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Gaseous and vaporous cavitation is extremely harmful to axial piston pumps, such as reducing flow rate, increasing flow pulsation,
increasing vibration, increasing noise, and shortening life. To suppress the cavitation and improve the performance of axial piston
pumps, a mathematical model for suppressing cavitation in the plunger chamber with a constant theoretical flow rate is
innovatively established by combining the flow equation of the plunger pump and the pressure drop equation of the plunger
chamber. Based on the model, two methods to suppress cavitation in the plunger chamber under the condition of a constant
theoretical flow rate are proposed. The first method is to increase the distribution circle radius and correspondingly reduce the
rotation speed, and the second method is to increase the plunger chamber radius and correspondingly reduce the rotation
speed. To verify the effectiveness of these two methods, the CFD model of the axial piston pump is established, and the
correctness of the model is verified by experiments. The results show that the two methods can effectively suppress cavitation
in the plunger chamber, improve the actual flow rate, and reduce the flow pulsation under the condition of a constant
theoretical flow rate. The research results can provide an important reference for the design and optimization of the plunger
pump.

1. Introduction

Axial piston pumps are one of the positive displacement
hydraulic pumps, which can convert mechanical power into
hydraulic power. They are widely used in aerospace,
machinery, ships, and other fields because of their compact
structure, high functional density, high reliability, easy auto-
mation, and long life [1, 2].

Cavitation is a dynamic process where vapor bubbles
form in the liquid when the localized pressure drops below
the vapor pressure and then collapse when the localized
pressure rises above the vapor pressure [3, 4]. In recent
years, cavitation has been observed in plunger pumps, and
the plunger chamber and the relief groove are the main areas
where cavitation occurs [5–10]. When the bubbles generated
by vaporous cavitation collapse, severe pressure fluctuation,
pressure impact, and high-speed jet flow will be generated
[11–13], accompanied by vibration and noise [14–18], which
will lead to the formation of pits on the metal surface [19,
20]. The hydraulic oil is contaminated by the chipped metal

particles, which further causes particle wear, resulting in a
decrease in the sealing and load-bearing capacity of the fric-
tion pair. The air bubbles generated by the gaseous cavita-
tion destroy the continuity of the oil discharge of the
plunger pump, which leads to the reduction of the effective
delivery flow rate and the decrease of the volumetric effi-
ciency of plunger pumps [21–23].

Suppressing cavitation in the plunger chamber has
always been one of the goals of scholars at home and abroad.
Research shows that pressure drop is the main cause of cav-
itation in the plunger chamber [12, 24]. Two factors cause
pressure drop are as follows: the first is the pressure loss
along the way during the oil suction process of the plunger
chamber [25, 26]. The second is the pressure drop near the
center of rotation caused by centrifugal force when the
plunger chamber rotates around the shaft [27, 28].

The plunger chamber is the most important hydraulic oil
transmission area of the plunger pump. Therefore, the cavi-
tation in the plunger chamber should be suppressed. At
present, the main methods for suppressing cavitation in

Hindawi
International Journal of Aerospace Engineering
Volume 2022, Article ID 9913739, 13 pages
https://doi.org/10.1155/2022/9913739

https://orcid.org/0000-0001-9385-9137
https://orcid.org/0000-0003-3234-3377
https://orcid.org/0000-0003-0567-3952
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9913739


the plunger chamber are as follows: the first method is to
increase oil suction pressure. In this method, the initial pres-
sure energy of hydraulic oil is increased by adding a turbine-
increasing device at the oil suction port, which prevents the
oil pressure from being affected by the energy loss along the
way during the oil suction process, and finally achieves the
purpose of suppressing cavitation [28, 29]. The second
method is to decrease the oil discharge pressure [30]. This
method can suppress cavitation by reducing the jet flow
and backflow during the high-pressure and low-pressure
conversion of the plunger chamber. The third method is to
optimize the suction pipeline. This method can effectively
reduce the suction pressure drop and achieve the purpose
of suppressing cavitation by keeping the oil suction direction
of the oil suction pipeline consistent with the tangential
velocity direction of the plunger chamber [31–33]. The
fourth method is to reduce the rotation speed. The method
can suppress cavitation in the plunger chamber by reducing
pressure difference and increasing the pressure near the
inside wall of the plunger chamber [12, 34]. The fifth
method is to reduce the swash plate inclination angle. The
method can reduce the oil suction force by reducing the rel-
ative axial speed, thereby reducing the energy loss along the
way and suppressing cavitation in the plunger chamber [35].

