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ABSTRACT

The existing different Series propeller Open Water (OW)
test databases play very pivotal roles during the initial
design stage of a marine propeller to get the optimum main
particulars and to provide reference performance. As one
of the participants of both the B- and F-Series projects,
Everllence has noticed that different conclusions might be
obtained by using these two databases. This paper presents
an example of this situation and attempts to explain these
deviations. A selection of F-Series propellers was
simulated at model test conditions by CFD software STAR
CCM+. It was noticed that Reynolds numbers in different
cases could induce different laminar-turbulent flow
transition positions and thus turbulent areas on the blade
surfaces. These differences could easily blur the optimum
results. The large difference between model scale and full
scale Reynolds numbers effect should also be considered.
A series of new geometrically similar propellers were
designed and calculated both at model and full scales at the
uniform inflow situation. The CFD results show that full
scale simulation provides a promising way to support the
development of practical series propeller database.

Keywords
CFD, Open Water Performance, Reynolds Number Effect,
Alpha-Series Propeller.

1 Introduction

For decades, a number of systematically designed series
model propellers have been manufactured and tested at
different establishments around the world. These existing
different Series propellers OW test databases (Wageningen
B-, C-, D-Series, Japanese AU-/MAU-Series, British
Gawn-Series etc.) play very decisive roles during the initial
design stage of a marine propeller in order to select the

most appropriate main particulars for full scale ship
applications (Carlton 2007). Wageningen B-Series was
world widely used in the past, for its very broadly covered
number of blades (Z=2-7), Blade Area Ratio (BAR=0.30-
1.05), pitch distribution (P/D=0.6-1.4 at 0.7R) and tests
amount to about 130. B-Series propellers were
manufactured and measured over a long period of time
with different rotating speeds and geometry production
accuracy. The initiative of the latest series propellers was
done at MARIN for the Wageningen F- and FC-Series
including the historically highest number of Fixed Pitch
Propellers (FPP) in 2024 and expected to be a substitute to
the B-Series by considering also cavitation and comfort
aspects (Huisman et al 2022).

As one of the participants and user of both B- and F-Series,
Everllence has compared the results using B- and F-Series
databases, and observed that different conclusions could be
deduced by using these two different databases when
selecting the optimum number of blades and rotational
speed range, in an application with the constraints listed as:

1) Propeller thrust T=550 kN.

2) Ship speed Vs=15 kn.

3) Effective wake fraction w=0.3.

4) Diameter of the propeller D=6.4 m.
5) BAR Ae/A0=0.60.

6) Thrust loading coefficient Crg=1.14.

Figure 1 presents the comparison of both B- and F-Series
results using regression analysis data for this selected
specific case. As expected, the OW efficiency of the F-
Series is higher compared to the B-Series and is believed
to be due to the improvements in design, production,
testing methods and procedures. Even though both
databases indicate that 6-bladed (B6 and F6) propellers




have the highest open water efficiency, the ranking of them
seems a little different. B6 is followed by B5-, B7-, B4-,
B3-bladed while F6 is followed by F7-, F5-, F4- F3-bladed
propellers. More importantly, the optimum operating RPM
range given by B- and F-Series obviously deviates, which
relates to the selection of the optimum main engine and the
most efficient working RPM range. Further investigations
into other conditions and constraints show that more
contradictory conclusions could be drawn from these two
databases. Since then, several rounds of discussion and
analysis have been conducted between MARIN and
Everllence to get the reasonable explanations of these
deviations. During this process, quite a lot of CFD
simulations and data post-processing were done to check
the possible reasons.
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Figure 1: Optimization of number of blades and RPM using

B- and F-Series databases

This paper attempts to give the reason for this problem and
suggestions of series propeller development and
application by the following steps:

1) CFD solver configuration and mesh strategies
validation both in model and full scales.

2) Asetof model scale F-Series propellers validation
serving for the listed application.

3) Reynolds numbers effect investigation.

4) Design a series of new geometrically similar
propellers (Alpha-Series) and calculate both in
model and full scales at uniform inflow situation.

5) Analyze F- and Alpha-Series results and draw
conclusions.

