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ABSTRACT
This paper conducts a comprehensive computational fluid
dynamics (CFD) investigation into the impact of advanced
meshing and interface strategies on marine propeller sim-
ulations. We compare state-of-the-art meshing techniques
and discretization remedies against legacy methods, eval-
uating their influence on accuracy and efficiency. A de-
tailed study is presented on various rotor-stator interface
models, including traditional sliding mesh, modern slid-
ing interfaces, overset mesh, and a novel GPU-enabled,
metrics-based intersector. Each method’s pros and cons
are thoroughly discussed and evaluated across diverse ap-
plication areas: open water performance, self-propulsion
scenarios with complex inflow, and hydroacoustic consid-
erations. Through rigorous validation against experimen-
tal data when applicable, we assess the trade-offs between
computational cost and predictive fidelity for each strategy.
The aim is to provide engineers and researchers with a clear
understanding of optimal meshing and interface considera-
tions for specific application needs, ultimately guiding the
selection of robust and efficient CFD methodologies for
marine propeller design and analysis.
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1 INTRODUCTION
The intricate dance between a ship’s hull and its pro-
peller is a fundamental consideration in the pursuit of next-
generation ship design. As the maritime industry strives for
enhanced efficiency, reduced emissions, improved maneu-
verability, and reduced noise signatures for both environ-
mental and operational reasons, a deep understanding of
this interaction becomes paramount. Computational Fluid
Dynamics (CFD) has emerged as an indispensable tool in
this endeavor, offering a powerful lens through which to
analyze and predict the complex hydrodynamic forces at
play.

Historically, the simulation of marine propellers has

evolved significantly. Early approaches often relied on
simplified potential flow methods, such as lifting line and
lifting surface theories, which provided valuable insights
into propeller performance but often struggled to capture
the intricate viscous effects and wake dynamics; espe-
cially in geometries common for marine propellers (Rah-
man et al., 2017). As computational power advanced,
researchers began to explore more sophisticated numeri-
cal techniques, including panel methods and, eventually,
full RANS (Reynolds-Averaged Navier-Stokes) simula-
tions (Gaggero et. al, 2010). These methods offered a more
comprehensive representation of the flow physics, allowing
for a deeper understanding of phenomena like cavitation,
unsteady forces, and propeller-hull interaction.

Despite these advancements, accurately predicting pro-
peller performance using CFD has historically been a com-
putationally demanding task. The highly dynamic nature of
the flow around a rotating propeller, coupled with the need
to resolve fine-scale turbulent structures and the complex
geometry of the blades, necessitates a significant invest-
ment in computational resources. This high computational
cost has often limited the practical application of high-
fidelity simulations in the design cycle, leading to a re-
liance on empirical methods and model-scale experiments.
Furthermore, the accurate representation of turbulence, a
chaotic and multi-scale phenomenon inherent in propeller
flows, has remained a significant hurdle. Legacy turbu-
lence models, while computationally efficient, often strug-
gle to capture the anisotropic and unsteady nature of the
flow in the propeller wake and boundary layers, leading to
discrepancies between simulated and experimental results
(Sezen et. al, 2021, Peric, 2025). This challenge is partic-
ularly acute when considering hydroacoustics applications,
where the accurate prediction of pressure fluctuations and
sound generation demands extremely fine spatial and tem-
poral resolution, often involving very small-time scales that
push the boundaries of traditional CFD approaches.

Another persistent challenge has been the effective nu-
merical treatment of the interface between the rotating
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propeller region and the stationary surrounding fluid do-
main. Historically, approaches like the Moving Refer-
ence Frame (MRF) model provided a time-averaged so-
lution but lacked the ability to capture unsteady interac-
tions (Turunen, 2014). More advanced techniques, such
as sliding mesh interfaces, offered improved fidelity but
often introduced numerical complexities and stability is-
sues, particularly in dynamic scenarios (McNaughton et.
al, 2014). However, more modern interface technologies
have emerged that help improve both the accuracy and sta-
bility of these interfaces in dynamic scenarios, such a topol-
ogy based and metrics based formulations (AV Siddartha
& Ganis, 2025). Overset (or Chimera) interfaces, for in-
stance, have been around for some time (Steger, et. al) and
have shown to be a valuable workaround for some legacy
sliding mesh issues by allowing independent meshing of
components and overlapping the grids (Shen et al, 2014).
More recently, innovations such as the metrics-based in-
tersector have been introduced, further enhancing the ca-
pabilities of these interfaces, especially with the added ad-
vantage of scalability on GPUs (AV, Siddartha & Ganis,
2025.)

