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Abstract
In the traditional precision and ultra-precision machining technology field, workpieces with irregular internal curved surfaces
tend to have no subsequent processing after basic machining due to the limited processing means, and the surface quality of such
workpieces is often not up to standard. Precision machining of abrasive flow can effectively improve this drawback and improve
the surface quality of the irregular inner curved surface. In order to propose the quality control technology of the precision
machining of the irregular inner curved surface of the abrasive flow, this paper uses large eddy simulation method as research
means, analyzes the precision machining mechanism of abrasive flow machining curved flow channel workpiece by four
different sub-grid models, establishes a reasonable sub-grid-scale model, and analyzes the abrasive flow precision machining
mechanism of spiral flow channel with this model. It is found that shear force increases with the increase of inlet pressure, the
interaction effect of particles in the abrasive flow and the wall surface of the flow channel is enhanced, the turbulence and disorder
effect of the fluid is improved, burrs and scratches on the surface are effectively removed, and the surface quality of the workpiece
is improved. The greater the inlet pressure, the stronger the turbulence effect and the higher the processing efficiency of the
abrasive flow, and the better the precision machining quality of abrasive flow. Properly increasing the inlet pressure can obtain a
higher surface quality of the irregular inner curved surface workpiece.

Keywords Large eddy simulation . Sub-grid-scale model . Abrasive flow precision machining . Irregular inner surface . Quality
control

1 Introduction

The finishing process of the surface of complex parts is the
most time-consuming and labor-intensive [1]. With the occur-
rence of the industrial revolution, many automation enter-
prises keep improving the quality of products while bringing
products closer to complexity and precision. Now the inner
surfaces of molds, nozzles, impeller blades, etc. require pre-
cise dimensions and uniform surface quality. Traditional
finishing processes have limited applicability and limitations,
but abrasive flow machining (AFM) is a good fit for this

requirement. It forms a flow channel by the workpiece itself or
the fixture and flows the abrasive through the surfaceof thework-
piece at a certain pressure to complete the finishing.The schemat-
ic diagram of abrasive flow machining is shown in Figure 1.

Abrasive flow machining technology has been applied in
many fields, and many researchers at home and abroad have
done a lot of research on it. Sato et al. [2] have studied the effect
of medium degradation on the characteristics of abrasive flow
machining. The results show that medium degradation does not
have much influence on surface roughness. Sankar et al. [3]
proposed a rotatable abrasive flow machining technology for
the problem of low efficiency of abrasive flow machining.
Experiments on AISI 4340 tubes were carried out. The results
show that the surface quality is significantly improved. Fu et al.
[4] studied the blade through experiments and numerical simu-
lations and analyzed the case of the abrasive flow machining
with and without guide blocks, and the uniformity of abrasive
flow machining increased by 26.9%. Duval-Chaneac et al. [5]
studied the polishing of parts processed by selective laser melt-
ing of maraging steel 300 without heat treatment and heat
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treatment using four different abrasive flow media. The results
show that the surface roughness depends on the viscosity and
concentration of themedium, and can be reduced to 2μm. Singh
et al. [6] proposed a new simulation model for different AFF
processing parameters to predict the roughness on the surface of
microporous walls. Li et al. [7] used the large eddy simulation
method to study the surface formation mechanism of the solid-
liquid two-phase abrasive flow process.

Silvis et al. [8] have studied the construction of sub-grid-
scale models for large eddy simulation of incompressible tur-
bulent flows. Zhang et al. [9] have performed large eddy sim-
ulation (LES) in a channel with a rough wall on one side and a
free surface on the other by adopting an anisotropy-resolving
sub-grid-scale (SGS) model. Linkmann et al. [10] provided
analytical and numerical results concerning multi-scale corre-
lations between the resolved velocity field and the sub-grid-
scale (SGS) stress tensor in large eddy simulations (LES).
Mao et al. [11] used a large eddy simulation (LES) method
with different sub-grid-scale models to numerically study the
magnetohydrodynamics (MHD) turbulent duct flow.

