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Abstract—Under water vehicle design has been on the cards for 
long. Primary aspect of such vehicle design lies in proper 
geometrical design of the outer hull thereby providing minimum 
possible hull drag. However it is the pressure and shear stress 
distribution around the hull surface which dictates the hull drag and 
other forces applied on the hull. CFD analysis has been a useful tool 
to determine the same. The present work focuses on determination of 
such pressure and shear stress distribution over a 3D submarine hull 
geometry in simulation frame using ANSYS software platform. 

1. INTRODUCTION 

The growing use of unmanned systems operating in air, on 
ground even under water are continually demonstrating new 
possibilities that can assist us in many ways in our daily life. 
The popularity of unmanned aerial vehicles which was 
initiated by US Department of Defense  in 2005 and till date 
there are over 1000 UAS models being developed over 50 
countries. In 2014 Cai et. al.[1]  presented a brief overview on 
recent advances of small-scale unmanned aerial vehicles from 
three perspectives viz. platform, key elements and scientific 
research. A detailed survey has been conducted on 132 small-
scale unmanned aerial vehicle models available worldwide. 
The small-scale unmanned aerial vehicles are classified into 
three categories bases on their collected data namely small-
tactical, miniature, and micro. They have also presented the 
evolvement of key elements of a small-scale unmanned aerial 
vehicle including onboard processing units, navigation 
sensors, mission-oriented sensors, communication modules, 
and ground control station. An unmanned underwater vehicle 
is playing a vital role mainly in oceanic exploration, industrial 
and defense applications. 

The HUGIN 1000 autonomous underwater vehicles (AUVs) 
has achieved great success in the civilian survey industry over 
past six years. Hagen et. al.  [2] at San Diego, USA, has been 
presented a detail military applications of the HUGIN 1000 
AUV. The HUGIN 1000 AUV has been developed jointly by 
the Norwegian Defense Research Establishment (FFI) and 
Kongsberg Simrad. Primary applications of HUGIN 1000 

include mine countermeasures, rapid environmental 
assessment, anti-submarine warfare (ASW).  

Yu et. al. [3] studied on ODYSSEY autonomous underwater 
vehicle which was deployed in September 1998 in 
Massachusetts and Cape Cod Bays for coastal optical and 
biological research. They also given the demonstration on 
AUVs which can be effectively used to study important 
coastal problems such as, concurrently measure bio-optical 
and physical properties and their interaction with physical 
process in coastal regions for ecosystem protection, proper 
utilization of oceanic resources, mapping and predicting 
underwater optical properties and visibility etc.  

However the design of underwater vehicle is a complex and 
computationally expensive exercise and a big challenge too. 
To design of an underwater vehicle has long been an active 
area of research. While designing a submarine one needs to 
focus on various hydrodynamic parameters which play very 
significant role in submarine motion under water. Since under 
submerged condition energy is limited, so it is obvious that 
minimum resistance on the outer surface of the submarine is 
very necessary to attain and thus appropriate design of hull is 
an important criteria. Use of water channels have been a 
conventional method of finding an optimal hull shape in order 
to minimize the drag under water thereby reducing the engine 
power requirement. Recently with the development of the 
computational techniques costly water channel 
experimentations can be simulated in the computational 
domain. Submarine hull shape design using such 
computational methods have been also emerged now-a-days. 
In 2008 Karim et. al. [4] has presented a paper on numerical 
computation of viscous drag for axisymmetric underwater 
vehicles. In that paper mainly the simulated data and 
experimental data have been compared. Various types of hull 
have been used there of different L/D ratio ranging from 4 to 
10. For the computation method finite volume method based 
on Reynolds-average Navier-Stoke (RANS) equations have 
been used for computing the viscous drag. For making the 
problem more realistic turbulent flow past the axisymmetric 



Pre
 

hu
mo
Fin
com

An
veh
red
the
obj
acc
for
lab
Flu
and
al. 
obt
PH
com
sim
for
obt
pur
sta

Ma
hy
var
ves
mo
ma
Flu
Mo
for
non
env
we
in 
mo
sep

In 
des
of 
dev
sub
def
bas
opt
wh
Up
res
we

Ho
tw
2D
pro

essure and She

ll has been tak
odel a Shear S
nally good 
mputational re

nother importa
hicles is the 
duction is very
e reduction of p
jective. But d
curate experim
r experimental
borious work. B
uid Dynamics 
d much accura
[5] worked on

taining the 
HOENICS is 
mputationally 

mulation techni
r various geo
tained from th
rpose and sign

age of design o

aneuvering ch
drodynamic fa
rious design st
ssel during tr
odel for predi
arine vehicle. 
uid Dynamic (
ousavizadegan
r maneuvering
nlinear velocit
vironment. Fre
ell-known turbu
simulation and

ore accurate 
parate flow at h

2014 Paz and
sign. Their ma
hull design. Th
veloped a sy
bmarine consis
finition of the
sed on slend
timization tech

hich are adequ
pon optimizatio
sulting geomet
etted surface an

owever many o
o-dimensional 

D techniques i
oper 3D compu

ear Stress Distr

p-ISSN:

ken into accoun
Stress Transpor

agreement 
sults and exper

ant requiremen
reduction of 

y much depend
propulsion pow
due to absenc

mental data larg
l analysis and
But due to the 
(CFD) this p

ate results can 
n four differen

results gen
used which 

efficient an
ique. This com

ometries and 
his method is

nificantly is red
f hull form. 