2 Solver configuration and mesh independence tests
Firstly, a 4-bladed controllable pitch propeller (diameter
Dm=0.233 m at model scale and Ds=6.4 m at full scale,
P/D at 0.7R=0.762 and BAR=0.475) in OW was
investigated using STAR CCM+ to get the optimum solver
configurations and mesh strategies both at model and full
scales. The propeller was tested in model scale at 15.0 RPS,
corresponding ITTC Reynolds number around 4.5x10°
near design J value 0.5. For the periodic and quasi-steady
characteristics of the propeller OW flow, only one blade
was simulated using steady Moving Reference Frame
(MREF) to reduce the computation efforts.

Turbulence decay would play a significant role in
simulations where there is strong dependence on
freestream turbulence, such as the transition from laminar
to turbulence on the propeller (Lopes et al 2022, Kerkvliet
et al 2024). The freestream turbulence would decay if the
default constants of SST k- model transport equations are
used. Thus, to consider correctly the background
turbulence properties (Turbulence Intensity (TI) and
Turbulent Viscosity Ratio (TVR)), an ambient source term
in both turbulent kinetic energy (k) and specific dissipation
rate (o) transport equations was activated in SST k-o
turbulence model to control the decay of freestream
turbulence in STAR CCM+ (Simcenter 2025). The
transition model Gamma ReTheta (GRT) predicting the
flow regimes transferring from laminar to turbulent was
adopted by specifying the reasonable TI (1.5%) and TVR
(1.0) from the previously obtained experience. More
details could be found in Jin et al (2025).
Hydrodynamically smooth surfaces are considered in all
simulations. Two simulation strategies were carried out to
do the cross validations at J=0.5, for the unobtainable OW
data at Reynolds numbers other than that tested at. The RPS
values specified in model scale and full scale could get the
same Reynolds numbers, as shown in Table 1.

Table 1: RPS in model and full scale setups

Full Scale (Ds=6.4m) rps [0.02(0.04{0.06({0.08{0.12{0.16{0.20{ 0.40{ 0.80| 1.20| 1.60
Model Scale (Dm=0.233m)| rps 15 | 30 | 45 | 60 [ 90 | 120 150 300 [ 600 | 900 |1200!
Reynolds number Million[ 0.5 09| 13| 1.8 | 2.7 [ 3.6 | 45| 9.0 |17.9(27.0|/36.0

The prism layers thickness values of the meshes were
estimated by experience according to the lowest Reynolds
number at model and full scales. The rule of thumb of a
good boundary layer mesh is that the abrupt change of TVR
near the blade surface should be within the boundary prism
layer mesh. Advancing Layer Mesher in STAR CCM+ was
used to get well resolutions near leading and trailing edge
curvatures. For that the transition model is sensitive to the
mesh number along the chord direction, exceptionally fine
meshes were used on blade surface, which is believed
enough comparing with the reference (Kerkvliet et al 2024)
and from the daily OW validations at Everllence. Thus, the



numerical uncertainty analysis from the mesh is only
focused on the wall Y+. Different numbers of hexahedron
mesh layers from 20 to 40 were specified within the
boundary layer meshes, both at model and full scales. It is
a guideline that the wall Y+ values on the blade surfaces
should be below 1.0 to make good resolution to the laminar
sub-layer. However, the aspect ratio would become
extremely high to obey this rule thus inducing numerical
instability for the very high RPS at model scale simulations.
It could be an option to use different meshes according to
different RPS ranges. In this paper, we try to use only one
mesh for the whole RPS range in model scale and full scale,
respectively. Thus, three sets of meshes covering different
wall Y+ ranges were generated both in model (Mesh No.
MS-1, MS-2 and MS-3 in Table 2) and full scale (Mesh No.
FS-1, FS-2 and FS-3 in Table 3). All these six meshes (three
in model scale and three in full scale) were used to run all

Table 2: Meshes used for model scale validation

the listed Reynolds number conditions with both GRT and
completely turbulent models. From the curves of Kr, Kq
and no of model scale (Figure 2) and full scale (Figure 3),
we can find that:

1) At model scale, MS-3 could predict comparable
values at higher Reynolds number conditions but
fails to predict reasonable values at lower
Reynolds number range. This means that the
extremely low wall Y+ values (~0.001) should not
be used at low Reynolds numbers.

2) Both MS-1 and MS-2 could predict reasonable
values in the full range of Reynolds numbers,
even though the maximum wall Y+ of MS-1 at Re
=36 M is much larger than 1 (about 50). All 3 full
scale meshes could predict reasonable values in
the full range of Reynolds numbers, even though
the maximum Y+ of FS-1 at Re =36 M is near 40.

