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Abstract

Impellers can effectively suppress cavitation in high-speed aviation piston pumps.
However, the effects of different impeller structural parameters on cavitation are still
unclear. In this paper, a CFD model of a high-speed aviation piston pump with an
integrated impeller is established, and the effects of various structural parameters on
cavitation are analyzed in detail based on the orthogonal test method. Simulation results
show that the blade outlet width has the greatest effect on cavitation, followed by the
blade outlet angle, while the impeller inlet diameter has the least effect. Within a certain
range, increasing the impeller inlet diameter and blade outlet angle can effectively
suppress cavitation, but the cavitation suppression effect will decrease after exceeding
critical thresholds. Increasing the blade outlet width can suppress pump cavitation. The
effects of different impeller structural parameters on cavitation under different outlet
pressures and speeds are further analyzed. Simulation results show that the speed has a
greater impact on cavitation than the outlet pressure. The results of this paper can be
used to guide the design and optimization of impellers for high-speed aviation piston

pumps.
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1 Introduction

With many advantages such as high-power density, high
output pressure, high efficiency, and variable control, axial
piston pumps are a type of volumetric hydraulic pump widely
used in aircraft hydraulic systems (also known as aviation
piston pumps (APPs)). The development trend of efficient and
lightweight aircraft has prompted the development of aviation
hydraulic systems and their key components, APPs, towards
higher power density. For APPs in electrical motor-driven
pumps, increasing the speed is one of the effective ways to
increase power density [1]. However, as the speed of the APP
increases, the flow rate in the oil suction passage increases,
causing the pressure in these regions to drop sharply below the
air separation pressure or saturated vapor pressure, resulting in
the precipitation of gas dissolved in the oil, and even the
gasification of the oil itself, i.e., cavitation. When bubbles
enter the high-pressure regions with the oil, they will shrink or
collapse rapidly, causing cavitation damage such as erosion or
detachment on the surface of components, thereby reducing
the reliability and service life of APPs [2].

At present, there are two main solutions to suppress cavitation
in high-speed APPs. The first is to optimize the suction
passage structure. The main principle is to reduce the pressure

loss in the suction passage by optimizing the suction passage
structure between the suction port and the piston chamber[3-
6]. The second is to increase the suction pressure. By
increasing the pressure at the suction port, the pressure loss in
the suction channel can be compensated. Studies have shown
that the effect of optimizing the suction passage structure on
suppressing cavitation is very limited [7], and increasing the
suction pressure is a more effective solution. There are three
main methods to increase the suction pressure, namely,
pressurizing the tank [8], adding a booster pump to the suction
pipeline, and adding an impeller in the suction port of APP[9].
Among them, the constraints on the size and weight of the
aircraft hydraulic system limit the diameter of the suction
pipeline, and it is difficult to compensate for the pressure loss
between the tank and the suction port by increasing the tank
pressure. Meanwhile, adding a booster pump to the suction
pipeline will reduce the reliability of the aircraft hydraulic
system. In contrast, integrating an impeller in the suction port
allows the APP to operate normally, even under very low
suction pressure conditions[10]. Therefore, compared with the
other two methods, adding an impeller in the suction port is a
better method.

At present, the research on impellers mainly focuses on the
relationship between structural parameters (such as blade



outlet width [11], impeller inlet diameter [12-13], blade outlet
angle [14-16]) and impeller performance, and various methods
are used to optimize the impeller structural parameters to
obtain the optimal solution of boost pressure, efficiency, and
energy loss [17-23]. However, there are few studies on
impellers in APPs. Chen et al. [24] studied the energy loss and
distribution of the impeller based on the entropy generation
theory. Dong et al. [25] verified the cavitation suppression
effect of the impeller in the speed range of 1000 rpm-5000 rpm
through simulation and experiments. However, the research on
the influence of impeller structural parameters on cavitation in
high-speed APPs is still limited.

