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Summary

It is meaningful to study the wave-resistance reduction of an asymmetric catamaran
because of interference effects between the two sets of ship-generated waves. The influence
of lateral separation and longitudinal stagger on the resistance and the wave interference are
analyzed within this paper. Numerical calculations of resistance, sinkage and trim of the
asymmetric catamaran are carried out for several Froude number ranging from 0.24 to 0.48,
for six different lateral separations and four longitudinal staggers. Verification of numerical
results is provided. The model tests are then carried out for three stagger distances to validate
the numerical results. Results of this study indicate that the wave-resistance can be effectively
reduced by certain hull layouts at different Froude numbers.
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1. Introduction

With the advent of the world's first asymmetric platform, a twin-hull private yacht
"Asean Lady", the asymmetric catamaran has gradually attracted the attention of the public.
Asymmetric catamarans usually consist of two hulls of different sizes and displacement,
which can be propelled by pump jet, POD propeller and other vector propulsion methods
because of yawing moment caused by asymmetric hull form. Asymmetric catamaran is not as
prone to form a "spiral” swaying motion in waves like conventional catamaran, therefore its
seakeeping is much better than conventional catamaran and has a good development prospect
(Zhang et al., 2009[1]). In addition, the asymmetric catamaran not only has the advantages of
spacious deck and good stability, but also has good resistance performance, which is not only
due to its slender main hull, but also the favourable wave-making interference.

It should be noted that there are two forms of asymmetric catamaran generally.
Typically, the asymmetric catamaran is consisted of two demi-hulls, which actually is a
symmetrical form as a whole, such as those investigated by Mortaza et al. (2016)[2],
Hajiabadi et al. (2017)[3], Yaakob et al. (2012)[4], Ikezoea et al. (2012)[5] and Kim et al.
(2012)[6]. However, two different-size hulls with certain longitudinal and lateral distances
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from each other (termed as “stagger” and “‘separation”) constitute an asymmetric catamaran
has been rarely addressed. Li et al. (2013)[7] applied a time-domain panel method based on
Green's theorem to solve the wave making problem of asymmetric catamaran, the wave
making resistance of the asymmetric catamaran with different layouts was calculated, the
analysis of interference effects varying with Froude number was also performed. Following
that, Li et al. (2013)[8] utilized the hybrid genetic algorithm to optimize the configuration
(transverse and longitudinal location of side hull) with minimum wave resistance. It was
concluded that the favourable wave-making interference could be obtained by changing the
relative position of side hull, in order to reduce resistance and improve speed. Yu et al.
(2017)[9] studied the far-field wave interference and the resulting wave-resistance reduction
of an asymmetric di-hull system, consisting of distinct Series 60 hull models with various hull
configuration (various staggers and separations) by means of thin-ship computation and
experiment. Obtained results showed that a considerable amount of wave-resistance reduction
was indeed possible of the investigated hull configuration. However, beyond the far-field
interference of the waves, near-field interactions of the two hulls were found to have non-
negligible influence on the total resistance performance of the di-hull system.

Although there is little literal research on the asymmetric catamarans, a large number of
theoretical, experimental and numerical studies were performed on catamaran and trimaran,
which have some similar characteristics with asymmetric catamarans. Many of these works
were focused on the analysis of wave interference or configuration optimization. Insel and
Molland (1992)[10] summarised an experimental and theoretical investigation into the
interference effects on both wave resistance and viscous resistance for high speed
displacement catamarans. Broglia et al. (2011)[11] carried out numerical simulations of
viscous flow around catamaran and monohull models, which were fixed at the dynamic
positions taken from the experiments. It was shown that dependence between interference
effects and Re (Reynolds number) is weak. In order to study dependence between interference
effects and separation, Zaghi et al. (2011)[12] performed extensive experiments and
numerical simulations. Their investigations indicated that interference, as well as maximum
resistance coefficient, is higher for catamaran configurations with smaller separation. The
maximum value for interference increase and occurs at higher speeds as the separation
decreases. Broglia et al. (2014)[13] also carried out experimental investigations for a high-
speed catamaran. Results showed that the interference effects were more significant for
narrower catamaran configurations and at intermediate values of Fn. At larger hull spacing,
the effect is attenuated and occurs at smaller Fn. Authors also found that interference effects
were strongly connected with sinkage and trim of the catamaran. Farkas et al. (2017)[14]
investigated the influence of Fn and separations on both viscous interference and wave
interference utilizing CFD. Since the viscous interference factor was found to be dependent
on the separation within their studies, they claimed that viscous CFD methods should be used
for interference investigation, rather than potential CFD methods. He et al. (2015)[15]
demonstrated the applicability of URANS (Unsteady Reynolds Averaged Navier-Stokes)
solver for the catamaran interference problems including the effects of sinkage and trim. They
concluded that the main cause of the deviations in resistance, sinkage and trim using URANS
solver was caused by the grid quality, but these numerical errors were found acceptable.

