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ABSTRACT

The hydrodynamics of a ship in prescribed motion
is addressed by unsteady simulations using a hybrid
RANS/BEM solver. The interactive methodology com-
bines a viscous-flow model addressing the flow around
the ship with a potential-flow model describing the loads
induced by the vorticity generated at the propeller. An
implicit iterative procedure is provided in the time cy-
cle through a body-force/effective inflow approach. The
present model is validated through comparisons about the
velocity flow-field and blade loads of numerical predictions
and measurements collected during an experimental cam-
paign of a ship model in calm water moving in straight
ahead and steady drift motion. In particular, the nomi-
nal tridimensional flow at the propeller disc is provided
by the application of a stereo PIV technique, based on the
use of boroscopic equipment, whereas the transient single
blade loads are collected using a novel set–up adopting a 6-
component multi-axial force transducer constrained at the
root blade itself. In spite of the inability of the model to ac-
count for the blade boundary layer, the flow-field descrip-
tion is detailed enough outside the propeller region while
assuring a limited computational burden related to mesh
generation. The present methodology represents a viable
solution to address the flow of maneouvring ships.
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INTRODUCTION

The propeller performances are markedly affected during
the maneuvre: in fact the inflow to the propeller is com-
pletely different with respect to straight ahead advance due
to large cross flow induced by the hull rotational motion
and complex blade-wake interactions caused by flow sepa-
ration and passage of coherent structures through the disc.

The definition of the spatial and time scales represent an is-
sue in the numerical simulation of the problem by RANS-
based CFD models. In particular, the way to model the pro-
peller effects influences the resolution of the domain. The
body-fitted mesh allows for full RANS simulations and the
adoption of the time scale defined by the rate of propeller
revolution provide the highest resolution. The correspond-
ing computational burden is also the heaviest. The standard
approach solves the flow using the large scale character-

istic time, according to the hull speed and length or any
other relevant, while propeller effects operating in non ho-
mogeneous inflow are averaged over one revolution period,
preventing full unsteady analyses. In particular, radial and
tangential load components of the shaft line are neglected
by averaging the hull induced inflow over a propeller rev-
olution period. Different disc actuator models attempt to
overcome the problem related to the computational bur-
den and efforts are spent to improve the quality of predic-
tions of the propeller effects during its revolution. Among
this class of model in [Bontempo & Manna] a simplified
semi-analitical approach is presented to predict the steady,
axysimmetric incompressible and inviscid flow under the
action of a load distibution across the disc. In particular
the flow around the disc actuator is modelled through a
set of ring vortices whose strenght depend on the load dis-
tribution. Under a notional parabolic load distribution the
model is validated against a disc-actuator model based on
the body-force/effective-inflow interactive procedure. In
[Lee & Chen (2005)] the effective inflow/body-force inter-
active procedure is applied over a RANS and a Vortex Lat-
tice Method. The propeller is represented by body-forces
acting on the computational elements swept by the pro-
peller blades. The influence of the propeller is incorporated
into the RANS code by the addition of body-force terms
in the source functions of the momentum equations. In
order to perform fast calculations only blade steady-states
are considered by averaging load contribution over the pro-
peller rotation. On the basis of the resulting effective in-
flow the cavitating pressures on the hull are estimated for a
C-60 series hull equipped with a MAU propeller. Results
are compared to those obtained by a hybrid EULER/VLM
model taken as a base reference.

A step forward is represented by the hybrid
RANS/BEM computational methodologies, described in
[Greve et al (2012), Berger et al, Rijpkema et al (2013)]
and in the present paper. A RANS model dedicated to
the solution of the flow around the hull is coupled with
a BEM model for the prediction of the propeller loads.
The assumption is that an inviscid-flow model like BEM
provides an adequate description of the flowfield perturba-
tion induced by a propeller over a wide range of operating
conditions (see [Greco et al (2004)]). The methodology
represents a valid approach to address the flow resulting
from the interaction of coherent structures larger than the
boundary layer and detached from the hull appendages and



propeller trailing edge. In the cited literature the methodol-
ogy is improved by means of analyses of numerical details
of the interactive procedure, such as the solving scheme,
the position of the plane where the effective inflow to the
propeller is evaluated and the blade thickness.