Table 3: Meshes used for full scale validation

Mesh |Surfaced-Averaged Wall Y+ at Maximum Wall Y+ at Mesh Number Mesh |Surfaced-Averaged Wall Y+ at Maximum Wall Y+ at Mesh Number|
No. Re=0.5M Re=36M Re=0.5M Re=36M (Million) No. Re=0.5M Re=36M Re=0.5M Re=36M (Million)

MS-1 0.278 15.736 1.410 51.000 7.11 FS-1 0.201 10.822 1.060 39.500 5.78

MS-2 0.047 2.464 0.241 8.000 8.43 FS-2 0.045 2.368 0.236 7.820 6.48

MS-3 0.001 0.034 0.003 0.112 11.09 FS-3 0.009 0.482 0.044 1.570 7.70
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Figure 2: Numerical validations at model scale with different

turbulence models and Reynolds numbers
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Figure 3: Numerical validations at full scale with different
turbulence models and Reynolds numbers



3) Reynolds number is importantly to influence the
performance of the propeller, both for transition
and turbulent simulations. The curves keep
varying with increasing of Reynolds number. At
lower Reynolds number range, the curves deviate
from transition and turbulent results, while with
increasing Reynolds number, the results by
transition and turbulent simulations merge
together. Provided at the same Reynolds number,
the results from the same turbulence scheme
(transition or turbulent) are very close, no matter
in model or full scale setups. This comparison
proves also the effectiveness of the parallel
validation.

4) Mesh MS-1 strategy would be applied in the
following model scale simulations, and Mesh FS-
1 strategy would be applied in the following full
scale simulations, even though some discernible
numerical errors still exist.

3 Model scale F-Series propellers validations

For the sake of removing all the possible introduced errors
from the interpolations and series polynomials regressions,
the exact geometries of a group of F-Series propellers were
validated and then used directly in the following analysis.
These selected 30 propellers have number of blades from
7Z=3 to Z=7, and the BARSs are as close as possible to 0.60,
according to the application mentioned in Section 1. For
the 5-bladed propellers, two different BARs were selected
due to the originally designed 5-bladed propellers only
include BAR=0.53 and 0.69, both deviating from 0.60 by
nearly 0.10. P/D values at 0.7R are from 0.6 to 1.4. Five J
values covering the required working condition were set to
each of these propellers to compare with the model test
values using the GRT transition turbulence model. The
rotational speeds of the propellers are set very closely to
those operated during the model tests. The deviations of
Kr, 10K and no at the J values closest to the required load
coefficient Cry are listed in Table 4. Devl presents the
current CFD simulation accuracy, and Dev2 is the
deviation from the test and the reference BEM results
provided by F-Series project. The “-” sign in Table 4 means
the CFD prediction is lower than the tested values. The
green area indicates that the deviations of K, 10K and no
are all within 1.5%. The magenta areca shows the very
obvious deviations from the test, more than 10% Kt and
10Kq deviations. It seems very dubious for the geometries
or test results of these two propellers (F5-8073 and F6-
8097), since both predictions give very close results
comparing with each other, and also that the other neighbor
propellers’ accuracy. However, the deviations of the other
four low pitch (P/D value at 0.7R=0.6) propellers (F3-
8013, F4-8043, F5-8067 and F7-8127) seem also more
noticeable compared with those of the higher pitch
propellers by CFD and BEM results. This could also be
seen from Figure 4 (a) at the higher RPM range. F5-Test-1
and F5-GRT-1 are the test data and Everllence CFD data
by GRT transition model of the 5-bladed higher BAR
(0.69) and F5-Test-2 and F5-GRT-2 are those of the

Table 4: Validation of F-Series CFD/BEM against model test

Z | Area |P/D@|Blade Devl (%) Dev2 (%)

Ratio [ 0.7R | No. KT |10KQ| EtaO | KT |10KQ | EtaO
0.6/ 8013 -4.3| -6.3 2.1 -3.0| -12.4| 10.5
0.8| 8014| -1.7| -2.1 0.5 0.5| -5.4 6.3