Legacy CFD methods, while foundational, often presented
challenges in achieving consistent accuracy across a wide
range of operating conditions, particularly when deal-
ing with complex flow phenomena or off-design perfor-
mance. However, with the advent of more refined numer-
ical schemes, advanced turbulence models (such as LES
and DES, or even hybrid RANS/LES approaches), sophis-
ticated meshing strategies, and increasingly robust and ac-
curate interface treatments, modern CFD approaches are
demonstrating increasingly better accuracy and predictive
capabilities. Looking ahead, the burgeoning field of GPU
acceleration holds immense promise for overcoming the
computational bottlenecks that have historically plagued
propeller simulations. By leveraging the parallel process-
ing power of graphics processing units, it is anticipated that
high-fidelity CFD analyses of marine propellers will be-
come more accessible and integrated into the early stages
of ship design, paving the way for truly optimized and sus-
tainable maritime vessels.

In this paper, we explore the crucial role of interface se-
lection within CFD simulations of a simplified propeller
model, considering both uniform and oblique inflow sce-
narios. Our investigation delves into how different inter-
face types influence the accuracy of both macroscopic force
calculations and the fine-scale pressure fluctuations essen-
tial for reliable hydroacoustics predictions. Complement-
ing this, we will also discuss the promising GPU scaling of
a methodology that proves accurate across all these varied
conditions.

2 METHODOLOGY
This study employs Simcenter STAR-CCM+ (Version
21.02.007), a widely recognized computational fluid dy-
namics (CFD) tool within the marine community, to inves-
tigate the influence of interface and time step sizes on open
water propeller performance. The analysis considers both
uniform and oblique flow conditions, with a specific flow

angle of 6 degrees. Future research will expand upon these
findings by incorporating the flow field and induced wake
fraction.

For each inflow condition, two primary operating scenarios
are examined. The first scenario involves a representative
model for analyzing propeller forces, akin to what is re-
quired for self-propulsion analysis. Namely, a RANS based
CFD setup employing a time step equivalent to 1 deg of ro-
tation per time step. The second scenario focuses on a setup
more indicative of the requirements for an acoustics simu-
lation, where the accurate capture of small pressure fluctua-
tions and their perturbations is crucial. This model employs
a DES (Detached Eddy Simulation) turbulence model and
reduces the time step an order of magnitude to an equiva-
lent of 0.1 deg of rotation per time step.

For each operating scenario, an investigation into four dif-
ferent interface types are examined. The first being the
classic geometry based intersector. The second being a
topology based intersector that eliminates most of the is-
sues with the legacy intersector. An overset mesh is also
looked at, and finally a metrics based intersector which
supports interface caching and GPU enablement is inves-
tigated.

The propeller model utilized in this study is sourced from
the publicly available JORES Tanker 1 project (Jores,
2025). This project has served as a central subject in the re-
cent JORES CFD and Wageningen 2025 CFD workshops,
thereby establishing it as a relevant and current benchmark.
While the underlying methodologies have been extensively
studied, a specific operating point was carefully chosen to
highlight the distinctions between the two analytical ap-
proaches outlined above. This propeller was analyzed at
a model scale with a diameter of 0.25 m, rotating at 430
RPM, and operating in a flow condition of 1 m/s, which
yields an advance ratio of 0.7

At this specific operating condition ( J= 0.7), model test ex-
periments were previously performed by both HSVA and
SSPA under open water conditions, with their results pub-
lished on the Jores website (Jores, 2025). For this advance
ratio, the expected values for the thrust coefficient (KT) and
ten times the torque coefficient (10KQ) are 0.08 and 0.123,
respectively.

