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ABSTRACT

The viscous effect of semi-submerged body fixing under the bow of the hybrid monohull makes it difficult to
calculate the hydrodynamics of the ship, and the characters of viscous flow field of the sections have great influence
on the form optimization of the hull aiming at the improvement of speedy and seakeeping performance. In this paper
the hydrodynamic coefficients of the hull were calculated by means of RANS method. The influence of different
turbulence models to the calculation results for hydrodynamic was discussed, and this result was compared with the
one calculated by means of source/dipole mixed-distribution method and analyzed. Furthermore, the characters of
viscous flow field of the sections for the different turbulence models was also discussed and the paper gave the
calculation method applicable to the hydrodynamic coefficients of the hull adding the semi-submerged body by
calculation. The research results were valuable to the optimization of hybrid monohulls.
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INTRODUCTION

The viscous flow field analysis of ships has giefitence on optimization of hull form and sailipgrformances of
ships especially hybrid monohulls with seme-submergod{? (see figure 1). The seme-submerged body can
product large viscous damping force to reduce kogignal motions of ships in waves. The viscous déarctoo large
to ignore it, so this makes it difficult to calctdathe force accurately if the potential methodised only. RANS
method is effective for viscous hydrodynamic cadtioin and flow field analysis. Therefore, in thiapger the
hydrodynamic coefficients of the hull was calcuthteth the viscous flow numerical calculation medrend strived
to improve the computational accuracy. In this papeertain hybrid monohull was used as the rebealpfect, of
which the parameters of main hull were as follotlis: length of designed water line of the ship im8&e breadth
of designed water line is 11m, the designed drfatth@® ship is 3.2m, and the displacement of thp ghabout 1220t.
And the parameters of the semi-submerged body ae®llows: the length of the body is 16.8m, theximaim
breadth of the body is 2.2m, the maximum thickrafsthe body is about 0.6m, and the total displacenoé the
body is about 30t.

The hydrodynamic coefficients of the hull were cddted with the 2-D method, and were compared wieh2-D
source/dipole mixed-distribution method based omemtial theor{’. The calculation result of hydrodynamic
coefficients revealed that, compared to the 2-&ipidl theory method, the 2-D RANS method can otfike affect
of the viscous effect of the semi-submerged bodgarably.
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Fig.1 : Sketch of the hybrid monohull installing semi-submer ged body

Experimental procedures

Calculation Model In this paper the RANS method was used for calmgahe hydrodynamic coefficients of the
hull with semi-submerged body, and currently thddilence model used most extensively in the engingevas
the two-equation mod&l®. In this paper the RN&-&model and SSK -wmodel were adopted for calculation.
Now we introduce briefly the two turbulence modelshe following:

(1)RNGk ~ € model:The standard RNK— £ model is the most basic two-equation model, whigans introducing

the equation on the turbulence kinetic enetggnd dissipation rate, The RNGK ~ € model is the modification of
the standardk —& model. In the RNG — £ model, the small scale motion can be removed syteatlly from the

controlling equation by means of the viscosity itefter the big scale motion and amendment to refleceffect on

the small scale motion. The RNG- £ model can simulate the high strain rate and thgetacurvature flow.

(2) SSTk —wmodel : The SSTk-w model was developed by Menter, so that tie- £ model could be used for
the outer drainage zone close to the wall withetkgectation of improving the application range anduracy of the
k—wmodel. The SSK—-w model is divided into BSL model and SST model, heSST model is the
modification of BSL model. The advantage of SST elois that it blends the advantage of the standard
k —wandk - £, in which, k-&model could be used for the area near the wallewkit- cwmodel can be used for
the area out of the boundary layer; and which éostthe amended turbulence viscosity formula antsiciers the
effect of turbulence shear stress. &S&Tw model can stimulate the magnitude of the separagioint and
separation zone caused by the pressure gradieetpnecisely.

Calculation of 2-D hydrodynamic coefficieatsThe viscous modification was conducted to the hgginamic
coefficients of each transverse section of the tith semi-submerged body at the bow in this paped the
unsteady force produced from the heaving motioreadh transverse section of the bow was calculasiugu
RNGk — & model and SSk-wmodel in calm water respectively. Then the aboveteady force was resolved to
obtain the added mass and damping coefficientafi @ansverse section of the H8w

(1)Calculation settingThe transverse sections of stations 0.5, 1, 2 aatd$e bow were chosen for calculating. The
heaving frequency of each section was selected%sl®, 1.1, 1.2, 1.3, 1.4, 1.6, and 2.0 rad/smEet the linear
assumption, the heaving motion amplitude of thestvarse section is selected as 0.02m.
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Fig.2: Calculation fluid zone and grids dividing of a section

(2)Calculation fluid zone: The breadth of the zoves selected as two times of the ship length ingfieand right
board in the width direction of the ship and asueetn 10 times of the ship draught under water atich@s above
the water at the vertical direction. The unstruetugrids were used for the whole zone, and thesgiiosed to the
hull were densed properly and bigger grids werel usehe area far from the hull and near the wdlimately, the
number of grids of each transverse section was d@miwl0 to 60 thousands. It was demonstrated tleagtia
number had less influence on the precision of #leutation result. The calculation fluid zone ahd grid dividing
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can be seen in figure 2.

