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A B S T R A C T  

 

In this paper, a new approach to optimize an Autonomous Underwater Vehicle (AUV) hull geometry is 

presented. Using this methode, the nose and tail of an underwater vehicle are designed, such that their 
length constraints due to the arrangement of different components in the AUV body are properly 

addressed. In the current study, an optimal design for the body profile of a torpedo-shaped AUV is 

conducted, and a multi-objective optimization scheme based on the optimization algorithm Non-
dominated Sorting Genetic Algorithm-II (NSGA-II), as an evolutionary algorithm is employed. In 

addition, predefined geometrical constraints were considered so that equipment with the specific 

dimensions can be placed inside the AUV space without any effect on the AUV volume and the wetted 
surface. By optimizing the parameters of the newly presented profile, in addition to maximizing the 

volume and minimizing the wetted surface area, more diversed shapes can be achieved than with the 

‘Myring’ profile. A CFD analysis of the final optimal design indicates that with the help of the proposed 
profile, the hydrodynamic parameters for the AUV hull were effectively improved. 

doi: 10.5829/ije.2018.31.09c.16 

 
 

NOMENCLATURE 

L  total length of the body (m)  p  static pressure (Pa) 

nL  length of the nose (m) Greek Symbols 

tL  length of the tail (m)   density (kg/m3) 

nd  diameter of nose blunt section (m) t
 turbulent viscosity 

td  diameter of tail base section (m) ij  Cronker Delta 

D  body diameter (m)   dynamic viscosity of the Newtonian fluid 

  tail angle    Kinematic viscosity (m2/s) 

fCD  friction drag coefficient k  turbulent kinetic energy 

pCD
 

pressure drag coefficient   turbulent rate 

U  magnitude of free stream velocity (m/s)   

 
1. INTRODUCTION*  
 
With the population explosion in recent decades, there is 

a growing need for new sources of energy; and the oceans 

have vast energy possibilities and mineral resources. In 

                                                           

*Corresponding Author Email: s.abbasi@arakut.ac.ir (S. Abbasi) 

recent years, autonomous underwater vehicles (AUVs) 

have gained a high status as important search and 

discovery tools for exploring the ocean depths. AUVs are 

free-swimming vehicles that rely on their own energy 

supply. The requirements of oceanography made 
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researchers build the first AUVs in the 1970s and put 

them into commercial use in 1990s. Today AUVs are 

mostly used for scientific, commercial, and survey tasks 

[1]. 

The prestigious hydrodynamic hydrodynamics 

research centers and industries have a high regard for the 

design, manufacture and development of these 

autonomous underwater vehicles. The first and foremost 

concern  preoccupying the minds of hydrodynamics 

researchers is having the best possible body design for  an 

autonomous underwater vehicle. On this basis, the 

hydrodynamic behavior of streamlined bodies has been 

investigated by researchers to develop a family of 

axisymmetric bodies. The body shape of an underwater 

vehicle can influence its total body drag and the 

probability of cavitation occurrence in front of the nose, 

especially in high speed bodies. Estimating the shapes of 

the nose and the tail using polynomials constitutes the 

first step in presenting the body shapes of underwater 

vehicles via a specific group of profiles. In the laminar 

flow range, analyzing the flow around the bodies of 

underwater vehicles using analytical methods and then 

optimizing these types of bodies can be an effective step 

in full hydrodynamic assessment of different bodies [2]. 

The development of teardrop-shape bodies is one of the 

approaches taken for achieving optimized bodies in the 

laminar flow range. Although the use of streamlined 

bodies reduces the drag force, the unusual shapes and the 

fabrication difficulties of these types of bodies make their 

production costs very high. The use of elliptical, 

spherical, or conical profiles presents a preliminary idea 

for the design and fabrication of nose profiles. The 

Myring profile is currently the most famous profile used 

in the nose and tail designs of several underwater vehicles 

[3]. Functions with exponential forms can be used to 

estimate the nose and stern profiles of submerged 

vehicles [4]. To use these functions, their unknown 

coefficients must be determined in proportion to the 

desired body with the help of an algorithm. 

