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Abstract: The internal flow is very complex in the multiphase pump, especially in the static impeller,
where the flow is more disorganized than that in the impeller wheel, and it will cause greater
hydraulic losses. In order to investigate deeply the flow rules within the static impeller, all kinds of
the flow losses are analyzed quantificationally in the multiphase pump. Based on the standard SST
k-ω turbulence model, selected the helical axial flow multiphase pump as the research object, used
the three-dimensional modeling software for the three-dimensional modeling of the flow through
parts of the multiphase pump, such as impeller wheel, the static impeller, the suction chamber,
and the extrusion chamber. The ANSYS software is used to simulate the three-dimensional flow in
static impeller, and the ICEM software was used to divide the mesh of suction chamber, press outlet
chamber, moving impeller and static impeller respectively. The results show that the flow within
the impeller wheel is more uniform than the static impeller, and larger axial vortexes appear in the
static impeller. Compared with the impeller wheel, the effect of the flow rate on the flow within the
first static impeller is greater. The friction loss is the largest among all kinds of losses in the static
impeller, followed by the turbulence dissipation loss. What’s more, the shock loss and the contraction
loss are the smallest, they are all less than 20%, and the main loss within the static impeller are the
turbulent dissipation loss and friction loss. The proportion of energy losses in the first and second
static impeller is almost the same, which is around 50%, respectively. The results can be used as a
reference for the improvement of the hydraulic performance of the multiphase pump.

Keywords: multiphase pump; static impeller; hydraulic loss; energy loss

1. Introduction

In recent years, with the massive exploitation of oil fields and minerals, the energy
on land is becoming less and less. More experts and scholars pay attention to other new
energy and deep-sea energy [1–5]. In the relevant energy exploitation equipment, as an
ideal equipment of transporting oil-gas mineral resources, the helical axial-flow multiphase
pump has many advantages, such as small volume, high head, simple construction, wide
application, conveying medium in the condition of high gas content, and so on. Many
researches have been done on this pump in recent years, which have been highly valued
in the industry. Compared with other pumps, the multiphase pump is less efficient
because the internal flow in this pump is a complex physical process with all kinds of
energy losses [6–9], especially in the static impeller, where the flow is more disorganized.
Therefore, the study of the flow losses in static impeller of the multiphase pump can help
to improve the hydraulic performance.

Now, there are many scholars studied the multiphase pump. For example, Xiaoqiang
Yang [10] conducted an experimental investigation. Experimental results show that, for
the multiphase pump at the pressure difference of 0.4 MPa and 1.0 MPa, the flow rate
decreased by 18.7% and 25.7% with an increase of the gas volume fraction from 20% to
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90%, respectively. Chenhao Li [11] based on the Euler–Euler model, used water and air as
the mixed media to study the external characteristic and internal flow of the multiphase
pump under different gas volume fractions. LI Chenhao [12] also found that the variation
tendency of the pressurization capacity in the multiphase pump is uniform from the first
stage to the last stage under the gas-liquid two-phase condition, and the pressurization
capacity of the last stage is more variable with different gas volume fractions. Renhui
Zhang [13] found the characteristics of flow field in diffuser can be divided into the
dissipative modal, basic static modal and high order dynamic modal. Chenhao Li [14]
based on the Navier–Stokes equation, studied a three-stage multiphase pump. Jinya
Zhang [15] based on the k-ω SST turbulence model, studied a three-stage helico-axial
multiphase pump under the different gas volume fraction (GVF). The results show that
due to different centrifugal forces on the two phases, the gas is distributed mainly around
the hub. Yi Wang [16] based on the characteristics of oil and gas development in the South
China Sea, introduced the design and selection of twin-screw multiphase pump in detail.
Yao Hu [17] found that using different shape characteristics under the different GVF helps
to improve the performance. Wang Kai [18] studied the effect of gas volume fractions
(GVF), rotate speed, fluid viscosity on volumetric efficiency of twin-screw multiphase
pump. The results indicated that the leakage rate of top and root decreased but the leakage
rate of flank decreased first and then increased when the GVF increased from 80%to 95%.
Xueqin Li [19] studied the relationships of the fractal dimensions, fractal areas and fractal
series between the gas fraction of cross-section, the distribution range of bubble diameter,
and gas-liquid distribution rule in the multiphase pump. Jinya Zhang [20] found that the
flow pattern of the gas–liquid two phases is presented as uniform bubble flow after the
mixture passing through the buffer tank and there is no aggregation of big bubbles.

