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1. Introduction

Magnetic driven centrifugal pump is a leak-free
pump [1-2], mainly used for conveying strong corrosion,
toxic, flammable and valuable medium in the process of in-
dustrial production. It is widely used in chemical industry,
metallurgy, light industry, food, aerospace, aviation and
other industries in recent years because of its characteristics
of full seal and no leakage. During the rotation of the inner
and outer magnetic rotors of the magnetic drive centrifugal
pump, Metal isolation sleeve will generate magnetic eddy
current heat; If the heat cannot be cooled in time, the inner
and outer magnetic rotors will be demagnetized at high tem-
perature, and eventually the magnetic drive centrifugal
pump will fail. After the magnetic eddy current heat is gen-
erated, a part of the medium needs to be introduced from the
conveyed medium to take the heat away, this part will cause
the loss of cooling flow, and the efficiency of magnetic drive
centrifugal pump is lower than that of ordinary centrifugal
pump. Many scholars [3-7] have conducted many studies on
the cooling loop of the magnetic driven centrifugal pump.
Kong fanyu et al. [8-10] simplified the structure of the cool-
ing circulation loop of the pump, and used mathematical
methods to analyse the flow resistance coefficient of each
element inside the pump. At present, the research of mag-
netic driven centrifugal pump cooling loop is mainly fo-
cused on the internal circulation flow and circulation loop
structure, the internal heat flow coupling lack of in-depth
research.

Convective heat transfer refers to the process of
convective exchange of heat between fluids flowing through
objects at different temperatures, mainly including forced
convection, natural convection and conjugate heat transfer.
The research of magnetic drive pump cooling circulating
channel involved in this paper belongs to the category of
forced convection heat transfer. The medium in the cooling

circulating channel flows through the surface of the isola-
tion sleeve under the action of the pressure difference be-
tween the two ends. The surface temperature of the isolation
sleeve is relatively high. Convection heat transfer occurs be-
tween the medium and the surface of the isolation sleeve,
and the heat in the isolation sleeve is absorbed by the me-
dium. Convection heat transfer can be solved by numerical
calculation. The solution process [11-13] is as follows:
1) Conduct model and analysis for each physical field.
2) Define boundary conditions for the region to solve. The
boundary conditions of convection heat transfer problems
mainly include temperature continuity, heat flux continuity
and the gradual relationship between temperature and heat
flow density. In the process of magnetic drive pump opera-
tion, the wall of the isolation sleeve is a constant heat flux
output surface, which belongs to the second boundary con-
dition. 3) On the basis of the above, the convective heat
transfer region is solved by the calculation method of "Par-
tition to solve and boundary coupling” until the convergence
is completed.

2. The method of numerical calculation
2.1. Pump structure

The structure of magnetic drive centrifugal pump
is mainly composed of 1-11 parts, as shown in Fig. 1. The
working principle of the magnetic drive centrifugal pump is
that the driving machine drives the outer magnetic rotor of
the pump to rotate, and the outer magnetic rotor is connected
to the inner magnetic rotor through the action of a magnetic
field and drives the impeller to rotate. When the pump is
filled with medium, the impeller rotates at a high speed un-
der the drive of the driver. During the rotation, the pump
inlet sucks in the medium, and the pump outlet ejects the
medium.
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Fig. 1 Magnetic drive centrifugal pump structure diagram:
1 — pump body; 2 — pump cover; 3 — pump shaft;
4 — outer magnetic rotor; 5 — connection frame;
6 — driving machine; 7 — inner magnetic rotor;
8 — thrust plate; 9 — bearing; 10 — impeller;
11 — bracket
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The flow of medium in the cooling circulation
channel of the magnetically driven centrifugal pump is
shown in Fig. 2. Part of the medium enters the isolation
sleeve through the return hole, and flows out through the
bearing gap and the inner shaft middle hole. The above pro-
cess can take away part of the heat, and at the same time can
play a role in lubricating the bearing.
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Fig. 2 Schematic diagram of internal circulation structure:
1 — balance hole; 2 — recirculation hole; 3 — outer
magnetic rotor; 4 — Inner magnetic rotor; 5 — isolation
sleeve