Abrasive flow machining technology, as a soft machining
method, uses micro-cutting and micro-collision of particles to
effectively remove surface impurities and improve the surface
quality and surface smoothness and do not generate stress
concentration [12]. The machining state of the abrasive flow
is characterized by turbulence, which helps to achieve micro-
cutting of complex surfaces with a small force [13]. In the
existing research, the sub-grid model is rarely analyzed and

discussed. In this paper, the irregular inner curved surface is
taken as the structural object, and the large eddy simulation
method is used to analyze the numerical results of different
sub-grid-scale models for abrasive flow machining, and the
appropriate sub-grid-scale model is determined. Then the
model is used to numerically analyze the machining parame-
ters of the abrasive flow, revealing the precise machining
mechanism of the abrasive flow, and finally the experimental
analysis of the irregular inner curved surface parts.

2 Particle motion analysis of solid-liquid
two-phase abrasive flow precision machining

2.1 Differential equations of motion for particle
groups

Because the flow of the particle group in the elbow and spiral
tube with complex cross-sections is more complicated, in or-
der to better understand the movement of the particle group,
the circular section pipe is taken as an example for analysis.
The inner diameter of the pipe is d, the inclination angle is θ,
and the abrasive flow flows in the l direction inside. The sche-
matic diagram of the movement of the solid-liquid two-phase
abrasive flow in the inclined pipe is shown in Figure 2. The
solid-liquid two-phase abrasive flow is uniform flow during
the movement, and the two phases are uniformly mixed. The
following assumptions are made: it is assumed that during the

Fig. 1 Schematic diagram of the
precision machining of abrasive
flow
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flow process, the advancement velocity vp of the particle
group remains the same, and the average velocity of the
cross-section of the liquid phase is vl; the forces acting on
the particles have primary force and secondary force, and only
the three main forces acting on the particles are considered,
namely the resistance exerted by the liquid on the particles, the
gravity of the particles themselves, and the friction force be-
tween the particles and between the particles and the wall
surface. Let the two sections of the distance δl (shown by
the dashed line in Figure 2) and the wall between the sections
be the control surface, and FD, W, and FP are respectively
represented as the resistance of the liquid acting on the particle
group, the gravity of the particle group, and the friction force
between the wall surface and the particle group in the control
body; then the motion differential equation of the particle
group in the control body is:

FD−Wsinθ−Fp ¼ qmp
δl
vp

dvp
dt

ð1Þ

where qmp is the mass flow rate of the solid phase.
If the diameter of the particles in the control body is dp, the

total number is N, the particle concentration is ρp ' , and the
resistance is fD of the liquid acting on each particle, the hy-
drodynamic resistance of the liquid acting on the particle
group is:

FD ¼ Nf D ¼ 6

πdp3
ρp

0Aδl
ρp

� CD
ρl vl−vp
� �2

2

πdp2

4

¼ CD
3ρlvpqmp
4ρpdp

vl
vp
−1

� �2

δl

ð2Þ

where A flows through the area, ρl is the liquid phase density,
vl is the liquid phase velocity, ρp is the solid phase density, and
CD is the drag coefficient.

Assuming that buoyancy can be ignored, the gravity of the
visible particle group is equal to the hydrodynamic resistance
when they freely settle, namely:

W ¼ qmp
δl
vp

g ¼ Nf Df ¼
6

πdp3
ρp

0Aδl
ρp

� CDf
ρlv f

2

2

πdp2

4

¼ CDf
3ρlv f

2qmp
4ρpdpvp

δl
ð3Þ

where CDf is the hydrodynamic drag coefficient when the
particles fall at a free settling velocity vf and fDf is the resis-
tance of liquid acting on each particle when the particle is free
to settle.

In the precision machining process, since the particle diam-
eter in the abrasive flow is minimal, generally several tens of
micrometers, it is almost impossible to accurately describe the
friction between the wall surface and the particle group. Since
the particles are uniformly dispersed in the liquid medium,
they are considered pseudo-fluid, so the friction force between
the wall surface and the particle group can be expressed as the
friction between the wall surface and the fluid:

Fp ¼ λp
δl
d

ρp
0vp2

2

πd2

4
ð4Þ

where λp is the energy loss coefficient along the path of the
particle pseudo-fluid.

The drag coefficients in Equations (2) and (3) can be writ-
ten in the Blasius formula:

Fig. 2 Movement of solid-liquid
two-phase abrasive particle flow
in the inclined pipe
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CD ¼ c
Ren

¼ c
ρl vl−vp
� �

dp
μl

� �−n
ð5Þ

CDf ¼ c
Renf

¼ c
ρlv f dp
μl

� �−n

ð6Þ

CDf

CD
¼ Re

Re f

� �n

¼ vl−vp
v f

� �n

ð7Þ

where Re, Ref is the Reynolds number of the particles and μl is
the liquid phase viscosity.

