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Abstract: By solving the unsteady Reynolds averaged Navier–Stokes (RANS) equations in combination with the -k   SST 
turbulence model, the unsteady viscous flow around the obliquely towed tanker KVLCC2M model in both deep and shallow waters 
is simulated and the hydrodynamic forces, the surface pressure distribution, and the wake field are calculated. The overset grid 
technology is used to avoid the grid distortion in large drift angle cases. The effects of the free surface are taken into account. At the 
first stage, the deep water cases with five oblique angles are designed as the benchmark test cases. The predicted wake field, the 
surface pressure distribution and the hydrodynamic forces acting on the hull agree well with the corresponding experimental data, 
implying the capability of the present method in the prediction of the viscous flow around the tanker drifting in shallow water. A set 
of systematic computations with varying water depths and drift angles are then carried out to study the viscous flow around the 
model drifting in shallow water. The forces and moments, as well as the surface pressure distribution are predicted and analyzed. The 
most significant changes such as the increased stagnation pressure in the bow, the acceleration of the flow along the ship’s sides and 
in the gap between ship and seabed, the lower hull pressure and finally, the stronger vortices along the bilges and weaker vortices 
with larger diameters in the wake are noticed. 
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Introduction 
With the increasing demand for large marine 

vehicles to transport various products at a relatively 
low cost, there has been a growing tendency to 
maneuver larger vessels in confined water areas while 
the infrastructure does not increase in size or not at the 
same rate. As a result, it is important to study the 
effects of a ship maneuvering in shallow or confined 
water and the difference of the ship behavior in 
shallow water and open water. When a ship travels in 

                                                                 

* Project supported by the National Natural Science Foun- 
dation of China (Grant Nos. 51379125, 51490675, 11432009, 
51579145 and 11272120). 
Biography: Qing-jie MENG (1986-), Male, Ph. D. 
Corresponding author: De-cheng WAN,  
E-mail: dcwan@sjtu.edu.cn 
 
 
 
 

shallow water, maritime disasters such as collision 
and grounding occur more easily than in open waters. 
Thus, a better understanding and an accurate analysis 
of the complex flow around a ship are important for 
modern ship design. But in shallow water cases, the 
criterion and the standards of ship maneuverability 
promulgated by the International Maritime Organiza- 
tion (IMO) cannot guarantee the navigation safety. 
Therefore, it is necessary to study the ship behavior in 
shallow water and to establish corresponding standa- 
rds for shallow water. For these purposes, a series of 
studies of the ship maneuverability in confined water 
were carried out worldwide during the last decades[1-6]. 

Stern et al.[7] provided an overview of recent 
progress in CFD for naval architecture and ocean 
engineering and author believed the CFD played a 
monumental role in the development of ship hydrody- 
namics over the last ten years[8-11]. Simonsen and 
Stern[12] studied the effects of drift and rudder angle 
on forces and moments of the Esso Osaka tanker in 
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“static rudder” and“pure drift” conditions. Promising 
results were obtained and the CFD (computational 
fluid dynamics) is considered as a useful tool for 
prediction of hydrodynamic forces acting on ships. 
Using the Fluent CFD code and the improved two 
equation turbulence model, Wang et al.[13] computed 
the viscous flow field around a KVLCC2 tanker in 
static drift motions in shallow water. Their results 
agree well with experimental data except in very 
shallow water cases and large drift angle cases, due to 
the distortion of the boundary layer grid for large drift 
angles. In addition, the free surface was neglected 
there. Zou[14] simulated the flow field around a 
KVLCC2 tanker without appendages maneuvering at 
varying drift angles and water depths using the CFD 
solver SHIPFLOW. The effects of the free surface and 
the sinkage and the trim were neglected. Validation is 
performed by comparison with model test data. 

The objective of this study is to predict and 
analyze the viscous flow and the hydrodynamic forces 
of a KVLCC2M tanker maneuvering at various drift 
angles in both deep and shallow waters in considera- 
tion of the free surface. First, the capability of the 
present method for the prediction of the viscous flow 
around the tanker in drift motions in shallow water is 
confirmed by comparing the results obtained for deep 
water cases with five oblique angles with the corre- 
sponding numerical results by Eça et al.[15] and NMRI 
(National Maritime Research Institute) experiments by 
Kume et al.[16], and a good agreement is witnessed. A 
series of systematic computations with varying water 
depths and drift angles are then carried out and the 
predicted forces and moments, as well as the surface 
pressure distribution are analyzed to reveal the chara- 
cteristics of the viscous flow around the model drifti- 
ng in shallow water. 

