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ABSTRACT

A low-order panel method is used for the performance pre-
diction of a ducted propeller with a blunt trailing-edge.
The effect of the Kutta condition for a blunt trailing-edge
on the potential flow modelling is investigated. The anal-
ysis is carried out for propeller 4902 inside duct 37, for
which unsteady pressure measurements on the inner side
of the duct, and the duct and propeller forces are avail-
able for different propeller loadings. The inviscid results
are compared with experimental data. A strong influence
of the location of the equal-pressure points on the duct
trailing-edge on the propeller and duct loads is found.
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1 INTRODUCTION

Ducted propeller systems are often employed in ship
propulsion to increase the efficiency and the thrust of the
propulsor unit in heavy loading condition or reduce the
risk of cavitation. Classical hydrodynamic models for de-
scribing ducted propeller systems are based on potential
flow theory for an inviscid fluid. These models include
combined lifting-line or lifting-surface approaches for the
propeller and with a panel method for the duct (Kerwin
et al 1987, Hughes & Kinnas 1991). Later, panel meth-
ods for both propeller and duct have been used for the po-
tential flow modelling around the ducted propeller system
(Kawakita 1992, Hughes 1997, Lee & Kinnas 2006).

More recently, due to the wider availability of larger
computer resources, Reynolds-Averaged Navier-Stokes
(RANS) solvers are seen as a viable alternative for the
prediction of the hydrodynamic performance, since they
provide more accurate information of the (viscous) flow
around the ducted propeller system. Various studies on the
performance prediction at model- and full-scale of ducted
propellers using a RANS approach may be found in the lit-
erature, see for instance, Sánchez-Caja et al (2001), Abdel-
Maksoud & Heinke (2003), Rijpkema & Vaz (2011), Bhat-
tacharyya et al (2016). However, due to the relative long
computational time for pre-processing, mainly meshing,
calculation and post-processing still justifies the use fast
computational tools, as in the case of panel methods, for
the design and analysis of ducted propellers.

The calculation of the potential flow around ducted pro-

pellers with a panel method has been the subject of inves-
tigation by IST (Instituto Superior Técnico) over the past
ten years. This work comprehended the development of a
gap model that takes into account the interaction between
the propeller and duct boundary-layer (Baltazar et al 2012),
and the tip-leakage flow (Baltazar & Falcão de Campos
2009, Baltazar et al 2018b), a new Kutta condition for thick
blunt trailing-edges (Baltazar et al 2015), and a wake align-
ment scheme (Baltazar et al 2015). Additionally, the results
obtained from the panel method were also compared with
RANS simulations for a better understanding of the viscous
effects on the ducted propeller flow (Baltazar et al 2018a,
Baltazar et al 2018b). In these studies, a marine propeller
of the Kaplan type inside duct 19A was used for the analy-
sis of the performance predictions with the panel method.

Duct 37Duct 19A

Figure 1: Geometry of ducts 19A and 37.

As in the case of duct 19A, the duct 37 is commonly en-
countered in merchant practice. Both ducts have a thick
blunt trailing-edge, presenting the duct 37 the higher thick-
ness foil distribution, see Figure 1. These geometrical char-
acteristics may pose serious limitations in the use of panel
methods for the performance prediction of the ducted pro-
peller system, due to their inability to model the flow in
regions dominated by viscous effects. Therefore, in this
paper the panel method is applied for a marine propeller
inside duct 37 and the different modelling aspects for an
accurate prediction of the hydrodynamic performance dis-
cussed. The selected configuration is the propeller 4902 in-
side duct 37, for which unsteady pressure measurements on
the inner side of the duct, and the ducted propeller forces
are available for different propeller loadings (Cruijff et al
1980, Falcão de Campos 1983). The experiments were
carried out at the Maritime Research Institute Netherlands
(MARIN) in the depressurised towing tank (in atmospheric
condition).

The paper is organised as follows: in Section 2 a brief de-
scription of the panel method is presented; details of the
propeller geometry and grid generation procedure are given
in Section 3; the numerical results and the comparison with



the experimental data are shown in Section 4; Section 5
contains the main conclusions of the present study.

