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In order to discuss the surface pressure pulsation characteristics of the magnetic-fluid
sealing membrane of centrifugal pump, this paper studies the surface pressure pulsation
characteristics of the shaft end sealingmembrane under different flow operating conditions
of centrifugal pump based on the combination of numerical calculation and experimental
verification. The results show that the pressure value on the surface of the magnetic-fluid
sealing film decreases with the increase of the flow rate of the centrifugal pump, and the
pressure on the surface of the magnetic-fluid sealing film has periodic pulsation, and the
period is the time required for a single blade to sweep the volute separating tongue. In one
rotation cycle of the runner, the number of reciprocating movements of the magnetic-
hydraulic sealing film is the same as the number of blades of the runner. The main reason
for the pressure pulsation is that the impeller periodically sweeps the fixed surface of the
centrifugal pump.
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INTRODUCTION

As an important strategic machine for the national economy, people’s livelihood and national
security, the development of industry and science and technology, the demand for energy and the
environment, and the construction of the national economy all promote the development of pumps
in the direction of high speed, high efficiency and high stability Lu (2017). However, the high-speed
operation of the centrifugal pump also causes the unreliability of the shaft end seal of the centrifugal
pump. In order to prevent seal failure, leakage of liquid in the pump or impurities outside the pump
from entering the pump cavity, the shaft seal must be considered when designing and applying
centrifugal pumps Peng (2021); Xu (2004); Zhao et al. (2001). Magnetic liquid seal is a new type of
non-contact seal, which shows good advantages in dynamic sealing LiW. et al. (2021); Li et al. (2022).
It has been widely used in dry Roots vacuum pump Li et al. (2002), reactor Xu. (2013) and other
equipment. However, there has not been a major breakthrough in the magnetic liquid sealing
technology of the centrifugal pump shaft end using liquid as the transport medium. The fundamental
reason is that the surface of the magnetic liquid sealing film is unstable. Therefore, scholars at home
and abroad have explored the principle of magnetic liquid sealing.

Jianfeng Zhou and Haoliang Fan (Zhou et al., 2016) studied the influence of magnetic field
strength and rotational speed on film thickness, friction torque, characteristic temperature and
magnetohydrodynamic loss, revealing the influence of magnetic field on magnetohydrodynamic
effect; Zhang Haina (Zhang et al., 2013) studied the influence of sealing progression, magnetic liquid
injection amount and standing time at room temperature on the tripping torque, and at the same
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time, based on the magnetic liquid rotary sealing model, the torque
formula of magnetic liquid rotary sealing at low temperature was
derived from the Navier-Stokes equation; Jibin Zou (Zou et al.,
2003) discovered that multi-pole multi-stage magnetic fluid sealing
is an effective way to obtain higher sealing capacity, and studied the
method of magnetic fluid filling and differential pressure
application; Yibiao Chen (Chen et al., 2020) et al. studied the
variation ofmagnetic fluid temperature and its influence on sealing
performance; In order to establish a stable interface in the sealing
process, Tonggang Liu (Liu et al., 2005) optimized the structural
parameters by using the simulation device, and developed a new
type of magnetic fluid seal, which has good sealing performance
and long service life according to the optimization parameters;
Marcin, Szczech (Szczech M. 2020) introduced the leakage
mechanism between multi-stage magnetic fluid seals when
magnetic fluids were applied to magnetic fluid seals in
rotational motion, and Marcin, Szczech (Szczech M. 2018)
proposed a critical pressure calculation method for magnetic
fluid seals based on numerical simulation of magnetic fields,

which had better calculation effect than previous methods; Qian
Jiguo et al. (Qian and Yang, 2008) elaborated on the interfacial
stability analysis method of the magnetic liquid sealed liquid, and
obtained the stability criterion and the critical value of the
parameters of the interface between the magnetic liquid and the
sealed liquid according to the Kelvin-Helmholtz interface stability
analysis model of the moving fluid, and discussed the main factors
affecting the stability of the liquid-liquid interface of the magnetic
liquid dynamic seal. The above scholars analyzed the influence of
magnetic fluid temperature and sealing series on sealing
performance, and optimized the magnetic liquid sealing
performance in combination with numerical calculations, and
studied the stability of the magnetic liquid sealing interface and
improved its related theory, but at present, there is a lack of
research on the stability of the surface of the magnetic liquid
sealing film at the shaft end when the centrifugal pump operates at
high speed under different flow conditions.

