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Abstract
The clocking effect is an important phenomenon in the multi-stage Rotating machinery. In order to master
the rules and mechanism of diffuser clocking effect on the performance of multi-stage centrifugal pump,
the orthogonal tests were applied to design the test scheme. The energy performance and outlet pressure
pulsation of a multi-stage centrifugal pump with different diffuser clocking positions were synchronously
measured. It was found that the diffuser clocking position had little in�uence on the energy performance,
but had an obvious effect on the outlet pressure pulsation. When the diffuser clocking positions were 0°,
30°, 30° and 30° (CL4), the effective value of outlet pressure pulsation and its amplitude at the main
frequency (Impeller Rotation Frequency) were decreased the most, approximately 27.2 % and 38.5 %
,respectively. The CFD method was used to simulate the unsteady �ow in the pump with the optimal
diffuser clocking position (CL4) and without diffuser clocking position (CL1) respectively to reveal the
mechanism of diffuser clocking effect. The simulation results showed that the change of diffuser
clocking position can improve the inlet and outlet velocity distribution and reduce the area of high
turbulent kinetic energy and the number of cores in the outlet �ow passage, which is bene�cial to the
operation stability of the pump. Compared with the CL1, the hydraulic loss in the four diffusers was
reduced by 2.43 %, 12.15 %, 11.43 % and 13.19 % respectively under the optimal diffuser clocking scheme
(CL4), and the total reduction of hydraulic loss is about 1.11 % of the pump head.

1 Introduction
Clocking effect refers to the phenomenon that the wake alteration of upstream components affects the
�uid �ow of downstream components by changing the circumferential position between rotor and static
blades or between static and static blades[1-2]. The phenomenon can improve the performance of multi-
stage rotating machinery and it is widely studied in pneumatic machinery [3-4]. 

In 1972, Walker[5] proposed the clocking effect for the �rst time by adjusting the circumferential position
between the stators of a 1.5-stage compressor and found that the  noise of the compressor was reduced.
Saren et al.[6] studied the axial �ow compressor clocking effect,  and found that by changing the cascade
clocking position, the e�ciency of the unit could be slightly improved. Besides, it had an obvious
in�uence on reducing the pressure load on the blades. Through experimental tests, Cizmas et al.[7]
pointed out that the performance of the compression would also be affected by adjusting the
circumferential position between rotor blades, and the clocking adjustment of rotor blades would improve
the e�ciency of the whole machine twice as much as that of the stationary blades. Hao et al.[8] studied
the clocking effect of centrifugal compressor blades. She analyzed the changes of the aerodynamic load
on the impeller surface under different clocking positions, and found the in�uence of the clocking effect
of it. In addition, the in�uence was extended to the fatigue failure of the impeller blade structure.

Recently, the clocking effect has gradually become a research hotspot in the �eld of hydraulic machinery,
and the clocking effect of multi-stage turbo-machinery can be used to optimize the performance of multi-
stage pumps [9-10]. By adjusting the circumferential position of the components in the pump, the method



Page 3/24

takes into account the characteristics of the unsteady �ow in the multistage pump, and improves the
e�ciency and stability without changing the pump structure. It has gradually become a key research
direction to optimize the performance of multistage pumps [11-13].