The computation is carried out by an in-house 
research code based on the finite difference method 
(FDM), which is developed by our group. The code 
was proven to be good in simulating the unsteady 
viscous flow around a ship in confined water[17]. Due 
to the great inclusiveness of the grid aspect ratio, the 
FDM is very suitable to solve low speed problems. 
Refinement grids are used only in the vertical dire- 
ction to ensure the grid number within an acceptable 
range as well as the accuracy to capture the free sur- 
face. On the other hand, the structured grids used for 
the FDM also reduce the grid number, which results in 
a higher computational efficiency. Besides, the over- 
set grid technique[18-23] is introduced to avoid the dete- 
rioration of the computational accuracy caused by the 
mesh distortion near the boundary layer region in 
large drift angle cases. Additionally, the overset grid 
technique is easy for the local grid refinement[24], 
which may reduce the grid number and improve the 
computational efficiency. 
 

1. Mathematical and numerical models 
 
1.1 Governing equations 

The viscous flow around the ship is assumed 
incompressible and the numerical problem is descri- 
bed by the RANS equations coupled with the time- 
averaged continuity equation in non-dimensional 
tensor form: 
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where = ( , , )iU u v w  denote the Reynolds-average 

velocity components, = ( , , )ix x y z  represent the inde- 

pendent coordinate directions, i ju u  and iS  stands for 

the Reynolds stresses and a body force due, for insta- 
nce, to a propeller model, respectively, the piezome- 
tric pressure p̂  and the effective Reynolds number 

effRe  are: 
 

2 2
0

2
ˆ = + +

3
absp z k

p
U Fr

, 1 1= +eff tRe Re    

 

with k  being the turbulence kinetic energy, absp  the 

absolute pressure, z  the local vertical elevation and 

t  the non-dimensional turbulent viscosity obtained 

from a turbulence model. All the variables and proper- 
ties are nondimensionalized by the reference velocity 
U , the ship length ppL  and the mass density of the 

water  . 
 
1.2 Turbulence model 

The SST -k   turbulence model is chosen to 
close the RANS equations. As the SST -k   turbu- 
lence model employs the -k   model near walls and 
the -k   model away from walls, it gives highly 
accurate predictions of the onset and the amount of 
flow separation under adverse pressure gradients. 

The turbulence kinetic energy k  is computed 
using a blended - / -k k   model[25]. And in this 
model, the eddy viscosity t , the turbulence kinetic 

energy k  and the turbulence specific dissipation rate 
  can be computed as: 
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where the source terms, the effective Reynolds num- 
bers /kR  , and the turbulence production can be 

described as: 
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with constants  , * , k ,   and the blending 

function 1F , which is designed to be unity in the sub- 

layer and logarithmic regions of boundary layers and 
gradually switches to zero in the wake region to take 
advantage of the strengths of the -k   and -k   
models in different regions. The model constants are 
calculated locally as a weighted average, i.e., =  

1 1 1 2+ (1 )F F   where 1  denotes the standard -k   

value and 2  represents the -k   value. 
 
1.3 Free surface 

The location of the transient free surface is captu- 
red using the level set function  [26], whose value is 

related to the distance to the interface. And the value 
of   is arbitrarily set to positive in water and negative 

in air and the iso-surface = 0  represents the free 

surface. Since the free surface is considered a material 
interface, it should satisfy the kinematic free surface 
boundary condition and can be described as: 
 

+ = 0
t

  



                            (6) 

 
The following boundary conditions for the velo- 

city and the pressure should be satisfied: 
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where = /  n  is the unit normal vector to the 

free surface, pointing from water to air. 
To make sure that the level set function remains a 

distance function after the transport step, a reinitializa- 
tion procedure is used in which the points close to the 
free surface are reinitialized geometrically, while the 
transport equation is solved for all other points. 
 