However, the surface pressure ripple of the magnetic seal film
is an important cause of the emulsification, dilution, dissolution

FIGURE 1 | The sealing film fluctuates and breaks.

FIGURE 2 | Centrifugal pump model and partial grid diagram.
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and sealing failure of the magnetic liquid (He et al., 2014). In
rotating machinery with impeller, due to its special structure, the
periodic sweeping of the fixed surface of the impeller, the
reflection of the pressure fluctuations on the wall surface of
the volute, the complex three-dimensional transient flow
during the normal operation of the centrifugal pump, the
extrusion of the high-pressure fluid in the sealing channel to
the surrounding low-pressure fluid, the fluid return flow, and the
fluid vortex movement will all produce pressure pulsations on the
surface of the magnetic liquid sealing film (Li Z. et al., 2021).
Magnetic liquid seal is the use of magnetic liquid where the
magnetic pressure difference (Xu et al., 2010) to achieve the
sealing effect, so the position of the magnetic liquid at the bottom
of the polar tooth corresponds to the pressure bearing capacity:
when the pressure of the sealing interface changes, the axial
position of the magnetic liquid will change accordingly, when the
pressure is pulsating, the surface state of the magnetic liquid
sealing film is unstable, if the maximum pulsation amplitude is
higher than the maximum pressure of the seal, the sealing film
will rupture, as shown in Figure 1.

Therefore, it has certain research significance to study the
pressure pulsation law on the surface of the magnetic fluid sealing
membrane at the shaft end and its causes under various flow
conditions of the centrifugal pump.

NUMERICAL MODEL AND CALCULATION
SETUP

Division of 3D Model and Mesh Model
The centrifugal pump selected in this article is a single-stage
single-suction model pump, and its overcurrent components are
composed of inlet runner, connecting runner, mouth ring, volute,
impeller, pump chamber, and outlet runner, and the pump
chamber contains a leaking runner and a sealed runner inside
the pump chamber. Figure 2 shows a model of the pump and a
partial mesh of the pump, and Figure 3 is a Schematic diagram of
the interior of the pump chamber, with a full-flow channel model
of the pump plotted with NX.10. The computational stability,
calculation accuracy and calculation speed reflected in the
structural grid are better than those of non-structural grids, so
the structural grid drawn by ICEM CFD is used for numerical
calculation. Winslow P. et al. (2010); Guo et al. (2019); Cheng
et al. (2021); Zeng, (2022); Cheng et al. (2022).

The main parameters of the model pump are shown in
Table 1. In order to eliminate the influence of the number of
grids on the calculation results, before the analysis of the results,
the external characteristics of the centrifugal pump’s rated
operating conditions—the head are taken as the criterion, and
the grid independence is verified, as shown in Table 2, when the
overall number of grids is greater than 2317541, the head change
of the centrifugal pump is less than 0.3%, so it can be considered
that the number of grids is greater than this value to meet the
calculation requirements.

Boundary Condition Settings
The centrifugal pump test bench used in the experiment is
equipped with a pressure sensor at the pump inlet to collect
the pressure value of the centrifugal pump inlet; at the same time,
a turbine flowmeter is set at the outlet of the pump, so the mass
flow of the pump outlet is known, so the pressure inlet is used as
the inlet boundary condition, and the flow outlet is used as the
outlet boundary condition.

Because the internal structure of the centrifugal pump is
known, and the rotor area is different from other overcurrent
components, which carries out independent rotational motion,
the single reference frame (SRF) model is selected for the
steady-state calculation of the flow field in the centrifugal
pump, the sliding mesh model is selected for transient

FIGURE 3 | Schematic diagram of the interior of the pump chamber.