The need to develop proper methods for finding the 

optimized body shape of an AUV has led to the 

development of algorithms that consider their 

architecting and manufacturing requirements as well as 

their hydrodynamic requirements. Minimizing the total 

drag force, maximizing the pressure distribution near the 

nose region, minimizing the flow noise, reduction of 

manufacturing costs and improved equipment efficiency 

are some of the conventional objective functions that are 

normally considered for the optimization algorithm of the 

body shape of an AUV. 

Martz [5] applied a Multi Objective optimization 

using NSGA-II to optimize AUV geometrical 

characteristics and configuration of inner systems and 

achieve maximum effectiveness, minimum cost and 

minimum risk and then analyze some of the most 

optimum designs.  

Joung [6] optimized the hull of an AUV with a ducted 

propeller and Myring suggested nose and tail profile with 

the help of CFD for a reduction in the resistance of the 

hull. Alvarez [7] used a simulated annealing algorithm to 

optimize an AUV hull with the goal of reaching 

minimum wave resistance and friction resistance in a 

unique volume of the AUV hull. Koh et al. [8] proposed 

a novel formulation for the optimal design of the endcap 

of AUVs and suggested conducting shape optimization 

and thickness optimization tasks simultaneously to 

determine hemiellipsoidal endcaps with a minimum 

weight. Vasudev et al. [9] used a non-dominated Sorting 

Genetic Algorithm NSGA−II and CFD analysis to 

optimize the design variables for minimization of an 

objective function (viscous resistance) and finally 

presented a design example motivated by its real world 

applications. Alam et al. [10] presented an optimization 

framework for the design of AUVs using a genetic 

algorithm (NSGA-II) and an infeasibility driven 

evolutionary algorithm (IDEA) to optimize the hull shape 

and arrange its contents to avoid interference and then 

analyzed optimization further with the help of the 

computer-aided design tool CATIA to generate a detailed 

design.  

The present paper, by considering the restrictions 

pertaining to an AUV body design, presents general 

profile for designing the body profiles of these types of 

vehicles. With the help of this general profile, the 

architectural design limitations of the body can be easily 

incorporated and body profile coefficients can be 

determined, so that for a specific body length, a variety 

of profiles can be used in the hydrodynamic design. 

Between the various generated achievable profile 

designs, optimized coefficients are arised from a multi-

objective optimization to achieve maximum inner 

volume and minimum wetted surface areas of the AUV 

hull. Finally, the results of optimization after a CFD 

analysis were compared with the Myring profile for 

geometric characteristics and the Hydrodynamic drag 

coefficient. 

 

 

 

2. GEOMETRICAL DEFINITION OF THE AUV NOSE 
AND TAIL PROFILE  
 
Figure 1 depicts a schematic view of the AUV with its 

general specifications. As can be seen from the general 

specifications of this AUV, some characteristic lengths 

have been defined for the general shape of the body; 

therefore, it can be arranged with different components 

inside the AUV body. These specified lengths include the 

total length of the body (L) in 500 mm diameter (D), 

length of the nose (Ln), length of the tail (Lt), diameter of 

nose blunt section (dn) and diameter of tail base section 

(dt). 
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Figure 1. Schematic view of the AUV geometry 

 

In order to study the effects of body shape on drag 

coefficient, Myring developed a set of equations for the 

nose and tail profiles of the axisymmetric bodies. They 

are known as Myring profiles. In the Myring profile, the 

nose profile is obtained from a quasi-elliptical equation 

as Equation (1). 
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Thus, for a certain length of nose Ln and body diameter 

D, different profiles can be obtained by changing the 

values of n. The tail profile is obtained from an equation 

of 3rd degree in the Myring profile as Equation (2). 
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So, for a given tail length Lt and body diameter D, it is 

possible to generate different profiles for the tail by 

changing the tail angle θ. In case, where there is a blunt 

part of definite size at the nose head or tail end due to the 

design constraints, it is necessary to use an offset 

parameter in the nose or tail using the Myring profile. 