Figure 1: JORES Tanker 1 Propeller used in this study

3 MESH DISCRETIZATION



Generating a high-quality computational mesh for marine
propellers often presents significant challenges due to their
intricate geometries, characterized by extreme curvatures
along leading edges, blade tips, and trailing edges. Tra-
ditional isotropic, polyhedral meshing approaches are typ-
ically employed for marine propellers when using Sim-
center STAR-CCM+, which apply uniform refinement in
all directions, often leading to exorbitant, undesirable cell
counts. This results in substantially increased computa-
tional costs without necessarily providing optimal resolu-
tion where it is most needed. This propeller was meshed
using the standard technique and it was determined that a
grid size of 40M cells was needed.

a) Poly Mesh

b) Anisotropic Mesh

Figure 2: The anisotropic mesh reduces the cell count over 4
times by stretching cells in tangential direction while still cap-
turing curvature

To address this, we employed an anisotropic quad-
dominant surface meshing strategy within Simcenter
STAR-CCM+ which strategically refines the mesh primar-
ily along directions of maximum curvature. This method
allows for a more accurate geometric representation of
critical features while drastically reducing the overall cell
count, in this case leading to a 4 times reduction in cell
count and corresponding computational effort compared to
conventional isotropic polyhedral cell methods, making it
demonstrably superior for high-fidelity, transient simula-
tions.

The foundation of this anisotropic meshing approach lies
in meticulous geometry preparation, particularly the pre-

cise definition of feature curves. The Simcenter STAR-
CCM+ meshing framework, which includes the Surface
Remesher with Quad Dominant faces, Polyhedral Mesher,
and Advancing Layer Mesher, critically relies on these
named curves to enforce mesh node placement and apply
targeted refinements. This propeller has a highly curved
leading edge, a blunt tip section, and the trailing edge has
distinct edges as depicted in Figure 3. Creating the edges
is straight forward on distinct edges, but creating edges on
highly curved surfaces is sufficiently more difficult.

Figure 3: JORES Tanker 1 Propeller and required features
curves to apply for efficient meshing

A key initial step involved ensuring the presence of well-
defined curves at locations of maximum curvature along
the leading edge. For geometries where these curves were
absent or insufficiently defined, a semi-automatic process
was utilized. This involved sweeping a plane along exist-
ing edges, imprinting the blade profile, and then employing
a custom Java macro to automatically identify and create
reference points at maximum curvature locations. These
points were subsequently connected using another macro
to form continuous 3D curves, which were then imprinted
onto the CAD surfaces. This crucial step ensures that the
mesh controls reliant on precise location of feature curves
at the apex of curvatures are captured accurately so efficient
mesh parameters can be applied.

Figure 4: Finding the points (pink) of maximum curvature al-
lows for a feature curve (blue) to be created along the apex of
leading and trailing edges, which is essential for building an
efficient anisotropic mesh.



a) General Mesh Settings

b) Leading Edge Mesh Settings

c) Trailing Edge Mesh Settings

d) Leading Edge Mesh Settings near Tip

e) Trailing Edge Mesh Settings near Tip

f) Blunt Tip Mesh Settings

Figure 5: Mesh settings to generate the anisotropic propeller
mesh

With the geometry prepared with the appropriate control
curves, the next phase involved applying specific mesh siz-
ing parameters to the propeller model with a 0.25 m diam-
eter. A Base Size of 1 mm was set for the general surface
mesh, covering the blade center and hub. For the isotropic
regions along the blade edges, a surface size of 0.25 mm
was maintained. The true efficiency gains were realized
through anisotropic refinements in critical high-curvature
zones. On the leading edge, a quad aspect ratio of 5 was
prescribed, achieving an anisotropic refinement down to
0.05 mm. Similarly, the trailing edge also utilized the same
anisotropic refinement settings, but also required a mini-
mum of two layers between close part curves to ensure ad-
equate resolution. For the highly irregular curvature zone
where the leading edge meets the tip, a slightly reduced
aspect ratio of 2 was applied, resulting in an isotropic re-
finement of 0.1 mm and anisotropic refinement of 0.05 mm
to ensure a smooth transition. The area where the trailing
edge meets the tip received the same treatment, but only
enforced 1 anisotropic layer. Finally, the entire tip surface
received a classical isotropic refinement of 0.1 mm. This
strategic application of anisotropic refinement ensures that
computational resources are concentrated precisely where
geometric detail and flow gradients are highest, thereby op-
timizing both accuracy and computational efficiency. 30
prism layers were then extruded from the surface to create
the boundary layer mesh targeting a wall Y+ of 1. The re-
sult creates a propeller region with a mesh count of 9.9 M
cells.