2.2. The calculation model and mesh generation

In this study, all the flow areas inside the magneti-
cally driven centrifugal pump are taken as the calculation
domain. ICEM software is used to mesh the overall model
of the magnetically driven centrifugal pump, and the formed
mesh is dominated by a hexahedron. Since the flow-heat
coupling of the cooling circuit of the magnetically driven
centrifugal pump is selected as the main analysis object in
this paper, the grid encryption processing is used for the
cooling circulation channel and the part with large fluid flow
changes to improve the calculation accuracy.
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After verification of grid independence, the total
number of computational grids of the magnetically driven
centrifugal pump is determined to be 5618310. And the cal-
culation area model of the magnetic drive centrifugal pump
is shown in Fig. 3. In addition, the calculation of this model
involves more small-size clearance flows. SST k-« model
has both the reliability of k- model in the calculation of
viscous flow near the wall region and the accuracy of k-¢
model in the calculation of unrestricted flow in far field.
SST k- model has obvious advantages in the calculation of
small-size clearance flows, so the SST k- model was
adopted in this paper.
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Fig. 3Magnetic drive centrifugal pump calculation area
model: a — Magnetic drive centrifugal pump calcula-
tion area assembly drawing; b — Magnetically driven
centrifugal pump calculation area grid

2.3. Calculation of heat source

The power loss of magnetic drive pump mainly in-
cludes hydraulic loss, volume loss, mechanical loss, mag-



netic eddy current loss, internal and external magnetic rotor
friction loss, etc. The heat source in the cooling circulating
channel mainly considers the heat generated by the eddy
current loss. It is assumed that the wall of the isolation
sleeve generates uniform heat, and the eddy current loss
value of the magnetic drive coupling of the centrifugal pump
under a certain working condition is constant and the heat is
constant. Under different working conditions, the flow head
of the magnetic drive pump is different, and the load on the
input end of the pump shaft of the magnetic drive coupling
is different, resulting in the magnetic rotation Angle, mag-
netic torque, magnetic eddy current loss and transfer effi-
ciency of the magnetic drive coupling are different. The
eddy current loss under different working conditions can be
calculated according to formulas (1) and (2) [14-16]:

T, =T, sin [@j (1)
2
T, =Toma cos(?) @

Precise calculation of the magnetic eddy current
loss under different working conditions, should put the
measured magnetic drive coupling power converted into
static magnetic torque Ty, according to the formula (1) to
calculate the corresponding Magnetic angle ¢, then Accord-
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ing to the magnetic rotation angle test, the magnetic eddy
current torque Ty is obtained, Twmax is obtained by the for-
mula (2), then the value of magnetic eddy current loss cor-
responding to any Magnetic angle can be calculated. Based
on the numerical calculation results of the external charac-
teristics of the magnetic drive pump, the pump shaft power
value under different working conditions was extracted, and
the pump shaft torque value was calculated and obtained.
The magnetic rotation Angle corresponding to the magnetic
drive coupling under different working conditions was cal-
culated according to the formula (1). Based on the test re-
sults of eddy current loss of magnetic coupling, the maxi-
mum eddy current torque Twmax Was calculated according to
formula (2), and then the eddy current loss corresponding to
magnetic drive coupling under different working conditions
was calculated according to different magnetic rotation an-
gles. Finally, the transfer efficiency of magnetic drive cou-
pling under different working conditions is predicted by re-
ferring to the statistical data of loss in the case of no isola-
tion sleeve. The data used to calculate the corresponding
magnetic rotation angle under different working conditions
is the pump shaft torque, so the eddy current loss value ob-
tained is relatively large, but within the allowable range. The
eddy current loss and transfer efficiency of magnetic drive
coupling under different working conditions are shown in
Table 1.

Table 1
Eddy current loss and transfer efficiency of magnetic drive coupling under different working conditions
Flow 0.2Q 0.4Q 0.6Q 0.8Q 1.00 1.2Q 1.40 1.60
Pump shaft power, KW 15 18.5 23.8 28 315 345 37 40
Pump shaft torque, Nm 98.8 121.8 156.7 184.4 207.5 227.2 243.7 263.4
Eddy current loss, W 2262 2250 2225 2199 2173 2145 2119 2083
Transfer efficiency, % 83.2 85.9 88.8 90.4 91.4 92.2 92.7 93.3

