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Aircraft propeller erosion wear and aerodynamic characteristics
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This study investigates surface erosion wear caused by collision and friction between propellers and sand particles during the
flight of propeller transport aircraft in harsh environments like deserts and plateaus, which are characterized by strong sand and
wind conditions. Firstly, the erosion behavior of individual propeller blades is analyzed under various sand particle parameters
using the commercial software FLUENT. Subsequently, dynamic simulations of the entire blade are conducted by the sliding
mesh method to examine erosion patterns under different operational conditions, including rotation speed and climb angle.
Finally, the impact of erosion on the aerodynamic characteristics of the propeller is obtained based on simulation results. This
study delves into the erosion patterns observed in large aircraft propellers operating within sandy and dusty environments, as
well as the consequential impact of propeller surface wear on aerodynamic performance. By elucidating these phenomena, this
research provides valuable insights that can inform future endeavors aimed at optimizing propeller design.
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1. Introduction

In low-altitude operations of aircraft in high-wind and
sandstorm environments such as plateaus and deserts, ero-
sion by sand particles emerges as an inevitable challenge
owing to environmental factors [1]. Generally, the turbulent
airflow generated by rotor blades results in the ingestion of
sand particles into the rapidly rotating blade area, conse-
quently leading to erosive wear [2] which can be described
by solid particle erosion. Since erosive wear can affect
propeller-airframe interactions and result in the worsening
of aerodynamic performance, it is important to investigate
the erosive wear behavior of aircraft propellers for enhan-
cing aircraft performance and safety in harsh environments.
Numerous scholars have endeavored to elucidate the

erosion mechanisms of high-speed rotating blades and var-
iously shaped target materials through experimental and
simulation studies. In the initial phases of research, scholars
like Hutchings [3], Oka and Yoshida [4] introduced theo-

retical models that accounted for multiple factors to forecast
the erosive wear attributes of metal surfaces induced by
particles. Shin et al. [5] conducted solid particle erosion
experiments on helicopter rotors in conditions of low-alti-
tude dense particles, revealing elevated erosion levels at the
blade tips. Additionally, Liu et al. [6] explored the effects of
impact velocity and angle of spherical and sharp-edged
geometric particles on erosion, with numerical simulation
results corroborating experimental findings. With the
growing application of composite materials in aviation, land
transportation, and industrial sectors, the erosive behavior of
composite materials had garnered considerable attention [7-
11]. Özen et al. [12] conducted numerical simulations on the
erosive behavior of various skin materials on helicopter
rotor blades, obtaining insights into the erosion resistance
characteristics of different materials. However, researches
on the erosive wear of propeller blades are relatively scarce.
To date, most studies on erosive wear have focused on

engine rotor blades, given their pivotal role in engine thrust
and fuel consumption, such as Li et al. [13-15] experimen-
tally derived key parameters of the Finnie erosion model and

© The Chinese Society of Theoretical and Applied Mechanics and Springer-Verlag GmbH Germany, part of Springer Nature 2024

*Corresponding author. E-mail address: caostar@bjut.edu.cn (Dongxing Cao)
Executive Editor: Zhixiang Xiao

http://ams.cstam.org.cn
https://doi.org/10.1007/s10409-024-24251-x
https://doi.org/10.1007/s10409-024-24251-x
https://doi.org/10.1007/s10409-024-24251-x
https://doi.org/10.1007/s10409-024-24251-x
http://www.springer.com/locate/gpb
http://crossmark.crossref.org/dialog/?doi=10.1007/s10409-024-24251-x&domain=pdf&date_stamp=2024-07-16


investigated the erosive wear patterns of aviation turbo-shaft
engine blades, alongside the unbalanced vibration char-
acteristics caused by erosion. Results showed the differences
in erosion distribution and severity between distorted and
non-distorted regions. Ghenaiet et al. [16] delved into par-
ticle injection and blade erosive wear rates in the first-stage
axial compressor of a specific turbofan engine, predicting
trends in blade thickness variation under extreme conditions.
Dong et al. [17,18] developed a gridless model capable of
simulating various geometric particle shapes, replicating
material removal behaviors under different particle shapes.
Suzuki and Yamamoto [19] examined erosive wear on a
single-stage axial compressor, identifying abrasive wear on
the leading edge and pressure surface of compressor blades
as the primary causes of blade failure.
Insufficient surface protection of turbine blades leads to