A volume-force/effective-inflow coupling technique is here
applied. The Navier-Stokes (N-S) equations are solved
in the investigation volume surrounding the hull with a
toroidal block instead of structured blocks fitted to the pro-
peller surface. The N-S equations associated to the torus
cells include suitable forcing terms representing the pro-
peller loads, providing a footprint of the rotating blades.
The effective inflow to the propeller surface results by the
subtraction of the propeller induced velocity by BEM from
the total viscous velocity field at the torus inlet section
computed by the RANS model. The interactive proce-
dure allows to account for the coupled effects of the non-
homogeneous turbulent inflow on propeller loads. The it-
erative cycle is repeated until convergence each time step.

The proposed methodology has been partially vali-
dated against experimental data for propellers in be-
hind hull condition and against CFD results for notional
propulsive configurations (see [Calcagni et al (2014),
Salvatore et al (2015)]). In [Marzi & Broglia (2019)] a
further development of the model addressing the hydrody-
namics of ships in stabilized maneouvers is presented. The
capability of the present solver to address the hull/propeller
interaction for the hull in steady drift motion is here val-
idated against experimental data of velocity patterns at
the propeller disc and transient propeller loads. The case
study configurations have been defined among those tested
in the experimental campaign partially performed in the
framework of the EDA project FloWIS, and dedicated to
the S-PIV measurements of the nominal wake in the pro-
peller region and the single blade loads for a wide range of
operative conditions.

In the following sections, details of the computational
RANS/BEM methodology are given as well as a brief de-
scription of the experimental study. Results of the compar-
ative analysis between numerical simulations and model
tests for a fully appended hull in straight ahead and drift
advancements are presented and discussed.

1 THEORETICAL MODEL

The proposed hybrid viscous/inviscid model extends
a formulation presented in [Calcagni et al (2014),
Salvatore et al (2015)] in which the velocity field is as-
sumed to be the combination of two contributions: an ar-
bitrary onset flow with velocity w and the velocity pertur-
bation v

P
induced by a propeller immersed in it. Propeller

flow is studied via a boundary element model for inviscid
flows, while a Navier-Stokes solver is used to describe the
onset flow under general viscous flow conditions.

In the present paper a brief description of both RANS and
BEM models follows with emphasis on the interactive pro-
cedure. For more details the interested reader is addressed
to the cited literature.

1.1 Inviscid flow model by BEM

Assuming an inviscid, irrotational propeller-induced flow,
perturbation velocity can be described in terms of a scalar
velocity potentialϕ, v

P
= ∇ϕ. Under incompressible flow

assumptions, mass and momentum equations yield that the
velocity potential ϕ satisfies the Laplace equation and the
pressure p follows from the Bernoulli equation, as

∇2ϕ = 0 (1)
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where ρ is water density, p0 is the free-stream reference
pressure and gz0 is the hydrostatic head. The inflow ve-
locity is the superposition of the propeller angular velocity
Ω and the onset flow w, taking into account for viscos-
ity effects and addressed by the RANS model. Quantity
v

I
= w +Ω×x indicates the inflow to the propeller in the

frame of reference fixed to the rotating propeller.

The Laplace equation forϕ is solved by a boundary integral
representation following [Morino (1993)] as

E(x)ϕ(x, t) =
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where S
B

is the propeller surface, S
W

is the zero-thickness
propeller trailing wake, t is time, ∆ϕ

TE
denotes potential

discontinuity shed in the wake and detached at blade trail-
ing edge with a time delay of τ (Kutta condition). Quanti-
tiesG, ∂G/∂n are unit source and dipole in the unbounded
three-dimensional space. The field function E(x) assumes
value (E = 1) for x denoting a point in the flow-field and
(E = 1/2) for solid boundary surface points.

The velocity potential vanishing at infinity and the imper-
meability condition on the propeller surface provide bound-
ary conditions for ϕ. In particular, the impermeability con-
dition (v

P
+ v

I
) · n = 0 yields to

∂ϕ

∂n
= − (w + Ω× x) · n (3)

where n is the unit normal to the surface.

The problem (1) is solved in terms of velocity potential
through a linear system of equations with unknowns lo-
cated on the propeller surface. The numerical solution of
Eq. (2) is obtained here by a low-order Boundary Element
Method implemented into the PRO-INS code developed
at CNR-INM (former INSEAN). The pressure distribution
on the propeller blades is evaluated through the Bernoulli
equation (1). Hydrodynamic forces are determined as

f =

Z∑
k=1

∫
S
Bk

(−pn + τ) dS, (4)

where S
Bk

(k = 1, ...Z) denotes the surface of the k-th
blade of a Z–bladed screw; τ represents the viscosity–



induced tangential stress and is estimated by using expres-
sions that are valid for flat plates in laminar and turbulent
flow at same Reynolds number as blade sections.

