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Canned Motor Pump (CMP) is widely used in petroleum, chemical, electric power,
aerospace engineering, and military manufacturing industries due to its good
sealing performance. In the structure of canned motor pump, the rotor of the
motor and the impeller of the pump are fixed on the same shaft. Therefore,
balancing the axial force and the radical force of the rotor is a key task for its
reliable operation. The numerical simulation study of CMP is carried out in this
paper, aiming to improve the pump efficiency and balance the axial force and
radial force. The internal flow and rotor force characteristics of CMP under
different radial clearances of front or back wear-rings and different volute
partitions are studied. The results show that with the increase of wear-ring
gap, external performances decline, and the front wear-ring gap contributed
the largest influence. Under the working conditions of 0.6QBEP and 0.8QBEP, front
wear-rings contributed the largest influence to axial force, and the degree of
influence decreases with the rate of flow increase. Radial clearances of front or
back wear-rings have less impact on the radial force of the impeller. Adding
clapboard for volute has a greater impact on the value and direction of radial force,
and it can promote the balance of radial force. However, the effectiveness value
will decrease. The research in this paper can provide theoretical basis and
reference for performance prediction and hydraulic optimization of CMP.
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1 Introduction

As general machinery, centrifugal pumps are widely used in aerospace, navigation,
petrochemical, refrigeration, medical, environmental protection, agricultural irrigation and
other fields (Rzentkowski and Zbroja, 2000; Cdina, 2003; Choi et al., 2003; Alfayez et al.,
2005). However, when centrifugal pumps are used for medium transfer or pressurization,
due to the characteristics of the medium, such as flammable, explosive, volatile, corrosive,
and highly toxic, its tightness and reliability often failed to reach the standard. The canned
motor pump does not have the shaft sealing device of the traditional centrifugal pump, which
makes it leak-free. It is suitable for transporting valuable or radioactive media. Cannedmotor
pump is widely used for medium transfer as its advantages of no leakage, small size and high
reliability (Author Anonymous, 1996; Zhu et al., 2020). In the design, manufacture and
operation of canned motor pump, axial and radial forces are one of important factors that
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must be considered (Zhou andWang, 2016; Arndt et al., 1989; ye Jin
et al., 2022; Qianyan et al., 2018). If axial and radial forces are not
reduced, the rotor shaft will be deflected by alternating stresses
during operation. So that the bearing rotor shielding sleeve and even
impeller motor cause serious damage (Launder and Spalding, 1974;
Author Anonymous, 2019; Jin et al., 2022a). At the same time, the
canned motor pump is not easy to disassemble and later
maintenance is difficult. Therefore, in the early design, the
accuracy of the shaft and radial forces calculation will directly
affect the safety and reliability of the unit (Wang et al., 2001;
Zhu and Kamemoto, 2005).

At present, the research on canned motor pump mainly
includes theoretical analysis, experimental study, empirical
analysis and numerical study (Arndt et al., 1990; Dawes, 1994;
Qin and Tsukamoto, 1997; Guan et al., 2020a; Guan et al., 2020b;
Hongyu et al., 2021; Song et al., 2021). Cabrera et al. (2005)
experimentally measured the magnitude of the radial force on the
impeller of canned motor pump. And also carried out theoretical
research on the force characteristics at both ends of the canned
motor pump bearing by means of calculation simulation
software. Gertzos et al. (2008) used the Bingham fluid model
in the FLUENT software to perform a three-dimensional
numerical calculation of the canned motor pump bearing
ends, analyzed the influence of different bearing width-
diameter ratios on the pressure distribution of the liquid film
and studied the load carrying capacity and cooling performance
of the motor bearing end. Friedrich et al. (Benra et al., 2006)
carried out bi-directional fluid-structure coupling calculation on
the vibration of a single canned motor pump blade, and obtained
the influence of static pressure distribution on the pump blade
under fluid transient state. The calculated results were compared
with the experimental results, which proved that the bi-
directional fluid-structure coupling calculation results were
more consistent with the experimental values. Fortes et al.
(Hirsch, 1988; Qu et al., 2010) calculated the transient
pressure fluctuation in canned motor pump by using the
periodic boundary condition of the overlapping network and
phase lag. Koji Ikuta et al. (Jameson et al., 1981; Koji, 1991;
Rasmussen et al., 2005) of Japan also proposed the application of
contactless permanent magnet shielded pump in non-industrial
fields. The research on the unsteady flow field characteristics of
the impeller end of the canned pump and the force characteristics
of the rotor at medium and high specific speeds is still relatively
small at home and abroad, and some calculation formulas are
quite different, which makes it difficult to follow. At present, the
research papers on canned motor pump in international journals
mainly focus on bearing cooling circuit, fluid-structure coupling
calculation, etc. At the same time, a new canned motor pump
with special structure and special purpose is also studied.

