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Abstract: In order to study the internal flow characteristics of centrifugal pumps with a split impeller
under gas-liquid mixed transportation conditions, this paper conducted a steady calculation of the
flow field in the centrifugal pump under the conditions of different inlet gas volume fractions based
on the Eulerian-Eulerian heterogeneous flow model, using air and water as the working media and
the Schiller Nauman model for the interphase resistance. This paper takes a low specific speed
centrifugal pump as the research object, through the controlling variables, using the same pump body
structure and pump body geometric parameters and setting three different arrangements of long and
short blades (each plan uses the same long and short blades) to explore the influence of the short blade
arrangement on the low specific speed centrifugal pump performance under a gas-liquid two-phase
flow. The research results show that, under pure water conditions, the reasonable arrangement
of the short blade circumferential position can eliminate the hump of the centrifugal pump under
low-flow conditions, can make the flow velocity in the impeller more uniform, and can optimize
the performance of the pump. Under the design conditions and the gas-liquid two-phase inflow
conditions, when the circumferential position of the short blades is close to the suction surface of the
long blades, some of the bubbles on the suction surface of the long blade can be broken under the
work of the pressure surface of the short blade and flow out of the impeller with the liquid, which
improves the flow state of the flow field in the impeller.

Keywords: centrifugal pump; splitter blades; blade circumferential offset; gas-liquid two-phase flow

1. Introduction

The centrifugal pump is an important energy conversion device and fluid transportation equipment.
In engineering practice such as in chemical processes, oil and gas transportation, nuclear pump
operating, loss of water accidents, etc. [1–4], the problem of gas-liquid mixed transportation with
centrifugal pumps is often encountered. As the centrifugal pump is very sensitive to the gas content
in the working medium, the pump performance will change significantly under the condition of
gas-liquid mixed transportation [5–8]. In centrifugal pumps, the gas-liquid separation phenomenon is
prone to occur when the inlet gas volume fraction reaches 10% to 15%, resulting in a steep drop in
head [9].

Poullikkas [10] used high-speed photography to photograph the movement of the bubbles inside
the pump under different conditions, and found that when the gas content is low, the bubbles gather
on the suction surface of the blade. As the gas content increases, the bubble gathering area further
expands, and finally leads to the flow-path blocked condition. Patel [11] conducted a visualization
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experiment in a transparent model pump. The gas moved along the suction surface of the blade to the
outlet of the impeller, and there was a backflow phenomenon from the pressure surface to the suction
surface of the blade, which caused bubbles to gather on the suction surface of the blade. Jianping
Yuan et al. [12] analyzed the flow law of the gas-liquid two-phase flow in a centrifugal pump based on
a heterogeneous flow model. Binghui Pan et al. [13] used the mixture model to study the influence of
the gas-liquid two-phase flow on the head and efficiency of a centrifugal pump. He summarized the
current research status of gas-liquid two-phase flow. As the inlet gas volume fraction increases, the gas
content in the pump also increases, and the bubbles are mainly concentrated on the suction surface of
the blade and move along the suction surface to the impeller outlet. Therefore, to improve the internal
gas-liquid mixed transportation in the centrifugal pump, it is necessary to start with improving the
flow pattern of the suction surface of the blade. Adding a short blade between two long blades is one
of the most effective measures to improve the flow pattern. Manyi An et al. [14] added a splitter blade
between the two long blades and analyzed the influence of the offset angle of the splitter blade and
the inlet diameter on the performance of the centrifugal pump. When the splitter blade is offset by
0.4θ of the suction surface of the long blade and 0.7D2 of the inlet diameter, the overall performance
of the centrifugal pump is the best. Lei Li et al. [15] performed a numerical simulation of the flow
field of IS65-40-250 offset splitter blades and adopted the splitter blade offset method, which results in
improving the uniformity of the flow field velocity and pressure distribution in the centrifugal pump
and reducing the pressure pulsation at the outlet of the impeller and the impact loss. Rong Xie et al. [16]
analyzed the influence of the axial position of the splitter blades on the internal flow of the impeller.
The different circumferential positions of the splitter blades have a significant impact on the flow field.
When the circumferential arrangement positions of the splitter blades are close to the suction surface
of the long blades, the low-speed area in the impeller-path increases and the flow are distributed
unevenly. Jiao Yao et al. [17] established a solid-liquid two-phase flow model, and compared and
analyzed three numerical simulations of centrifugal pumps with splitter blades. After the splitter
blades are added, the efficiency and head of the centrifugal pump are significantly improved, the solid
particle distribution on the blade surface is more uniform, and the wear is reduced. Sina Yan et al. [18]
found that the gas in the impeller mainly gathers near the shroud of the impeller flow-path, and the
accumulated gas diffuses toward the outlet of the impeller with an increase in the inlet gas volume
fractions. Adding a short blade between two long blades can reduce the discharge at the inlet of
the blade, and can eliminate the hump when operating under small-flow conditions; a reasonable
arrangement of the short blades can make the centrifugal pump perform the best. Furthermore, the
addition of short blades indirectly increases the number of blades in the middle and rear sections of
the impeller, and enhances the ability of the blade to shear bubbles and the pump to work; the use of
short blades can smash the remaining bubbles and discharge them out of the pump [19]. Otherwise,
this paper also refers to the research results of other scholars for the centrifugal compressor [20,21].