It can be known from the above literatures, the researches on the multiphase pump
are mainly about the impeller wheel, and there are few paper report on the flow analysis
and internal energy loss in the static impeller. Therefore, the energy loss in the multiphase
pump is studied in this paper according to the research methods of others. For example,
Deyou LI [21] found that the runner losses are more consequential to drooping as shown
by hydraulic loss analysis. Minguan Yang [22] designed different types of guide cones
installed on the impeller, and found that the flow field contraction becomes slow in the
outlet passage of the guide cone. Hydraulic loss of different guide cones varied. The
head loss of circular cone was lower than the others. Rennian Li [23] analyzed the energy
loss within the impeller field from the perspective of energy loss when the transmission
medium is pure water and solid-liquid two phase flow. The result shows that the front of
impeller is a transition region of energy conversion, and the screw part is the main region
of energy increase. Yongxin Jin [24] investigated the internal flow and the energy loss in
impeller side chamber of molten salt pump (MSP). The results show that the energy loss
of the hub and shroud in the proportion of total energy loss decreases with the increase
of flow rate. Xin Shu [25] investigated the energy loss and unsteady flow structures of a
self-priming pump experimentally and numerically. The results show that the distribution
characteristics of entropy production rate in the pump are basically consistent with the
distribution characteristics of hydraulic loss.

Based on the above situations, the author also did some researches about the energy
loss within the impeller wheel of multiphase pump [26–28], but in fact the most of the
energy loss in multiphase pump is from the static impeller, so in this paper mainly studied
the energy loss in the static impeller. It takes a helical axial-flow multiphase pump as
the research object. First, the numerical calculation method is verified by the test results,
and then the energy loss characteristics in the static impeller of the multiphase pump are
studied, including the qualitative and quantitative analysis of all kinds of internal losses.
The research results can provide some theoretical reference for the hydraulic performance
optimization and performance improvement of the multiphase pump.
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2. Basic Theory and Governing Equation
2.1. Turbulence Model

The SST kω turbulence model expression is as follows:
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ω stands for the turbulent kinetic energy dissipation ratio;
ρ stands for the medium density;
µ stands for the viscosity;
Gk stands for the turbulent kinetic energy;
Gω stands for the ω equation;
Dω stands for the orthogonal divergence term.
In order to solve the local excessive turbulence in some flow problems by using SST

kω turbulence model, a new dissipation source term is added to the turbulence dissipation
rate equation.
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F1 stands for the distance from the wall.
The SST kω turbulence model has the advantages of the k − ε turbulence model

and the kω turbulence model not only takes into account the turbulent shear stress, but
also does not cause extreme prediction of the eddy viscosity coefficient, so the SST kω
turbulence model is selected in this paper. The SST k-ω turbulence model is mainly suitable
for multiphase flow and the k-ε model is mainly suitable for pure liquid medium.

2.2. The Governing Equation

The fluid is assumed to be incompressible, the governing equations are as follows [29–31].
The continuity equation:

∇ · (αkρkwk) = 0 (4)

αk stands for the void fraction;
ρk stands for the density;
wk stands for the velocity of k phase.
The momentum equation

∇ · (αkρkwk − αkτ) = −αk∇p + Mk + αkρk fk (5)

τ stands for the viscous stress tensor;
Mk stands for the interphase force;
fk stands for the mass force.