Hong et al.[14] studied the inducer clocking position on the overall performance of the high-speed
centrifugal pump through numerical simulation method. The results showed that the inducer clocking
position affected the cavitation of the pump under different rotational speeds. With the �ow rate increase,
the in�uence of the inducer clocking position on cavitation increased gradually, and the occurrence
position of cavitation also changed gradually. Fu et al. [15] simulated the impeller clocking effect on the
multi-stage axial �ow pump, and found that by changing the clocking position between the primary and
the secondary impeller, the head and e�ciency of the multi-stage pump were improved. Besides, the
amplitude of pressure pulsation at the outlet of the primary impeller was signi�cantly reduced. Ye et al.
[16] took a high-head two-stage double-suction centrifugal pump as the research model. He studied the
multi-stage pump clocking effect as well as the transient characteristics of the pump under different
working conditions of 0.6Q, 1.0Q and 1.2Q by designing four schemes. The results showed that the
amplitude of pressure pulsation at the inlet tongue of the over-�ow passage and the tongue of the
pressurized water chamber were greatly weakened under different working conditions, and the radial
force of the impeller changed periodically. Zhu et al.[17] studied the hydraulic performance of centrifugal
pumps under different relative positions on diffusers and barrier tongues through experimental tests and
numerical calculations. It was found that the relative positions of diffusers and barrier tongues had a
great in�uence on the total energy loss inside the volute, but had little in�uence on the energy loss inside
the diffusers and the work done by the impeller.

To summarize, many research studies have been carried out on the clocking effect of hydraulic
machinery at present. However, most of the research is on the impeller clocking effect, and the research
on the diffuser clocking effect of multi-stage pump is relatively few [18-20]. As an important over-�ow
component of multi-stage centrifugal pump, radial guide vane plays an important role in the performance
of multi-stage pump[21-22]. In order to improve the working e�ciency and stability of multi-stage
centrifugal pump, a lot of research have been carried out on guide vane type selection and optimization,
and the timing effect of guide vane is an urgent gap to be �lled[23-24]. In this paper, the methods of
combining experimental test and numerical simulation were used to study the diffuser clocking of a 5-
stage centrifugal pump and the mechanism of diffuser clocking. The results of this work can be used as
reference for the research on multi-stage centrifugal pump performance optimization.

2 Research Model
A 5-stage centrifugal pump was chosen as the research model whose design �ow rate, head and speed
were Q=4.7 m3/h, H=38.6 m, n=2950 r/min. The structural parameters of the 5 impellers and the 4
diffusers working in the 5-stage centrifugal pump are the same. The physical picture of the pump is
shown in Fig.1.(a) is the impeller and Fig.1.(b) is the diffuser. Table 1 summarizes the main parameters
of impeller and diffuser.
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Table 1  Main Structural Parameters of Impeller and diffuser

Overcurrent component Structural parameters Numerical value

Impeller Impeller inlet diameter d1 (mm) 29

Impeller outlet diameter d2 (mm) 90

Number of blades z 8

Blade exit angle 2 (°) 41

Impeller outlet width b2 (mm) 2.6

Diffuser Diameter of diffuser base circle d3 (mm)

Diffuser inlet width b3 (mm)

Number of diffuser blades z

Diffuser outlet width b4 (mm)

Diffuser outlet diameter d4 (mm)

30

4

6

4

102

3 Test And Results
To explore the in�uence of the diffuser clocking on the performance of the multi-stage centrifugal pump,
8 test schemes were designed through orthogonal test. What’s more, the in�uence of diffuser clocking on
the energy performance and pressure pulsation of the pump was studied through experimental test.

3.1 Test Rig
The multi-stage pump synchronous test experimental device is shown in Fig. 2. The test rig consisting of
a water tank, an inlet valve, an outlet valve, a �owmeter, an inlet and outlet pressure transmitter, a
vibration signal collector and sensor, a pressure pulsation signal collector and sensor, a multi-stage
pump, a frequency conversion cabinet and the other parts are shown in Fig. 3.

3.2 Data Acquisition System
The data acquisition system including electromagnetic �owmeter, meter-explicit pressure transmitter,
pressure pulsation sensor, three-phase electrical parameter acquisition instrument and rotational speed
measuring instrument realized the synchronous acquisition of performance parameters. The
performance parameters of the instrument required for system testing are summarized in Table 2.



