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Abstract. In order to study the performance of abrasive flow polishing on the micro-holes, the
polishing process of abrasive flow with different abrasive particle sizes was carried out by using
computational fluid dynamics. The distribution of fluid turbulence intensity and abrasive particle
velocity, fluid turbulence dissipation rate and kinetic energy of abrasive particles were obtained
and analyzed. The simulation reveal that the material removal rate is proportional to the size of
abrasive particle size, while the surface quality is inversely proportional to it. Therefore, the
appropriate size of abrasive particle should be selected according to the initial surface roughness
of the workpiece. The research results have certain guiding significance for practical production.

Keywords: micro-holes, abrasive flow polishing, abrasive particle size, numerical simulation
analysis.

1. Introduction

As a common mechanical product, micro-holes are widely used in all walks of life, such as
industry, agriculture, medical equipment and so on [1-3]. Because of the working environment
and the using requirements of micro-holes, the surface quality of micro-holes is required to be
high. However, on account of small aperture of micro-hole parts, it is difficult for traditional
polishing technology (such as mechanical polishing, Chemical polishing, Electrolytic polishing,
ultrasonic polishing, etc.) to polish effectively [4-6]. How to realize high efficiency and
high-quality machining of micro - hole parts is an important technical problem. The abrasive flow
polishing can be used to polish micro- holes because of its good fluidity and consistency [7, 8].
Therefore, scholars put lots of efforts into studying mechanism and key technology of it and got
many achievements [9, 10].

In this paper, the numerical simulation analysis of abrasive flow polishing process with
different abrasive particle sizes was carried out by using computational fluid dynamics when the
inlet velocity and abrasive concentration are constant, and the research results have certain guiding
significance for practical production.

2. Mathematical model of abrasive flow polishing

Turbulence kinetic energy is mainly used to describe the intensity of turbulence. In the
near-wall region of polishing, it can also be equivalent to the disordered motion of abrasive
particles. The greater the turbulent kinetic energy, the stronger the disorder of abrasive motion,
the less directional fringes will be formed on the workpiece surface. In order to improve the
accuracy of numerical simulation analysis, one of the most important things is to select a suitable
turbulent model. The standard k- model is chosen to describe the turbulence and its formulas are
as follows:
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where p is the density of fluid, p is the coefficient of molecular viscosity, y; is the coefficient of
turbulent viscosity, Gy, is turbulent kinetic energy generated by laminar flow velocity gradient; Gj,
is turbulent kinetic energy generated by buoyancy, where the empirical coefficients: C;, = 1.44,
C,e =192, (5, =0.09, 0, =1.0and g, = 1.3.

For a certain Newtonian fluid, the fluid viscosity is closely related to temperature, and its
functional relationship is as follows:

1= poe T, 3)

where y, is the initial molecular viscosity. From Eq. (3), it can be seen that the higher the
temperature is, the lower the viscosity will be, and the more violent the molecular motion will be.

3. Numerical analysis of abrasive flow polishing
3.1. Geometric model and meshing

For the sake of facilitating later analysis of the numerical variation trend of each position of
the micro hole, the micro hole was divided into three regions with different diameters: the diameter
of large hole region is 1.2 mm, the variable diameter region and the diameter of small hole region
is 0.5 mm. The solid-liquid two phase liquid enters from the large hole region and flows out from
the small hole region as show in Fig. 1.

The structure of micro hole is meshed by unstructured hexahedral using ICEM in the FLUENT
software as show in Fig. 2.

To inspect the mesh grid of micro hole is to get higher quality grid. Fig. 3 shows the results of
checking the mesh quality. The mesh quality is greater than 0.5, which can ensure the accuracy of
numerical simulation.
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Fig. 1. Schematic diagram of micro hole polishing channel area division

Fig. 2. The grid model of micro hole
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Fig. 3. The quality inspection of micro hole

3.2. Boundary condition setting

Because the outlet is connected with the outside environment, so exit boundary is set as a free
boundary. Because two ends of the workpiece are fixed by clamps, so define other wall as the
solid wall without slip. The process of simulation is transient. The command of Track Collision is
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turned on. The length of time step is 2E-7 s and the simulation time isls. Finally, gravity
acceleration should be taken into account.

4. Analysis of simulation results

The numerical simulation of polishing process with different abrasive particle sizes was carried
out. According to the actual processing conditions, set the abrasive concentration at 10 % and the
inlet speed at 60 m/s. The particle sizes of 300 mesh (48 um), 400 mesh (38 um) 500 mesh (25 pwm)
and 800 mesh (18 um) were selected for numerical simulation analysis.

4.1. The analysis of fluid turbulence viscosity at different abrasive particle size

The cloud diagram of fluid turbulence intensity and abrasive velocity distribution under
different abrasive particle sizes is shown in Fig. 4.

As shown in Fig. 4, with the increase of mesh of the abrasive particle, the turbulent viscosity
of the fluid decreases slightly, but the abrasive velocity increases slightly. This is because the
smaller particles have better following property to the fluid and have the faster velocity so that it
can achieve more uniform polishing effect.

The turbulent viscosity in the near wall region is smaller than that in the middle region of the
channel, which indicates that the number of abrasive particles near the wall is less. That is because
abrasive particles bounce back to the middle region after polishing.