Initialization settings: the discrete way of cabtidn fluid zone was the finite volume method, whadopted VOF
multiphase flow model. And the simulation of turbnte flow adopted the RNG- £ model and SSK—w model.
The heaving motion was simulated by means of dyaanegish technique.

(3)Calculation result analysisThe unsteady force from the heaving motion of g&ageitransverse section is shown
in Figure 3.
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Fig.3 : Theunsteady forcefrom the heaving motion of a certain transver se section

The computed unsteady force was transformed irgolae cosine curves by fitting the rules, which wesolved to
give the added mass; and damping coefficients°I%):

_ PYBA-F, sing, __F,cosg,
Aa)z /'133 AC() (1)

’

A33

Where, B is the width of waterline of transverse sectioAsis the heaving amplitudd;, is the heaving force
amplitude, andg is the initial phase.

(4)Flow field analysis In figure 4 to figure 7, the first figures and thecond figures are the dynamic pressure
distribution of RNG«k-¢ model and SSk-o model within the 2-D flow field of each transversections at the
certain moment after 15 seconds heaving motioheatircular frequencw=1rad/s.

From figure 4 to figure 7 we can see the serio@sgure grads near the semi-submerged body andethdicfuid
surface near the hull. It indicates that the floeidfis turbulent.

Fig4 : Dynamic pressuredistribution of station 0.5
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Fig.5 : Dynamic pressuredistribution of station 1

Fig.6 : Dynamic pressuredistribution of station 2
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Fig.7: Dynamic pressuredistribution of station 3
RESULTSAND DISCUSSION

Analysis of 2-D hydrodynamic coefficients calcuteti results: After fitting the unsteady force andvsw by
formula (1), the added mass and damping coeffi@éptich section was calculated like figure 8 tcstiéw.

It can be seen from figure 8 tol5 that for the isecof the 0.5 station and 1 station, whateves ithe RNGx-¢
model or SSTk-w model, the calculation results were greater ttenréesult calculated by means of the potential
method. Analyze combined with the dynamic pressiistribution of the transverse section revealed tifwa reason
was that the profile curvature of the joint linetie connecting part of the semi submerged bodggdt very great;
while the transverse section made heaving motilandisturbance to the fore flow field of this kiofiship type was
greater than that of the conventional one, andvidréation of the flow field was complex and disam and
generated much viscous vortex. The calculated dagrfprce by means of the method based on the paltéméory
was mainly the wave making damping, while the resfilthe RANS method contained the wave damping and
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viscous damping, so the hydrodynamic coefficiemtiewdated with the turbulence model must be difieref the
results calculated with potential method.
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In the transverse section at station 2 to 3, thalt® calculated by means of the RM@&model were less than those
calculated with potential theory, and it was deni@ted that the RN/Ge model can't fully reflect the viscous
effect of the semi-submerged body, so that theutation results were unreasonable. After analysesthought that
it was because the calculation condition of emairformula near to the wall in the selected Ri&model adapted
to the turbulence flow with high Reynolds numbemil& in the flow field in which the lines is compdnle smooth,
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the fluid had less disturbance, the inner lamimaw fzone of the wall boundary layer was thickee flow was
relatively stable, therefore in the area near th# @f the hull, RNGe-¢ model can't reflect the variety of flow field.

Compared to the calculation result of the dampiogfficient, both results of added mass got by tuidbdlence
model were close to the results of potential thewtyile the calculation value got by the S&®% model was greater.
Meanwhile, during the calculation process we fotimat the calculation time of the S&&% model was 1.5 times
longer than that of the RNfGe model when calculating the same 2-D sample.
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Fig.14: Added mass of station 3 Fig.15 :Damping coefficients of station 3
CONCLUSION

Through the above research, we can get the follpwinclusions:

(1) From the viscous flow field analysis the vissalamping is obvious because of the presence afsémerged

body, which produced obvious eddy flows and madetbundary layer thicker. Besides, the RANS methpd

means of two turbulence models including the RMG e and the SSK-wmodel can calculate viscosity
hydrodynamic and reflect the effect of semi-subredrigody well.

(2) By analyzing the calculating results of two kindswrbulence models and the comparison of the tesiil2D
potential method revealed that the S&Fw» model is better than the RN®&—& model for hybrid monohull
hydrodynamic calculation and can reflect the visceffect of the semi-submerged body better, bueffieiency is
relatively lower.
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