Page 5/24

Table 2
Measuring Instruments and Performance Parameters for External Characteristics and Vibration Data of

Multistage Pump
Name of instrument Model Use Range Accuracy

Electromagnetic �owmeter Shanghai Kent
KEFN-50-103-
G5E5

Measure pump
outlet �ow

0.71~70.65m3/h ± 0.3%

Meter-explicit pressure
transmitter

Hangzhou Miko
MIK-3051-CP

Measure pump
outlet pressure

0-1Mpa 0.075%

Pressure pulsation sensor Chengdu Tester

CY301

Measure
pressure
pulsation

Pressure
0~600KPa

± 0.1%

Rotational speed measuring
instrument

Xinbao
Technology
DT2234A

Measure pump
speed

2.5-99999r/min 0.1%

Three-phase electrical
parameter acquisition
instrument

TPA-3A Collect pump
motor input
power

—— ± 2%

3.3 Test Scheme
Eight orthogonal experimental schemes were designed for the 5-stage centrifugal pump. Two adjacent
pump stages were taken as a test factor, and the clockwise staggered angle of the secondary diffusers
relative to the primary diffusers was passed for the level value of this test factor. Since the number of
diffuser blades was 6, two horizontal numbers were set, which were 0°and 30°. Therefore, there are four
horizontal factors included in the pump, namely, factor A, B, C and D. The orthogonal test table is
summarized in Table 3.

Table 3
Test Scheme

Test serial number CL1 CL2 CL3 CL4 CL5 CL6 CL7 CL8

A(12) 0° 0° 0° 0° 30° 30° 30° 30°

B(23) 0° 0° 30° 30° 0° 0° 30° 30°

C(34) 0° 0° 30° 30° 30° 30° 0° 0°

D(45) 0° 30° 0° 30° 0° 30° 0° 30°

The pressure pulsation monitoring point at the outlet of multistage pump arranged at twice the pipe
diameter at the outlet of multistage pump, as shown in Fig. 4.

3.4 Test Results
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A comparison chart of the head and e�ciency of multi-stage pump under design �ow rate is shown in
Fig. 5. The dimensionless comparison method was adopted which dimensionless parameters H/HCL1 and
η/ηCL1 were used to characterize the change rate of the head and e�ciency of each diffuser clocking
scheme relative to the diffuser clocking scheme CL1.

As can be observed from Fig. 5, the scheme CL6 is the best one to improve the multi-stage pump external
characteristics. The pump head and e�ciency reach the maximum of the eight schemes, which are about
100.4% and 100.5% respectively of the scheme CL1. It can be observed that the diffuser clocking has little
in�uence on the pump head and e�ciency.

Figure 6 shows a time domain diagram of the pump outlet pressure coe�cient in one cycle under
different diffuser clocking schemes.

The outlet pressure pulsation curve under each diffuser clocking scheme �uctuates within the same
range, and the periodicity of this is not obvious. The outlet pressure coe�cient of the clocking scheme
CL1 reaches the maximum value of about 0.032 at 0.4T. In addition, the maximum values of outlet
pressure coe�cient under the scheme CL2 to CL8 are lower than that under the clocking scheme CL1.

Further, the arithmetic root mean square of pressure coe�cient is taken as the effective evaluation
standard of the outlet pressure pulsation, and the calculation formula is as follows:

The mean square root, the instantaneous value, the average value and the number of values of the
pressure coe�cient are Up, Cp(i), and, respectively.

The arithmetic root mean squares of pressure coe�cients of each scheme are compared, as shown in
Fig. 7.

Based on Fig. 7, the diffuser clocking effect has a signi�cant in�uence on the pressure pulsation at the
pump outlet. Compared with the CL1, the effective values of pressure coe�cients under each diffuser
clocking position are decreased to a certain extent, with ranges from 3.5–27.2%. Besides, the root mean
square decreases of pressure pulsation in the CL3 to CL8 are 10% more than the CL1, which have a
signi�cant impact on improving the stability of multi-stage pump out�ow. Moreover, it can be presented
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that the clocking effect of the CL4 is the most obvious than others, and the effective value of outlet
pressure pulsation is decreased by 27.2%.

