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Abstract: The unsteady performance of drag and double reverse
propeller podded propulsors in open water was numerically
simulated using a computational fluid dynamics (CFD) method. A
moving mesh method was used to more realistically simulate
propulsor working conditions, and the thrust, torque, and lateral
force coefficients of both propulsors were compared and analyzed.
Forces acting on different parts of the propulsors along with the
flow field distribution of steady and unsteady results at different
advance coefficients were compared. Moreover, the change of the
lateral force and the difference between the abovementioned two
methods were mainly analyzed. It was shown that the thrust and
torque results of both methods were similar, with the lateral force
results having the highest deviation
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1 Introduction

In recent years, podded propulsors have been introduced
as a new type of electric ship propulsion system. Owing to
the superior performance of this system, an increasing
amount of research has occurred in this field. Institutions
such as the Hamburgische Schiffbau-Versuchsanstalt and the
Maritime Research Institute Netherlands have developed
detailed test methods for determining the hydrodynamic
performance and self-propulsion factors (The Propulsion
Committee, 2002) of podded propulsors and have proposed
test procedures for the propulsors in open water (Mewis,
2001). Ohashi and Hino (2003) used a computational fluid
dynamics method to simulate and study interactions between
podded propulsors and ships’ hulls. Liu et al. (2009)
numerically simulated unsteady moment, torque, and thrust
of Drag Podded Propulsor (DPP) models under various
steering angles and found that the hydrodynamic load
strongly affects the blade, pod, and strut of the propulsors.
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Thus, they concluded that the hydrodynamic load is a factor
that cannot be ignored when assessing propulsor fatigue
strength and maneuverability. Bal and Giiner (2009)
combined the boundary element and vortex lattice methods
to simulate propeller-pod interaction, and force distribution
on the pod and strut. They noted that the strut causes the
velocity of water to increase at the pod surface (especially in
areas near the strut) and that the pod causes the velocity to
increase at the strut surface (especially in areas near the pod).
They validated the feasibility of their proposed method
through comparisons with experiments. Using preliminary
Reynolds-averaged Navier-Stokes (RANS) analysis, Shamsi
and Ghassemi (2014) compared the thrust and lateral forces
on drag- and push-type propulsors, producing calculation
results that agreed well with test results.

In China, Yang et al. (2003) investigated the impact of a
podded propulsor on the hydrodynamic performance of a
propeller using theoretical computation and experimental
methods to study the steady hydrodynamic performance of
single-propeller podded propulsors. Using systematic
computation and an analysis of the unsteady hydrodynamic
performance of a propeller in the presence of a pod, Ma
(2006) conducted a detailed study of the individual impacts
of propeller load and pod and strut wakes as well as the
impacts of nominal and effective wakes on POD propulsors.
Cao et al. (2003) used the Cavitation Tunnel Laboratory at
Shanghai Jiaotong University to conduct experiments on
various podded propulsor models. Their results showed that
the presence of any type of podded propulsor, including
double propellers in tandem and single drag or push
propellers, led to improved open water efficiency compared
to conventional propeller systems. However, the efficiency
of the overall podded propulsor system of their study
decreased when the resistance caused by the pod was
considered.

Guo et al. (2009a) used a FLUENT RANS solver to
compute the hydrodynamic performance of a DPP under
uniform and oblique flow states. Mixed-surface model and
moving mesh method were used to study the steady and
unsteady performances of the blade, strut, and pod of the
model; they also presented a preliminary discussion of the
lateral force on the strut and pod when sailing straight or at
various oblique flow angles. Zhuang et al. (2013)
investigated the mutual interference between the front and
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rear propellers of a podded propulsor by combining multiple
reference frame (MRF) and moving mesh models. They
proposed that the stream of a double-propeller podded
propulsor is unsteady when performing numerical
computations for the rear propeller owing to the effects of
the front propeller. Hence, it is reasonable to use a moving
mesh model for simulations.

The present study is based on the findings of the
abovementioned previous studies. The steady and unsteady
methods were combined with the moving mesh model to
study and compare the hydrodynamic properties of drag and
Double Reverse Propeller Podded Propulsors (DRPPPs).