Substituting Equation (7) into Equation (3) yields:

W ¼ qmp
δl
vp

g ¼ CD
3ρlv f

2qmp
4ρpdpvp

vl−vp
v f

� �n

δl ð8Þ

Then there are:

CD ¼ 4ρpdpg

3ρl

v f n−2

vl−vp
� �n ð9Þ

Substituting Equations (2), (4), (8), and (9) into Equation
(1), taking the limit of δl→0, the differential equation of mo-
tion of the particle group is obtained:

vl−vp
v f

� �2−n

−sinθ−
λp

d
vp2

2g
¼ 1

g
dvp
dt

ð10Þ

Since the particle velocity is vp = dl/dt, there is dt =
dl/vp, and substituting into Equation (10) yields:

vl−vp
v f

� �2−n

−sinθ−
λp

d
vp2

2g
¼ vp

g
dvp
dl

ð11Þ

Let v̇p ¼ vp=vl, Fr ¼ vl
gdð Þ1=2, and Fr f ¼ v f

gdð Þ1=2, then (11)

can be written as:

1−v̇p
� 	2−n

−
Fr f
Fr

� �2−n

sinθ−
λp

2
Fr f 2−nFrnvp2

¼ Fr f 2−nFrnvp
dvp

d l=dð Þ ð12Þ

where Fr, Frf is the Froude number.
The above equation is a zero-dimensional particle group

motion differential equation, namely the criterion equation.

By analyzing the equation of motion of the solid-liquid
two-phase abrasive flow particle group in the inclined pipe,
the influencing factors of the force between particles and wall
surface in abrasive particle flow are understood, which pro-
vides the basis for results analysis of large eddy simulation of
abrasive flow precision machining of the irregular curved
tube.

3 Analysis and discussion

3.1 Numerical analysis of precision machining of
solid-liquid two-phase abrasive flow

3.1.1 Establishment of a numerical analysis model
for abrasive flow machining

The elbow pipe structure with an irregular inner surface is
selected as the research object. The elbow pipe is made of
304 stainless steel, which is universal stainless steel with a
tensile strength of 515~1035MPa and has the characteristics
of excellent processability and high toughness. The diameter
of the semicircle at the channel groove is 1mm, the distance
between the two centers of the opposite semicircles is 4mm,
the radius of the transition arc between the adjacent two semi-
circles is 1.5mm, the diameter of the outer circle of the elbow
pipe is 8mm, and the four positions of the cross-section are
labeled as I, II, III, and IV, respectively. To facilitate the ob-
servation of the internal structure of the flow channel, the
internal structure is extracted. The internal structure of the
flow channel, cross-sectional size, and position division are
shown in Figure 3 and Figure 4.

The grid has a significant influence on the calculation re-
sults. If the grid is too dense, the calculation cost will increase.
If the grid is too sparse, the calculation result will be inaccu-
rate. Therefore, the grid independence test is required before
the numerical calculation [14–16].

Table 1 shows that the change of the numerical calculation
results is minimal, and the rate of change is within 5%, indi-
cating that the number of units of the minimum grid of the
flow channel has satisfied the calculation requirement.
Therefore, the mesh division of the flow channel adopts the

(a) Internal structure of curved channel (b) Internal structure of spiral flow channel

Fig. 3 The internal structure of
the flow channel. a Internal
structure of curved channel. b
Internal structure of spiral flow
channel
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minimum number of mesh units, which are 277,000 and
244,000, respectively, and the divided curved flow channel
grid and spiral flow channel grid are shown in Figure 5.

According to the working principle of precision machining
of abrasive flow and the proportion of actual abrasive, the solv-
er is selected as 3D double-precision unsteady pressure solver,
the multiphase flow model is a mixture model, the solid phase
of the abrasive flow is silicon carbide particles, the density is
3170kg/m3, the liquid phase is oil, the density is 1260kg/m3,
and the flow field is solved by combining the pressure-velocity
coupling SIMPEC algorithm. In the precision machining pro-
cess of the abrasive flow, the workpiece is processed by the
extrusion of the piston rod, so the boundary conditions are the
pressure inlet and the pressure outlet, and the pressure outlet is
the standard atmospheric pressure. The discrete method uses
the finite volume method for discrete, the momentum equation
uses the boundary center difference format, the volume fraction

adopts the first-order upwind style, and the transient equation
uses the second-order implicit format.