Figure 8 presents a frequency domain distribution �gure of pressure coe�cient. As can be observed from
the Fig. 8, the distribution of outlet pressure coe�cients is basically the same in each diffuser clocking
scheme. Furthermore, the main frequency is the axis frequency (1IRF). This explains the outlet pressure
pulsation frequency domain distributions are not changed owing to different diffuser clocking schemes.
It suggests that the outlet pressure pulsation is still mainly affected by the rotation of the rotating shaft,
but the main frequency amplitudes of pressure pulsation are varied under different diffuser clocking
schemes.

Under different schemes, the amplitudes of the outlet pressure coe�cient at the shaft frequency are
shown in Fig. 9. In all schemes, the axial frequency amplitude under the CL1 is the largest, because all
diffuser circumferential positions are the same under this scheme. Therefore, the axial frequency
amplitude generated by each pump stage will be conducted to the next pump stage and it will produce
cumulative effects. However, the other seven schemes all have different circumferential positions
between one or more diffusers of previous pump stages, which leads to certain losses in the �uctuation
phenomenon that the transmission shaft frequency is the main frequency. This explains that the
amplitude of the shaft frequency and the effective value of the pressure coe�cient are reduced. It makes
the outlet �ow more stable.

Corresponding to the greatest decrease on the effective value of the pressure coe�cient of the CL4, the
amplitude of the diffuser clocking scheme CL4 has the biggest change. Meanwhile, the amplitude of the
CL4 is 35.8% less than the CL1, indicating that the scheme CL4 is the better one.

Since the amplitude of the main vibration frequency at the outlet of the multistage pump is more than
that at the inlet, the clocking scheme CL4 is the most signi�cant to improve the operation stability of the
multi-stage pump, and the amplitude at the main frequency is reduced by 35.8%, which shows that the
vibration at the outlet of the multi-stage pump caused by the rotation of the rotating shaft under this
scheme is greatly suppressed. Therefore, the CL4 is the best one to improve the operation stability of the
multi-stage pump among the eight schemes.

4 Numerical Simulation And Results
To further analyze the internal �ow mechanism of the diffuser clocking, CFD software is used to
numerically simulate the internal �ow of the pump under the optimal diffuser clocking scheme (CL4) and
the scheme (CL1).

4.1 Meshing Division
ANSYS-ICEM software is used to mesh each computational �uid domain respectively. The computational
domain divided by structured meshing is shown in Fig. 10, including impellers and pump chambers. The
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calculation domain divided by unstructured grid is shown in Fig. 11, including the �rst pump chamber, the
diffusers and the last water pressure chamber.

4.2 Boundary Conditions
CFX software is used to carry out the steady-state calculation of the steady-state process of segmental
multi-stage centrifugal pump, and the results are taken as the initial conditions of unsteady simulation
for unsteady calculation. In the process of steady calculation, the impeller water body is set to Rotating,
and the rest water body is set to Stationary. The Frozen Rotor model is adopted for the connection
between the rotating domain and the stationary domain. Besides, the GGI model is adopted for the mesh
association model. In the process of unsteady calculation, the connection model between the rotating
domain and the stationary domain is transformed to the transient rotor/stator interface. The grid
connection mode is kept to the GGI model.

RNG k-ε turbulence model is used to simulate the full �ow �eld of multi-stage centrifugal pump because
it is reasonable[24]. In the calculation, the boundary combination of total pressure at the inlet and mass
�ow at the outlet is adopted. The speci�c setting is as follows: the inlet is 0Pa, and the mass �ow at the
outlet is set according to different working conditions of the multi-stage pump. The interface between the
water body and the wall surface of the multi-stage pump is set as No Slip Wall.