Besides catamaran, trimaran is also a mature ship type which has been widely studied
and applied. The characteristics of resistance and roll motion of trimaran with variable layouts
(different longitudinal and transverse position of side hull) were studied by means of both
experiment and theoretical approaches in Cai et al. (2007)[16] and Wang et al. (2007)[17],
where authors concluded that the aft longitudinal location of the side hull was better for high
Fn trimaran, while the middle longitudinal location was better for small Fn. Moreover, the
transverse position of the side hull should be optimized to provide enough stability for the

92



Numerical and Experimental Study on Resistance Hu Jingfeng, Zhang Yihan,
of Asymmetric Catamaran with Different Layouts Wang Ping, Qin Fei

trimaran meanwhile the ship natural period should avoid the wave period. As was found by
Mizine et al. (2009)[18], the hydrodynamic research and model testing of the large Trimaran
Ship-Heavy Air Lift Ship (HALSS) showed a large change in resistance (70%) due to a
moderate (15% from length of main hull) shift in the longitudinal side hull position, then
several CFD calculations and tests were performed to analyse the influence of transverse and
longitudinal location of side hull.

Nowadays, RANS based CFD methods were applied with success for the free surface
simulations around ship, and widely used for optimization of the hull form. Duy et al.
(2017)[19] used CFD for the optimal design for a stern shape of a hull. Muscari et al.
(2017)[20] investigated hull-propeller-rudder interactions phenomena for twin-screw ships.
Ozdemir et al. (2016)[21], Ozdemir et al. (2018)[22] and Farkas et al. (2017)[23] have
investigated the free surface flow and total drag around ship hulls.

The resistance and the interference effect of asymmetric catamarans have not been fully
studied. Moreover, many of the CFD simulations on the resistance of catamaran and trimaran
vessels were performed for fixed models, or at the trim and sinkage taken from the
experimental measurements (such as Broglia et al., 2011[11]; Zaghi et al. 2010[12]; Farkas et
al. 2017[14] and Mizine et al. 2009[18]). As was concluded by Wang et al. (2011)[24], the
precision of the trimaran wave resistance calculation was further improved by considering the
trim and sinking, especially at high speeds. In this paper, the numerical simulations which
consider sinkage and trim are carried out by using the commercial software package Star-
CCM+. This work is focused on the analysis of the resistance characteristics and wave
interference of an asymmetric catamaran with varying the transverse and longitudinal
locations of side hull. In order to gain a better insight into the interference phenomena and the
flow field around the asymmetric catamaran, the analysis, in terms of wave patterns, wave
cuts at two values of Froude number (Fn = 0.29, 0.40) is performed. Moreover, the
experiments are carried out for three longitudinal distances at the Model towing tank of
Harbin Engineering University. Numerical results of resistance, trim and sinkage are
compared to the experimental measurements. The research results of this paper can provide
some useful reference for the design of asymmetric catamarans.

2. Geometry

The research object of this paper is a 2500 tons rescue vessel in design stage, of which
the main dimensions and particulars in the model scale are given in Table 1. The hull lines of
the asymmetric catamaran are shown in Fig. 1.

