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Many oceanographic applications require an underwater body to be towed at a specified water
depth. But because of the tow cable force the underwater towed body may tend to come to the
towing vessel level. Depressor is a device that gives a depressive force on the underwater
towed body and helps it to be towed at a particular depth. There are many forms of the depressors
designed with different configurations for the purpose. Hydrodynamic depressors are those
which provide the depressive force derived from the negative lift created by the depressor wings.
This paper presents the CFD analysis of a hydrodynamic depressor carried out using the software
FLUENT. The incompressible Reynolds averaged Navier-Stokes equation with Standard k-
turbulence model is solved to estimate hydrodynamic performance of the depressor. The
characteristics such as lift and drag forces, lift and drag coefficients, velocity and pressure
distribution around the wings and body of the depressor are evaluated at a negative angle (angle
that gives a lift component of force in the downward direction) of attack. The CFD results are
compared with available experimental results and are found to be matching in close tolerance.

Keywords: Angle of Attack (AOA), Computational Fluid Dynamics (CFD), Depressor, Depressive
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INTRODUCTION
The oceanographic applications such as sea
bed mapping and ocean environment
investigation and naval application including
acoustic detection of a submerged target and
mine detection, require an underwater body
or vehicle to be moved in the ocean at a pre-
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determined depth. This is usually facilitated by
towed cable array system. The towing systems
possible are single part towing system and two
part towing system.

Single part towing system is a conventional
underwater towed system which consists of a
towing cable connecting the towed body with
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the towing vessel. One of the disadvantages
of single part towing system is that the towed
body becomes shallow as the towing vessel
speed increases. This can only be adjusted
by increasing the tow cable length. But
increasing the tow cable length increases the
cable tension, drag force and hence requires
a massive array handling system. Many
schemes have been put forward to maintain
an underwater towed vehicle to move stable
while operating under different towing speeds.
One of these is to use a two part underwater
towed system.

A two part towing system shown in Figure
1 consist of a depressor connected to the
main tow cable, followed by another
connecting cable and a tow-fish, which are
both close to neutral buoyancy. The
hydrodynamic design of the wings and body
of the depressor will provide sufficient
depressive force (negative lift) to the towed
body and helps in preventing the towed body
from rising to tow vessel level at higher towing
speeds. It helps in maintaining the towed
body at the required depth. Also it decouples
the towed body from the induced ship motions
and ensures its stability. It is possible to attain
more depth with the same cable length by

using a depressor. It is also effective for a
wide range of towing speeds.

The principles and design of the underwater
towed bodies and depressors have been
developed and investigated by many
researchers by different methods. Dessureault
(1976), Hopkin et al. (1993) and Jiaming and
Chwang (2000) mentioned in the reference
shows the efforts by some researchers in this
area. Becker (1950) in his report describes a
program directed towards the development of
a high speed, light weight depressor for towing
a sonar array from surface ships. The report
covers the design, fabrication and model basin
test of a half scale model and also the design,
fabrication, model basin test and at sea test
of a full scale model. Results of the test
program have verified the performance and
demonstrated the ease of handling a light
weight depressor.

CFD has become a useful tool for analysis of
most of the marine hydrodynamic problems
Anantha Subramanian and Senthil Prakash
(2010) and Arun Kumar and Senthil Prakash
(2013). Senthil Prakash and Subramanian
(2010), Senthil Prakash and Deepti R Nath
(2012), and Senthil Prakash and Binod Chandra
(2013) shows some of the applications of CFD
in marine hydrodynamics. In the current paper
the numerical analysis of the prototype depressor
mentioned in Becker (1950) is described. The
numerical investigation is conducted using the
Computational Fluid Dynamics software
FLUENT.

The hydrodynamic coefficients, pressure
and velocity distributions of the depressor at
various speeds are investigated using CFD
and compared with experimental results.

Figure 1: Two Part Towing System
with Depressor
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DEPRESSOR MODEL
SPECIFICATION
Proper hydrodynamic design is necessary in
order to achieve the effective performance of
a depressor. A non-hydrodynamic shape can
cause excessive drag, noise and instability
even at low speeds. The external shape of a
depressor is important for minimizing the
energy required to move the vehicle through
the water at the required speed for the desired
range.