This paper uses the Euler-Euler two-fluid model to numerically simulate the centrifugal pump
under air-contenting conditions under design conditions to explore the influence of circumferential
arrangement impellers with different lengths of blades under different inflow air-containing conditions.
In addition, the influence of the arrangement of different short blades on the pump performance under
pure water conditions is analyzed.

2. Numerical Methods

2.1. Eulerian-Eulerian Heterogeneous Flow Model

The Eulerian-Eulerian multiphase flow model can be divided into the Eulerian-Eulerian
homogeneous flow model and the Eulerian-Eulerian heterogeneous flow model. The former assumes
the same phase velocity and does not consider the velocity slip between phases, while the latter
considers the phase velocity slip, the phase-to-phase mass, and momentum transfer [22], which is closer
to the actual situation. In this paper, the Eulerian-Eulerian heterogeneous flow model is adopted. The
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interphase transfer unit uses the particle model, ignoring the effect of the temperature field. The liquid
phase is the continuous phase and the gas phase is the discrete phase, and the k− ε turbulence model
is adopted. The zero-equation model is used. The inlet bubble diameter is set as 0.2 mm and the gas
surface tension coefficient is set as 0.073. A dynamic and static interface is set up between the impeller
and the inlet and the impeller and the volute; the grid connection method is GGI (General Connection
Interface) and the convergence accuracy is set to 10−4. In order to speed up the convergence rate of the
calculation, the gas-liquid two-phase calculation is performed with pure water as the initial condition.

2.2. Methods of the Numerical Simulation

The continuity equation and momentum equations [15,23] are:

∂
∂t
(αkρk) + ∇•(αkρkωk) = 0 (1)

∂
∂t
(αkρkωk) + ∇•(αkρkωk ⊗ωk) = −αk∇(αkµk(∇ωk + (∇ωk)

T)) + Mk + αkρk fk (2)

where:

k—phase (l–liquid, g-gas);
ρk—density; Pk—pressure;
αk—volume fraction; µk—dynamic viscosity;
ωk—relative velocity; Mk—interphase quality;
fk—mass force related to impeller rotation.

The gas and liquid phases meet the relationship in formulas (3) and (4). The gas void fraction is
defined as ag.

αg + αl = 1 (3)

αg =
Qg

Ql + Qg
× 100% (4)

where:

Qg—gas volume flow;
Ql—liquid volume flow (l—liquid; g—gas);
αg—inlet gas volume fraction;
αl—inlet liquid volume fraction.