TABLE 1 | Main parameters of centrifugal pump.

parameter symbol Value (units)

Centrifugal pump inlet/outlet diameter Ds/Dd 63/48 mm
Impeller inlet/outlet diameter Dj/D2 80/140 mm
Rated head Hd 20.0 m
Rated flow rate Qd 50.6 m3/h
Rated speed n 2,910 r/min
Number of blades Z 6
Specific speed of the pump at the rated working point ns 132.2
Shaft diameter Dl 36 mm
Seal the outside diameter of the runner Dk 50 mm
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calculation, and the impeller surface is set to relatively static to
the rotation domain, and the rest of the wall surface is set to
absolute stationary.

For the flow state of the flow field in the centrifugal pump, due
to the boundary conditions and the complexity of the structure in
the pump, the internal rotation area and strong swirl, the RNG
k-εmodel has corrected the turbulence viscosity, which is suitable
for the numerical calculation of strong flow line bending and
vortex, so the turbulence model selected in this paper is the RNG
k-ε model. Zhou et al. (2007); Ren et al. (2009).

Transient Calculation Parameter Setting
Taking the calculation result of the stable flow field as the initial
value of the transient calculation can accelerate convergence and
ensure the stability of the calculation, therefore, the constant
result of each flow condition is used as the initial condition for the
transient calculation of each flow condition of the centrifugal
pump. At the same time, in order to better capture the pressure
pulsation signal, the transient time step is set to 0.00017182 s, that
is, the pressure value is recorded every 3° rotation of the rotor.

In the initial process of transient calculations, the results are
often unstable, deviating from the exact solution (Cao et al.,
2019). In order to avoid the difference in results caused by these
problems, the centrifugal pump wheel is set to rotate a total of 12
turns, the calculation time is 3.77 s, and the results of the last four
turns are taken for analysis.

Pressure pulsation monitoring point is set on the surface of the
magnetic liquid sealing film, starting from the shaft surface, every
0.1 mm to take a monitoring point, because the sealing gap is
0.3 mm, so the monitoring point is a total of 4, Figure 4 is the
monitoring point setting diagram.

EXPERIMENTAL VERIFICATION OF
NUMERICAL CALCULATION OF FLOW
FIELD IN CENTRIFUGAL PUMP
In order to verify the accuracy of turbulence model selection,
boundary condition setting and calculation results, the external
characteristics of the model pump were tested in the Key
Laboratory of Fluid and Power Machinery of the Ministry of
Education of Xihua University, and the experimental apparatus is
shown in Figure 5:

The experimental bench is an open experimental bench,
centrifugal pump inlet and outlet with pressure sensor, and
turbine flowmeter, prime mover for the motor, through the
torque sensor to drive the centrifugal pump rotation, under
the deck of the experimental device, with a water tank, to give
the pump body water source, and accept the liquid flowing out of
the pump, forming a closed loop.

TABLE 2 | Grid model parameters of centrifugal pump.

scheme Number of meshes Head(m)

A 1013514 19.98
B 1537624 21.33
C 2317541 22.01
D 2841908 22.04
E 3174019 22.02

FIGURE 4 | Position of monitoring point.

FIGURE 5 | Field experimentation.

FIGURE 6 | Comparison of simulation results with experiments.
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During the experiment, the centrifugal pump 0.4–1.3Qd

working conditions, when the working conditions are adjusted,
the data is temporarily not recorded, and the data is collected after
the flow is stable. Figure 6 shows the external characteristic data
(head, efficiency) collected by the experiment compared with the
numerically calculated data.