Fluid turbulent viscosity abrasive velocity
1.071e-001 1.735e+000 3.362e+000 4.989e+000  2.550e+001 1.100e+002 1944'90002 2789:-002
a) Abrasive particle size of 300 meshes

Fluid turbulent viscosity abrasive velocity
10710001 1.6810+000 3 25850+000 482004000 26140+001 1.1250+002 19880+002 2851e+002

T ——

b) Abrasive particle size of 400 meshes
Fluid turbulent viscosity abrasive velocity
1071e+000 2.286e+000 3.501e+000 4 716e+000 2693e+001 1.140e+002 2.010e+002 2.881e+002

1.679+000 2.894e+000 4.109e+000 5324e+000 7.045¢+001 1575e+002 2446e+002 3.316e+00;

Fluid turbulent viscosity abrasive velocity
1.071e+000 2.246e+000 3.421e+000 4.506e+000 2.728e+001 1.156e+002 2.039e+002 2922e+002

165804000 2.833e+000 4.00Be+000 5.183e+000 7 1446+001 1598e+002 24816+002 3.364e+002

— i
d) Abrasive particle size of 800 meshes
Fig. 4. Fluid turbulence viscosity and abrasive velocity distribution of abrasive particles
under different abrasive particle size conditions

4.2. The analysis of discharge dissipation rate of fluid turbulence at different abrasive
particle size

Turbulent dissipation rate is the rate at which turbulent kinetic energy of fluid is converted into
kinetic energy of molecular thermal motion. Under the same initial conditions, the fluid turbulent
dissipation rate and the kinetic energy of abrasive particles were coupled numerical simulation
analysis under different particle sizes. The cloud diagram of discharge dissipation rate of fluid
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turbulence and kinetic energy distributions of abrasive particles under different abrasive particle
size conditions is shown in Fig. 5.

Discharge dissipation rate of fluid turbulence kinetic energy of abrasive particles
2.863e+004 6.896e+007 1.379e+008 2.068e+008  1.102e-006 2.102e-005 4.093e-005 6.084e-005

3.450e+007 1.034e+008 1.724e+008 2.413e+008  1.106e-005 3.097e-005 5.089e-005 7.080e-005

a) Abrasive particle size of 300 meshes
Discharge dissipation rate of fluid turbulence kinetic energy of abrasive particles
2.938e+004 7 276e+007 1.455¢+008 2 182e+008 4 862e-007 1.246e-005 2443e-005 3.640e-005

36400+007 1.0910+008 1810e+008 2.5460+008 64720-006 1844e-005 30426-005 4 230e-005

b) Abrasive particle size of 400 meshes

Discharge dissipation rate of fluid turbulence kinetic energy of abrasive particles
3.0126+004 7.454e+007 1.490e+008 2.235¢+008  3.881e-007 1.225e-005 2.411e-005 3.597e-005

3.728e+007 1.118e+008 1.863e+008 2 608e+008 6.318e-006 1.818e-005 3.004e-005 4. 190e-005

¢) Abrasive particle size of 500 meshes
Discharge dissipation rate of fluid turbulence Kinetic energy of abrasive particles
3.094e+004 7.522e+007 1.504e+008 2.256e+008 5.105e-008 3.128e-U06 6.205e-006 9.282e-006

3.763e+007 1.128e+008 1.880e+008 2.632e+008  1.589¢-006 4 666e-006 7.743e-006 1.082e-005

d) Abrasive particle size of 800 meshes
Fig. 5. Discharge dissipation rate of fluid turbulence and kinetic energy distributions
of abrasive particles under different abrasive particle size conditions

As can be seen clearly from the Fig. 5, with the mesh of abrasive particles increase, the
numerical value of fluid turbulence dissipation rate increases slightly. The region with the largest
turbulent dissipation rate is mainly located near the wall. The reason for this phenomenon is that
the collision of abrasive particles near the wall is intense, and the abrasion occurs with the wall,
which leads to the increase of turbulent dissipation rate near the wall.

It can be seen from the distribution diagram of abrasive kinetic energy that the kinetic energy
of abrasive particles in the large hole region is smaller than in the small hole region, but the kinetic
energy of abrasive particles does not change regularly under different particle sizes. This is
because the particle size decreases, the abrasive mass decreases, and the abrasive velocity
increases, so the kinetic energy cannot determine the change rule. Under the same abrasive
velocity, the material removal rate is proportional to the particle size.

5. Conclusions

In this paper, the numerical simulation of micro-holes polished by abrasive flow is carried out
by means of computational fluid dynamics. The distributions of turbulent dissipation rate and
kinetic energy, turbulent viscosity and velocity of abrasive particles in micro-holes with different
abrasive particle sizes are analyzed. The results of numerical simulation show that the
improvement of material removal rate and surface quality depends on the size of abrasive particles.
Under certain other conditions, the material removal rate is proportional to the size of abrasive
particle size, while the surface quality is inversely proportional to it. Therefore, the appropriate
abrasive particle size should be selected according to the initial surface roughness of the
workpiece. This research results have certain guiding significance for practical production.
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