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Abstract. To predict and improve the surface quality of complex curved surface structure
precision machined by solid-liquid two-phase abrasive flow, this paper takes the S-shaped elbow
as the research object, carries out the numerical simulation of abrasive flow polishing process of
S-shaped elbow based on large eddy simulation method, analyzes the velocity distribution of
abrasive flow, turbulent energy, wall shear force nephogram and trace diagram of abrasive flow
in the S-shaped elbow under different inlet speed and abrasive concentration conditions. It is found
that the values of velocity, turbulent energy and wall shear force on the inner side of the elbow
and the outlet pipe are relatively large, indicating that the polishing quality at these positions is
better. Increasing the inlet velocity can improve the effectiveness of abrasive flow polishing, and
properly increasing the abrasive concentration can improve the surface uniformity of polished
wall. It can provide a theoretical basis for promoting the continuous improvement of abrasive flow
precision machining technology.

Keywords: elbow, large eddy simulation, abrasive flow polishing, fluid trace.
1. Introduction

With the rapid development in modern industry, the application of elbow parts in production
and life is becoming more and more extensive, the surface quality of elbows has also higher
requirements. The abrasive flow polishing technology uses abrasives with a certain concentration
as a carrier, and bends the abrasive through the surface of the workpiece under the action of
squeezing force. So the surface of the workpiece is polished, deburred, and rounded, it can realize
ultra-precision machining [1, 2]. This polishing technology is not limited to the shape and size of
the workpiece, and is particularly suitable for the ultra-precision machining of micro-holes,
complex internal cavity structures and uneven surfaces, so the complex S-elbow of the internal
cavity can achieve better polishing effect and get the ideal processing effect [3]. Fig. 1 shows the
principle diagram of abrasive flow polishing.

Large eddy simulation (LES), as a method of studying turbulence, is often used in the
numerical simulation of abrasive flow processing. The basic idea of LES is to solve the
Navier-Stokes equation, directly solve the large-scale vortex, and solve the small-scale vortex by
constructing a model. The distinction between large-scale and small-scale vortices is achieved by
filtering. The model constructed during the solution process is also called the sub-grid scale model,
and the key to achieving LES is to construct a closed mode of sub-grid stress [4, 5].

In this paper, the LES method is used to numerically simulate the process of abrasive flow
polishing S-shaped elbow, analyze the effect of different inlet speed and abrasive concentration
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on the polishing effect, and analyze the factors affecting the surface quality of abrasive flow
polishing S-shaped elbow to provide a theoretical basis for actual production and processing.
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Fig. 1. Schematic diagram of abrasive flow polishing

2. S-shaped elbow model

This article is based on the existing theory of abrasive flow processing and related papers [6-8].
S-shaped elbow is 100 mm in length, 70 mm in width, 26 mm in radius, 8 mm in outer diameter,
and 5 mm in inner diameter. Fig. 2 is a front view of an S-shaped elbow, and Fig. 3 is a
three-dimensional model of an S-shaped elbow.
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Fig. 2. Two-dimensional diagram of S-shaped elbow Fig. 3. Three-dimensional model of S-shaped elbow
3. Simulation and analysis
3.1. Simulation and analysis at different inlet speeds

Based on the existing research on abrasive flow, the Kinetic-Energy Transport (KET) model
in the LES method is adopted. The solid phase of the solid-liquid two-phase abrasive flow is
silicon carbide with a density of 3170 kg/m?, and the liquid phase is oil with a density of
1260 kg/m>. This article chooses velocity and pressure inlet boundary conditions and free outlet
boundary conditions. Firstly, set the abrasive concentration to 30 %, analyze the velocity cloud
diagram, turbulent energy cloud diagram and wall shear force cloud diagram when the inlet
velocity boundary conditions are 30 m/s, 40 m/s, 50 m/s and 60 m/s, and explore the quality
performance of abrasive flow polishing S-shaped elbow. When the abrasive concentration is 30 %,
the velocity cloud diagrams at different inlet velocities is shown in Fig. 4.

