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Abstract: In today’s common design processes it is mostly the modeling inside of a computer aided design (CAD) system 
that drives the process, while design performance is usually checked in the end by simulation. In recent years, researchers 
have worked for application of CAD and CFD methods integrated and simultaneously in order to speed up the preliminary 
design and analysis stage and make it more efficient. As a result of this and similar developments in modeling the geometry, 
a new concept has emerged: Simulation-driven Design, SDD. This methodology 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, and this is the most consequent implementation of simulation-driven design, the simulation is really 
used to produce shapes, rather than just evaluating them. In this paper, it will be focused hydrodynamic optimization of a 
frigate type surface combatant based on Simulation-Driven Design approach. Optimization of a frigate type hull form for 
different objective functions was carried out completely automatically by the proposed methodology. CAESES (formerly 
called Friendship-Framework), a unique CAD-CFD integration platform, will be used to create a fully parametric model 
from a set of parameters and manage the entire optimization process. Firstly, the hull form will be modeled as fully 
parametric according to the determined parameters. This initial hull form will be modified by the change of the determined 
variables in the optimization process managed by a genetic algorithm and alternative forms will be produced.  Software for 
performing resistance, seakeeping and stability analysis will be collected under a single roof by means of CAESES and 
optimization work will be performed.    
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INTRODUCTION 
 
In recent years, computer simulation-based form 
optimization studies have become a decisive factor in 
the design of more efficient and environmentally 
friendly ships. Optimization of the hydrodynamic 
properties of the ship hull form plays a very 
important role during the preliminary design phase. 
Together with the development of computer 
technologies, researchers have tried to integrate 
modeling and simulation methods. Although this 
integration in structural mechanics has been quite 
successful, it has not been fully realized in the field of 
fluid dynamics. This is because the fluid dynamics 
are highly dependent on the model. 
Computer aided design (CAD) methods first began to 
appear in the early 1950s. In the 70's and 80's, the 
parametric curves and surface representations 
revealed significant developments and created the 
modeling methodology that is still in use. The 
development of CFD methods dates back to the early 
1960s and nowadays it has become an accepted 
analysis tool. 
Today, the integrated methods of modeling and 
simulation are called "CAE (Computer Aided 
Engineering)". CAD and CFDmethods are often used 
one after another, not simultaneously and 
interactively. The complex geometry of the ship hull 
form is modeled as a result of long effort and 
experience to provide all design criteria, such as 
displacement value, surface smoothness. Later, 
geometry is tested with numerical flow analyzes. 
According to the results of these analyzes, the hull 

geometry is usually replaced by interactive 
modifications. 
After the modeling and analysis process, the designer 
must select the most appropriate design from among a 
few designs to make the model experiment. In this 
preliminary design process, the designer must make 
several important decisions in a short time. For this 
reason, the process of modeling, evaluating, 
changing, and selecting alternative designs involves 
very important decisions. 
In recent years, researchers have worked for 
application of CAD and CFD methods integrated and 
simultaneously in order to speed up the preliminary 
design and analysis stage and make it more efficient. 
Harries [1] has brought a new approach to geometric 
modeling of the hull form, thus create a new 
methodology for effective integration of CAD and 
CFD. This approach is based on modeling the curves 
and surfaces that create the hull geometry depending 
on several form parameters. In this way, any change 
applied to the parameters will be reflected to whole 
geometry while keeping the topology unchanged. 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, and this is the most 
consequent implementation of simulation-driven 
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design, the simulation is really used to produce 
shapes, rather than just evaluating them [2]. 
In this paper, it will be focused on hydrodynamic 
optimization of a frigate type surface combatant via 
Simulation-Driven Design methodology. CAESES 
(formerly called Friendship-Framework), a unique 
CAD-CFD integration platform, will be used to create 
a fully parametric model from a set of parameters and 
manage the entire optimization process. Firstly, the 
hull form will be modeled as fully parametric. 
Software for performing resistance, seakeeping and 
stability analysis will be collected under a single roof 
by means of CAESES and multi-objective 
optimization work will be performed according to the 
determined variables. 