3. Calculation Model

3.1. Research Object

The research object is a volute-type low specific speed centrifugal pump with splitter blades; the
design flow rate is 110 m3/h and the design head is 65 m. It is a single-stage centrifugal pump with a
rated rotational speed of n = 3000 rev/min, and z = 12 (6 long and 6 short blades), D2 = 215 mm, b2 =

32 mm. Scheme 1: the short blades are arranged along the rotational direction of the impeller, and
the angle between the outlets of the long- and short-blade pressure surfaces is 15◦. Scheme 2: the
short blades are arranged along the rotational direction of the impeller, and the angle between the
outlets of the long- and short-blade pressure surfaces is 30◦. Scheme 3: the arrangement position of
the short blades is along the rotational direction of the impeller, and the outlet angle of the pressure
surface of the long and short blades is 45◦. The three-dimensional modeling software Pro/E is used
for solid modeling and for the assembly of the calculation domains of each scheme. All the water
bodies include an inlet section, impeller, volute, and outlet section. In order to enable the fluid to fully
develop before entering the impeller and the volute outlet and accurately simulate the flow state of
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the fluid, the inlet and outlet sections are appropriately extended [24]. Figure 1 shows the schematic
diagram of the impeller water body in each scheme.

Figure 1. Impeller domains of the flow field calculation.

3.2. Meshing

Due to the complexity of the boundary conditions and the governing equations, it is difficult to
directly solve the continuous fluid domain. Therefore, discretizing the spatial domain and solving
the discretized system of equations can greatly reduce the difficulty of numerical calculation and
improve the accuracy of the solution. The basis of discretization is meshing. In this paper, the ANSYS
ICEM(ANSYS corporations of American) is used to build the structured mesh in the calculation domain
water body. The hexahedral structure grid is generated by topological block mapping. The relationship
between the adjacent nodes is clear and the quality is high. It is easy to control the grid details near the
wall surface or the complex flow area. The streamline distribution and grid orthogonality are well
controlled. Grid details are shown in Figure 2. The structure of impeller and volute are shown in
Figure 3.

Figure 2. Mesh of the centrifugal pump.
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Figure 3. The structure of the impeller and volute of scheme 2.

3.3. Grid Independence Analysis

Grid division is an important pre-processing step for numerical simulation. The quality and
number of grids directly affect the accuracy of numerical calculation results. In this paper, based on the
finite volume method, meshing is performed in ANSYS ICEM 14.1 (after grid independence analysis,
the following number of meshes are finally adopted: 2.5265 million for scheme 1, 2.623 million for
scheme 2, and 2.427 million for scheme 3). Steady numerical calculation is performed in ANSYS
CFX 14.1.

4. External Characteristics Prediction

4.1. Prediction of Flow-Efficiency Characteristic Curve under Pure Water Conditions

Under the condition that the size of the blade is unchanged in the impeller, the offset method of
the short blade is the essential cause of the internal flow difference in each scheme, and the efficiency is
the external manifestation of the internal flow change. In order to study and analyze preliminarily the
internal flow changes of three different schemes, eight working condition points of the model pump
were selected for numerical calculation, which were Q/Qd = 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, and 1.3. The
flow–efficiency curve and flow–head curve of the model pump in three different schemes are shown in
Figure 4.
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Figure 4. External characteristics under different schemes.

The non-dimensional head coefficient ψ is defined as:

ψ =
gH

u2
2

(5)

where H means head and u2 means the peripheral speed of the outlet of the impeller.
The η is defined as:

η =
ρgHQ
M•ω

× 100% (6)

where H means head, and Q means the flux; M is torque, and ω means the angular velocity of
the impeller.

