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Abstract - One of the methods to develop more energy efficient and environmentally friendly ships is the optimization of the 
hull form during the design phase. Forms with lower resistance values can be obtained by locally optimizing regions that have 
effect on resistance after global optimization of the hull form. This paper focuses on the local optimization of the bulbous bow 
form of well-known KRISO Container Ship (KCS) using simulation-driven design methodology. For this purpose, CAESES, a 
parametric modelling and optimization software, is used to create variants of initial bulb form of KCS in terms of partially 
parametric modeling and to manage the whole CAD and CFD process. 
 
Index Terms - Bulbous bow, optimization, partially parametric modeling, resistance. 
 
I. INTRODUCTION 
 
Nowadays, researchers have tried to integrate 
modeling and simulation methods as a result of the 
development of computer technologies and software. 
This integration has not been fully realized in the field 
of fluid dynamics because fluid simulations are highly 
dependent on the model. Today, the integrated 
methods of modeling and simulation are called "CAE 
(Computer Aided Engineering)". 
 
The traditional ship design process is often under the 
control of geometric modeling of the hull form. 
Besides, in order to handle the global optimization 
process the hull form geometry is needed to modify. 
This process takes extremely important place in the 
optimization loop. Geometric modeling techniques 
can be classified in many different ways (boundary 
representation vs. constructive solid geometry, regular 
vs. irregular topology etc.), but in this paper a rather 
general classification is used: Conventional and 
parametric [1]. 
 
In conventional techniques, the geometry is defined by 
completely independent objects and changes are 
introduced by varying the positions of those objects. In 
parametric modeling techniques, both fully and 
partially parametric, parameters are used sometimes to 
entirely describe a geometry or apply a change to it. If 
the geometry desired to be optimized is a previously 
modeled geometry, it would be more appropriate to 
make modifications with partial parametric methods 
instead of modeling again the geometry fully 
parametric. This will also provide a huge benefit over 
the modeling time. 
 
In partially parametric modeling methods, the shape 
itself is defined by an existing arbitrary conventional 
description, while changes applied to the shape are 
given by means of parameters that are associated with 
problem-specific properties. Merging/morphing [2], 
box deformation [3], shift transformations [4] and 

added patch perturbation [5] can be given as samples 
of partially parametric methods. A prominent example 
in the naval field is the swinging of sections, i.e. an 
existing group of offsets, by a quadratic shift function 
as described by Lackenby [6]. 
 
Harries [7] has brought a new approach to geometric 
modeling of the hull form, thus create a new 
methodology for effective integration of CAD and 
CFD. As a result of this and similar developments in 
modeling the geometry, a new concept has emerged: 
Simulation-driven Design, SDD. The conventional 
approach can only serve to sample the design space 
and to select the best option from the choice of 
samples. Driven systematic variation however can be 
used to scan the complete design space and yields 
actual trend indications for all considered and varied 
design variables. Finally, by utilizing formal 
optimization algorithms, the simulation is really used 
to produce shapes, rather than just evaluating them. 
In the present paper, it will be focused on local 
hydrodynamic optimization of well-known KRISO 
container ship via Simulation-Driven Design 
methodology. CAESES (formerly called 
Friendship-Framework), a unique CAD-CFD 
integration platform, will be used to create partially 
parametric model from a set of transformation curves 
and manage the entire optimization process. Firstly, 
the transformation curves will be modeled to be able to 
deform only the bulbous bow surface while the rest of 
the geometry remain same. Variation of alternative 
hull forms and software for performing resistance 
analysis will be collected under a single roof by means 
of CAESES and a single-objective optimization work 
will be performed according to the determined 
variables. 
 
II. OPTIMIZATION METHODOLOGY 
 
CAESES supplies a selection of variation (DoE), 
single and multi-objective optimization algorithms as 
so called Design Engines. Besides algorithm-specific 
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parameters, all Design Engines are configured by 
selecting design variables with their bounds, 
evaluations and constraints. Depending on the 
algorithm one or more evaluations can be selected as 
objective and the constraints can be considered, 
instead of just monitoring them [8]. In the present 
study, it is intended to perform an automated 
single-objective optimization process. It is preferred to 
use T-Searchalgorithm because of rapid and better 
convergence. Firstly, partially parametric model of the 
bulbous bow was created in CAESES software by 
delta shift curves. Main objective of the optimization 
study was selected as total resistance which is the 
output of viscous flow solver. T-Search optimization 
algorithm was used to minimize the average total 
resistance as single objective function. CAESES was 
also used to control all of the optimization process and 
connect the CFD software Star-CCM+ to the T-Search 
optimization algorithm.  
 