In this paper, a CFD model of a high-speed APP with an
integrated impeller is established, and the effect of impeller
structural parameters, such as impeller inlet diameter, blade
outlet width, and blade outlet angle, on cavitation, is analyzed
based on the orthogonal test method, and reveals the effects of
impeller structural parameters on cavitation under different
pressure and speed conditions. The results of this paper can be
used for the design and optimization of impellers in high-speed
APPs.

The rest of the paper is organized as follows. In Section 2, a
CFD model of a high-speed APP with an integrated impeller
is established, and the optimal impeller structural parameter
combination is obtained based on the orthogonal test method.
In Section 3, the effects of different impeller structural
parameters on cavitation are analyzed in detail, and the effect
of structural parameter changes on cavitation under different
operating conditions is analyzed. The conclusions are provided
in Section 4.

2 Modeling

2.1 APP and impeller

The structure of the APP studied in this paper is shown in
Figure 1. The piston is located in the cylinder chamber of the
cylinder block and is connected to the swash plate through a
slider hinged on the spherical heads. Driven by the coordinated
motion of the shaft and the swash plate, the piston can both
rotate around the axis and reciprocate in a straight line. The
reciprocating motion of the piston causes volume in the
cylinder chamber to change, thereby completing the suction
and discharge stroke of the piston pump.

Suction port  Impeller Valve plate Cylinder block Housing Shaft

Key Discharge port

Suction flow passage  Piston Slipper

Figure 1: Structure of APP integrated with impeller.

Compared to traditional APPs, the high-speed APP studied in
this paper integrates an impeller in the suction port. The
impeller structure is shown in Figure 2. The impeller is rigidly
connected to the APP through a flat key and rotates
synchronously with the APP shaft. The main structural
parameters of the impeller include the hub diameter dp, the
impeller inlet diameter D;, the blade inlet diameter D, the
impeller outlet diameter D», the blade inlet width b1, the blade
outlet width b,, the blade inlet angle S, the blade outlet angle
[, and the blade wrap angle ¢. Under the action of centrifugal
force, the oil in the impeller is transported to the suction flow
passage of the APP. Simultaneously, the oil in the suction port
is continuously replenished into the impeller under the action
of the pressure difference.
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Figure 2: Impeller structure.

Table 1: Parameters of APP and impeller

Parameters Values Units
Displacement 2 mL/r
Number of pistons 9 null
Inclination of the swash plate 17 °
Impeller outlet diameter 49 mm
Hub diameter 11 mm
Blade inlet angle 15 °
Blade wrap angle 150 °

2.2 CFD modeling

The numerical model used in this paper integrates a turbulence
model[26]and the full cavitation model proposed by Singhal et
al.[27], and considers three liquid properties, namely
cavitation, aeration and liquid compressibility, which have
been successfully applied to CFD models of APPs [28]. The
transport equation for cavitation vapor can be described as
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where Q(?) is the control volume as a function of time, ¢ is the
surface area of the control volume, 7 is the surface normal of



o, p is the density of the hydraulic oil, ¥ is the fluid velocity,
v, is the surface motion velocity, u is the turbulent dynamic
viscosity, p is the static pressure, f; is the mass fraction of vapor,
D, is the diffusivity of vapor, or is the turbulent Schmidt
number, R. is the vapor generation rate, R. is the vapor
condensation rate, pv is the liquid vapor pressure, pj is the
liquid density and pv is the vapor density. Among them,
¢c=0.02 and c¢.=0.01 are the coefficients of R. and R,
respectively.

The full cavitation model takes into account the mass fraction
of non-condensable gas in the liquid f;, which can be
calculated as
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where fy is the mass fraction of dissolved gas, fi. is the
equilibrium mass fraction of non-condensable gas at the local
pressure, Dqy is the diffusivity of dissolved gas, 7 is the gas
absorption/release time, and pq.r is the reference pressure of the
equilibrium mass fraction of dissolved gas.