As can be seen from Table 1, different operating
conditions have less impact on magnetic eddy current loss
and greater impact on transfer efficiency. Under the condi-
tion of small flow rate, the magnetic eddy current loss is rel-
atively large. As the flow rate increases, the magnetic eddy
current loss decreases gradually. Mainly because of the
small flow conditions, the pump shaft power and pump shaft
torque value are small, the corresponding Magnetic Angle
is small, the Angle of magnetic force line between internal
and external magnetic rotor and isolation sleeve becomes
larger. Under the same rotating speed, the magnetic flux
passing through the isolation sleeve in unit time increases,
and the induced electromotive force increases, resulting in a
large loss of magnetic eddy current. With the increase in
flow rate, the magnetic rotation Angle between internal and
external magnetic rotors increases, and the average mag-
netic induction intensity acting on the isolation sleeve de-
creases, resulting in the decrease of magnetic eddy current
loss. Under the condition of small flow rate, the transfer ef-
ficiency of magnetic drive coupling is small. With the in-
crease in flow rate, the pump shaft power and pump shaft
torque increase, and the magnetic eddy current loss does not
change much, so the transfer efficiency increases.

In conclusion, in the design process of magnetic
drive coupling, attention should be paid to the design of
magnetic rotation Angle corresponding to rated torque. The
magnetic rotation Angle is too small and the eddy current

loss is relatively large. If the magnetic rotation Angle is too
large, the difference between the rated torque value and the
maxi-mum magnetic torque value is relatively small. In the
case of starting and overload, magnetic drive coupling is
prone to slip, which affects the transfer of torque. The de-
sign of magnetic rotation Angle corresponding to rated
torque is mainly related to the selection of overload multiple
of maximum magneto static torque. If the overload multiple
is too large, the maximum magneto static torque value will
increase, the number of permanent magnetic materials will
increase, the magnetic rotation Angle corresponding to the
rated torque will be small, and the transfer efficiency will be
relatively low. The overload multiple is too small, the max-
imum magneto static torque value is small, the magnetic ro-
tation Angle corresponding to the rated torque is large, and
the transfer efficiency is high, but the internal and external
magnetic rotor are prone to slip-off. After the magnetic eddy
current loss is determined under different working condi-
tions, the value of magnetic eddy current loss is converted
into heat flux and loaded onto the inner wall of the isolation
sleeve during numerical calculation (the heat source surface
shall be set in advance during pre-treatment).

2.4. Calculation settings

A part of the heat is transmitted and radiated from
the outer surface of the isolation sleeve, and its value is




small, so it can be considered that eddy current heat is
cooled entirely by medium in engineering applications. The
calculation of heat generated by sliding bearing and friction
loss of internal magnetic rotor in the medium is complex and
difficult to accurately solve. Therefore, this paper only con-
siders the case when eccentricity is zero and rotor weight is
not considered in the research process. In this case, the heat
value generated by friction of sliding bearing is smaller than
that generated by eddy current heating. In order to simplify
the calculation process and improve the calculation effi-
ciency, only eddy current heat inside the isolation sleeve is
considered in the numerical calculation in this paper, and the
inner surface of the isolation sleeve is set as the heat source
surface. In the process of numerical calculation, the inlet
boundary condition is set as the flow inlet. The outlet bound-
ary condition is set as the pressure outlet. Solid wall surface
is set as non-sliding wall surface, and automatic wall func-
tion method is used near the wall surface. The water body in
the impeller channel is set as rotating body, and the water
body in the pressurized water chamber, bearing clearance,
cooling circulating channel and front and rear pump cavity
is non-rotating body. When the wall condition is set, the
wall in contact with the rotating part of the water body is set
as the rotating wall, the rotation speed is the pump speed,
and the wall surface in contact with the fixed flow part is set
as the stationary wall. The interface between rotating water
body and non-rotating water body is set as the interface be-
tween dynamic and static of type Frozen Rotor. This type of
interface plays an important role in the dynamic and static
coupling between two parts of water bodies, and the GGI
method of CFX software is adopted for the connection be-
tween the interface grids [17-18]. The initial medium tem-
perature is set as normal temperature (298 K), the inner wall
of the isolation sleeve (heat source surface) is set as constant
temperature wall condition, other walls are set as adiabatic
wall surface, and the convergence precision is set as 10,