Table 1 The main dimensions and particulars of the asymmetric catamaran model

Parameters items | Main hull parameters |Side hull parameters Unit
Waterline length Lm 3 Ls 1.429 m
Draft dm 0.120 ds 0.074 m
Waterline width Bm 0.286 Bs 0.071 m
Displacement Am 47.158 As 3.475 kg
Wetted surface Sm 0.990 Ss 0.210 m?
Block coefficient Cem 0.445 Css 0.445
Scale ratio 36.5 36.5
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Fig. 1 The hull lines of the asymmetric catamaran

The relative centerline distance between the main and side hull is defined as CL, the
relative stagger distance between the main and side hull is defined as ST.

C

CL = = (1)
s

ST = ™ )

Where: C is the centerline distance between the main and side hull, S is the stagger
distance between the main and side hull, the geometric arrangement of the asymmetric
catamaran is shown in Fig. 2. The different layouts studied in this paper are shown in the
Table 2 and Table 3, which are six different lateral separation layouts and four different
longitudinal stagger layouts.

Fig. 2 The geometric arrangement of asymmetric catamaran

Table 2 Different lateral separation layouts of the asymmetric catamaran

Scheme code S1C1 | S1C2 | S1C3 | S1C4 | S1C5 | S1C6
CL 0.8 1.0 1.2 14 1.76 2.0
ST 0 0 0 0 0 0
Table 3 Different longitudinal stagger layouts of the asymmetric catamaran
Scheme code S1C5 S2C5 S3C5 S4C5
CL 1.76 1.76 1.76 1.76
ST 0 0.062 0.162 0.25
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3. Numerical calculation method

3.1  Numerical setup

Overset mesh is adopted in this work, which is much useful in dealing with large
motions of high-speed ship (ZHAO et al., 2011[25]). Thus the calculation domain is divided
into an overlap domain and a background domain, as shown in Fig. 3. The boundary
conditions of the background domain and the domain dimension are shown in Table 4. The
overlap domain is a rectangular enclosing the hull, its length, width and height are 3.2 Lm,
3.5Bm and 5dm, respectively. Therefore, the asymmetric catamaran for the largest separation
ratios can also be enclosed. The grid near the free surface and the hull are refined gradually,
and the area encapsulating Kelvin wave is also refined. The grid around the hull is shown in
Fig. 4.

The DFBI (Dynamic Fluid Body Interaction) model is used to simulates the motion of
the ship according to the forces acting on it induced by the flow. For this simulation, 2
degrees of freedom to account for sinkage and trim is allowed. The VOF model is applied to
trace the location and evolution of free surface. And the VOF wave damping is applied to
inlet, outlet and side boundary. Within STAR-CCM+, this wave damping approach is
implemented refer to Choi and Yoon (2009)[26].

The implicit unsteady solver is chosen for the unsteady calculations. A cell based FVM
is used for discretization of the governing equations. Convection terms in RANSE are
discretized with a second order upwind scheme, while temporal is discretized with first order
upwind scheme. The discretized formulations are solved by using a Rhie-and-Chow-type
pressure-velocity coupling combined with a SIMPLE algorithm. The simulations are stopped
when the values of total resistance became steady, i.e. when the oscillation amplitude near the
converged value of total resistance fell below 0.5%.

Table 4 Boundary condition and dimension

Boundary Condition Domain dimension
Inlet Velocity inlet condition | 1.5Ln from the bow
Qutlet Pressure outlet 3Lm from the stern

Top Velocity inlet condition | 1.5L, from the waterline
Bottom | Velocity inlet condition | 2L, from the waterline

2Lm from the longitudinal section of the
main hull

Side Velocity inlet condition
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Fig. 3 Boundaries representation for overlap and background regions