In the full cavitation model, the hydraulic fluid is considered
as a fluid mixture including liquid, vapor, and free gas, and the
density of the mixture can be calculated as:
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The compressibility of oil is described by the bulk modulus.
The relationship between the bulk modulus K and liquid
density pi is

K — Pir (8)
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where pi; is the liquid density at the reference pressure. Since
the vapor density is assumed to be constant in this paper, the
density of the non-condensable gas is calculated as

_Wwp
" RT
where W is the molecular weight of gas, R is the universal gas
constant, and 7 is the thermodynamic temperature.

Pe 9)

The non-condensable gas volume fraction oy, and vapor
volume fraction av can be calculated as:

p
g =fgp_g (10)
ay =fvp£V (11)

The above numerical model is implemented in the commercial
CFD software Pumplinx. Unlike traditional centrifugal pumps,
the impeller integrated in the APP pressurizes the oil and
transports it through the suction passage to the piston chamber
with a constantly changing volume. Since it is difficult to

accurately simulate the above process using the impeller
model alone, the model established in this paper integrates the
impeller and APP. Moreover, since this paper mainly studies
the cavitation phenomenon in APPs, the established CFD
model does not consider the lubrication interface and the
leakage between friction pairs. As shown in Figure 3, the fluid
domain of the APP with an impeller can be divided into six
regions, namely the suction passage, the impeller region, the
discharge passage, the valve plate suction chamber, the valve
plate discharge chamber, and the piston chamber. To
accurately simulate the operating conditions of the APP, this
paper used the transient simulation method for numerical
simulation.

In the established CFD model, the suction port and discharge
port of APP are set as pressure inlet and pressure outlet
respectively, the piston chamber is set as the rotation boundary
condition, the valve plate suction chamber and valve plate
discharge chamber are set to be stationary, the wall boundary
is defined as a no-slip boundary, and the contact surface of the
adjacent area is set as an interface to ensure the continuity of
the oil flow. Since the impeller rotates synchronously with the
piston chamber, the impeller is set to rotate relative to each
other, and the adjacent surface of the impeller and the suction
passage is set as an interface. The boundary conditions of the
established model are detailed in Table 2.

Valve plate
suction chamber

Valve plate
discharge chamber

Piston chamber Discharge passage  Impeller Suction passage

Figure 3: Fluid domain of APP with impeller.

Table 2: Boundary conditions of the CFD model.

Parameters Values Units
Density 837 kg/m?
Dynamic viscosity 0.01155 Pas
Saturated vapor pressure 400 Pa
Inlet pressure 0.2 MPa
Outlet pressure 28 MPa
Speed 12000 rpm
displacement of the pump 2 mL/r




2.3 Orthogonal test design

Orthogonal test design is an effective method for studying
multiple factors and levers, which can obtain statistically
equivalent results to full factorial experiments with a limited
number of experiments[17]. In this paper, two parameters are
selected as evaluation indicators for measuring impeller effect,
one is the impeller inlet and outlet pressure difference Ap, and
the other is the average gas volume fraction in the piston
chamber during one rotation of the APP per,. The orthogonal
tests are designed to investigate three structural parameters of
the impeller: the impeller inlet diameter D;, the blade outlet
width b, and the blade outlet angle f», and the L9 (33)
orthogonal test results are shown in Table 3. Keeping the other
structural parameters of the impeller constant, numerical
simulation is performed according to the parameter
combination in Table 3. The quantitative changes of Ap and
per, are utilized to evaluate the effects of different parameter
combinations on cavitation.

parameters determined by the range analysis is D=25mm,
b>=3mm, and $,=30°.

Table 4: Range analysis results.

D; bz P2

ki 0.279368 0.253677 0.272301

kr  0.282286 0.280331 0.285492

A ks 0.276569 0.304215 0.280430

R 0.005717 0.050538 0.013191

ki 1.072522 1.156170 1.093081

kr  1.057581 1.060560 1.048041

pet ks 1.074780 0.988154 1.063763
R 0.017199 0.168017 0.04504

Table 3: Orthogonal test results.