The fixed region of the simulation utilized hex based ele-
ments in the domain. The propeller shaft was extruded all
the way to the inlet. The dimensions of the domain were
2.6 m x 2m x 2m. with 2 m of the domain being down-
stream of the propeller. Inlets were applied on 5 sides of
the domain, while the downstream boundary was a fixed
pressure outlet, highlighted in pink below.

Figure 6: Domain used in simulation. Highlighted Pink sec-
tion is outlet, the remaining walls are inlets



For the accurate simulation of the propeller’s rotation,
meticulous attention was paid to the setup of the slid-
ing interface and the surrounding volume mesh. A criti-
cal prerequisite for a stable sliding interface was ensuring
that the interface boundaries within both the rotating and
static domains corresponded precisely to the same cylindri-
cal geometry. Any discrepancies in this geometric align-
ment would inevitably lead to mesh intersection issues
and simulation instability. Furthermore, despite utilizing
distinct meshing operations—specifically, a trimmed, pre-
dominantly hexahedral mesh for the stationary domain and
a polyhedral based anisotropic mesh for the rotating do-
main—it was imperative that the mesh size on both sides
of the interface remained highly comparable. While ex-
act mesh conformality is not maintained during the pro-
peller’s rotation, a rigorous visual inspection of the gener-
ated meshes was conducted to confirm their homogeneity
and uniformity across the interface. This step was crucial,
especially considering that while surface meshes are pro-
jected to the CAD geometry, volume mesh nodes are not,
resulting in a slightly tighter effective circle for the volume
nodes; thus, maintaining equivalent surface sizes of 2 mm
on both sides of the interface was a key strategy to mitigate
potential numerical artifacts.

Beyond the interface, the quality and transition of the core
volume mesh and the prism layers around the propeller
were equally vital for robust results. The volume mesh
in the immediate vicinity of the sliding interface was care-
fully designed to maintain a near-equivalent cell size across
both the rotating and stationary zones, specifically to pre-
vent sudden and potentially problematic mesh transitions
that could introduce poor quality cells and numerical er-
rors. To further enhance the quality of cells across the slid-
ing interface during the propeller’s motion, a best practice
was implemented: a single, thick prism layer was applied
on both sides of the interface around the curved circumfer-
ential part, while no prisms were applied on the upstream
or downstream sides of the interfaces, which is particularly
beneficial for the flat surfaces in the hub-shaft region to en-
sure a regular and smooth transition of the prism layer as
depicted in Figure 6. All sliding meshes variants used the
same mesh in these studies.

The exception is the overset grid cases used a slightly dif-
ferent mesh based on the nature of how overset grids work
with overlapping regions. In the overset case, the same
fixed, background meshing controls were used. Similarly,
the same mesh settings for the propeller blade were also
utilized. The exception is there is no hole cut into the fixed
region and the propeller region was extruded slightly up-
stream by 2 mm to ensure overlapping with the shaft as
shown in Figure 8.

a) Mesh section through centerline

b) Prism Controls along interface

c) Zoomed in Prism Controls

d) Prism settings allow for seamless transition of boundary
layer mesh across interface

Figure 7: Generated mesh and prism treatment at the inter-
face for sliding mesh cases



Figure 8: Overset Mesh: Rotating region is extruded up-
stream slightly to transition the mesh into the region effi-
ciently

4 PHYSICS
This work utilizes a transient, single phase flow of rotating
propeller. Cavitation effects are not considered, and the wa-
ter is assumed to be incompressible. The flow is governed
by a set of partial differential equations that describe the
conservation of mass and momentum. For an incompress-
ible, Newtonian fluid, these are the continuity equation and
the Navier-Stokes equations, respectively.