3 057 1.0 0.5 -48] 5.6
1.2 -0.9] -2.1] 1.2
1.4 -4.7| -1.6| -3.2

0.6
0.8
4 |[0.63 1.0
1.2
1.4
0.6
0.8
5 |0.69 1.0
1.2
1.4
0.6
0.8
5 053 1.0
1.2
1.4
0.6
0.8
6 | 0.58 1.0
1.2
1.4
0.6
0.8| 8128 1.7 0.6 1.1] 24| -03] 27
7 |0.63 1.0
1.2
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Figure 5: CFD validation of F-Series by optimum efficiency
and RPM

5-bladed lower BAR (0.53). Using the third order
polynomial regression, the optimum efficiency from
different number of blades could be plotted in Figure 5.
The continuous green color line is the data from the B-
Series regression analysis, and the continuous red line is
the regression from F-Series data at BAR=0.6 condition. F-
Test-1 and F-GRT-1 are the test data and Everllence CFD
data by GRT transition model of 3-, 4- and 5-bladed higher
BAR (0.69) and F-Test-2 and F-GRT-2 are those of 5-
bladed lower BAR (0.53), 6- and 7-bladed propellers. It
could be found that:

1) 3-, 4- and 5-bladed higher BAR (0.69) propellers
have lower efficiencies compared with those of
the 5-bladed lower BAR (0.53), 6- and 7-bladed
propellers. The optimum number of blades ranks
of CFD and test agree well, even though the
optimum RPM deviation between F6-Test and F6-
GRT reaches 4 RPM. The optimum efficiencies
from CFD are lower than those from test by about
1.5%.

2) The RPM range corresponding with the highest
efficiency of B-Series seems much wider than that
of the F-Series no matter whether from regression
analysis, CFD or test.

3) It could be observed that the optimization of
blades number and RPM by CFD simulations are
well validated against the test data, within the
acceptable accuracy range.

According to the ITTC OW test recommended procedures
and guidelines (ITTC 2021 (1), ITTC 2021 (2)), there
exists a critical Reynolds number (0.2 million) above
which the model propeller OW should also be tested at as
high as possible Reynolds number. The towing tanks
follow the rule to manufacture big diameter model
propeller or increase the rotation speed of the propeller
during the OW tests. However, this very widely used rule
could be misleading, especially as the flow pattern on the
blade surface is unclear. At low Reynolds number range,
such efforts of increasing the diameter or RPS could still
be effective by following “higher Reynolds number, better

efficiency” for the decreasing friction effect at the laminar
flow range. However, as the Reynolds number at a relative
higher range, the flow could begin its transition behavior
from laminar to turbulent state, as shown in Figure 6. As
the flow on the blade surface becomes turbulent, the
friction increases obviously, especially at the Reynolds
number range during the OW tests.
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Figure 7: Flow patterns from different numbers of blades and
friction distribution at similar working condition of F-Series

Figure 7 shows the rotation speeds, Reynolds numbers,
flow patterns (y is the intermittency which indicates
whether the flow pattern on the wall surface is laminar
(blue) or turbulent (red)), turbulent area percentages on
both suction and pressure sides, and the friction
coefficients of six selected propellers (P/D at 0.7R =1.0 and
the working points as equal as possible to the required Crr).
It could be concluded that:

1) Even though the tested RPS values are close, the
Reynolds numbers differ obviously due to the
characteristic chord length at 0.7R. This makes
the turbulent flow area percentages on 3-bladed
propellers much higher than smaller BAR/Z value
propellers. The larger turbulent areas on 3-bladed
propellers would lead to correspondingly higher
friction red areas compared with those of smaller
BAR/Z value propellers.



2) The propellers are compared in an unfair way due
to the transition from laminar to turbulent. It is a
minus for the larger BAR/Z value propellers, but
a plus for the smaller BAR/Z value propellers.
This explains the results shown in Figure 5. The
left 24 propellers were also investigated, and the
conclusions remain the same.