In the following analysis pressure and loads are made non-
dimensional. In particular, the pressure distribution on the
blade surface is referred as

CP = − p− p0
2ρn20D

2
(5)

with n0 indicating the propeller rate of revolution and D
the propeller diameter. Force and moment components are
made non-dimensional following the standard approach for
the thrust and torque coefficients

KTi =
Ti

ρn20D
4

(6)

KQi =
Qi

ρn20D
5
, i = x, y, z

1.2 Viscous flow model by RANS

The viscous flow surrounding the propeller is evaluated by
integration of the Navier-Stokes equations for unsteady in-
compressible flows:

∇ · v = 0 (7)
∂v

∂t
+ (v · ∇)v = − 1

ρ
∇p + ν∇2v + b

where quantity b denotes the source term that indicates
here the propeller induced forces derived by BEM predic-
tion of blade loads.

The numerical algorithm to solve Eq. (7) is implemented
into an in–house solver based on a finite volume tech-
nique with pressure and velocity co-located at cell center.
Viscous terms are integrated by a standard second order
centered scheme, whereas for the convective and pressure
terms a third order upwind scheme is chosen. The scheme
remains formally second order in space by the treatment of
viscous terms. The Spalart-Allmaras one equation turbu-
lence model [Spalart (2009)] closes the problem.

The physical time derivative in the governing equa-
tions is approximated by a second-order accu-
rate, three-point backward finite difference formula
[Di Mascio et al (2004)]. In [Merkle & Athvale (1987)]
a pseudo-time derivative is introduced in the discrete sys-
tem of equations to obtain a divergence free velocity field
every physical-time step. The BEM algorithm is invoked
within the pseudo-time loop with a fixed frequency chosen
by numerical tests, updating the b term in Eq. (7).

No-slip boundary conditions are enforced at solid walls.
At the inlet boundary the velocity is set to the undisturbed
flow value, whereas at the outflow the pressure gradient is
supposed and the velocity is extrapolated.

The fluid domain is discretized by a system of struc-
tured, partially overlapping blocks, and a chimera algo-
rithm is used in order to interpolate the solution among dif-
ferent chimera sub-grids, [Muscari & Di Mascio (2005),
Muscari et al (2006, Zaghi et al (2015)].

The propeller effects in the viscous/inviscid coupling pro-
cedure are introduced with a body–force fashion. Specifi-
cally, propeller blades are not represented as solid bound-
aries of the computational domain and a cylindrical grid
block is placed to fill the propeller region. Volume forces
b0 describing propeller induction and predicted by BEM
are distributed over this grid block and added as source
term b to the right-hand side of the momentum equations.

1.3 RANS/BEM coupling

The viscous/inviscid coupling strategy presented
in [Salvatore et al (2015)] is used here and briefly recalled.
Viscous and inviscid-flow solutions are integrated through
the exchange of two quantities:

• volume-forces b derived from the propeller hydrody-
namic forces by BEM b0 are used as forcing terms
of the Navier-Stokes equations;

• effective-inflow w = v − v
P

is used in the BEM
to impose boundary conditions on propeller surface
from the estimation of the total velocity v by RANS.

A time-accurate approach is adopted providing a volume
force distribution according to the actual propeller position.

Figure 1: Cylindrical coordinate system (x, θ, r) and Carte-
sian fixed frame of reference (Ox

F
y
F
z
F

) used by the inter-
active procedure to exchange data.

At each time step, elementary load contributions (−pn +
τ) (Eq. (4)) of pressure and suction sides of each blade
are summed and associated to the mean (camber) surface
Ŝ

Bk
. The force distribution b0 is derived from the time-

dependent position of the propeller blades in the torus cells
marked by the position of the Ŝ

Bk
. The Dirac distribution

is mitigated along propeller axis x adopting a normalised
Gaussian distribution ξ = ξ(x). The resulting source terms
of the Eqs. (7) are∫

b(x, r, θ, t)dx = b0(r, θ, t)

∫
ξ(x)dx (8)



In the present study, the distribution is set such that the in-
tegral in the right-hand side of Eq. (8) is 0.99 for extremes
exceeding 30% of the nominal propeller width.

