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Abstract

Three groups of schemes were designed for different blade inlet angles of impellers to improve the
efficiency and single-stage head of submersible well pumps. Furthermore, the hydraulic performance
of the pumps was analysed using ANSYS CFX. As a result, the heads and efficiencies of the schemes
were acquired. The internal flow fields of the schemes under different flow quantities were analysed,
and the accuracy of the optimal scheme was experimentally verified. Results indicated that enlarging
the inlet angle of the blade of submersible well pumps might improve the hydraulic performance to a
certain degree. In comparison with the general design scheme with a fixed inlet angle that with an inlet
angle was 26° at the front cover plate and 20° at the rear cover plate, and that in the middle was under
uniform change. The incoming flow angle of the medium coincided with the inlet angle; thus, the
discharge capacity of the pump had a high matching ratio with the actual discharge capacity. The head
and efficiency improved remarkably relative to the initial model, and thus, the hydraulic performance
of the pump improved.
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1. INTRODUCTION

As the core equipment used to extract underground water, submersible well pumps have
broad application prospect in various fields, such as agricultural irrigation, sewage treatment,
and oilfield exploitation [1-3]. Hydraulic performance [4-6] is an important index for
evaluating pump performance, and the performance loss caused by the inappropriate selection
of many geometric parameters considerably affect hydraulic performance [7-8]. Bacharoudis
et al. [9] analysed the performance of impellers with different blade outlet angles under the
same outlet diameter. Then, these scholars calculated the flow conditions in the blade channel,
analysed and summarized the prediction curve and calculation results of the internal flow
field, and selected the optimal parameters to improve the hydraulic performance. Currently,
submersible well pumps are usually designed via numerical simulation [10-12], the hydraulic
loss method, and an approximation model.

On this basis, research scholars have explored the influence of the design parameters of
submersible well pumps on hydraulic performance [13-15]. However, few in-depth studies
regarding the hydraulic performance of submersible well pumps have been performed based
on the design of the inlet angle of the impeller. Therefore, the influence of the inlet angle
design of submersible well pumps and the change in flow field must be investigated. Design
schemes with different inlet angles are selected, and CFD software was used to perform the
numerical calculation and investigate the external characteristics of internal flow field in these
schemes. The hydraulic performance of the schemes is then compared to guide submersible
well pump designers with a theoretical design.
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2. STATE OF THE ART