The research on the unsteady flow field at the impeller end and
the rotor force characteristics of cannedmotor pump at medium and
high specific speed is still less at home and abroad, and some
calculation formulas are quite different, which makes it difficult
for people to adapt to it (Jin et al., 2022b). Therefore, it is not only
extremely important to study the accurate calculation and balance
method of axial and radial forces of canned motor pump at medium
and high specific speed, but also of great practical significance to the
safety production of enterprises.

During the operation of cannedmotor pump, the internal flow is
a complex three-dimensional unsteady turbulent flow. Up to now,
the understanding of the fluid flow characteristics in the rotor
components of the canned motor pump at medium and high
specific speeds is not clear enough in engineering, especially the
research on the leakage flow characteristics under the clearance
between the front and rear rings of the canned motor pump is
lacking. This paper takes the analysis of the details of the clearance
flow and studies the influence of the clearance and the volute
diaphragm on the external characteristics, internal flow field, and
rotor force of the canned motor pump.

2 Numerical model and method

2.1 The governing equations

In this study, the transport medium of the canned motor pump
is water, without considering compressibility, and the influence of
gravity is weak. In the inertial coordinate system, the Naiver-Stokes
equation can be written as:
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where the τij can be expressed as:
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For the canned motor pump in this paper, the internal flow of its
impeller is three-dimensional viscous incompressible unsteady flow.
The continuity equation and the momentum equation are shown as
follows:
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Where: ui is instantaneous velocity, p is the instantaneous

pressure, ] is the viscosity coefficient of fluid molecular motion.
When the impeller selects the rotating non-inertial coordinate
system to describe the relative motion, uj is the relative velocity,
fi is the volume force, indicating the influence of Coriolis force and
centrifugal force, respectively.

There are significant differences between temporal and spatial
characteristic scales in turbulent flow, and there are still many
difficulties in solving the N-S equations directly to study the
actual flow problems. Moreover, in engineering projects, the
average flow on the time scale of turbulent flow is often
considered, and in current engineering applications, the Reynolds
time-averaged equation is usually used to simulate the cannedmotor
pump. The Reynolds-averaged equation is expressed as follows:
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where the ui′ and uj′ are the velocity fluctuation.
Incompressible and without considering the volume force, Eq. 2-

7 is changed into the following equation for steady calculation.

uj
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+ z

zxi
v
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zxi
− ui‘uj’( ) (2 − 8)

Because of the characteristics of governing equations and
turbulent flow in the canned motor pump, Reynolds time-
averaged equations are used to analyze the internal flow field of
canned motor pump.

2.2 Design schemes and computational grid

Model HP300-175E/62 (3) canned motor pump is taken as the
research object in this study. The design parameters are as follows,
the flow rate is Q = 300 m3/h, the design head is H = 18.8m, the
rotational speed is n = 1,500 r/min, and the specific is speed ns = 175.
The system pressure is less than 0.6MPa, and the temperature of the
conveying medium is less than 40 °C. The main geometric
dimensions are shown in Table 1.