This can contradict other design constraints, such as the 

required volume in the nose or the tail parts. Therefore, 

in the current work, a general equation compatible with 

the geometric constraints of the body architectural design 

is proposed. Equation (3) is used to determine the nose 

profile. It would also be possible to generate different 

profiles based on those suggested equation. 
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The geometrical constraints are applied to the nose of the 

AUV in Equation (3) as following: 

 
(4) 

A definite profile can thus be obtained using different sets 

of unknown coefficients. The range of variations for the 

unknown coefficients of the problem can be limited, such 

that they put no effect on the variety of the developed 

profiles. By variation of the coefficients in the range 

under study, the final acceptable coefficients for 

development of the nose profile can be obtained. This 

means that the acceptable coefficients for the nose profile 

will be those having the profiles of positive slope and 

downward concavity of the curve: 

(5)  

By the same manner, the Equation 6 has been used to 

determine the tail profiles as follows: 
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(6) 

The geometrical constraints are applied to this equation 

as shown below; the number of unknown parameters will 

decrease: 

 
(7) 

The independent coefficients of the tail profile are 

estimated such that desired final profile will get a 

negative slope as well as a negative concavity: 

 
(8) 

The challenge in designing an AUV hull is the possibility 

of installation of necessary parts within the hull. In 

addition, it is preferred to reduce the wetted surface area 

of an AUV body as much as possible without reducing its 

interior space. In the nose and tail sections of the 

investigated AUV, there are two interior parts that oblige 

the profiles to pass a specific point as illustrated in Figure 

2. Therefore, it is indispensable to take advantage of an 

algorithm that helps for finding optimized profile: 

( ) Ync ncY X , 0.0847 , Y 0.222 nc ncX m m  (9) 

 ( ) Ytc tcY X  , 0.7506 , Y 0.20173tc tcX m m   (10) 

 
 
3. OPTIMIZATION FRAMEWORK 
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the gradient-based methods. That works on the basis of 

the objective function slope and can quickly converge to 

a solution. However, they suffer from two flaws: One is 

that they are sensitive to the primary points and the other 

drawback is the dependency of these methods on the 

slope of the objective function, which makes them 

impractical for problems with un-derivable objective 

functions. The second group of optimization approaches 

is evolutionary algorithms. These algorithms can be used 

for almost all types of problems. They are also used 

frequently in multi-objective optimization problems 

because once they are executed, they can come up with 

several optimum solutions, and they perform well for 

complex problems and problems with a large search 

space [11, 12]. Genetic algorithm is a very common 

evolutionary algorithm that relies on biological 

evolutionary traits, such as inheritance and mutation. In 

this research, a multi-objective optimization scheme 

based on the Non-dominated Sorting Genetic Algorithm 

(NSGA-II) employed in MATLAB software, because by 

using few computations, it can quickly arrive at the final 

solution, and also because of having an operator for 

calculating the crowding distance that provides an 

estimate of the density of solutions. It can provide a vast 

and uniform distribution of optimal designs. In solving 

multi-objective optimization problems, this algorithm 

yields a set of optimal solutions, none of which has a total 

superiority over the others; these solutions are called 

‘non-dominated solutions’. In other words, a solution is 

called non-dominated or Pareto frontier if none of the 

objective functions can be improved in value without 

degrading some of the other objective values [13]. 

The objectives of the present work are to minimize 

the wetted surface area and maximize the interior spaces 

of the nose section and tail section of an AUV, while the 

geometrical constraints of the problem are satisfied. 

Concise mathematical definitions of this problem are 

presented in Tables 1 and 2. Optimization is performed 

separately for each of the nose and tail sections. 

In present work, an initial population is first selected. 

This population is randomly chosen from a space that 

satisfies all the geometrical constraints, and then within a 

cycle, the next generations (offspring) are generated with 

the help of the ‘crossover’ and ‘mutation’ operators. The 

constraints of Tables 1 and 2, which are in the form of 

equalities, limit the acceptable ranges of some variables 

and, by being placed in the system of equations, obtain 

some variables in terms of other variables, which reduces 

the variable coefficients [14]. To manage the constraints 

related to the slope and concavity of the profile curve, 

Equation (5) and Equation (8) are in the form of 

inequalities, and since even the least violation of the 

constraints is not acceptable, then the death penalty 

method is applied. In this approach, the cost for offspring 

that do not satisfy the constraints is set, such that it would 

be impossible to select them as new parents for example, 

their volume is set to a small value (zero), and their 

wetted surface area is set to a large value. In this way, the 

improbable values will be almost disregarded. For more 

information on the methods of constraints management, 

one can refer to literature [15]. 

