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ABSTRACT

In this paper we present a comparison between hexa-
structured and hybrid-unstructured meshing approaches for
the numerical prediction of the flow around marine pro-
pellers working in homogeneous flow (Open Water Con-
ditions). The objective was to verify if the accuracy of
the predictions based on structured meshes is significantly
better than predictions based on hybrid meshes to justify
the more difficult and time-consuming meshing strategy.
The study was performed on two five-bladed propellers in
model scale. Simulations were carried out with a com-
mercial RANS solver, using a moving frame of reference
approach and employing the SST (Shear Stress Transport)
two equation turbulence model. Computational results
from both meshing approaches were compared against ex-
perimental data. The thrust and torque coefficients were
used as global quantities. Circumferentially averaged ve-
locity components and root-mean square values of the tur-
bulent velocity fluctuations, avaiable for one of the pro-
pellers, were used to indagate the local flow field. The
computational results of global quantities for both meshing
approaches were very close to each other and in line with
experimental data. Also the local values of the flow were in
line with the experimental data, exept for turbulent veloc-
ity fluctuations wich were underpredicted, especially in the
case of the hybrid approach, where higher diffusivity was
observed. The overall results suggest that for the predic-
tion of the propulsive performances of marine propellers,
at model scale, there are no significant differences, in term
of accuracy, between structured and hybrid meshes but for
a detailed study of the flow, the structured mesh seems to
offer a better resolution.
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1 INTRODUCTION

The flow around a marine propeller is one of the most chal-
lenging problems in computational fluid dynamics (CFD),
and for decades it has been investigated numerically using

conventional methods based on the potential theory. More
recently, due to the improvements of computer perfor-
mances, Reynolds Averaged Navier Stokes (RANS) solvers
are becoming the practical tool. (Abdel-Maksoud et al.,
1998), (Chen and Stern, 1999), (Stanier, 1999), (Watan-
abe et al., 2003), (Rhee and Joshi, 2005), (Kawamura
et al., 2006). Even though the capabilities of CFD tech-
nologies are improving, a fundamental role in a succes-
full CFD simulation is still played by the mesh quality and
type. Generally speaking, simulations carried out using
hybrid-unstructured (HU for brevity) meshes i.e. tetrahe-
dral with prisms or hexahedral layer on solid surfaces, are
less accurate then simulations carried out using hexahedral-
structured (HS) grids. On the other hand the effort to gener-
ate HU meshes is generally lower than that needed to gener-
ate HS meshes. As a matter of fact the hybrid mesh gener-
ation is semi-automatic, whilst the structured mesh genera-
tion is non-automatic, and requires a significant amount of
work. It can also be very difficult to generate a good quality
HS mesh for complex geometries:this is the case of mod-
ern marine propeller due to complex shapes, strong twist-
ing of the blade and stagnation point on hub close to the
propeller. Moreover the structured meshing approach can
be very difficult to apply to the study of the propeller-hull
interaction with the currently avaiable commercial codes.
Recently also the section of applied physics of the Depart-
ment of Naval Architecture, Ocean and Environmental En-
gineering (DINMA) of the University of Trieste, in collab-
oration with the office of Naval Architecture of Fincantieri
- Cantieri Navali S.p.A has developed a CFD procedure for
the prediction of the flow around marine propellers work-
ing in open water conditions based on the use of the com-
mercial RANS solver ANSYS-CFX 11 and the commercial
meshing tool ANSYS ICEM-CFD 11. The procedure has
already been validated, using HS meshes. But the long time
needed for the generation of HS meshes suggested to in-
vestigate the possibility of using hybrid meshes in place of
structured meshes. For this reason a comparison between
structured and hybrid meshing approaches is carried out.
The study is performed on two five-bladed propellers in



model scale. One is called Propeller A, propriety of Fin-
cantieri, and the other is propeller DTMB (David Taylor
Model Basin) P5168 (Chesnakas and Jessup, 1998). The
study is made by comparing numerical results from both
approaches with the avaiable experimental data. For both
propellers thrust coefficient and torque coefficient are com-
pared for a wide range of advance ratios. In the case of
propeller P5168 the comparison includes circumferentially
averaged velocity components, and turbulent quantities, in
a plane downstream of the propeller mid plane respectively.
For both propellers and meshing approaches the numerical
results are in line with experimental data, but the hybrid
meshes seem to introduce more diffusivity in the solution
than structured meshes.

2 PROPELLER MODELS

In this paper, the two five-bladed propeller models visi-
ble in Figure 1 are considered. One is the propeller pro-
priety of Fincantieri. The other is propeller P5168, de-
signed at David Taylor Model Basin. P5168 is a control-
lable pitch propeller with diameter D=0.4027m and experi-
mental measurements were carried out at the David Tay-
lor 36-inch, Variable Pressure Water Tunnel (Chesnakas
and Jessup, 1998). For simulations both propellers were
placed on the cylinder, simulating the hub, and the axis of
the propellers were coincident with the direction of the free
stream.