The 3D model of the canned motor pump is established by the
Pro/E software (As shown in Figure 1A). The calculation domain
consists of impeller, volute, front pump chamber, back pump
chamber, inlet pipe, and outlet pipe. The model is meshed
hexahedrally using ICEM. The tetrahedral unstructured grid is
used for the water body at the impeller and volute, and the
impeller surface and the volute tongue are densified to ensure the
accuracy of the computation. The grid of each flow passage area is
shown in Figure 1. For the small-size gap flow in the fluid domain of
the front and rear pump chambers, the hexahedral structured grid is

TABLE 1 Geometric dimensions of the CMP.

Unit Value

Impeller outlet diameter mm 249

Impeller inlet diameter mm 175

Width of impeller outlet mm 44

Hub diameter mm 59

Base circle diameter of volute mm 255

Number of blades 7

Volute tongue radius mm 143/144.5

Balance hole diameter mm 15

Balance hole center radius is located mm 55

Number of balance holes 7

FIGURE 1
Three-dimensional computational model and grid of the CMP. (A) Three-dimensional computational model of the CMP. (B) The grid of the impeller
and volute and the grid of the front and rear cover plates
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used in this paper to ensure that there are more grid layers to meet
the calculation requirements when the gap thickness is small, as
shown in Figure 2.

The grid independence of the centrifugal pump is verified at a
flow rate of 300 m3/h. In theory, the more the number of grid, the
smaller the error caused by the grid. In this paper, five different
mesh sizes are selected to simulate the internal flow of the model
pump, and the simulation results are shown in Table 2. It can be
seen that when the number of grids is greater than 4.78 million,
with the increase of the number of grids, the head and efficiency
values fluctuate slightly, which can be considered to meet the
grid-independent conditions. Considering the calculation cost,
the number of grids selected in the future calculation is
4.78 million.

The front and back wear-rings have a great influence on the
axial force balance of the canned motor pump, and the volute
diaphragm has a great influence on the radial force balance of the

canned motor pump. In order to study the influence of each
component on the performance of the canned motor pump in
detail, three groups of schemes are set up in this paper. The
detailed information of each group is shown in Table 3. The b1
and b2 represent the unilateral radial clearance size of the front
and rear rings respectively.

2.3 Computational setup and experimental
validation

The ANSYS CFX software is chosen to simulate the internal
flow of the canned motor pump. The RNG k-ε turbulence model
has high accuracy in calculating high-speed flow and vortex flow,
so it is used to analyze the internal flow field of the canned motor
pump in this paper. The inlet boundary condition is set to total
pressure inlet and medium turbulence (intensity = 5%). The mass
flow outlet is adopted as the outlet boundary condition. All walls
are set to have no-slip walls, and the standard wall function is
used in the near-wall region. The convergence criterion is that the
root means square is less than 10−5. In order to verify the
numerical simulation results, external characteristics
experiments were conducted on the CMP model. The
comparison curve of numerical simulation results and test
results are shown in Figure 3. It can be seen from the curves,
the trend of the two basically agrees, and the computation error is

FIGURE 2
Mesh details at wear-ring.

TABLE 2 Grid independence analysis.

Parameter Number of grids (10,000)

197 348 478 546 761

Efficiency η/% 80.21 78.45 77.65 77.72 77.63

Head H/m 20.42 19.53 18.96 18.87 19.03

TABLE 3 Simulation grouping and related experimental scheme.

Prototype pump Scheme 1 Scheme 2 Scheme 3

Front ring size (mm) b1 = 0.3 b1 = 0.8 b1 = 0.3 b1 = 0.3, b2 = 0.3; redesign the volute size (remove the volute diaphragm)

b1 = 1.3

b1 = 1.8

b1 = 2.3

Back ring size (mm) b2 = 0.3 b2 = 0.3 b2 = 0.8

b2 = 1.3

b2 = 1.8
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within 4%. This indicates that the accuracy of the numerical
computation is high and meets the research requirements.