Many experts and scholars worldwide have conducted substantial research on the influence of
the design parameters of centrifugal pumps on hydraulic design. Stel et al. [16] used the
numerical simulation method to investigate a multistage submersible pump and discovered that
the accurate hydraulic performance of pumps above three stages could be acquired through
the numerical simulation of a three-stage pump. On this basis, the present study conducted a
numerical simulation analysis and research on submersible well pumps and investigated the
hydraulic performance of three-stage submersible well pumps. El-Gazzar and Hawash [17]
studied the design method of improving hydraulic performance through the impeller blade
splitting method of a centrifugal pump; however, the eccentricity problem caused by this
method influenced the rotation centre of the pump to some degree, resulting in a great
vibration amplitude and increase in radial force. Only blade placement was considered in the
present study, but the structural changes caused by the change of each segment of the splitter
blade angle were not associated. Golcii et al. [18] studied the influence of a splitter blade in a
deep-well pump on hydraulic performance. Then, these scholars conducted a comparative
analysis of the influences of the changes in quantity and length of the splitter blades on the
performance through numerical simulation. The results revealed that splitter blades of a certain
quantity and 80% blade length could effectively elevate the head, but excessive splitter blades
would block the flow channel and reduce pump efficiency. The overall placement of splitter
blades was investigated without an intensive analysis of whether the placement angles of the
original and splitter blades could weaken the blocking problem to a certain degree while
elevating the head. Wei and Sun [19] studied the influence of the diffuser inlet’s width on the
performance of submersible pumps and found that increases of the inlet’s width could
effectively offset the large energy, reduce the hydraulic loss of the diffuser, and improve the
hydraulic efficiency of the entire pump as the inlet width increases. However, multistage
impellers in submersible well pumps are interconnected by diffusers; thus, the flow field
distribution at the impeller inlet since the second stage is determined by the diffuser design
quality, whereas quality influences the hydraulic performance of the multistage submersible
pump. Ajay et al. [20] optimized the impeller shape based on many optimization algorithms
and predicted the optimization result by comparing the head losses, thereby reducing
experimental time to a certain degree. Based on this method, a follow-up research was
conducted in simultaneous consideration of the blade inlet and outlet angles. Lu et al. [21]
conducted an experimental study that combined the orthogonal, grey correlation, and self-
priming time tests to investigate the influencing factors of the self-priming time of a
multistage self-priming centrifugal pump and shorten the corresponding self-priming time.
However, the influence of impeller blade inlet parameters on self-priming performance was
not analysed. In order to improve the hydrodynamic performance of the centrifugal pump,
Zhou et al. [22] made an orthogonal experiment to optimize the impeller design parameters.
Five main impeller geometric parameters were chosen as the research factors, and 16
impellers were designed. Through the variance analysis method, the best parameter
combination for higher efficiency was captured finally. However, the 16 impellers equipped
with the same volute. The matching of impeller and guide vane was not studied. Kim et al.
[23] implemented an optimization design of the inlet and outlet angles of the blades of a
centrifugal pump impeller based on the response surface method, thereby effectively
improving hydraulic efficiency. However, optimization was only achieved by setting fixed
values of the inlet and outlet angles at the intersecting lines of the blade’s front and rear cover
plates; the influence of the possible linear change from the intersecting line of the front cover
plate to that of the rear cover plate on the hydraulic performance of the pump was not
considered. Li et al. [24] studied the rotor-stator interaction mechanism in impeller and guide
vanes of mixed-flow pump under part loading condition, the flow field between the impeller
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outlet and the guide vane inlet under part loading condition was measured based on Particle
Image Velocimetry (PIV). The research results provide significant reference value for
revealing the internal flow characteristics under part loading condition as well as for
optimization of mixed-flow pump. Influence of rotor-stator interaction on the flow in the area
between the impeller outlet and the guide vane inlet was analysed according to the
combination of the velocity and the vorticity distribution in the related area. However, the
characteristic hydrodynamic structure of the rotor-stator interaction area was not suitable for
submersible well pumps. Capurso et al. [25] proposed a novel impeller designed for low-
medium specific speed double suction centrifugal pumps, and found that the novel double
suction impeller was characterized by a new arrangement of its flow channels, which come up
alternately on the same circumferential exit even if they started from the two different sides.
However, higher hydraulic blade loading should be designed to explore performance and the
efficiency of the new geometry and to correlate the number of blades with the slip factor
value for the novel design. Jiang et al. [26] analysed the influence of the axial dimensional
error of the impeller and the guide vane on the external performance and internal flow of the
pump. The results revealed that when the diffuser inlet width is less than the impeller outlet
width, an increase in the diffuser inlet width always causes a reduction in the pump head, and
the pump efficiency increases at a small flow rate but decreases at a large flow rate. However,
the matching design method of impeller and diffuser was needed more experimental
verification. Namazizadeh et al. [27] optimized the impeller of a centrifugal pump by
investigating the effect of adding splitter blades and modifying their geometry. Using Design
of Experiment (DoE) technique, the design space was created and response surface method
was utilized to find the optimum geometry. The results showed adding splitters could improve
total head by about 10.6 % and by modifying the geometry using DoE technique it could
increase further by 4.4 % with the negligible effect on the pump overall efficiency. However,
more different parameters should be considered and using Box-Behnken technique in DoE.
More research was needed in the applicability of second order polynomial curves.