4 Reynolds number’s influence on OW performance
Scale effect of marine propeller is the actual Reynolds
numbers’ influence on the foil sections’ lift and drag (from
the viscous pressure and skin friction) coefficients. The
increase in lifting coefficient is due to the thinning of the
boundary layer and hence a larger effective camber for
increasing Reynolds number (Pettersson et al 2008). The
skin friction coefficient is also well known for its Reynolds
number dependance in any near wall internal or external
flows. The lift coefficients from the collections of 2D foil
sections along the radial direction of the propeller would
mostly contribute to Kr value of the propeller, while the
drag coefficients would contribute to Kq. Thus, the very
large difference of the Reynolds numbers between OW
model test and the full scale operation condition would
affect the performance. The mesh strategies obtained from
Section 2 would be applied to all the 30 F-Series propellers
in both model and full scale. Thus, the model scale F-Series
propellers were all scaled up to 6.4 m as same as the case
listed in Section 1. Table 5 lists roughly the Reynolds
numbers in full scale operation conditions of the 30 F-
Series propellers at different pitches. The cyan colored 6
propellers were selected as examples at the working points
as equal as possible to the required Crn, according to the
test data. Both GRT transition and completely turbulent
models were used at model and full scales to do the cross
validation. Figure 8 presents the Reynolds numbers’
influence on Kr, 10Kq, and no from model scale transition
and turbulent simulations with increasing Reynolds
number for these 6 selected propellers (P/D at 0.7R=1.0).
It can be concluded that:

1) Even though there does exist some visible
differences between the two transition predictions
(model and full scales), and between the two
turbulent results (model and full scales), it clearly
indicates that the performances of the propeller in
model scale or in full scale are very similar if they
are at the same Reynolds numbers using the same
turbulence scheme (transition or turbulent solver).

2) The trends of Kr, 10Kq and 1o curves of the listed
propellers are different from each other. As
increasing of Reynolds number, the curves from
transition solvers are closer to those from the
turbulent. This phenomenon proves that the GRT
transition model could predict the natural
transition from laminar to turbulent by increasing
Reynolds number.

Table 5: Full scale operation conditions for the 30 selected F-
Series propellers

Z | Area |P/D@ |Blade| Model Scale Setup |Full Scale (Ds=6.4m)
Ratio| 0.7R | No. | Dm(m) | RPS RPS Re (M)
0.6 [ 8013 0.32 760 1.9 66
0.8 | 8014 0.31 639 1.5 53
3 0.57 1.0 | 8015 0.30 592 13 46
1.2 | 8016 0.29 536 1.1 39
1.4 | 8017 0.28 522 1.0 36
0.6 [ 8043 0.32 760 1.9 55
0.8 | 8044 0.31 639 1.5 43
4 |063| 1.0 [8045| 0.30 592 13 38
1.2 | 8046 0.29 536 1.1 32
1.4 | 8047 0.28 522 1.0 30
0.6 [ 8073 0.32 760 1.9 48
0.8 | 8074 0.31 639 1.5 38
5 0.69 1.0 | 8075 0.30 592 1.3 33
1.2 | 8076 0.29 536 1.1 29
1.4 | 8077 0.28 522 1.0 26
0.6 [8067| 0.33 715 1.9 36
0.8 | 8068 0.32 600 1.5 29
5 0.53 1.0 | 8069 0.31 554 13 25
1.2 | 8070 0.30 501 1.1 21
1.4 | 8071 0.29 487 1.0 19
0.6 [8097| 0.33 715 1.9 33
0.8 | 8098 0.32 600 1.5 26
6 |058| 1.0 |8099| 0.31 554 1.3 23
1.2 [ 8100 0.30 501 1.1 20
1.4 | 8101 0.29 487 1.0 18
0.6 [8127| 0.33 715 1.9 32
0.8 | 8128| 0.32 600 1.5 26
7 1063 1.0 |8129| 0.31 554 13 22
1.2 [8130( 0.30 501 1.1 19
1.4 | 8131 0.29 487 1.0 18
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Figure 8: Reynolds number’s influence on Kr, 10Kq and no
for different number of blades for the 6 selected F-Series
propellers

Figure 9 presents an example of the Reynolds number’s
influence to the flow pattern and frictions coefficient
distribution by increasing RPS from OW test condition to
full scale propeller operation situation (F4-8045) using
model scale transition (MS-GRT), full scale transition (FS-
GRT), model scale turbulent (MS-Turb) and full scale
turbulent (FS-Turb) model. It can be concluded that:

1) As Reynolds number increases, more and more
areas of the blade surfaces are covered by
turbulent  flow. At  Reynolds  number
corresponding to 38.5 million, there still exist
some laminar flows both on suction and pressure
sides. At high Reynold numbers, Cf distributions
of 4 solutions (MS-GRT, FS-GRT, MS-Turb and
FS-Turb) begin to be very similar. This coincides
with the curves in Figure 8(b).