Fig. 4 Mesh visualization around the hull

In this paper, the k—-¢ turbulence model is adopted in the numerical calculations, which
is only valid for fully developed turbulent core regions. Thus the standard wall function
method is used to solve the flow in the near wall region. The wall function is a hybrid
approach, as indicated by Mancini et al. (2018)[27], that attempts to emulate the high y+ wall
treatment for coarse meshes (for y+ > 30), and the low y+ wall treatment for fine meshes (for
y+=1). This approach is formulated to assure reasonable answers for meshes of intermediate
resolution considered as the best compromise between the describing of the boundary layer
with acceptable quality and the time required for the simulation. According to the ITTC-
Recommended Procedures and Guidelines (2014)[28], 30 < y+<100 is recommended for
standard wall functions, where y+ is calculated by the following equations (3) and (4). In
addition, as reported by DENG et al. (2013) [29], the resistances of a monohull calculated
with four sets of grids with y+ of 11.5, 60, 120, and 200 respectively, using the k-e&
turbulence model, were almost the same.

_ YL,
Re,/C, /2

y (3)

_ 0075 4
" (log,(Re)-2)*

96



Numerical and Experimental Study on Resistance Hu Jingfeng, Zhang Yihan,
of Asymmetric Catamaran with Different Layouts Wang Ping, Qin Fei

Where: y+ is the dimensionless coefficient of the first layer of grid height; y is the
height of the first layer of the boundary layer; Lw is the waterline length; Re is the Reynolds
number; Cs is the frictional resistance coefficient.

In this paper, the height of the first layer grid is estimated for Fn value of 0.4 and y+
value of 60. Then a 5-layer prism layer grid is divided by a grid growth ratio of 1.2. Fig. 5 and
Fig. 6 show the y+ values of the hull surface at the minimum ship velocity (Fn = 0.24) and
the maximum ship velocity (Fn = 0.48), respectively. It can be seen that the y+ value
distribution is basically within a reasonable range.

(R ~ T e——
: = v

Wall Y+
0.63997 i{.&sl 29.062 43.273 57.484 71.695

Fig. 5 Wall y+ visualization on the ship hull at Fn = 0.24

Wall Y+
1.2155 34.533 67.850 101.17 134.48 167.80

Fig. 6 Wall y+ visualization on the ship hull at Fn = 0.48

3.2 Convergence study

Convergence study has been carried out according to ITTC procedure (ITTC, 2002[T)
for time step and mesh size. Changes between medium-fine ek121=§k12—§k11 and coarse-

medium gm:gm_ék’z solutions are used to define the convergence ratio and to determine
convergence condition. The convergence ratio is defined as follows:

_&a
. Sk 3 ®)

where SAkVl , S"ky2 and SAkY3 correspond to solutions with fine, medium, and coarse input
parameter, respectively. Three convergence conditions are possible:

(i) Monotonic convergence: 0 <Rx <1

(ii) Oscillatory convergence: Rk <0 (6)

(iii) Divergence: Rk > 1

For monotonic convergence condition, generalized Richardson extrapolation (RE) is
used to estimate uncertainties Ux and errors dz . RE error is computed according to:

P S (7)

-1
where ry stands for uniform refinement ratio. Py isthe order of accuracy calculated with

following equation:

R= In(gk,sz/gk,ﬂ)
In(r,)

(8)
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The uncertainty for monotonic convergence is calculated according to safety factor
method as follow:

FS |5RE|

U, =
LS.

9)

where FS is the safety factor and is recommended to be equal to 1.25. (Farkas et al.,
(2017) [14]; ITTC, 2002[30]; Yengejeh et al., 2016[31])

The verification procedure is performed for the configuration S1C5 for Fn = 0.4. Firstly,
verification for time step is made using medium mesh. Three time steps are chosen with the
ratio of 2, namely 0.04 s, 0.02 s and 0.01 s. The obtained results are shown in Table 5. The
convergence study for mesh size is carried out for medium time step 0.02 s. Three grid cases,
i.e. coarse mesh of around 0.72 million cells, medium mesh of around 1.43 million cells, and
fine mesh of around 2.71 million cells, are obtained with refinement ratio equal to 2, while
the boundary layer grid size keeps unchanged. The obtained results are show in Table 6.