2 Numerical Computation Methods

2.1 Governing equation

We used the RANS equation as the controlling formula
for our computation. Assuming that a fluid within the flow
field is incompressible, the following continuity and
momentum equations were obtained (Guo et al., 2010a):
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where wu; and u; represent time-averaged velocity
components (i, j = 1, 2, 3); x; and x; represent the

components of the coordinate system in the horizontal and
vertical directions, respectively; p is the time-averaged
pressure; o is the fluid density; v is the fluid kinematic

viscosity coefficient; g is the acceleration due to gravity;

and —puu; is the Reynolds stress term.

2.2 Turbulence model

The RNG k-¢ was used as a turbulence model because it
is more suitable for modeling the effects of rotating
machinery. In RNG ke, a series of successive
transformations at any random spatial scale is used to
achieve a coarse-resolution description of a system or
process that is originally very complex, allowing small-scale
motion systems to be eliminated from the control equation
(Guo et al., 2009b) as follows:
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Here, k is the turbulent kinetic energy, & is the
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dissipation rate of the turbulent kinetic energy, ¢ is time, p
is the fluid density, x; is the component of the coordinate
system in the vertical direction, gz, and x are turbulent

viscosity terms, C, =100 is a constant, and P is the output
of the turbulent kinetic energy;

C,=144,and C,, =192,

@, =10, a,=13,

2.3 Selection of computation method

A combination of the MRF and moving mesh models was
used as the computational model in this study. The MRF
model was used to implement the steady method; for the
unsteady method, the MRF model was used to provide the
initial flow field, and the moving mesh model was used to
complete the entire computation.

The moving mesh model allows meshes on both sides of
an interface to slide over each other without an overlap of
mesh nodes on either side. For this purpose, the flux across
both sides must be computed and made equal. When
computing the flux, first, for each time step, it is necessary
to determine overlapping surfaces on both sides of the
interface; essentially, the flux through the overlapping
surfaces of the mesh is computed based only on overlapping
surfaces within boundary domains on both sides of the
interface, rather than the entire interface.

For computations under the unsteady flow, the interface
where meshes mutually slide is formed by the area within
the fluid machinery between the rotating component’s outlet
and stationary component’s inlet (Fig. 1). A moving mesh
model must be used to compute the unsteady flow field
when a real-time (instead of time-averaged) solution is
applied to interactions between the rotor and stator (Wang et
al.,2011).
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Fig. 1 Sketch of data transmission between static and
moving meshes

3 Establishing the Computation Model

3.1 Building the geometric model

The geometric parameters (Li et al., 2009) for the
propeller of the podded propulsor model used for
computation are shown in Table 1; those for the pod, strut,
and other components are shown in Table 2 and Fig. 2. The
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pod and propeller hub, both of which are parts of a podded
propulsor, are merged to form an ellipsoidal rotator. The
cross-section of strut is oval.

Table 1 Geometric parameters of propeller

Parameter Measurement
Number of blades 4
Diameter / m 0.24
Side bevel / (°) 35
Pitch ratio / (0.7 R) 1.284

Table 2 Other parameters of podded propulsor

Measurement
Parameter
/m
Major axis of cross-section of strut 0.18
Minor axis of cross-section of strut 0.036
Height of strut surface along Y axis 0.19
Distance between centers of the two propeller 031
disks of a double-propeller podded propulsor ’
Combined length of pod and propeller hub 0.4
Length of propeller hub 0.075 2
Maximum pod diameter (m) 0.1

Length of the strut
(cross section)

Length of the
propeller hub
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Distance between the mid-point of the
propeller disk of the double-propellers

Fig. 2 Geometric parameters of pod and strut

The computation model was constructed using the O-XYZ
Cartesian coordinate system; for the propeller, the
coordinates of the origin (0, 0, 0) were fixed at the center of
the propeller disk. For a DRPPP, the coordinates for the
centers of the front and rear propeller disks were fixed at (0,
0, 0) and (0.31, 0, 0), respectively. In the positive direction
of the X axis, the axis of rotation along the propeller pointed
downstream. In the positive direction of the Y axis, the bus
bar along the strut of the podded propulsor pointed toward
the pod exterior. The Z axis complied with the right-hand
rule. The specific model is shown in Fig. 3, where (a) and (b)

represent the DPP and DRPPP, respectively.

DPP

DRPPP

4

L. s
Fig. 3 Podded propulsors and coordinate system

3.2 Partitioning the mesh

The mesh quality is a critical factor affecting the accuracy
of numerical simulations; specifically, a high-quality mesh
can effectively enhance the accuracy of simulation results.
The mesh quality is in turn determined by the form and the
mesh number. Because the viscous force has different
degrees of impact on the thrust and torque of the propeller
blade, the torque coefficient of the podded propulsor is
especially sensitive to the mesh quality (Zhang, 2008).