1.4 Coordinate transformation 

The equations are first transformed from the phy- 
sical domain in Cartesian ( , , , )x y z t  coordinates into 

the computational domain in non-orthogonal curvili- 
near coordinates ( , , , )    . For example, the level 

set equation is written as 
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where /jx    is the grid velocity and k

jb  are the 

metric coefficients. Other equations are transformed 
similarly. 
 
1.5 Discretization scheme 

The continuity equation is discretized by using 
the FDM. Convective terms are discretized using a 
second order upwind scheme in RANS computations, 
and diffusion terms are discretized with a second-order 
central scheme. 
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For the temporal discretization of all equations a 

second-order backward scheme is used 
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2. Simulation design 

The problem under study is a tanker model 
KVLCC2M with the length = 4.97 mppL , moving 

obliquely in various water depths and drift angles in 
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calm water at a low speed = 0.994 m / sU , with a 

Froude number of 0.142 and a model scale Reynolds 
number of 3.945×106. The KVLCC2M is used as a 
standard model for the CFDWS2005. The geometry 
and the principal dimensions of the model are shown 
in Fig.1 and Table 1, respectively. 
 
 
 
 
Fig.1 Geometry of the KVLCC2M hull 
 
Table 1 Principal dimensions of the KVLCC2M model 

Item Value 

Length between perpendiculars, /ppL m 4.9700 

Breadth, /B m 0.9008 

Draft, /D m 0.3231 

Wetted surface area, /WS m2 6.5597 

Displacement, / m3 1.1712 

Blockage coefficient 0.8098 

 
All studies of the present work are conducted on 

a computer cluster that consists of 16 Intel Xeon 
E5520 (2.27 GHz) processors, with 8 cores and 24 GB 
RAM per processor. Each computation is performed 
using 16 cores and takes about 54 h of the wall clock 
time. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Computational domain and boundary conditions 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 Four different water depths 

2.1 Computational setup and boundary conditions 
The computational domain covers the whole ship 

in view of the asymmetry of the flow field. A right- 
handed Cartesian coordinate system is fixed on the 
KVLCC2M model. The direction of the -x  axis is 
chosen along the inflow, the z axis is in the vertical 
direction and points upward, and the undisturbed free 
surface is taken as the plane = 0z . The origin of the 
coordinates is located at the intersection of the design 
water-plane, the mid-ship section and the ship center 
plane. A schematic diagram indicating the coordinate 
system and the computational domain is given in Fig.2. 
The boundary conditions simulate the conditions in 
the NMRI towing tank for later comparison of the 
numerical results with the experimental data. The 
computational domain consists of eight boundaries: the 
inlet plane, located 1.0 ppL  in front of the bow, the 

outlet plane, located 3.0 ppL  behind the hulls, two ship 

hull surfaces, the far field, two side walls representing 
the shallow towing tank and the seabed wall. The total 
length of the computational domain is 5.0 ppL  and the 

breadth of the computational domain is 3.0 ppL . The 

drift angle   and the water depth vary with cases. 

Different drift angles  , varying from o0  to o12  

with an interval of 
o3  and four water depths are consi- 

dered as shown in Fig.3. 
 
 
 
 
 
 
 
 
 
Fig.4 Grid distributions in zero-drift angle case in deep water 
 
 
 
 
 
 
 
 
 
Fig.5 Boundary layer curvilinear grid of the KVLCC2M model 
 

2.2 Grid generation 
In all cases, the structured grids are used and the 

overset gird technique is utilized to keep the orthogo- 
nality of the grid under the consideration of keeping a 
good computational accuracy of all cases. A sketch of 
the grid distribution of the deep water case is shown in 
Fig.4 and Fig.5, where the grids are coarsened for 
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clarity. The grid consists of a background orthogonal 
grid, which mimics the towing tank, a refinement 
orthogonal grid, which covers the flow field around 
the hull, and a boundary layer curvilinear grid which 
conforms to the ship geometry where two clusters of 
grid points are concentrated around the bow and stern 
regions. The boundary layer grid is generated with a 
grid spacing at the hull satisfying the condition 

+ 1y  , 

since no wall function is employed in the study. 
The refinement grid extends within 0.75 x    

0.9, 0.25 0.25y   , 0.2z   , while the 

background grid extends within 1.5 3.5x   , 
1.5 1.5y   , 0.25z   . All the grids are 

refined in the vertical direction in 0.01 0.01z   , 
where the free surface is expected. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6 Hydrodynamic forces as a function of drift angle 
 
 

3. Results of five benchmark test cases 
First, the drift motion in deep water is computed 

and the predicted hydrodynamic forces, the surface 
pressure distribution, and the wake field are compared 
with the corresponding experiment data[16] to verify 
the current numerical methods. 
 