A. Original Geometry 
KRISO container ship (KCS) is regularly used as a 
benchmark for flow computations around ships. The 
geometry of the KCS model is given in Fig. 1. The 
model has a scale of 1/31.6. Table 1 gives main 
particulars of model ship and real ship. Aerodynamic 
and hydrodynamic forces of KRISO container ship 
have been investigated by Banks et al [9]. They 
showed that aerodynamic force is hundred times 
smaller than hydrodynamic force. In this study, air 
velocity is considered as same as the water velocity 
however the aerodynamic forces are neglected.  
While the model experiments were carried out by 
fixing the model, i.e. fixed from its floating position 
and it is not free to sinkage and trim, so the numerical 
model is also considered as fixed which means the 
ship motions are not permitted [10].  
 

 
Fig.1. Geometry of the KCS model 

 
Table 1. Main particulars of real ship and model 

 Real Model 
LPP (m) 230.0 7.278 
LWL (m) 232.5 7.357 
BWL (m) 32.2 1.019 
D (m) 19.0 0.601 
T (m) 10.8 0.341 
Displacement (m3) 52030 1.649 
S w/o rudder (m2) 9530 9.544 
CB 0.651 0.651 
CM 0.985 0.985 
LCB (%), fwd+ -1.48 -1.48 

 
B. Partially Parametric Modeling 
Partially parametric model of the bulbous bow is 
created in CAESES software by Delta Shift 

transformation method. Shift transformations are 
realized by moving any point of the initial shape by a 
specified amount in the principle directions of the 
chosen coordinate system. Often this is done in 
Cartesian space. Each point, written as below, 
 

P⃗= 
x
y
z

                 (1) 

 
receives its displacement ∆x, ∆y and/or ∆z depending 
on its original position and the specified shift function. 
Shift transformations can be concatenated, directly 
summed up and/or multiplied to form complex 
modifications [2]. 
In the present study, two shift transformation functions 
have been used to controlbulbous bow shape in x 
(length) and z (height) directions, given in Fig. 2. As a 
result of the transformation, 12 alternative bulbous 
bow has been created with any change or deformation 
on the rest of the hull and still obtained smooth 
tangency between static part and dynamic part of the 
hull surfaces in terms of the shape of transformation 
curves. This is important because of to be able to 
compare only the effect of the change bow form while 
the hull form is still smooth.  
 

 
Fig. 2. Transformation curves 

 
C. Properties of CFD Computations  
Properties of physics and generating the mesh is 
crucial conditions of ship hull resistance calculations. 
In the present study, K-ε turbulent model was used in 
CFD simulations; mesh structure and boundary 
conditions has remained same for all variants. List of 
the physics is given in Table 2. 
 

Table 2. Physic properties 
Title Property 
Dimensions Three Dimensional 
Time Implicit Unsteady 
Material Eulerian Multiphase 
Material Model Volume of Fluid 
Viscous Regime Turbulent 
Reynold-Averaged 
Turbulence 

K-epsilon Turbulence 

 
The computational domain is limited by different 
boundary conditions. The boundary conditions were 
imposed as follows: Inlet: velocity inlet, outflow: 
hydrostatic pressure outlet, Top: velocity inlet, Side 
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and Mid plane: symmetry and Bottom: velocity inlet. 
For near wall flow regions wall function was used. The 
dimensions of the computational domain were 
selected by the recommendations of ITTC procedures 
in order to prevent wave reflections.The general view 
of the computational domain and the boundary 
conditions are shown in Figure 3. 
 
The upstream flow velocity is taken as 2.196 m/s 
which give a Fn of 0.26 and Re of 1.4x107 based on 
ship length. The time step t is chosen to be 0.01 s. 
ITTC CFD guideline offers a range of 0.005 to 
0.01L/U (where U is the ship velocity and L is the 
length between perpendiculars) for time step choice. 
So, the time step used in the analysis fits in this range. 
 

 
Fig. 3. The general view of the domain and boundary conditions 
 
In this study, an unstructured hexahedral mesh was 
used, given in Fig. 4. For the viscous flow simulations, 
6 layers of prismatic cells were applied around the hull 
and bulbous bow.The stretching factor of prism layers 
was 2.  
 