For this study, the propeller and its hub were placed
within Domain 1, a cylindrical control domain with a
diameter slightly larger than that of the propeller, after
which the mesh within the domain was refined. Domain 2
was the control domain for the pod and strut, and Domain 3
represented the flow field. The specific partitioning of the
computational domains is shown in Fig. 4. During
computation, two types of meshes—unstructured and
structured—were used. As the large surface curvature and
complex structure of the podded propulsor in Domains 1 and
2 made the use of a structured mesh unsuitable, an
unstructured mesh was used for the internal areas of these
two domains.

4 Analysis of results of numerical computations

4.1 Comparison of computational and experimental
values for podded propulsors

For the computations, the propeller speed was set at

n=1 200 r/min. the stream velocity V4 was adjusted so that

the advance coefficient J took the discrete values 0.5, 0.6,
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0.7,0.8,and 0.9.

The relationships among the advance coefficient J, the
thrust coefficient K7, the torque coefficient Kp, and the open
water efficiency 7 are as follows: advance coefficient

v . .
J :_Zi; thrust coefficient X, T torque coefficient
n P

2 140
n-d
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the thrust, Q is the torque, n is the rotational speed, d is the

outer diameter of the propeller, K, and K, are the

respective thrust coefficients of the front and rear propellers,

K, and K, are the respective torque coefficients of the

Or

front and rear propellers, and n, and n, are the

respective rotational speeds of the front and rear propellers.

K, = g - ; open water efficiency (single-propeller) The thrust and torque coefficients of the two types of
pn'd podded propulsors under various advance coefficients were
K, J . computed using FLUENT simulations. For the steady
=—L.—; and ter effi double- 11 .
d K, 2n » and open water efficiency  (double-propeller) method, the computed values were adopted directly; for the
K +K unsteady method, the time-average values of the computed
My =—— ———T1_ where p is the fluid density, T is data were used instead. The computed results and
2n K, + ny K, experimental values (Guo et al., 2010b) were then compared
ong and are shown in Tables 3 and 4.
Table 3 DPP: Comparison of computational and experimental values for thrust and torque coefficients
Experiment Steady method Unsteady method (time-average)
J
K 10Kos  Km  Eror/%  10Kos E/rﬁfr Kz Error/%  10Kos E/r(f/"r
0 0
0.5 0.363 0.572 03541 -2.50 0.596 5 +4.10 0.3542 —2.48 0.5959 +4.01
0.6 0.32 052 03135 —2.08 0.544 3 +4.46 03138 -1.98 0.5440  +4.41
0.7 0.273 0.464 0.2700 -1.10 0.487 2 +4.77 0.270 3 -0.99 0.486 8 +4.68
0.8 0228 0409 02236 -1.95 0.424 7 +3.70  0.2240 -1.79 0.423 4 3.41
09 0.181 0.345  0.1750 -3.43 0.354 8 +2.77  0.1752 -3.31 0.3530 2.27

Table 4 DRPPP: Comparison of computational values for thrust and torque coefficients

Steady method Unsteady method (time-average) Error /%
! Kz 10K 05 Krz 10K 05 Krs 10K o5
0.5 0.634 1 1.1679 0.645 5 1.189 1 1.77 1.78
0.6 0.5618 1.0718 0.572 0 1.089 7 1.78 1.64
0.7 0.483 6 0.963 8 0.493 0 0.9810 1.90 1.75
0.8 0.401 2 0.845 1 0.406 0 0.8551 1.19 1.17
0.9 03165 0.7170 0.3217 0.727 8 1.63 1.49

Table 3 shows that, for the DPP, a certain amount of
deviation exists between the Fluent simulations and the
experimental values for the Kr and 10Kp values. However,
within the computational range of the advance coefficients,
the match between the two sets of values is good; the
computational and experimental values are essentially
consistent and differed within a 5% error margin. This result
deminstrates that the proposed method is reliable for
forecasting the hydrodynamic performance of a DPP. A
comparison of the numerical and experimental results for
the thrust and torque coefficients of the DRPPP is shown in
Table 4. Again, rhe results of the two methods are very close
and within a 2% error margin.

It is seen that, for the DPP, the time-average values
derived using the unsteady method are more accurate than

those using the steady method. This illustrates that the
assumptions of the unsteady method are more reasonable
and closer to reality.