3. Analysis of numerical results

3.1. Distribution of temperature characteristics in cooling
circulating channel

3.1.1. Temperature distribution in cooling circulating chan-
nel under different working conditions

The temperature distribution in the cooling circu-
lating channel under different working conditions is shown
in Fig. 4. As can be seen from Fig. 4, the medium in the
cooling circulating channel carries away the eddy current
heat cooling generated in the isolation sleeve through the
gap of the isolation sleeve. The cooling medium with high-
ertemperature flows into the low-pressure area of impeller
through the reflow hole, and the medium velocity in the low-
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pressure area of the impeller inlet through the reflux port is
large, and the impeller inlet flow state will deteriorate, if it
collides with the medium in the direction of pump inlet. On
the other hand, the medium temperature flowing out of the
reflow hole is relatively high, and cavitation is easy to occur
at the impeller inlet under the same working condition, thus
reducing the cavitation performance of the pump. In addi-
tion, it can be seen from Fig. 3, the highest temperature in
the cooling circulating channel appears at the position where
the gap of the isolation sleeve is close to the bottom of the
isolation sleeve, and the medium temperature at the bottom
of the isolation sleeve and the reflow hole is lower.

The changes in temperature rise and cooling flow
rate in the cooling circulating channel under different work-
ing conditions are shown in Table 2. As can be seen from
Table 2, the minimum temperature change in the cooling
circulation channel is small under different working condi-
tions, and the maximum temperature changes with the flow
rate. The maximum temperature variation range in the cool-
ing circulating channel under different working conditions
is very small, and it can be basically considered that the tem-
perature rise in the cooling circulating channel is the same,
which is mainly because the eddy current loss and the cool-
ing cycle have the same trend with the flow rate, and the
eddy current loss and the cooling circulating flow are large
under the low-flow working condition.

As the flow rate increases, the eddy current loss
and cooling circulation flow decrease, and the heat gener-
ated by the eddy current loss is mainly cooled by the cooling
circulation medium. Therefore, the changes in the corre-
sponding cooling circulation flow exactly offset the changes
in temperature rise caused by the changes in the eddy cur-
rent loss, resulting in basically no significant changes in the
temperature rise under different working conditions. In ad-
dition, it can be seen from Table 2 that under the condition
of 0.4Q, the cooling flow rate flowing through the gap of the
isolation sleeve in the cooling passage is 0.393kg/s. With
the increase in the flow rate, the cooling flow rate in the
cooling circulating channel decreases gradually, which is
mainly because the size of the cooling circulation flow rate
in the cooling circulating channel is mainly affected by the
pressure difference in the cooling circulating channel. The
greater the pressure difference, the greater the cooling cir-
culation flow rate. When the flow rate increases, the pres-
sure value in the flow passage of the pressurized water
chamber decreases, the pressure value near the inlet of the
deflector hole in the cooling circulating channel decreases,
and the pressure difference in the cooling circulating chan-
nel decreases, so the cooling circulation flow decreases. Ac-
cording to the comprehensive analysis, the temperature rise
in the cooling circulating channel meets the design require-
ments, and the design and calculation of the cooling circu-
lation channel have certain reliability.

Table 2
The changes of temperature rise and cooling flow rate in the cooling circulating
channel under different working conditions
Working condition 04Q 0.6Q 08Q 1.00Q 1.20 140
The lowest temperature, K 298.047 298.048 298.035 298.030 298.032 298.030
The highest temperature, K 301.162 300.985 301.105 301.023 301.029 300.999
Cooling flow rate within isolation sleeve clearance, kg/s 0.393 0.378 0.365 0.354 0.340 0.323
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Fig. 4 Temperature distribution in cooling circulating channel under different working conditions: a) Overall structure dia-
gram; b) 0.4Q; ¢) 0.6Q; d) 0.8Q; €) 1.0Q; f) 1.2Q; g) 1.4Q
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3. 1. 2. Temperature and pressure distribution in the gap of
isolation sleeve

The temperature and pressure distribution in the
gap of the isolation sleeve under the design condition is
shown in Fig. 5.