2 PANEL METHOD

A low-order potential-based panel method is employed for
the hydrodynamic prediction of a ducted propeller in open-
water conditions.

2.1 Solution of the Integral Equation

Let us consider that the flow field around the ducted
propeller is inviscid, incompressible, irrotational and un-
bounded. Then, the integral equation is obtained from
Green’s second identity when we consider the point p on
the blade SB , duct SD and hub SH surfaces,

2πφ (p) =

∫∫
SB∪SD∪SH

[
G
∂φ

∂nq
− φ (q)

∂G

∂nq

]
dS

−
∫∫
SW

∆φ (q)
∂G

∂nq
dS, p ∈ SB ∪ SD ∪ SH

(1)

where G (p, q) = −1/R (p, q), R (p, q) is the distance be-
tween the field point p and the point q on the boundary
SB∪SD∪SH∪SW , and SW represents the wake surfaces.
The second term from the right-hand-side of Equation (1)
represents the source distribution, which is known from the
Neumann boundary condition on the body surfaces SB , SD

and SH :

∂φ

∂n
= −~n·~U∞ = −~n·(~U+~Ω×~r) on SB∪SD∪SH , (2)

where ~U and ~Ω are the inflow and angular velocity vectors
respectively and ~r is the position vector. Equation (1) is a
Fredholm integral equation of the second kind in the dipole
distribution µ(q) = −φ(q) on the surfaces SB , SD and SH .

The gap between the blade tip and duct inner side is mod-
elled as a rigid surface. In this model, the gap is assumed
closed and the source strength cancel the normal compo-
nent of the inflow velocity leading to the Neumann bound-
ary condition, Equation (2). The wake extends downstream
from the trailing-edge the corresponding strip on the gap.

For the numerical solution of Equation (1), the blades, duct
and wake surfaces are discretised into a number of hy-
perboloidal panels. On each panel, the dipole and source
distributions are assumed constant, and the centre point of
each panel is chosen as the collocation point. The influence
coefficients are determined analytically using the formula-
tions of Morino & Kuo (1974).

2.2 Numerical Kutta Condition

The dipole strength on the blade and wake surfaces is deter-
mined from an equal pressure Kutta condition. This Kutta
condition requires that the pressure is the same at the con-
trol points, hereafter referred as Kutta points, on the up-
per and lower sides at the trailing-edge of the blade and
duct geometries. Since the propeller blades have a sharp
trailing-edge, the Kutta points correspond to the control
points on the panels adjacent to the trailing-edge on the

upper and lower sides of the blades. For the duct with a
blunt trailing-edge, as shown in Figure 1, the chordwise lo-
cations of the Kutta points on the inner and lower sides of
the duct are specified. Due to the possible occurrence of
flow separation in the case of a blunt trailing-edge, see for
instance Hoekstra (2006) or Bosschers et al (2015), a con-
stant pressure distribution downstream of the Kutta points
is assumed in the present model. We note that the poten-
tial flow solution at the duct trailing-edge satisfies the in-
tegral equation, Equation (1), but the corresponding pres-
sure distribution is disregarded aft the Kutta points. In the
present model, the same location along the circumferential
direction is assumed for the Kutta points. However, this as-
sumption becomes questionable when the blade tip-vortex
interacts with the duct wake sheet. Still, this model does
not attempt to predict the details of the flow in the duct
trailing-edge region, but rather to obtain a more accurate
prediction of the duct and blade circulations.

Due to the non-linear character of the pressure, the require-
ment of equal pressure at the Kutta points is obtained iter-
atively. In panel methods, the Newton-Raphson method is
usually used to solve the non-linear system of equations ob-
tained from the equal pressure condition. However, for the
case of a blunt trailing-edge, the Newton-Rapshon method
takes many iterative calculations due to a rough estimation
of the Jacobian matrix. Therefore, the Broyden method is
adopted for improvement of the robustness of the present
calculations. The iterative procedure is applied until the
value of the pressure difference at the Kutta points becomes
zero within the desired accuracy.