2.3. Energy Loss Computational Methods

Accurate calculation of the energy loss in the multiphase pump is the key to predict
the performance of the pump, and the basis for the optimal design of the impeller of
the pump.

(1) The shock loss of the static impeller in multiphase pump:

∆h1 = k1
V2

1
2g

(6)

V1 stand for the absolute speed of static impeller inlet.
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(2) The friction loss of the static impeller in multiphase pump:

∆h3 = Z× k2λ
la

Da

V2
a

2g
(7)

Z, λ stand for number of blades, linear loss coefficient.
Va stands for the average of absolute velocity, Va = 0.5(V1 + V2), V2 stand for the

absolute velocity in the static impeller outlet;
la stands for hydraulic length of flow passage, la =

D2+D1
2(sin β2+sin β1)

;

Da stands for average of the flow passage diameter, Da =
D2+D1

2 .
(3) The contraction loss of static impeller in multiphase pump:

∆h4 = k3 ×
∣∣V2

1 −V2
2

∣∣
2g

(8)

(4) The turbulence dissipation loss of the static impeller in the multiphase pump:

∆h5 = k4

∫
v ρεdv
ρgQ

(9)

ε, ρ stand for turbulence dissipation rate, medium density, respectively.
The value of k1~k4 are selected through a lot of calculations, experiments and analysis

from the predecessors. k1, k2, k3, k4 are 0.008, 0.0202, 0.162, 0.1, respectively.

3. Simulation Model and Mesh Generation
3.1. Simulation Model

Choosing the helical axial-flow multiphase pump as the research subject, and the
relevant parameters of the pump are shown in Table 1. The size of the pump is shown in
Figure 1. The three-dimensional modeling software is used to build the three-dimensional
model of the impeller wheel, the static impeller, the suction chamber and the extrusion
chamber, and then assembled as the finished model. The obtained three-dimensional model
of the full flow field was shown in Figure 2.

Table 1. The performance geometric parameters of the multiphase pump.

Parameter Numerical Value

Flow rate Qd/(m3/h) 110
Head H/m 85

Design rotate speed n/(r/m) 3000
Stage 6
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Figure 2. The three-dimensional model of the multiphase pump.

3.2. Mesh Generation and Verification of Irrelevance

The Suction Chamber, the extrusion chamber and three pressurizing units are consid-
ered as the fluid domains, and each pressurizing unit consists of an impeller wheel and a
static impeller. The ICEM software is used to grid, the flow in the suction chamber and
the extrusion chamber of the multiphase pump is relatively stable, therefore, an adaptive
unstructured is used to grid partition, as shown in Figure 3. However, the flow in the
supercharging unit is complex, so the impeller wheel and static impeller of the pump are
divided by the structure grid, which are shown in Figure 4.
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In order to eliminate the influence of mesh quality and mesh number on the numerical
results and the computational speed, the grid independence was verified before the flow
field calculation. Figure 5 shows the efficiency and head vary with the number of grids
under the design condition. As can be seen from Figure 5, the head and efficiency increased
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by only 0.06% and 0.03%, respectively when the number of grids increased from 5.247 mil-
lion to 6.150 million, which met the extraneous requirements of grids. The influence on the
result is very small with the number of grids continuing to increase, and the computational
cost would increase, so the 5.247 million is used as the final number of grids, among them,
the number of grids in the impeller wheel and static impeller area is about 1.8 million
and 1.1 million respectively. The grid quantity of suction chamber, extrusion chamber, the
impeller wheel and the static impeller is respectively.
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4. Numerical Calculation Method and Solution Setting

Used the standard SST kω turbulence model, which is the most commonly used model
in numerical calculation of the inlet flow in the multiphase pump. The inlet and outlet
boundary conditions are respectively set as pressure inlet and quality outlet, the gas holdup
ratio of gas-liquid two phases is converted to mass, and then the gas mass and liquid mass
of the outlet are set respectively, assuming no energy exchange in gas and liquid two
phases. The value of turbulent kinetic energy at the inlet and outlet of the pump and the
dissipation rate of turbulent kinetic energy at the inlet and outlet are calculated according
to the following formula:

kin = 0.005uin
2 (10)

εin =
c3/4

u k3/2
in

l
(11)

uin stands for the entrance velocity;
l = 0.07Dinlet, Dinlet stands for the inlet diameter.