Although some achievements have been made in sup-
pressing cavitation in the plunger chamber, there are still
some shortcomings. For example, the theoretical flow rate
will decrease when decreasing the rotation speed or decreas-
ing the swash plate inclination angle.

Faced with the problem that reducing the rotation
speed or decreasing the swash plate inclination angle will
reduce the theoretical flow rate, in this paper, the pressure
drop equation of the plunger chamber is deduced, and by
combining the theoretical flow equation of the plunger
pump and the pressure drop equation of the plunger cham-
ber, the pressure drop model of the plunger chamber with
an invariable theoretical flow rate is innovatively estab-
lished. Based on this model, the measures to suppress cav-
itation in the plunger chamber with a constant theoretical
flow rate are proposed and verified. The results can provide
an important reference for suppressing cavitation in the
plunger chamber.

2. Model Derivation of Pressure Drop in
Plunger Chamber under Constant
Theoretical Flow Rate

During the operation of the plunger pump, the viscosity and
compressibility can be ignored because the hydraulic oil flow
rate is extremely fast and the oil will not be subject to the
high pressure during the normal oil suction process. Con-
sider a fluid particle P that flows from the suction port to
the plunger chamber. For inviscid flow, Euler’s equations
can be expressed in vector notation as

ρ
Dv!

Dt = ρg!−∇p, ð1Þ

where ρis the fluid density, v* is the velocity of the fluid par-
ticle, g* is the body force, and p is the pressure at an arbitrary
location in the cylinder chamber.

Because the plunger chamber pressure drop model needs
to be studied from an analytical equation point of view, the
hydraulic oil flow is assumed to be steady state.

Dv
Dt = ∂v!

∂t
+ v!∙∇
� �

v! = v!∙∇
� �

v! = ∇
1
2 v

2
� �

+ ∇ × v!
� �

× v!:

ð2Þ

By combining Equations (1) and (2), Equation (1) can be
rewritten as

∇
1
2 v

2
� �

+ ∇ × v!
� �

× v! = g! −
1
ρ
∇p: ð3Þ

Because the axial piston pump is a rotating fluid
machine, the Cartesian coordinate system should be con-
verted into a cylindrical coordinate system. The origin and
z-axis of the cylindrical coordinate system coincide with
the origin and z-axis of the Cartesian coordinate system,
respectively. Figure 1 shows the schematic diagram of the
oil location in the plunger chamber. The blue coordinate is
the local coordinate system, the distance between the fluid
particle P in the plunger chamber and the origin of the cylin-
drical coordinate system is Rs, and the distance between the
fluid particle P and the origin of the local coordinate system
is rp. According to the geometric structure of the plunger
pump and the rotating cylindrical coordinate system, Rs
can be expressed as

Rs =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
R2 + r2p + 2rpR cos θp

À Áq
, ð4Þ

where θp is s measured from the Ys-axis and the clockwise
rotation is supposed to be positive.

Compared with the centrifugal force on the fluid particle,
the gravity is very small and can be ignored. In the rotating
cylindrical coordinate system, Equation (3) can be written as

∇
1
2 v

2
R

� �
+ ∇ × vRð Þ × vR = −w × w × Rsð Þ − _w × Rs − 2w × vR −

1
ρ
∇p:

ð5Þ

Considering that the cylinder is constantly rotating and
w is parallel to vR, Equation (5) can be expressed as

∇
1
2 v

2
R

� �
+ ∇ × vRð Þ × vR = −w × w × Rsð Þ − 1

ρ
∇p: ð6Þ

Through transformation, Equation (6) can be written as

∇
1
2 v

2
R

� �
+ ∇ × vRð Þ × vR = ∇

w2R2
s

2

� �
−
1
ρ
∇p: ð7Þ

Taking the dot product of each term with ds along the
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streamline, Equation (7) can be written as

∇
1
2 v

2
R

� �
∙ds+ ∇ × vRð Þ × vR∙ds = ∇

w2R2
s

2

� �
∙ds −

1
ρ
∇p∙ds:

ð8Þ

Considering ∇ð1/2v2RÞ ⋅ ds = 0 and ð∇ × vRÞ × vR ⋅ ds = 0,
Equation (8) can be expressed as

d
1
2 v

2
R

� �
= d

w2R2
s

2

� �
−
1
ρ
∇p: ð9Þ

Equation (9) can be integrated along the streamline
direction to obtain the streamline equation

1
2 ρv

2
R =

ρw2R2
s

2 − p + c, ð10Þ

where c is the integral constant. Considering two situations
of hydraulic oil, the first is when the fluid particle flows from
the valve plate into the cylinder block, and the second is
when the fluid particle reciprocates in the plunger chamber,
and the following two expressions can be obtained according
to Equation (10).