2.3 Wake Alignment Scheme

The exact modelling of the wake surfaces, requires the vor-
tex lines to be aligned with the local fluid velocity. How-
ever, this is not an easy task since both the wake geometry
and dipole strength are not known in advance. Therefore,
a hierarchical wake alignment scheme is considered in the
present work. We start with a rigid wake model, where
the trailing vortices are assumed constant and equal to the
blade pitch. For the duct wake, the trailing vortices leave
the duct at the geometrical trailing-edge with constant ra-
dius. Next, an iterative wake alignment scheme is used for
the blade wake only, where the pitch of the trailing vortices
is aligned with the local fluid velocity. In this procedure,
wake contraction is neglected and the radial location of the
trailing vortices remain unchanged. The iterative scheme is
repeated until some convergence criterion is met.

3 PROPELLER GEOMETRY AND GRID GENERATION

Results are presented for propeller 4902 inside duct 37.
The propeller 4902 is a four-bladed controllable pitch pro-
peller of Kaplan type with round blade tip (Falcão de Cam-
pos 1983). The duct 37 has a thick blunt trailing-edge and
a length-diameter ratio of 0.5 (Kuiper 1992). The gap be-
tween the duct inner side and the blade tip is uniform and
equal to 0.7% of the propeller radius.

Seven geometrically similar structured grids are generated.
The blade discretisations including the gap strip range from



Table 1: Overview of the grid sizes*.

Grid Blade Duct Hub
G1 50×26 190×160 81×80
G2 40×21 160×120 74×64
G3 30×16 130×80 57×48
G4 20×11 100×40 45×32

Figure 2: Panel arrangement for propeller 4902 inside duct
37. 50×26 panels on each blade; 190×160 panels on the
duct; 81×80 panels on the hub.

20×11 to 50×26, corresponding to the chordwise and
spanwise radial directions, respectively. The duct is dis-
cretised in the axial and circumferential directions. The
grid points follow a helicoidal pattern with the same pitch
of the blade tip section. The duct grid sizes range from
100×40 to 190×160. For the discretisation of the hub sur-
face, an elliptical grid generator is used (Sorenson 1986).
The discretisations range from 45×32 to 81×80. The grid
sizes for the duct and hub surfaces refer to the axial and
circumferential directions. An overview of the grid sizes is
listed in Table 1. A typical panel arrangement is shown in
Figure 2. The blade and duct wakes are discretised in the
spanwise and circumferential directions, respectively, ex-
tending downstream from the trailing-edge the correspond-
ing strips on the blade and duct surfaces. The wakes have
an axial length equal to 4 propeller diameters.

4 RESULTS

4.1 General

Results are presented for propeller 4902 inside duct 37 in
open-water conditions. The propeller operating conditions
are defined by the advance coefficient J = U/(nD), where
U is the propeller advance speed, D = 2R the propeller di-
ameter, R the propeller radius and n = Ω/(2π) is the rota-

tion rate in rps. The quantities of interest are the propeller
thrust KTP

, duct thrust KTD
and torque KQ coefficients,

defined as follows:

KTP
=

TP
ρn2D4

, KTD
=

TD
ρn2D4

, KQ =
Q

ρn2D5
, (1)

where ρ is the fluid density, TP the propeller thrust, TD the
duct thrust and Q the propeller torque. Other useful quan-
tity is the pressure coefficient:

Cp =
p− p∞
1/2ρU2

∞
, (2)

where p is the static pressure, p∞ the undisturbed static
pressure and U∞ = |~U∞| is the undisturbed inflow veloc-
ity in the propeller-fixed reference frame.

In this study, a convergence criterion of |∆Cp| ≤ 10−3

on the pressure-jump at the Kutta points is adopted for the
Kutta condition. For alignment of the blade wake geom-
etry, 5 iterations of the wake alignment scheme are con-
sidered. The selected convergence criteria are based on
a study of the numerical errors involved in panel method
calculations for a different ducted propeller configuration
(Baltazar et al 2018a).