3.1 Hydrodynamic forces 

The hydrodynamic forces considered in this 
paper are XC , YC , NC , which represent the -x dire- 

ction force coefficient, the -y direction force coeffi- 

cient and the moment coefficient around the -z axis, 
respectively. The hydrodynamic force coefficients and 
moment coefficient are defined as: 
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where FX  and FY  denote the hydrodynamic forces, 
MZ  represents the moment,   stands for the density 

of water, U  and ppL  are the reference velocity and 

the ship length, and d  is the draft. 
Figure 6 presents the comparison of the compu- 

ted results and the experimental data for the hydro- 
dynamic forces as a function of the drift angle. The 
predicted force coefficient XC  agrees well with the 

measured data and with a consistent oscillation com- 
pared with the experimental data. Furthermore, XC  

changes slightly against the drift angleincreases by 
about only 2% from o= 3  to o= 12 . The predi- 

cted force coefficient YC  also agrees well with the 

measured data and with a monotonous and rapid 
increase against the drift angle  increases by 475%, 

about 240 times the rate of XC , from o= 3  to 
o= 12 . Similar tendency is also observed in the 

predicated results of NC . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7 Surface pressure distributions at o= 0  (contour line 

interval = 0.05PC ) 
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Fig.8 Distribution of surface pressure coefficients at o= 12  (contour line interval = 0.05PC ) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.9 Pressures (top view and port side view) against drift angle 

in deep water ( / = 15.4)h D  

3.2 Surface pressure distribution 
Comparisons of the surface pressure distribution 

between computed and measured results at the drift 
angles o= 0 and o= 12  are shown in Figs.7, 8, 

where the pressure distributions are represented by a 
nondimensionalized variable PC , which is defined as 

 

2
=

0.5P

P
C

U
 

 
where P  denotes the pressure on the ship hull,   

represents the density of water and U  is the reference 
velocity. As Figs.7, 8 show, the numerical results agree 
well with the experimental data, which demonstrates 
the capacity of the current method in the computation 
of the viscous flow of a ship oblique in deep water, 
and implies its capability in shallow water cases. 

Pressure (bottom view) and pressure difference 
(at port side) distributions against the drift angle in 
deep water ( / = 15.4)h D  are presented in Fig.9, 

which indicates that two low pressure regions, both 
close to the two shoulders, exist in the bow and stern 



 512

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.10 Axial velocity contours in WAKE 1 plane in deep water 

against drift angle 
 
regions. The reduction of the pressure might be caused 
by the accelerated flow over the large curvature of the 
hull surface. With the increase of the drift angle, the 
pressure distribution on the two sides of the ship beco- 

mes asymmetric and the pressure difference around 
the two shoulders appears to be more pronounced, 
while around the parallel middle body the difference 
is nearly invisible. The starboard-side pressure is lower 
than that on the port-side around the bow, which 
produces a lateral force towards the starboard. How- 
ever, the starboard-side pressure is larger than that on 
the port-side around the stern, which produces a late- 
ral force towards the port. Though the situation close 
to the hull bottom is the opposite, the pressure diffe- 
rence there is very small so that the contributions to 
the lateral force YC  and the yaw moment NC  are 

accordingly small. Since the positive pressure differe- 
nce is larger at the bow, a positive thrust force YC  

pointing to the starboard-side is finally produced. With 
a larger drift angle, the pressure differences on the 
fore-body and the aft-body both increase. However, 
the pressure difference on the fore-body is larger and 
it increases faster, so the pressure difference on the 
fore-body dominates and it produces an increased 
positive Y  force. Also a positive yaw moment will 
turn the hull toward the starboard-side. 
 

3.3 Wake field 
In the experiment, measurements are taken at the 

drift angles o0 , o6 . The measurement plane cuts 
through / = 0.48ppx L  at the centerline of the hull. The 

coordinate X  can be written as 
 

= cosX x   
 

with   being the drift angle and = 0.48 ppx L . 