The viscous and potential-flow solutions are achieved
within the inner iteration of the dual–stepping procedure,
used to reach a solenoidal solution of N-S equations.

At each step of the pseudo–time loop, the effective veloc-
ity distribution w is evaluated by BEM on the basis of the
total velocity v by RANS and the perturbation velocity v

P

by BEM calculated in the preceding step. The boundary
conditions by Eq. (3) are imposed and BEM equations are
solved forϕ. From the volume force distribution b0, source
terms b of the RANS Eqs. (7) are derived. The solution of
such equations yields to a new guess of the total velocity
v. The body force distribution b0 follows the BEM call,
for a fixed frequency in the pseudo–time loop in order to
increase convergence history.

A time-marching solution is achieved with BEM and
RANS parameters synchronised to the propeller rotation.

The first BEM solution is obtained by marching in time
for a number of revolutions in order to achieve a correct
description of transient flow contributions of the trailing
wake, Eq. (2), while preserving the synchronization. As al-
ready mentioned, the BEM used here describes an isolated
propeller, and hence no contribution of the hull surface is
explicitely given in Eq. (2). The presence of the hull in
the potential flow solution is taken into account by suitable
boundary conditions based on the effective inflow w calcu-
lated by Eq. (7). The viscous flow v is obtained by solving
the N-S system of equations of the hull-fitted mesh includ-
ing the propeller perturbation via source terms.

The interactive procedure steps dedicated to the velocity
prediction by RANS, the correction of the BEM boundary
conditions from the effective inflow, the BEM prediction of
the blade pressure distribution and the body–force distribu-
tion in the torus block are sketched in Fig. 2.

Figure 2: RANS/BEM interacting procedure.

An approximated evaluation of the effective inflow w re-

lying on velocity contributions v and ∇ϕ calculated at the
torus inlet section instead of the actual propeller surface.

2 CASE STUDY AND EXPERIMENTAL SET-UP

Tests of a ship model operating in straight ahead and steady
drift conditions, with and without the propeller action, have
been reproduced by means of hybrid RANS/BEM and full
RANS simulations. Measurements have been collected
during a dedicated towing-tank tests in calm water, per-
formed partially in the framework of the EDA - FlowIS
project, [Capone et al (2018)]. The case study is repre-
sented by a propelled and un-propelled ship model, for
given advance speed, hull displacement and propeller rate
of revolution. Hull model without rudders are used improv-
ing S-PIV measurements behind the propeller disc.

Table 1: Ship and propeller models: main characteristics

Parameter Symbol Model scale
Scale Factor λ –
Lenght btwn perpendicular LPP 5.7m
Draught T 0.2m
Drift angle β 0; 8.4◦

Speed VM 1.85m/s
Number of propellers - 2
Diameter D 0.192m
Pitch to diameter ratio P/D 1.45
Hub diameter DH 0.056m
Prop.s rotation - inward
Prop. rate of revolution nP 9rps
Advance coefficient J 1.116

Figure 3: Propelled model hull. Top: S-PIV experimental
setup. Bottom: Multi-axial loads transducer



Figure 4: Propelled model hull. Particular of the propeller
shaft (left) modified into a straight shaped geometry used
in computations (right).

Particle Image Velocimetry measurements in towing-tanks
usually require ad-hoc solutions to address the need to pro-
tect electronic equipment from water. Pioneering works in
this field [Pereira et al (2003)] rely upon underwater probe
systems to address this issue. In this work a novel approach
to implement a stereoscopic PIV (stereo-PIV) system is
adopted, based on the use of boroscope equipment (boro-
scopes) as optical element rather than standard objectives.