4.2 Force analysis of both types of podded propulsors

4.2.1 Analysis of thrust and torque coefficients of propulsors
using steady method

The total thrust coefficient curves of the two types of
podded propulsors are shown in Fig. 5. Figs. 6 and 7 show the
thrust and torque coefficient curves, respectively, for several
types of propellors. For the DRPPP, the total torque coefficient
(Fig. 7), is the sum of the absolute values for the front and rear
propellers (in the figures, DRPPP-front stands for front DRPPP
propeller and DRPPP-rear stands for DRPPP rear propeller).
The following observations can be made from Figs. 5-7:
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Fig 6 Thrust coefficient curves of propellers
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Fig 7 Torque coefficient curves of propellers

1) The thrust and torque coefficients for both the
propulsors and the propellers decreases linearly with as the
advance coefficient increases.

2) From Figs. 5 and 6 it is seen that the resistance of the
pod and strut reduces the total thrust of both podded
propulsors below that of the propellers.

3) The thrust and torque coefficients of the DRPPP are
significantly larger than those of the DPP, but the DRPPP
curves shows the largest rate of decrease with increasing
advance coefficient. In addition, the DRPPP propellor thrust
is always lower than that of the DPP propellor (Fig. 6).

4) The torque coefficients of the DRPPP propeller are
about twice of that of the DPP; furthermore, the torque of
the front propeller is higher than the torque of the DPP’
propeller but the torque of the rear propeller is lower than
that of DPP.

4.2.2 Analysis of thrust and torque coefficients of
propulsors using unsteady method

The unsteady results are similar to sine curves and vary
by advance coefficient; here, J = 0.7 is used as an example
for analysis. The thrust coefficient of the propeller blade,
overall thrust coefficient, and torque coefficient of the DPP
and DRPPP are shown in Figs. 8-10, respectively. The
computational curves of the unsteady method show that the
oscillation cycles for the thrust and torque are consistent,
with both being % the rotational cycle of the propeller blade.
In addition, the thrust and torque generated by the DRPPP
are approximately double that generated by the DPP. It is
also seen that the presence of the pod causes a reduction in
the overall thrust of the propulsor, indicating that the pod
has a certain amount of resistance effect. As such, the fairing
of lines in the pod design is critical to improving the overall
thrust of podded propulsors.

4.2.3. Analysis of lateral force coefficients of propulsors

As was done in computing thrust, the lateral force is made
4

dimensionless and K = is set as the lateral force

n’d*
coefficient, where 77 is the overall lateral force of the
propulsor, and p, n, and d are as previously defined. This
formulation gives the graphs shown in Fig. 11-12.

The unsteady computational curves for the DPP and
DRPPP for advance coefficient J = 0.7 are shown in Fig. 11.
For the two types of podded propulsors, the oscillation
cycles of both the thrust and the lateral force are consistent.
Furthermore, unlike the DPP, it is seen that interactions
between the front and the rear propellers of the DRPPP at J
= 0.7 not only causes changes to the value of the
time-average lateral force but also significantly increases the
amplitude of oscillation. although in a direction opposite to
that of the DPP.

Whereas time-average values were adopted for the results
of the unsteady method, the convergent solution for the
computational results shown in Fig. 12 was taken directly
using the steady method. Even for the same type of podded
propulsor, it was found that the lateral force values derived
using the steady method are very different from the time-
average lateral force curve derived using the unsteady method.
For the DPP, lateral force derived using both methods initial
falls to zero before increasing in the reverse direction (i.e.,
becoming increasingly negative). Near J = 0.7, the respective
directions of lateral force become opposite; except in this
region, the absolute values of the unsteady method
time-average lateral force are consistently smaller than those
of the steady method. For the DRPPP, computational results
for the lateral force using the steady method similarly exhibit
a trend of initial reduction followed by an increase in the
reverse direction. However, there is no change in the direction
of the lateral force under the unsteady method; furthermore,
under this method the magnitude of variation in lateral force
is small for J= 0.6-0.8.
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Fig. 8 Comparing DPP and DRPPP: Thrust coefficient of propeller blade (J = 0.7)
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Fig. 11 Comparing DPP and DRPPP: Overall lateral force coefficient (J = 0.7)
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4.2.4. Force comparison for various components of podded
propulsors

(a) Strut (unsteady)