The head H of the pump is the energy appreciation of the
liquid pumped by the pump per unit weight from the inlet of the
pump to the outlet of the pump, and its calculation formula is:

H � pd − ps

ρg
+ Vd − Vs

2g
+ (Zd − Zs) (1)

Wherein, the pd indicates the pump outlet pressure; the ps

indicates the pump inlet pressure; the Vd indicates the pump
outlet liquid speed; theVs indicates the pump inlet liquid velocity;
the Zd indicates the distance between the pump outlet and the
datum; the Zs indicates the distance between the pump inlet and
the datum; ρ is the liquid density; and g represents the
gravitational acceleration.

The efficiency η of the pump is the ratio between the effective
power of the pump Pe and the shaft power P of the pump. Head
H, in turn, represents an increase in the amount of energy
obtained by the liquid per unit weight from the pump, so
there is:

Pe � HQmg (2)
wherein, the Qm represents the mass flow of the pump. The shaft
power expression for the pump is:

P � Tω (3)
where T is the torque and ω is the angular velocity. Therefore, the
efficiency of the pump can be expressed as:

η � HQmg

Tω
(4)

It can also be concluded from Figure 6 that the head and
efficiency of the numerical calculation are higher than the
experimental values, and the main reason for this
phenomenon is that the obstruction and wear effect of the
solid surface on the liquid is not considered in the numerical
calculation process (Hu 2004). However, the numerically
calculated head and centrifugal pump efficiency values are the
same as the experimental values, and the maximum deviation
value of the head is less than 3 m, so it can be considered that the
results of the numerical calculation have a certain degree of
credibility.

PRESSURE PULSATION ANALYSIS OF
SEALING FILM AT THE SHAFT END OF
CENTRIFUGAL PUMP
Time Domain Characteristics of Surface
Pressure Pulsation of Magnetic Liquid
Sealing Film Under Rated Working
Conditions
Figure 7 is a time domain diagram of the surface pressure ripple
of the magnetic liquid sealing film under rated operating
conditions. It can be seen from the figure that the time
difference between the adjacent two positive peaks is about
0.0034 s, that is, 20 time steps, and in each time step, the
wheel can be rotated by 3°, and the number of blades of the

FIGURE 7 | Time domain diagram of pressure pulsation under rated operating conditions.

TABLE 3 | Pressure pulsation at each monitoring point.

P0 P1 P2 P3

Negative peaks 276274 276346 276322 276346
average value 276975 276963 276996 277013
Positive peak 277812 277866 277842 277865
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centrifugal pump applied herein is 6, therefore, the time
difference between the adjacent two positive peaks is similar to
the time required for the wheel to rotate 60°, so the time difference
between the adjacent two positive peaks is equal to the time
required for one blade to sweep through the septum of the
centrifugal pump. Therefore, the pressure pulsation cycle on
the surface of the magnetic-liquid seal film is equal to the time
required for a single leaf to sweep through the septum.

Table 3 shows the negative peak, average and positive peak
data of pressure pulsation at each monitoring point on the surface
of the magnetic liquid sealing film. From Table 3, it can be seen
that under the rated working conditions, the difference between
the negative peaks, average values and positive peaks between the
monitoring points at the same time point is less than 100 Pa, and
the pressure pulsation law of the monitoring points on the surface

of the magnetic liquid sealing film can be considered to be
consistent under the rated working conditions. And under the
rated working conditions, the peak-to-peak difference between
the surface of the magnetic liquid sealing film is about 1,500 Pa.

From the above analysis, it can be seen that the time interval
and pressure pulsation cycle between the adjacent two pressure
peaks are the time required for a single blade to sweep through the
septum, and during the magnetic liquid sealing process, the
position of the sealing film corresponds to the external
pressure one-to-one, so the pressure pulsation cycle on the
surface of the sealing film is the displacement movement cycle
of the sealing film. Therefore, in a rotary rotation cycle, the
magnetic liquid sealing film reciprocates 6 times, and the number
of reciprocating movements is the same as the number of blades.
At the same time, the pressure amplitude change on the surface of

FIGURE 8 | Time domain diagram of pressure pulsation under partial conditions.

FIGURE 9 | Time domain diagram of pressure pulsation under dimensionless partial conditions.