The stereo-PIV system, as shown in Fig 3, consists of
two TSI Powerview 8MP cameras having a resolution of
3320 × 2496 pixels. The laser used is a 532nm wave-
length Evergreen Nd:YAG unit, max pulse energy 200mj,
repetition rate 15Hz. The two cameras face the same side
of the acquisition plane and are located at R = 800 mm
away from the acquisition plane at an angle of respectively
αA = 50◦ and αB = 80◦. Measurements are carried out
without the propeller and the acquisition plane is located
approximately 1 mm downstream of the starboard propeller
hub. The area where the full three component velocity field
is measured has a size of 430mm × 260mm and is cen-
tered on the propeller’s hub. The rationale underlying the
use of boroscope as a component of a PIV system lies in the
increased flexibility that this tool provides, in terms of mea-
surement region accessibility, as well as reduced intrusivity
in the region of interest. Vector fields are calculated with
TSI Insight 4G commercial software. It implements an it-
erative multi-pass, multi-grid, image deformation scheme
with window-offset (see [Scarano (2001)]). Optimal win-
dows sub-grid resolution was set to 128×128 pixels for the
first pass and 64×64 pixels for the second and final passes.
The resulting vector grid spacing is 32 pixels (a sub-
window overlap of 50 pixels was set), which corresponds
to approximately 3mm. Upon calibration with a four-
plane target, the full three-component velocity field is ob-
tained. The image geometrical deformation caused by the
short focal distance featured by the boroscope lenses and
the reduced amount of light entering the device represent
the major drawback of the present experimental technique.
A dedicated post-processing activity is needed to account
for the image deformation. Uncertainty of measurements
is assessed taking into account both bi-dimensional cross-
correlation error and stereo reconstruction error as de-
scribed in [Broglia et al (2012), Falchi et al (2014)] . The
resulting uncertainty, expressed as the root-mean-square of
particle displacement normalised by the free-stream veloc-

ity, RMS(V)
|W| = (1.3; 2.5; 0.7)% has been evaluated for

each component of the frame of reference shown in Fig.1.

The experimental propeller loads were obtained by a
novel set–up designed specifically for the measurements
of the single blade loads (see [Ortolani et al (2018),
Ortolani & Dubbioso (2018)] ). In particular, the star-
board propeller was completely re-designed to house a 6–
component transducer constrained at the root of a blade and
the propulsive line was modified in order to allow the trans-
fer of signals inside the hull. In order to obtain the total
loads, the blade measurements were converted in the hub
frame, repeated and shifted accordingly to the angular po-
sition of the blades and then summed.

3 VALIDATION RESULTS

In the present section results of the simulations performed
to address the hydrodynamics of the ship in straight ahead
and in drift motion are presented. The computational mesh
built around the complete hull model has been adopted for
the drift motion β = 8.4◦, whereas only the half part has
been considered for the ship moving in straight ahead con-
dition, β = 0◦. The RANS computational mesh consists
of a total of 37M hexahedral cells subdivided in 360 struc-
tured and partially overlapping blocks. 23.1M cells have
been dedicated to the bare hull, 6.2 to the shaft axis and rel-
ative strut supports, 5.6M to the appendages (bilge keels,
fore and aft antiroll fins), 0.8M to the torus blocks and
1.5M to the background. The hull model is placed accross
the origin, whereas the background extends from 2.3 LPP

upstream to 3.3 LPP downstream. The remaining bound-
aries are placed 2.1 LPP far from the origin. The BEM
simulations have been performed with a surface mesh built
around the propeller blades and hub. A total amount of
6.7K quadrilateral panels are considered. Each blade has
been discretized by 48×24 panels along the chordwise and
radial directions, whereas the hub mesh consists of 30×47
along the azimuthal and longitudinal directions. The ex-
change quantities used in the interactive procedure (i.e.the
body-forces b0 and the total velocity components u are
evaluated on a polar grid 40 × 128 along the radial and
azimuthal directions corresponding to a torus axial section.

Results of the un-propelled hull are shown in terms of
velocity field at the transverse plane in the propeller re-
gion, starboard side, by PIV measurements and hybrid
RANS/BEM predictions (Figg. 5–7 and 9–11). In the fol-
lowing, non-dimensional velocity components with respect
to the upstream velocity are shown. The time varying loads
of a reference blade are predicted in case of the propellers
in behind hull conditions, Fig. 8, 12, 13 and compared to
the three-axis measurements.

In the present analysis a polar frame (Ox
F
rθ) is consid-

ered, centered on the propeller shaft, Fig. 1. In particular,
the axial direction points downstream, the azimuthal po-
sition θ increases clockwise as seen from the aft with the
reference position at the 12o′clock, whereas the radial ve-
locity is positive outward.



3.1 Straight ahead motion

The present methodology is validated by steps. Full RANS
results of the un-propelled hull are used to evaluate the ca-
pability to address the nominal wake-field at the transverse
plane in the propeller region, starboard side. S-PIV mea-
surements and RANS predictions are shown in Fig. 5.