 
FULLY-PARAMETRIC MODELING OF THE 
HULL FORM 
 
In fully parametric modeling approach the geometry 
is entirely described by and created from parameters. 
Parameters are high-level descriptors that reflect the 
functional characteristics of the product. Variants are 
simply created by different instances of the parameter 
set’s values. 
CAESES is a CAE package for the design of 
functional surfaces.It offers a wide range of CAD 
functionality for conventional NURBS-
modeling,partially parametric modeling with various 
transformations and fully parametric 
modeling.Different variation and optimization 
algorithms for the automatic creation ofvariants are 
integrated as so-called Design Engines, and an 
efficient handling ofvariants and constraints is 
offered. Hydrodynamic analyze solvers are coupled 
to the CAD through variouslevels of integration; tool- 
or project specific integration or by a common data 
interface.Therefore, results of hydrodynamic 
computations can be easily used as measures ofmerit 
for optimization procedures, driving the design 
process [3]. 
In this work it was aimed to create a fully parametric 
model for a frigate with different bow types. During 
modeling, positional, differential (tangent values) and 
integral (area values) parameters were used. To 
model the hull form fully-parametric it was needed 
longitudinal basic curves to define the outline of the 
geometry, as shown in Fig. 1. Additional adaptive 
curve was created to be able to optimize the bow 
form. This curve was modeled subject to various 
parameters to allow the formation of different bow 
types. The list of basic curves was also given in 
Table 1. 

 
Table 1: Basic form curves 

Name of ParametricCurve Abbreviation 
Central Profile Curve CPC 
DeckCurve DECK 
Design Waterline DWL 
Flat of Bottom FOB 

AdaptiveStemCurve ASC 

 
Fig.1. Basic curves used in parametric model 
 

Within this system the modeling process is 
subdivided into three consecutive steps: Parametric 
design of a suitable set of longitudinal basic curves, 
parametric modeling of a sufficient set of design 
sections derived from the basic curves and generation 
of parametric surfaces under the control of parametric 
control curves. In this work it is focused of 
optimization studies, so details of the parametric 
modeling of the hull form could be found in [3] and 
[4]. The main dimensions and some non-dimensional 
coefficients was given in Table 2. 

 
Table 2: Main dimensions of the hull form 

Lengthoverall, LOA (m) 145  LWL / BWL 8.3 
Lengthwaterline, LWL (m) 139  LWL / 1/3 7.75 
Maximum breadth, Bmax(m) 18.203  LCB/LWL 0.44 
Depth, D (m) 11.2    
Waterlinebreadth, BWL (m) 16.747  (Bmax*0.92) 
 
 The hull surface was created as a parametric 
and optimized surface type, called meta-surface, that 
it is completely controlled by parameters, shown in 
Fig.2. 

 
Fig.2. Parametric surface of hull form 

 
MULTI-OBJECTIVE OPTIMIZATION 
 
In this paper, it is intended to perform an automated 
multi-objective optimization process. As a result of 
the literature review regarding multi-objective 
optimization it is preferred to use NSGAII algorithm 
because of rapid and better convergence [5]. 
In fully-parametric design it was used “global 
parameters” related with main dimensions. In 
optimization stage, in case, global parameters were 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-8, Aug.-2017 
http://iraj.in 

Hydrodynamic Optimization of a Ship Hull Via Simulation-Driven Design Method 
 

102 

kept constant and new “local variables” were defined. 
This variables were connected with stern and bow 
form, so it was provided to optimize initial hull form 
on the basis of both main dimensions and regional. 
All variables used in optimization and their upper and 
lower bounds are given in Table 3. 

 
Table 3: Design variables used in optimization stage 

 
To perform a multi-objective optimization three 
objective function was selected, as; 
 
Minimize 0.5*RT, Fn=0.251 + 0.5*RT, Fn=0.418(Resistance) 
Minimize Vaccbridge (Seakeeping) 
MaximizeKM(Stability) 
 
During the optimization process; hydrostatic, stability 
and resistance analysis have been realized for each 
alternative hull form that were automatically created 
according to altering of design variables by genetic 
algorithm. All optimization process was controlled by 
CAESES according to created flowchart; the software 
for performing resistance, seakeeping and stability 
analysis was collected under a single roof. To keep 
the global parameters constant some internal 
optimization loops were used based on T-Search and 
Lackenby methods [6].Demonstration of the entire 
system as an integrated process was given in Fig. 3. 
 

 
Fig. 3. Demonstration of theentiresystem as an 

integratedprocess 
 
RESULTS AND DISCUSSION 
 
As a result of the multi-objective optimization 
process, the hull form has been hydrodynamically 
improved by altering the local parameters. Since the 
optimization process involves multiple objective 
functions, a set of optimal results was obtained 
instead of a single optimal result. Detailed general 

information of the initial hull form and the 
hydrodynamic analyze results was given in Table 4 
and Table 5, respectively [7]. 
At the end of the optimization process, 192 new 
alternative forms were produced by changing the 
variable parameters. The design variableshas changed 
during the process as shown in Fig. 4. 