Frontiers in Energy Research | www.frontiersin.org June 2022 | Volume 10 | Article 9372996

Li et al. Pump Magnetic Liquid Sealing Pulsation

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


the magnetic liquid sealing film is about 1,500 Pa, while the
single-stage sealing capacity of the magnetic liquid is about
120 kPa (Wang, 2004), so the pressure fluctuation on the
surface of the magnetic liquid sealing film in the centrifugal
pump is less likely to cause a breakdown pressure, and the
available pressure average is used as the benchmark when the
magnetic liquid sealing device is designed. However, when the
centrifugal pump speed is high, the frequency of pressure
pulsation fluctuations on the surface of the sealing film is
accelerated, which will promote the emulsification, dilution
and dissolution of the magnetic liquid.

Time Domain Characteristics of Surface
Pressure Pulsation of Magnetic Liquid
Sealing Film Under Partial Working
Conditions
Figure 8 is a time domain diagram of the surface pressure ripple of
the magnetic liquid sealing film of the centrifugal pump under
partial working conditions. It can be seen from the figure that
under various working conditions, due to the narrow sealing gap,
the pressure pulsation time domain curves of each monitoring
point on the surface of the magnetic liquid sealing film overlap
together. That is, when the centrifugal pump is running under the
working conditions of 0.4–1.3Qd flow, the pressure fluctuation law
of each monitoring point is consistent. In the subsequent analysis,
the pressure value of any point in P0, P1, P2, P3 can be applied
instead of the surface pressure value of the magnetic liquid sealing
film, and the P2 point is used as the representative point.

And from Figure 8, it can also be learned that when the
centrifugal pump is running under the working conditions of
0.4–1.3 Qd flow, the fluctuation cycle of the pressure pulsation
on the surface of the magnetic liquid sealing film is consistent,
which is the length of time required for a single blade to sweep the
septum, which shows that when the centrifugal pump is running
under different flow conditions, the impact on the periodicity of the
pressure pulsation of the magnetic liquid sealing film surface is
weak, and it can be inferred from this result that the pressure

pulsation on the surface of the magnetic liquid sealing film is
mainly generated by the periodic sweeping fixed surface of the
blade. Although the periodic sweeping of the fixed surface of the
blade dominates the pressure ripple of the magnetic liquid sealing
film, the reflection of the pressure fluctuation of the volute wall
surface, the complex three-dimensional transient flow during the
normal operation of the centrifugal pump, the extrusion of the
high-pressure fluid in the sealing channel on the surrounding low-
pressure fluid, the fluid return flow, and the fluid vortex movement
will have a certain impact on the pressure ripple on the surface of
the magnetic-liquid sealing film, so there are differences in the
waveform of the pressure ripple under each flow condition.

In order to better compare the law of the surface pressure
pulsation characteristics of the magnetic liquid sealing film under
various flow conditions, the pressure pulsation value is
dimensionlessly treated, and the pressure pulsation coefficient
is used as the standard for measuring the size of the pressure
fluctuation, and its definition is as follows (Jin, 2020):

cp � p − �p

0.5ρμ22
(5)

μ2 �
πnD2

60
(6)

where p is the measured pressure pulsation value, �p is the average
value of the pressure pulsation, ρ is the fluid density, μ2 is the
circumferential velocity of the liquid at the outlet of the impeller,
n is the speed, and D2 is the diameter of the rotor outlet.

Figure 9 is a pressure ripple pattern of each flow condition after
the dimensionless treatment of the pressure amplitude, it can be
seen from the figure that there is a phase difference in the pressure
fluctuation law under each flow condition, but its pulsation period
is similar. And it can be seen that under the condition of 1.3Qd, the
positive peak of the surface pressure pulsation of the magnetic
liquid sealing film is the largest, and the negative peak of the
pressure pulsation under the condition of 0.4Qd is the largest, but
only from the positive peak or negative peak size can not judge the

FIGURE 10 | Peak difference diagram of pressure pulsation.

