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Aims:The majority of current research on submerged impellers concentrates on transient hydrodynamic 
properties; however, the modifications to the flow field and impeller caused by fluid-solid interaction have 
not been sufficiently studied. 
Study design:The vibration and deformation of the impeller due to the flow field's changing flow velocity 
will have an impact on the impeller's stability. 
Methodology:In this study, two-way fluid-structure coupling is used to investigate variations in impeller 
dynamic stress as well as changes in the flow field's properties at various inlet velocities.  
Results:The larger the flow velocity, the smaller the impeller's final deformation is, and the difference 
between the deformation at various flow velocities is approximately. 2%.The analysis and comparison of 
the maximum equivalent force diagrams at various velocities reveals that the maximum equivalent force 
in the impeller increases from 4.0615 MPa to 62.323 MPa with an increase in the flow velocity, exhibiting 
a jump growth.the maximum stress occurs at the beginning of the impeller's movement and reaches a 
maximum of 173.17 MPa. The maximum stress decreases with increasing flow field inlet velocity, falling 
to 168.65 MPa and 159.37 MPa at 2m/s and 3m/s, respectively. 

Conclusion:The results based on the two-phase flow model and k-turbulence model demonstrate that 
the impeller deformation increases stepwise from inside to outside, and the total deformation of the 
impeller decreases as the flow field's inlet velocity increases. The maximum stress of the impeller first 
appears at the junction of the hub and the fan blade, where the stress decreases with the increase of flow 
velocity, and the maximum stress appears in the middle of the impeller. 
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1. INTRODUCTION 14 

The impeller, the most significant component of the dredger's mixing system, must supply the necessary force and 15 
favorable flow conditions throughout the task, and the fluid must adhere to its structural specifications for mass transfer to 16 
be strengthened and efficient mixing to occur. The study and simulation of the impeller can serve as a crucial foundation 17 
for the construction of the dredger because the impeller must operate under challenging situations, such as varied flow 18 
velocity, varying muck concentrations, and a variety of contaminants in the water. It has been demonstrated that there is a 19 
force coupling effect between the relative motion of the impeller and the fluid, and as a result, the impeller will deform 20 
throughout the motion, and the flow field structure is affected by the impeller deformation, which changes the distribution 21 
and strength of fluid forces, which modifies the properties of fluid transfer and mixing.[1]Many academics have studied the 22 
characteristics of impellers in light of the advancement of simulation technology. Gu et al. used the CFD simulation 23 
technique to examine the fluid dynamics of the fractal impeller in the solid-liquid mixing process. The solid-particle 24 
suspension quality of the fractal impeller was found to be better under the same power consumption than that of the four-25 
slant impeller, and the suspension quality of the fractal impeller increased as the number of fractal impeller fractal 26 
iterations increased[2] . Eight high-speed rotating impellers were tested for mixing effectiveness in the agitated charge's 27 
turbulent condition by Fort and others. The testing outcomes demonstrated that in comparison to conventional impellers 28 



 