Fig. 4 Schematic diagram of
cross-sectional size and position
division

Table 1 Grid independence test results

Maximum Number of grid units (105)

Curved channel Spiral channel

27.7 34.6 61.4 24.4 40.1 61

Static pressure (105Pa) 1.10 1.14 1.12 5.12 5.34 5.31

Dynamic pressure (105Pa) 1.62 1.59 1.60 2.39 2.42 2.45

Velocity (m/s) 14.9 14.8 14.9 18.2 18.3 18.4

(a) Curved flow channel grid diagram

(b) Spiral flow channel grid diagram

Fig. 5 Schematic diagram of meshing. a Curved flow channel grid
diagram. b Spiral flow channel grid diagram
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3.1.2 Abrasive flow precision machining quality control
analysis based on a sub-grid-scale model

The four commonly used sub-grid-scale models are
Smagorinsky model [17], wall-adapting local eddy-viscosity
(WALE) model [18], algebraic wall-modeled LES (WMLES)
model [19], and dynamic kinetic energy sub-grid-scale (KET)
model [20]. The sub-grid-scale model is used to analyze the
precision machining characteristics of the abrasive flow, and
the optimal sub-grid-scale model of abrasive flow machining
is obtained.

(1) Analysis and selection of sub-grid-scale model

Due to the complicated flow field changes in the flow
channel, it is difficult to describe the flow distribution and
flow state of the abrasive flow, and the changing trend of the
internal flow field cannot be observed by a single section.
Therefore, multiple sections are needed for auxiliary observa-
tion to analyze the flow field in detail. According to the liter-
ature review, the surface quality of the workpiece is mainly
affected by the pressure difference, and the precision machin-
ing effect of the abrasive flow is better at 2 MPa, so the

pressure inlet is set to 2 Mpa, and the outlet is atmospheric
pressure. The streamlined distribution of different sub-grid-
scale models is shown in Figure 6.

It can be seen from the streamline distribution of different
sub-grid-scale models that only the WALE and KET sub-
grid-scale models appear vortex on the inner side of the right
angle of the workpiece, and the other two sub-grid-scale
models do not appear. It can be seen from Figure 6b that
the streamlines do not change at the behind of the vortex and
flow out directly along the flow channel, and the vortex is
generated near the wall surface without turbulent boundary
layer, the turbulent near-wall characteristics are not obvi-
ous, there is no fluid supplement in the vortex motion, and
the vortex generation is unclear. In contrast, Figure 6 d
shows different behavior. There is a change of direction
behind the vortex. This is because the fluid will disintegrate
to the inner side after colliding with the outside of the right
angle, and the fluid colliding with the inner side is divided
into two streams, one stream is the vortex, and there is a
turbulent boundary layer between the vortex and the wall
surface, the turbulent boundary layer fluid flows in the re-
verse direction, and the boundary layer fluid interacts with
the mainstream to form vortex. The other will change its

(a) Smagorinsky model (b) WALE model

(c) WMLES model (d) KET model

Fig. 6 Streamline diagram of four
sub-grid-scale models. a
Smagorinsky model. b WALE
model. c WMLES model. d KET
model

1698 Int J Adv Manuf Technol (2022) 119:1693–1706



route due to impact and thenmove on. KETmodel has better
simulation results than the WALE model.

According to the numerical analysis of different sub-grid-
scale models, the KET model has higher simulation precision
and has a higher capturing ability for flow field details and
weak pulsation scales, indicating that the KET model has bet-
ter simulation results for the fluid.