3 Results and discussion

3.1 Influence of wear-ring clearance on
operating characteristics

3.1.1 Effects on the external characteristics
Figure 4 is the performance curve of the canned motor pump

when the clearance of the front wear-ring is changed. It can be seen

that the change of the clearance of the front wear-ring has a great
influence on the external characteristics of the canned motor
pump. The Q-H curve shows that the head decreases with the
increase of flow. Under various working conditions, compared
with the prototype pump head, with the increase of the clearance
of the front wear-ring, the flow rate decreases regardless of its size.
The Q-η curve shows that with the increase of flow rate, the
efficiency value decreases first and then increases, and reaches
the maximum value near the 1.0Q operating point. Compared
with the efficiency of the prototype pump, the efficiency also
decreases with the increase of the clearance of the front wear-
ring under various working conditions. The efficiency decreases

FIGURE 3
Comparison of hydraulic characteristics between numerical simulation and experiment. (A) Efficiency; (B) Head.

FIGURE 4
The performance curves of Scheme 1. (A) Q-H; (B) Q-η.
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by 5%with the increase of the radial gap of 0.5 mm at 0.6Q and 1.4Q,
and decreases by 10% at 1.0Q.

Figure 5 is the performance curve of the canned motor pump
when the clearance of the back wear-ring is changed. It can be seen
from the Fig that the change of the clearance of the back wear-ring
has little effect on the external characteristics of the canned motor
pump. Among them, with the increase of flow, the head will show a
downward trend. Compared with the prototype pump, the head and
efficiency under all working conditions show a downward trend with
the increase of the clearance of the rear wear-ring. In addition, the
impact of scheme 2 is less than that of scheme 1.

3.1.2 Effects on the internal flow field
The internal flow fields of Scheme 1 and Scheme 2 under

standard conditions are compared and analyzed in this section.
For the convenience of observation, the X = 0 section is take n as the
observation object. This section is located at the section position
shown in Figure 1A.

Figure 6 shows the static pressure cloud image under different
front wear-ring clearances in Scheme 1. As shown in Figure 6A,
with the work done by the impeller, the static pressure of the
water body increases significantly along the flow passage and
reaches the maximum value at the outlet of the volute. With the
increase of the clearance of the front wear-ring, the static
pressure in the front cavity decreases significantly, while the
static pressure in the rear cavity does not decrease significantly.
The static pressure at the outlet of the front cavity increases to a
certain extent, which affects the distribution of static pressure
inside the whole impeller. At the same time, from the static
pressure distribution in the figure, it is not difficult to find that
with the increase of the radial clearance of the front wear-ring,
the outlet pressure of the canned motor pump decreases
significantly, and the head at the design operating point
decreases. Traditionally, it is believed that the larger the
clearance of the front wear-ring is, the easier it is to

accumulate high-pressure and high-speed liquid in front of
the impeller inlet, which reduces the necessary net positive
suction head (NPSH) and improves the anti-cavitation ability
of the canned motor pump.

Figure 7 shows the static pressure cloud image under different
back ring clearances in Scheme 2. When the back ring clearance
increases from 0.3 mm to 1.8 mm, the static pressure of the water in
the front pump chamber and the impeller does not change
significantly, while the static pressure of the water in the rear
chamber increases slightly. At the same time, with the increase of
the clearance of the rear ring, the leakage from the back pump
chamber to the balance hole becomes larger, which affects the static
pressure distribution at the back position of the shielding pump
impeller.

Figure 8 is the absolute velocity cloud image under different
front wear-ring clearances in Scheme 1. With the work done by the
impeller, the absolute velocity increases significantly along the flow
passage and reaches the maximum value at the impeller outlet. With
the increase of the gap size of the front wear-ring of the canned
motor pump, the flow velocity increases at the same time, the
absolute velocity near the inlet of the impeller changes
significantly, and the absolute velocity in the impeller increases
significantly, which makes the velocity distribution in the impeller
uneven and the flow stability worse.