 
Table 4: Main dimensions of the initial hull form 

Lengthoverall, LOA (m) 145 LWL / BWL 8.3 
Lengthwaterline, LWL (m) 139 LWL / 1/3 7.75 
Maximum breadth, Bmax(m) 18.20 LCB/LWL 0.44 
Breadthwaterline, BWL(m) 16.74 BWL/T 3.31 
Depth, D (m) 11.2 S 2470 m2 
Draught, T (m) 5.052 Cvp 0.627 
Displacement,  (tons) 5913 KM 9.76 
 

Table 5: Hydrodynamic analyze results of initial hull 
 Rw RF RT 

Fn:0.250 25335.49 167776.80 218278.81 
Fn:0.418 369145.37 412336.08 843331.86 

 
Pitch angle 

(o) 
Rollangle (o) Vacc @ Bridge (m/s2) 

1.179 10.817 1.245 
 

 
Fig. 4. Change of the design variables during the optimization 

process 
 
When the results are analyzed on a single objective 
basis, the following optimum hulls for different 
objective functions are obtained: 
 

 min RT @ Fn=0.250 des030 
 min RT @ Fn=0.418 des092 
 minRTobj(equalweightedaverage) des092 
 minVaccdes170  
 max KM des141 
 

The variation of the parameters of these forms is 
given in Fig. 5. The values in the graph are the values 
normalized to the maximum values resulting from the 
optimization. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-8, Aug.-2017 
http://iraj.in 

Hydrodynamic Optimization of a Ship Hull Via Simulation-Driven Design Method 
 

103 

Three-dimensional and two-dimensional graphs of 
the analysis results were given in Fig.6toFig.9. 

 

 
Fig.5. Change of parameters of optimum design for single 

objective function 
 

 
Fig. 6. All alternative designs for three objective functions 

 

 
 

Fig. 7. Vertical acceleration – Resistance graph 
 

 
Fig. 8. KM – Resistance graph 

 
Fig. 9. Vertical acceleration – KM graph 

 
Wave height contours of initial design and optimal 
design (des092)in terms of resistance are shown in 
Fig. 10 comparatively. The lower half of the figure 
represents the optimum design and the upper half the 
initial design. As can be seen from the figure, 
optimized design have more uniform wave 
distribution and lower wave heights. The 
hydrodynamic analyze results of optimized hull forms 
was given in Table 6. 
 

 
Fig. 10. Comparison of initial and optimal design (Upper: 

initial design, Lower: optimal design) 
 

Table 6: Hydrodynamic analyze results of optimized hull 
 Rw RF RT 

Fn:0.250 25756.80 166011.85 214670.43 
Fn:0.418 352127.46 385066.62 794954.07 

 
Pitch angle 

(o) 
Rollangle (o) Vacc @ Bridge (m/s2) 

1.168 10.398 1.292 
 
When the analysis results in Table 5 and Table 6 are 
compared, there is a 5% improvement in the average 
weighted average of the total resistance values 
obtained for two Fn numbers as a result of the 
optimization. In parallel, there is an improvement in 
vertical acceleration values, which is another 
objective function. 
 
In Fig. 11, the change in the geometry of the initial 
and the optimum hull form (des092) in terms of 
resistance is shown comparatively. 
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Fig. 11. Comparative display of initial and optimal (des092)hull 

forms 
 
CONCLUSIONS 
 
In this work, it was mentioned about a multi-
objective optimization methodology based on 
Simulation-driven Design approach. This work takes 
lead to connection of CFD, seakeeping and stability 
software to CAESES to collect the multi-objective 
optimization process under one roof and handle it 
automatically. 
 
Optimization of a hull form for different objective 
functions was carried out completely automatically 
by the proposed methodology. The method requires a 
partially or full parametric model. The initial hull 
form modeled according to the determined 
parameters was modified by the change of the 
determined variables in the optimization process 
managed by a genetic algorithm and alternative forms 
were produced. The hydrodynamic analysis of each 
alternative hull form was done automatically and the 
results allowed to determine how the variables should 
change. Global parameters, such as length, 

displacement, were kept constant and some local 
parameters was defined to be able to make an 
optimization without changing the main 
characteristics of the initial form.To keep the global 
parameters constant some internal optimization loops 
were used based on T-Search and Lackenby methods. 
Finally, a set of optimal solutions was created to give 
opportunity to user for selection the optimal hull form 
according to his/her own priorities. 
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