damage due to erosion, altering the aerodynamic char-
acteristics of the blades and diminishing turbine perfor-
mance [20]. Corsini et al. [21] found that the geometric
shape of turbine blades influences their aerodynamic effects
differently, resulting in varied erosion distributions at the
same power output and operating points. When aircraft rotor
blades are subjected to erosion due to particle impacts
during high-speed rotation, the aerodynamic performance of
the rotor blades is adversely affected by erosive damage.
Hence, an investigation into the erosion mechanism affect-
ing the surface of rotor blades due to particle interaction was
conducted in this scenario [22-26].
In recent years, computational fluid dynamics (CFD) has

been widely applied in analyzing erosion processes occur-
ring on object surfaces. Erosion analysis based on CFD
offers significant advantages for complex surface geome-
tries and different operating conditions [27-33]. In the study
of erosion on the leading edge of engine blades, CFD-based
analysis and simulation have been widely employed [34-36].
This approach is also employed to study the erosion of wind
turbine blades in challenging environmental conditions. The
blades of wind turbines undergo erosion and damage from
heavy rain and sandstorms, leading to a significant impact
on their operational efficiency [37,38].
Therefore, this work is to investigate the erosive wear of

aircraft propeller blades in sandstorms working environ-
ments and explore the aerodynamic performance losses in-
duced by erosive wear of propeller blades. Firstly, the
erosive conditions under different particle parameters are
analyzed. Then, transient simulations are performed to si-
mulate erosion mechanisms under varying speeds and
climbing angles in realistic environments. Based on the
obtained erosive conditions of propeller blades, roughness is
applied to severe erosion areas to explore the influence of
erosion-induced surface roughness on aerodynamic perfor-
mance. This study will provide theoretical guidance for
subsequent erosion-resistant research endeavors.

2. Numerical analysis

2.1 Mathematical model

In this study, numerical simulations were conducted using
the commercial software Ansys-Fluent, based on CFD. The
erosion analysis encompasses solving flow equations, par-
ticle motion equations, and calculating the erosion rate on
the object’s surface. Key methodologies employed include
the discrete phase model (DPM), the sliding mesh method,
and the multiple reference frame (MRF) approach.
Here, mass and momentum conservation equations are

applied to determine flow characteristics of the particles and
the Navier-Stokes equations are used for solving momentum
and energy conservation equations of the particles. The
generalized state equations of the Reynolds averaged Na-
vier-Stokes (RANS) are provided by Eqs. (1) and (2):
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where ρ is the fluid density, P is the pressure, μ is the
dynamic viscosity of air, ij is the Kronecker-Delta operator,
Ui and Uj are the velocity of air, and u ui j is the Reynolds
stress.
In this study, both the particles and all walls are con-

sidered adiabatic, hence thermal exchange is not accounted
for in the simulation calculations, eliminating the need to
solve energy equations. Since the momentum equation for
the turbulence model requires closure, the employed model
is the standard k-ε model, with its governing equations as
follows [39]:
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where kt is the turbulent kinetic energy, μ is the dynamic
viscosity, ε refers to the turbulent dissipation rate, Gk is the
generation term of turbulent kinetic energy, σk is the turbu-
lent Prandtl number, and C1ε, C2ε, Cμ and σε are the empirical
parameters obtained from experimental tests, which are
1.44, 1.92, 0.09 and 1.3, respectively.
In Fluent, particle erosion is simulated using the discrete