haracteristics o
actor and for t
tage and valida
rial tests. Abk
icting the ma
Virtual mane

(CFD) has bee
n [6] where a D
g oblique towin
ty dependent d
eely accessible
ulence models 
d it has been fo
results becaus
high drift angle

d Muñoz [7] a
ain focus was o
he term “multi

ynthesis mode
sting of three 
e hull geome

der-body and 
hnique. The d

uate to define t
on the resultan
try showed go
nd resistance. 

of such exercis
simulation tec

in practical fi
utational analy

ribution over E

Journa
 2350-0077; e-

nt and to do so 
rt (SST) mode
has been 
rimental result

nt for autonom
f propulsive p
ent on hull for
wer the hull de
ce of reliable 
ge number of 
d it is a very
development o

problem becom
be obtained. In

nt axisymmetri
neral-purpose 

helps for de
nd numericall
mputational me
it has found 
s more accura
duces the cost 

of a marine 
that it is to be 
ated after the co
kowitz model 
aneuvering ch
uvering test i
en performed 
DTMB 5512 m
ng test to obta
damping coeff
e Open FOAM
( k  and SST

ound that SST k
se it works 
es. 

also worked on
on multi-objec
i-objective” is 
el for the de

main factors 
etry, a maneu

a resistance 
design variable
the geometry 

nt geometry is 
ood relationshi

ses have been 
chniques. App
ield has been 
sis has thus be

xternal Hull of

al of Basic and 
-ISSN: 2350-0

in computatio
el has been us
found betwe

ts. 

mous underwa
power. And t
rm design. So, 
esign is a prim

and sufficien
hulls are need

y expensive a
of Computatio

mes cost-effect
n 1997 Sarkar
ic hull forms. F

CFD softw
veloping a n
ly robust fl

ethod is then u
that the resu

ate for design
during the earl

is also a ma
predicted dur

onstruction of 
is a much u

haracteristic of
in Computatio
by Hajivand a

model ship is u
ain the linear a
ficients in a C

M library and t
T k  ) are u
k  model giv
good to pred

n submarine h
ctive optimizat
used here as th
sign concept 
viz. a paramet

uverability mo
model with 

es are taken su
of the hull for
obtained and 

ip between hu

done consider
plicability of su

questionable.
een of necessity

f an Autonomo

 

Applied Engin
0255; Volume 5

onal 
sed. 
een 

ater 
this 
for 

mary 
ntly 
ded 
and 

onal 
tive 
r et. 
For 

ware 
new 
low 
sed 
ults 

ning 
lier 

ajor 
ring 
the 
sed 
f a 

onal 
and 
sed 
and 
FD 
two 
sed 
ves 
dict 

hull 
tion 
hey 

of 
tric 

odel 
an 

uch 
rm. 
the 

ull’s 

ring 
uch 
 A 

y to 

find out
be used
analysis
surface 
to find 
particul

2. NU

Comput
predict 
phenom
the pro
comput
research
many 
implem
proper s
grid gen

For this
shown i

Figu

Fi

The con
form in 

ous Underwate

neering Resear
5, Issue 5; July

t the simulated
d for real-life 
s of water velo
of a moving s
out the pres

lar analysis act

UMERICAL M

tational fluid 
fluid flow, m

menon by solv
oblem and by 
ters, day by da
hers. Also it i

problems i
mentation of CF

selection of tur
neration. 

s study an axis
in Figure 1 and

ure 1: 2D Geom

igure 2. 3D Geo

ntinuity equatio
cylindrical co

r Vehicle 

ch 
y-September, 2

d hull shape de
manufacturing

ocity distributio
submarine is ve
ssure variation
tually comprise

METHODOLO

dynamics (CF
mass transfer, 
ing mathemati
taking the ad

ay it is becom
is offers very 
in underwat

FD on marine h
rbulence mode

symmetric hul
d Figure 2. 

