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Abstract. In order to solve the problem that the aperture of the small hole part is too small and
the irregular shape of the surface is difficult to be processed. A solid - liquid two - phase abrasive
grain polishing method is proposed. Based on the standard model and SIMPLEC algorithm, the
numerical simulation of the surface of the micro — holes were carried out under different inlet
speed conditions. The change of the turbulence kinetic energy, dynamic pressure and turbulence
intensity of the micro — holes flow channel with the inlet velocity is discussed. The quality control
law of the inlet velocity on the sol-id-liquid two-phase abrasive flow polishing. In order to verify
the accuracy of the numerical analysis, the necessary solid-liquid two-phase flow polishing test
was carried out with the micro-hole parts. The surface roughness of the inner surface of the
micro-holes before and after polishing was tested. The results show that the surface roughness is
reduced from 1.702 before polishing to 0.303 after polishing. The solid - liquid two - phase
abrasive flow machining can effectively improve the surface quality of micro — holes.
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1. Introduction

With the increasing development of science and technology, micro-hole parts in the aerospace,
automobile manufacturing, mold manufacturing, textile machinery and other fields have a wide
range of applications as: the car engine nozzle, textile machinery on the precision parts spinneret,
extrusion molds and medical equipment [1]. However, due to the small pore size of small holes
and irregular shape, the traditional polishing technology is difficult to effectively polish its inner
surface, especially for the surface quality requirements of small hole parts, its ultra-precision
machining is even more difficult, the abrasive flow processing technology can be used for the
finishing of the inner surface of micro-hole parts because of its good fluidity and consistency [2-6].
Therefore, domestic and foreign scholars have carried out a series of research work on micro-hole
processing technology. In this paper, the micro — holes were polished by solid-liquid two-phase
abrasive flow polishing method and the numerical simulation was carried out. The effects of
different inlet pressure on the dynamic pressure, turbulent kinetic energy and turbulence intensity
of the perforated brass pipe were analyzed. At the same time, the inner surface was subjected to
abrasive flow machining test under different pressure processing conditions. The surface analysis
of the parts is carried out to verify the accuracy of the numerical simulation results, which can
provide technical support for the future use of abrasive flow technology to polish tiny holes [7-10].

2. Numerical analysis of solid-liquid two-phase abrasive flow machining
2.1. Selection of turbulence models

For the solid-liquid two-phase abrasive flow machining, the turbulent state of the fluid has an
important effect on the processing effect. Therefore, it is necessary to select the appropriate
turbulence model to improve the accuracy of numerical analysis. Using the standard k-¢
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turbulence model, this model is proposed by Launder et al. [11]. The flow analysis of the k-¢
turbulence model for solid-liquid two-phase flow media can reflect the main turbulence
characteristics of the two-phase flow medium. The equations for the turbulent kinetic energy k
and the turbulence dissipation rate ¢ are as follows:

Dk—a[( +”t>ak]+(; +G 1
p Dt ox; H a.) 0%, k b — P& (1)
Ds 0 Up\ 0 £ &2
- _ - oy = Z - — 2
00 = 3 (B 5) 3| + e (Gt Cac) = Caen T @

where y; is the laminar flow coefficient, g, is the turbulent viscosity coefficient, y, = pCuk2 /&,

G, is the turbulence kinetic energy generated by the laminar velocity gradient, where the empirical
coefficients C;, = 1.44, C,, = 1.92, C,pyy = 0.09, 0, = 1.0, 0, = 1.3.

2.2. Calculate objects and meshing

The simulation model selected in this paper is a small hole part with diameter of 0.75 mm. It
is modeled in solid works, meshed into ICEM for meshing, and more detailed hexahedral mesh is
used to increase the calculation accuracy. The grid model is shown in Fig. 1.

Fig. 1. Grid model

2.3. Numerical analysis of the initial conditions set

In this paper, the inner surface of micro-holes in solid-liquid two-phase abrasive flow
machining is numerically simulated. Using fluent as the calculation platform, the SMPLEC
algorithm of pressure coupling equation is calculated by using 3D single-precision steady-state
implicit pressure solver. The turbulence model is based on the standard k-¢ turbulence model and
the two-phase flow model is Mixture model. In the boundary condition, the inlet is the diameter
of the left hole of 1.5 mm, the inlet condition is the velocity inlet, the direction is perpendicular to
the boundary, the initial turbulence intensity is 5 %, the turbulent viscosity is 1, the solid phase is
sic abrasive grain volume 0.1, Exit for the right side of the hole, the exit set to outflow, the rest of
the border for the wall, wall selection no border slip.

The physical properties of the solid and liquid phase materials are set before numerical analysis.
The specific parameters are shown in Table 1.