phase model (DPM), where particle tracking is conducted
via the Lagrangian method. The approach is characterized
by a one-way coupling. which can track the motion of the
particles and incorporate the collision data of these particles
into an erosion equation. Therefore, the primary particle
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motion equation employed in Fluent is as follows [40]:
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where FD is the drag force per unit mass of the particle, U is
fluid velocity, VP is velocity, ρP is particle density, g is
gravitational acceleration, dP is particle diameter, CD is drag
coefficient, FR is other forces per unit mass, and Re is re-
lative Reynolds number.
Erosion wear is a phenomenon characterized by the ero-

sion or wear of solid particles or fluids, which is primarily
induced by the surface properties of the materials. The wear
rate is a commonly used metric to quantify the extent of
material degradation and can be represented by the follow-
ing equation [41]:
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where mp is particle quality; C(dP) is particle diameter
function; α is particle impact material surface angle; f(α) is
impact angle function; v is particle impact relative speed; b
(v) is relative speed function; Aface is particles on the surface
of the material erosion wear area; and NP is the number of
particles hitting the material at the wear.
When numerically simulating roughness using the CFD

method in Fluent, the concept of equivalent particle rough-
ness Ks

+ is employed, which involves overlaying a layer of
closely arranged, uniformly sized spherical particles on the
blade surface. Ks

+ is utilized to characterize the surface
roughness of the blade and is defined as follows:

K K u
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where ρ represents the air density, u* denotes the wall fric-
tion velocity, μ stands for the fluid dynamic viscosity
coefficient, and Ks is the equivalent particle roughness
height.
The expression for Ks is as follows:
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whereMe represents the erosion mass, Se denotes the erosion
area, and ρL stands for the density of the propeller skin
material.
In addition, it involves some parameters of the propeller,

which exert a direct influence on the efficiency and efficacy
of aircraft operations. Here, two parameters are considered,
including the thrust coefficient CT and power coefficient CP,
which stand as a comprehensive portrayal of its thrust
generation capabilities and power consumption character-
istics. The pertinent calculation formulas are delineated

below:

C T
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where T is the thrust, P is the power, ρ is the air density, n is
the rotational speed, and D is the propeller diameter.

2.2 CFD Setup

This research investigates the impact of erosion wear on the
propeller blades of large turboprop transport aircraft oper-
ating in desert environments. The simulation utilizes a
propeller blade model derived from the JL-4A/1 type pro-
peller, incorporating detailed geometric characteristics as
illustrated in Fig. 1. The propeller boasts a substantial 4-
meter diameter and is equipped with six blades. The pro-
peller hub is constructed from aluminum alloy, while the
blades are composed of composite materials. The blade
angle is set at 30°, with a pitch measuring 7.176 m and a
torque output of 48000 N·m. The model’s development is
facilitated by SolidWorks 2022 software, executed at a
precise 1:1 scale.
The propeller blades exhibit a complex structure, featur-

ing an outer protective coating and an inner composite
structure. Erosion during propeller operation predominantly
affects the outer protective coating. Initially, the propeller
blade model is imported into Ansys-Fluent to create the
model file. Subsequently, the external fluid domain of the
propeller is defined, and the rotating region is partitioned
and meshed. Concurrently, boundary conditions for the
model are specified, as illustrated in Fig. 2.
To maintain computational precision, it is essential to

represent model features with meshes of adequate fineness
during the grid partitioning process. However, given the
dimensional constraints of the propeller, the blade edge
necessitates even finer mesh partitioning. Consequently,
localized mesh refinement is implemented specifically on
the blade edge of the propeller, as demonstrated in Fig. 3.

Figure 1 Propeller model.
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The mesh size on the pressure surface of the propeller blade
has been designated as 5 mm, whereas a finer mesh size of
2 mm has been employed to more accurately capture the
intricate features along the blade’s edge.
In this simulation, Fluent Meshing was utilized to dis-

cretize the mesh of the external flow field, rotating domain,
and propeller blades. A polyhedral mesh, renowned for its
exceptional convergence characteristics, was selected. The
model’s composition encompassed a total of 5,584,633
elements, a configuration deemed sufficient for the objec-
tives of this investigation, considering the specific model
and mesh employed. Furthermore, an exploration of the
model’s mesh independence was undertaken by augmenting
the element count. Table 1 presents the grid independence
test conducted by increasing the number of elements, where
ΔEA represents the average erosion rate error under the same
conditions. Upon comparing the results in the table, it is

observed that increasing the number of grids has a negligible
impact on the simulation outcomes, with errors remaining
below 5%. Given this small margin of error, the grid
quantity of 5,584,633 demonstrates time-saving advantages,
leading us to deem it suitable for simulation in this study.