Structural parameters

No Ap (MPa) perg
Dj(mm) by (mm) (%)
1 21 2 20 0.244038  1.1946%
2 21 2.5 40 0.283537  1.0507%
3 21 3 30 0.310530  0.9723%
4 25 2 40 0.257847  1.1411%
5 25 2.5 30 0.286801  1.0390%
6 25 3 20 0.302210  0.9927%
7 27 2 30 0.259146  1.1329%
8 27 2.5 20 0.270655  1.0920%
9 27 3 40 0.299906  0.9995%

The range analysis results of Ap and per, are shown in Table
4. In Table 4, k; (i=1,2,3) represents the average result of three
structural parameters D;, by, and £, at the i-th value, reflecting
the average impact of different structural parameters on the
results at a certain value. For example, k1, k2, and k3 in the first
row to the third row of the first column in Table 4 represent
the average Ap of three impellers when Dj=21mm, 25mm, and
27mm, respectively. The meanings of other parameters in
Table 4 are similar. R is the difference between the maximum
and minimum values of each structural parameter, reflecting
the impact of changes in a single structural parameter on the
results.

From Table 4, it can be found that, for both Ap and perg, the
range of b, is significantly higher than those of the other two
structural parameters. Therefore, it can be concluded that
within the range of structural parameters in Table 3, b, has the
greatest effect on Ap and perg, followed by f,, while D;has the
least effect. The optimal combination of three structural

To further explore the effects of different structural parameters
on cavitation, the effect of a single structural parameter on Ap
and per, is analyzed by keeping any two structural parameters
unchanged, based on the structural parameter combination
where D=25mm, b»=3mm, and f,=30°.

3 Results and discussions

3.1 Analysis of the effect of structural parameters

First, under the condition of 12000 rpm (speed)and 28MPa
(outlet pressure), b»=3mm and $,=30° are kept unchanged,
and D is set to 21 mm, 23 mm, 25 mm, 27 mm, and 29 mm,
respectively. The obtained Ap and per, are shown in Figure 4.
It can be observed that with the increase of Dj, the boosting
effect first increases and then weakens. When Dj exceeds 25
mm, the boosting effect begins to weaken. The reason is that
the increase of Dj increases the cross-sectional area of the
impeller flow passage and reduces the inlet flow velocity,
thereby reducing flow friction loss and impact loss, and
improving boosting efficiency. However, as D; further
increases, the flow velocity continues to decrease, the kinetic
energy of the oil entering the impeller is insufficient, causing
problems such as flow separation and vortex, which reduces
the boosting effect. In contrast to the trend of Ap, the per, value
first decreases and then increases with the increase of D;. When
D; exceeds 25 mm, perg begins to increase. The results show
that there exists an optimal value of D; to optimize the boosting
effect and cavitation suppression effect of the impeller.
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Figure 4: Effects of D;jon Ap and per,.



Then, keeping Di=25mm and £,=30° unchanged, and setting
by to 1.5mm, 2mm, 2.5mm, 3mm, and 3.5mm, respectively.
The obtained Ap and per, are shown in Figure 5. It can be seen
that with the increase of b,, the boosting effect of the impeller
gradually improves. The reason is that the increase of b
increases the cross-sectional area of the impeller and reduces
the impeller outlet velocity, thereby reducing friction loss and
turbulence loss, and improving the boosting effect. On the
contrary, per; gradually decreases with the increase of b,. The
simulation results indicate that a larger b, can be selected when
designing the impeller. However, increasing b, will increase
the radial size of the impeller and increase the weight of the
APP. Therefore, the selection of b, needs to strike a balance
between weight and boosting effect.
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Figure 5: Effects of b>on Ap and pers.