It can be seen from the Fig. 4 that when the inlet velocity gradually increases, the velocity
change in the tube also becomes obvious. The abrasive speed first reaches the maximum near the
inside of the elbow, and then impacts the outside of the elbow, the speed becomes larger, and then
flows along the inside of the outlet of the elbow, the speed reaches the maximum, and the abrasive
reaches the elbow when exiting the road, the speed of the right pipe is greater than the speed of
the left pipe. It can be drawn that polishing quality becomes better when the inlet speed is
increased, the polishing quality on the inside of the elbow is higher than that on the outside, and
the polishing quality on the right side of the elbow outlet is better than that on the left.
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Fig. 4. Cloud diagram of velocity distribution for different inlet velocity conditions
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Fig. 5. Turbulent energy cloud at different inlet velocities

It can be found from the Fig. 5 that as the inlet velocity increases, the turbulent flow energy
also increases, and the polishing effect on the S-shaped elbow is better. The turbulent flow energy
at the inlet is smaller than that at the outlet. At the same time, the turbulent flow energy measured
in the elbow is relatively large, and the turbulent energy inside the elbow of the S-shaped elbow
is smaller than that inside the elbow. The inner quality of the S-shaped elbow polished by abrasive
flow is better than other places, and the polishing effect on the inner side of the outlet of the elbow
is better than that at the entrance.
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Fig. 6. Cloud shear wall at different inlet velocities

Fig. 6 is a wall shear force cloud diagram with different inlet speeds. It can be seen that the
wall shear force increases with the increase of the inlet velocity. The wall shear force at the
entrance is smaller than that at the outlet, and the wall shear force at the inner surface of the elbow
inlet is greater than that of the elbow outlet The wall shear force on the inner surface is small. The
same conclusion as above can be obtained. It is that properly increasing the inlet speed can
improve the quality of the abrasive flow polishing S-elbow. The inner surface quality of the
polished S-elbow is higher than the outer surface quality, and the polishing effect of the outlet
inner bend surface is better than the inside surface of the entrance.

3.2. Simulation and analysis under different abrasive concentration conditions

Under the condition of 50 m/s inlet velocity, S-shaped elbows are numerically simulated with
10 %, 20 %, 30 %, and 40 % abrasive concentrations.
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Fig. 7. The velocity distribution clouds of different abrasive concentrations

Fig. 7 is a velocity distribution cloud diagram of different abrasive concentrations. It can be
seen that as the abrasive concentration becomes larger, the movement process of the abrasive flow
is relatively stable, but the difference in the velocity of the inner and outer walls becomes smaller.
The speed of the elbow inlet is less than that of the elbow outlet; the speed of the inside of the
elbow is greater than that of the outside of the elbow; the speed change near the elbow outlet is
more obvious, and the speed change on the right side of the elbow outlet is greater than the left
side. This shows that when the abrasive flow polishes the S-shaped elbow, the quality of the inside
of the polished elbow is better than the quality of the outside, and the polishing effect of the elbow
outlet is better than that of the elbow inlet.
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Fig. 8. Turbulent flow cloud of different abrasive concentrations

Analysis of Fig. 8 shows that the increase of the turbulent flow energy with the increase of the
abrasive concentration is not obvious, but the stability of the turbulent flow energy in the S-shaped
elbow is improved. As the abrasive moves in the tube, the turbulent flow energy gradually
becomes larger; the turbulent flow energy on the inner surface of the elbow is the largest, and the
turbulent flow energy on the inner surface at the outlet of the elbow exhibits the largest trend.
These phenomena indicate that the effect of abrasive flow polishing on the surface of the wall of
the S-shaped elbow is better. The processing quality of the outlet of the elbow is higher than the
quality of the inlet of the elbow. The increase in the abrasive concentration can further improve
the uniformity of the surface quality of the inner wall of the S-shaped elbow.
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Fig. 9. Cloud shear wall clouds with different abrasive concentrations