(2) Quality control analysis of sub-grid-scale model for pre-
cision machining of the spiral channel by abrasive flow

According to the analysis of the precision machining mech-
anism of the abrasive flow in the curved flow channel by using
four different sub-grid-scale models, the KET sub-grid-scale
model is selected to calculate the spiral flow channel. Since
the pressure plays a large role in the machining effect of the
abrasive flow, the pressure parameter is selected to numerically
simulate it. According to the relevant literature, the theoretical
analysis of the pressure required for surface burr removal shows
that the surface quality changes obviously between 1 and 4
MPa, and then the pressure parameters of 2Mpa, 3Mpa, and
4Mpa are selected according to the pressure of the processing
system. The structure of the spiral flow channel is complicated,
and the wall surface machining effect at the near center and the

telecentric point is inconsistent. Therefore, to facilitate the nu-
merical comparison, the wall surfaces of the near center (inside)
and far away from the center (outside) are selected for compar-
ative analysis. The schematic diagram of the positional division
of the inner wall surface of the spiral flow channel and the
nephogram of wall shear force changes under different inlet
pressures are shown in Figure 7 and Figure 8.

It can be seen from Figure 8 that the changing trend of the
wall shear force under three different inlet pressures is the
same. When the fluid just enters the flow channel, friction
occurs with the wall surface, and the kinetic energy is gradu-
ally reduced, so the wall shear force is also reduced in the flow
channel; when the flow channel structure changes from a
straight channel to a spiral channel, the fluid motion state
changes, the abrasive flow collides with the wall strongly,
and the wall shear force increases; when the fluid moves in
the spiral flow channel, the motion state is gradually stable,
the fluid energy is gradually reduced, and the shear force on
the wall is also gradually reduced. However, it can be found
that when the inlet pressure is 2MPa, the blue part of the wall
shear force in the direct flow channel area is larger, indicating
that most of the wall stress is smaller. When the inlet pressure
is 4MPa, the blue part decreases, and the overall wall shear
force value increases, indicating that the increase of pressure

Fig. 7 Schematic diagram of the
positional division of the inner
wall surface of the spiral flow
channel

(a) Inlet pressure is 2Mpa (b) Inlet pressure is 3Mpa (c) Inlet pressure is 4Mpa

Fig. 8 Nephogram of wall shear force changes under different inlet pressures. a Inlet pressure is 2Mpa. b Inlet pressure is 3Mpa. c Inlet pressure is 4Mpa
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reduces the uneven stress phenomenon and improves the ef-
fect of abrasive flow on the wall. According to the relevant
literature [21–24], the increase of the wall shear force is help-
ful to improve precision machining efficiency, remove hard
burrs, achieve better precision machining effect of abrasive
flow, and obtain better surface quality.

Figure 9 shows the wall shear force distribution curve at
different inlet pressures, and the variation law of the curve also
confirms the analysis of the fluid motion process in the shear
force nephogram, so it is not repeated. It can also be found that
in the low valley of the wall shear force curve, the curve with
the pressure of 4MPa is steeper than that with the pressure of
2MPa, and the range of the smaller value of the wall shear
force is small, which indicates that the greater the pressure is,
the greater the force of abrasive flow on the wall is; at the
position of the spiral surface, due to the continuous friction
between the abrasive flow and the wall surface, as the flow
path is lengthened, the pressure and kinetic energy are also
gradually reduced, resulting in a decrease in the wall shear
force and the reduction of the precision machining quality of
the abrasive flow. The increase of inlet pressure will cause the
increase of wall shear force and the increase of collision and
friction between abrasive flow and wall surface, which is help-
ful to improve precision machining efficiency, remove hard

burrs, achieve better precision machining effect of abrasive
flow, and obtain better surface quality.

In order to analyze the particle trace movement law of the
abrasive flow in the precision machining process, the cross-
section analysis of the spiral flow channel is carried out with
the calculation result of the inlet pressure of 3Mpa. The cross-
sectional division diagram and the flow trace distribution dia-
gram are shown in Figure 10 and Figure 11.