It can be seen from Figure 4 that, under the condition that the length and shape of the blade, the
volute and the inlet and outlet of the impeller are unchanged, and the flow–efficiency characteristic
curve changes with the change in the layout position of the short blade. In scheme 2, the short blades
are arranged between the two long blades, and it can be seen from the efficiency characteristic curve
that the optimal working point of the centrifugal pump corresponding to the impeller is shifted to the
high-flow operating point (Q/Qd = 1.1), This may be caused by the matching of the throat area of the
volute with a too-large impeller vane. This leads to the transition of the optimal working condition
from 1.1Qd in scheme 2 to 1.0Qd in schemes 1 and 3. Looking at the entire efficiency characteristic curve,
the efficiency at the design point of the three schemes is relatively close. The efficiency characteristic
curves of the three schemes are different, which is caused by the difference in the two flow-paths
divided by the short blades. Comparing the head characteristic curves of the three schemes, scheme 2
has an obvious hump phenomenon at 0.7Qd, and the presence of the hump will cause an unstable
operating point when the pipeline characteristic curve matches the pump performance curve and leads
to severe vibration. The heads decrease sharply with the increase in the flow in the range of the large
flow (1.0Qd–1.2Qd) of schemes 2 and 3, which shows that the impeller corresponding to this scheme
should not run for a long time under the condition of large flow.

4.2. Prediction of the External Characteristics of the Second Scheme and its Experimental Verification

In order to obtain the performance of the hydraulic prototype of the centrifugal pump, the external
characteristic was experimentally analyzed, and the accuracy of the numerical simulation was verified
by comparing the deviation of the experimental value and the numerical calculation value. Because
the number of schemes involved in this article is large, only scheme two is tested by experimental
verification. At present, research results show that in the high-efficiency zone (0.6Qd–1.2Qd) of the
pump, the predicted value of the external characteristics of the pump is in good agreement with the
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test value [24]. When CFX calculates the low-flow operating points and the large-flow operating points,
the predicted data deviates greatly from the actual situation, so this article only calculates the flow
points in the range from 0.6 to 1.2Qd.

The comparison between the experiment and simulation is shown in Figure 5. It can be seen
that, with the increase in the flow rate, the numerical simulation result of the head differs from the
experimental value more and more and the simulation values of head and efficiency are higher than
the experimental values. The efficiency simulation results are basically the similar as the experimental
efficiency curve. The optimal efficiency points are all at 1.1Qd. The simulation efficiency is higher than
the experimental efficiency. This is due to the simplification of the real flow field in the numerical
calculation and the fact that it did not consider the influence of the balance hole on the internal flow field
during the numerical calculation process. The numerical calculation head coefficient curve is higher
than the experimental value and the maximum head deviation reaches 7.6% under large flow conditions.
The main reason is that there is a certain deviation in predicting the performance of the centrifugal
pump by the steady simulation of a single phase. At the same time, according to experience, a larger
blade outlet placement angle should be adopted for the low-to-medium specific speed centrifugal
pump to increase the head. In order to obtain higher efficiency and avoid a hump, it is necessary select
a smaller blade outlet placement angle for this scheme and increase the outer diameter of the impeller
to ensure the design head. The disc friction loss is proportional to the 5th power of the impeller
diameter. Increasing the outer diameter of the impeller increases the friction loss of the disc inside the
impeller. However, the disc loss is not considered in the numerical simulation, and the volume loss of
centrifugal pumps with medium and low specific speeds is, in terms of percentage, larger than that
with a high specific speed. Therefore, the simulation results are quite different from the experimental
results. In general, when the pump is running in the range of (0.6–1.2Qd), the simulation results show
little deviation from the experimental results. This further proves that numerical simulation can be
an effective means and tool for predicting the energy characteristics of the centrifugal pump and can
ensure the accuracy of further analysis.

Figure 5. Comparison of the external characteristics. EXP stands for experimental data and CFX
represents numerical simulation data.

4.3. Prediction of Flow-Efficiency Characteristic Curve of Gas-Liquid Two-Phase Flow under Design Conditions

It can be seen from Figure 4 that the efficiencies of the three schemes are almost the same at
the design point (1.0Qd), and the CFD numerical calculations are carried out for the 1.0Qd working
condition and the inlet gas volume fractions ratio α = 1%, 3%, 5%, 7%. Figure 5 is the efficiency
characteristic curve of each scheme under different inlet gas void fraction and the design condition.