with inclined blades, axial impellers with fractal blades can have maximum energy savings[3]. Devi et al. investigated the 29 
mass transfer coefficients and power consumption capabilities of a double impeller alone and a double impeller combined 30 
with a curved impeller simultaneously using computational fluid dynamics. It was discovered that the bent impeller had a 31 
higher power consumption capacity in both the single- and double-impeller scenarios[4]. The fluid dynamics of gas-liquid 32 
dispersion in rigid impeller and rigid-flexible impeller stirring were studied by Liu et al. using a combination of 33 
computational fluid dynamics (CFD) and population equilibrium model (PBM). The findings revealed that the longer length 34 
of the flexible connecting piece facilitated the gas-liquid dispersion process and that the ideal pore ratio and pore size for 35 
the gas-liquid dispersion process were, respectively, 12% and 8 mm[5]. However, Li et al.'s study of the hydrodynamic 36 
properties of a hollow self-induced impeller in the mixing process revealed that, in the case of inflation, the impeller power 37 
was affected by the flow rate, and that, by using a CFD simulation, the power consumption decreased as the impeller 38 
clearance increased while the flow rate increased at the same impeller speed[6]. By using coupled calculations, Liang et 39 
al. were able to simulate the interaction of the fluid with the impeller and turbine fixed on a flexible shaft during the mixing 40 
process. They then examined in detail the different loads placed on the impeller based on experimentally validating the 41 
simulated impeller torque and dimensionless shaft bending moment. The results revealed that the shaft bending moment 42 
was primarily brought on by the lateral force placed on the impeller and the impeller mass imbalance[7]. On the other 43 
hand, Qian et al. investigated the impeller's vibration when it was submerged. After optimizing the impeller, it was 44 
discovered that there was an unequal distribution of energy due to a relative velocity gradient between the suction and 45 
pressure sides of the impeller. By maximizing the impeller thickness, the vibration performance of the impeller was 46 
improved[8]. In this paper, the numerical simulation of the impeller and its flow field is mainly carried out by the bi-47 
directional fluid-solid coupling method to study the effect of flow velocity on the impeller stress variation and the flow field 48 
characteristics. 49 
In this paper, we mainly use ANSYS to carry out the fluid-solid coupling simulation of the impeller and analyze and 50 
discuss its results. ANSYS software is known for its wide range of features and applications, making it a popular choice 51 
for engineers and researchers in a wide range of industries. One of the greatest strengths of ANSYS software is its ability 52 
to solve complex engineering problems involving multiple physical domains. This makes it particularly suitable for 53 
modeling products and processes in industries such as aerospace, automotive, and oil and gas.ANSYS software comes 54 
with a range of physical models that allow users to simulate different physical phenomena such as fluid dynamics, 55 
structural mechanics, electromagnetism, and thermodynamics. In addition, ANSYS software offers multi-physics field 56 
capabilities that allow users to simulate complex interactions between different physical domains, such as fluid-structure 57 
coupling or thermoelectric coupling. ANSYS software is further extended by the ability to create customized models using 58 
scripting languages such as Python and MATLAB. This flexibility allows users to tailor their simulations to their specific 59 
needs and requirements. Another advantage of ANSYS software is its ability to handle large-scale simulations. The 60 
software is designed to work with high-performance computing (HPC) systems, enabling users to run simulations faster 61 
and more efficiently. This is especially important when dealing with large and complex models. Overall, the wide range of 62 
features offered by ANSYS software makes it a versatile and powerful tool for engineering simulation. Author: Living 63 
Renderer[9]. 64 

 65 

2. FLUID-SOLID COUPLING CALCULATION 66 

2.1 Physical model and calculation method 67 

To construct a condensed experimental model, the model in this article is based on the dimensional structure of the real 68 
dredger impeller. Figure 1 displays the exact 3D model. The fluid domain is a drum-shaped area that entirely encloses the 69 
impeller and the rotor shaft, including an inlet and an outlet, and the impeller has three blades. The impeller speed is 300 70 
r/min 71 

Bidirectional fluid-structure coupling is used because the impeller is located in the fluid domain during the numerical 72 
simulation process and forces acting on it and the fluid are equal and opposite. Since both the fluid domain and the 73 
structural domain have forces acting upon them, the two-way fluid-structure coupling method solves the solid structure of 74 
the model and the fluid domain separately before exchanging the data in both directions. As a result, the method can 75 
calculate the structural deformation of the solid structure under the force of the fluid, and the maximum stress, among 76 
other things, though it takes longer to calculate[10] 77 

According to the fluid-solid coupling calculation concept, each time a transient calculation is run, the fluid domain is initially 78 
solved in each of the many time steps that make up the total calculation time. Second, the solid domain is solved using 79 
the ANSYS solver in the order of strain and stress in accordance with the solid domain mesh division and imposed 80 
constraints. This allows the fluid domain mesh to be deformed in accordance with the magnitude of the structural 81 
deformation displacement calculated in the solid domain and fed back to the fluid domain to determine the impact of the 82 
solid domain deformation on the flow field. The outcomes of this time step will then be utilized as the starting point for the 83 
following time step, and so on. It is clear from the two-way fluid-solid coupling calculation method that each time step 84 
needs to be linked multiple times since data flow between the fluid domain and the solid domain is two-way. 85 



 

Due to the short amount of time required for the impeller rotation to reach steady state, a time step of 0.5 seconds is used 86 
in this calculation, and a total of 100 steps are calculated[11]. 87 

 88 
Fig. 1.Physical model. 89 

2.2Two-phase flow model 90 
A mud-water combination serves as the internal flow field for this computation, and the flow of the mud is represented by 91 
a conventional multiphase flow model[12]. Additionally, the main phase, magnitude, and direction of its motion are 92 
essentially the same. As a result, it may be claimed that this experiment uses the mixed two-phase flow model. And the 93 
following conditions are met for the mixture's continuity equation: 94 

𝜕

𝜕𝑡
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2.3Turbulence model 96 

The turbulence model uses𝑘 − 𝜀 turbulence equations with water as the sealing medium, the temperature is considered 97 
as a constant value, and the pressure, density and momentum terms use a second-order discretization scheme. The 98 
turbulent kinetic energy and turbulent dissipation rate terms are used in a first-order scheme[13] , which has a good 99 
convergence rate and relatively low memory requirementsand is really good for solving external flow problems around 100 
complex geometries. For incompressible fluids, the general expression is 101 
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Where ⅈ ,𝑗 = 1, 2, 3;𝜌
𝜕𝑢𝑖