Figure 9 is the absolute velocity cloud image under different
back wear-ring clearances in Scheme 2. When the back wear-
ring clearance changes (0.3 mm–1.8 mm), the absolute velocity
of the water in the front pump cavity of the canned motor pump
does not change much. When the gap of the rear ring is from
0.3 mm to 1.5 mm, the absolute velocity change is still not
obvious. With the further increase of the ring leakage to
1.8 mm, the absolute velocity in the pump cavity behind the
canned motor pump increases significantly. In addition, the
change of the size of the rear mouth ring also affects the
distribution of the velocity in the balance hole. When the

FIGURE 5
The performance curves of Scheme 2. (A) Q-H; (B) Q-η.
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clearance leakage decreases, the liquid flowing into the balance
hole from the impeller outlet through the rear pump chamber
decreases, and the vortex in the balance hole is obvious. With
the increase of clearance leakage, the amount of liquid flowing
into the balance hole from the rear pump chamber increases
significantly, and there is no obvious vortex in the balance hole,
which affects the velocity of main flow and the external
characteristics of the canned motor pump.

3.1.3 Effects on the force of the rotor
Change the radial clearance value of the front and back wear-

rings according to the previous scheme 1 and scheme 2, draw the
following curve, and observe the change trend of the axial and radial
forces. The positive direction of axial force is specified as the inlet
direction of the impeller.

As shown in Figure 10, the size and direction of the axial force on
the rotor components of the canned motor pump are determined by
keeping the clearance of the rear ring unchanged and increasing the
clearance of the front wear-ring. Under the standard working
condition, the axial force increases with the increase of the front
wear-ring clearance, and the axial force increases significantly when
the front ring radial clearance increases from 0.3 mm to 2.3 mm, and
the increment slows down from 2.3 to 10.3 mm. Under the
condition of low flow rate (0.6Q), the axial force increases by
300 N when the clearance of the front orifice ring increases from
0.3 mm to 0.8 mm, and the direction does not change. With the
further increase of the clearance of the front orifice ring, the axial
force increases significantly. In the small flow range, the canned
motor pump runs under the positive axial force, which affects the
operation reliability of the canned motor pump. Under the

FIGURE 6
The static pressure distribution of X = 0 section under different clearance of front wear-ring. (A) b1 = 0.8 mm; (B) b1 = 1.3 mm; (C) b1 = 1.8 mm; (D) b1
= 2.3 mm.
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condition of large flow rate (1.4Q), the direction of axial force
changes from positive to negative, and the magnitude changes but is
not obvious.

As shown in Figure 11, keep the clearance of the front wear-ring
unchanged and increase the clearance of the back wear-ring. In the
whole flow range, the axial force decreases gradually with the
increase of the clearance of the back wear-ring. Under the
standard working condition, the axial force direction changes
from positive to negative with the increase of the clearance of the
ring, and its magnitude decreases first and then increases. Under the
condition of small flow, the direction of axial force is not changed,
and the magnitude of axial force decreases but not obviously, only
decreases 50N at the point of 0.8 mm–1.3 mm. Under the overload
condition, the axial force increases by 200N in the reverse direction
when the clearance of the back wear-ring increases from 0.3 mm to

0.8 mm. And with the increase of the clearance of the rear grinding
ring, the change is more obvious.

Figures 12, 13 are the curves showing the change of the
meridional force on the canned motor pump rotor with the
working condition after changing the clearance between the
front and back wear-rings. Through the comparison of the first
and second schemes, it is found that the wear-rings of the front
and back clearances has little effect on the radial force of the
canned motor pump. Because the magnitude of the radial force
is closely related to the absolute velocity of the impeller outlet,
and the clearance of the wear-ring has little effect on the flow of
the liquid in the impeller, and the absolute velocity of the
impeller outlet changes little, so the change of the front and
back wear-rings has little effect on the radial force on the
impeller.