 

metry of hull (al

 

 

ometry of hull. (
cm). 

 
on for the flow
-ordinate is giv

018 

esign in 3D fra
g. Primarily 3D
on adjacent to 
ery much requ
n around the 
es the present w

OGY 

FD) is extensiv
heat transfer 

ical models w
dvantage of th

ming a powerfu
cost-effective

ter vehicles.
hydrodynamics
el, boundary re

l is used. The 

ll dimensions ar

(All dimensions

w past an axisym
ven by: 

453 

ame that can 
D simulation 

the external 
uired in order 

same. This 
work. 

vely used to 
and related 

which govern 
he speed of 

ul tool to the 
e solution to 
 However 
s depends on 
esolution and 

geometry is 

 

re in cm). 

s are in 

mmetric hull 



Pritam Ghosh and Pranibesh Mandal 
 

 

Journal of Basic and Applied Engineering Research 
p-ISSN: 2350-0077; e-ISSN: 2350-0255; Volume 5, Issue 5; July-September, 2018 

454
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Where  is fluid density, t is time, r is radial co-ordinate, xv

is the axial velocity, rv is the radial velocity and mS  is the 

source term (taken as zero in this study). The axial and radial 
momentum equations are given as: 
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  (3) 

where p  is the static pressure and  is the external body 

force (taken as zero here) and 

x r rv v v
v

x r r

 
    

 


   (4) 

3. THE SHEAR-STRESS TRANSPORT (SST) K-Ω 
MODEL 

The shear-stress transport (SST) k  turbulence model was 
developed by Menter in 1994. It is a two-equation eddy-
viscosity model. Combining the k   model in the near-wall 
region with the free-stream independence of the k  model in 
the far field, SST model becomes much accurate and robust. 
The use of a k  formulation in the inner parts of the 
boundary layer makes the model directly usable all the way 
down to the wall through the viscous sub-layer, hence the SST 
k  model can be used as a Low-Re turbulence model 
without any extra damping functions. The SST formulation 
also switches to a k   behavior in the free-stream and 
thereby avoids the common k  problem that the model is 
too sensitive to the inlet free-stream turbulence properties. 
Authors who use the SST k  model often merit it for its 
good behavior in adverse pressure gradients and separating 
flow. The SST k  model does produce a bit too large 
turbulence levels in regions with large normal strain, like 
stagnation regions and regions with strong acceleration. This 
tendency is much less pronounced than with a normal k 
model though. 

3.1 The Shear-Stress Transport (SST) k-ω model 

Transport equations for the SST k  model are given by: 

    �
ki k k k

i j j

k
k ku G Y S

t x x x
 

    
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  (6) 

In these equations, � kG represents the generation of turbulence 

kinetic energy due to mean velocity gradients, �G  represents 
the generation of  , k  and   represent the effective 

diffusivity of k and  , respectively, kY and Y represent the 

dissipation of k  and   due to turbulence, D  represents the 

cross-diffusion term, kS  and S  are user-defined source 

terms. 

3.2 Computational Method 

For computational analysis commercial CFD software 
ANSYS Fluent has used to model flow over a 3D submarine 
hull. A rectangular envelop is taken as the computational 
domain within which the hull is placed. The computational 
domain is found large enough to capture the entire viscous-
inviscid interaction and the wake development. For obtaining 
the solution of the Reynolds averaged Navier-Stokes equations 
finite volume method is used here. PISO algorithm is used 
here for pressure-velocity coupling and a second order upwind 
scheme is used for the convection term, Second Order 
interpolation scheme is used to compute face pressure and 
Second Order Upwind scheme is used for the discretization of 
the momentum equations.  

 

Figure 3: Computational domain. 

Water is taken as the working fluid and other variables that are 
used in this computational method are given in Table 1. 
Aluminium is used as the hull material. In computational 
domain the wall of envelop in front of hull is considered as the 
inlet boundary. The wall of envelop backside of the hull is 
considered as the outlet. And the remaining walls of envelop 
are taken as wall having zero shear stress. 
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Table 1: Working fluid properties 

Parameter Value Units 
Water Density 998.2 kg/m3 

Water Viscosity 0.001003 kg/m-s 
Inlet velocity 5 km/hr 

4. RESULTS AND DISCUSSION 

After running the simulation it has been observed that in front 
of the hull a high pressure zone, demarked as red colour, has 
been developed due to impact of water on the hull shown in 
figure 4. Following this high pressure zone a low pressure 
zone, demarked as blue colour, has also been developed as the 
stream lines are being elongated when it passes over the 
curved surface of the hull. The pressure again starts rising and 
remains more or less constant throughout the cylindrical hull 
shape or body of the submarine. This pressure again has 
suddenly decreased at the beginning of tail of the submarine 
due to separation of streamline. This variation of pressure 
around the hull is presented in a plot shown in figure 5. 

 

 

Figure 4: Contour of pressure around the surface of AUV 

From figure 6 and figure 7 it is seen that just after the contact 
of water with the hull body, wall shear stress increases sharply 
till the water reaches the cylindrical part of the hull. When the 
water flows past the tail of the hull is has been observed that 
there is a drastic change of wall shear stress and at this 
position nothing can be concluded as there the flow is highly 
turbulent. 

 

Figure 5: Variation of pressure coefficient around AUV 

 

Figure 6: Variation of skin friction coefficient on AUV 

 

Figure 7: Variation of wall shear stress on AUV 
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5. CONCLUSION 

The pressure and wall shear stress distribution over an 
autonomous underwater vehicle is obtained using commercial 
CFD software ANSYS. The numerical results conforms the 
theoretical knowledge. 
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