The geometric specifications of the depressor
model used for the hydrodynamic analysis is
the one which is mentioned in the report of R.F.
Becker that covers the work performed by the
EDO Corporation in design, fabrication and
test of a high speed towed sonar array
depressor program Becker(1950). National
Advisory Committee for Aeronautics (NACA)
0012 to 0018 are symmetric profiles generally

used for wing sections of depressors. The
depressor which is modeled has a NACA
0015 section fixed main wings; with a 4.50
negative incidence on a truncated DTMB EPH
shaped body. The tail wings have V
configuration and NACA 0015 cross section
with a 00 incidence. As described in Wilburn
(1962) the dimensionless offsets of the fore
body and after body of DTMBEPH shaped
body of the depressor is prepared. Table 1
shows the general geometric specification of
the depressor.

Model for Simulation
The 3D geometric model of the depressor is
made using CATIA V5. Figure 2 shows the 3D
view of the depressor developed in CATIA V5.
This model for analysis need to be enclosed
in a domain of suitable size.

Table 1: Geometric Specification
of the Depressor

Depressor Body

Body Shape DTMB EPH

Reference length 889mm

Max. body diameter 254 mm

Length from nose to tail
trailing edge 775mm

Main Wing

Wing cross section NACA 0015

Wing span 1143mm

Incidence 4.50 leading edge down

Tail Wing

Wing cross section NACA 0015

Span 305mm

V configuration Trailing edges 450 from
vertical

Incidence 00

Figure 2: 3D Model of the Depressor

NUMERICAL ANALYSIS OF
DEPRESSOR
Computational Fluid Dynamic (CFD) analysis
is carried out to investigate the hydrodynamic
coefficients, pressure and velocity distributions
on the surface of the depressor and to examine
the performance of the depressor at varying
speeds and Angles Of Attack (AOA). The CFD
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simulations for the depressor are conducted
by using FLUENT.

Governing Equations
The general conservative form of the Navier-
Stokes equation is given below.

Continuity equation,
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where,  = density, u i is the velocity
component in the ith direction (i = 1, 2, 3). The
flow around the depressor is considered three
dimensional steady state and incompressible.
The density is constant in case of
incompressible flows and so the continuity
equation gets modified as,
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where, ij is the Reynolds stress tensor given
by,
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p = static pressure, g i = gravitational
acceleration in the ith direction, ij is the
Kroneker delta and is equal to unity when i = j;
and zero when i  j. The Reynolds-Averaged
form of the above momentum equation
including the turbulent shear stresses is given
by,
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where,

'
iu  = instantaneous velocity component,

 ''
jiuu = Rij, is called the Reynolds stress.

For the closure of the RANS equation a
turbulence model is used (Standard k-
turbulence model). The standard k-
turbulence model is the most widely employed
two- equation eddy- viscosity model. It is based
on the solution of equations for the turbulent
kinetic energy and the turbulent dissipation
rate. Equations (6) and (7) are used to
determine the lift and drag forces (FL and FD)
respectively.

LL CAvF  2
2
1 ...(6)

DD CAvF  2
2
1 ...(7)

where, CL is the lift force, CD is the drag force,
 is the density of the fluid medium, v is the
velocity of the fluid and A is the reference area
chosen for calculating lift and drag force. In this
case the wing area is considered to be the
reference area and it is 0.372 m2.

Domain specifications and meshing
The sea (fluid domain) in which the depressor
is moving is modeled as a recatangular prism
with dimesions as described below. The fluid
domain extends to 1.5 times the length of the
depressor body upstream and 3 times the
depressor length downstream in the axial
direction. Depth of the depressor below free
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stream is taken as the dimension of the
domain height above the depressor. The depth
below the depressor is fixed to be 4 times the
maximum diameter of the depressor. The width
of the domain is fixed by taking the wing span
to both sides from the wing tips (i.e., 1143
mm). The details of the domain length and
height are shown in the Figure 3.

During the preprocessing the meshing of
the depressor with unstructured mesh is
carried out. The discretized domain is shown
in Figure 4.

Unstructured meshing allows meshing of
complex geometry with in lesser time. The flow
around the depressor too close to the body is
of interest. So an inflation layer option
(providing high quality mesh) is used to mesh
this region , where the boundary layer around
the body is present. The unstructured
tetrahedral mesh and the fine layers of mesh
created around the depressor surface are
shown in the Figure 5. More than 300000 cells
with a skewness value of 0.38 have been
generated during meshing.

Solver Settings
Solver parameters for the simulation of
depressor were set considering the general
recommendations and the specific ones
obtained from simulation trials done on the
model. Standard k- turbulence model with
SIMPLE scheme for the pressure-velocity
coupling. The solver parameters and physical
constants used in the simulation are shown in
Table 2.