As can be seen from Fig. 5, the temperature in the
gap of the isolation sleeve gradually increases along the gap
of the isolation sleeve toward the bottom, and the highest
temperature area appears near the bottom of the isolation
sleeve and close to the wall surface (A). At the same longi-
tudinal section, the temperature close to the wall area of the
isolation sleeve is higher than that far from the wall, which
is mainly related to the convection heat transfer of the me-
dium. The pressure in the gap of the isolation sleeve de-
creases gradually along the direction of the isolation sleeve
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toward the bottom, and the lowest pressure area appears
near the bottom of the isolation sleeve and away from the
wall surface (A), which is mainly related to the pressure
drop loss in the gap of the isolation sleeve. At the same lon-
gitudinal section, the pressure near the wall area of the iso-
lation sleeve is higher than that far away from the wall area.
According to the cavitation formation mechanism, under the
same pressure condition, the higher the temperature, the
more likely cavitation will occur. Under the same tempera-
ture condition, the lower the pressure, the more likely cavi-
tation will occur. Therefore, the above (A) area is the area
where cavitation is most likely to occur in the gap of the
isolation sleeve, where cavitation is most likely to occur in
the middle of the gap of the isolation sleeve near the bottom
(near the region with high temperature).
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Fig. 5 Temperature and pressure distribution in isolation sleeve clearance under design conditions: a — Temperature;

b - Pressure

3. 1. 3. Temperature and pressure distribution at the bottom
of the isolation sleeve

The temperature and pressure distribution of the
bottom section of the isolation sleeve under the design con-
dition is shown in Fig. 6. As can be seen from Fig. 6, the
middle position at the bottom of the isolation sleeve has the
lowest pressure and the highest temperature. The higher
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temperature part of the bottom of the isolation sleeve over-
laps the lower pressure part of the bottom of the isolation
sleeve, and the coincidence area is located just near the cen-
tre of the bottom of the isolation sleeve. According to the
cavitation mechanism mentioned in Fig. 4, the risk of cavi-
tation at the middle position at the bottom of the isolation
sleeve is the highest.
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Fig. 6 The temperature and pressure distribution of the bottom section of the isolation sleeve under the design condition:

a) Temperature; b) Pressure



The temperature and pressure distribution in the re-
flow hole under the design condition is shown in Fig. 7. As
can be seen from Fig. 7a, the temperature at the inlet of the
reflow hole is relatively high, and the temperature inside the
reflow hole gradually decreases along the exit direction of
the reflow hole. As can be seen from Fig. 7b, the pressure at
the inlet of the reflow hole is large, and the pressure gradu-
ally decreases along the exit direction of the reflow hole.
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b

The pressure in the area near the exit of the reflow hole is
the lowest. As can be seen from Fig. 4, the temperature var-
iation amplitude in the reflow hole is small, so cavitation is
more likely to occur in the area near the outlet of the reflow
hole. In addition, the temperature and pressure at the inlet of
the reflow hole appear irregular distribution, which is
caused by the sudden contraction of the medium flow state
at the inlet of the reflow hole.

Fig. 7 The temperature and pressure distribution in the reflow hole under the design condition: a) Temperature; b) Pressure

3.2. Distribution of convective heat transfer

3. 2. 1. The distribution of convection heat transfer coeffi-
cient

The convection heat transfer coefficient is a physi-
cal quantity that measures the heat transfer capacity between
the fluid and the solid surface. Specifically, the heat transfer
coefficient is defined as the heat transferred per second by
the wall area of 1mx1m when the temperature difference
between the fluid and the solid surface is 1 K. There are
many factors influencing convective heat transfer, including
the physical properties of fluid, the shape of heat transfer
surface, the relative position, the temperature difference be-
tween surface and fluid, and the velocity of fluid, etc. Fig. 8
shows the distribution of convection heat transfer coeffi-
cient on the inner surface of the isolation sleeve (heat source
surface) under different working conditions.
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Fig. 8 the distribution of convection heat transfer coefficient

on the inner surface of the isolation sleeve under dif-
ferent working conditions