At last, keeping D=25mm and b,=3mm unchanged, settingf»
to 10°, 20°, 30°, 40° and 45°, respectively. The obtained Ap
and pery are shown in Figure 6. It can be seen that with the
increase of f,, the boosting effect first increases and then
weakens. When f, exceeds 30°, the boosting effect begins to
weaken. The reason is that the increase of f, increases the
tangential velocity at the impeller outlet and the theoretical
head, that is, the boosting effect is improved. However,
continuing to increase f, will intensify oil flow separation and
vortex, intensify energy dissipation, and reduce the boosting
effect. Contrary to the changing trend of Ap, per, first
decreases and then increases with the increase of f,. When f,
exceeds 30°, per, begins to rise. Therefore, there exists an
optimal f, that can achieve the optimal boosting effect and
cavitation suppression effect at the same time.
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Figure 6: Effects of 2 on Ap and per,.

3.2 Analysis of the effect of operating conditions

To further analyze the effects of the impeller structural
parameters on cavitation, simulations need to be carried out
under different pressure and speed conditions.

3.2.1 Analysis of the effect of outlet pressure

The speed of APP is set to be constant at 12000 rpm, and the
outlet pressures are set to 7MPa, 14MPa, 21MPa, 28MPa, and
35MPa, respectively. The obtained Ap and per, are shown in
Figures 7 and 8, respectively. It can be seen from Figure 7 that
the change trend of Ap under different outlet pressures is
similar, that is, with the increase of Dj, the boosting effect first
increases and then weakens. The Ap of the impeller with the
same Dj increases with the rise of outlet pressure. Taking the
impeller with Dj=29mm, b,=3mm, and $>=30° as an example,
as the outlet pressure increases from 7MPa to 35MPa, Ap
increases from 0.295MPa to 0.299MPa. It can be seen from
Figure 8 that the change trend of per, under different outlet
pressures is also similar, that is, with the increase of D, per,
first decreases and then increases. The per;, of the impeller with
the same Dj decreases with the rise of outlet pressure. Taking
the impeller with Dy=29mm, b,=3mm, and £,=30° as an
example, as the outlet pressure increases, the maximum value
of pery decreases from 1.153% to 0.980%.

0315 -4 Qutlet Pressure=7MPa
_____ <-Outlet Pressure=14MPa
"""""""" = N < Outlet Pressure=21MPa
0.310 + Outlet Pressure=28MPa

“*Qutlet Pressure=35MPa

A

A p (MPa)
o
5]
a
X

0.300

0.295 .
21 23 25 27 29

Dj (mm)

Figure 7: Effects of D; on Ap under different outlet pressures.
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Figure 8: Effects of D; on perq under different outlet
pressures.

The speed of APP is set to be constant at 12000 rpm, and the
outlet pressures are set to 7MPa, 14MPa, 21MPa, 28MPa, and
35MPa, respectively. The obtained Ap and per, are shown in
Figures 9 and 10, respectively. It can be seen from Figure 9
that when the outlet pressure is constant, Ap is positively
correlated with b,. The Ap of the impeller with the same b,



continues to increase with the rise of outlet pressure. Taking
the impeller with Di=25mm, b,=1.5mm, and $,=30° as an
example, Ap increases from 0.209MPa to 0.214MPa as the
outlet pressure rises from 7MPa to 35MPa. It can be seen from
Figure 10 that when the outlet pressure is constant, perg is
negatively correlated with b,. The perg of the impeller with the
same b, continues to decrease with the rise of outlet pressure.
Taking the impeller with D=25mm, b,=1.5mm, and $,=30° as
an example, the maximum value of per, decreases from 1.48%
to 1.29% as the outlet pressure rises from 7MPa to 35MPa.
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Figure 9: Effects of b; on Ap under different outlet pressures.
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Figure 10: Effects of b; on pergunder different outlet
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The speed of APP is set to be constant at 12000 rpm, and the
outlet pressures are set to 7MPa, 14MPa, 21MPa, 28MPa, and
35MPa, respectively. The obtained Ap and per; are shown in
Figures 11 and 12, respectively. It can be seen from Figure 11
that the change trend of Ap under different outlet pressures is
similar, that is, with the increase of f,, the boosting effect first
increases and then weakens. The Ap of the impeller with the
same f, increases slightly with the rise of outlet pressure.
Taking the impeller with Dj=25mm, »,=3mm, and £,=10° as
an example, as the outlet pressure increases from 7MPa to
35MPa, Ap rises from 0.285MPa to 0.289MPa. It can be seen
from Figure 12 that the change trend of per, under different
outlet pressures is also similar, that is, with the increase of />,
per, first decreases and then increases. The per, of the impeller
with the same f, decreases with the rise of outlet pressure.
Taking the impeller with D=25mm, b,»=3mm, and $,=10° as
an example, as the outlet pressure increases, the maximum
value of per, decreases from 1.18% to 1.01%.