After generating the offspring, an assessment of the 

populations of parents and offspring is conducted and 

members (equal in number to the initial population) are 

generated as the parents of the next generation, provided 

that there is no other member more optimal than them in 

terms of both volume and surface area criterion. In 

addition, they must have the farthest crowding distance, 

so they can cover a wider range of solutions.  

These new parents are non-dominated solutions, 

which means that each of these points has the largest 

possible volume for a specific surface area. The flowchart 

for the optimization procedure for this problem is shown 

in Figure 3. The parameters of the genetic algorithm are 

specified in the Table 3. 

 

 

     
Figure 2. Geometrical constrains at nose (a) and tail (b) parts 

 
TABLE 1. Summarized mathematical algorithm definition for 

nose 

Coefficient including in the equation 

n, ,C , , ,  n n n n nA B  Variables 

Minimize(nose wetted area), Maximize(nose volume) Objectives 

( ) 0 nY X

( ) 0 nY X
 

( ) 2 n nY X L D

'( ) 0 n nY X L
 

( 0) 2 n nY X d

'( 0)  nY X
 

Costraints 

 
TABLE 2. Summarized mathematical algorithm definition for 

tail 

Coefficient including in the equation 

, ,C , , ,  t t t t t tA B  
Variables 

Minimize(tail wetted area), Maximize(tail volume) Objectives 

( ) 0 tY X

( ) 0 tY X  

( ) 2 t t tY X L d

'( 0) 0.0 tY X
 

( 0) 2 tY X D

'( 0) 0 tY X  

Constraints 

http://en.wikipedia.org/wiki/Pareto_optimal
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4. RESULTS AND DISCUSSION  
 
4. 1. Hull Profile Optimization     By applying the 

problem constraints for the ‘Myring’ profile, only one 

profile can be sketched for the nose and tail sections, as 

shown in Figure 4. 

The family of profiles obtained through a multi-

objective optimization of the presented profile 

coefficients for nose and tail are shown in Figures 5 and 

6. With this profile, in spite of the applied geometrical 

constraints, a large variety of profiles with various 

volume and surface area values can be produced. 

 

Set of feasible space
(design geometery constraints)

Initialize random feasible population
(random coefficients in feasible space)

Generate a new generation 
population

Evaluate slope and 
concavity constraints

Evaluate objectives
(Volume and Surface area)

Evaluate crowding distance

Selecting parents for 
new generation

Maximum number of 
generation reached?

Report Non-dominated 
Population

yes

No

 
Figure 3. Flowchart of NSGA-II for the problem 

 

 
TABLE 3. Genetic algorithm parameters 

Parameter Value 

Population size 60 

No. generations 200 

No. evaluations 12000 

Crossover probability 0.9 

Mutation probability 0.2 

Mutation Rate 0.2 

 

 

   
Figure 4. Myring profile for nose (a) and tail (b) 

 

 
Figure 5. Various profiles for the AUV nose 

 

     
Figure 6. Various profiles for the AUV tail 

 

The Pareto frontier consisting of non-dominated 

solutions obtained through the optimization of the 

volume space and surface area for the nose and tail 

sections are illustrated in Figures 7 and 8, respectively. 

Moreover, to compare the ‘Myring’ and current work 

profiles, the position of the ‘Myring’ profile is shown 

next to the Pareto frontier points. One of the points of the 

Pareto frontier is selected as the optimum design. “Knee 

in the curve” is generally used to choose the design. 

“Knee” is the locations on the Pareto front where 

significant changes in the slope occur. In Figures 7 and 

8, looking at area vs volume the optimum point would be 

a “knee” in the curve where a small improvement in area 

would lead to a large deterioration in volume. 
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The ‘Myring’ and optimum profile are simultaneously 

sketched in Figures 9 and 10 for nose and tail, 

respectively. 

The selected optimum design coefficients for the nose 

and the equation coefficients for the nose of ‘Myring’ are 

shown in Tables 4 and 5, respectively. Also, nose 

volumes and wetted surface areas obtained for the 

selected optimum design and for ‘Myring’ are compared 

in Table 6. 
 