The abscissa in the Fig. 8 represents the ratio of the
length of the specified calculation point to the calculated
length of the inner surface of the isolation sleeve, and the
ordinate is the value (h) of the convection heat transfer co-
efficient of the inner surface of the isolation sleeve (heat
source surface) under different working conditions. It can be
seen from Table 2 that under different working conditions,
the eddy current loss and cooling cycle flow generated by
the isolation sleeve are different, and the heat transferred
and absorbed by the medium per unit volume is basically the
same. As can be seen from Fig. 8, there is little difference in
convection heat transfer coefficient of the inner surface of
the isolation sleeve under different working conditions. The
convection heat transfer coefficient on the inner surface of
the isolation sleeve shows a slight wave peak change, and
the overall change is not large. The convection heat transfer
coefficient only changes greatly near the inlet and outlet
close to the gap of the isolation sleeve on the inner surface
of the isolation sleeve. The flow of medium near the outlet
and inlet of the isolation sleeve clearance presents a state of
sudden contraction and divergence, and the medium flow is
disorder, which affects the convection heat transfer between
the isolation sleeve and the medium. It can be seen from the
comprehensive analysis that the magnetic drive coupling
has a large convection heat transfer coefficient, a wide range
of efficient convection heat transfer, and a good cooling per-
formance of the cooling circulating channel.

3. 2. 2. The temperature and pressure distribution under the
design conditions

Three monitoring lines are set at different positions
within the gap of the isolation sleeve. The head and tail of
the monitoring line are in line with the head and tail of the
gap of the isolation sleeve. The distance between the moni-
toring line and the inner wall (heat source surface) of the



isolation sleeve is 0.0, 0.4 and 0.8 times the width of the gap
of the isolation sleeve, respectively. Fig. 9 shows the pres-
sure and temperature distribution at different positions
within the gap of the isolation sleeve under the design con-
dition.
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Fig. 9 The temperature and pressure distribution at different
positions in the isolation sleeve clearance under the
design condition

As can be seen from Fig. 9, along the direction of
the isolation sleeve clearance to the bottom of the isolation
sleeve, the pressure in the isolation sleeve clearance gradu-
ally decreases and the temperature gradually increases. The
closer to the inner wall (heat source surface) of the isolation
sleeve, the higher the pressure and temperature within the
gap of the isolation sleeve. In the direction away from the
inner wall surface of the isolation sleeve, the pressure and
temperature gradually decrease, which is basically con-
sistent with the analysis in Fig. 4. In addition, it can be seen
from Fig. 9 that the pressure value at any point in the gap of
the isolation sleeve under the design condition is far greater
than the corresponding vaporization pressure value at this
temperature, and the maximum temperature rise is 1.4k, so
there is no cavitation phenomenon in the gap of the isolation
sleeve under the design condition.

3. 3. 3. The temperature and pressure distribution under dif-
ferent working conditions

The temperature and pressure distribution in the
gap of the isolation sleeve under different working condi-
tions is shown in Fig. 10. It can be seen from Fig. 10 that the
pressure distribution in the gap of the isolation sleeve is the
largest under the condition of small flow rate. As the flow
rate increases, the pressure in the gap of the isolation sleeve
gradually decreases. The temperature change corresponding
to each point in the gap of the isolation sleeve under differ-
ent working conditions is very small, which is consistent
with the analysis in Fig. 9. In addition, it can be seen from
Fig. 10 that the pressure value at any point in the gap of the
isolation sleeve under different working conditions is far
greater than the corresponding vaporization pressure value
at the temperature at that point, so cavitation phenomenon
will not occur in the entire gap of the isolation sleeve.

4. Experimental verification

The external characteristic test of the magnetic
drive pump was done with the open centrifugal pump test
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bench, and the test was carried out according to GB/T3216-
2005 {Rotodynamic pumps-Hydraulic performance ac-
ceptance tests-Grades 1, 2 and 3) . The magnetic drive
pump prototype and experimental equipment are shown in
Fig. 11. The principle of the open centrifugal pump test
bench is shown in Fig. 12.
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Fig. 10 The temperature and pressure distribution in the iso-

lation sleeve clearance under different working con-
ditions

A X T

Fig. 11 The magnetic drive pump prototype and experi-
mental equipment: a) Magnetic pump; b) Experi-
mental device

This experimental device is equipped with valves,
flow meters, flow meters, pressure sensors and other instru-
ments. During the experiment, different working conditions
were set, and the data under different working conditions
were measured. The data needs preliminary processing to
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calculate the required parameters (efficiency, shaft power,
head), and then visualize the parameters, and draw a graph
for comparison.