It can be seen from Figure 6 that, under the condition that the length and shape of blade, the
volute, and the inlet and outlet of the impeller are unchanged, and with the same inlet gas volume
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fractions, the efficiency changes with the change of offset type of the short blade. For the same model
pump, the efficiency decreases with the increase in the inlet gas volume fraction; when the inlet gas
volume fraction is 1%, the efficiency change of the model pumps of the three schemes is very small,
and this depends on the condition of small inlet gas volume fractions. After the air bubble enters
the impeller, it forms fine bubbles under the shearing action of the blade and is directly entrained
by the fluid in the impeller and discharged from the impeller. When the inlet gas volume fraction is
greater than 1%, with the increase in the inlet gas volume fraction, scheme 4 has the fastest rate of
decline in efficiency, scheme 2 is the second, and scheme 1 has the slowest rate of decline in efficiency.
The existing literature [12,13,23,25] pointed out that the gas is mainly distributed in the area near the
suction surface of the blade and the outlet of the impeller flow channel under the condition of the
mixed gas-liquid transportation. On the suction surface of the blade, due to the pressure difference,
bubbles always accumulate in the vicinity of the suction surface. The higher the inlet gas volume
fraction, the more obvious the gathering phenomenon, due to gas accumulation a serious separation
phenomenon occurs, so that the efficiency drops sharply. Among the three schemes, the arrangement
of the short blades in the scheme 1 makes the pressure surface of the short blades closest to the suction
surface of the long blades. When the inlet gas volume fraction increases, some bubbles on the suction
surface of the long blades break down and flow out of the impeller with the liquid under the action
of the pressure surface of the short blades. The short blade circumferential arrangement of scheme 3
moves the pressure surface of the short blade away from the suction surface of the long blade. With
the increase in the inlet gas volume fraction, the shear effect of the short blade on some bubbles is
greatly weakened, and a large number of bubbles gathered in the area near the suction surface of the
long blade cannot be discharged out of the impeller in time; the hydraulic loss is increased and the
efficiency is significantly reduced. The position of the short blade working surface near the suction
surface of the long blade is between schemes 1 and 3, so the efficiency drop rate is also between that of
the other two schemes. When the inlet gas volume fraction is 7%, the efficiency of scheme 2 is higher
than that of scheme 1. Taking into account Figure 6, this may be due to the large amount of bubbles
accumulating on the suction surface of the long blade with the increase in the inlet gas volume fraction.
Due to the offset position of the short blade being too close to the suction surface of the long blade, the
overflow area of the pressure surface of the short blade and the suction surface of the long blade is too
small, and the accumulated bubbles cannot be discharged in a large amount.

Figure 6. The efficiency of each scheme under different inlet gas volume fractions.
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5. Internal Flow Field Analysis

5.1. Velocity Streamline Diagram of Impeller Flow Field Mid-Section under Different Pure Water Working
Conditions

Figure 7 shows the velocity flow diagram of the impeller cross-section under different pure water
conditions. Under different flow conditions, the velocity of the suction surface of the long blade is
greater than that of the pressure surface. Under the flow conditions of 1.0Qd and 1.2Qd, the flow
state in the impeller flow-path is relatively stable, and the relative velocity of the fluid basically flows
along the direction of the blade surface. Under the 1.0Qd working condition, only a slight backflow
phenomenon occurs in the area near the inlet of the short blade and the area near the working surface
of the short blade. As the flow rate decreases to 0.8Qd, an obvious backflow phenomenon occurs in the
impeller and in part of the flow-path begin to appear axial vortices rotating in the opposite direction to
the impeller. The generation of axial vortices causes the impeller flow-path to be blocked and fluid
energy loss in the form of a vortex. The final performance is a decrease in efficiency. Only one of the
three schemes did not produce an axial vortex under 0.8Qd, so the efficiency of scheme 1 is higher
than the other two schemes under 0.8Qd, and the jet-wake phenomenon occurs at the impeller outlet.
With the further decrease in the flow (0.6Qd), the flow separation on the suction surface of the long
blade is intensified, the number of axial vortices in the impeller flow-path gradually increases, and the
size continues to increase. The axial vortex area expands to multiple impeller flow-path areas, which
seriously blocks the impeller flow-path, and the jet-wake phenomenon at the impeller outlet becomes
more obvious.