The unsteady curves for the X-directional force and lateral
force coefficients of the strut of both types of podded
propulsors at J = 0.7 are shown in Figs. 13 and 14,
respectively. During one rotational cycle of the propeller, the
X-directional force of both types of podded propulsors
oscillates four times, as does the lateral force of the DPP.
However, the lateral force of the DRPPP oscillates eight
times per cycle, indicating that the interaction of the front
and rear propellers results in a doubling of the oscillation
frequency. However, Fig. 11(b) shows that the lateral force
of the strut has no impact on the oscillation cycle of the
overall lateral force. This confirms that, at an advance
coefficient of 0.7, the percentage composition of strut lateral
force is minimal.

The time-average values of the lateral force and
X-directional force coefficients for the strut are larger for the
DRPPP than for the DPP; this indicates that the resistance
caused by the strut is greater for the DRPPP than for the
DPP. Instability also increases with the amplitude of
oscillation of the lateral force. From a directional
perspective, the X-directional forces exerted on the pods of
both types of podded propulsors are similar but the
directions of the lateral forces are opposite.

(b) Pod (unsteady)

The unsteady curves for the X-directional force and lateral
force coefficients of the pods of both types of podded
propulsors at J = 0.7 are shown in Figs. 15 and 16,
respectively. As the pod is the main component of a podded
propulsor, it is essential to analyze the force exerted on it.
Based on the X-directional force and lateral force coefficient
curves of the pod, it can be seen that at J = 0.7 the dynamics
differ for the pod and strut. Specifically, for both types of
podded propulsors, the oscillation frequency of the pod
under lateral forces in two directions is consistent.
Furthermore, the time-average X-directional force of the

unsteady
12 = —n—steady
\\
08 >
o \.~\
04 .
g, S
x .
£ N
=04 .
2 ™
=08 S
12 \\
-1 -
-1.6 \\.
0.5 0.6 0.7 0.8 0.9
J
(a) DPP

DPP pod is significantly larger than that of the DRPPP pod.
This shows that the DRPPP has improved pod resistance
performance and reduced resistance.

In terms of lateral force, at J = 0.7 the time-average
values simulated for both types of podded propulsors are
similar. However, the DRPPP’s amplitude is significantly
larger than that of the DPP, and peak and valley values have
opposite signs. This indicates that the oscillation caused by
lateral force is more intense for the DRPPP and is coupled
with changes in the direction of oscillation. Nevertheless,
the time-average value is negative.

(c) Proportion of lateral force on various components

After computing the time-average lateral force produced
by the four components of the podded propulsor (propeller
blade, pod, strut, and propeller hub) using the unsteady and
steady methods, the absolute values were obtained and
summed up. Then, the percentage composition of lateral
force by component was calculated under various advance
coefficients and the respective curves were plotted (Figs. 17
and 18).

For the DPP, the percentages accounting for the strut and
propeller blade are relatively high. The unsteady
time-average indicates that the percentage
composition of the propeller blade, pod, and hub all increase

curve

initially before decreasing, whereas that of the strut does the
opposite. In addition, below J = 0.7 the proportion of lateral
force from the strut is consistently the highest, after which
the strut and propeller blade alternate as the highest
producing component. In the steady time-average curve, the
lateral force of the strut remains predominant throughout.

The unsteady time-average curve for the DRPPP indicates
a larger difference in the percentage composition of the
lateral force from the strut, with a minimum inflection point
occurring at J = 0.6. The lateral force of the pod accounts
for only a very small proportion throughout, in contrast to
the steady time-average curve, where the lateral force of the
strut exhibits overall increase while changes for the other
components are relatively minor.
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Fig. 12 Comparing DPP and DRPPP: Overall time-average lateral force coefficient under various advance coefficients
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4.3 Comparative analysis of velocity and force clouds
4.3.1 Velocity and force clouds of DPP

Fig. 20 shows the velocity clouds of various sectional
positions of the DPP at J = 0.7. The various sectional
positions and force distributions obtained under the unsteady
method are shown in Fig. 20.

Comparing the steady and unsteady computational results,
it is seen from the velocity clouds that, under both methods,
the axial velocity distribution gradually increases from the
pod outwards and then gradually decreases. The peak
velocity values occur in the propeller blade area. However,
there is significantly more continuity and symmetry in
velocity distribution under the unsteady method.

