__-_]&[ -:

Vol. 3, No. 2, pp. 81-98, 2025

= Journal of Science and Technology in Mechanical Engineering

Journal Homepage: https://stmechanics.bmtc.ac.ir/?lang=en

f DOI: 10.22034/STME.2025.494756.1091

Numerical Analysis of the Effect of Rake Angle on Hydrodynamic and
Hydroacoustic Performance of DTMB Marine Propeller
Mohammad Hossein Ghaedsharaf*l, Ehsan Mehrabi Gohari2, Mohammad Ali Ranjbar?3

1. Ph.D Student, Department of Mechanical Engineering, Malek Ashtar University of Technology, Shahin Shahr, Iran.
2 Assistant Professor, Department of Mechanical Engineering, National University of Skills, Tehran, Iran.
3. Assistant Professor, Department of Mechanical Engineering, Khatam al-Anbia Air Defense University, Tehran, Iran.

Abstract

The noise generated by marine propellers is one of the significant challenges in marine
science and acoustics, affecting the performance of submarines and potentially leading
to their detection and identification. One of the factors influencing the level of radiated
noise is the geometric parameter of rake angle, which this article numerically analyzes
regarding its impact on the hydrodynamic and hydroacoustic performance of the
DTMB propeller. To this end, in addition to the baseline geometry with a rake angle of
zero, four geometries with rake angles of -10°, -5°, +5°, and +10° were designed. To
validate the simulation, the results were compared with experimental data, and a grid
independence analysis was performed. The simulation was conducted using the
commercial Computational Fluid Dynamics software Siemens-Star CCM+, employing
the k- SST turbulence model and the Ffowes Williams-Hawkings (FWH) equations
as primary tools for analyzing the acoustic behavior resulting from propeller
movements. The results indicate that the rake angle simultaneously increases the thrust
coefficient and torque coefficient of the propeller while decreasing its open-water
efficiency, except at a rake angle of -10°, where its open-water efficiency was
comparable to that of the baseline geometry without rake. Among the cases studied, the
lowest sound pressure level (SPL) across most frequency ranges corresponded to a rake
angle of -5°. Therefore, from a hydrodynamic performance perspective, a rake angle of
-10° exhibited similar performance to the baseline geometry, while in terms of SPL, a
rake angle of -5° was identified as the optimal condition examined.
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1- Introduction

This abstract summarizes a study on marine
propeller design, exploring how different skew
angles impact performance. The research aims to
balance efficiency and noise reduction, which are

examining their
characteristics

skew angles of -10°, -5°, 0°, +5° and +10°,
hydrodynamic and acoustic

crucial for marine applications
2- .Research Methods

The study used computational fluid dynamics
(CFD) with the k-o SST turbulence model and
experimental validation. It analyzed propellers with

3- Findings

The results indicate that a -10° skew angle maintains
efficiency at 66.41%, matching the baseline (0°),
due to balanced thrust and torque increases. Other
angles, like +10° at 62.25%, show reduced
efficiency. For noise, -5° skew reduces sound
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pressure levels by 2-3 dB compared to the baseline,
while +10° increases noise due to flow disturbances.

4- Conclusion

This study highlights that skew angle adjustments
can significantly influence propeller performance,
offering a trade-off between efficiency and noise. It
suggests tailoring designs to operational needs, with
recommendations for further research to optimize
real-world applications.

5- Detailed Analysis and Observations

This section provides a comprehensive examination
of the study on marine propeller performance,
focusing on the impact of skew angle on efficiency
and noise levels. The analysis is based on the
provided document, which appears to be a technical
report or research paper, and aims to fulfill the
request for a detailed abstract spanning the content
of a 3-page article, with results explicitly mentioned
at the end.

6- Background and Purpose

The study centers on optimizing marine propeller
design, a critical aspect of naval architecture and
marine engineering. The primary objective is to
enhance hydrodynamic efficiency while reducing
acoustic noise, which is vital for both fuel efficiency
and environmental considerations, such as
minimizing underwater noise pollution affecting
marine life. The focus on skew angle, referred to as
"kji" in the document, underscores its role as a
geometric  parameter influencing  propeller
performance. This aligns with broader industry
trends toward quieter and more efficient propulsion
systems, particularly in commercial shipping and
naval vessels.

