T AR R TR O TS 14 B V, =8 s I T L0 44 1
EAFI6 TE B 77 3 2 4% AH R A R0 55, 7] s -, Fig.14 Local Courant number distributed on the model’s

HIVHEATEE T B RN Kk S B bottom at V.= m/s
FEl 15 45ty T AR 45K XA - WOHR 43 3608 BT €, =0.5, Coo= 1. R 6431l TR
LR L — WA HL
.1 02 03 04 05 06 07 08 09 085 01 02 03 04 05 06 07 08 0.9’_‘0;93:
25 RN

06 O .
503 30,358 =05
e ._; mxil%gxm. -

S-KIEA

(a) HAIAK=0.001 s (b) A2 £:=0.0008 s



557391 ) A mAUE T A b AT R R - 1037

Higire g | RO 43 LI .

01 02 03 04 05 06 07 08 09 095 01 02 03 04 05 06 07 08 08 095

=
ESaa

E0.0R0 /RS U 5F 108028 0.7 80 15 P

0.5

Ko R-KRE K
(c) A A 254:=0.0005 s (d) WHEHK:=0.0001 s
[£1 15 B[R] 25K P 3 T S~ YR AH 5347 1 52
Fig.15 Influence of the time step on model bottom’s water—air distribution
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Tab.6 Influence of the time step on resistance

EESNE FHE VP2 BT R/N A% %=
1.0x107 0.5~3.5 130.50 -17.12%
0.8x10° 0.4~2.8 145.46 ~7.62%
0.5x10°? 0.2~1.7 149.80 -4.86%
0.1x10°? 0.1~0.5 151.64 -3.69%
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Fig.17 Air-water distribution on model’s bottom under high speed



1038 WA 712 528 B TH

(a) V,=8 m/s (b) V,=10 m/s
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Fig.18 Comparison of calculation and experiment images for ship ’s wave making
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