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Wageningen-B Marine Propeller Performance Characterization Through CFD
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Abstract: This study presents the prediction of Wagenmingen B-Series three blade marme propeller
hydrodynamics performance characteristics through Computational Fluid Dynamic application (SolidW orks
Flow Simulation). Five propellers with pitch to diameter ratio (P/D) values (0.6, 0.8, 1.0, 1.2 and 1.4) variances

were subjected

to the computational flow analysis based on Reynolds Averages Navier-Strokes

Equation-RANSE sclver. The propeller performance characteristic such as thrust (K), torque (K) and efficiency
were computed under different types of advance ratio (J) values. Propeller with high P/D pitch-to diameter
value is found more efficient where 1.4 P/D achieves about 60.38% (K} and 39.17% (K.) as compared to 0.6 P/D
achieving 20.72% (K) and 19.11% (K). The computation had shown that the geometry parameters such P/D
has a significant influence on the propeller performance characteristics and the SolidWorks Flow Simulation
had successfully utilized for this computational application.

Key words: Wageningen B series propeller, computational fluid dynamic, propeller performance characteristic,

Reynolds averages Navier-Strokes equation

INTRODUCTION

Flow characteristics of marine propeller have become
an important aspect for investigation m the fluid dynamaics
area n these years. Challenges of marine and mechanical
engineering are focused on how to produce the most
effective propulsion system of vessel for its movement
against the water resistance as it moves under the sea. As
a result, tremendous research activities were conducted 1n
developing and exploring of theoretical and analytical
solution for hydrofoil operating in seawater environment
to continuously improve the propeller characteristics and
geometries. The primary mtention of marine engineering
is to analyze and improve the flow characteristic of ship
propulsion lowest energy
consumption for its operation. Consequently, the quality

system to achieve the

of marme propeller to mampulate with its highest
efficiency has become an important issue to be
researched.

In most ships design, stemn shape is not considered
before the formation of propeller geometry. Nevertheless,
the hull’s flow separation cannot be ignored in the
analytical work, which affects the propeller in gaining its
thrust or force. Navier-Stoke equation 1s utilized to
describe the hydrodynamic performance parameters, but
cannot numerically solve the high Reynolds number flow
behavior, which suffers from turbulent flow motion. In the

condition where effects of turbulence and no-slip
boundary on flow field estimations are important,
Reynolds Average Navier-Stoke (RANS) equation with
appropriate turbulence model can precisely predict the
time average of flow characteristics undergone by the
propeller (Valentine, 1993). Most of the researchers had
carried out the analysis by the analytical or numerical
method; inviscid or fully viscous or boundary layer
method; and linearized or exact or partially linearized
method (Justin, 1986). Combinations of any three
characteristics are quite mmpossible and perhaps the
Reynolds Averages Navier-Stoke (RANS) method can
provide average among all these methods.

Computational fluid dynamic or CFD is a very useful
method for solving numerous mechanics related problems.
The advantage that CFD can perform is a great deal of
analytical alternatives that could be gained in a short time
(Mihaela, 2005). CFD can be used to analyze the flow field
and physical parameters acting on the propeller body
simultaneously. It utilizes such Navier-Stoke equation to
solve most of the nonlinear flow for propeller especially
when dealing with turbulent, shock wave and break wave
(Miyata, 1997). Subhas et al. (2012) had reported that CFD
estimation of marine propeller thrust and torque
performances with different rotational speed are extremely
ideal with minor differences with the experimental result.
Kimura et al. (2009), Takashi and Tun (2009), Subhas et al.
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(2012) and Choong et al. (2013) are examples of CFD
applications for predicting marine propeller performance
characteristics.

This study presents the prediction of preliminary
Wagenigen B-Series marine propeller with variance pitch
to diameter ratio performance characteristic through
Computer Fluid Dynamic application. The prediction will
provide an outcome for further understanding the
propeller hydrodynamic characteristics, evaluating the
performance through computational analysis approach,
the influence of the geometry parameter towards the
propeller performance and providing a optimum propeller
pitch to diameter ratio.