FIGURE 7
The static pressure distribution of X = 0 section under different clearance of back wear-ring. (A) b2 = 0.3 mm; (B) b2 = 0.8 mm; (C) b2 = 1.3 mm; (D)
b2 = 1.8 mm.
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3.2 Influence of volute diaphragm on
operating characteristics

3.2.1 Effects on the external characteristics
As shown in Figure 14, there are two external characteristic

curves of different volute forms under variable working conditions.
It can be seen from theQ-H curve that when the flow rate is less than
0.6Q, the head of the prototype canned pump is higher than that of
the third scheme, and with the increase of the flow rate, the head of
the prototype canned pump decreases significantly, while the head
curve in the third scheme is relatively flat as a whole, and the heads
of the two models are basically close from 0.8Q to 1.0Q. The head
value of the third scheme is greater than that of the prototype canned

pump, and the difference is greater with the increase of flow. It can
be seen from the Q-η curve that the highest efficiency point of the
prototype cannedmotor pump and the third scheme both appears at
the design working condition value, and the highest efficiency point
of the third scheme is higher than that of the prototype pump under
different working conditions. The main reason for this observation
is that the addition of shell clapboard makes the flow passage of the
pumping chamber blocked, the highest efficient point deviates to a
small flow rate, and the high efficiency area narrows.

3.2.2 Effects on the internal flow field
As shown in Figure 15, the static pressure distribution in the

impeller flow passage of the third scheme is not much different from

FIGURE 8
The absolute velocity distribution of X = 0 section under different clearance of front wear-ring. (A) b1 = 0.8 mm; (B) b1 = 1.3 mm; (C) b1 = 1.8 mm; (D)
b1 = 2.3 mm.
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that of the prototype canned motor pump, and the pressure
diffusion in the volute is obvious. It can be seen from Figures
16,17 that the liquid flow in the volute without the diaphragm in
Scheme 3 is smooth, and there is no impact blocking between the
liquid flow and the diaphragm, which reduces the energy loss of the
water body and improves the head and efficiency compared with the
prototype. In the prototype shell, although the liquid flow is blocked,
the radial force of the impeller can be effectively balanced by the
dynamic reaction force of the water on both sides of the baffle.

3.2.3 Effects on the force of the rotor
In order to analyze the influence of volute models with different

structures on the axial and radial force of canned motor pump
impeller, numerical analysis was carried out under five working
conditions of 0.6Q, 0.8Q, 1.0Q, 1.2Q, and 1.4Q. Considering that the

volute diaphragm is symmetrically distributed about the Z axis, the
influence on the axial force is negligible. This section will mainly
study the influence of the diaphragm on the magnitude and
direction of the rotor radial force.

Figure 18 shows the magnitude and direction of the radial force
of two types of volute under different working conditions. The
X-axis direction in Figure 2 is set to 0°. It can be seen from
Figure 18A that the radial force curve of the prototype pump is
relatively flat with the change of flow, while the radial force in
Scheme 3 decreases first and then increases with the increase of flow.
In the whole flow range, the radial force in Scheme 3 is greater than
that in the prototype pump, especially at the non-design operating
point. In the vicinity of the design condition, the radial force
(absolute value) on the impeller of the canned motor pump is
the smallest.

FIGURE 9
The absolute velocity distribution of X = 0 section under different clearance of backwear-ring. (A) b2 = 0.3 mm; (B) b2 = 0.8 mm; (C) b2 = 1.3 mm; (D)
b2 = 1.8 mm.
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It can be seen from Figure 18B that in Scheme 3, with the
increase of water flow in the canned motor pump, the angle value
of the radial force on the impeller of the canned motor pump
changes greatly; However, the direction vector of radial force on
the impeller of double volute pump changes little from 0.6Q to
1.0Q and from 1.2Q to 1.4Q, and changes greatly from 1.0Q to
1.2Q. This is mainly due to the fact that when the actual flow is
less than the design flow, the outflow velocity in the volute is
small, resulting in a continuous increase in pressure from the
tongue; when the actual flow is greater than the design flow, the
static pressure in the volute decreases from the tongue. Therefore,
the radial force direction of the impeller in the prototype canned
motor pump and the third scheme moves from the vicinity of the

downstream of the tongue to the direction of the tongue outlet
with the increase of flow.