In the process of solving the convective discretization of the governing equation, the second-order High
Resolution Discrimination scheme is adopted, and the average residual value is set as the convergence
criterion, with the convergence accuracy of 10−4. In the unsteady calculation, the time step is set to
∆t(∆t=5.65×10−5 s). The impeller is calculated once every 1°rotation, with a total of 3600 steps. Take the
data of the last circle as the valid data for analysis.

4.3 Numerical Simulation Results
A comparison (φ = 0°) between the simulated predicted value and the test value of the head and
e�ciency is shown in Fig. 12.

From Fig. 12 (a), it can be found that under low �ow rate, the simulation value of the head is slightly
lower than the test value of it. At working point of 3m3/h, the head simulation value is the closest to the
test value. While under the large �ow rate, the head simulation value is also slightly lower than the test
value at 5m3/h working point. The head prediction and the test values are 35.4m and 36.7m respectively,
whereas that the difference between each working point is the largest, with a relative deviation of 3.54%.
At the rated operating point of 4.7m3/h, the head prediction and the test values are 35.7m and 36.9m
respectively, with the relative deviation 3.25%.

From Fig. 12 (b), it can be found that the trend of the predicted e�ciency with the �ow rate is consistent
with the test results, and both increase �rst and then decrease with the �ow rate increase. Under the full
�ow rate, the difference between the predicted e�ciency value and the test value is the largest at the
working point of 3m3/h, with the values of 46.1% and 44.2% respectively and a deviation of 1.9
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percentage points. At the rated operating point of 4.7 m3/h, the e�ciency prediction value and the test
value are 53.6% and 53.0%, respectively, and the deviation of them is 0.6 percentage points.

Under full �ow rate, the predicted values of the head and e�ciency of the pump obtained by simulation
are closed to the test values of the pump. Besides, the two values are consistent with the trend of �ow
rate. It means that the numerical simulation calculation method is basically reliable.

4.4 Analysis of Internal Flow of Multistage Pump Axial
Plane

4.4.1 Internal Flow Analysis of Whole Pump
The static pressure distributions on the axial surface of the multi-stage pump under the two schemes are
shown in Fig. 13. The hydrostatic pressure of the pump is continuously rising from the inlet to the outlet.
There is an obvious interface between high and low pressure areas in the impeller passage. In the same
time, there is no obvious interface between high and low pressure areas in the diffuser passage. Under
the two schemes, the circumferential positions of the diffusers of the �rst two pump stages are the same,
as to the static pressure distribution in the �ow passage basically.

In the clocking scheme CL4, the diffusers of the latter three pump stages are arranged in a continuous
circumferential staggered manner. When the �uid �ows out from the end of the impeller passage of the
�fth pump stage to the outlet of the multi-stage pump, the high-pressure area of the pressurized water
chamber is obviously expanded, and the pump chamber at the outlet of the �fth stage is also �lled with
the high-pressure area. It shows that the diffuser clocking of the multi-stage pump has signi�cant effect.
The CL4 increases the static pressure value at the outlet of the multi-stage pump and the head of the
pump to a certain extent.

4.4.2 Flow Analysis in Pump Cavity
Figure 14 shows the graph of axial velocity distributions and streamlines of each pump stage chamber
under the two schemes.

In the �rst pump stage, there are counter clockwise vortices in the pump cavity on the left side of the front
cover plate of the diffuser, and the area of the vortices is basically the same. In the last four pump stages,
there is a high-speed outlet area at the outlet of the impeller. There are two vortices with opposite rotation
directions on both sides of the outlet area. The left vortex rotates counterclockwise and the right vortex
rotates clockwise.

For CL1, the vortex sizes of the two outlets of the last four pump stage impellers are basically the same.
The left vortex is closer to the rear cover plate of the front stage diffuser as well as the right vortex and
the left vortex are on the same horizontal line. For CL4, the vortices on both sides of the impeller outlets
of the last four pump stages have changed. It can be observed that the vortices on the left side of the
impeller outlets of the third pump stage and the �fth pump stage are closer to the outer volute of the
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pump than before, whereas that the vortices on both sides are no longer on the same horizontal line. At
the same time, the vortex core areas of the two vortices at the impeller outlets of the fourth pump stage
are obviously reduced, and the impeller out�ow is smoother.