3. Results and discussion

3.1 Propeller parameter analysis

In operational settings like deserts and plateaus, aircraft are
subjected to heightened exposure to sand dust particles,
particularly during takeoff and climb phases. Incomplete
statistics suggest that surface erosion resulting from the
abrasive impact of wind and sand particles on propeller
blades poses a significant threat not only to the longevity of
the propeller but also to its overall performance. This sec-
tion investigates the erosion wear experienced by propellers
during takeoff under varying climb attitudes of the aircraft.
Transient solutions were derived using sliding mesh

techniques while adjusting the propeller’s climb angles (0°,
5°, 10°, 15°). Meanwhile, particle diameters were set to be
randomly distributed from 100 μm to 500 μm.
Figures 4 and 5 provide contour maps and scatter plots

illustrating erosion wear on propellers at different climb an-
gles, respectively, with Table 2 presenting the corresponding
average erosion rates of the blades. Comparative analysis
reveals that as the climb angle increases, the erosion area on
the propeller blades gradually expands from the blade tip to
encompass the entire blade surface, leading to a widening of
the erosion region and a concurrent reduction in average
erosion rates. As shown in Fig. 5, the primary erosion rates
of the blades are all concentrated below 4×10−5.
The selection of rotational speeds (500 r/min, 800 r/min,

and 1000 r/min) in this study was informed by the 4-meter
diameter of the propeller model, ensuring the blades oper-
ated within a safe range.
Figures 6 and 7 depict contour maps and scatter plots

illustrating erosion patterns on propeller blades at varying
rotational speeds, respectively. Additionally, Fig. 8 presents
erosion waterfall plots for a single blade at different loca-
tions, derived from surface data collected from corre-
sponding positions on erosion contour maps. Table 3
complements these visuals by presenting the corresponding
average erosion rates.
Comparative analysis of the results indicates that with

increasing rotational speed, the erosion pattern shifts from a

Figure 3 Local grid refinement: blade edge.

Figure 2 Fluid domain division and boundary conditions.

Table 1 Grid-independent verification

n Number of elements ΔEA (%)
1 5,584,633 –
2 8,734,662 1.3%
3 12,076,331 2.1%
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Figure 4 Different climb angles: (a) 0°; (b) 5°; (c) 10°; (d) 15°.

Figure 5 Scatterplot of erosion: (a) 0°; (b) 5°; (c) 10°; (d) 15°.
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dispersed distribution across the blade surface, as observed
in Figs. 6 and 8, to a concentration primarily at the blade
edge and tip. In Fig. 8, the areas with prominent elevations
correspond to the pressure surface and leading edge, while
the flattened regions indicate the suction side of the blade.
The data suggest that as the rotational speed increases, these
elevated areas converge towards the sides and gradually
intensify. This observation is consistent with the erosion
distribution changes depicted in Fig. 6 and erosion rates at
three rotational speeds shown in Fig. 7, primarily con-
centrated below 4×10−5, 4.5×10−5, and 8×10−5, respectively.
Moreover, it supports the findings presented in Table 3
which demonstrate an increase in erosion degree with rising
rotational speed.