1
2 ρv

2
in =

ρw2R2

2 − pin + c1, ð11Þ

1
2 ρv

2
p =

ρw2R2
s

2 − pp + c2, ð12Þ

where vin and pin are the velocity and pressure of the fluid
particle at the oil suction port of the valve plate, respectively,
vp and pp are the flow rate and pressure of the fluid particle

in the plunger chamber, respectively, rp is the distance
between the fluid particle in the plunger chamber and the
center of the plunger chamber window.

During the oil suction stage of the plunger chamber, the
velocity of the fluid particle relative to the rotating cylinder
block can be expressed as

vp ≈ vi = wRtanβ sin wtð Þ, ð13Þ

where vi is the axial velocity of the plunger. The inlet pres-
sure pl can be obtained if the flow resistance from the pump
inlet to the valve-plate suction port is neglected.

pl = pin +
1
2 ρv

2
in, ð14Þ

where pl is the inlet pressure of the plunger pump.
The cylinder pressure at an arbitrary location can be

obtained by combining Equations (11)–(14).

pp = pin +
1
2 ρv

2
in +

1
2 ρw

2 R2
s − R2À Á

−
1
2 ρc1 wRtanβ sin wtð Þ½ �2,

ð15Þ

where c1 is the damping coefficient of the cylinder block
window. The damping flow equation is expressed as

qd = AcwCv

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 pplate − pp
� �

ρ

vuut , ð16Þ

qd = vpπr
2, ð17Þ

where Pplate is the pressure of fluid particle in the valve plate,
qd is the flow rate under the damping action, Acw is the cyl-
inder block window area. Equation (18) can be obtained by
combining Equations (16) and (17).

pplate − pp = v2p
ρ πr2
À Á2
2A2

cwC
2
v

: ð18Þ

The formula of the pressure drop-damping coefficient c1
of the cylinder block window can be expressed as

c1 =
πr2
À Á2
A2
cwC

2
v

: ð19Þ

Then, Equation (15) can be written as

pp = pin +
1
2 ρv

2
in +

1
2 ρw

2 R2
s − R2À Á

−
1
2 ρw

2 πr2
À Á2
A2
cwC

2
v

R tan β sin wtð Þ½ �2:

ð20Þ

The relationship between the pressure at an arbitrary
location in the plunger chamber and the pressure at the

Figure 1: Schematic diagram of oil location in plunger chamber.
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suction port of the plunger pump can be expressed as

pp = pl −
1
2 ρw

2 c1R
2 tan2β sin2 wtð Þ − r2p + 2rpR cos θp

� �h i
:

ð21Þ

According to Equation (21), the pressure p1 of the oil
suction port and the overall pressure drop coefficient c12 are
the factors that affect the pressure in the plunger chamber.
The overall pressure drop coefficient includes c3 and c4, c3
is the pressure drop coefficient caused by the loss along the
way during the oil suction process of the plunger chamber,
and c4 is the centrifugal pressure drop coefficient caused by
the centrifugal force.

c12 = c1R
2 tan2β sin2 wtð Þ − r2p + 2rpR cos θp

� �
, ð22Þ

c3 = c1R
2 tan2β sin2 wtð Þ, ð23Þ

c4 = − r2p + 2rpR cos θp
� �

: ð24Þ

In the equations, sin ðwtÞ = 0 means that the plunger
chamber is at the dead center position of the distribution cir-
cle, sin ðwtÞ = 1 means that the plunger chamber is in the
middle of the two dead centers of the distribution circle,
cos ðθpÞ = −1means that the fluid particle is at the near rota-
tion center of the plunger chamber, cos ðθpÞ = 1 means that
the fluid particle is at the far rotation center of the plunger
chamber. The pressure drop usually occurs at the near rota-
tion center of the plunger chamber, while the pressure
increase occurs at the far rotation center, so only the case
of the near rotation center (rp = r and cos ðθpÞ = −1) is con-
sidered. The pressure drop coefficient c3 of the loss along the
way is the largest when the plunger chamber is located in the
middle of the upper and lower dead centers, so only the case
of sin ðwtÞ = 1 needs to be considered. To sum up, the cen-
trifugal pressure drop coefficient c4 can be expressed as