Figure 7. Velocity streamline diagram of a cross-section of the impeller flow field under different flows
in pure water conditions.

5.2. Turbulent Kinetic Energy Distribution Cloud Diagram of Impeller Flow Field Mid-Section under Different
Pure Water Working Conditions

Figure 8 shows the distribution of the turbulent kinetic energy of the impeller mid-section under
different pure water conditions.



Processes 2020, 8, 1317 10 of 14

Figure 8. Turbulent kinetic energy distribution cloud map in a cross-section of the impeller under
different flow rates in pure water conditions.

From the above figure, the turbulent kinetic energy in the impeller gradually decreases with the
increase in the flow rate. Under small flow working conditions (0.6Qd), the turbulent kinetic energy
is mainly distributed in some part of the flow-path near the impeller outlet. Combined with that
deduced from Figure 6, this may be caused by the flow turbulence because of the severe jet-wake
phenomenon at the impeller outlet. When the working conditions are within the range of 0.8–1.2Qd,
the distribution area of turbulent kinetic energy in the impeller flow-path is small, which indicates that
the ideal operating flow range of the three schemes is 0.8Qd–1.2Qd, especially under the large flow
working conditions (1.2Qd). The range of turbulent kinetic energy is basically within 3.86, which is
consistent with the engineering concept that the pump is expected to work at a relatively large flow
rate. Combining this with the flow-head characteristic curve of Figure 4, it can be seen that if the pump
works under pure water conditions, the short blade axial position of the scheme 2 is more reasonable.
Comparing the turbulent kinetic energy of different impellers under the same flow conditions, the
distribution and value of the turbulent kinetic energy of the three schemes are different, and the only
variation among the three schemes is the difference in the axial offset position of the short blades, which
shows that the short blades’ axial offset is the root cause of the difference in the turbulent kinetic energy.

5.3. The Gas Phase Distribution in the Mid-Section of the Impeller of Each Scheme with Different Inlet Gas
Volume Fractions under the Design Conditions

Figure 9 shows the gas phase distribution cloud diagram in the impeller of each scheme under
different inlet gas volume fractions and design conditions. It can be seen from the figure that, under
the same inlet gas volume fraction, the distributions of the gas volume fractions in different impellers
are different. When the inlet gas volume fractions are within 5%, the distribution of the gas volume
fraction increases with the distance between the arrangement position of the short blade and the suction
surface of the long blade. When the inlet gas volume fraction reaches 7%, the gas volume fraction in
the impeller of scheme 1 is more than that of scheme 2. This may be because the short blade is close
to the suction surface of the long blade, and the short blade occupies part of the flow-path near the
suction surface of the long blade, which causes bubbles to gather in this area for a long time. For the
same impeller, as the inlet gas volume fraction increases, the gas content in the impeller gradually
increases. The gas is mainly distributed on the long and short blade suction surfaces and the outlet
of the impeller flow-path, indicating that the gas is mainly distributed in the suction surfaces of the
impeller flow-path. Then, the gas gradually move toward the outlet of the impeller flow-path along
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the suction surface side of the blade. It can be found from the figure that when the inlet gas volume
fraction reaches 3%, a slight gas-liquid separation phenomenon begins to occur at the outlet of the
impeller flow-path. The gas-liquid separation phenomenon becomes more and more obvious as the
inlet gas volume fraction continues to increase. When the inlet gas volume fraction is 7%, the gas-liquid
separation phenomenon is the most obvious. The gas-liquid separation phenomenon of scheme 2 is
obviously stronger than that of scheme 1, but schemes 1 and 2 are mainly based on the phenomenon of
gas-liquid coexistence. However, scheme 3 develops mainly the gas phase, which also better explains
why the efficiency of scheme 3 decreases suddenly and the efficiency of scheme 1 is worse than scheme
2 in Figure 4 when the inlet gas volume fraction is 7%.