3.2 Particle parameter analysis

The preceding section conducted a comprehensive analysis
of the impact of diverse operational parameters of the pro-
peller on blade erosion, employing controlled manipulation.
Conversely, the current section is dedicated to scrutinizing

the influence of inherent particle parameters (particle dia-
meter, incidence velocity, mass flow rate) on propeller blade
erosion.
In this part, the effects of different factors on propeller

blade erosion are investigated under realistic conditions.
Firstly, typical particle sizes of different sand dust particles
(100 μm, 300 μm, 500 μm) are selected on propeller blade
erosion. The particles are introduced at the inlet depicted in
Fig. 2, with a velocity of 50 m/s and a mass flow rate of
0.5 kg/s. To better replicate real-world scenarios, the com-
putation considers the interaction between gas and solid
phases, assuming no slip velocity between gas and particles.
The erosion rate contour maps resulting from the compu-
tations are depicted in Fig. 9.
As depicted in Fig. 9, the regions of the blade edge and tip

manifest the most pronounced erosion wear. Subsequent
data processing of the propeller blade surface produced the
erosion scatter distribution are illustrated in Fig. 10 and the
corresponding average erosion rate is outlined in Table 4.
Among these, the main erosion rates of the blade are pre-
dominantly concentrated below 3×10−10. All of them in-
dicate that an escalation in particle size correlates with a
reduction in the maximum erosion rate, juxtaposed with an
augmentation in the average erosion rate. This trend is as-
cribed to alterations in the airborne particle distribution
accompanying variations in particle size. Larger particles
are predisposed to adhering to individual propeller blade
surfaces, prompting localized erosion zones and subse-

Table 2 Average erosion rate: different climb angles

Climb angle EA (kg/m2) Δ%
0° 2.94489×10−6 –
5° 2.872606×10−6 −2.5%
10° 2.814226×10−6 −4.6%
15° 2.644134×10−6 −11.4%

Figure 6 Different speeds: (a) 500 r/min; (b) 800 r/min; (c) 1000 r/min.

Figure 7 Scatterplot of erosion: (a) 500 r/min; (b) 800 r/min; (c) 1000 r/min.
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quently diminishing the maximum erosion rate. In contrast,
this uneven particle deposition will lead to foster an increase
in the average erosion rate.
Figure 11 illustrates the distribution of erosion at various

particle inlet velocities (50 m/s, 80 m/s, 100 m/s). Upon
comparing the contour maps, it is evident that the primary
erosion zones remain concentrated at the blade edge and tip.
Further analysis involves processing the data from the blade
surface, resulting in erosion scatter plots and average ero-
sion rates depicted in Fig. 12 and Table 5, respectively.
Among these, the main erosion rates of the blade are pre-
dominantly concentrated below 4×10−10. The analysis in-
dicates a direct correlation between the increase in particle
inlet velocity and the overall rise in erosion levels. This
phenomenon can be attributed to the heightened kinetic
energy of the particles at increased flight velocities, leading
to more vigorous energy transfer upon collision and con-
sequently, more pronounced erosion.

Figure 13 illustrates the distribution of erosion on pro-
peller blades across varying particle mass flow rates
(0.5 kg/s, 0.8 kg/s, 1.0 kg/s). The data processing of the
blade surfaces yields erosion scatter plots corresponding to
each mass flow rate, as depicted in Fig. 14. The main ero-
sion rates of the blade are predominantly concentrated be-
low 3×10−10, with average erosion rates tabulated in Table 6.

Table 3 Average erosion rate: different rotation speed
Rotation speed (r/min) EA (kg/m2) Δ%

500 2.94489×10−6 –
800 3.2060756×10−6 8.70%
1000 3.742729×10−6 27.10%

Figure 9 Propeller blade erosion at different grain sizes: (a) 100 μm; (b)
300 μm; (c) 500 μm.