𝜕𝑡
 is the non-constant term;𝑢𝑗

𝜕𝑢𝑖

𝜕𝑥𝑗
 is the convective term;𝜇

𝜕2𝑢𝑖

𝜕𝑥𝑗
2  is the diffusion term;𝜌𝑓𝑖  is the volume 102 

force;𝐶1𝜀  =1.42;𝐶2𝜀  =1.68;𝜀 is the dissipation rate. 103 

Where 𝑣 𝑚  is the mass-averaged velocity;𝜌𝑚  is the density of the mixture;𝛼𝐾 is the volume fraction of phase K. 104 

2.4Mesh division 105 

The impeller of the dredger is made of aluminum alloy and the rotor is made of structural steel; the specific parameters 106 
are as follows Table 1 107 

Table 1.Material Property Parameters. 108 

 109 

To account for the impeller's small tip gap concerning its size, the number of effective nodes, and a smooth transition of 110 
the tip gap mesh from the internal mesh of the impeller, Figures 2 and 3 show the meshes of the solid structure and the 111 
fluid domain, respectively. Tetrahedral mesh is used to create the fluid domain's mesh. Figure 2 contains 1346310 fluid 112 
domain meshes in total, with the type of mesh cell being Solid186. The hybrid mode can be used to calculate the almost 113 
incompressible elastic-plastic material and the completely incompressible hyperplastic material in order to analyze its 114 
maximum stress as well as maximum deformation. The cell consists of 20 nodes, and each node has three degrees of 115 
freedom in different directions, meaning it has arbitrary spatial characteristics. 116 

 117 

Fig.2.Fluid domain grid. 118 

 Material density 
Yield strength Coefficient of 

elasticity 
Bending 
strength 

impeller Aluminum alloy 2700kg∙m-3
 55.2 MPa 6.89×10

10
Pa 103MPa 

Rotating shaft Structural steel 7.85×10
3
kg∙m-3

 235MPa 2.06×10
11

Pa 415MPa 



 

 119 

Fig.3.Solid grid. 120 
Figure 4 shows the maximum equivalent force of the impeller surface in the fluid domain at different numbers of grid 121 
cells𝐹𝐸𝑚𝑎𝑥  The variation curves of the impeller surface at different numbers of grid cells in the fluid domain are shown in 122 
Figure 4, and the corresponding numbers of grids in the fluid domain are 501324, 1017832, 1346310, 1786438, 2246579, 123 
etc. The analysis in Figure 4 shows that when the number of grids is greater than 1000000, the𝐹𝐸𝑚𝑎𝑥  This indicates that 124 
the increase in the number of grids has little effect on the results of the final simulation, and the calculation error is within 125 
±5%, which meets the requirements of the grid independence test. 126 

 127 
Fig.4.Different grid cells of𝑭𝑬𝒎𝒂𝒙 variation. 128 

2.5Boundary conditions 129 

The boundary conditions for the two-way fluid-solid coupling are also split into the fluid domain and the solid domain. In 130 
the fluid domain, gravity acceleration, inlet velocity, and outlet pressure can all be adjusted. Set the connection between 131 
the rotating shaft and the ground for the solid domain in order to add the impeller's rotational speed; add a fixed support to 132 
the bearing to prevent the solid structure's radial displacement; add a rotating connection between the bearing and the 133 
rotating shaft to ensure the impeller rotates freely relative to the bearing; and add the gravitational acceleration in the 134 
opposite direction of the Y-axis to t.; impeller added As illustrated in Figure 5, the impeller surface is added as the flow-135 
solid intersection surface so that information can be exchanged with the flow field in both directions during the coupling 136 
calculation. 137 



 

 138 
Fig.5.Schematic diagram of impeller load constraint. 139 

3. CALCULATION RESULTS AND DISCUSSION 140 

 141 

The force deformation and maximum stress of the impeller under various conditions of the inlet velocity of 1m/s, 2m/s, and 142 
3m/s in the fluid domain were separately calculated[14, 15] in order to analyze the total deformation and maximum stress 143 
of the impeller under the action of the flow field more thoroughly. 144 