The above research results were mainly based on the numerical simulation prediction and
optimization design of the internal structure of centrifugal pumps. However, most research on
the inlet and outlet angles of impeller blades were under the uniform change situation.
Research on the influence of inlet angle under a linear change on the hydraulic performance
of submersible well pumps, although few, has been conducted. The optimization of the
impeller blade is crucial to the control of the inlet flow field loss of the impeller and the
hydraulic performance of the impeller channel. Therefore, a fluid computational domain
model was established via numerical simulation. Starting from the influences of pump
impeller parameters on the overall pump performance, this study explored the influence
characteristics of different designed blade inlet angles on impeller performance and even the
overall performance of submersible well pumps.

The remainder of this study is arranged as follows: Section 3 discusses the modelling for
pump parameter optimization and mesh generation and the hydraulic performance analysis
under multiple working conditions. Section 4 obtains the optimal scheme and the mechanism
of parameter optimization through a comparative analysis of the flow fields and test data of
different schemes. Section 5 summarizes the study and provides the conclusions.

3. METHODOLOGY

3.1 Geometric model

A 200QJ50 submersible well pump was taken as the study object, and a three-stage pump was
taken as the calculation model. The hydraulic models of the impeller and the diffuser at each
stage were the same. Their design parameters were as follows: rotation speed n=2850 r/min,
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design flow quantity Ques = 50 m%/h, single-stage head H = 17 m, specific speed ns = 146.43
(calculated in accordance with a single-stage head), outlet diameter D, =134 mm, outlet width
b, =16 mm, number of impeller blades Z =6, and outlet angle >, =20.5°. A three-dimensional
model of the impeller and the diffuser is shown in Fig. 1.
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Figure 1: Three-dimensional model of the impeller and the diffuser.

Three different impeller inlet angle schemes were selected. The performance change of
this submersible well pump under the three schemes and the distribution difference of the
internal flow field were analysed through numerical calculation. The results provide a certain
theoretical reference for the inverse design methods of submersible well pumps.

Among the three inlet angle schemes, the impeller inlet angle under the first scheme
presented a continuously decreasing trend from the front cover plate to the rear cover plate;
the inlet angle was 26° at the front cover plate and 20° at the rear cover plate, and that in the
middle was under uniform change. The inlet angle under the second scheme was constant at
26°, and that under the third scheme was 20°. Table | shows the abovementioned inlet angle
design schemes.

Table I: Design scheme of the inlet blade angle.

Inlet angle
Scheme Front cover i Cﬂ(iver plate
1 26° 20°
2 26° 26°
3 20° 20°

3.2 Numerical simulation

ANSYS ICEM was used to generate high-quality hexahedral meshes in the computational
domains of submersible well pumps because of the considerable effect of mesh quality on the
numerical calculation. The meshes were added to each boundary while guaranteeing the quality
of each part. Most submersible well pumps are multistage pumps with numerous meshes. Mesh
independence analysis must be performed to guarantee calculation accuracy and improve
calculation efficiency. Scheme 1 was selected for mesh generation and independence analysis.
Fig. 2 shows a schematic of the computational meshes. The left side shows the single-channel
meshes of the impeller, whereas the right side shows the single-channel meshes of the diffuser.

Figure 2: Mesh of the single channels.

Table Il shows the independence analysis results of the meshes. When the global meshes
were 1.6 mm in size, the simulation performance was approximate to the predicted
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performance. In consideration of calculation time and accuracy, the maximum global size in
Scheme C was selected for mesh generation.

Table II: Analysis of grid independence.