2) Even though more areas are covered by turbulent
flow as RPS is increased, the friction coefficient
Cf drops for the transition prediction results in
Figure 9. At fully turbulent simulations, the red
area of Cf (higher value) seems also decreasing as
the increasing of RPS. This indicates the
Reynolds number’s influence on the skin friction
coefficient to the wall flow. Thus, the scale effect
should be considered for accurate prediction of

full scale propeller performance.
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Figure 9: Reynolds number’s influence on the flow pattern
and frictions coefficient of F4-8045
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Figure 10: F-Series optimization by different CFD options
To make a thorough check of different CFD computation
schemes, these 30 selected F-Series propellers were also
investigated by model scale laminar flow solver. The



optimum efficiency and RPM from these different CFD
solutions were then plotted together in Figure 10 to see how
the different strategies could influence the optimum
number of blades and RPM value. It can be concluded from
the plots in Figure 10 that:

1) Model scale transition (MS-GRT) prediction
results show that high Reynolds number should
not be running during the tests for that the
introduced turbulent flow on the blade surfaces
would easily blur the optimum parameters
determination.

2) Model scale turbulent solution (MS-Turb) seems
also deviated obviously from the full scale results
(FS-Turb) including the efficiency value,
optimum number of blades and RPM.

3) Model scale laminar option (MS-Lam) results in
being the closest to the full scale results. However,
as the number of blades increases, the optimum
RPM seems also deviated from that of the full
scale.

4) 1If only the model scale laminar and full scale
results were investigated, the number of blades
seems not a very big issue for the OW efficiency
optimization (~1%). The optimum number of
blades should be selected from the optimum
engine RPM. Less number of blades suit the
higher RPM engine speed, while high number of
blades match best with lower engine speed.

5) The different conclusions obtained from model

scale turbulent and full scale turbulent solutions
confirms the importance of Reynolds number.

5 Alpha-Series propellers and results comparisons

A series of new geometrically similar propellers as F-Series
were designed by the Everllence potential design code in a
uniform inflow situation and subsequently calculated using
CFD both at model and full scales. The considerations by
doing so are:

1) Exclude the non-uniform input wake fields’
influence on F-Series designs.

2) Double check all the conclusions obtained from
previous F-Series calculations by Everllence
designs.

3) Apply different design philosophies to fulfil
specific requirements.

4) Build up gradually a numerical series of fixed
pitch propellers to facilitate daily optimization of
propulsion systems.

The main constraints for these designs are listed as:
1) Propeller diameter in full scale = 6.4 m.
2) BAR=0.6.
3) Skew angle = 30.0 degree.
4) Hub diameter = 1.26 m.

5) Thickness - Lloyd's Register no ice class rules.

At the initial stage, 30 propellers were designed, as listed
in Table 6 and as shown in Figure 11. During the design
process, the rule of smooth and gradual changing of all the
main particulars was applied, especially for the different
number of blades. Figures 12 and 13 are the P/D and f/c
distributions for the 4-bladed designs. According to the
previously obtained conclusions, the following strategies
were adopted for the CFD simulations of Alpha-Series:

1) Exactly same mesh configurations were applied
as for the F-Series simulations, both in model and
full scales. The model scale diameter is set to be
0.3 m and full scale diameter is 6.4 m.

2) Laminar, GRT transition and turbulent models
were applied to the model scale simulations. At
model scale, 15.0 RPS was set for all Alpha-
Series.

3) Turbulent model was applied to the full scale
simulations, only at the corresponding full scale
operating RPS for each designs.

Table 6: List of the designed Alpha-Series propellers

N Number of Blades Z

RPM 3 4 5 6 7
60 8584 8586 8588 8590 8592
65 8534 8544 8554 8564 8574
70 8536 8546 8556 8566 8576
75 8538 8548 8558 8568 8578
80 8540 8550 8560 8570 8580
85 8542 8552 8562 8572 8582
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Figure 11 Alpha-Series profiles of different numbers of blades
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Figure 12: Pitch distribution of Alpha-Series 4-bladed
propellers
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Figure 13: Camber distribution of Alpha-Series 4-bladed
propellers
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Figure 14: Optimum efficiency and RPM comparison of F-
and Alpha-Series

Figure 14 presents the model scale comparison results of
F- and Alpha-Series propellers. It can be concluded from
the plots that:

1) For the optimum number of blades, Alpha-Series
results by transition model (A-MS-GRT), which
corresponds to the nowadays OW tests, show that
the higher number of blades propeller gives better
OW efficiency. This coincides with the
conclusion from F-Series. The reason is also that
the turbulent flow transferred from laminar favors
the lower BAR/Z value propellers. This could also
be seen from Figure 15, which shows the areas
covered by turbulent flow and the skin friction
coefficient distribution of different number of
blades’ propellers at a similar pitch and a similar
load coefficient by transition model. The RPM
range from Alpha-Series results by transition
model also differs from that of F-Series results by
transition model.