In summary, it can be found that with the increase of outlet
pressure, the boosting effect and cavitation suppression effect

are slightly improved. The reason is that with the increase of
APP outlet pressure, the oil compression volume increases,
resulting in a decrease in output flow, causing the impeller
operating point to shift slightly to the left along the P-Q curve,
that is, the boosting effect is slightly enhanced, thereby
improving the cavitation suppression effect.
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3.2.2 Analysis of the effect of speed

The outlet pressure of APP is set to be constant at 28MPa, and
the speeds are set to 6000rpm, 8000rpm, 10000rpm, and
12000rpm, respectively. The obtained Ap and per, are shown
in Figures 13 and 14, respectively. It can be seen from Figure
13 that the change trend of Ap under different speeds is similar,
that is, with the increase of Dj, the boosting effect first
increases and then weakens. The Ap of the impeller with the
same Dj increases sharply with the rise of speed. Taking the
impeller with D=29mm, b,=3mm, and $>=30° as an example,
with the speed increasing from 6000 rpm to 12000 rpm, Ap
rises from 0.075 MPa to 0.298 MPa. It can be seen from Figure
14 that the change trend of per, under different speeds is also
similar, that is, with the increase of Dj, per; first decreases and
then increases. The per, of the impeller with the same D;
decreases sharply with the rise of speed. Taking the impeller
with D=29mm, b,=3mm, and $,=30° as an example, with the
speed increasing from 6000 rpm to 12000 rpm, the maximum
value of per, decreases from 1.40% to 1.00%.
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Figure 14: Effects of D; on perg under different speeds.

The outlet pressure of APP is set to be constant at 28MPa, and
the speeds are set to 6000rpm, 8000rpm, 10000rpm, and
12000rpm, respectively. The obtained Ap and perg are shown
in Figures 15 and 16, respectively. It can be seen from Figure
15 that when the speed is constant, Ap is positively correlated
with b>. The Ap of the impeller with the same b, continues to
increase with the rise of speed. Taking the impeller with
D=25mm, b,=1.5mm, and $,=30° as an example, with the
speed increases from 6000 rpm to 12000 rpm, Ap rises from
0.051 MPa to 0.213 MPa. It can be seen from Figure 16 that
when the speed is constant, per; is negatively correlated with
b>. The perg of the impeller with the same b, continues to
decrease with the rise of outlet pressure. Taking the impeller
with Di=25mm, b,=1.5mm, and £,=30° as an example, with
the speed increasing from 6000 rpm to 12000 rpm, the
maximum value of per, decreases from 1.50% to 1.31%.
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Figure 15: Effects of b; on Ap under different speeds.
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Figure 16: Effects of b; on pergunder different speeds.

The outlet pressure of APP is set to be constant at 28MPa, and
the speeds are set to 6000rpm, 8000rpm, 10000rpm, and
12000rpm, respectively. The obtained Ap and per, are shown
in Figures 17 and 18, respectively. It can be seen from Figure
17 that the change trend of Ap under different speeds is similar,
that is, with the increase of f,, the boosting effect first
increases and then weakens. The Ap of the impeller with the
same /3, increases with the rise of speed. Taking the impeller
with D=25mm, b,=3mm, and £,=10° as an example, as the
speed rises from 6000 rpm to 12000 rpm, Ap rises from 0.072
MPa to 0.288 MPa. It can be seen from Figure 18 that the
change trend of per, under different speeds is also similar, that
is, with the increase of [, per, first decreases and then
increases. The per, of the impeller with the same S, decreases
with the rise of speed. Taking the impeller with D=25mm,
b=3mm, and £,=10° as an example, as the speed rises from
6000 rpm to 12000 rpm, the maximum value of per, decreases
from 1.41% to 1.03%.