4.4.3 Internal Flow Analysis of diffuser Outlet Section
Figure 15 shows the velocity distribution and streamline of the outlet section of each pump stage diffuser
under the two schemes. It can be seen that after the �uid passing through the diffuser �ow passage of
each pump stage, there are 6 relatively high-speed zones with similar shapes and different areas on the
outlet cross section of the diffuser. The velocity of certain �uids is relatively high, and the velocity
distribution on the outlet cross section is uneven. From the streamline of the outlet section of the diffuser,
it is found that the �uid will rotate counter clockwise before entering the next impeller.

From the comparison of the CL1 and the CL4, it can be found that the diffuser clocking of the �rst two
pump stages is the same under the two schemes and that is why the velocity distribution at the outlet
section of the diffuser of the �rst pump stage and the second pump stage is basically the same. From the
comparison of the last three diffuser outlet sections, it can be found that under the CL4, the area of the
relative high-speed zone on the outlet sections of the pump stage is obviously reduced. What’s more, the
corresponding maximum velocity is reduced, which shows that the diffusers circumferential staggered
arrangement of the four pump stage is conducive to eliminating the uneven of velocity distribution at the
outlet position of each diffuser �ow channel and reducing the outlet �ow rate of the diffuser. At the same
time, it improves the effect of reducing speed and pressurizing the diffuser.

4.4.4 Analysis of Internal Flow at Outlet of Multistage Pump
The velocity distribution in the multi-stage pump on the outlet plane under the two schemes is Fig. 16.

From Fig. 16, it can be seen that the �ow situation in the outlet axial plane under the two schemes is
similar. There is a high-speed zone on the left side of the outlet channel. There are two whirlpools with
different sizes and rotating clockwise in the outlet channel. The small whirlpool is located near the
connection between the outlet channel and the water pressure chamber, whereas the large whirlpools are
far away from the water pressure chamber and close to the right side of the outlet channel.

Compared with the outlet plane velocity distribution under the scheme CL1, the area of the high-speed
zone near the left side of the outlet channel in the scheme CL4 is reduced, and the area of the vortex on
the right side of the outlet channel is also smaller, which alleviates the blockage of the outlet �ow of the
outlet channel. This shows that the scheme CL4 effectively optimizes the outlet disorder of the multi-
stage pump. The outlet �ow of the pump is smoother.

4.5 Hydraulic Loss Analysis of diffuser
The hydraulic losses of the diffuser of each pump stage under the scheme CL1 and CL4 are shown in Fig.
17.
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As can be observed from Fig. 17, the hydraulic loss of diffuser �ow passage of each pump stage in the
scheme CL4 is reduced compared with that in the scheme CL1. From the �rst pump stage diffuser to the
fourth pump stage diffuser, the reduced hydraulic loss is 0.0244m, 0.132m, 0.1276m and 0.1432m
respectively, accounting for 2.43%, 12.15%, 11.43% and 13.19% of the hydraulic loss of diffuser of each
pump stage respectively. Among them, it can be found that the hydraulic loss in the second to the fourth
pump stages has reached more than 10% of its own hydraulic loss. The total hydraulic loss of the �ve
pump stage has decreased by 0.4272 m, accounting for 1.11% of the pump head.

4.6 Analysis of Turbulent Kinetic Energy
The turbulent kinetic energy distributions on the outlet shaft of the multi-stage pump in the scheme CL1
and CL4 are Fig. 18.

As can be observed from Fig. 18, on the outlet of the pump in the two schemes, the turbulent kinetic
energy value in the pressurized water chamber is relatively small, within 0.77 m2s−2. The high turbulent
kinetic energy area mainly occurs in the outlet channel, with the maximum 3.2m2s-2.