3.1 Total impeller deformation 145 

 146 
Figure 6 depicts the impeller model's deformation at a specific time with inlet velocities of 1 m/s, 2 m/s, and 3 m/s in the 147 
fluid domain, respectively. The impeller deformation is shown in the figure to be stepped from the impeller root to the 148 
impeller tip; the minimum deformation is shown at the impeller root and the maximum deformation is shown at the impeller 149 
tip, indicating that the impeller deformation increases gradually as the linear velocity increases. The inlet of the flow field 150 
has less of an impact on the maximum deformation of the impeller. The maximum deformation of the impeller and the inlet 151 
velocity of the flow field are negatively associated, and the maximum deformation of the impeller decreases as the flow 152 
velocity increases. Therefore, the inlet velocity of the flow field can be increased appropriately under the assumption that it 153 
will meet the actual production needs[16]. 154 

 155 
Fig.6.Total impeller deformation. 156 
The curve of the impeller's maximum deformation over time under a flow field with various inlet velocities is shown in 157 
Figure 7. The illustration shows that the impeller's maximum deformation is linearly proportional to time, that it grows over 158 
time, and that it eventually stabilizes. The flow field velocity is essentially unaffected by the maximum deformation of the 159 
impeller during the first 80-time steps, after which the maximum deformation of the impeller stabilizes. The larger the flow 160 
velocity, the smaller the impeller's final deformation is, and the difference between the deformation at various flow 161 
velocities is approximately. 2%. 162 



 

 163 
Fig.7.impeller deformation curve. 164 
 165 

3.2Maximum impeller stress 166 

 167 
Figure 8 depicts the maximum equivalent force of the impeller with simultaneous changes in the inlet velocities of the flow 168 
field. The maximal equivalent force of the impeller is spread in the position of the fan blade of the impeller against the top, 169 
and its range is elliptical, as can be seen in the image. As the range widens, the stress gradually decreases from the 170 
inside to the outside. The analysis and comparison of the maximum equivalent force diagrams at various velocities 171 
reveals that the maximum equivalent force in the impeller increases from 4.0615 MPa to 62.323 MPa with an increase in 172 
the flow velocity, exhibiting a jump growth. This indicates that the flow field inlet velocity has a greater influence on the 173 
maximum equivalent force in the impeller than previously thought.The maximum stress increases as the flow velocity 174 
increases. The greatest stress point is a hazardous area vulnerable to structural failure [17, 18]. As a result, it demands 175 
attention.  176 

 177 
Fig.8.Maximum impeller stress. 178 
As depicted in Figure 9, the maximum stress occurs at the beginning of the impeller's movement and reaches a maximum 179 
of 173.17 MPa. The maximum stress decreases with increasing flow field inlet velocity, falling to 168.65 MPa and 159.37 180 
MPa at 2m/s and 3m/s, respectively. The impeller's remaining components are currently under very little stress.Combining 181 
Figures 10 and 11, we can see that the stress at the impeller's root is highest at first, then it decreases sharply as it 182 
rotates and tends to stabilize after about 10-time steps. The stress distribution of the impeller following stabilization is 183 
examined in the above figure. In order to improve the impeller stability, it is necessary to treat the fan blade or impeller 184 
root differently when facing different inlet velocities. The greater the flow field velocity, for example, the smaller the stress 185 
on the impeller root, but the greater the maximum stress on the fan blade when the impeller is rotating smoothly. 186 
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 187 
Fig.9.Maximum stress at the initial moment. 188 

 189 
Fig.10.Maximum stress curve. 190 
 191 

4. CONCLUSION 192 

 193 

The dynamic stress of the dredger impeller in the two-phase flow field was calculated using the two-way fluid-solid 194 
coupling method, and the results were used to determine the following: the relationship between the flow field's inlet 195 
velocity and the total stress and deformation of the impeller, the change law of the velocity and pressure of the impeller 196 
flow field, and the areas of the impeller where wear may occur. 197 

(1) The maximum deformation of the impeller grows and grows as the time step increases, eventually tending to a stable 198 
value. When the inlet velocity of the flow field increases, the total deformation of the impeller decreases. The impeller's 199 
deformation is stepped from the root to the top and is evenly distributed. The more outward the deformation, the larger it 200 
is. 201 

(2) The location of the fan blade against the top of the impeller is where the highest equivalent stress of the impeller is 202 
distributed; the flow field entrance velocity has a stronger impact on the impeller's stress, and the higher the flow velocity, 203 
the higher the maximum stress; The intersection of the fan blade and the hub is where the impeller's maximum stress first 204 
appears during rotation. The maximum stress and inlet velocity are inversely correlated, with the maximum stress 205 
decreasing as the inlet velocity increases and the stress on the impeller's root decreasing as the flow field velocity 206 
increases. The maximum stress on the fan blade , when the impeller is rotating smoothly, increases as the field flow rate 207 
increases, but the tension on the impeller root decreases. In order to prevent stress concentration, the impeller should 208 
actually be thickened at various points in accordance with various flow field velocities. 209 

 210 
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