From Figure 11, it can be seen that as the structure of the
flow channel changes, the distribution position of the vor-
tex and the size of the vortex change. Vortex is randomly
distributed in the straight section where section 1-1 is lo-
cated, and large vortex and small vortex coexist. This is
because the abrasive flow in this section of the flow chan-
nel has less collision with the wall surface, and the small
vortex energy is hardly dissipated. From sections 1-1 to 2-
2, the straight flow channel is changed into a spiral flow
channel, and the motion track of the abrasive flow is
changed from random vortex flow to co-directional flow,
because the linear structure suddenly changes into a spiral
structure, and the abrasive grain flow follows the direction
of the flow channel, so the same direction flow of the abra-
sive grain flow from the outside to the inside occurs. As the
structure of the flow channel changes, the abrasive flow
collides with the wall surface, and the small vortex energy
depletes and the large vortex plays a leading role. From
section 2-2 to section 8-8, the vortex distribution exhibits
an upper-left-middle-right-upward distribution with a di-
rection of motion counterclockwise, and the flow direction
of the abrasive flow itself is also counterclockwise, which
is related to the spiral structure of the flow channel. The
abrasive flow enters the spiral flow channel and collides
with the wall surface to generate a vortex. Since the direc-
tion of the flow channel is counterclockwise, the abrasive
flow follows counterclockwise. Under the guidance of the
spiral direction, the abrasive flow itself also flows counter-
clockwise, and the spiral direction of the flow channel and
the spiral flow of the abrasive particle flow itself drive the
vortex to make the spiral motion, so the motion direction of
the vortex is also counterclockwise. The vortex is mainly

Fig. 9 Graph of wall shear force under different inlet pressures

Fig. 10 Schematic diagram of
sectional division
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distributed on the upper right side of the cross-section be-
cause of the centrifugal force. Because centrifugal force
exerts an outward stretching force on the vortices in the
process of vortices motion, the motion trajectories of the
vortices are inclined to the upper right side, and small vor-
tices hardly exist in the process of motion, which is the
result of constant interaction between the abrasive flow
and the wall surface, so the effect of the abrasive flow on
the outer side is better than that on the inner side.

3.2 Test analysis

3.2.1 Establishment of the test plan

The spiral channel workpiece is selected as the test workpiece,
and the material of the workpiece is 304 steel. The experiment
uses three factors and three levels of orthogonal test. The
polishing times of abrasive flow are selected as the third fac-
tor, and the respective levels of the three parameters are as
follows: inlet pressure, 2Mpa, 3Mpa, and 4 MPa; abrasive
concentration, 10%, 15%, and 20%; and polishing times,
150 times, 200 times, and 250 times. The specific parameters
of the orthogonal test are shown in Table 2.

The orthogonal test table designed according to the orthog-
onal experimental design principle is shown in Table 3.

3.2.2 Analysis and discussion of orthogonal test results

The test workpieces are numbered as 01#, 02#, 03#, 04#, 05#,
07#, 08#, and 09#, and the unprocessed workpiece is marked
as the original part. The wire cutting machine is applied to cut
the workpieces along the axial direction and then clean them
and select relevant instruments to complete the detection
work.

(1) Detection and analysis of surface roughness

Combined with the numerical analysis results of the wall
shear force of the spiral flow channel, the German Mahr LD
120 stylus measuring instrument is used to detect the surface
roughness of the minimum and maximum wall shear force
values at the position I of the cut part. The position of the
minimum shear force on the wall is represented by A, and
the position at the maximum shear force on the wall is repre-
sented by B.

Through Figure 12, it is found that the roughness values of
the original workpiece at the minimum wall shear force A and
the maximum wall shear force B are 3.820 and 3.763, respec-
tively, and the surface quality of the workpiece is poor. With
the gradual increase of inlet pressure and polishing times, the
remaining protrusions, dents, and burrs on the surface of the

1-1                2-2                 3-3                   4-4

5-5                 6-6                   7-7                8-8

Fig. 11 Fluid trace diagram

Table 2 Test parameter
distribution table Level Factor

Inlet pressure (Mpa) Polishing times (time) Abrasive concentration (%)

1 2 150 10

2 3 200 15

3 4 250 20

1701Int J Adv Manuf Technol (2022) 119:1693–1706



workpiece are effectively removed, and the surface becomes
more smoother. The roughness values of the workpiece 08# at
A and B have been reduced to 0.631 and 0.460, respectively,
and there is still a certain difference between the two positions.
This phenomenon is consistent with the above wall shear
force curve. However, as the inlet pressure increases, the dif-
ference between the two positions gradually decreases, and
the overall polishing effect of the workpiece surface is getting
better and better.

(2) Analysis of scanning electron microscope

Taking into account the influence of eddy current in the
flow path trace diagram on the machining effect and the con-
venience and accuracy of the workpieces detection results, the
wall near the center (inside) and far away from the center
(outside) of the workpiece section 5-5 is selected as the test
target, and the German ZEISS EVO MA25 scanning electron
microscope is used to detect the surface morphology at the
same position before and after machining. The 500 times en-
larged surface topography is shown in Figure 13.