 
Figure 7. Pareto frontier for nose profiles 

 

 
Figure 8. Pareto frontier for tail profiles 

 

 
Figure 9. Comparing the optimum nose profiles for current 

work ‘Optimum Profile’ and ‘Myring Profile’ 
 

 

 
Figure 10. Comparing the optimum tail profiles for current 

work ‘Optimum Profile’ and ‘Myring Profile’ 

The selected optimum design coefficients for the tail of 

presented profile and the equation coefficients for the tail 

of ‘Myring’ are shown in Tables 7 and 8, respectively. 

Also, the tail volumes and surface areas obtained for the 

selected optimum design and for ‘Myring’ are compared 

in Table 9. 

The selected optimum designs for nose and tail have 

a smaller surface area and a larger volume relative to 

those for the ‘Myring’ profile, and further, based on the 

optimization objectives. The optimum designs for both 

the nose and tail sections are superior to those of the 

‘Myring’ profile. 
 

 

TABLE 4. Optimum nose profile coefficients  

Cn Bn An γn βn αn 

9.87400 -14.45660 5.08260 1.34130 1.22430 0.87661 

 

 

TABLE 5. Myring’ nose profile coefficients 

Offset (m) n 

0.00144 7.70020 

 
 

TABLE 6. Comparing the optimum nose profile geometries of 

‘Myring’ and current work 

Nose wetted surface area (m2) Nose volume (m3) Profile type 

0.666540 0.065096 Myring 

0.663000 0.065384 current work 

 
 

TABLE 7. Optimum tail profile coefficients  

Ct Bt At γt βt αt 

-1.08910 5.58910 -5 3 4.88940 4.99490 

 

 
TABLE 8. Myring’ tail profile coefficients 

Offset (m) θ (rad) 

0.37995 0.33224 

 
 

TABLE 9. Comparing the optimum tail profile geometries of 

‘Myring’ and current work 

Profile type Tail volume (m3) Tail wetted surface area (m2) 

Myring 0.17235 1.67900 

Current work 0.17291 1.67660 

 
 

 
Figure 11. Computational domain and boundary conditions 
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4. 2. Numerical Simulation    To evaluate the 

hydrodynamic performance of the presented profile, it is 

numerically simulated using with Ansys-Fluent software. 

Its hydrodynamic behavior is compared with the Myring 

profile. In this regard, as a first step, the incompressible 

flow around the body of the AUV is numerically 

investigated. In this paper, the realizable k   model 

[16] is employed to model the flow turbulence. In the 

present work, the axisymmetric problem with the 

appropriate boundary conditions is solved using a finite 

computational domain. With L  being thetotal length of 

the body as shown in Figure 11. The computational 

domain is extended 1L  upstream of the leading edge of 

the axisymmetric body, 1L  above the body surface, and 

5L  downstream from the trailing edge. 
The solution was evaluated on a structured mesh. For 

the current work, it was found that a grid size of 60,000 

cells is sufficient for the simulations, with the first grid 

point being located at 30y  . So, along with the 

turbulence model, a wall function based on the law of the 

wall was used [17]. 

In the numerical solution, the SIMPLE algorithm was 

used to compute the pressure field. The numerical 

schemes for the turbulent quantities transported upwind 

were set to the first order, and the central schemes were 

set to second-order for both pressure and velocity. The 

simulation is conducted at a Reynolds number of 

3.0×107. Where the Reynolds number is given by: 

Re
U L


  (11) 

where, U  is the magnitude of free stream velocity, L  is 

the AUV length, and v  is the fluid kinematic. 

The total drag coefficient on a body is usually considered 

to be the summation of friction drag coefficient and 

pressure drag coefficient: 

f pCD CD CD   (12) 

where 
fCD  is the friction drag coefficient and 

pCD is 

pressure drag coefficient.  

Simulations performed for the body profiles are 

presented in Tables 10 and 11 (i.e., presented and 

‘Myring’ profiles) and the hydrodynamic effects due to 

the changes of body profile are analyzed. Table 10 shows 

the body drag coefficient for the AUV for the presented 

profile as well as the pressure and friction drag for the 

various body components. These findings for the 

‘Myring’ body profile are presented in Table 11. As these 

two tables indicate, the changes in the nose and tail 

profiles of the AUV had a negligible effect on the amount 

of friction drag. While the pressure drag diminished a 

little in the presented profile relative to the “Myring’ 

profile, thereby slightly reducing the total body drag in 

the presented body profile (about 1 %). 