In the scheme CL1, there are two cores with different sizes in the high turbulent kinetic energy area, and
the area is larger. In the scheme CL4, the area of the high turbulent kinetic energy area at the outlet of the
multi-stage pump tends to extend to the pressurized water chamber area and the outlet. At the same time,
the core in the high turbulent kinetic energy area merges into one and the area of it is obviously reduced.
This shows that the turbulent kinetic energy at the outlet of the multi-stage pump is reduced and the �ow
pattern is more stable in the scheme CL4.

5 Conclusions
The effect of diffuser clocking of multi-stage centrifugal pump is numerically analyzed through
experimental tests and the CFD numerical simulation. Moreover, the internal �ow rule in the multi-stage
centrifugal pump is analyzed. The main conclusions are as follows:

(1) By adjusting the circumferential position between diffusers, it was found that the clocking of diffusers
had limited in�uence on the head and e�ciency of the pump, and the maximum change rate was only
about 0.5%. The diffuser clocking had a signi�cant effect on the pump outlet pressure pulsation.
Compared with the non-diffuser clocking scheme, the scheme CL4, the effective value of outlet pressure
pulsation and the amplitude at the main frequency were decreased by 27.2% and 35.8% respectively.

(2) The diffuser clocking enlarged the high pressure area of the last stage pump chamber and the
pressurized water chamber of the multi-stage centrifugal pump and increased the static pressure value at
the pump outlet. The diffuser clocking increased the head of the multi-stage pump to a certain extent.

(3) The diffuser clocking changed the shape of the vortices on the left and right sides of the impeller
outlet of the multi-stage pump and reduced the vortex size. The vortices were no longer on the same
horizontal line in the axial direction and the impeller out�ow is smoother. The area and number of high
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turbulent kinetic energy in the outlet �ow passage of the multi-stage centrifugal pump were reduced.
Besides, the size of vortices in the �ow passage was decreased, which made the outlet �ow of the multi-
stage pump more stable.

(4) The clocking effect of the diffuser optimized the uneven velocity at the inlet of the six diffuser
passages and reduced the velocity gradient in the diffuser passages. The relative high-speed area at the
outlet of the diffuser passages was also reduced.

(5) Compared with the non-diffuser clocking scheme, the clocking scheme CL4 reduced the hydraulic loss
in the diffuser of the four pump stages by 2.43 %, 12.15 %, 11.43 % and 13.19 % respectively. The total
reduction of hydraulic loss accounted for 1.11 % of the head of the multi-stage pump.
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Figures

Figure 1

Segmental type 5-stage centrifugal pump
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Figure 2

Multi-stage pump synchronous test table

Figure 3

Experimental device 1.water tank 2. outlet valve 3. inlet valve 4. �owmeter 5.vibration signal and sensor 6.
inlet pressure transmitter 7. inlet pressure transmitter 8. pulse signal collector and sensor 9. multistage
pump 10. frequency converter
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Figure 4

Outlet pulsation sensor layout

Figure 5

Comparison of Head and E�ciency

Figure 6
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Time domain diagram of outlet pressure coe�cient

Figure 7

Arithmetic root mean square of pressure coe�cient

Figure 8
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Frequency domain distribution of pressure coe�cient

Figure 9

Dominant Frequency Amplitude of Outlet Pressure Coe�cient for Each Scheme

Figure 10

Structured Mesh Computing Domain
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Figure 11

Unstructured Mesh Computing Domain
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Figure 12

A comparison (φ=0°) between the simulated predicted value and the test value of the head and e�ciency

Figure 13

Static pressure distribution
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Figure 14

Axial velocity of pump chamber of each pump stage
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Figure 15

Velocity Distribution of diffuser Outlet Section

Figure 16

Distribution of Planar Velocity
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Figure 17

Hydraulic Loss of diffuser Flow Channel

Figure 18

Axial turbulent kinetic energy distribution