MATERIALS AND METHODS

Propeller performance characteristic: Efficiency of a
propulsion system relies on propeller performance that
mvolves the thrust force, torque and efficiency, which can
be determined by dimensionless analysis through
propeller performance in thrust coefficient, torque
coefficient and efficiency (K., K, n) with respect to the
advance coefficient, J (Mehdi et af., 2010):

T
Ko = pe M
Q
K,=—>" (2)
° pN’D
7=V (3
ND

where, T, Q, N, D and V, are the propeller thrust, torque,
rotational speed, diameter, water density and advance
velocity, respectively. An optimum performance curve
could then be obtained to demonstrate the efficiency
that eventually decreases after a peak performance
(Carlton, 2007). In most studies, the J advance ratio value,
which 1s the forward movement of propeller with respect
the diameter and rotational speed for determining the
propeller efficiency based on the thrust and torque
coefficient has been utilized. K+ and K are performances
in non-dimensional parameters are the main concerns in
hydrodynamic behaviour of marine propeller, which are
linearly decreasing with increasing of T values.

PROPELLER GEOMETRY

Wageningen B or Troost series of propellers are most
widely used propeller series over the world, which is
mvented by Prof. Troost. It has a range of pitch to

Table 1: Wageningen B-series 3 blades propeller with pitch to diameter

variances

Parameters Values

Diameter (T)) 250 mm

Mean pitch (P,) 150 mm (P/D =0.6)
200 mm (P/D = 0.8)
250 mm (P/D = 1.0)
300 mm (P/D = 1.2)
350 mm (P/D = 1.4)

Skew angle 0° (Ralanced skew)

Rake angle o°

Propeller expanded area ratio (EAR) 0.5

@ [ (b)

Fig. 1(a-c): Wageningen B-series 3 blades propeller
geometry, (a) Front side, (b) Side view and
(c) 3-D view

diameter ratio values (0.6 to 1.4), 3 to 7 number of blades
and categories under comprehensive fixed pitch propeller
from analysis and experiment by early inventors. The fixed
pitch propeller geometry and particular details are listed in
the Table 1, respectively and a 3-D model 1s as in Fig. 1.

CFD CODE AND SOLVER

Turbulent flow characteristic i1s not the main aim in
obtaining the performance of marine propeller over time,
but the details about time taken to obtain its optimum
performance, thrust and speed that can be generated from
propulsion system. Chen and Lee (2003), in their report,
adopting the RANS method to solve the mflow or
effective wake of the propeller 1 nominal wake analysis
without considered the operating condition. The
operating condition effect is important that can affect the
result of loading condition for thrust and pressure on the
propeller. Thus, it 1s important to actually obtain the
physical properties especially rotational speed m mean
value over the fluctuation phenomenon. Mathematically,
this can be done by substituting the Reynolds
decomposition into Navier-Stokes Eq. 4 and averaging
them (Herbert, 2004):

A, -ou, _ou_ 18, (o, o) & duvy,

Where:
u = Time averaged value of velocity component in x axis
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= Time averaged value of velocity component in y-axis

= Time averaged value of density component

* = Time averaged value of the fluctuating velocity in
X-ax1s

v' = Time averaged value of the fluctuating velocity in

y-axis

t = Tiumne dependant

x = X-axis coordinate

v = Y-axis coordinate

|'o\ <

=

In Solidworks however, the RANSE solver 1s applied
to solve the problem of rotating mechanism in the
computational fluid domain (Dassault Systemes, 2012). In
practice, this method greatly enhances the accuracy of
arbitrary motion, which allows the propeller to act as
crossing the flud domain For the computational
domain, it is evaluated through a wide range of size as
optimum as possible that can be observed from the
animation flow trajectories. This computational domain
shall be as large as possible to not be affected by the
dynamic fluid flow due to boundary of wall, as on the
actual performance of analytical work to be tested in an
mfinite fluid domam. For a poor size of computational
domain settings of simulation, the boundary will affect the

Table 2: Boundary conditions and solver settings
Boundary conditions  Solver settings

Analysis type External-exclude cavities without flow condition
and internal space
Physical features-heat conduction in solid, gravity
and rotational

Default fluid Liquids-water

Default solid Solids in the model-ATST type 3161 stainless steel

Wall conditions
Tnitial and ambient.
condition

Roughness-0 pm (Default settings)
Thermodynamic parameters

Pressure 101325 Pa

Pressure potential-activate
Temperature-297.15 k (24°C)

Velocity parameters

Velocity in X direction-7.30773527 m sec™ (for
reynolds No. of 2x10)

Relative to rotating frame-active

Solid parameters

Initial solid temperature-297.15 K (24°C)

L 2m } 5m

result. The optimum rectangular computational domain
4 m (height)*4 m (width)*x7 m (length) has been used with
consideration of computer processing unit performance
capacity as in Fig. 2. According to Liu et al. (2012), error
tolerance of 5% is acceptable for CFD application result.