c4 = 2rR − r2: ð25Þ

The overall pressure drop coefficient c12 can be rewritten
as

c2 = c1R
2 tan2β + 2rR − r2: ð26Þ

Taking the fluid particle at the near rotation center of the
90° plunger chamber as the research object, the pressure
drop formula can be expressed as

pp = pl −
1
2 ρw

2 c1R
2 tan2β + 2rR − r2

À Á
: ð27Þ

In order to suppress cavitation in the plunger chamber, it
is necessary to increase the pressure in the plunger chamber

by reducing the pressure drop coefficient C.

C = 1
2 ρw

2 c1R
2 tan2β + 2rR − r2

À Á
: ð28Þ

According to Equation (28), the pressure drop can be
suppressed by four methods, which are reducing the swash
plate inclination angle β, reducing the cylinder rotation
speed w, reducing the distribution circle radius R, and
reducing the plunger chamber radius r.

Although the cavitation in the plunger chamber can be
effectively suppressed by reducing the rotation speed, reduc-
ing the swash plate inclination angle, reducing the distribu-
tion circle radius, and reducing the plunger chamber
radius, the theoretical flow rate, the most key parameter of
a plunger pump, will decrease by these methods to suppress
cavitation. To solve this problem, it is necessary to suppress
cavitation in the plunger chamber based on the constant the-
oretical flow rate. Because the flow rate of the axial piston
pump is determined by the flow rate of a single plunger
chamber, the theoretical flow rate formula of a single
plunger chamber is introduced here.

Qi = πr2wRtanβ sin wtð Þ: ð29Þ

Because the theoretical flow rate of the axial piston pump
is not affected by sin ðwtÞ, sin ðwtÞ = 1 is considered.
Through simplification, the theoretical flow formula of a sin-
gle plunger chamber can be expressed as

Qi = πr2wRtanβ: ð30Þ

According to Equation (30), the four variable parameters
are the plunger chamber radius r, the cylinder rotation speed
w, the distribution circle radius R, and the swash plate incli-
nation angle β. In order to keep the theoretical flow con-
stant, the following two cases can be considered, namely,
R × w = const1 and r2 × w = const2.

Figure 2: The relationship between the distribution circle radius R,
the rotation speed w, and the variable pressure drop term c6.
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By transforming Equation (30), it can be rewritten as

R = Qi

πr2w tan β
: ð31Þ

Substituting Equation (31) into Equation (26), Equation
(26) can be rewritten as

c2 =
ρ πr2
À Á2
2A2

cwC
2
v

Qi

πr2w tan β

� �2
tan2β + 2r Qi

πr2w tan β
− r2

� �
:

ð32Þ

By simplification, Equation (32) can be rewritten as

c2 =
ρ

2A2
cwC

2
v

Qi

w

� �2
+ 2 Qi

πrwtanβ − r2: ð33Þ

By combining Equations (27) and (33), the pressure
drop equation of the 90° plunger chamber at the near rota-
tion center can be expressed as

pp = pl −
ρQ2

i

2A2
cwC

2
v

−
ρwQi

πr tan β
+ 1
2 ρw

2r2: ð34Þ

According to Equation (34), the fixed pressure drop term
c5 and the variable pressure drop term c6 are the two-
plunger chamber pressure drop terms related to the plunger
chamber radius and the distribution circle radius. The
expressions for c5 and c6 are Equations (35) and (36),
respectively

c5 = −
ρQ2

i

2A2
cwC

2
v

, ð35Þ

c6 =
1
2 ρw

2r2 −
ρwQi

πr tan β
: ð36Þ

Because the influence of the distribution circle radius R
on the variable pressure drop term c6 needs to be studied,
by combining Equations (30) and (36), Equation (36) can
be rewritten as

c6 =
1
2

ρwQi

πR tan β
− ρw

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
wRQi

π tan β

s
: ð37Þ

Figure 2 shows the relationship curves between the dis-
tribution circle radius R, the rotation speed w, and the vari-
able pressure drop term c6. Figure 3 shows the projected
contour plot of the variable pressure drop term c6 on the R
‐w plane, and the black solid line is the relationship curve
between the distribution circle radius R and the rotation
speed w under the condition of constant oil discharge flow
rate in this paper. Under the premise of R × w = const1,
the variable pressure drop term c