Figure 8 Waterfall plot: (a) 500 r/min (b) 800 r/min (c) 1000 r/min.
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It indicates persistent concentration of erosion primarily at
the blade’s edge and tip and an increase in particle mass
flow rate correlates with heightened erosion levels. This
phenomenon can be ascribed to the augmented particle
concentration, resulting in a greater number of collisions with
the propeller surface per unit time, thus leading to more fre-
quent particle impacts. Notably, a comparison of the three
operational conditions highlights that variations in particle
mass flow rate exert the most significant influence on erosion.
Through a comprehensive examination of various particle

parameters, the erosion-wear characteristics affecting pro-
peller blades were systematically investigated. Analysis
presented in Table 7 clearly indicates that the augmentation
of mass flow rate manifests as the primary influencing factor
on propeller blade erosion, evidenced by a twofold increase
in the average erosion rate when the mass flow rate escalates
from 0.5 kg/s to 1 kg/s. In contrast, the alteration in particle
impact velocity exerts minimal influence on the average
erosion rate, with a negligible change of less than 1% ob-
served upon velocity augmentation. Additionally, the sig-
nificance of particle diameter on erosion rate cannot be

understated, as its escalation similarly contributes to erosion
rate amplification.

3.3 Aerodynamic and roughness analysis

The investigations conducted in Sects. 3.1 and 3.2 have shed
light on the erosion patterns of propeller blades across di-
verse operational scenarios. It is observed that the primary
erosion regions of the blades are predominantly con-
centrated at the blade tip and edge on the pressure side.

Figure 10 Scatterplot of erosion: (a) 100 μm; (b) 300 μm; (c) 500 μm.

Table 4 Average erosion rate: different grain sizes
Particle diameter (μm) EA (kg/(m2·s)) Δ%

100 4.664935×10−11 –
300 5.135014×10−11 10.10%
500 5.256223×10−11 12.70%

Figure 11 Different particle incidence velocities: (a) 50 m/s; (b) 80 m/s;
(c) 100 m/s.

Figure 12 Scatterplot of erosion: (a) 50 m/s; (b) 80 m/s; (c) 100 m/s.
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Moreover, with increasing rotational speed, there is a ten-
dency for the erosion area to transition from a dispersed
distribution to a more localized one.
This section endeavors to delve into the performance

deterioration of the propeller resulting from this phenom-
enon by scrutinizing the impact of erosion on its aero-
dynamic efficiency, specifically focusing on significant
erosion areas such as the pressure side and blade edge,
through the introduction of surface roughness.
Initially, the computational domain adopts the MRF model

for solution, enabling steady-state simulation of each region
at different rotation or movement speeds. The computational
domain is discretized into multiple smaller subdomains,
where governing equations are solved independently within
each subdomain. Exchange of flow field information be-
tween subdomains is facilitated at their interfaces through
velocity conversion into absolute velocity. Finally, while
maintaining other boundary conditions constant, simulations
are conducted at a propeller rotational speed of 1000 r/min
and a cruise speed of 57.3 m/s.
Figure 15 illustrates the computed static pressure dis-

tribution and vorticity contour map on the blade surface,
revealing a noticeable upward development of the blade tip
vortex. Figure 16 depicts variations in the propeller thrust
coefficient CT and power coefficient CP with roughness Ks
under different operating conditions. It is evident that as
roughness increases, both CT and CP display a declining
trend when the blade edge and pressure side are uniformly
roughened. At a roughness value of Ks = 500 μm, the power
loss reaches 4.4%, indicating a proportional increase in the
impact on the propeller’s aerodynamic performance with
roughness augmentation. When roughness is applied solely
to the blade edge or pressure side, the influence on CT and
CP is marginal (0.3%) at Ks = 500 μm for the former, and

nearly consistent with the scenario of roughening both the
blade edge and pressure side for the latter. This comparison
underscores the predominant role of pressure side roughness
in affecting the propeller’s power.

4. Conclusions

This paper addresses the erosion phenomenon experienced
by propeller blades operating in harsh wind-sand environ-
ments, such as deserts and plateaus, and delves into the
influence of sand dust particles on propeller erosion, along
with its subsequent impact on propeller aerodynamic char-
acteristics. Utilizing numerical simulation techniques, the
study investigates propeller operational parameters (climb
angle, rotational speed), the effects of particle parameters
(particle diameter, inlet velocity, mass flow rate), and var-
ious roughness-induced damages on propeller aerodynamic
behavior.
(1) Examination of processed blade surface data reveals

that erosion remains concentrated at the blade edge and
pressure side in the investigation of propeller operational
parameters. It is observed that as the climb angle increases,

Table 5 Average erosion rate: different particle incidence velocities
Incidence velocity (m/s) EA (kg/(m2·s)) Δ%

50 8.2141783×10−11 –
80 8.2311689×10−11 0.20%
100 8.2845971×10−11 0.90%

Figure 13 Different mass flow rates: (a) 0.5 kg/s; (b) 0.8 kg/s; (c) 1.0 kg/s.