3 NUMERICAL METHOD

In this study only one blade is considered since, the flow
around a marine propeller working in uniform flow can be
considered periodic with respect to the blades when the hy-
drostatic pressure is assumed constant. In the given con-
ditions the computational domain used in this study is 72o

segment of cylinder covering only one blade. Moreover
as a propriety related to the above mentioned conditions
and also to capability of the ANSYS-CFX 11 to run dif-
ferent zones of the domain with either rotor or static frame
of reference the cylinder is split as shown in Figure 2 in a
rotating part called Rotating, and in a stationary part called
Fixed. The dimensions of computational domains of both
propellers are listed in Table 1, where D is diameter of the
propeller. The variable Lmid, present in Table 1 but not
visible in Figure 2 is the length in direction of uniform
flow of Rotating. To simulate the flow around a rotating
propeller the following boundary conditions were set. On
the Inlet boundary, velocity components of uniform stream
with the given inflow speed were imposed, while the tur-
bulence intensity was set to 1% of the mean flow. On the
Outlet boundary the static pressure was set to zero. On the
outer surface and on the part of the hub included in Fixed
free-slip boundary conditions were set. On the blade sur-
face and on the part of the hub included in Rotating no-slip
boundary conditions were set. On the periodic boundaries
(sides of the domain) rotational periodicity was ensured.

Figure 1: Design of propellers, (left) Propeller P5168,
(right) Propeller A. View looking downstream

Figure 2: Design of the Computational Domain

Table 1: Dimensions of Domains
Rotating Fixed
A P5168 A P5168

Hmid 0.7D 0.57D
Lmid 1.4D 0.75D

L1 2.0D 1.5D
L2 6.0D 5.0D
H2 1.8D 1.4D

As turbulence model, the two equation SST (Shear Stress
Transport) model with the automatic treatment of wall
functions was employed.

4 MESHING

All the meshes used in this study were generated using
the commercial meshing tool ANSYS-ICEM CFD 11. For
both propellers the Fixed part was discretisized only with
a unique structured mesh, while Rotating was discreti-
sized with both meshing approaches. Moreover in the case
of propeller P5168 were used for Rotating two meshing
regimes (coarse, fine). The number of nodes of meshes of
propeller A and propeller P5168 are visible in Table 2 and
3. Since ANSYS-CFX 11 employs the node-centered finite
volume method, (More precisely a Control Volume-based
Finite Element Method - CVFEM) the number of nodes
was chosen as a parameter of congruence. For that rea-
son, Grid1 and Grid2, Grid3 and Grid5, Grid4 and Grid6
have a similar number of nodes, respectively. To generate
structured meshes of both propellers, Fixed and especially



Rotating were decomposed in a large number of blocks and
proper nodes distributions were used to control dimensions
and quality of the cells. The single hybrid meshes were
instead generated with two succesive steps. First surface
meshes and volume tethraedral meshes were created us-
ing the robust OCTREE method. Then in order to resolve
the turbulent boundary layer on the solid surfaces, with the
similar resolution to the one used with structured meshes,
layers of prism were placed around the hub and blade. In
the case of propeller A, 6 layers were generated and in the
case of propeller P5168, 15 layers were placed. The aver-
age values of y+ on solid surfaces (hub, blade) of propeller
A and propeller P5168 were 20 and 15 respectively. The
y+ was defined as y+ = µτy/ν where µτ = (τw/ρ)1/2

is friction velocity, y is normal distance from the wall, ν is
kinematic viscosity, ρ is density and τw is wall shear stress.
In the case of propeller P5168 during the refinement, the
height of the first node off the solid surfaces was kept un-
changed. For propeller P5168 the structured mesh of Fixed
is visible in Figure 3. Structured and hybrid meshes on the
blade and hub surfaces are depicted in Figure 4 and 5.