6 decreases as the distribu-
tion circle radius R increases. Therefore, under the condition
of the constant theoretical flow rate, the cavitation in the
plunger chamber can be suppressed by increasing the

1

Figure 3: The projected contour plot of the variable pressure drop
term c6 on the R‐w plane.
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(a) Fluid domain model (b) Mesh model

Figure 6: Fluid domain model and mesh model of axial piston pump model.

Table 1: Geometric parameters of fluid domain model.

Parameters Value Parameters Value

Number of plungers 9 The height of the top region (m) 0.0450

Plunger chamber radius (m) 0.01 Radius of the top region (m) 0.0075

The thickness of window region (m) 0.0094 The outer diameter of valve plate fluid field (m) 0.0445

The radius of the overflow region (m) 0.012 The inner diameter of the valve plate fluid domain (m) 0.0365

The radius of expansion and compression region (m) 0.01 Type of relief groove Triangle

0°

90°

180°

270°

I

Inlet
OutletTop dead point

Bottom dead point

The central axis

Figure 7: The fluid domain and mesh motion diagram of the plunger chamber.

Table 2: Input parameters of CFD simulation model.

Parameters Value Parameters Value

Inlet pressure (Pa) 101325 Residual convergence 1 × 10−3

Outlet pressure (Mpa) 20 Fluid density (kg/m3) 837

Viscosity (Pa·s) 1:003 × 10−3 Bulk modulus of elasticity (MPa) 1:5 × 103

Gas mass fraction 9 × 10−5 Tangent of swashplate inclination 0.23617395

Rotation speed (r/min) 1800 Revolutions 15

Saturated vapor pressure (MPa) 4 × 10−4 Iterations per step 150
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distribution circle radius and correspondingly reducing the
rotation speed.

Considering r2 × w = const2, Equation (36) can be writ-
ten as

c6 =
1
2 ρw × const2 − ρwQi

πr tan β
: ð38Þ

Figure 4 shows the relationship curves between the
plunger chamber radius r, the rotation speed w, and the var-
iable pressure drop term c6. Figure 5 shows the projected
contour plot of the variable pressure drop term c6 on the r
×w plane, and the black solid line is the relationship curve
between the plunger chamber radius r and the rotation
speed w under the condition of a constant oil discharge flow
rate. Under the premise of r2 × w = const2, the variable pres-
sure drop term c6 decreases as the plunger chamber radius r
increases. Therefore, under the condition of a constant the-
oretical flow rate, the cavitation in the plunger chamber

can be suppressed by increasing the plunger chamber radius
and correspondingly reducing the rotation speed.

Flow pulsation is one of the key indicators to evaluate
the performance of the axial plunger pump. Assuming δ is
the flow pulsation, then δ can be expressed as

δ = Qmax −Qmin
1/2 Qmax +Qminð Þ , ð39Þ
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where Qmax is the maximum instantaneous flow rate and
Qmin is the minimum instantaneous flow rate.

3. Cavitation Suppression Simulation and
Result Analysis in Plunger Chamber

3.1. CFD Model. Figure 6 shows the fluid domain model and
mesh model of the plunger pump. Because there is relative
motion among the components of the axial piston pump
during operation, the fluid domain of the piston pump is
divided into 5 parts: inlet, outlet, inlet of valve plate, outlet
of valve plate, and plunger chamber. To accurately locate
the position of the plunger chamber, the plunger chamber
is divided into four areas according to the order in which
the hydraulic oil is sucked, which are the chamber window
area, the chamber overflow area, the chamber expansion
and compression area and the chamber top area. Table 1
shows the parameters of the fluid domain of the plunger

pump. The type of the relief groove is a triangular relief
groove, and the type of the pump is a 9-piston variable dis-
placement axial piston pump.

Figure 7 shows the fluid domain and mesh motion dia-
gram of the plunger chamber. The fluid domain of the axial
piston pump is divided by the Cartesian grid, which has the
advantages of high accuracy, fast speed, less grid quantity
demand, and high flow field resolution. The meshed parts
are connected by a Mismatched Grid Interface (MGI), which
is treated as the common face connecting cells on both sides
of the interface. During the simulation process, the interface
is the same as an internal interface between two neighboring
cells in the same grid domain.