 

 
Fig. 4. The mesh structure and close-up view 

 
The pressure and velocity coupling problem issolved 
by using the SIMPLE algorithm where the velocity 
field are first solved using apresumed pressure. 
Calculations are made in unstructured finite volume 
mesh forhalf of the model hull symmetric to its 
centerline. 
The total resistance coefficient is mostly separated 
into two parts, frictional and residuary resistance 
coefficient. The coefficient of residuary resistance or 
pressure resistance CR is equal to difference between 
total resistance coefficient CT and frictional resistance 
coefficient CF. The total resistance in the present 
study, is expressed in a coefficient form as: 
 

              (2) 
 
where AW is the static wetted surface area of the model 
which assumed constant between variants, U is the 
ship velocity. 
 
D. Single-objective Optimization Algorithm 
CAESES supplies a selection of variation (DoE), 
single and multi-objective optimization algorithms as 
so called Design Engines. When running a Design 
Engine, all generated variants are stored in a 
hierarchical tree structure, along with their 
corresponding simulation results. These are obtained 
because, if one or more of the evaluation parameters 
contain results from a computation the corresponding 
external simulation is automatically triggered.Then 
the system waits for the computation to end and 
collects the results. In the present paper, Tangent 
Search Method has been usedin optimization process. 
The Tangent Search Method promises to be a reliable 
solver for small scaled, single-objective optimizations 
problems with inequality constraints. The major 
features of the Tangent Search Method are to detect a 
descent search direction in the solution space, to 
ensure fast improvement in the promising search 
direction, and to keep the search in the feasible 
domain.  
 
III. RESULTS AND DISCUSSION 
 
In the present study, CAESES served as both the 
geometric modeling engine and the controller for 
simulation-driven design.To realize a fast local 
optimization and since the initial design had been 
established in the commercial 3D modeling software, 
it was decided to apply partially parametric modeling 
for variation.The optimization run with the 
longitudinal and verticaltransformation of bulbous 
bow and12 alternative hull forms with different bulb 
geometry were created according to the viscous flow 
simulation results. Fig. 5 shows the change of 
transformation factors in optimization algorithm and 
the bulb geometries of 12 variants is given in Fig. 6. 
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Fig. 5. Variants created by T-Search Optimization Algorithm 
 

 
Fig. 6. Alternative bulb geometries 

After the optimization process, all values of the design 
variables, evaluations and constraints can be collected 
and displayed in a table in CAESES and visualized 
CFD results like wave patterns can be compared 
between variants. Fig. 7 shows the comparison of 
original and optimized bulb geometries and Fig. 8 
shows a sample of CFD results.  
 

 
Fig. 7. Representation of optimized bulb and original KCS bulb 
 

 
Fig. 8. Pressure distribution on optimized hull surface 

The total resistance coefficients of original hull and 
other variants are given in Table 3. As can be seen 
from the table, the optimization algorithm create 
variants according to CFD results of former designs to 
minimize the objective function, and finally Des11 has 
been obtained with 1.3 % decrease in total resistance. 

Design No CT*103 ε %  
Base 3.69 0 
Des00 3.74 -1.3 
Des01 3.73 -1.08 
Des02 3.7 -0.27 
Des03 3.72 -0.813 
Des04 3.71 -0.54 
Des05 3.69 0 
Des06 3.67 0.5 
Des07 3.66 0.8 
Des08 3.66 0.8 
Des09 3.65 1 
Des10 3.64 1.3 
Des11 3.64 1.3 

 
CONCLUSION 
 
In this present paper,one of the most well-known 
benchmark case KRISO container ship is selected 
local optimization study based on simulation-driven 
design methodology. Bulbous bow of KCSwas 
deformed to create variants under shift transformation 
functions in x and z axis.Partially parametric 
modelling is appropriate when it comes to optimize 
existing surface. Transformation functions must be 
chosen carefully and in compliance with design 
requirements. After making transformation functions 
parameterized, optimization process is available to be 
done. 
 
The shift transformations cause inaccuracy while 
calculating wetted surface area which is crucial for 
hull resistance. Although this change is relatively 
small and could be neglected, by adding a 
transformation function to y-axis may be subject for 
future works. Additionally, investigating the total 
resistance with different Froude numbers would 
improve scientific accuracy of the study to clearly 
obtain the effect of the geometry change. 
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