For an incompressible fluid, where the density � is con-
stant, the continuity equation simplifies to:

r � u = 0 (1)

where u is the fluid velocity vector. This equation signifies
that the net volumetric flow rate out of any infinitesimal
volume is zero, implying that the fluid is divergence-free.

The conservation of momentum for a fluid element is de-
scribed by the Navier-Stokes equations. For an incom-
pressible, Newtonian fluid with constant viscosity �, the
equations are given by:

�

�
@u

@t
+ (u � r)u

�
= �rp+ �r2u + f (2)

Here, the terms represent: �@u
@t is the Local acceleration

term, �(u � r)u is the local acceleration term, �rp is the
pressure gradient term, �r2u is the viscous diffusion term,
and f are Body forces per unit volume.

In the context of marine propeller simulations, the choice
of turbulence model and time step is critical and depends
heavily on the desired fidelity and the specific phenomena
being investigated. For analyzing propeller forces, such
as those required for self-propulsion, a Reynolds-Averaged
Navier-Stokes (RANS) based k-omega SST model is typi-
cally employed. This two-equation eddy-viscosity model is
a robust choice for a wide range of flows, effectively com-
bining the k-omega model’s accuracy in near-wall regions
with the k-epsilon model’s performance in free-stream ar-

eas through a blending function. It is particularly well-
suited for flows with adverse pressure gradients and sep-
aration, which are common around marine propellers. For
the simulations run with a time step equivalent to 1 degree
of rotation per time step, this model was employed. pro-
viding a computationally efficient approach for obtaining
time-averaged solutions of propeller performance which is
extremely common within the industry. Given the model
scale of the propeller, the Gamma-Re-Theta Transition
model is incorporated alongside the k-omega SST model to
accurately account for laminar-turbulent transition effects,
which are significant at these scales and can heavily influ-
ence boundary layer development and overall flow charac-
teristics. The transport equations for the turbulent kinetic
energy (k) and specific dissipation rate (!) in the k-omega
SST model are:
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where Pk is the production of turbulent kinetic energy, �t is
the turbulent viscosity, and F1 is the first blending function.

For scenarios demanding higher fidelity, such as hydroa-
coustics simulations where the accurate capture of small
pressure fluctuations and their perturbations is crucial, a
SST Detached Eddy Simulation (DES) approach was em-
ployed. DES is a hybrid RANS/LES (Large Eddy Simula-
tion) model that leverages the strengths of both. It applies
the computationally efficient RANS model in the near-wall
regions and switches to the more detailed LES model in the
separated flow regions and the wake, where large, energy-
containing turbulent eddies are directly resolved. This al-
lows for a more accurate representation of unsteady flow
phenomena and turbulence compared to pure RANS, while
being less computationally demanding than a full LES for
many engineering applications. To achieve the necessary
temporal resolution for these fine-scale phenomena, a sig-
nificantly reduced time step is utilized, equivalent to 0.1 de-
grees of rotation per time step. The filtered Navier-Stokes
equations, which form the basis for LES and the LES por-
tion of DES, are:
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where ��, ~ui, and �p are the filtered density, velocity, and
pressure, respectively. The term �sgs

ij represents the sub-
grid scale (SGS) stress tensor, which models the effects



of the unresolved small scales on the resolved large scales
and is typically closed using an eddy-viscosity assumption
(e.g., Smagorinsky or WALE model). The accurate transfer
of flow variables across computational domain interfaces
is paramount for maintaining solution fidelity in complex
CFD simulations. Each interface strategy employs distinct
discretization terms to manage this data exchange, impact-
ing conservation, accuracy, and computational cost.