The axial velocity contours ( / )u U  at the WAKE 

1 plane ( / = 0.48)ppx L  against the drift angle in deep 

water are shown in Fig.10. Reasonable consistence 
between the computational and the experimental data 
can be noted. The sizes and shapes of the velocity/ 
wake contours of the two results are similar. From o0  

to o6 , an asymmetric flow is developed as a result of 
the increasing drift angle, and the bilge vortex is 
getting stronger towards the starboard side together 
with an increasing wake field there. 
 

Table 2 Test conditions in systematic study 

Item Value 

Water depth, /h m 0.3877, 0.4847, 0.9693 

Draft (molded), /D m 0.3231 

Drift angle, o/  0, 3, 6, 9, 12 

Ship speed, /U ms1 0.994 

Froude number, Fr  0.142 

Reynolds number, Re  3.945×106 
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Table 3 Predicted hydrodynamic force coefficient XC  

/h D    

0 3 6 9 12 

1.2 0.0452 0.0439 0.0441 0.0359 0.0213 

1.5 0.0295 0.0288 0.0303 0.0304 0.0291 

3.0 0.0194 0.0195 0.0202 0.0205 0.0207 

15.4 0.0175 0.0181 0.0184 0.0189 0.0188 

 
Table 4 Predicted hydrodynamic force coefficient YC  

/h D    

0 3 6 9 12 

1.2 0 0.0884 0.1952 0.3084 0.4545 

1.5 0 0.0238 0.0729 0.1282 0.1964 

3.0 0 0.0130 0.0306 0.0549 0.0865 

15.4 0 0.0120 0.0257 0.0456 0.0693 

 
Table 5 Predicted hydrodynamic force coefficient NC  

/h D    

0 3 6 9 12 

1.2 0 0.0261 0.0525 0.0906 0.1280 

1.5 0 0.0182 0.0312 0.0456 0.0603 

3.0 0 0.0090 0.0174 0.0245 0.0300 

15.4 0 0.0073 0.0142 0.0200 0.0255 

 
According to the results, the currently used 

numerical methods are suitable for studying the vis- 
cous flow around the hull in deep water. This method 
is then adopted to study the viscous flow around the 
hull in shallow water, which will be presented in the 
next section. 
 

 
4. Systematic computations 

In a real situation, especially, when ships are 
moving in ports, the water is relatively shallow. A 
ship’s behavior, especially, the manoeuvability, depe- 
nds on the water depth to a great extent. Therefore, the 
viscous flow around the hull drifting in shallow water 
is worth studying from a general perspective. 

Distinguished cases are specified (PIANC, 1992) 
as: 

Deepwater: / 0.3h D   
Medium deep water: 1.5 / 3.0h D   
Shallow water: 1.2 / 1.5h D   
Very shallow water: / 1.2h D   

with h  the water depth and D  the draft of the ship. 

As stated in the final report of the 23rd ITTC 
Maneuvering Committee (23rd ITTC, 2005), the effe- 
ct of the water depth can be noticed in medium deep 
water, is very significant in shallow water, and domi- 
nates the ship’s behavior in very shallow water. In 
order to have a more clear insight into the ship maneu- 
vering in different water depths, systematic computa- 
tions are carried out. Table 2 gives the details of the 
test conditions for this systematic study. 
 
4.1 Hydrodynamic forces 

The predicted hydrodynamic force coefficients 

XC , YC , NC  with respect to various water depths 

and drift angles are presented in Tables 3-5, respe- 
ctively. Figure 11 shows the predicted hydrodynamic 
force coefficients XC , YC , NC  against the drift 

angles in the shallow water case ( / = 1.2)h D . Com- 

pared with Fig.6, Fig.11 shows rapid changes of XC , 

especially in cases of 
o= 9  and 

o= 12 . The predi- 

cted force coefficient YC  in shallow water increases 
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Fig.11 Results in shallow water ( / = 1.2)h d  against drift 

angle o o o o o= 0 , 3 , 6 , 9 ,12  

 
monotonically against the drift angle, about four times 
increase from o= 3  to o12 . The same tendency 

can be found for the predicted force coefficient NC . 

The results indicate that the effect of water depth is 
significant, as is consistent to the common sense of 
naval architects. 