It can be seen from Figure 13 that there are many protru-
sions, pits, and burrs on the surface of the original workpiece,

and some of the surfaces are accompanied by burns. After
machining, the burning phenomenon on the surface of the
workpiece has disappeared, and the surface quality of the
workpieces 01#, 02#, 03#, and 06# has been greatly im-
proved, but the surface scratch remains obvious; the number
and depth of scratches on the surface of the workpiece 04# are
significantly reduced; the workpiece 05# basically achieves a
smooth surface, but small pits remain on the surface; the
workpieces 07#, 08#, and 09# have reached the ideal surface
machining effect. By analyzing the inside and outside surface
topography, it can be found that the machining effect of abra-
sive flow on the outside is better than that on the inside, which
is consistent with the analysis results of the above wall shear
force nephogram and eddy current trace graph. By observing
the workpieces 03#, 05#, and 07#, it can be found that the
difference of machining effect on both sides gradually de-
creases with the increase of the inlet pressure. It can also be
found that the polishing times decrease while the inlet pressure
increases, and the surface obtained is still getting more and
more, indicating that the influence of the inlet pressure on the
quality of the machined surface is greater than the polishing
times. By observing the workpieces 02#, 05#, and 08#, it can
be found that with the increase of inlet pressure, better surface
quality can be obtained under the condition of constant

Table 3 Orthogonal test distribution table

factor      level

Numbering
Inlet pressure（Mpa）

Polishing �mes 

(�me）
Abrasive concentra�on（%）

01# 2 150 10

02# 2 200 15

03# 2 250 20

04# 3 150 15

05# 3 200 20

06# 3 250 10

07# 4 150 20

08# 4 200 10

09# 4 250 15
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polishing times. Among them, the protrusions on the work-
piece 08# surface are smoothed and the burrs also disap-
peared, becoming more smoother. Combined with Table 3,
it is found that the abrasive concentration decreases as the
pressure increases, but the surface quality obtained is still
improving, indicating that the influence of the inlet pressure
on the surface quality is greater than the abrasive concentra-
tion. Therefore, increasing the machining pressure is an effi-
cient method to improve the abrasive flow machining effect.
Comparing the 04#, 05#, and 06# group and 07#, 08#, and
09# group workpieces under the same processing pressure, it
can be found that the abrasive concentration has a greater
influence on the machining effect than the number of
polishing times. It can be obtained that the influence of the
above three factors on the processing effect is inlet pressure
>abrasive concentration >polishing times.

4 Conclusion

This paper takes the spiral flow channel workpiece as the
research goal, combined with large eddy numerical simulation
and experimental processing methods, explores the precision
machining effect of abrasive flow machining technology on

complex inner curved workpieces, and draws the following
conclusions:

(1) The numerical analysis results ofKET, Smagorinsky,WALE,
and WMLES models on abrasive flow machining curved
runners show that the KET model has a stronger ability to
capture flow field details and weak dynamic changes.

(2) The numerical analysis results of abrasive flow machining
spiral flow channel show that with the increase of inlet
pressure, the polishing quality of workpiece wall surface
also increases; the change of the workpiece structure has a
greater impact on the position and size of the eddy current
in the flow channel; the large vortex in the spiral channel
plays a leading role, and its direction of rotation is affected
by the spiral direction of the flow channel, which is also
counterclockwise. The machining effect on the outside is
better than that on the inside, which reveals the abrasive
flow trajectory in the spiral channel.

(3) Orthogonal experiment found that the influence of pro-
cessing factors on the polishing effect of abrasive flow is
that the inlet pressure >abrasive concentration >polishing
times. And the reasonable design of processing factors is
an efficient method to improve the polishing effect.

(a) original part

(b) 01#

(c) 06#

(d) 08#

Fig. 12 Workpiece surface
roughness inspection chart. a
Original part, b 01#, c 06#, and d
08#
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inside                    outside

(a) original part

(b) 01#

(c) 02#

(d) 03#

(e) 04#

Fig. 13 Workpiece surface
topography inspection chart. a
Original part, b 01#, c 02#, d 03#,
e 04#, f 05#, g 06#, h 07#, i 08#,
and j 09#
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(f) 05#

(g) 06#

(h) 07#

(i) 08#

(j) 09#

Fig. 13 continued.
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