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Abstract: This paper presents numerical calculations for podded propulsion
system using vortex theory and potential panel method. The method discretizes the
surface boundary of the body (propeller +pod+strut) and obtained the vortex and
propeller surface and potential on strut and pod. A model propeller and strut are
considered for these calculations and the results of pressure distribution, flow field
around the propeller and hydrodynamic characteristics of the propeller are given.
The calculated hydrodynamic characteristics of the propeller are compared with the
experimental data and it is shown in good agreement with them.
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1. Introduction

The conventional propellers are mounted on a
shaft and the upstream wake consists of a non-
uniform velocity so causes cavitation and vibrations
that can affect the hull. Because of the recent major
improvements made by engine manufacturers in
electrical propulsion, in terms of power levels and
compactness, it is now possible to envisage ships
equipped with electrical propellers suspended in
pods. This concept has the obvious hydrodynamic
advantage of making it possible to control the pod’s
trim and drift angle so that the propeller is set in a
regular flow. This new configuration also removes
the need for the drive shaft and the propeller
brackets, which causes a disturbance in the regular-
ity of the wake and results in a considerable
increase in the total resistance to motion [1]

Because of importance the hydrodynamic charac-
teristics of inflow velocity, we can use podded
drives. Therefore the propeller works in the
homogenous water inflow so wake field into the
propeller will be homogeneous, as there are no
appendages in front of the propeller. For steering
the vessel, it is used by small rudder at the rear of
the vertical hydrofoil (stem), like a flap on an
aircraft wing. Such a system has the following
qualities [2]:

= Reduced machinery space

= Excellent maneuverability

= Sufficient immersion with high efficiency even in
heavy seas

= Homogenous inflow gives ideal conditions for
avoidance of cavitation which gives reduction in
propeller efficiency and risk of blade erosion

= Improved thrust/torque ratio and thereby total
efficiency due to the interaction between propeller
and podded unit.

= Sufficient clearance between propeller and hull.

The first author started the research on various
marine propellers since 15 years ago and prepared
his own code, namely SPD (ship propulsor design).
This code is based on potential boundary element
method including boundary layer theory for viscous
effect. CRP is a system for energy saving and may
be useful for some ships especially for torpedo and
submarines. This paper is a small part of the results
for the hydrodynamics characteristics (open water)
of propeller alone and CRP system are presented.

The numerical results are obtained for the
propeller, strut and pod. Hydrodynamic propeller
characteristics are compared and the results are
shown in good agreement with the experimental
one. Pressure distribution on strut and pod, flow
field around the strut are also given.
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2. Mathematical formulation
2.1. Vortex and potential on the propeller

The propeller is rotating with a constant angular
velocity @ around the x-—axis. The propeller is
represented hydrodynamically by the vortex system,
i.e. the bound vortex arranged I'(r,#) in the radial

direction on Sp and the free vortex A(r) shedding

from the bound vortex. And it is distributed on the
helical surface with the pitch 2z:(r) without con-

traction. The velocity potential ¢p due to the bound
vortex on the propeller may be expressed as:

Ty 2n

op= _[ r'dr'Ir(r',ﬂ')GP(X,V,ﬂ;/,ﬁ,)dﬂ) (2)
ry 0
Where:
o 1 —rc(\s\‘)sin\‘)’Jrrsinﬁco:ﬁ'( E
Gp(x,r, 9, %) W) Rp sz_xz LHRPJ (3)

The propeller is considered to have the finite
number of blades and finite chord length, bound and
free vortices are determined from the kinematics
boundary condition (KBC) [3].

2.2. Potential on strut- flap- pod (SFP)

The coordinate system for podded propulsion
system is shown in Fig. 1. It is defined a
rectangular coordinate system o-xyz and a cylin-
drical system o-xro fixed in space. The origin is
located at the center of the propeller and the x - axis
coincides with the propeller shaft axis. The steering
pod is placed behind the propeller and is parallel to
the z - axis.

As usual, the fluid is assumed to be inviscid,
incompressible and irrotational. The totapotential &
is summation of the perturbation velocity potential
¢ and given inflow velocity v, as follows:

D=V;x+0 4)

Hull

A

Fig. 1. Coordinate System for Podded Propulsion System

A perturbation velocity potential, @, represents

the flow field around a body, which satisfies the
Laplace’s equation:

vZi=0 (5
and vanishes at infinity. We consider a closed

domain boundary surface S, which is composed of

body and wake. Applying Green’s theorem,
perturbation velocity potential at any field point
P(x,y,z)can be expressed by a distribution of

source and doublet over the boundary surface Sg.
Where:

dp Perturbation velocity potential

p(x,y,z)  Field point where induced potential is
calculated

q(¢,n.&)  Singularity point where is located

9 Normal derivative with respect to the point

on 9q

R distance between p and g

This equation may be regarded as a representa-
tion of the velocity potential in terms of a normal
dipole distribution of strength ¢p on the body

surface p(x,y,z), a source distribution of strength

? on Sp, and a normal dipole distribution of
n

strength A¢ on the wake surface Sy [4].

3. Numerical results and discussion

3.1. Propeller and SFP models

In order to evaluate the accuracy and applicabil-
ity of the method, a typical propeller (MP195) plus
SFPO11.

Models have been selected principal particulars
of the propeller models are shown in tables 1 and 2.
Panel arrangement on podded propulsion system is
shown in Fig. 2.