4.2 Grid Convergence Study

First, the convergence of the numerical results with grid
refinement is analysed. In this study, the Kutta points are
located on the inner and outer sides at 96.9% of the duct
chord. Figure 3 presents the convergence of the radial dis-
tribution of blade circulation and the circumferential dis-
tribution of duct circulation for the advance coefficients
J = 0.203, 0.405 and 0.617. From the analysis of the
results, plot convergence is obtained for all cases. The con-
vergence of the inviscid thrust and torque coefficients with
the grid size is shown in Table 2. In general, convergence to
three significant digits is difficult to achieve. Therefore, the
finest grid (G1) is selected for the calculations presented in
this study.

4.3 Influence of Kutta Condition

The influence of the location of the Kutta points at the
duct trailing-edge is investigated. Two cases are consid-
ered. First, the same chordwise position is considered for
the Kutta points on the inner and outer sides of the duct.
As shown in Figure 4, six different locations are consid-
ered, varying from 99.5% to 94.0% of the duct length. The
influence of on the inviscid thrust and torque coefficients
is given in Table 3 for J = 0.203, 0.405 and 0.617. As
expected, a strong influence on the propeller forces due to
the chordwise position of Kutta points is seen. An increase
of the propeller thrust and torque coefficients as the Kutta
points move in the upstream direction is found. In addition,
an opposite effect is obtained for the duct thrust coefficient.

Second, different chordwise locations on the duct inner
and outer sides are considered for the Kutta points. In the
present study, the location of the Kutta point on the outer
side of the duct is assumed to be fixed and independent of

*The grid sizes refer to the chordwise and spanwise directions for each propeller blade, and to the axial and circum-
ferential directions for the duct and hub.
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Figure 3: Blade (top) and duct (bottom) circulations. Con-
vergence with grid refinement for J = 0.203, 0.405 and
0.617.

Table 2: Convergence with grid refinement. Inviscid thrust
and torque coefficients for J = 0.203, 0.405 and 0.617.

Grid KTP
KTD

10KQ

J = 0.203
G4 0.2756 0.2064 0.4828
G3 0.2369 0.2129 0.4254
G2 0.2414 0.2071 0.4247
G1 0.2485 0.2054 0.4345

J = 0.405
G4 0.2019 0.1081 0.3687
G3 0.1780 0.1089 0.3317
G2 0.1768 0.1056 0.3230
G1 0.1783 0.1056 0.3243

J = 0.617
G4 0.08498 0.02294 0.1781
G3 0.07150 0.02095 0.1557
G2 0.07569 0.01947 0.1558
G1 0.07678 0.01928 0.1557
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Figure 4: Location of the Kutta points as percentage of the
duct length L.

Table 3: Influence of the Kutta points location. Inviscid
thrust and torque coefficients for J = 0.203, 0.405 and
0.617.

Location KTP
KTD

10KQ

J = 0.203
94.0% 0.2889 0.2032 0.4955
96.0% 0.2616 0.2047 0.4544
96.9% 0.2485 0.2054 0.4345
98.0% 0.2205 0.2070 0.3914
99.0% 0.1861 0.2090 0.3377
99.5% 0.1742 0.2000 0.3182

J = 0.405
94.0% 0.2269 0.1069 0.4011
96.0% 0.1924 0.1055 0.3467
96.9% 0.1783 0.1056 0.3243
98.0% 0.1661 0.1055 0.3045
99.0% 0.1550 0.1067 0.2865
99.5% 0.1378 0.1051 0.2581

J = 0.617
94.0% 0.12882 0.03001 0.2434
96.0% 0.09079 0.01927 0.1795
96.9% 0.07678 0.01928 0.1557
98.0% 0.06757 0.01707 0.1399
99.0% 0.06336 0.02551 0.1326
99.5% 0.05526 0.03052 0.1187

propeller loading. Since, the Kutta points intend to simu-
late the flow separation points, the location at 96.9% of the
duct length is considered, which corresponds to the posi-
tion where the duct changes from a straight geometry to a
round geometry on the outer side. On the duct inner side,
the location of the flow separation point is mainly depended
on the propeller loading. Therefore, in this study differ-
ent locations ranging from 96.9% to 90.0% are tested. A
schematic representation of the location of the Kutta points
is presented in Figure 5. The influence of the position of
the inner Kutta point on the inviscid thrust and torque co-
efficients is given in Table 4. Once again, a strong increase
in the propeller thrust and torque coefficients is obtained
when the inner Kutta point is moved in the upstream direc-
tion.
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Figure 5: Kutta points at different chordwise duct location.