The force clouds show that the force distribution on the
pod is relatively even. A peak force appears where the pod
and the front edge of the strut are in contact. To avoid such
situations in engineering practices, the fairing of lines must
be made as smooth as possible. The rotation of the propeller
causes the rotation of the streamline in-wake field to be
right-handed; correspondingly, in Fig. 20 high pressure is
seen at the right-front part of the strut and a pressure low is
seen at the end part.

4.3.2 Velocity and force clouds of DRPPP

The velocity clouds of various sectional positions of the
DRPPP are shown in Figs. 21 and 22. The positions of these
are the same as for the DPP: (i) between the front propeller
blade and the pod; (ii) at the central portion of the strut; and
(iii) between the rear propeller blade and the pod. A
comparison of the steady and unsteady computational results
for the DRPPP at J = 0.7 shows that they are similar to those
for the DPP. Specifically, the velocity distribution under the
unsteady method is more continuous. The velocity
distribution at the middle portion of the pod is also more
uniform. These findings are more consistent with reality
than the DPP findings.

At the same time, it is by comparing the force clouds in
Figs. 20 and 21 that the force exerted on the rear edge of the
strut of the DRPPP is lower than that exerted on the
corresponding position of the DPP. This indicates that there
is a corresponding increase in the force differential between
the front and the rear of the DRPPP. This is an important
factor that accounts for the greater resistance generated by
the strut of the DRPPP.
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Fig. 22 DRPPP: Velocity clouds of various sectional positions

5 Conclusion

The following preliminary conclusions were derived from
the analysis of the computational results.

The thrust and torque of the DPP computed using the
steady and unsteady methods were closer to the
corresponding experimental values. The error margin for
both was within 5%, indicating that the two forecasting
methods are relatively reliable. The unsteady method had a
slightly higher degree of accuracy, but it imposed greater
demands on the computing system. The simulation results
for the thrust and torque of the DRPPP were relatively close,
with a difference of less than 2%. Currently, there is no
corresponding experimental data for comparison purposes.

Overall, the lateral force of the DPP derived using the
steady method was generally similar to the time-average
value simulated using the unsteady method. The overall
lateral force reduced initially before increasing in the
opposite direction. The distinction between the methods lies
in when this reversal occurred in simulation: for the steady
method, it was in the vicinity of J = 0.7, while for the
unsteady method it was near J = 0.8.

For the DRPPP, there was a greater difference between
the computational results of the two methods. Under the
steady method, changes in the simulation results occurred in
the vicinity of J = 0.7. However, the direction of the
time-average lateral force under the unsteady method
remained unchanged but reduced continuously in the reverse
direction, essentally tending toward a flat line when J =
0.6-0.8. At J = 0.7, interactions between the front and rear
propellers, which rotate in reverse directions, caused the
behavior of the time-average lateral force relative to differ
from that of the DPP. Furthermore, the amplitude of
oscillation increased significantly and reversed direction
relative to the oscillation of the DPP.

In terms of percentage composition of lateral force, the
strut and propeller blade of the DPP had a larger proportion
than the pod and propeller hub. Under the unsteady method,
the oscillation cycle of the lateral force of the various
components was Y that of the propeller’s rotational cycle.
The computational results of the two methods for the
DRPPP varied greatly. The unsteady results indicate that the
lateral force of the propeller blade formed the largest
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proportion throughout. At J = 0.6, a sudden inflection point
appeared in the downward-trend of the lateral force of the
strut, after which the value gradually increased. At J = 0.7,
the oscillation frequency of the strut was double that of the
other components; however, this did not affect the
oscillation cycle of the overall lateral force because the strut
accounted for only ~20% of the total figure. The
computational results produced under the steady method
indicate that the proportion of lateral force produced by the
pod grew in a continuous manner as the advance coefficient
increased. By contrast, the pod and propeller hub exhibited a
downward trend. There was a slight increase in lateral force
by the propeller blade above J=0.7, although its proportional
contribution remained small.

Velocity clouds for various sectional positions of the
podded propulsors were computed using the two methods.
The results indicate that, for both the DPP and DRPPP, the
continuity of the flow field was poorer under the steady
method. On the other hand, the velocity field distribution for
both types was more reasonable under the unsteady method
and theoretically more convincing. Also, for both propulsor
types the rotational direction of the front propeller
influenced the pressure distribution downstream over the
pod and strut. Based on these results, this study concludes
that the unsteady method is more accurate for forecasting
the hydrodynamic performance of podded propulsors.
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