Figure 9. Gas distribution cloud map of the cross-section of the impeller flow field under different flow
rates in water with various gas volume fractions.

5.4. Liquid Velocity Streamline Diagram in the Cross-Section of Impeller under Different Working Conditions

Figure 10 is the liquid velocity streamline diagram of the impeller cross-section under different
schemes and different inflow gas volume fractions conditions. It can be seen that, for the same impeller,
the liquid phase velocity streamline becomes more and more uneven with the increase in the inflow
gas volume fraction. Under the condition of the same inflow gas volume fraction, the liquid velocity
in a cross-section of the impeller in each scheme shows great differences. Under the condition of a
small inflow gas volume fraction (α = 1%), the liquid phase flow in each flow-path of the impeller
is relatively regular. The relative velocity of the liquid phase is basically along the suction surface
and the pressure surface of the blade, and only slight backflow phenomenon occurs in some of the
flow-paths. When the inflow gas volume fractions are 3% and 5%, the flow separation of the long blade
suction surface is significantly increased and accompanied by an axial vortex formed in the impeller
flow-path. This axial vortex area increases sequentially in schemes 1, 2, and 3. The number and size
of the axial vortices in schemes 2 and 3 are significantly higher than those in scheme 1, and the flow
blockage is more serious. The impeller flow-path blockage of scheme 3 is more serious, which shows
that the axial vortex and the strength of the flow separation in the impeller flow-path are related to
the distance between the circumferential position of the short blade and the suction surface of the
long blade. When the inflow gas volume fraction increases to 7%, the axial vortex of the impeller
cross-section in scheme 1 is stronger than that in scheme 2, resulting in the short blade flow-path of
scheme 1 being basically in a turbulent flow area, and the function of the short blade work is greatly
reduced. The-impeller flow-path is blocked in a large area in scheme 3, which is consistent with the
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hydraulic efficiency of scheme 1 being lower than that of scheme 2 and higher than that of scheme 3,
when the inlet gas volume fraction corresponding to Figure 5 is 7%.

Figure 10. Liquid phase velocity streamline diagram of the impeller flow field cross-section for each
inflow gas volume fraction of each scheme under the design conditions.

6. Conclusions

In this paper, the following conclusions are obtained by the numerical simulation of the internal
flow characteristics for a low specific speed centrifugal pump with a short blade arrangement under
the design conditions in the gas-liquid mixed transportation state.

1. Under pure water conditions, the different circumferential arrangements of short blades can
adjust the position of the optimal working point. The reasonable circumferential arrangement
of short blades can optimize the overall performance of the pump. In addition, the reasonable
circumferential arrangement of the short blades can eliminate the hump of the centrifugal pump
under small flow conditions.

2. Under the design conditions in the gas-liquid mixed transportation state, when the circumferential
arrangement position of the short blades is close to the suction surface of the long blade, some
of the bubbles on the suction surface of the long blade can be broken by the pressure of the
short blade pressure surface and by the flow coming out of the impeller with the liquid, which
improves the flow field in the impeller.

3. Air bubbles gather on the suction surface of the blade and move along the suction surface to the
outlet of the impeller. The offset position of the short blade is close to the suction surface of the
long blade, which helps to improve the flow pattern in the impeller under the condition of small
inlet gas volume fractions. When the inlet gas volume fraction reaches 7%, a large number of
bubbles in the impeller flow-path accumulate, so that the effective flow area of the original liquid
phase is sharply reduced and the head also drops, which shows that the circumferential offset of
the short blade to the suction surface of the long blade should have a reasonable range.
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