Table 4: Influence of the Kutta point location at the
duct inner side. Inviscid thrust and torque coefficients for
J = 0.203, 0.405 and 0.617.

Inner Location KTP
KTD

10KQ

J = 0.203
90.0% 0.3197 0.1930 0.5413
94.0% 0.2862 0.2020 0.4915
96.0% 0.2605 0.2051 0.4529
96.9% 0.2485 0.2054 0.4345

J = 0.405
90.0% 0.2534 0.0887 0.4420
94.0% 0.2102 0.1004 0.3750
96.0% 0.1918 0.1045 0.3457
96.9% 0.1783 0.1056 0.3243

J = 0.617
90.0% 0.1489 0.0191 0.2764
94.0% 0.1139 0.0158 0.2184
96.0% 0.0939 0.0199 0.1847
96.9% 0.0768 0.0193 0.1557

4.4 Pressure Distribution on Duct 37 with Propeller 4902

A set of experiments with propeller 4902 inside duct 37 has
been carried out at MARIN in the Netherlands. The zeroth
(mean) to fourth harmonic pressure components on the in-
ner side of the duct are reported in Cruijff et al (1980). The
definitions of the different harmonic components are:

Cp(θ) = C(0)
p +

4∑
n=1

C(n)
p cos(nZθ − φ(n)), (3)

where C(n)
p represents the nth harmonic amplitude of the

pressure coefficient, φ(n) the cosine phase angles in respect
to the maximum pressure, θ the blade circumferential posi-
tion about the propeller axis, and Z the number of propeller
blades.

Figure 6 shows the mean pressure distribution over the
duct surface predicted by the panel method for three dif-
ferent locations of the inner Kutta points: 94.0%, 96.0%
and 96.9%. The pressure distributions are shown as func-
tion of the chordwise position s/L, where s is defined
as the axial distance along the duct section from the
leading-edge to the trailing-edge. The inviscid result are
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Figure 6: Mean pressure distribution and comparison with
experimental data on duct inner surface for J = 0.203
(top), 0.405 (middle) and 0.617 (bottom).
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Figure 7: First to fourth harmonic components of the duct
pressure at J = 0.203. Comparison with experimental data
on duct inner surface.
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Figure 8: First to fourth harmonic components of the duct
pressure at J = 0.405. Comparison with experimental data
on duct inner surface.
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Figure 9: First to fourth harmonic components of the duct
pressure at J = 0.617. Comparison with experimental data
on duct inner surface.

compared with RANS simulations (Haimov et al, 2011)
and experimental measurements on the duct inner surface
for the advance ratios J = 0.203, 0.405 and 0.617. As ex-
pected, due to the location of the inner Kutta point, differ-
ent duct pressure distributions are obtained with the panel
method. Nevertheless, from the comparison of the panel
method and RANS predictions with the experimental data,
a better agreement in the front of the propeller is obtained
with the panel method. The differences in the aft part of
the propeller suggest that the alignment of the blade wake
needs further investigation. Notice that a strong suction
peak at the duct leading-edge for J = 0.203 is predicted
by the panel method. For this condition, the measured pres-
sure near the duct leading-edge might be related to the oc-
currence of a separation bubble on the inner surface (Falcão
de Campos, 1983).

The first to the fourth harmonic components of the duct
pressure distribution predicted by the panel method are
compared with the experimental data measured on the duct
inner surface in Figures 7 to 9. Similar results are obtained
with the panel method for the three locations of the inner
Kutta point. This is to be expected since the higher har-
monics depend mainly on the variation of the flow between
blades. A pressure peak is visible in all pressure harmonic
components at the chordwise position s/L = 0.4, which is
due to the closed gap model considered for the modelling
of the gap flow. Since the gap strip is assumed sealed, a
strong pressure peak is obtained at the leading-edge, which
affects the duct inner pressure. From the comparison be-
tween the numerical results and the experimental measure-
ments, a good agreement is obtained for all harmonic com-
ponents, especially in the propeller region. One exception
is observed for the second harmonic component in the aft
part of the propeller. Once again, these differences may be
related with the alignment of the blade wake.