Scheme | Maximum grid size (mm) | Grid number | Efficiency (%)
A 2.4 4.4812x10° 72.12
B 2.0 5.6395%10° 73.88
C 1.6 6.6512x10° 75.09
D 1.2 8.9851x10° 75.12

The steady-stage computation of multiple working conditions was performed for different
impeller inlet angles via ANSYS-CFX 18.0 software. The total pressure inlet and the mass
flow outlet were used for the computational domain. The impeller of this submersible well
pump was a rotational domain, whereas that of the other parts such as diffuser in pumps were
static. The standard k— turbulence model was used, and the convergence precision of the
residual error was set to 10™. Nonslip boundary conditions were used for the wall surfaces,
and the standard wall surface function was set. The computational subdomains were
connected by setting the interfacial surfaces. The head, efficiency, and shaft power were
monitored to guarantee the reliability of the calculation result.

The standard k—< model is a typical two-equation model that has been extensively applied
in the simulation of flow field and heat exchange, and its equations can be expressed as follows:
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3.3 Numerical simulation result

Figs. 3 and 4 show the numerical simulation results of 200QJ50 submersible well pump. The
comparison of the heads of the pump under the three schemes and the rated flow quantity
revealed that the head of the submersible pump model in Scheme 1 was the highest, followed
by those in Schemes 2 and 3 in succession; however, the head difference at the rated point was
not evident. As the flow rate decreased, the increase in the amplitude of the head in Scheme 3
was larger than those in the other two schemes. Consequently, under the low flow rate (0.6 Qges),
the head in Scheme 3 exceeded those of the other two schemes, and then the model in this group
had the highest hydraulic efficiency under a low flow rate. However, under a large flow rate
(1.4 Qqes), the head of Scheme 3 was lower than those in Schemes 1 and 2. The high head under
the low flow rate and the low head under large flow rate resulted in a steep head curve in Scheme
3, and the overall scope of this working condition was smaller than those of the other two
models. Therefore, the coverage of the flow rate of the efficiency curve in Scheme 3 was
remarkably smaller than those of the other two schemes. Under the rated flow rate, the
efficiency of Scheme 3 reached the maximum value. As the flow rate further increased, the
efficiency curve of this model under a large flow rate declined to a great degree. In comparison
with Scheme 3, the highest efficiency points of the submersible well pumps in Schemes 1 and
2 both existed under the 1.2 Qqes flow rate; thus, the coverage of the operating condition of this
submersible well pump enlarged by a huge margin, and its hydraulic efficiency under a large
flow rate improved. Therefore, in the design process of submersible well pumps, the inlet
angle of the impeller should be appropriately enlarged under the Qqes flow rate to contribute to
a large scope of high-efficiency use condition of this submersible pump model. Furthermore,
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the increase in inlet angle would result in a clear shift in the extreme point on the efficiency
curve of the submersible well pump toward the operating condition with a large flow rate.
Such effect would considerably improve the efficiency of submersible well pumps under a
large flow rate and slightly improve the efficiency under a low flow rate.
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Figure 3: Prediction results of submersible well Figure 4: Prediction results of submersible well
pump head for 200QJ50. pump efficiency for 200QJ50.

The comparison of the performance of Scheme 1 with that of Scheme 2 shows that the
head of Scheme 1 was slightly higher than that of Scheme 2 within the full scope of the flow
rate. Moreover, the efficiency of Scheme 1 under the low flow rate was slightly higher than
that of Scheme 2 under the rated flow rate due to the head difference. However, under a large
flow rate, if a single value was taken for the inlet angle on the basis of the calculation result,
the performance under large flow rate would certainly improve. However, the head and
efficiency under the low flow rate could not satisfy the related requirements, and the axial
power curve of the model would shift toward the large flow rate, thus weakening the non-
overload performance of the multistage pump.

4. RESULT ANALYSIS AND DISCUSSION

4.1 Flow field analysis in pump

The internal flow field distribution of the three groups of submersible well pump models
under different flow conditions was further analysed to probe into the influence mechanism of
the inlet angle on the performance of the submersible well pump and obtain the internal
medium distribution in the submersible pump under different inlet angles.