5 RESULTS
To study the influence of the grid on the quality of the pre-
diction of the flow around a marine propellers, numerical
data were compared with avaiable experimental data. Pro-
peller A was used as a preliminary study. Comparison was
carried out only on global quantities of the flow while for
Propeller P5168 comparison was made, analogous as (Rhee
and Joshi, 2005), also on the local values of the flow in a
downstream location x/R=0.2386 measured from the pro-
peller mid plane, where R is the radius of the propeller and
x is the distance. The global values considered were thrust
coefficient KT , torque coefficient KQ and efficiency η de-
fined as:

KT =
T

ρn2D4
(1)

KQ =
Q

ρn2D5
(2)

η =
J

2π
KT

KQ
(3)

where T[N] is the thrust, Q[Nm] is the torque, n[rps] is
the rotational speed of propeller, D[m] is the diameter of
the propeller, ρ[kg/m3] is the density of the fluid. J=V/nD
is the advance coefficient, where V[m/s] is the velocity of
uniform flow. Circumferentially averaged velocity compo-
nents, and root-mean square values of turbulent velocity
fluctuations were selected as local flow values. The root-
mean square of turbulent velocity fluctuations q was de-
fined as.

q =
√

2k (4)

where k is the turbulent kinetic energy. In the follow-
ing graphs and contours all local flow values are non-
dimensionalized by velocity of the uniform flow V.

Table 2: Grids for Propeller A
Nodes at Fixed Nodes at Rotating

Hexa Hexa Hybrid
Grid 1 223820 784914
Grid 2 223820 785344

Table 3: Grids for Propeller P5168
Nodes at Fixed Nodes at Rotating

Hexa Hexa Hybrid
Grid 3 coarse 229437 348810
Grid 4 fine 229437 711932
Grid 5 coarse 229437 340400
Grid 6 fine 229437 741378

Figure 3: Hexa Mesh of part Fixed, Propeller P5168

Figure 4: Surface mesh, Hexa Fine, Propeller P5168

Figure 5: Surface mesh, Hybrid Fine, Propeller P5168



Relative percentage errors present in the next tables are de-
fined as

ε(KT )% =
KT,NUM −KT,EXP

KT,EXP
· 100 (5)

ε(KQ)% =
KQ,NUM −KQ,EXP

KQ,EXP
· 100 (6)

where KT,EXP , KQ,EXP are experimental data and
KQ,NUM , KT,NUM are numerical values.

5.1 Propeller A
In the case of propeller A the simulations were carried out
for a wide range of advance ratios. From Table 4 and Figure
6 it is seen that numerical results of different meshing ap-
proaches, are very close to each other and also in line with
the experimental data, especially within the range J=0.1-
1.0. Moreover differences between results obtained using
different meshes are less than 4%. The relative percentage
errors, within the range J=1.1-1.2 but especially at J=1.2,
are very height for both meshing approaches as expected,
because thrust and torque are both almost null.

Table 4: Results of Propeller A
ε(KT )% ε(KT )%

J Hexa Hybrid Hexa Hybrid
0.1 0.90 2.59 -2.00 -2.42
0.2 2.90 3.60 0.20 -0.88
0.3 4.10 4.49 1.60 0.65
0.4 4.60 4.72 2.30 1.77
0.5 4.10 4.34 2.10 2.27
0.6 2.70 3.48 1.20 2.48
0.7 0.70 1.76 0.20 2.51
0.8 -1.50 -0.04 -0.60 1.99
0.9 -4.10 -2.53 -2.00 0.70
1.0 -8.10 -5.84 -3.80 -0.54
1.1 -19.60 -15.11 -7.90 -3.31
1.2 475.00 263.64 -20.00 -10.99
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Figure 6: KT , KQ, η curves of Propeller A

5.2 Propeller P5168
In the case of propeller P5168 the simulations were car-
ried out at four advance coefficients, following experimen-
tal setup (Chesnakas and Jessup, 1998) showed in Table 5,
where N=60n is the rotational speed of propeller in rpm.

Table 5: Experimental setup of Propeller P5168
J N (rpm) V (m/s)

0.98 1200 7.89
1.10 1450 10.70
1.27 1300 11.08
1.51 1150 11.73

In this case, the simulations were carried out first using
coarser grids and then using finer grids. The relative per-
centage differences of the computed values in KT and KQ

on grids of different resolution are showed in Table 6. It
is noteworthy that differences of KT are higher than dif-
ferences of KQ especially for the structured meshing ap-
proach. The relative percentage differences are defined as:

λ(KT ) % =
KT,FINE −KT,COARSE

KT,COARSE
· 100 (7)

λ(KQ) % =
KQ,FINE −KQ,COARSE

KQ,COARSE
· 100 (8)

Table 6: Relative percentage differences of computed val-
ues between finer and coarser grids

λ(KT )% λ(KQ)%
J Hexa Hybrid Hexa Hybrid

0.98 1.37 1.34 0.55 0.98
1.10 1.64 1.60 0.63 1.23
1.27 1.36 2.25 0.31 1.56
1.51 7.89 7.59 0.91 3.88

The results obtained using finer grids are presented and dis-
cussed in the following part.
First the comparison of KT and KQ is presented. From
Figure 7 and Table 7 it is visible that computed values of
KT and KQ on both meshes are all slightly overstimated
but they compare well with experimental data, exept for
J=1.51.