FIGURE 11 | Pulsation frequency domain diagram of rated working
conditions.
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stability of the magnetic seal film under each working condition,
because in the process of magnetic sealing, in a pulsation cycle, the
magnetic liquid displacement distance is determined by the
difference between the positive peak and the negative peak.
Therefore, the fluctuation of the magnetic liquid sealing film
must be judged by the difference between peak and peak.

Figure 10 shows the difference between the pressure pulsation
peak and peak of the P2 point under different working conditions, the
midpoint position represents the average value of the positive peak
and the negative peak, and the upper and lower error bars represent
the positive peak and negative peak respectively. It can be seen from
the figure that the peak-to-peak difference is the smallest in the 0.9
and 1.0Qd working conditions, and the peak-to-peak difference
gradually increases when the working conditions deviate from the
0.9 and 1.0Qd working conditions, and the peak-to-peak difference in
the 0.4 and 1.3Qd working conditions is twice that of the 0.9 and
1.0Qd working conditions. Therefore, when the centrifugal pump
works at the rated working point or its nearby working point, the
displacement path of the magnetic liquid sealing film is shorter, and
the displacement length of the magnetic liquid sealing film is twice
that of the working condition of 0.4 and 1.3Qd when it is operating
under partial working conditions such as 0.4 and 1.3Qd. Therefore,
when the centrifugal pump works at the rated working point or the
working point near it, the surface stability of the magnetic liquid
sealing film is better than that of the partial working condition.

Surface Pressure Pulsation Frequency
Domain Characteristics of Magnetic Liquid
Sealing Film Under Rated Working
Conditions
The relationship between the signal amplitude and the frequency
change is called the frequency domain. Time domain analysis is an
applied mathematical method to study the characteristics of pressure
change over time, whichmainly studies the amplitude, periodicity and

other issues, and cannot well describe the causes of pressure pulsation.
However, frequency domain analysis is to obtain the spectral
characteristics of pressure pulsation in each working condition by
fast Fourier transform, and apply mathematical methods to express
the causes of pressure pulsation (Zhang et al., 2020).

Figure 11 is the pressure pulsation frequency domain diagram
under the rated working conditions of the centrifugal pump, the
abscissa indicates the frequency, and the ordinate coordinate is
the pressure pulsation coefficient Cp. As shown in Figure 11, the
first main frequency of the surface pressure ripple of the magnetic
liquid sealing film under rated conditions is 291 Hz, the second
frequency is 582 Hz, and the third main frequency is 2,328 Hz.
The centrifugal pump selected for this article has a rotational
speed of 2,910 rpm, which can be known according to the axial
frequency calculation Eq. 7, and its axis frequency f_n is 48.5 Hz,
and according to the leaf frequency calculation Eq. 8, the leaf
frequency is 291 Hz. It can be seen that the first main frequency of
the surface pressure ripple of the magnetic liquid sealing film is
the leaf frequency, the secondmain frequency is two times the leaf
frequency, and the third main frequency is eight times the leaf
frequency. Therefore, the main reason for the pressure ripple on
the surface of the magnetic liquid sealing film is that the impeller
periodically sweeps over the fixed surface of the centrifugal pump.

fn � n/60 (7)
fr � Zfn (8)

Characteristics of the Surface Pressure
Pulsation Frequency Domain of the
Magnetic Liquid Sealing Film Under Partial
Working Conditions
Figure 12 shows the surface pressure ripple frequency domain
diagram of the magnetic liquid sealing film under partial working
conditions. It can be seen from the figure that under the working

FIGURE 12 | Off-mode pulsation frequency domain diagram.
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conditions of each flow of the centrifugal pump, the frequency
values of the first main frequency, the second main frequency and
the thirdmain frequency are the same, so under each flow condition,
themain reason for inducing pressure pulsation on the surface of the
magnetic liquid sealing film is the periodic sweeping of the fixed
surface of the centrifugal pump by the impeller.