Under the design condition of single volute, the surrounding
pressure distribution is uniform and the radial force is small, but
under the off-design condition, there is a large radial force. The
double volute type consists of two single volute chambers
arranged symmetrically, so that the radial force can be kept
relatively balanced under any working condition. The
experiment shows that the radial force decreases obviously
even if the inner and outer flow channels are not completely
symmetrical. The efficiency of the double volute is close to that of
the single volute. The efficiency of the double volute is about 1%–

2% lower than that of the single volute at the design operating

FIGURE 11
Axial force change of the CMP under different back wear-ring
clearances.

FIGURE 12
Radial force change of the CMP under different front wear-ring
clearances.

FIGURE 13
Radial force change of the CMP under different back wear-ring
clearances.

FIGURE 10
Axial force change of the CMP under different front wear-ring
clearances.
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FIGURE 14
The performance curves of Scheme 3. (A) Q-H; (B) Q-η.

FIGURE 15
The static pressure distribution in the Z-axis direction under design conditions. (A) Prototype pump; (B) Scheme 3.
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point, and about 2.5% lower at the off-design operating point.
Therefore, the double volute chamber has a wider range of high
efficiency and is suitable for operation under variable conditions.

In addition, the strength of the double volute chamber is better
than that of the single volute chamber, and the radial force is
effectively reduced by more than 30%.

FIGURE 16
The absolute velocity distribution in the volute under design condition. (A) Prototype pump; (B) Scheme 3.

FIGURE 17
The static pressure and absolute velocity distribution on the X = 0 section in Scheme 3. (A) Static pressure distribution; (B) Absolute velocity
distribution.
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4 Conclusion

Based on the CFD technology, the internal flow field of the
flow components, the external characteristic curve of the
canned motor pump, the balance shaft, and the radial force
are analyzed in this paper. The influence of the geometric
parameters of the wear-ring clearance and the form of the
volute diaphragm on the performance of the canned motor
pump is investigated. The conclusion can be drawn from the
above analysis as follows:

1. By comparing the prototype pump with the values in the first
and second schemes, it can be found that changing the clearance
of the front and back wear-rings has an impact on the external
characteristics, rotor force and internal flow field of the canned
motor pump. The external characteristics of the prototype
pump are better than those of the first and second schemes,
and the efficiency decreases significantly with the increase of
the front ring gap, while the efficiency does not decrease
significantly with the increase of the clearance of the back
wear-ring. The efficiency of the prototype pump and the
third scheme decreased under different flow rates. Therefore,
in the process of machining, the machining accuracy of the
front wear-ring should be ensured. If there is no requirement
for the radial force of the impeller, the diaphragm can be
removed.

2. The change of the clearance of the wear-ring and the volute
diaphragm affects the internal flow of the impeller, and the
change of the front wear-ring clearance affects the flow
characteristics in the front pump chamber and at the inlet end
of the impeller, and then has a greater impact on the internal flow
characteristics of the impeller; The baffle has a great influence on
the flow field distribution in the volute.

3. Under the condition of small flow rate, the clearance of the
front wear-ring has a great influence on the axial force, and the
influence becomes smaller with the increase of flow rate. The
influence of the rear wear-ring clearance on the axial force is
the opposite. The clearance of the mouth ring has little effect on
the radial force of the canned motor pump. In addition, the
addition of volute diaphragm helps to balance the radial force of
the canned motor pump, but at the same time, the efficiency
decreases.
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