For the Geometry-Based Intersector, the core discretization
involves an interpolation scheme to transfer values between
non-conforming meshes. When a cell face on one side
of the interface (e.g., from domain A) needs to exchange
information with domain B, the values at the intersection
points or overlapping areas are determined by interpolating
from the cell centers of domain B. This can be expressed
for a scalar quantity � as:

�interface;A =

NBX
j=1

wj�cell;Bj
(7)

where �interface;A is the value at the interface on the side
of domain A, �cell;Bj

are the values at the cell centers
in domain B that overlap or are adjacent to the interface,
and wj are interpolation weights determined by the geo-
metric proximity and overlap area. The flux across such
an interface face, Finterface, is then computed using these
interpolated values, often through a numerical flux func-
tion that considers the face area and the interpolated values
from both sides. The accuracy of this method heavily re-
lies on the quality of the interpolation scheme (e.g., linear,
quadratic) and the extent of mesh disparity.

The Topology-Based Intersector, particularly with ”closed
adjacent cells,” simplifies discretization significantly be-
cause it enforces a conformal mesh at the interface. This
means that each face on one side of the interface has a cor-
responding, perfectly aligned face on the other side. Con-
sequently, there is no need for interpolation across the in-
terface itself. The discretization terms for flux conservation
across such an interface become identical to those for inter-
nal cell faces within a single domain. For a flux component
F across a face f , the contribution to the discrete equation
for a cell P can be written as:

X
f2@P

Ff � nfAf (8)

where nf is the outward normal vector of face f , andAf is
the area of face f . At a conformal interface, the flux leav-
ing a cell in domain A through an interface face is precisely
equal and opposite to the flux entering the corresponding
cell in domain B through the same interface face, ensuring
perfect conservation by construction.

The Metrics-Based Intersector, while also dealing with
non-conformal meshes, introduces more sophisticated dis-
cretization terms by incorporating mesh quality metrics
into the data transfer process. Instead of purely geomet-
ric overlap, it might consider factors like cell aspect ratio,

skewness, or size to determine optimal interpolation path-
ways. The interpolation weights wj in the general inter-
polation formula (similar to the Geometry-Based Intersec-
tor) are not just based on geometric distance but are also
influenced by these metrics to prioritize data from higher-
quality or better-resolved regions. A more specific dis-
cretization for the flux Finterface across an interface face,
considering metrics, could involve:

Fint =

MX
k=1

(�kFA;k + (1� �k)FB;k) � nintAint (9)

where FA;k and FB;k represent fluxes derived from in-
terpolated values from domain A and B respectively, at
sub-regions k of the interface. The blending factor �k is
dynamically determined by local mesh metrics (e.g., cell
volume, aspect ratio, proximity to critical flow features)
to emphasize data from the more reliable or resolved side.
This adaptive weighting ensures that the influence of each
domain on the interface flux is proportional to the qual-
ity and relevance of its local mesh. This method often
leverages boundary caching, where the geometric and topo-
logical relationships between the non-conformal interface
meshes, along with the pre-computed interpolation weights
and metric-based blending factors, are stored and reused
across multiple time steps or iterations. This significantly
reduces the computational overhead associated with repeat-
edly identifying overlapping regions and calculating inter-
polation coefficients, making the overall simulation more
efficient without sacrificing accuracy.

The Overset Mesh approach involves a more complex set of
discretization terms due to the concept of ”donor” and ”re-
ceptor” cells and the identification of ”fringe” points. For
each cell in a component mesh (e.g., the propeller mesh)
that falls within the ”hole” of another component mesh
(e.g., the hull mesh), its solution values are obtained by
interpolating from the donor cells of the overlapping mesh.
The discrete equation for a variable � at a receptor cell i in
the overset region can be expressed as:

�i =

NdonorX
j=1

wj�donor;j (10)

wherewj are interpolation weights typically determined by
inverse distance weighting or other polynomial interpola-
tion schemes. The challenge lies in accurately identifying
the donor cells and ensuring smooth and conservative in-
terpolation across the entire overset region. The process
involves hole cutting, which marks cells as ”active,” ”inac-
tive,” or ”interpolated” (fringe cells), and then constructing
the interpolation stencils. The discretization of the gov-
erning equations for active cells proceeds as usual, while
fringe cells obtain their boundary conditions from the in-
terpolated values of the overlapping mesh. This method ef-
fectively decouples the meshing of individual components,
but requires careful management of the interpolation pro-
cess to maintain accuracy and stability. This method has



been used in situations where it is not possible to build a
slidng mesh due to rudder and other appendages in the area.