In general, very low uncertainties are estimated for resistance and sinkage, while the
obtained uncertainty for trim are larger. The medium time step (0.02 s) and medium mesh
(1.43 million cells) can be a good compromise between accuracy and computational time,
thus they were utilized in the numerical calculations.

Table 5 Verification of time step for S1C5 for Fn = 0.4 (R; is the total resistance, Si is the sinkage)

A

ltems ék,s Sz ék,l 2% 2% Rk Pk Ore U, %

Re(N) | 14.632 | 14.668 | 14.697 | -0.029 | -0.036 | 0.806 | 0.624 | -0.054 | 0.456

Si(mm) | -6.708 | -6.859 | -6.950 | 0.091 | 0.151 | 0.603 | 1.461 | 0.052 | 0.933

Trim(°) | -0.085 | -0.096 | -0.102 | 0.006 | 0.011 | 0.545 | 1.749 | 0.003 | 3.114

Table 6 Verification of mesh size for S1C5 for Fn = 0.4

Items SAk‘S SAk,z ék,l % % Rk Pk Ore Uy, %

Re(N) | 14.817 | 14.668 | 14.666 | 0.002 | 0.149 | 0.013 | 12.438 | 0.00003 | 0.0002

Si(mm) | -7.001 | -6.859 | -6.795 | -0.064 | -0.142 | 0.451 | 2.299 | -0.053 | 0.966

Trim(°) | -0.108 | -0.096 | -0.089 | -0.007 | -0.012 | 0.583 | 1.555 | -0.010 | 13.76

4. Resistance characteristics

4.1.  Analysis of numerical results of different lateral layouts

This section is devoted to the study of the lateral location of side hull at the stagger
distance of 0. Numerical simulations are carried out for two Froud numbers (Fn = 0.29 and Fn
= 0.4), for six separation ratios (CL). The simulation results of total resistance are shown in
the Table 6, and comparison of total resistance vary with different CL is plotted in Fig. 7.

Table 6 Resistance of different lateral separation layouts (Unit: N)

Fn S1C1 | S1C2 | S1C3 | S1C4 | S1C5 | S1C6
0.29 775 | 7.73 | 7.76 | 7.96 | 7.99 | 8.00
0.4 1529 | 15.15 | 14.73 | 14.43 | 14.67 | 14.5
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B ~7=0.29

R, (N)

Fig. 7 Comparison of resistance between different lateral layouts

The obtained results show that the resistance change is very small at Fn = 0.29, less
than 0.5%. At Fn=0.4, and separation distance is less than 1.4 Bm, increasing lateral separation
has a certain effect on reducing resistance, and maximum reduction is about 5%. While
changing separation distance has little effect on resistance when the separation distance is
greater than 1.4 Bn.

4.2.  Analysis of numerical results of different longitudinal layouts

In this section, the asymmetric catamaran is investigated with a special focus on the
influence of the longitudinal location of the side hulls. Four configurations (namely S1C5,
S2C5, S3C5 and S4C5, which are listed in Table 3) are obtained by changing the longitudinal
position of the side hull and keeping the separation distance of 1.76 Bn unchanged.

Comparing CFD friction resistance with the estimated friction resistance estimated by
1957 ITTC formula (4), the results are reported in Fig. 8. It can be observed that the change of
spacing has little effect on friction resistance, and the CFD values are basically consistent the
estimated values. The slight difference of the frictional resistance shows the viscous
interference of main and side hulls. The viscous interference is mainly caused by occurrence
of the cross flow and the changing of wetted surface (Farkas et al., 2017[14]).
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144 ——1957ITTC
| —S1C5

124 —— S2C5
| ——S3C5

V (m/s)

Fig. 8 Comparing CFD friction resistance with the estimated friction resistance

The frictional resistance coefficients of the side hull and the main hull are calculated
according to the formula (4). The total frictional resistance is calculated as follows:

RfICmeSmX%pVZ-i-CfSXSSX%,OVZ (10)

Where: C..is friction resistance coefficient of main hull, Cyis friction coefficient of
side hull, S, is wet surface area of main hull, Ssis wet surface area of side hull, 2 is the
density of water, V is the ship velocity.