Fig. 5 shows the unfolded streamline distribution graph of the cross section in the impeller
flow channel of the three groups of submersible well pumps under the 0.6 Qqes flow rate. The
actual rate of the impeller channel was far smaller than its discharge capacity. Thus, a flow
separation phenomenon occurred near the blade back in the middle segment of the first-stage
impeller channel in the three groups of models. Under the actions of flow separation and
pressure difference, the medium flow inside the impeller channel was no longer a uniform
laminated flow, and the secondary flow of the liquid medium perpendicular to the main flow
direction appeared. The secondary flow was more evident in the impeller channel under
Schemes 2 and 3 compared with that in Scheme 1. In addition, the secondary flow in the
impeller channel caused a vortex in the latter half segment of the individual channel. This vortex
might result in a large hydraulic loss. At the secondary impeller inlet of the three groups of
models, the liquid medium maintained a certain peripheral speed after passing through the guide
blade of the previous stage; thus, its incoming flow angle was larger than the inlet angle of the
primary-stage impeller. Given the minimum inlet angle in Scheme 3, a mismatching
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phenomenon occurred between the medium’s incoming flow angle and its blade inlet angle at
the inlet of the secondary impeller; that is, the fluid tended to bypass the blade inlet rim due to
the small inlet angle and then entered the side near the back face. Therefore, the secondary flow
in the impeller channel occurred in advance, and a low-voltage vortex region was induced in
the middle segment of the impeller channel. In Schemes 1 and 2, the difference between the
incoming flow angle at the inlet and that at the primary stage also induced the occurrence of
secondary flow in the channel in advance. The strength of the secondary flow was weaker
than that of Scheme 3 because the inlet angle was large. A vortex was not induced by the
secondary flow in Scheme 1. Even though a low-pressure vortex was induced in the flow
channel of Scheme 2, the intensity of the vortex core was smaller than that in Scheme 3.
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Figure 5: Streamline distribution on the cross section of the impeller channel under 0.6 Qges.

Figs. 6 and 7 show the unfolded streamline distribution graphs of the cross section in the
impeller channel of the three groups of submersible well pump models under the Qges and 1.4
Ques flow rates. Under the Qges flow rate, the liquid medium distribution in the impeller
channel improved greatly in comparison with that under a low flow rate. Moreover, its
discharge capacity had a high matching ratio with the actual discharge rate. Therefore, even
though the secondary flow caused by blade extrusion remained in the channel, the overall
flow field distribution had evident layers, which could increase the hydraulic efficiency.
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Figure 6: Streamline distribution on the cross section of the impeller channel under Qyes.
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Figure 7: Streamline distribution on the cross section of the impeller channel under1.4 Qges.
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As the flow rate increased, the actual discharge rate of the impeller exceeded the optimal
discharge rate under the 1.4 Q4. flow rate. Hence, the extruding effect of the blade on the
inlet’s incoming flow was clear, and a high flow-rate region was formed near the working face
in the first half segment of the impeller channel. Thus, the pressure on the working face of the
impeller decreased greatly, inducing flow separation at the middle segment of the impeller. In
the three groups of schemes, the inlet angle of Scheme 3 was the minimum, and the
unmatching ratio between its blade and incoming flow angles was also the highest. Thus, the
flow separation phenomenon in the last half segment of the channel was the most evident.