In Figure 7, the bottom dead point is set to 0°, and the
top dead point is set to 180°. In actual working conditions,
the oil is sucked in when the plunger chamber rotates from
0° to 180°, the oil is discharged when the plunger chamber
rotates from 180° to 360°. During the oil suction stage, the
length of the plunger chamber increases regularly because
the expansion and compression region of the plunger cham-
ber is stretched. During the oil discharge stage, the length of
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Figure 12: The relative error between simulation results and
experiment results.
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Table 3: Combination list of distribution circle radius and rotation
speed.

Serial
number

Distribution circle
radius R (m)

Rotation speed w
(r/min)

Const1
(mr/min)

1 0.036735 1984.500 72.9

2 0.038548 1891.125 72.9

3 0.040500 1800.00 72.9

4 0.042604 1711.125 72.9

5 0.044875 1624.500 72.9

6 0.047333 1540.125 72.9

–1

1

3

5

7

Rotation position (°)

–90 0 90 180 270

G
as

 p
ha

se
 v

ol
um

e f
ra

ct
io

n 
(%

)

Oil discharge area Oil discharge areaOil suction area

R = 0.038548, w = 1891.125

R = 0.044875, w = 1624.500

R = 0.036735, w = 1984.500

R = 0.042604, w = 1711.250
R = 0.040500, w = 1800.000

R = 0.047334, w = 1540.125

Figure 13: The gas phase volume fraction curves in the plunger
chamber with different distribution circle radii and rotation speeds.
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the plunger chamber decreases regularly because the expan-
sion and compression region is compressed.

The boundary conditions and fluid properties for the
CFD model are shown as in Figure 6 and Table 2. During
the operation of the plunger pump, the pressure, flow rate,
and cavitation of the fluid will change with time. Therefore,
the simulation type is unsteady, and the plunger chamber
rotates by 1° in each iteration step. Before the simulation is
started, the internal flow field of the plunger pump is in a
static state, and after the simulation is started, the flow field

is in a turbulent state. After the plunger chamber rotates 13
times, the simulation results gradually become stable. There-
fore, the total iteration step in this paper is 5400 steps, that
is, the plunger chamber rotates 15 times in total. All the sim-
ulation results in this paper are the results after the flow field
becomes stable. In the simulation model, the full cavitation
model is selected as the cavitation model, and the standard
k-ɛ turbulence model is selected as the turbulence model.

To verify that the simulation results are independent of
the grid size, a working condition is selected for simulation,
in which the pressure at the oil suction port is one atmo-
sphere, the pressure at the oil discharge port is 20Mpa,
and the rotation speed is 1800 r/min.

In the study of suppressing cavitation in the plunger
chamber, the characteristic parameters include the peak
value of the gas phase volume fraction of the plunger cham-
ber, the valley value of the flow rate, and the peak value of
the flow rate. Figure 8 shows the variation curves of three
characteristic parameters with the number of grids. When
the number of grids is more than 500000, three characteris-
tic parameters become stable. Therefore, to ensure the accu-
racy of the simulation results, the number of grids is 800000.

To verify the correctness of the simulation model, the
flow rate of the plunger pump under the conditions of differ-
ent pressures and rotation speeds is tested, and the tested
axial plunger pump is shown in Figure 9.

Figure 10 shows the comparison of the theoretical flow
rate, simulation flow rate and experimental flow rate of the
plunger pump when Pin is equal to 0.5Mpa. Figure 11 shows
the relative error between theoretical results and simulation
results; Figure 12 shows the relative error between simula-
tion results and experiment results. From the point of view
of pressure and rotation speed, the simulation flow rate is
basically consistent with the experimental flow rate, the rel-
ative error between theoretical results and simulation results
does not exceed 5% and the relative error between the simu-
lation results and the experimental results does not exceed
3.5%, which verifies the correctness of the simulation model
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Figure 14: The vapor volume fraction curves in the plunger
chamber with different distribution circle radii and rotation speeds.
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Figure 15: The flow rate curves of the outlet port with different
distribution circle radii and rotation speeds.
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Figure 16: The average oil discharge flow rate curve and flow
pulsation curve with different distribution circle radii and rotation
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of the plunger pump. The difference between the theoretical
flow rate and the simulation flow rate increases with the
increase of pressure, which is caused by the aggravation of
backflow. The difference between the theoretical flow rate
and the experimental flow rate increases with the increase
of pressure, which is caused by the aggravation of backflow
and leakage. The difference between the theoretical flow rate,
the simulation flow rate, and the experimental flow rate
increases with the increase of the rotation speed, which is
caused by the increased cavitation caused by the increase
of the rotation speed.