In Fig. 9, the total resistance coefficient, residual resistance coefficient, sinkage and
trim versus Froude number are shown for four configurations of difference stagger distances.
The sinkage value in the figure refers to the vertical change of the ship's gravity center
relative to the geodetic coordinate system, of which upward is positive. And when the trim is
positive means the hull bow down. The total resistance coefficient and residual resistance
coefficient are calculated with the following equations:

C, = i (11)

%p\ﬁ(sm +s,)

L (12)
E,OVZ (Sm + Ss)

Where: Rt is the total resistance, Rt is the residual resistance.

From Fig. 9, it can be seen that the total resistance coefficient and residual drag
coefficient show almost the same rule. At low speed (Fn=0.24~0.35), the value of resistance
increases as the decrease of stagger distance (SL), and the drag increases by less than 5%.
While at higher speed (Fn=0.35~0.48), the shorter the stagger distance, the smaller are the
drag, sinkage and trim. The maximum drag reduction, at Fn = 0.43, of layout S1C5 can reach
14% compared with that of layout S4C5.
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Fig. 9 CFD results vary with Froude number for different longitudinal layouts

In addition, it also can be seen from Fig. 9 that the resistance discrepancy between
different staggering layouts is mainly due to the wave-making resistance. The wave-making
resistance is proportional to the square sum of wave height and wave width. Therefore, when
the wave-making height increases, the wave-making resistance will increase sharply. The
wave length of transverse wave is about half of the main hull’s Waterline length at Fn = 0.29,
while it is approximately equal to the main hull’s Waterline length at Fn = 0.4. As shown in
Fig. 9, the resistance variation trend changing with the stagger distance is completely opposite
at these two speeds. In order to gain a better insight into the interference phenomena, wave
patterns and wave cuts are analyzed for these two speeds.

The position where three wave cuts are taken is shown in Fig. 10; the wave cut 1 is
taken at the longitudinal axis of the main hull; the wave cut 2 is taken at a distance of Y2 = -
0.3058 m from the longitudinal axis of the main hull, at the middle position of the inner
region; the wave cut 3 is taken at the longitudinal axis of the side hull.
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WAVE CUT 1

WAVE CUT 2 Y2=-03058m

Y 3=-0.504m

WAVE CUT 3

X1=0 X2=S X3=S+1.429m X4=3m

+B,/2, Y3=C)

. - -(B, +B,)/2
Fig. 10 Positions of wave cuts (Where, Y2 = W%)/)

Fig. 11 Contours of wave pattern for different longitudinal layouts for Fn = 0.29
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Fig. 12 Wave-cut profiles for different longitudinal layouts for Fn = 0.29

The contours of wave pattern and wave-cut profiles at Fn = 0.29 are shown in Fig.11
and Fig.12, respectively. It can be seen that, at Fn = 0.29, the bow of the side hull is located in

the wave trough behind the mai

n hull for the layout S2C5 and S3C5, which is beneficial to

reducing the bow wave amplitude of side hull. Moreover, the forward placing of the side hull
can effectively reduce the stern wave-making. Consequently, the residual resistance is

reduced.

Fig. 13 Contours of wave pattern for different longitudinal layouts for Fn = 0.4
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Fig. 14 Wave-cut profiles for different longitudinal layouts for Fn = 0.4

The contours of wave pattern and wave-cut profiles at Fn = 0.40 are shown in Fig. 13
and Fig. 14, respectively. It can be seen that the wave-making amplitude near the inner side is
obviously larger than that on the outer side of the side hull at Fn = 0.4. As the side hull being
placed forward, a strong wave interaction between main and side hulls occurring. Particularly,
one can notice a deep trough near the inner side of the side hull, also the stern wave height of
the main hull increased, which may explain the higher residual resistance of S3C5 and S4C5.
Moreover, when the side hull is near the middle of the main hull such as the layout S4C5, the
adverse wave-making interference intensifies, and the inner part of the side hull forms
obvious vortices, which will cause a significant increase in the resistance. While when the
side hull is relatively backward, the bow of side hull is located in the trough of the wave-
making of main hull, which is beneficial to reducing the wave-making resistance of the side
hull.