Figs. 8-10 show the static pressure distribution on the primary impeller blade of the three
different inlet angle schemes under different flow quantities. Under the 0.6 Qq.s flow rate, a
low-pressure region was generated at the back face near the inlet rim of the impeller blade of
the submersible well pump. This region was caused by the non-uniform local speed distribution
of the liquid medium. The speed of the liquid medium at the inlet rim near the back face was
higher than that at the side of the working face because of the extruding effect of the blade inlet
rim. The static pressure distribution at this position was lower than at the other positions in the
channel. Near the low-pressure core region near the inlet at the rim, the liquid medium could
easily generate flow turbulence to diffuse inside the impeller channel. Such turbulence caused
a secondary flow in the channel and induced a vortex. In the three groups of schemes, the
coverage area of the low-pressure core region was smaller than those of other two schemes. The
low-pressure region was mainly distributed at the lower half part at the inlet rim near the rear
cover plate, and its minimum pressure was higher than those of the other schemes. In Schemes
2 and 3, the pressure gradient distribution was large in the low-pressure region, and the coverage
area was already extended to the blade inlet rim near the first half part of the front cover plate.
Meanwhile, the diffusion trend toward the impeller channel was also manifested in the low-
pressure region in Scheme 2. This result indicated that among the three groups of schemes, the
parameter of the inlet angle used in scheme 1 has a better effect on reducing the low-pressure
core region at the back face of the inlet rim. By contrast, selecting a large constant inlet angle
(Scheme 2) resulted in the diffusion phenomenon of the low-pressure region inside the channel.
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Figure 8: Static pressure distribution on the blade of the first impeller under 0.6 Qyes.

Scheme 1 Scheme 2 Scheme 3

Figure 9: Static pressure distribution on the blade of the first impeller under Qyes.

Scheme 1 Scheme 2 Scheme 3
Figure 10: Static pressure distribution on the blade of the first impeller under 1.4Qges.
Under the Qqes flow rate, the low-pressure region still existed on the blade back face in
Scheme 2, whereas the low-pressure regions on the blade back face in Schemes 1 and 3

weakened greatly. In these regions, the pressure gradient of the low-pressure core region in
Scheme 1 was not different from that at other positions of the flow field. However, the low-
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pressure core region in Scheme 3 mainly appeared at the first half segment and the last half
part of the back face of the blade inlet rim, and a core region fault with a small pressure
gradient appeared in the middle region. These occurrences manifested that the constant inlet
angle of Scheme 3 could satisfy the distribution of the incoming liquid flow at the centre of
the blade inlet rim, but its two sides did not match the angle of the incoming flow to a certain
degree. Under the 1.4 Qg flow rate, the discharge capacity of the impeller channel was
completely released because the discharge quantity was extremely large, thus greatly
inhibiting the flow separation phenomenon caused by the non-uniform speed distribution in
the channel. Nevertheless, the high-speed region was formed because the small inlet angle
was smaller than the incoming angle that remained in the first half part of blade back face in
Scheme 3. In addition, the region’s scope was larger than those in Schemes 1 and 2. This low-
pressure region continuously diffused in the channel as the flow rate increased, consequently
increasing the hydraulic loss and hydraulic efficiency in Scheme 3.

Fig. 11 shows the pressure distribution point clouds on the centre line of the flow channel
on the blade surface in the three groups of models. The dispersity of the point cloud distribution
represents the pressure difference between the impeller blades at the same position. The figure
shows that at the same position of different blades, their static pressure distributions were not
identical, indicating that the single-channel numerical calculation method resulted in a certain
deviation from the hypothesis that the flow field distributions in each flow channel are the same.
From the static pressure distributions on the blade surface in the models under different flow
rates the pressure point cloud distribution under the 0.6 Qqes flow rate was the most concentrated
in Scheme 3. The pressure difference between impeller blades at the same position was the
minimum. At the front end of the impeller blade, the minimum pressure at the inlet of the
back face was the maximum value among the three groups of models. This result indicated
that under the 0.6 Qqes flow rate, the blade inlet angle in Scheme 3 could not only prevent the
formation of a low-pressure region on the back face at the inlet rim but also contribute to a
stable flow field distribution in the last half segment of the impeller flow channel.
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Figure 11: Pressure distribution point cloud with blade surface on the middle line of the flow channel
in the three sets of model schemes.