Table 1. Principal particulars of propeller models

Propeller Type MP195
Diameter [mm] 250
Exp. Area Ratio 0.65
Pitch Ratio 0.710
Boss Ratio 0.18
No. of Blades 5
Rake Angle [Deg.] 10.0
Max. Blade Width Ratio 0.249
Max. Blade Thickness Ratio 0.050
Blade Section MAU
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Fig. 2. Panel arrangement on podded propulsion system

Table 2. Principal particulars of SFP

Strut-Flap-Pod SFPO11
Mean Chord Length (mm) 121
Flap-Strut Ratio 0.35
Span (mm) 142
Mean Thickness (mm) 16.5
Length between Propeller and Strut (mm) 150
Type of Section Normal
Pod Diameter (mm) 100

3.2. Velocity field behind the propeller

Computations were performed for the podded
propulsion system at different operating conditions.
After calculating the vortex and potential from
kinematic boundary condition, a postprocessor was
used to compute the velocity components for grid
points in a transverse plane down position of the
propeller plane. The velocity field behind the
propeller is important from the point of view of
inflow velocity to strut/flap and pod. so induced
velocities acted by propeller to the SFP and vise-
versa measure mutual interaction between the
propeller and SFP. Giving the inflow velocity V;,

the velocity components Vp flowing towards the
propeller is expressed as:

Vp =Vj +Vésrp (6)

and the velocity components Vgzp flowing onto the
SFP is expressed as:

Vspp =V +ivp +Vgp (N

here W, is non-potential flow velocity. Vg, and
Vgsrp are induced velocities by propeller and SFP,

respectively. An interactive process is required till
all propulsion coefficients lead to converged. On the
other hand, the induced velocity generated by SFP

acting to the propeller has not been affected.

The computed results for the 2-D cross velocity
are given in Figs. 3 and 4 at different advance ratios
and downstream positions. the velocity on strut/flap
in propeller slipstream at different operating condi-
tion on both sides (pressure and suction) are shown.

3.3. Pressure distribution on SFP

To integrate force and torque we need the
pressure on each panel. The pressure follows
Bernoulli’s equation:

p—po:—%p[v,z—(\@—(\?,.ﬁ}nwﬂ 3)

The surface pressure distribution is one of the
most essential step to understand the capability of
the potential panel method. It is well known that
any rough panel division of the surface will affect
the results of pressure distribution. Then it needs to
have fairer surface with high precision interpolation
for the coordinates of the body. The connection
between the strut and flap is an important point
when it turns. A flap deflection down causes a
suction peak at the right side near the flap hinge.
Fig. 5 shows calculated pressure distribution along a
strut/flap profile at inflow angle O degrees and flap
angle 10 degrees.

3.4. Hydrodynamic characteristics of the podded
propulsion system

Pressure distribution along the pod is shown in
Fig. 6 at j =0.458 when the strut/flap is located above
it. The bigger negative pressure can be seen where
the flap is located with some angle. The non-
regularity pressure is obtained at the nose of pod so
this maybe due to propeller disturbance.
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Fig. 3. Induced velocity contour behind the propeller (J=0.458, flap ang.=10deg., x/D=0.8)
Q18 o} T T T
Q16 T Q16 ety e Ny -
a4 oy
12 SIS S SIS 012 B e T N
e = VSN NI S =S
Q1 a1
BIESID N S S>> s > = = — > T T2
Qg TESSSNNN N ST I N
o> N = 4
RN - IS S > T
Q05
P4
B NS oles %9_}_)&$‘>$_>\>/7/7%
0 L L L L
a1 a5 02 05 03 0% a ; : ’ :
Q1 Q15 02 05 03 0X9)

Fig. 4. Velocity on strut/flap in propeller slipstream (J=0.458, flap ang.=10deg.)
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Fig. 5. Pressure distribution along pod (J=0.458)
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Fig. 6. Pressure distribution on strut/flap behind the propeller (J=0.458, Flap ang.=10deg.)
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Fig. 7. Calculated hydrodynamic forces of podded propulsion System (MP195, J=0.458)
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Fig. 9. Calculated hydrodynamic force and torque of podded propulsion system at different advance ratio

A comparison with corresponding experimental
studies for MP195 propeller performance in open
water condition is shown in Fig. 8. The computed
open water characteristics of MP195 are confirmed
to be in good agreement with experimental data.
The hydrodynamic coefficients (Kt, kg and n are
thrust, torque and efficiency, respectively) are
expressed:

JVag - _Fx T d K )
nD

_7;[( =7;n=i.7
on2p? 1 oD 'K,

Where J is advance coefficient and F, , Fy and
Ty are forces and torque. Sometimes 7, in high

angle is an important parameter, while F, and 7y

are very small even in high angles (they are defined
according to our ¢-xyz coordinate system). Figs. 7
and 9 show the total thrust, lateral forces and torque
on MP195+SFPO11 at different flap angles. It is
clear that when flap angle is increased, it causes the
total thrust to decrease while the torque is increased.

We cannot judge and discuss further without
experimental data, but it is estimated regarding our
promising insights and some computational and
experimental results for conventional propulsion
system, in which they have the same tendency with
our calculated results.

4. Conclusions

A computational capability has been developed to
predict the local flow field around podded propul-
sion systems. Inflow to strut/flap and pod is
computed by summation of induced velocity and
non-potential velocity using propeller theory. The
downstream velocity components at different
positions have been presented as two-dimensional
velocity vectors of cross velocity and contour plots
of the axial velocity.

Hydrodynamic forces and torque for MP195
propeller model and SFPO11 at different angles
have been carried out. Hopefully, those calculated
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results would be validated with experimental data in
the near future.

Further studies could consider for ducted podded
propeller system and its modeling the flow in off-
design conditions during maneuvering. The effect of
profile thickness of strut/flap and diameter of pod,
twin-podded propulsors behind the ship hull and
their interactions are interesting points to be
investigated more in detail.
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