Results of the predicted hydrodynamic force 
coefficients XC , YC , NC  against various water 

depths are shown in Fig.12. The results also indicate 
the significant effect of water depth. The predicted 
hydrodynamic forces change a great deal when the 
water depth changes from / = 1.2h D  to / = 3.0h D , 
especially, for the lateral force coefficient YC  and the 

moment coefficient NC , which increase about six 

times and three times, respectively. However, when 
the water depth is greater than / = 3.0h D , the hydro- 
dynamic forces change very slightly. The lateral force 
coefficient YC  only changes 1.18 times, when the 

water depth changes from / = 3.0h D  to / =h D 15.4. 
So, the computated results satisfactorily confirm the 
normally accepted view that the shallow water effects 
is not so serious until the water depth is below / =h D  
3.0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.12 Results at o= 6  against water depth ( / =h D 1.2, 1.5, 

3.0, 15.4) 
 
4.2 Surface pressure distribution 

The predicted pressure distributions on the ship 
hull (as the main contributor to the lateral force 
coefficient YC  and the yaw moment coefficient NC ) 
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are shown for better understanding the computed 
forces and moments. In Figs.13, 14, the pressure 
distributions ( PC , nondimensionalized by 20.5 U ) 

on the hull surface together with the pressure differe- 
nce between the port and the starboard sides 

( )( )P P SC   are depicted under different conditions, 

where the solid lines stand for positive values and 
dotted lines represent negative values. The pressure 
difference in the case of o= 0  is not given, as the 

flow is symmetric. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.13 Pressure (bottom view) and pressure difference (at port 

side) distributions against drift angle in shallow water 
( / = 1.2)h D  

 
Compared with Fig.9, Fig.13 shows the pressure 

reduction in shallow water for the same variation of 
the drift angle is considerably more significant, as 
indicated by the two large low pressure regions on the 
hull bottom. The results also indicate that the low 
pressure peaks are not only because of the hull surface 
curvature but also due to the influence of the small 
under keel clearance. The two low pressure regions 
grow in size and decrease in value with the increase of 
the drift angle. 

Similarly, with a larger positive pressure differe- 
nce on the fore-body and the negative difference on 
the aft-body, a positive lateral force coefficient YC  

and yaw moment coefficient NC  toward the starboa- 

rd side are then generated. Compared with Fig.9, 
Fig.13 shows a larger pressure difference on the hull 
surface in shallow water, which may explain the 
production of the larger forces and moments shown in 
Fig.16 than those in deep water as shown in Fig.6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.14 Pressure (bottom view) and pressure difference (at port 

side) distributions against water depth o( = 6 )  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.15 Axial velocity contours on wake 1 plane against drift 

angle in shallow water ( / = 1.2)h D  
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With a greater depth at o= 6 , the shallow water 

effects are gradually alleviated, as shown in Fig.14(c) 
and Fig.14(d). Comparing Fig.14(c) and Fig.14(d), 
rather similar pressure results at / = 3.0h D  and /h  

= 15.4D  can be noticed, which demonstrates again 
that the shallow water effect is very small for /h  

3.0D  , which further supports the results and discu- 
ssions with respect to Fig.12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.16 Axial velocity contours on wake 1 plane against water 

depth o( = 6 )  

 
4.3 Wake field 

Details of the computed flow field are shown to 
see the shallow water effects. First, the axial velocity 
contours ( / )u U  at wake 1 plan ( / = 0.48)ppx L  under 

shallow water conditions against the drift angle are 

shown in Fig.15, while the contours with varying 
water depths at the drift angle o= 6  are shown in 

Fig.16. 
Under the shallow water condition, as shown in 

Fig.15(a), the flow remains symmetric when o= 0 . 