Numerical prediction of the flow field are in good agree-
ment with measured data. Coherent structures are captured
whereas main differences can be related to a limited diffu-
sion rate in the field of the hull boundary layer addressed
by the present model. A higher velocity defect induced by
coherent structures detached from the skeg is found in the
top left quadrant of figure as well as the persisting wake of
the shaft brackets in the middle top part. Moreover a per-
sisting vortical structure induced by the fore stabilizer fin
is predicted in the top right part of Fig. 5.

Figure 5: Un-propelled model hull in straight ahead mo-
tion: axial velocity component at the starboard side close
to the propeller shaft end (position in mm). Top: stereo-
PIV measurements. Bottom: RANS computations.

Similar results are obtained for the transverse components
and are not shown here. A detailed comparison between

predicted and measured velocity has been performed on
key radial sections. Results in terms of axial, tangential and
radial components are shown in Fig. 6, Fig. 7. Differences
highlighted in the comparison of the countour map of the
axial velocity components reveal here an averaged error up
to 5% whereas a shift of about 20◦ is recognised to be fur-
ther analised. The larger straight shaft used in simulations
instead of the real shaped hub may explain disagreement
at lower radii (Fig.4). The numerical model predicts a nar-
rower region with a higher velocity defect at r/R = 0.30.
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Figure 6: Un-propelled model hull in straight ahead
motion: axial velocity components by PIV (red plots)
and RANS (blue plots) at key radial sections (r/R =
0.3; 0.5; 0.70; 0.95 from left to right, top to bottom.
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Figure 7: Un-propelled model hull in straight ahead mo-
tion: tangential (left) and radial (right) velocity compo-
nents by PIV (red plots) and RANS (blue plots) at r/R =
0.70 radial section.

The comparison of the tangential and radial velocity com-
ponents reveals differences concentrated in the region of
the shaft brackets and, for the latter, in the bottom re-
gion confirming the overprediction of the velocity defect
induced by the hull slipstream.

Fig. 8 reports the hybrid RANS/BEM predictions and ex-



perimental measurements of the time varying loads of the
reference blade. The three-axis measurements at the shaft
line of force and moment quantities are referred respec-
tively to subscripts T and Q, according to thrust and torque
coefficient definition given in (6). A good agreement is
recognised whereas differences can be related to the blade
passage in the hull middle region. In particular, the under-
prediction of the axial velocity influences the bending mo-
ment rather than other quantities resulting overpredicted.
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Figure 8: Propelled model hull in ahead motion at zero drift
angle, J=1.12. Single blade contribution to thrust, torque
and spindle moment coefficients (top) and to the transverse
force and bending moment (bottom) coefficients.

3.2 Steady drift motion

Results on the nominal wake are shown in terms of ve-
locity field at the transverse plane in the propeller region,
starboard side, by S-PIV measurements and RANS predic-
tions, Fig. 9. In the present case a defined vortical structure
is apparent in the top left side of the propeller disc region,
originated at the skeg. A good agreement between numeri-
cal prediction and experimental data is achieved except for
stronger trace of coherent structures is predicted. Predicted
and measured velocity components are compared on key
radial sections.

Figure 9: Un-propelled model hull without rudders in
steady drift motion: velocity components at the starboard
side close to the propeller shaft end. Top: stereo-PIV mea-
surements. Bottom: RANS computations.
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Figure 10: Un-propelled model hull in steady drift mo-
tion: axial velocity components by PIV (red plots)
and RANS (blue plots) at key radial sections (r/R =
0.3; 0.5; 0.70; 0.95 from left to right, top to bottom.
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Figure 11: Un-propelled model hull in steady drift motion:
tangential (left) and radial (right) velocity components by
PIV and RANS at r/R = 0.70 radial section.
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Figure 12: Propelled model hull in ahead motion at 8.4◦

drift angle, J=1.12, starboard propeller: single blade con-
tribution to thrust, torque and spindle moment coefficients
(top) and transverse force and bending moment (bottom)
coefficients.