Figure 3: Domain Specifications Figure 4: Unstuctured Mesh in Fluid
Domain

Figure 5: Tetrahedral Meshing
with Inflation Layer
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Boundary Conditions
The boundary conditions considered are, for
inlet- velocity inlet that ranges from 2.57 m/s-
23.15 m/s, for outlet-pressure outlet and for the
domain walls-wall with no slip condition is
applied. Figure 6 shows the boundary
conditions applied.

main wings of the depressor. The depressive
force and the drag provided by the depressor
having a negative wing AOA of 8.5° at varying
speeds, obtained from CFD analysis is shown
in the Figures 7 and 8. The CFD results are
compared with experimental results of model
basin test conducted by EDO Corporation
Becker (1950) as a standardization step. The
CFD results were found very close to the
experimental results.

Description Details

Type of solver Pressure based-SIMPLE scheme

Turbulence model Standard k-

Inlet flow velocity
Tow velocity) 2.57 m/s-23.15 m/s

Density of  water 1000 kg/m3

Viscosity of water 0.001003 kg/m-s

Table 2: Solver Parameters

Figure 6: Domain Boundary Conditions

RESULTS AND DISCUSSION
During the CFD analysis of the depressor at
negative wing angle of attack (leading edge
down) of 8.5°, it was found that the depressive
force and lift coefficient obtained at 35 knots
speed are 7096.12 pounds and 0.524
respectively. The negative lift (depressive
force) is mainly generated by the body and

Figure 7: Lift vs Speed with 8.5° Negative
AOA of Main Wings-CFD

Figure 8: Drag vs Speeds 8.5° Negative
AOA of Main Wings-CFD
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Figures 9 to 13 shows the pressure
distribution on the surface of the depressor at

Experimental
Parameter CFD Result Result Becker

(1950)

CL (Lift Coefficient) –0.5239 –0.5

Depressive force
(Pounds) speed 7096.12 7000

Table 3: CFD Results Compared with
Available Experimental Results

Figure 9: Front View of the Pressure
Distribution at 45 Knots and –8.5° AOA

Figure 10: Top View of the Pressure
Distribution at 45 Knots and –8.5° AOA

Figure 11: Bottom View of the Pressure
Distribution at 45 Knots and –8.5° AOA

Figure 12: Pressure Contour of the
Depressor Body at 45 Knots and –8.5° AOA

Figure 13: Pressure Contour of the
Depressor
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45 knots. It can be observed from the figures
that because of the negative AOA provided for
the wings and the body a low pressure region
is created on the bottom surface of the body
and main wings of the depressor. This
provides sufficient depressive force for the
depressor at high speeds.

It can be observed from the Figures 9-13
that at 45 knots (23.15 m/s) with the wing
having a negative angle of attack of 8.5°, a
maximum pressure of about 1897 KN/m2 is
observed at the nose of the depressor body
and at the leading edges of the wings

Figure 14: Velocity Contour of the
Depressor Body at 45 Knots and –8.5° AOA

Figure 14: Velocity Contour of the
Depressor main wings at 45 Knots and

–8.5° AOA

(represented by dark red colour). A low
pressure region is created at the bottom
surface of the wings and the body (represented
by blue colour), which causes the depressor
to have a negative lift.

Figures 14 and 15 shows the velocity
variation on the body and main wings of the
depressor at 45 knots (23.15 m/s) with the
wings having a negative AOA of 8.5°. The
maximum velocity observed is 30.72 m/s
(represented by the dark red region in the
velocity contour) at the bottom of wings. The
velocity is zero near to the depressor surface,
at the nose of the depressor body and at the
wing leading edge.

CONCLUSION
A two part towing system with hydrodynamic
depressors provide depressive force
(negative lift) to the towed body and prevents
the towed body from rising to the free surface
at higher towing speeds. It thus maintains the
towed body at a constant depth. Numerical
analysis has been performed on a selected
prototype depressor using the CFD package
FLUENT aimed at studying the hydrodynamic
behavior at various tow speeds.

The simulation results carried out at 35
knots and at a wing angle of attack of 8.5
degree (leading edge down) could be
compared with the published experimental
results of the depressor program conducted
by EDO Corporation Becker (1950). The
depressive force obtained from CFD analysis
was 7096 pounds against the experimental
result of 7000 pounds, which are in close
tolerance. Thus the effort to numerically
simulate the depressor for its hydrodynamic
performance has been proved successful.
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