5 VALIDATION
To validate the numerical model, simulations were con-
ducted under open-water propeller conditions, and the re-
sults were rigorously compared against experimental data
provided by SSPA from the JORES Tanker 1 project. The
validation focused on straight-ahead, uniform inflow con-
ditions, with the propeller rotation rate held constant at 18
revolutions per second (rev/s) while the inflow velocity was
systematically varied. The topology based interface with
the closed adjacnt cells option was used for the validation
model, as this is considered the current best practice from
our experience.

Both the Reynolds-Averaged Navier-Stokes (RANS) Shear
Stress Transport (SST) model and the Detached Eddy Sim-
ulation (DES) model were employed in this comparative
study. As anticipated, the performance curves generated by
both models showed excellent agreement with the experi-
mental data. This strong correlation is largely expected,
particularly for the DES model, which reverts to RANS
behavior in regions of attached flow, and in this specific
open-water propeller case, significant flow separation is not
a dominant phenomenon.

The accuracy of the numerical predictions was notably
high. The DES model consistently demonstrated errors
of less than 3% for both torque and thrust across all in-
vestigated data points. Similarly, the RANS model also
provided a very good match, predicting thrust and torque
within 4% of the experimental values. These results un-
derscore the robustness and reliability of the numerical ap-
proach for predicting propeller performance under these
conditions. The open water curves are plotted in the fig-
ure below.

Figure 9: Open Water Propeller Curve Validation

6 RESULTS
This study extended the validated numerical model to in-
vestigate propeller performance under more complex in-
flow conditions. Simulations were conducted with both
uniform inflow and a yaw angle of 6 degrees. For each
simulation, the primary outputs measured were thrust and
torque. Additionally, a pressure pulse signal was recorded
at a specific location: 0.1 meters downstream of the inter-
face, at the 12 o’clock position, and at a radial equivalent of
0.7R (0.0875 meters). Both the overall averaged responses
and the transient behavior of these signals were analyzed

to determine the validity and performance of the various
interface strategies investigated. All results were specifi-
cally examined at a single operating point equivalent to an
advance coefficient J=0.7, which corresponds to the peak
efficiency point for this propeller. All simulations were run
for the same amount of simulated time, and all simulations
were run on 200 CPUS.

The interface strategies examined included the Geometry-
Based Intersector, the Topology-Based Intersector (specif-
ically with closed adjacent cells), the Metrics-Based Inter-
sector (leveraging boundary caching), and the Overset Grid
Interface. Each of these interface methods was evaluated in
conjunction with two distinct modeling approaches.

The first approach utilized the RANS SST model with a
1-degree per time step rotation, which is analogous to self-
propulsion scenarios. The second approach employed the
DES model with a finer 0.1-degree per time step rotation,
more suitable for hydroacoustic considerations. The com-
prehensive analysis of these results allowed for a detailed
assessment of how each interface strategy performed un-
der varying inflow conditions and with different turbulence
models, providing insight into their suitability for specific
CFD applications.

6.1 RANS with 1 deg of rotation per timestep
The simulation runs were successful and no major issues
were observed. The averaged integrated flow field met-
rics were all very similar, showing negligible differences
from an engineering perspective. The time histories of the
thrust, torque, and sampled pressure are plotted below. It is
evident that the overset grid exhibits relatively more noise
compared to the other methods, which is especially notice-
able in the sampled pressure field. Furthermore, it should
be noted that the overset grid configuration resulted in the
longest run times.

In contrast, the geometry-based intersector was the fastest
in terms of run time, though it also shows some small os-
cillations at the peaks and troughs of the sampled pressure
plots. However, the topology and metrics-based intersec-
tors provided very clean sinusoidal histories for the sam-
pled pressure probe.