Fig. 9 is a cloud diagram of the wall shear force with different abrasive concentrations. It can
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be seen that the wall shear force decreases with increasing abrasive concentration, but the change
is not obvious. The wall shear force is the smallest in the inlet pipe, and then slowly increases.
The wall shear force on the inner surface of the elbow is greater than the outer surface of the elbow
and other places. The wall shear force is the largest on the inner surface of the outlet elbow,
indicating that the effect of abrasive flow polishing on the S-shaped elbow reaches the best on the
inner surface of the elbow. By analyzing the shear force on the wall surface of the bent pipe, it can
be found that the increase in the abrasive concentration has a positive effect on the processing of
the abrasive flow polishing S-shaped elbow, which can further improve the uniformity of the
surface quality of the pipe wall.

3.3. Fluid trace analysis quality of the pipe wall.

The trajectory refers to the trajectory of the path along which the flow point moves at various
times, and can represent the state of fluid movement at a certain position in space. This section
will analyze the movement traces of the inlet cross section, middle cross section and outlet cross
section of the S-shaped elbow when the abrasive concentration is 30 % and the inlet pressure
velocity is 30 m/s. The cut cross-section is shown in Fig. 10.
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a) Inlet cross section b) Mid section cross section c) Outlet cross section
Fig. 10. Schematic diagram of S-shaped elbow

i

c) Outlet pipeline trace

Fig. 11. Fluid trace

Fig. 11 is a fluid trace of three cross-sections cut. Analyze the flow of abrasive particles and
the distribution law of vortex in S-shaped elbow. It can be seen from the Fig. 11(a) that there are
two vortices in in the motion path of the abrasive particle flow, the flow directions of the two
vortices are opposite, and the vortices below are more dense, it can be concluded that the inner
surface of the inlet of the S-shaped elbow is more abrasive flow. It can be seen from Fig. 11(b)
that the flow directions of the two vortices are also opposite, the velocity of the upper side pipe is
greater than that of the lower side. The upper vortex is more dense when presented in the trace
diagram, and the abrasive flow on this side is better. From Fig. 11(c), we can find that when the
abrasive particles just flow out, the speed is relatively uniform. As the abrasive particles continue
to flow, its movement state gradually becomes chaotic, and the speed of the pipe on the right side
becomes larger; Combined with the velocity cloud at this position, it can also be seen that the
velocity increases from a uniform distribution to the right, proving that the polishing quality of
the abrasive flow on the right surface of the elbow outlet is better than that on the left.
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4. Conclusions

1) Through the large-eddy numerical simulation analysis of the S-shaped elbow, it can be
concluded that as the inlet velocity of the abrasive flow increases, the velocity, turbulent flow
energy and wall shear force in the pipe increase, and the polishing effect on the bend pipe become
better. It can be proved that the inlet velocity is basically positively related to them. But there are
also differences in the polishing effect of each position. The polishing quality of the outlet of the
elbow is higher than the inlet of the elbow, and the polishing quality of the inner surface is higher
than that of the other positions, the polishing effect of this position is the most ideal.

2) Analysis of the abrasive flow polishing S-shaped elbow under different abrasive
concentration conditions can be found that the change in abrasive concentration does not
significantly affect the motion intensity. Increasing the abrasive flow concentration can enhance
the polishing effect of the S-shaped elbow and ensure processing consistency of effect. Therefore,
a higher concentration abrasive flow polishing liquid should be used when performing abrasive
flow polishing.

3) Analysis of the fluid trace of the abrasive flow polishing S-shaped elbow can be found that
two vortices with opposite flow directions will be generated in elbow, and the vortex on the inner
surface will be denser. The movement trace of the pipe outlet changes from stable to turbulent,
that is, the speed changes suddenly from the uniform distribution to the right. Further verifying
that the abrasive particle flow polishing the inner surface of the S-shaped pipe will be better, and
the right surface polishing effect of the pipe outlet is better than the left.
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