3.2. Cavitation Suppression Based on Distribution Circle
Radius and Rotation Speed. In order to study the cavitation
suppression in the plunger chamber based on distribution
circle radius and rotation speed, 6 groups of data of distribu-
tion circle radius and rotation speed are selected, and the
data are shown in Table 3.

Figure 13 shows the curves of the gas phase volume frac-
tion in the plunger chamber with different distribution circle
radii and rotation speeds. Under the condition of a constant

theoretical flow rate, the gas phase volume fraction in the
plunger chamber decreases with the increase of the distribu-
tion circle radius. When the distribution circle radius
increases from 0.036735m to 0.047334m, the peak value of
the gas phase volume fraction in the plunger chamber
decreases from 5.638% to 4.138%, and the average gas phase
volume fraction decreases from 1.080% to 0.963%. Figure 14
shows the curves of the vapor volume fraction in the plunger
chamber with different distribution circle radii and rotation
speeds. Under the condition of a constant theoretical flow

Table 4: Combination list of plunger chamber radius and rotation
speed.

Serial
number

Plunger chamber
radius r (m)

Rotation speed w
(r/min)

const2
(m2r/min)

1 0.01050 1632.653 0.18

2 0.01025 1713.265 0.18

3 0.01000 1800.000 0.18

4 0.00975 1893.491 0.18

5 0.00950 1994.459 0.18

6 0.00925 2103.725 0.18
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Figure 17: The curves of the gas phase volume fraction in the
plunger chamber with different plunger chamber radii and
rotation speeds.
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Figure 18: The curves of the vapor volume fraction in the plunger
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rate, with the increase of the distribution circle radius and
the corresponding decrease of the rotation speed, the vapor
volume fraction in the plunger chamber decreases. When
the distribution circle radius increases from 0.036735m to
0.047334m and the rotation speed decreases from 1984.5 r/
min to 1540.125 r/min, the vapor volume fraction in the
plunger chamber decreases from 0.139% to zero. To sum
up, under the condition of a constant theoretical flow rate,
the gaseous cavitation and vaporous cavitation in the
plunger chamber can be effectively suppressed by increasing
the distribution circle radius and correspondingly reducing
the rotation speed.

Figure 15 shows the flow rate curves of the outlet port
with different distribution circle radii and rotation speeds.
With the increase of the distribution circle radius and the
corresponding decrease of the rotation speed, the peak
values of the outlet port flow rate decrease and the valley
values increase, which plays the role of “cutting the peak
and filling the valley.” Under the condition of a constant the-
oretical flow rate, when the distribution circle radius
increases from 0.036735m to 0.047334m, the peak value of
the flow rate decreases from 1.642 kg/s to 1.432 kg/s, and
the valley value increases from 0.474 kg/s to 0.972 kg/s.
Figure 16 shows the average oil discharge flow rate curve
and flow pulsation rate curve with different distribution cir-
cle radii and rotation speeds. By increasing the distribution
circle radius, the cavitation in the plunger chamber can be
suppressed, and the backflow and jet flow rate can be
reduced, thereby increasing the actual flow rate and reducing
the flow pulsation. When the distribution circle radius
increases from 0.036735m to 0.047333m, the actual flow
rate increases from 1.164 kg/s to 1.201 kg/s, and the flow pul-
sation rate decreased from 4.564% to 1.153%. To sum up,
the actual flow rate can be effectively increased and the flow
pulsation can be reduced by increasing the distribution circle
radius and correspondingly reducing the rotation speed.

3.3. Cavitation Suppression Based on Plunger Chamber
Radius and Rotation Speed. In order to study the cavitation

suppression of the plunger chamber based on plunger cham-
ber radius and rotation speed, 6 groups of data of plunger
chamber radius and rotation speed are selected, and the data
are shown in Table 4.