However, as a result of the blockage of the seabed, the 
axial velocity outside the boundary layer increases. 
Moreover, a pronounced flow separation appears. In 
the non-zero drift angle case, with the case o= 6  as 

an example, the flow becomes asymmetric and the 
separation area is reduced to some extent, which 
moves toward the starboard side and partly upwards 
towards the transom. Comparing the results in the case 
of 

o= 6  in deep water (Fig.10) and in shallow water 

(Fig.15), a larger bilge vortex is detached from the 
hull on the starboard side and a second vortex is deve- 
loped near the keel in shallow water. Moreover, a 
separation area is produced on the port side close to 
the hull. And in the case of o= 12 , though the sepa- 

rated area appears to have become smaller, the second 
weaker vortex arises. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.17 Wave pattern against drift angle in shallow water ( /h  

= 1.2)D  

 
Figure 16 depicts the influence of water depth at 

o= 6  on the axial velocity contours at / =h D 1.2, 

1.5, 3.0, 15.4. A clear tendency of the increasing wake 
field and vortex strength with a decreasing water 
depth can be noted. Furthermore, comparing the resu- 
lts of the axial velocity contours for / = 3.0h D  
(Fig.16(c)) and / = 15.4h D  (Fig.16(d)), the difference 
is undiscernible, indicating that the shallow water 
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effect is almost negligible for / 3.0h D  , which 
further supports the results and discussions with respe- 
ct to Fig.12 and Fig.14. 
 
4.4 Wave pattern 

To provide a further insight of the effects of 
shallow water and drift angle, the computed wave 
pattern is shown. The wave pattern in shallow water 
cases against the drift angle is shown in Fig.17, while 
the wave patterns with varying water depths at the 
drift angle o= 6  are shown in Fig.18. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.18 Wave pattern against water depth o( = 6 )  

 
Under the shallow water condition, as shown in 

Fig.17(a), the flow remains symmetric when o= 0 . 

In the non-zero drift angle case, as shown in Fig.17(b), 

the flow becomes asymmetric and the difference of 
the water level around the port and the starboard side 
is shown. With the increase of the drift angle, the 
water level on the two sides of the ship becomes 
asymmetric and the water level difference around the 
two sides appears to be more pronounced. The water 
level around the starboard-side is lower than that on 
the port-side around the bow, which produces a positi- 
ve pressure towards the starboard. Moreover, the star- 
board-side water level is higher than that on the port- 
side around the stern, which produces a negative sur- 
face pressure towards the port. However, the size and 
the value of the water level difference around the stern 
are very small so that the contribution to the surface 
pressure is accordingly small. As a result, a positive 
surface pressure pointing to the starboard-side is fina- 
lly produced. With a larger drift angle, the water level 
differences on the fore-body and the aft-body both 
increase. However, the value of the water level diffe- 
rence on the fore-body is larger and it increases faster, 
so the water level difference on the fore-body domina- 
tes and it produces an increased positive surface pre- 
ssure. 

Figure 18 shows the influence of the water depth 
at o= 6  on the wave pattern with / =h D 1.2, 1.5, 

3.0, 15.4. A clear tendency of increasing water level 
difference with decreasing water depth is noticed. On 
the other hand, comparing the results of the wave 
pattern for / = 3.0h D  (Fig.18(c)) and / = 15.4h D  
(Fig.18(d)), the water level difference around the two 
sides of the ship is almost undiscernible, which indica- 
tes that the shallow water effect is almost negligible 
for / 3.0h D  . 
 
 
5. Conclusions 

Unsteady RANS simulations of the drift motion 
of a KVLCC2M model in both deep and shallow 
waters are presented. The hydrodynamic forces and 
moments, the surface pressure distribution and the 
wake field are obtained. In general, the computed 
results, which give a clear insight into the forces and 
moments acting on the ship as a function of drift angle 
or water depth, agree well with experimental data with 
respect to the tendencies of the forces and moments. 
Major findings are: 

(1) The numerical errors are less than 3% for all 
three variables in all deep water cases, which implies 
that the present method is a promising tool for the 
prediction of the hydrodynamic forces acting on a ship 
moving obliquely. 

(2) In the shallow water cases, the flow field 
analyses show the shallow water effects, as well as the 
influence of the oblique flow on the forces and mome- 
nts, which supports the normally accepted opinion that 
only when the water depth /h D  is below 3.0, the 
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shallow water effects can be noticed. 
(3) In the large drift angle cases, the orthogona- 

lity and the quality of the grid are provided by the 
overset technique, which is not only easy for the stru- 
cture grid generation and the local grid refinement, but 
also without the grid distortion in large drift angle 
cases. The practicability of the overset grid technique 
for simulating ship motions in confined waters is 
shown by the results. 
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