4.3.  Experimental validation

The experiments reported here have been carried out at the Model towing tank of
Harbin Engineering University, which is a 108 m long, 7 m wide and 3.5 m deep facility, as
shown in the Fig. 16. As reported by ZHOU et al. (2006)[32], repeatability tests (Fn = 0.147,
0.220, 0.300) have been carried out on a 3m FRP ship model in this tank. The uncertainty for
total resistance is respectively equal to 1.451%, 0.675%, 0.295%.

Attitude and resistance tests have been performed with the asymmetric catamaran
models attached to the carriage of the tank in such a way that the models were free to heave
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and pitch while yaw was not permitted. In order to achieve the turbulent flow, the main hull
of the model was equipped with turbulence stimulators. The tests have been conducted at
seven values of Froude number (Fn = 0.24, 0.29, 0.34, 0.39, 0.4, 0.43 and 0.48) and for three
stagger distances of the asymmetric catamaran model, namely S1C5, S2C5 and S3C5. The
models were towed horizontally with a Four degrees of freedom airworthiness instrument
(GEL-421-1, made in Japan) through the Longitudinal center of gravity (LCG, see Fig. 15),
on the longitudinal axis of the main hull. Fig.17 shows the test case of S1C5 at Fn = 0.4.

The velocity of the towing carriage was measured by an encoder with uncertainty better
than 1 mm/s over the entire range of velocities. The sinkage and total resistance were
measured by the Four degrees of freedom airworthiness instrument (the load cell is strain type,
with a range of 10kg and a measurement accuracy of 0.16%; the measurement range of

sinkage is +200mm, with a measurement accuracy of 0.1%). The trim was measured by an

Angle sensor (measurement range of +20°, measurement accuracy of 0.01%), which located

at the LCG, beside the load cell. Resistance time-series were collected at a sampling rate of
200 Hz with a 12-bit A/D board, and the acquired datas were time-averaged to provide mean
values for each run.

Fp AP

LCG

0072m| . z

Waterline

1.324m (SIC5)

1.337m (S2C5)
1.358m (S3C5)

3m

Fig. 16 Photograph of the model towing tank Fig. 17 Photograph of the experiment model

Fig.18 is the comparison of the experimental results of three longitudinal layouts, which
are the curves of total drag coefficient, residual drag coefficient, sinkage and trim varying
with Froude number. The experimental friction resistance is calculated by formulas (4), (10).
The total resistance coefficient and residual resistance coefficient are calculated by formulas
(11), (12). According to the analysis of the experimental results, the variation rules of the
resistance and the trim with the longitudinal position of the side hull are basically consistent
with the numerical results.
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Fig. 18 Comparison of experimental results for different longitudinal layouts

The resistance, sinkage and trim of the models vary with Froude number are compared
with the numerical ones, as shown in Fig.19-21. It can be seen that the CFD calculation
results are in good agreement with the experimental values. However, the resistance and trim
angle calculated by CFD are smaller than experiment at the high velocity (Fn = 0.48).
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Fig. 19 Comparisons of numerical results and experimental results for layout S1C5

241 ——CFD
227 | —e— Experiment
20
18 -
161 =
- E
Z, 144 2
b
A 124 :21
10 =
8l w
B4
4 f . . . . v T ]
12 14 16 1B 20 22 24 26 28
V(m/s)
26+
24 4 —— CFD
224 —=— Experiment
204
—_
18 E
£
—~ 18] E
Z 4] w
- £
< 12 £
=1
104 =
84
6
4

16 1B 20 22 24 26 28
V(m/s)