The wall surface of the impeller wheel adopted the rotating coordinate wall surface,
while the others remained stationary. All walls of suction chamber, extrusion chamber,
rotating impeller and static impeller are set as non-slip wall. The wall of rotating impeller
was rotated and the other walls were stationary in the coordinate system. The reference
pressure is set to 101,325 Pa and the convergence standard is set to 10−5. When the inlet-
outlet pressure difference tends to be stable, considered that the standard of convergence
of residual error is reached.

5. Experimental Setup and Verification
5.1. Experimental Setup

The experimental test system for the multiphase pump consists of the motor, multi-
phase pump, gas-liquid mixing tank, lubrication system, cooling system, control system,



Processes 2021, 9, 1025 7 of 18

water supply system, gas supply system, test system, pipeline and valves, etc. The experi-
mental system for the multiphase pump is shown in Figure 6.
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5.2. Experimental Verification

To verify the reliability of the numerical simulation, the results between simulation and
experiment with same operating points are compared. Figure 7 shows comparison between
the simulation and experiment, and the variation of the head and efficiency in simulation
is agreed well with that in experiment. The experimental model and numerical calculation
model in Figure 7 is a six-stage multiphase pump. In order to save calculation cost, a
three-stage multiphase pump is selected for further research in this paper. Meanwhile, the
relative errors of the head and efficiency at the optimal point are 4.1% and 4.1%, respectively.
The maximum relative errors of the head and the efficiency are both no more than 5%, and
this shows that the simulation in the present work is reliable.
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6. Result Analysis

There are many influence factors of the energy conversion characteristics in the multi-
phase pump. In order to analyze the influence by each factor, the study was conducted
under a single variable. Therefore, the energy loss characteristics in the static impeller of
multiphase pump is studied under pure water condition.

6.1. The Effects of Flow Rate on Velocity Vector in Static Impeller

The Figure 8 shows the different blade height position on the static impeller.
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In Figures 9–17, the color change from blue to red indicates the trend of velocity
change from small to large.
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Figure 9 shows the streamline distribution at 0.2 blade height of the pressurizing units
of multiphase pump at different flow rate. It can be seen from Figure 9 that, the flow
distribution in the flow passage of the static impeller of the multiphase pump is disorder,
and a large number of axial vortexes appear near the static impeller near the outlet of the
impeller wheel, which is mainly caused by the change of the direction of relative velocity
of the fluid after the impeller wheel enters the static impeller. Compared with other flow
rate, the axial vortex generated in the low-flow condition is larger. This is because in the
low-flow condition, the constraint capacity of the blade on the fluid is weak and large
vortexes are prone to appear. With the increase of flow rate, the fluid is constrained by the
blade, so the vortex decreases relatively.

Figure 10 shows the streamline distribution at 0.5 blade height of the pressurizing
units of multiphase pump at different flow rate. The figure shows that, the flow within the
impeller wheel is evener, while there are still a lot of axial vortexes in the static impeller
flow passage. What is more, under low-flow condition, the vortexes are almost filled of the
static impeller passage, but with the increase of flow rate, the axial vortex moves to the
static impeller exit, and the number of vortexes decreases gradually, even disappears in
individual flow passage. The reason is the same as Figure 9 mentioned. It is also found
that the vortex gradually approaches the suction surface of the blade with the increase of
flow rate.

Figure 11 shows the streamline distribution of multiphase pump pressurizing 0.8
times the height of the blade under different flow rate. It can be seen from Figure 11 that
the flow separation phenomenon occurs at the inlet of the static impeller under the low
flow. That is mainly because the different inflow angle and blade angle cause the impact
phenomenon, and this phenomenon disappears gradually with the flow increasing. Near
the inlet of the static impeller appearing single or multiple vortexes, and with the flow
increasing, the vortex become smaller or disappeared gradually.