Table 1. Setting of initial condition

Physical quantity Value Additional illustrate
Ambient pressure (Pa) 1.01e5 Operating pressure
Density of liquid phase p; (kg/m®) 886 Room temperature (293.15 K)
Liquid kinetic viscosity u (Pa-s) u = 0.131e~%126T |Changing with processing temperature
Liquid phase specific heat capacity j / (kg'K) 2000
Liquid phase conduction coefficient w / (m'K) 0.15
Gravitational acceleration g (m's?) 9.81 Vertical direction
Particle concentration p, (kg/m?) 3100 Room temperature (293.15 K)
Particles conduction coefficient w / (m-K) 120
Particle viscosity Pa-s 5e-6 Relatively small to be ignored
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2.4. Numerical analysis and discussion of results

The turbulence and dynamic pressure of the fluid under different inlet velocities are
numerically analyzed by fluid dynamics software. Numerical simulations were carried out for
changes in flow rate. The speeds are set to 40 m/s, 50 m/s, 60 m/s, 70 m/s, respectively. The axial
cross section of the workpiece is taken as the observation cross section to obtain the turbulent
kinetic and dynamic pressure and turbulence intensity distribution clouds of the axial cross section
at different inlet velocities as shown in Fig. 2 and Fig. 3 and Fig. 4.

| e

a) Inlet velocity is 40 m/s ) b) Inlet velocity is 50 m/s

c) Inlet velocity is 60 m/s d) Inlet velocity is 70 m/s
Fig. 2. Turbulent kinetic energy distribution at different inlet velocities
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Fig. 2 shows the distribution of turbulent kinetic energy on the observed surface at different
inlet velocities. It can be seen from Fig. 2 that the turbulent kinetic energy in the middle of the
flow channel is small and cannot play the role of polishing. The turbulent kinetic energy in the
near-wall area is larger and the turbulent energy is closer to the wall, where the abrasive flow has
strong centrifugal of the pulsating speed, and the bubble collision wall rupture of the release of
energy is also passed to the abrasive, in order to achieve a good polishing effect. With the
increasing speed of the entrance, the turbulence can also be greatly improved in numerical value.
This is because the higher the inlet speed is, the higher the degree of fluid turbulence in the basin,
the higher the degree of pulsation and the greater the turbulence, thus the more abrasive grain
polishing effect.

Fig. 3 shows the dynamic pressure distribution at on the observed surface at different inlet
velocities. Dynamic pressure determines the removal efficiency of the material. The dynamic
pressure of the middle part of the runner is small and the polishing ability is weak, and the dynamic
pressure increases obviously in the aperture change of the workpiece and the dynamic pressure is
the largest in the small hole area, so the polishing effect of the abrasive flow is the best. With the
increase of the inlet speed, the dynamic pressure also increases in the numerical value. Therefore,
increasing the inlet speed can effectively improve the polishing efficiency of the abrasive flow
machining.

It can be seen from the turbulence intensity cloud diagram with different inlet velocities at
different inlet velocities in Fig. 4. The area with large turbulence intensity is mainly concentrated
at the outlet orifice, and the turbulence intensity in the middle of the flow channel is small, and
the middle part of the runner in the radial direction of the turbulence intensity is less than the wall
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near, which is conducive to the processing of the surface to remove the burrs. From the Fig. 4,
show that the turbulence intensity increases in numerical order as the inlet speed increases, so that
the inlet Speed is conducive to improving the polishing effect.
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3. Experimental analysis of solid-liquid two-phase abrasive grain polishing
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c) Inlet velocity is 60 m/s d) Inlet velocity is 70 m/s
Fig. 3. Dynamic pressure distribution at different inlet velocities
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a) Inlet velocity is 40 m/s b) Inlet velocity is 50 m/s

c) Inlet velocity is 60 m/s d) Inlet velocity is 70 m/s
Fig. 4. Turbulence intensity distribution at different inlet velocities
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In this experiment, sic abrasive with particle size of 200 was prepared with 10 % body weight
and hydraulic oil uniform, and the micro-holes abrasive was polished at 40, 50, 60 and 70 m/s for

5 min, dispose of the parts after processing, after cutting the parts shown in Fig. 5.
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Fig. 5. The parts after cutting

The surface roughness of the micropores was measured by grating surface roughness
measuring instrument, in order to evaluate the effect of abrasive grain polishing technology on the
roughness more accurately, the inlet with good processing effect and the exit part with poor
polishing quality are selected. The middle part of the sample flow channel is selected and the
roughness detection is shown in Fig. 6.
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Fig. 6. The surface roughness of the workpiece before and after processing

Fig. 6 shows the surface roughness of the workpiece before and after processing. After the
abrasive flow processing, the workpiece roughness Ra is 0.804 pm, 0.527 pm, 0.498 pm,
0.303 pm, the surface roughness of the micropores after the abrasive flow machining is obviously
reduced, and the roughness decreases with the increase of the inlet speed. This also proves the
effectiveness of solid-liquid two-phase abrasive grain flow machining. It can be seen that it is
possible to increase the wear speed of the abrasive flow machining to increase the wear quality of
the abrasive flow.
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4. Conclusions

In this paper, in order to solve the problem that the aperture of small hole parts is too small
and the shape is irregular, it is difficult to finish the finishing of its inner surface the method of
solid-liquid two-phase abrasive flow polishing on the inner surface of micro-holes is proposed.
The numerical conclusions and experimental results are given.

1) In the process of solid-liquid two-phase abrasive grain polishing, the inlet velocity is the
main influencing factor. The speed of continuous increase in the flow of small holes within the
dynamic pressure, turbulent kinetic energy also increases, abrasive grain polishing effect also will
change better.

2) The surface roughness of the inner surface of the micropores after processing at different
processing speeds was found. The roughness after Ra 1.702 um was about Ra 0.303 um, and the
surface quality was improved obviously. Phase grinding grain polishing technology can
effectively improve the internal surface quality of micro-hole parts, for the small hole parts of the
inner surface finishing has a certain reference value.
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