In summary, the higher the speed, the better the boosting effect.
The reason is that as the speed increases, the output flow
increases significantly, which greatly improves the boosting
effect. The impeller enables the high-speed APP to maintain
low cavitation even under harsh conditions of low speed and
high outlet pressure.
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Figure 17: Effects of 2 0on Ap under different speeds.
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4 Conclusion

To investigate the influence of impeller structure parameters
on the cavitation of high-speed APPs, this paper established a
CFD model of high-speed APP with impeller, and conducted
an orthogonal test analysis to obtain the optimized impeller
structure parameter combination. Then, based on the CFD
model, the effects of different structural parameter changes on
cavitation were analyzed independently. Furthermore, the
effects of impeller structural parameter changes on cavitation
under different pressure and speed conditions were analyzed.
Simulation results show that

(1) The blade outlet width has the greatest effect on cavitation,
followed by the blade outlet angle, while the impeller inlet
diameter has the least effect.

(2) There are optimum impeller inlet diameter and blade outlet
angle to optimize the impeller cavitation suppression effect.
The design of the blade outlet width needs to consider the
balance of weight and performance.

(3) The effects of speed on the impeller cavitation suppression
effect are much higher than those of pressure.

This paper studies the effects of impeller structural parameters
on the cavitation suppression effect in high-speed APPs. The
effects of impeller structural parameters on the cavitation
phenomenon can be utilized to guide the optimization design
of the impeller. However, this paper still has limitations. On
the one hand, only three key impeller structural parameters are
considered, while other parameters are not considered. On the
other hand, only the effect of the impeller is considered, while
the coupling effect of the impeller-diffuser is not considered.
In the future, we will further focus on the effects of diffuser
structural parameters on the cavitation suppression effect and
carry out the joint optimization design of the impeller and
diffuser.
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Symbols  Parameters Units
b Blade inlet width mm
b> Blade outlet width mm
D, Blade inlet diameter mm
D, Impeller outlet diameter mm
D; Impeller inlet diameter mm
dn Hub diameter mm
B Blade inlet angle °
B Blade outlet angle °
7 Wrap angle °
p Oil density kg/m’
v Oil velocity m/s
Q) gr(:;trol volume as a function of /
Surface of the control volume /
ﬁ' Surface normal of 6 /
e Turbulent dynamic viscosity Pas
0 Fluid velocity m/s
v, Surface motion velocity M,/s
p Static pressure MPa
1 The mass fraction of the vapor /
Dy Diffusivity of the vapor Kg/(m?3-s)
or Turbulent Schmidt number /
R The generation rate of vapor Kg/(m?3-s)
R Condensation rate of vapor Kg/(m?-s)
pv Liquid vapor pressure MPa
pi Liquid density kg/m?
PV Vapor density kg/m?
Ce Coefficients of R, /
Ce Coefficients of R, /
% Mass fraction of non-condensable /
gas
fa Mass fraction of the dissolved gas /
Equilibrium mass fraction of the
faeq non-condensable gas at the local ~ /
pressure
Dy Diffusivity of the dissolved gas m?/s
T Gas absorption/release time s



Reference pressure for the

Pdeqref dissolved gas equilibrium mass MPa
fraction

o Liquid density at reference ke/m?
pressure
The molecular weight of the gas g/mol

R Universal gas constant 1/ (kg'K)

T Thermodynamic temperature K
Non-condensable gas volume

o . /
fraction

ov Vapor volume fraction /
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