Figure 12 shows the streamline distribution of the middle section of the inlet section
of the first impeller wheel of the multiphase pump at different flow rate. The streamline
distribution of the inlet section of the first impeller wheel of the multiphase pump has a
great difference under different flow rate. Specifically, when the flow rate is 70 m3/h, the
streamline distribution of the section is relatively uniform, and no vortex appear basically.
When the flow rate is 110 m3/h, there are vortexes in individual flow passage, while the
flow rate is 150 m3/h, only a few vortexes exist in the streamline of the section. This shows
that with the increase of the flow rate, the flow in the inlet section of the first impeller
wheel is gradually disorderly, and then gradually uniform. Meanwhile, it also shows
the complexity and particularity of the flow in the first impeller wheel of the pump from
the side.

Figure 13 shows the streamline distribution of the middle section of the middle section
of the first impeller wheel of the multiphase pump at different flow rate. It can be seen
from the Figure 13 that the streamline distribution of the middle section of the first impeller
wheel is uniform, and the streamline distribution of the cross section almost does not
change with the change of the flow rate, which indicates that the flow in the middle section
of the first impeller wheel in the multiphase pump is good, and the flow rate has little
influence on the flow characteristics of this part.
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Figure 14 shows the streamline distribution of the middle section of the outlet section
of the first impeller wheel of the multiphase pump at different flow rate. The figure shows
that the streamline of the outlet section of the first impeller wheel is more uniform, and the
flow in the impeller wheel of the multiphase pump is gradually uniform with the increase
of the flow rate.

As can be seen from the synthesis of above three figures that from the impeller wheel
inlet section, the middle section to the outlet section, the flow in the impeller wheel of the
multiphase pump is first uniform and then disordered. In addition, the change of flow
rate has a great influence on the flow in the inlet section of the first impeller wheel of the
multiphase pump. However, the influence on the middle section and the outlet section of
the pump is small, which indicates that the inlet section of the first impeller wheel is more
sensitive to the change of flow rate.

Figure 15 shows the streamline distribution of the middle section of the inlet section
of the first static impeller of the multiphase pump. It can be seen that with the increase
of the flow rate, the size of the radial vortex in the section gradually decreases, and the
center of the vortex gradually moves to the wheel hub. The vortex distribution in the inlet
section of the first static impeller is random, and with the increase of the flow rate, the
number of flow passages without radial vortex gradually increases. This indicates that
with the increase of flow rate, the flow in the inlet section of the first static impeller of the
multiphase pump is improved.

Figure 16 shows the streamline distribution of the middle section of the middle section
of the first static impeller of the multiphase pump. It can be seen that the streamline
distribution in the middle section of the first static impeller is disordered, and there are a
lot of radial vortexes. Further, with the increase of the flow rate, the radial vortex of the
section decreases first and then increases. In addition, it can be seen that the radial vortex
in the section gradually moves towards the wheel hub with the increase of the flow rate.

Figure 17 shows the streamline distribution of the middle section of the outlet section
of the first static impeller of the multiphase pump. It can be seen that the streamline of
the outlet section of the first static impeller is more uniform under the design flow rate
than small flow rate and large flow rate. Besides, large radial vortexes exist in the outlet
passages of the first static impeller under the condition of low flow rate. The number of
vortexes decreases as the flow rate increases to the design flow rate. Additionally, when the
flow rate further increases to a large flow rate, the number of radial vortexes in the outlet
section of the first static impeller of the multiphase pump gradually increases.