2) The model scale Alpha-Series results by
completely turbulent model (A-MS-Turb) also
clearly show that the higher number of blades
propeller gives better OW efficiency. However,
the RPM range from the Alpha-Series results by
turbulent model differs also from that of the F-
Series results by turbulent model (F-MS-Turb-1

and -2).

3) Neither transition nor turbulent model scales CFD
predictions for this case could be used for series
propeller database generation, considering the
obvious Reynolds number effect.
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Figure 15: Flow patterns and friction distribution from
different numbers of blades at similar working condition of
Alpha-Series by transition model
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Figure 16: OW efficiency and RPM optimizations using
laminar and full scale CFD results of F- and Alpha-Series

Finally, the CFD prediction results of both F- and Alpha-
Series using model scale laminar flow solver (F-MS-Lam-
1, F-MS-Lam-2, A-MS-Lam) and full scale completely
turbulent flow solver (F-FS-Turb-1, F-FS-Turb-2, A-FS-
Turb) were plotted together with B-Series regression
results (B-Reg) in Figure 16. It can be concluded that:

1) There is about 6.0%-10.0% OW efficiency gap
between the B-Series tested efficiency curve and
the CFD predicted results from F- and Alpha-
Series with laminar solver.

2) For the best OW efficiency, there exists a fix gap
between the curves from laminar result and full
scale turbulent result, both for F-Series and
Alpha-Series. What’s more, the corresponding
rank of the optimum number of blades keeps the
same between model scale laminar and full scale
turbulent solutions. As to the optimum RPM
range, there exists also a shift between the curves



from laminar result and full scale turbulent result,
both for F-Series and Alpha-Series. However, the
directions of such shift from F-Series and Alpha-
Series are opposite. The reason for this similarity
between the results from model scale laminar and
full scale turbulent might be their very similar
skin friction and pressure distributions, as shown
in Figure 17 of the results of 5-bladed Alpha-
Series propeller 8556. The other propellers have
the similar results. The flow separations along the
trailing edge on the suction side do exist on both
full scale turbulent (FS-Turb) and model scale
laminar results (MS-Lam-15RPS). The limiting
streamlines of full scale turbulent (FS-Turb) and
model scale laminar results (MS-Lam-15RPS)
seem also very similar.

3) Similar to the F-Series full scale conclusion, the
optimum number of blades from Alpha-Series
seems not issue for the OW efficiency
optimization (~1%). The optimum number of
blades could be selected from the optimum engine
RPM. B-Series curve also obeys this rule at this
point.
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Figure 17: Cf and Cp distributions by different CFD solutions
on the 5-bladed Alpha-Series propeller 8556

6 Conclusions

Starting from the contradicting conclusions of the propeller
optimizations from B-Series and F-Series, a reason check
investigation was conducted by validations of a group of
F-Series propellers using CFD software STAR CCM+. It
was noticed also that the Reynolds number effects should
never be ignored for accurate prediction of the propeller
performance at full scale operation condition. A double
check was thus carried out by a new Alpha-Series
propellers design and investigations. All these results and
analysis point to the following conclusions:

1) Due to the problems facing in model scale series
propeller OW test (low Reynolds number with
laminar flow prone to separation and higher
Reynolds number with transition), we should be
cautious when using any of these databases.

2) The large difference of the Reynolds numbers at
model scale OW test and full scale operation
conditions makes scaling necessary. The
mechanism of scale effect of propeller could
finally be attributed to the Reynolds number
dependance of lifting and drag coefficients of 2D
foil sections.

3) CFD full scale prediction should be used as the
faithful tool for series propellers developments
and research. The numerical Alpha-Series
propeller is a promising attempt.

4) The optimum number of blades could just be
selected from the optimum engine RPM at about
1% OW efficiency flexible range. This provides
freedom to the selection of main engines. Less
number of blades is optimum to higher engine
speed, while high number of blades matches best
with lower engine speed for the listed case.
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