4.5 Prediction of Propeller Pressure and Forces

The inviscid propeller forces predicted by the panel method
are compared with the experimental results from the open-
water tests in Figure 10. Following the previous compar-
isons, the inner Kutta points are located at 94.0%, 96.0%
and 96.9% of the duct length. As expected, a strong in-
fluence of the location of the Kutta points on the propeller
forces is obtained. A good agreement is obtained for the
propeller thrust coefficient at J = 0.1 if the inner Kutta
point is assumed at 96.9% of the duct length. With the
increase of the advance coefficient, the inner Kutta point
should move downstream in order to match the inviscid
propeller forces with the experimental results. A similar
agreement is observed for the propeller torque coefficient.
This comparison indicates that the position of the Kutta
point on the duct inner side is dependent on the propeller
loading. Since the position of the duct Kutta points in-
fluences mainly the duct circulation and radial loading, a
smaller effect is observed on the duct thrust coefficient. A
proper selection of the Kutta point can be inferred from the
correlation between the propeller thrust and the experimen-
tal results. However, this would be of limited value, since
it only be applicable for this particular propeller.
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Figure 10: Comparison between numerical and experimen-
tal results. Propeller and duct thrust (top) and propeller
torque (bottom).

The blade pressure distribution at 0.9 of the propeller radius
for the advance coefficients J = 0.203, 0.405 and 0.617 is
illustrated in Figure 11. For J = 0.203 and 0.405, strong
suction peaks are observed on the blade suction side. As
expected, different minimum pressures depending on the
location of the Kutta points are obtained. This effect is re-
lated to the change in the duct circulation and therefore,
in the induction on the propeller plane, which modifies the
angle of attack to the blade section. For J = 0.617, the
suction peak is present on the pressure side of the blade
section. The prediction of the suction peak at the leading-
edge may suggest the occurrence of flow separation on the
propeller blades, which is not be modelled with the panel
method.

5 CONCLUDING REMARKS

In this study a low-order panel method has been used to
analyse the flow around a marine propeller inside duct 37
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close-up detail near the leading-edge for J = 0.203 (top),
0.405 (middle) and 0.617 (bottom).



in uniform flow conditions. The inviscid panel method pre-
dictions were compared with experimental measurements
of the ducted propeller forces and inner duct pressure.
From this comparison, it was found that the duct loading
is crucial for an accurate prediction of the ducted propeller
performance with a panel method. In the present panel
method, the duct loading is adjusted by specifying the posi-
tion of the Kutta points, which intend to simulate boundary-
layer separation that typically occurs on a blunt trailing-
edge. However, the position of the Kutta points, especially
on the inner surface, are also dependent on the propeller
loading. Therefore, the location of the Kutta points will be
investigated in more detail by comparing the results of the
present panel method with RANS simulations for a better
understanding of the viscous effects that occur in the inter-
action between the propeller wake and duct boundary-layer
at the blunt trailing-edge.

ACKNOWLEDGMENT

The authors would like to acknowledge MARIN for sharing
the experimental data used in the comparisons presented in
this study.

REFERENCES

Abdel-Maksoud, M. & Heinke, H.-J. (2003). ‘Scale effects
on ducted propellers’. Proceedings of the 24th Sympo-
sium on Naval Hydrodynamics, Kukuoka, Japan.

Baltazar, J. & Falcão de Campos, J.A.C. (2009). ‘On
the modelling of the flow in ducted propellers with
a panel method’. Proceedings of the First International
Symposium on Marine Propulsors, Trondheim, Nor-
way.

Baltazar, J., Falcão de Campos, J.A.C. & Bosschers, J.
(2012). ‘Open-Water Thrust and Torque Predictions
of a Ducted Propeller System With a Panel Method’.
International Journal of Rotating Machinery 2012, Ar-
ticle ID 474785.