In the combination analysis from Figures 15–17 can be seen that the streamline distri-
bution in the first static impeller of the multiphase pump is more disorderly than that in
the first impeller wheel. It can be seen from the streamline distribution of the inlet section,
middle section and outlet section of the first static impeller that at different flow rate, the
flow in different sections of the first static impeller is relatively chaotic, and the size of the
radial vortex gradually increases from the inlet to the outlet section. Therefore, the flow
in the first static impeller is more dramatically affected by the flow rate change than that
in the impeller wheel, and the flow in the static impeller is more complex, therefore, it is
of theoretical significance to study the energy loss in the static impeller to improve the
performance of the multiphase pump.

6.2. Analysis of Energy Losses in Static Impeller of Multiphase Pump

Figure 18 shows variation of various energy losses in the static impeller at different
flow rate. It can be seen that, with the increase of the flow rate from 70 to 150 m3/s, the
overall energy loss in the static impeller shows a decreasing trend, but the shock loss
changes very little, and the contraction loss shows an upward trend. Under the low floe
rate (70 m3/s), the fraction loss and the turbulence dissipation loss are the maximum values.
It can also be seen that friction loss accounts for the largest proportion of all kinds of losses,
follow by turbulence dissipation loss, and shock loss and contraction loss are the least.
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Figure 18. The energy losses of the static impeller at different flow rate.

Figure 19 shows the proportion of each energy loss in the static impeller at different
flow rate. It can be seen that with the change of the flow rate, the proportion of the friction
loss and the turbulence loss shows the opposite change rule, the proportion of the fraction
loss increases gradually with the increase of the flow rate. It also can be seen that, at a
different flow rate, the energy loss in the static impeller is mainly the friction losses and the
turbulence dissipation loss, especially the friction loss accounted for more than 50%, and
the sum of the shock loss and the contraction loss does not exceed 20%
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6.3. Comparative Analysis of Energy Loss between Different Stages of Static Impeller

Figure 20 shows the variation trend of energy loss in each stage static impeller at
different flow rate. It shows that the energy loss in the static impeller at all stages shows a
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decreasing trend with the increase of flow rate, at the low flow rate (70 m3/s), the energy
loss in each stage static impeller is the largest. It can be seen that with the increase of the
flow rate, the flow performance in the static impeller of the multiphase pump gradually
improves, and the hydraulic loss in the static impeller also decreases correspondingly.
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Figure 20. The energy loss of the different stages static impeller at different flow rate.

Figure 21 shows the proportion of the energy loss in the first and second static im-
pellers to the total energy loss at different flow rate. The proportion of energy loss in the
first and second static impellers has little difference under different flow rate, and both of
them are about 50%, indicating that the position of the static impeller has little influence on
the flow condition and energy loss in the static impeller.
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Figure 22a shows the shock loss of the static impeller at different flow rate. It can
be seen that with the increase of the flow rate, the shock loss at the inlet of the first static
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impeller first decreases and then increases, and the shock loss fluctuates within a very
small range around 0.55 m, and the maximum variation value is not more than 0.01 m.
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Figure 22b shows the friction loss of the static impeller at different flow rate. Under
the different flow rate, compared with the shock loss in the static impeller, the friction loss
in the static impeller is much larger, the shock loss in each stage static impeller is less than
1 m, but the friction loss is more than 40 m. It also can be seen the friction loss in each stage
static impeller is not much different, and the change trend of the friction loss in all stages of
the static impeller with the flow rate is basically the same, as the flow rate increases from
70 to 130 m3/s, the energy loss in each stage static impeller gradually decreases, when the
flow rate continues to increase to 150 m3/s, the loss slightly increases.