TABLE 10. Pressure and friction drag for the various body 

components in the ‘Myring’ profile  

 Nose Mid-Body Tail Myring Hull 

Friction Drag 0.01410 0.08114 0.01654 0.11168 

Pressure Drag 0.01457 0.00000 0.00476 0.01933 

Total Drag 0.02857 0.08114 0.02130 0.13101 

 

 
TABLE 11. Pressure and friction drag for the various body 

components in the presented profile 

 Nose Mid-Body Tail Total Hull 

Friction Drag 0.01400 0.08116 0.01654 0.11170 

Pressure Drag 0.01370 0.00000 0.00470 0.01840 

Total Drag 0.02760 0.08116 0.02134 0.13010 

 

 

 
Figure 12. Distributions of pressure coefficient over the AUV 

body using the presented and “Myring’ profiles 

 

 

The distributions of pressure coefficient over the AUV 

body using the two cases of presented and “Myring’ 

profiles are shown in Figure 12. 

As Figure 12 indicates, there is not a great difference 

between the pressure distributions over the tail in these 

two cases. However, the patterns of pressure distribution 

over the nose indicate that the minimum pressure over the 

nose section is reduced in the presented profile 15 % 

relative to the ‘Myring’ profile, which then reduces the 

probability of cavitation occurrence on the nose in the 

presented profile. So in view of the obtained results, it 

can be reasoned that the use of the presented profile 

improves the hydrodynamic conditions of the AUV body. 

 

 

5. CONCLUSION 
 
In the present paper, the NSGA-II optimization algorithm 

was applied to optimize the hull shape of an AUV. In the 

algorithm presented, a new profile was used to design the 

nose and tail sections of the AUV. By employing this 

proposed profile, the geometrical constraints due to the 

placement of various components within the AUV hull 

can be easily considered. To achieve the maximum 

interior volume that can possibly be obtained at different 
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wetted surface areas of the AUV body, by considering the 

geometrical constraints in the nose and tail sections of the 

AUV, and based on the proposed equation, several 

profiles were obtained the coefficients of which were 

determined via a constrained multi-objective 

optimization algorithm. Under the conditions with 

similar geometrical constraints for the body, the optimum 

profiles obtained in this work were compared to the 

profile resulting from the ‘Myring’ equation, and it was 

determined that the equation of the presented profile can 

yield various profiles, while only one profile can be 

achieved when using the ‘Myring’ equation. 

This characteristic of the presented profile enables the 

designers to select a final hull shape so there is no 

interference between the AUV body shape and the 

internal parts that need to be installed. The results 

obtained from the simulation of flow around the body of 

the AUV indicate that by designing the hull shape with 

the help of the proposed profile, the minimum pressure 

over the nose section diminishes 15 % relative to the 

‘Myring’ profile, which reduces the likelihood of 

cavitation on the nose when the presented profile is used. 

Moreover, in this case, the total body drag coefficient 

diminishes about 1 %. 
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 چکیده

 

ائه شده است. به کمک این نه یک وسیله زیرسطحی خودکنترل ارسازی هندسه بدجدید برای بهینه اله حاضر یک روشدر مق

شود که قیود طولی ناشی از جانمایی اجزاء متفاوت در داخل بدنه ای طراحی میماغه و دم وسیله زیرسطحی به گونهروش د

ی شکل انجام شده است و سیله زیرسطحی اژدرمورد مالحظه قرار گیرد. در پژوهش حاضر یک طراحی بهینه برای بدنه و

به کار گرفته شده است با بهینه کردن پارامترهای   NSGA-IIسازیند هدفه بر مبنای الگوریتم بهینهسازی چروش بهینه

توان به سطح تر شده کمتری دست یافت. جم بدنه میماکزیمم کردن ح هندسی پروفیل جدید به کارگرفته شده، عالوه بر

شرایط هندسی خاص دست  های بدنه در یکتوان به تنوعی از شکلیسه با پروفیل متداول مایربنگ میکه در مقاضمن آن

دهد که به کمک پروفیل به کارگرفته شده پارامترهای ریان در طرح بهینه نهایی نشان میسازی عددی جیافت. شبیه

 یابد.طور موثری بهبود میزیرسطحی خودکنترل به  هیدرودینامیکی بدنه
doi: 10.5829/ije.2018.31.09c16
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