The SolidWorks Flow Simulation mesh presentation
has adopted a rectangular computational geometry in
Cartesian coordinate system with the plane being
diagonal to its axis. The computational mesh can either be
system predefined or custom defined as based on the user
accuracy requirement. Overall, the five propeller models
mesh size is between 800,000 to 1,000,000 elements. As
well as the computational boundary condition and solver
setting are as indicated m the Table 2.

RESULTS AND DISCUSSION

The mvestigation of performance and parameters for
P/D ratio range was from 0.6 to 1.4. Overall, the computed
results trend predicts closely to that of Carlton (2007)
results. The finding shows that the propeller efficiency
will increase at a lower slope to its highest efficiency, but
decreases drastically after the optimum range. The result
trend of each P/D values is similar to each other and each
profile has a different peak efficiency with respect to the
J values. From the Fig. 3 and 4, the K, and K values are
decreasing as J values increases or increasing of rotor
speed, N with reduction of advance velocity V. Also, the
highest 10K, and K value was P/D = 1.4 and the lowest
P/D = 0.6, which reduced with the reduction of P/D. As
the P/D ratio increase, the efficiency value also mcreased.
The highest efficiency for various P/D ratio was 1.4 of
more than 67%, followed by P/D = 1.2 at 61.5%, P/D=1.0
at 61%, P/D = 0.8 at 59% and the lowest was P/D = 0.6 at
54%.

From the trend of intersection of 10K, and K to, low
P/D ratio propeller intersected the efficiency curves at
lower figures and higher P/D ratio of propeller profile had

Cartesian meshing

Fig. 2: Computational domain and Cartesian meshing
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Table 3: Best performance of torque-thrust-efficiency parameters for different
pitch to diameter ratio

P/D ratio Torque-efficiency Thrust-efficiency
0.6 20.72% at T =0.127 19.11%at J=0.131
0.8 31.81% at T = 0.266 2557% at T =0.213
1.0 43.63% at T = 0.452 3091% at J=0.312
1.2 53.34% at T = 0.688 35.82% at T =0.425
1.4 60.38% at J = 0.924 39.17% at J = 0.537
——P/D 0.6 10K,
12 710Ky, K, ——P/D 0.8 10K,
——P/D 1.0
1.0 ——P/D 1.2
} ——P/D 1.4
-—P/D 0.6 10K,
=>P/D 0.8 10K,
——P/D 1.0 10K,
——P/D 1.2

——P/D 1.4 10K,

Fig. 3. Graph of 10K, and K. with respect to ] for

different P/D ratio

n
0.8 1
0.7 1
0.6
0.5
0.4

——P/D 0.6

0.3 —P/D0.8
0.2 1 —— P/D 1.0
0.1 ——P/D1.2

. ——P/D 1.4
0.0 T T T T T T T T

0 02 04 06 08 1.0 12 14 16 18

Fig. 4: Graph of with respect to T for different pitch to
diameter ratio (P/D)

achieved a much greater value. The optimum performance
of torque and thrust when 1t first strikes the efficiency
curve is also tabulated in Table 3.

CONCLUSION

A general methodology of predicting the Wagemgen
B-Series 3 blades propeller performance characteristics
through RANSE based CFD application 1s presented. The
efficiency of Wagenigen B-Series propeller has increased
in a small inclination until it reached to the peak efficiency
value and then drops drastically right after the optimum
performance. The propeller geometry such as the P/D
value has great influence on the propeller performance
efficiency. Higher P/D  value propeller type is
recommended for higher performance efficient application
requirement. At this stage, the prediction through
SolidWorks Flow Simulation could only be considered as

preliminary study and the obtained results shall require
further veMarch 8, 2014rification through other CFD
application such as Ansys CFX or experimental results.
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