Figure 22c shows the contraction loss of the static impeller at different flow rate. It
shows that the contraction loss in each stage of the static impeller increases gradually with
the increase of flow rate, but the contraction loss in the second static impeller increases
steadily, and the contraction loss in the first static impeller fluctuates greatly. When the
flow rate is smaller than the design flow rate (110 m3/s), the contraction loss in the first
static impeller is smaller than that in the second static impeller. Moreover, when the flow
rate is larger than the design flow rate, the contraction loss in the first static impeller is
greater than that in the second static impeller.
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Figure 22d shows the turbulence dissipation loss of the static impeller at different flow
rate. Under the different flow rate, compared with the contraction loss in the static impeller,
the turbulence dissipation loss in the static impeller is much larger, the contraction loss
in each stage static impeller is less than 1 m, but the turbulence dissipation loss is more
than 10 m. It also can be seen that, with the increase of flow rate, the turbulence dissipation
loss in each stage of the static impeller decreases gradually, and the turbulence dissipation
values in each stage of static impeller are getting closer gradually.

7. Conclusions

(1). The flow within the impeller wheel is more uniform than the static impeller, and
larger axial vortexes appear in the static impeller, and under the condition of low flow
rate, the vortex in the static impeller of the multiphase pump almost cover the entire
flow passage of the impeller, this is because at this condition, the constraint ability of
the blade to the fluid is weak, and large vortices are prone to appear. However, with
the increase of the flow rate, the vortex gradually decreases even basically disappear
in individual flow passage. Compared with the impeller wheel, the effect of the flow
rate on the flow within the first static impeller is greater.

(2). The streamline distribution in the cross section of the impeller wheel of the multiphase
pump is more uniform than that in the static impeller. At different flow rate, the
flow in different areas of the first static impeller of the multiphase pump is relatively
chaotic, and the size of the radial vortex gradually increases from the inlet to the
outlet section. It can be seen that the flow in the first static impeller is more obviously
affected by the flow change than that in the impeller wheel, and the flow in the static
impeller is more complex.

(3). At the different flow rate, the energy loss in the static impeller is mainly the turbulence
dissipation loss and the friction loss, the inlet shock loss and the contraction loss
accounted for less than 20%. With the increase of flow rate, the proportion of the inlet
shock loss, the friction loss and the contraction loss in the static impeller increases
gradually, and the proportion of the turbulence dissipation loss in the static impeller
decreases gradually. The proportion of energy loss in the first and second static
impellers has little difference under different flow rate, and both of them are about
50%, indicating that the position of the static impeller has little influence on the flow
condition and energy loss in the static impeller.

(4). It can be known from the analysis of the above, the energy loss in multiphase pumps
is mainly caused by the change of the flow within the static impeller, and found that
the changing rule of energy losses in the static impeller with different flow rate, the
different level higher and so on. However, if we simply analyzed the source and
the regularity, and did not put forward the solution, in the subsequent research, the
performance can be optimized to improve the efficiency of the multiphase pump.

(5). Because the vortex in the multiphase pump is mainly concentrated in the static
impeller, this paper mainly studies the flow characteristics and energy loss in the
static impeller, which has important guiding significance to reduce the vortex in the
static impeller and improve the hydraulic efficiency of the multiphase pump.
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Nomenclature

ω stands for the turbulent kinetic energy dissipation ratio; ρ stands for the medium density;
µ stands for the viscosity; Gk stands for the turbulent kinetic energy; Gω stands for the ω equation;
Dω stands for the orthogonal divergence term; αk stands for the void fraction; ρk stands for the
density;wk stands for the velocity of k phase. τ stands for the viscous stress tensor; Mk stands for
the interphase force; fk stands for the mass force; V1 stand for the absolute speed of static impeller
inlet; Z, λ stand for number of blades, linear loss coefficient; Va stands for the average of absolute
velocity, Va = 0.5(V1 + V2), V2 stands for the absolute velocity in the static impeller outlet; la stands
for hydraulic length of flow passage, la = D2+D1

2(sin β2+sin β1)
; Da stands for average of the flow passage

diameter, Da = D2+D1
2 ; ε stands for turbulence dissipation rate; the value of k1~k4 are selected

through a lot of calculations, experiments and analysis from the predecessors. k1, k2, k3, k4 are 0.008,
0.0202, 0.162, 0.1, respectively; uin stands for the entrance velocity; l = 0.07Dinlet, Dinlet stands for the
inlet diameter.
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