Figure 17 shows the curves of the gas phase volume frac-
tion in the plunger chamber with different plunger chamber
radii and rotation speeds. Under the condition of a constant
theoretical flow rate, the gas phase volume fraction in the
plunger chamber decreases with the increase of the plunger
chamber radius. When the plunger chamber radius increases
from 0.00925m to 0.0105m, the peak value of the gas phase
volume fraction decreases from 6.348% to 4.010%, and the
average gas phase volume fraction decreases from 1.186%
to 0.942%. Figure 18 shows the curves of the vapor volume
fraction in the plunger chamber with different plunger
chamber radii and rotation speeds. Under the condition of
a constant theoretical flow rate, with the increase of the
plunger chamber radius and the corresponding decrease of
the rotation speed, the vapor volume fraction in the plunger
chamber decreases. When the plunger chamber radius
increases from 9.25mm to 10.5mm, the vapor volume frac-
tion decreases from 3.74% to zero. To sum up, under the
condition of a constant theoretical flow rate, the gaseous
cavitation and vaporous cavitation in the plunger chamber
can be effectively suppressed by increasing the plunger
chamber radius and correspondingly reducing the rotation
speed.

Figure 19 shows the flow rate curves of the outlet port
with different plunger chamber radii and rotation speeds.
With the increase of the plunger chamber radius and the
corresponding decrease of the rotation speed, the peak
values of the outlet port flow rate decrease and the valley
values increase, which plays the role of “cutting the peak
and filling the valley.” When the plunger chamber radius
increases from 0.00925m to 0.0105m, the peak value of
the oil discharge flow rate decreases from 1.66 kg/s to
1.49 kg/s, and the valley value increases from 0.49 kg/s to
0.83 kg/s. Figure 20 shows the average oil discharge flow rate
carve and flow pulsation curve with different plunger
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Figure 20: The average oil discharge flow rate carve and flow pulsation rate curve with different plunger chamber radii and rotation speeds.
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chamber radii and rotation speeds. By increasing the plunger
chamber radius and correspondingly reducing the rotation
speed, the filling rate of the plunger chamber is increased
and the backflow is reduced because the cavitation in the
plunger chamber is suppressed, thereby increasing the actual
flow rate and reducing the flow pulsation rate. When the
plunger chamber radius increases from 0.00925m to
0.0105m, the actual flow rate increases from 1.157 kg/s to
1.194 kg/s, and the flow pulsation rate decreases from 4.7%
to 1.7%. To sum up, under the condition of a constant theo-
retical flow rate, by increasing the plunger chamber radius
and correspondingly reducing the rotation speed, the cavita-
tion in the plunger chamber can be effectively suppressed,
the oil discharge flow rate is increased, and the flow pulsa-
tion rate is reduced, which can improve the stability and
prolong the life of pumps.

4. Conclusions

In this paper, the axial piston pump is taken as the research
object, and the research on suppressing cavitation, reducing
flow pulsation, and increasing the actual flow rate is carried
out by theoretical analysis, numerical calculation, and exper-
imental test. By deriving the pressure drop equation of the
plunger chamber considering the window pressure loss, it
is found that the cavitation of the plunger chamber can be
suppressed by reducing the swash plate inclination angle,
reducing the cylinder rotation speed, reducing the distribu-
tion circle radius, and reducing the plunger chamber radius.
However, the theoretical flow rate will be reduced when
these methods are used to suppress cavitation in the plunger
chamber, which has no practical engineering significance. In
order to suppress the gaseous cavitation and vaporous cavi-
tation in the plunger chamber under the condition of a con-
stant theoretical flow rate, a model for suppressing cavitation
in the plunger chamber with a constant theoretical flow rate
is innovatively established by combining the flow equation
of the plunger pump and the pressure drop equation of the
plunger chamber. Based on this model, two methods for
suppressing cavitation in the plunger chamber with an
invariable theoretical flow rate are proposed. The first
method is to increase the distribution circle radius and cor-
respondingly reduce the rotation speed. The second method
is to increase the plunger chamber radius and correspond-
ingly reduce the rotation speed. Through the numerical cal-
culation of the CFD model of the plunger pump and the flow
rate test of the plunger pump at different pressures and
speeds, the effectiveness of the two methods in suppressing
cavitation of the plunger chamber, increasing the actual flow
rate, and reducing the flow pulsation is further verified. The
two methods of suppressing cavitation in the plunger cham-
ber have important reference significance for the design and
manufacture of axial plunger pumps.
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