14

S A iy

-~

—=—CFD
—=— Experiment

16

‘I.IB 2:0 2:2 2:-{ 2:3 2:3

F{m/s)

0.1+
0.0

0.1
-0.24
0.3+
0.4
05

0.6
0.7 4

Trim (%)

——CFD
—=— Experiment

-0.8
12

14 16 18 20 22 24 26 28
V{m/s)

Fig. 20 Comparisons of numerical results and experimental results for layout S2C5
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Fig. 21 Comparisons of numerical results and experimental results for layout S3C5
The relative difference of the total resistance values obtained for three configurations,
2 from the experimental values, RE*#, are given in Table 7. The relative difference is
calculated as follows:

CFD EXP
RS® _R

RD=—T_—_T .100% (13)

EXP
T

It can be considered that the obtained numerical results show good agreement with
experimental result. The largest relative difference for S1C5 equals -4.18%, for S2C5 -4.84%,
for S3C5 5.42%.

Table7. Total Resistance comparisons between CFD and experiment (Unit: N)

S1C5 S2C5 S3C5
™ lreo | mee | Roow) | mew | mEw | ROON) | mee | REw | RO
0.24 5.35 5.34 0.22 5.36 5.34 0.37 5.39 511 5.42
0.29 7.99 8.25 -3.15 7.93 7.96 -0.38 7.71 7.77 -0.77
0.34 10.60 | 10.96 -3.33 10.57 10.53 0.38 10.44 10.31 1.21
0.40 14.67 | 14.68 -0.09 15.00 14.88 0.82 16.20 16.05 0.93
0.43 1788 | 18.19 -1.70 18.42 18.81 -2.07 19.85 20.44 -2.89
0.48 23.13 | 24.14 -4.18 23.61 24.81 -4.84 24.80 25.89 -4.21

5. CONCLUSIONS AND OUTLOOK

The simulations of the flow around the asymmetric catamaran which consider sinkage
and trim have been carried out by means of the numerical solution of RANS equations. By the
analysis of the numerical results, some characteristics of the resistance of different layouts
have been obtained. The attention has also been devoted to the studies of the effect of the hull
stagger distance on wave interference. The wave patterns, wave cuts have been gained to
show a better insight into the wave field. The obtained numerical results show that, the
resistances of the configuration with aft side hull longitudinal locations (SL = 0) do not range
much with changing the lateral spacing from 0.8 Bm to 2.0 Bm. While at Fn = 0.40, increasing
the lateral spacing has a certain effect on reducing resistance when the lateral spacing is
smaller than 1.4 Bn, and the effect is less than 5%. This effect is not obvious when the lateral
spacing is greater than 1.4 Bp.

The wave field is related with the resistance, trim and sinkage curve, as well as with the
interference. At lower speed (Fn = 0.29), the forward placing of side hull can effectively
reduce the wave-making amplitude of the stern wave, which leads a smaller resistance.
However, it has been shown that, at higher speed (Fn = 0.40), the larger the stagger distance
(SL), the greater are the resistance, trim and sinkage, the wave cuts also show greater
amplitude. The forward placing of side hull can cause the first peak of stern wave-making
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increase, and the interaction between main and side hull is obviously aggravated, also the bow
of side hull locates at the peak position of wave behind the main hull. Consequently, the
higher is the value for the resistance coefficient.

Moreover, experiments have been performed for three stagger distances at the Model
towing tank of Harbin Engineering University. The numerical results of the resistance,
sinkage and trim were validated against experimental data and satisfactory agreement was
achieved. Both CFD and test results have shown that the resistance is sensitive to the
longitudinal position of the side hull. The resistance reduction effect between the aft and
forward side hull longitudinal locations can be 10%-14% at higher speed. Moreover, at lower
speed (Fn = 0.24 ~ 0.35), the resistance is smaller when the side hull is closer to the middle of
the main hull; at higher speed (Fn = 0.35 ~ 0.48), the resistance is smaller when the side hull
is closer to the stern of the main hull.
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