When the centrifugal pump is running at 0.4Qd, there is a
broadband frequency at 0–291Hz, and as the flow rate increases,
the broadband phenomenon gradually weakens, reaching aminimum
at 1.0Qd, increasing again at 1.1Qd, and then weakening. The reason
for this phenomenon is that the centrifugal pump is not fully
developed under the operation of small flow conditions, and the
internal structure of the centrifugal pump is extremely complex, so its
three-dimensional transient flow will cause slight fluctuations in the
surface pressure of the magnetic liquid sealing film, and with the
increase of the flow rate, the internal fluid flow of the centrifugal
pump is fully developed, so the effect on the magnetic liquid sealing
film is reduced and the broadband phenomenon is weakened. When
the flow rate continues to increase from the rated flow rate, the
operating conditions of the centrifugal pump deviate from the design
conditions, the fluid in the pumphas amore complex non-linear flow,
and the phenomenon of liquid return at the outlet of the impeller and
the reflection of the liquid at the volute is intensified, and the effect on
the surface pressure of the magnetic liquid sealing film increases, so
the broadband increases again. When the flow rate is further
increased, the fluid development state in the pump is more
sufficient than that of the low flow state, and the pressure
fluctuation of the magnetic liquid sealing film caused by the non-
linear turbulencemovement of the fluid in the centrifugal pump has a
good inhibitory effect, and the inhibition effect is stronger than the
surface pressure of the magnetic liquid sealing film caused by the
return of the liquid at the outlet of the impeller and the reflectionwave
on the wall surface of the volute, so the broadband is reduced again.

When the centrifugal pump is operating at 1.1Qd, there is a
broadband at the third main frequency at 2328 Hz. Under the
remaining flow conditions, the broadband phenomenon at the
third main frequency is not obvious. The broadband at this
location is mainly caused by the vortex generated by the return
of liquid inside the sealed runner. While the liquid in the pump is
transported outward after the impeller is periodically pressurized,
the high-pressure fluid is periodically transported to the sealed
runner, so there is a return flow and vortex liquid generated by the
periodic input of the high-pressure fluid in the sealed runner.
Under the action of the vortex, the surface of the magnetic liquid
sealing film produces high-frequency pulsation, and the cause of
the vortex at this place is related to the periodic rotation of the
impeller, so the high frequency at this place is an integer multiple of
the leaf frequency, that is, 8 times the leaf frequency.

CONCLUSION

(1) There is a good periodicity of pressure pulsation on the
surface of the magnetic fluid sealing film, which is the time

required for a single blade to sweep through the worm
tongue. During a rotary cycle of the rotor, the number of
reciprocating movements of the magnetic liquid sealing film
is the same as the number of rotor blades.

(2) The pressure fluctuation law at different positions on the
surface of the magnetic liquid sealing film is very similar
under the same flow condition, and the pressure ripple
waveform under different flow conditions is different.
When working in the rated working condition of the
centrifugal pump and its nearby working condition point,
the difference between the peak and peak of the surface
pressure pulsation of the magnetic liquid sealing film is less
than 2000 Pa, and when it deviates from the rated working
condition point, the peak-to-peak difference increases by
nearly two times.

(3) Under different flow conditions, the surface pressure
pulsation frequency domain diagram of the magnetic
liquid sealing film is similar, and the first main frequency
is the leaf frequency, the second main frequency is two times
the leaf frequency, and the third main frequency is eight
times the leaf frequency. The surface pressure ripple of the
magnetic liquid sealing film has a broadband phenomenon
under the working conditions of 0.4–1.0Qd, and the
broadband frequency occurs near 0–291 and 2,328 Hz.
The broadband phenomenon obtained at 0–291 Hz
decreases by increasing the flow rate, increases again when
the flow rate is 1.1Qd, and then decreases with the further
increase of the flow rate. The third main frequency of the
surface pressure pulsation of the magnetic liquid sealing film
is mainly caused by the vortex movement caused by the
periodic delivery of high-pressure liquid at the outlet of the
impeller in the sealing runner.
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