2—-Tachometer
3—Testpump 4 Inlet pressure transmitter

1-—Motor

S—Inletvalve 6 Turbine flowmeter
7—Outlet vavle 8-Outlet pressure transmitter

Fig. 12 The principle of open centrifugal pump test bench

The comparison between the calculation of the
electromagnetic drive pump and the experimental results is
shown in Fig. 13. As we can see from Fig. 13, The three sets
of results of head, power and efficiency have the same
changing trend. Among them, the numerical simulation re-
sults of power and the experimental results always tend to
be consistent. Under standard conditions, the error of head
is very small, and the size is only 1%. While the efficiency
has a more obvious error, reaching 6.8%. After analysis, it
is considered that the mechanical efficiency is not consid-
ered in the numerical calculation, so the numerical simula-
tion result is greater than the experimental result. From the
above analysis, as can be seen that the calculation results are
in good agreement with the experimental results. The use of
numerical calculation methods to study the flow-heat cou-
pling of the cooling circuit of the magnetic drive centrifugal
pump has a certain degree of reliability.

Efficiency n/%

—— The calculation value

--=- The test value

Head H/m

12 T T T T
02 04 06 08 10 12 14 16 18

Shaft power P/kw

Flux Q/Q,

Fig. 13 The results of numerical calculation and the test on
magnetic drive pump

5. Conclusions

1. The temperature of the isolation sleeve clearance
in the cooling circulating channel is the highest near the bot-
tom of the isolation sleeve. With the increase of the flow
rate, the temperature of the medium at the bottom of the iso-
lation sleeve and the reflow hole increase gradually. The
temperature in the gap of the isolation sleeve gradually in-
creases along the direction of the bottom of the isolation
sleeve, and the highest temperature area appears near the
bottom of the isolation sleeve and close to the wall surface.
At the same longitudinal section, the temperature close to

the wall surface in the gap of the isolation sleeve is higher
than that far from the wall surface. The pressure in the gap
of the isolation sleeve gradually decreases along the direc-
tion of the bottom of the isolation sleeve, and the lowest
pressure area appears near the bottom of the isolation sleeve
and far from the wall surface. According to the cavitation
formation mechanism, under the same pressure condition,
the higher the temperature, the more likely cavitation will
occur. Therefore, cavitation is most likely to occur near the
bottom of the isolation sleeve and close to the wall of the
isolation sleeve.

2. The lowest pressure at the bottom of the isola-
tion sleeve appears at the middle position at the bottom of
the isolation sleeve. The maximum temperature area at the
bottom of the isolation sleeve coincides with the minimum
pressure area, and cavitation is easy to occur at this position.
The temperature and pressure at the inlet of the reflow hole
are relatively high. Along the exit direction of the reflow
hole, the temperature and pressure inside the reflow hole
gradually decreases, and the pressure in the area near the
exit of the reflow hole is the lowest.

3. The value of the convection heat transfer coeffi-
cient on the inner surface of the isolation sleeve has little
difference under different working conditions. The peak
fluctuation of convective heat transfer coefficient in most
areas on the inner surface of the isolation sleeve is small.
The convection heat transfer coefficient has a small change
overall and only a large change takes place near the inlet and
outlet of the inner surface of the isolation sleeve close to the
gap of the isolation sleeve. The magnetic drive coupling has
high convection heat transfer coefficient, the efficient range
of convection heat transfer is wide and better cooling per-
formance.
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Summary

The medium in the cooling circulation channel of
the magnetic drive centrifugal pump will take away the heat
generated by the magnetic eddy current and bearing friction
in time to avoid the high temperature demagnetization phe-
nomenon of the permanent magnets. Therefore, the reason-
able design of the cooling circulation channel directly af-
fects the stable operation of the magnetic drive centrifugal
pump. In this paper, the heat exchange and temperature dis-
tribution in the cooling circulating channel of magnetic
drive pump are studied by means of numerical calculation
of fluid-heat coupling and external characteristic test. The
temperature distribution and development law of the isola-
tion sleeve clearance, the bottom of the isolation sleeve and
the reflow hole are analysed emphatically, and the convec-
tion heat transfer coefficient distribution in the isolation
sleeve clearance is studied.

Keywords: magnetic drive centrifugal pump, cooling cir-
cuit channel, flow-heat coupling, convection heat transfer,
numerical calculation.
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