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Numerical simulation of hydrodynamics of a model high-speed planning hull
with two degrees of freedom
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present research, hydrodynamical and aerodynamical characteristics of a high-speed planning
Received 07 December 2016 hull are studied using computational fluid dynamics. Simulations are three-dimensional, considering a
Accepted 13 January 2016 two-phase turbulent flow. To obtain sinkage and trim of the hull, two degrees of freedom is assumed for

Available Online 13 February 2017 it. Rigid body dynamic equations and governing equations of the fluid are coupled using 6DOF solver

and dynamic mesh technique. Based on the available experimental results, simulations of the aimed

ﬁfgf‘s’gggd hul high speed hull are performed in the linear velocity range of 0.9-8.31 m/s. Comparing the present
two-phase flow numerical results with the experimental data shows that maximum average error for resistance, trim and
degree of freedom sinkage in different velocities does not exceed 10%. This shows the accuracy and proficiency of the
step current model. Mesh independency of solutions is studied for all velocities and the results are reported

based on the most suitable mesh. At the end, the effect of applying steps on reducing the drag and
improving stability of the hull is investigated for several states in one and two steps. Finally, the most
optimized state is introduced and related results are given. Results show that applying steps to the
mentioned high speed hull reduces the overall resistance by 11%.
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Table 1 Constant coefficients in turbulence equations [16]

0, = 0.85 02 = 1.0
0,1 =05 0,2 = 0.856
B, = 0.075 B, = 0.0828
a, = 0.55 a, = 0.44
a, =0.31 B* =0.09

® pressure inlet
® pressure outlet
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*VOF (Volume Of Fluid)
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Fig. 2 Dimensions of computational domain and boundary conditions
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Fig. 4 A view of the domain mesh
Jo Ol il olai 4 U5

e 3l o Pl 3 Jga
Table 3 mesh independency of solutions
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V =8.310 m/s

V =6.800 m/s

Fig. 8 Depth of created wake profile at the rear of the high speed hull
in at different velocities

cilizee (glacie ju ;0 5,00 j3lid Coty oads sl Sog by Gee 8 JS

B b s 5l G s ebans e oo il b 29 e odaline un
29558 Sax ey el 4 e ol ) &S Wboo SR 2y
Sl ol 50 050 S5l Sl 4 sy 5 yslid Sy al381 A

255 o B T3 gy 5o 5l lisl cond

aly glyls yobul -2-3
5 ogld Gl 2 odl go8 Blol b )y 4 Cend ol 2

G ey shel Bus 0gd e aBly ol (Selusg ae sleaasin
Ol 4 & Cesl Gls I 35068 e s 5 Sasm s slai
Al ge Holid 003l ialidl s 1o 9 Sy rals

s g awain 5l lize Sl wiz 5Lt p al 3b )p
Slasin 4 Jooz Cwl ool 43§ Jlai o jolid dwdie 4 4z g5 b aaly
22 kol l Cils l gles pizmen e 0 Gl | Il )l
el 0 ol ioles 11 S5

Sl o ey e o P s gz 8 Sl S5 03
o 83 M/s Cop 33 5, B ey Sl e ol ez oy 9590
Db ol e a5 0ol s 4y e 31 sloslasl b asas

@ s St ey Jlael 51 dar sl 5l gy S
g islyS alio sl Las loy cenz 2 Cuegliie ke 5 (2 5 520 )
o Sz Sl Cglia 5 w5 gl EeSion Slyess o loges 13
(Ol Ol jlasl S 3g92) Jo 5l (patuiin oy S 5l o ilize
Wlose] 14 112 sl S 40 i i &

(2l ol 5l 5SS sagute jo Ll o Ol s el anlis
aly e Holid 4 Cani 3l g 1 adl> slalugs 45 95 o0 cunlie

2 oplaibs 17 095 1396 iums)l (e Suille Swiise

5.00
100 |
3.00 |
£
e
B o200 |
—&A— KRISO- Full Load
Loo f —O— HEMI- Full Load
— Present study
0.00 L L
1.00 3.00 7.00 9.00

5.00
V(m's)
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Fig. 10 Wet surface of the planning hull at different velocities
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Fig. 9 Wake profile around the high speed hull at different velocities
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