Under the Qges flow rate, the pressure point cloud distributions in the groups of models
indicate a pressure drop at the inlet of the back face and the first half segment of the working
face in all models. In these regions, the pressure drop reached the maximum value at the inlet
of back face in Scheme 2. In Scheme 3, the pressure drop reached the maximum value in the
first half segment of the working face of the blade, and the extreme pressure value at this
position was lower than pressure value on the back face under the same axis coordinates. As a
result, the turbulent flows of the medium were easily caused, and the stall vortices were
formed. The turbulent flow on the working face could easily be diffused in the impeller flow
channel; thus, the internal flow field distribution was the most unstable under the rated flow
rate in the three groups of models. Under the 1.4 Qqe flow rate, the pressure drop in the first
half segment of the back face of the blade was evident in all of the models, but the blade inlet
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angle had the highest matching ratio with the incoming flow angle of the liquid medium in
Scheme 3. Thus, the pressure drop reached the maximum value. The pressure drop reached
the minimum value at the first half segment, and a dense point cloud distribution was
observed in the middle segment of the flow channel due to the large inlet angle in Scheme 2.
This result indicated that the flow field distribution of Scheme 2 was under a steady state.

4.2 Experimental analysis of pump performance

On the basis of the numerical prediction results, a performance test was conducted on the
200QJ50 submersible well pump. Scheme 1 was selected for the prototype manufacturing and
performance testing in consideration of the strict performance requirements of the cooperative
enterprise for submersible well pumps under a large flow rate.

In the test process of the submersible well pump, a six-stage structure was used for the
pump to match the existing motor of specific power. Therefore, the prediction results obtained
from the numerical calculation were converted into a six-stage performance. Fig. 12 displays
the comparison of the numerical prediction and experimental measurement results of the
performance of the 200QJ50 submersible well pump.

The predicted and test values of the head of the 200QJ50 submersible well pump at rated
flow rates were identical, with an error of approximately 1%. However, the prediction of shaft
power through numerical calculation had a certain error, and the predicted shaft power was
lower than the test shaft power by 2.6 %. Consequently, under a small deviation in the predicted
head value, the prediction efficiency was higher than the test efficiency by 2.3% because the
axial length of the pump increased with the stage number. Thus, the mechanical losses, such
as the sealing and filler losses, result in a certain structural deviation in numerical prediction.

The test indicated that the single-stage head of the 200QJ50 submersible well pump was
higher than the design requirement, and its efficiency exceeded the national standard
requirement.
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Figure 12: Comparisons between the test and numerical results of the 200QJ50 submersible well pump.

5. CONCLUSION

Three different inlet angle schemes were designed to improve the hydraulic design of
submersible well pumps and explore the influence mechanism of the change in impeller inlet
angle on the performance of submersible well pumps. On the basis of the numerical
simulation results, the internal flow characteristics of the three schemes under different
working conditions were analysed, and the optimal scheme was verified through experimental
comparison. The following conclusions were drawn:
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1) The matching ratio between the blade inlet and incoming flow angles of a fluid is an
important factor that influences the performance of submersible well pumps. The design
process should emphasize on enlarging the inlet angle but should optimize the parameters
instead by following the flow field law.

2) The discharge capacity is consistent with the physical truth under rated flow rates; thus,
the improvement of the flow field by the inlet angle is not evident; however, improvement is
observable under partial working conditions. Therefore, enlarging the inlet angle can weaken
the low-pressure vortex at the inlet and reduce the turbulence of the flow field.

3) In comparison with the hydraulic performance of the pump under the constant inlet
angle scheme, that under Scheme 1 (i.e., uniform change of the inlet angle from the front
cover plate to the rear cover plate) considerably improved. This result provides a reference for
the further development of a follow-up hydraulic design of submersible well pumps.

Numerical simulation was combined with experimental research in this study.
Furthermore, a calculation model for the hydraulic analysis of submersible well pumps was
proposed. Blade inlet angle, which is an important factor that influences the efficiency of
impeller design, was also investigated. This study could guide the optimization of the
hydraulic design of submersible well pumps. Only three different schemes were designed in
this study; therefore, an optimization analysis method must be considered in the follow-up
optimization design of submersible well pumps.
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