Figure 14 Scatterplot of erosion: (a) 0.5 kg/s; (b) 0.8 kg/s; (c) 1.0 kg/s.
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erosion extends gradually from the blade tip to the entire
blade surface, resulting in an incremental enlargement of the
erosion area and a corresponding reduction in overall ero-
sion severity. Furthermore, with increasing rotational speed,
the erosion area shifts from a scattered distribution to a
concentration primarily at the blade edge and tip, with
erosion severity intensifying.
(2) Comparative analysis of simulation results highlights

that severe erosion predominantly occurs at the blade edge
and tip under different particle parameter settings. An in-

crease in particle size leads to a moderate decrease in the
maximum erosion rate but an overall escalation in erosion
severity. In addition, an increase in particle inlet velocity
and mass flow rate is associated with an increase in both the
maximum erosion rate and the overall severity of erosion.
When comparing the effects of these two factors on erosion,
it is observed that changes in mass flow rate have a parti-
cularly pronounced impact. Specifically, when the mass
flow rate is increased to 1 kg/s, erosion is doubled compared
to a mass flow rate of 0.5 kg/s. In contrast, the impact of
changes in particle inlet velocity on erosion is negligible, as
variations in velocity only result in approximately a 1%
difference in erosion.
(3) The elucidation of propeller blade erosion patterns

enhances the understanding of the impact on propeller per-
formance. By introducing roughness (0-500 μm) to the
pressure side and blade edge, simulation results demonstrate
a degradation in propeller performance due to erosion-in-
duced roughness. A roughness level of 500 μm leads to a
performance loss of 4.4%, with roughness on the pressure
side playing a predominant role in the degradation process.
The investigation into propeller erosion patterns in wind-

Table 6 Average erosion rate: different mass flow rates
Mass flow rate (kg/s) EA (kg/(m2·s)) Δ%

0.5 5.135014×10−11 –
0.8 8.214178×10−11 60%
1.0 1.026932×10−10 100%

Table 7 Comparison of the effect of particle parameters on erosion rates
Parameter
condition

Particle
diameter

Incidence
velocity

Mass flow
rate

Condition 1 – – –
Condition 2 10.10% 0.20% 60%
Condition 3 12.70% 0.90% 100%

Figure 15 Propeller blade pressure distribution and vortex distribution.

Figure 16 Power coefficients and thrust coefficients for different roughness cases.
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sand environments facilitates targeted design, control, and
optimization strategies, offering a robust theoretical foun-
dation for ensuring the stable operation of new aircraft
during flight.
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飞机螺旋桨冲蚀磨损及气动学特性

郭翔鹰, 臧富瑾, 朱雨男, 曹东兴

摘要 本文研究了螺旋桨运输机在沙漠、高原等恶劣环境中飞行时, 螺旋桨与沙尘颗粒碰撞和摩擦引起的表面冲蚀磨损. 首先, 使用

商业软件FLUENT分析在不同沙尘颗粒参数下单个螺旋桨叶片的冲蚀行为. 随后, 通过滑移网格法对整个叶片进行动态模拟, 研究在不

同工况条件下(包括转速和爬升角度)的冲蚀机理. 最后, 根据模拟结果, 得出冲蚀对螺旋桨气动特性的影响. 该研究深入探讨了大型飞

机螺旋桨在沙尘环境中运行时的冲蚀规律以及螺旋桨表面冲蚀磨损对气动性能的影响. 通过阐明这些现象, 本研究为未来优化螺旋桨

设计提供了宝贵的意见.
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