Results in terms of axial, tangential and radial components
are shown in Fig. 10 and Fig. 11. Numerical and exper-
imental data agree both in magnitude and in phase. Dis-
agreement is recognised at lower radii and can be explained
by geometry differences discussed previously. The trend
of the flow field predictions at the portside propeller have
been confirmed by comparison with experimental data for
a different drift angle configuration and is not shown here.
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Figure 13: Propelled model hull in ahead motion at 8.4◦

drift angle, J=1.12, portside propeller: single blade con-
tribution to lateral force, torque and moment coefficients
(top) and transverse force and moment (bottom).

Figure 14: Propelled model hull, J=1.12: pressure distribu-
tion on starboard propeller blade face sides, as seen from
aft. Left: 8.4◦ drift angle. Right: 0◦ drift angle.

The time varying loads of the reference blade are predicted
in case of propellers operating in behind hull conditions,
Fig. 12 and 13, and compared to the three-axis measure-
ments of the blade load. A good agreement is obtained
for all components. Differences are visible at 12-0’clock
position for the axial torque coefficient KQX and for the
bending moment KQY related to the blade passage in the
inner region of the struts supporting the shaft axis. The
oblique onset flow at the propeller plane is due to the hull
in drift motion and enhances the differences on the bending



momentKQY , both in magnitude and in phase, with a shift
of about 15◦.

The global loads exerted by each blade can be deeper
analised through the pressure distribution on the blade sur-
face defined in (5). The instantaneous pressure distribution
for the starboard propeller is shown in Fig.14 in case of
straight ahead and drift motion.

The combined effect of the velocity defect induced by the
hull slipstream and the propeller rotation (inward as view
from top) induce higher loads on the blades passing in the
internal region, whereas reversed lift is exerted by sections
in the external region. The higher velocity defect of the
starboard side explains the pressure trend described above.

In case of the steady drift motion the pressure distribution
on radial sections at r/R = 0.7are compared to analise the
effect of the asymmetry of the effective inflow. In particu-
lar, the pressure on blades is shown in Fig.15.
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Figure 15: Propelled model hull in steady drift motion at
8.4◦, J=1.12: pressure coefficient of blades at radial section
r/R = 0.7. Top: portside propeller. Bottom: starboard
propeller.

The vortex detached from the skeg impinges the starboard
propeller surface increasing pressure peaks with respect to
the hull in straight ahead motion, as shown in Fig.14.

4 CONCLUSION

In the present paper the validation of a hybrid RANS/BEM
solver for the hydrodynamic analysis of a ship in prescribed
motion has been presented. The problem is approached
by full unsteady hydrodynamic analyses through a hybrid
computational methodology. A volume-force/effective-

inflow coupling technique is considered to account for the
coupled effects of the non-homogeneous turbulent inflow
on propeller loads. A RANS model dedicated to the solu-
tion of the flow around the hull is coupled to a BEM model
for the prediction of the propeller loads. The iterative cycle
is repeated until convergence at each time step. The present
hybrid RANS/BEM model has been applied to reproduce
tests of a propelled hull model operating in straight ahead
and steady drift conditions, whereas the RANS model is
adopted to address the hull model operating without the
propeller. Measurements have been collected during dedi-
cated towing-tank tests in calm water, performed partially
in the framework of the EDA-FlowIS project. The case
study is a twin screw ship model vessel in propelled and
un-propelled configurations, for given advance speed, hull
displacement and propeller rate of revolution. The capa-
bility of the present solver to address the hull/propeller in-
teraction is evaluated by means of the comparison against
experimental data of velocity patterns at the propeller disc
and transient propeller loads. In particular, a stereo-PIV
technique with a novel multi-axial transducer set–up have
been designed to collect experimental data of the nominal
wake and the single blade loads.

Altough the capability of the present methodology to ad-
dress the propeller response under the action of the hull
induced flow is limited to vorticity effects, results demon-
strate that flow-field quantities are correctly described out-
side the propeller region. In particular, the accuracy on the
flow-field prediction by the RANS model for the unpro-
pelled configuration is confirmed by the propeller loads by
BEM, operating under the action of the effective inflow by
RANS. Coherent vortical structures are captured whereas
main disagreement can be related to a limited diffusion
rate in the field of the hull boundary layer addressed by
the present model. A good agreement is obtained for all
components of the blade load measurements. Differences
can be partly explained by the overpredicted axial velocity
defect in defined regions causing increased load predictions
of the rotating propeller. The effect on the bending moment
is pronounced among all components. A reduced compu-
tational burden mainly related to the propeller mesh gener-
ation process makes the present methodology an appealing
solution for parametric analyses.
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