Baltazar, J., Falcão de Campos, J.A.C. & Bosschers,
J. (2015). ‘Potential flow modelling of ducted pro-
pelllers with a panel method’. Proceedings of the
Fourth International Symposium on Marine Propulsors,
Austin, TX.

Baltazar, J., Falcão de Campos, J.A.C., Rijpkema, D. &
Bosschers, J. (2018a). ‘Recent developments in com-
putational methods for the analysis of ducted pro-
pellers in open water’. Proceedings of the 32nd Sym-
posium on Naval Hydrodynamics, Hamburg, Germany.

Baltazar, J., Rijpkema, D., Falcão de Campos, J.A.C.
& Bosschers, J. (2018b). ‘Prediction of the Open-
Water Performance of Ducted Propellers With a Panel
Method’. Journal of Marine Science and Engineering
6(1).

Bhattacharyya, A., Krasilnikov, V. & Steen, S. (2016).
‘Scale Effects on Open Water Characteristics of a Con-
trollable Pitch Propeller Working Within Different Duct
Designs’. Ocean Engineering 112, pp. 226–242.

Bosschers, J., Willemsen, C., Peddle, A. & Rijpkema, D.
(2015). ‘Analysis of ducted propellers by combining
potential flow and RANS methods’. Proceedings of
the Fourth International Symposium on Marine Propul-
sors, Austin, TX.

Cruijff, H.J., van Gent, W. & Ligtelijn, J.Th. (1980). ‘Me-
ting en berekening van de wisselende belasting op een
straalbuis in homogene aanstroming’. MARIN Report
No. 42460-2-VT/SR.

Falcão de Campos, J.A.C. (1983). On the Calculation of
Ducted Propeller Performance in Axisymmetric Flows.
Ph.D. Thesis, Delft Technical University.

Haimov, H., Vicario, J. & Corral, J. (2011). ‘RANSE code
application for ducted and endplate propellers in open
water’. Proceedings of the Second International Sym-
posium on Marine Propulsors, Hamburg, Germany.

Hoekstra, M. (2006). ‘A RANS-Based Analysis Tool for
Ducted Propeller Systems in Open Water Condition’.
International Shipbuilding Progress 53, pp. 205–227.

Hughes, M.J. (1997). ‘Implementation of a special pro-
cedure for modeling the tip clearance flow in a panel
method for ducted propellers’. Proceedings of the Pro-
pellers/Shafting ’97 Symposium, Virginia Beach, VA.

Hughes, M.J. & Kinnas, S.A. (1991). ‘An analysis method
for a ducted propeller with pre-swirl stator blades’. Pro-
ceedings of the Propellers/Shafting ’91 Symposium,
Virginia Beach, VA.

Kawakita, C. (1992). ‘A Surface Panel Method for Ducted
Propellers with New Wake Model Based on Velocity
Measurements’. Journal of The Society of Naval Ar-
chitects of Japan 172, pp. 187–202.

Kuiper, G. (1992). The Wageningen Propeller Series.
MARIN Publication 92-001.

Lee, H. & Kinnas, S.A. (2006). ‘Prediction of cavitat-
ing performance of ducted propellers’. Proceedings of
the Sixth International Symposium on Cavitation, Wa-
geningen, the Netherlands.

Morino, L. & Kuo, C.-C. (1974). ‘Subsonic Potential Aero-
dynamics for Complex Configurations: A General The-
ory’. AIAA Journal 12(2), pp. 191–197.

Rijpkema, D. & Vaz, G. (2011). ‘Viscous flow compu-
tations on propulsors: verification, validation and scale
effects’. Proceedings of the International Conference on
Developments in Marine CFD, London, UK.

Sánchez-Caja, A., Rautaheimo, P. & Siikonen, T. (2001).
‘Simulation of Incompressible Viscous Flow Around
a Ducted Propeller Using a RANS Equation Solver’.
Proceedings of the 23th Symposium on Naval Hydrody-
namics, Val de Reuil, France.

Sorenson, R.L. (1986). ‘Three-dimensional el-
liptic grid generation about fighter air-
craft for zonal finite-difference computations’.
AIAA 24th Aerospace Sciences Meeting, AIAA-86-
0429, Reno, NV.