7- Methodology

The research methodology is robust, employing
advanced computational tools and experimental
validation. Computational fluid dynamics (CFD)
simulations were conducted using the k-o SST
turbulence model, known for its accuracy in

capturing near-wall flow behaviors and turbulence
effects. The study analyzed propellers with five
distinct skew angles: -10°, -5°, 0° (baseline), +5°,
and +10°. These configurations were chosen to
cover a range of negative and positive skews,
allowing for a comprehensive assessment of their
impact. The simulation setup included detailed
geometric modeling, with specific attention to mesh
generation for grid independence and convergence
criteria. Boundary conditions were defined to mimic
real-world operating conditions, such as inflow
velocity and pressure outlets. Experimental
validation was also mentioned, likely involving
physical testing in a cavitation tunnel or similar
facility, to correlate numerical results with
empirical data. This dual approach enhances the
reliability of the findings, addressing potential
limitations of purely numerical methods.

8- Key Findings and Results

The results section is pivotal, providing quantitative
insights into how skew angle affects performance
metrics. The document highlights the following:

= Efficiency Analysis: Efficiency, measured as
open-water efficiency (1)), was found to be most
preserved at -10° skew, maintaining 66.41%,
identical to the 0° baseline. This is attributed to
a significant increase in thrust coefficient (KT)
that offsets the torque coefficient (KQ) increase,
as noted in Table 4 of the document. For other
angles, efficiency decreases: +5° at 63.25%, -5°
at 64.47%, and +10° at 62.25%. These
reductions are linked to increased drag and less
optimal flow alignment, leading to higher
energy losses.

= Noise Analysis: Acoustic performance,
measured by sound pressure levels (SPL),
shows a clear gradient based on skew angle. The
-5° skew angle is identified as the quietest,
reducing noise by approximately 2-3 dB
compared to the baseline across frequency
ranges below 200 Hz and above, as seen in
Figure 9. This is due to more uniform pressure
distribution  and  reduced  turbulence.
Conversely, the +10° skew angle generates the
highest noise, with significant pressure
fluctuations and flow disturbances, indicating
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greater acoustic energy release. The 0° and -10°
configurations produce intermediate noise
levels, with -10° being noisier than -5° but less
than +10°.

These findings suggest a trade-off: -10° skew
prioritizes efficiency, while -5° prioritizes noise
reduction. This trade-off is crucial for design
decisions, depending on whether the application
requires fuel efficiency (e.g., commercial shipping)
or acoustic stealth (e.g., naval submarines).

9- Discussion and Implications

The discussion section likely elaborates on these
results, emphasizing the practical implications. For
instance, the -10° skew's ability to maintain
efficiency at baseline levels could be advantageous
for long-haul vessels where fuel costs are a major
concern. Conversely, the -5° skew's noise reduction
could be critical for environmentally sensitive areas

or military operations requiring low acoustic
signatures. The document also mentions
visualizations, such as pressure contours and
velocity fields (Figures 6, 7, 8, 9), which likely
illustrate these effects, providing visual evidence for
the numerical data. The study concludes by
suggesting further research to refine these
parameters for real-world applications. This could
involve testing under varying operational
conditions, such as different speeds, depths, or sea
states, to ensure robustness. It also hints at potential
extensions, such as integrating these findings into
broader propulsion system designs or exploring
other geometric parameters like blade number or
pitch.

10- Comparative Analysis
To organize the findings, the following table

summarizes the efficiency and noise levels for each
skew angle, based on the provided data:

Table 1: Comparative analysis of hydrodynamic parameters at various skew angles

Skew Angle Efficiency (%0) Noise Level (Relative to Baseline)
-10° 66.41 Intermediate (noisier than -5°, less than +10°)
-5° 64.47 Lowest (-2 to -3 dB)
0° (Baseline) 66.41 Baseline
+5° 63.25 Higher than -5°, less than +10°
+10° 62.25 Highest (significant increase)

This table highlights the trade-offs, with -10°
excelling in efficiency and -5° in noise reduction,
providing a clear basis for design choices.

11- Conclusion and Recommendations

In conclusion, the study demonstrates that skew
angle is a critical design parameter for marine
propellers, influencing both  hydrodynamic
efficiency and acoustic performance. The results,
presented at the end of this abstract, show that -10°
skew maintains efficiency at 66.41% while -5°
reduces noise by 2-3 dB, offering designers
flexibility to prioritize based on operational needs.
The recommendation for further research
underscores the ongoing need to refine these

findings for practical implementation, ensuring that
marine propulsion systems meet both efficiency and
environmental standards.
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