Table 7: Results of finer meshes of propeller P5168
ε(Kt)% ε(Kq)%

J Hexa Hybrid Hexa Hybrid
0.98 1.65 3.30 1.35 3.49
1.10 0.65 2.60 2.31 4.88
1.27 6.70 8.61 4.28 6.92
1.51 18.84 23.19 5.73 10.83

Results obtained using hexa-structured mesh are better than
those obdained using hybrid-unstructured mesh but the dif-
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Figure 7: KT and KQ curves of Propeller P5168
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Figure 8: Circumferentially averaged velocity components
of Hexa Mesh Fine, on x/R=0.2386 plane: axial (top), tan-
gential (middle) and radial (bottom)

ferences in computed values, within the range J=0.98-1.27,
are lower than 3%. Figure 8 and Figure 9 depict rispec-
tively for structured and hybrid mesh the circumferencially
averaged velocity components in axial (Vx), tangential (Vt)
and radial (Vr) direction vs non dimensionalized radial co-
ordinate (r/R) for various J, where r is the radial distance
from the centerline of the hub. From these figures it is visi-
ble that the predicted trends of velocity components of both
structured and hybrid meshes are very similar and differ-
ences are hard to detect. Moreover the axial and tangential
velocity components compare well with the experimental
data. The radial components, instead, are not so close to
the experimental data, but their value are lower and there-
fore also the experimental uncertainty are larger.
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Figure 9: Circumferentially averaged velocity components
of Hybrid Mesh Fine, on x/R=0.2386 plane: axial (top),
tangential (middle) and radial (bottom)



It is however noteworthy that within the range r/R=0.6-1.0
even though computed values are underpredicted they seem
to have the same trends as the experimental data. A com-
parison of contours of the root-mean square values of tur-
bulence velocity fluctuations q on the plane x/R=0.2386
downstream of the propeller mid plane, for J=1.1 is pre-
sented in Figure 10.
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Figure 10: Contours of q, on x/R=0.2386 plane at J=1.1:
Experimental (top), Hexa Mesh Fine (middle), Hybrid
Mesh Fine (bottom)

From a qualitative point of view the contours agree well
with experimental data, but from a quantitative point of
view it is clear that the magnitude of turbulence kinetic en-
ergy is underpredicted especialy on the hybrid-unstructured
mesh where is clearly visible the effect of excessive nu-
merical diffusion. It seems therefore that, at least at model
scale, the differences, between hexa-structured and hybrid-
ustructured meshes do affect the accuracy in the predic-
tions of the turbulence quantities but the effect, for global
quantities is modest. It is hard - or even impossible - to ex-
trapolate this conclusions to real scale, given the different
qualitative and quantitative character of turbulent phenom-
ena.

6 Conclusions

In this study a comparison between hexa-structured and
hybrid-unstructured meshing approaches for the prediction
of the flow around a marine propellers working in uniform
flow was carried out. The study was performed on two
five-bladed propellers in model scale. Hexa-structured and
hybrid-unstructured meshes used for comparison were gen-
erated with the commercial meshing tool ANSYS-ICEM
CFD 11. The simulations were carried out with the com-
mercial RANS solver ANSYS-CFX 11, using the moving
frame of reference approach and employing the SST (Shear
Stress Transport) two equation turbulence model. Compu-
tational results from both meshing approaches were com-
pared against the experimental data. In the case of pro-
peller A the comparison was made only on global values
while for propeller P5168 the comparison was carried out
also on local values of the flow field. The numerical val-
ues of the thrust and torque coefficients computed using
structured and hybrid meshes are both in line with the ex-
perimental data. The performance curves computed using
structured meshes are slightly better than those predicted
using hybrid meshes. But the differences in computed val-
ues, using different meshing approaches and exept for the
extreme operational conditions, are less than 4% for pro-
peller A and less than 3% for propeller P5168. Also the ve-
locity profiles of propeller P5168, computed using different
meshing approaches are in line with the experimental data,
especially for axial and tangential components. The con-
tours of the root mean square values of turbulent velocity
fluctuations are qualitatively good but the magnitude of the
fenomenom is underpredicted especially in the case of hy-
brid mesh where a excessive diffusion is present.
The overall results suggest, that for the numerical predic-
tion of propulsive performances the use of hybrid meshes
might be an adeguate choice at least at model scale. They
can offer a similar accuracy to the one of structured meshes
and moreover they need a less effort to be generated.
On the other hand, at the model scale and for the CFD
code employed, the hybrid meshes do not seem to be the
prefered choice for a detailed investigation of the flow field



since they introduce and excessive diffusion in the solution.
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