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ABSTRACT 

To improve the overall performance of marine centrifugal pumps (MCPs), their 

vibration and noise performances were optimized using the hydraulic design of 

the volute casing parameters considering a constant hydraulic performance at a 

specific speed of 66.7. Numerical simulations of the full flow field, vibration, 

and noise were conducted for each of five volute base circle diameters. The 

impact of dynamic and static disturbances on the flow and vibration and noise 

characteristics were investigated. These results provide some theoretical and 

technical support for the design and application of MCPs. The flow pattern 

inside the volute becomes more uniform as the D3 increases, but the pressure 

pulsation decreases. The total vibration levels of the inlet flange, outlet flange, 

and pump base decreased by 8.3%, 7.9%, and 12.3% respectively. The sound 

pressure of the flow noise at each characteristic frequency showed a different 

degree of decreasing trend.  
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1. INTRODUCTION 

Marine centrifugal pumps (MCPs) are important 

auxiliary equipment of marine systems. Hence, their 

vibration and noise performances are crucial. The 

vibration and noise pollution generated by the operation of 

MCPs could affect the physical and mental health of the 

crew owing to the limited cabin space. It would also pose 

a threat to the concealment and safety of military vessels 

(Zhou et al., 2013; Guo et al., 2018). Therefore, it is a 

essential to research the vibration and noise characteristics 

of MCPs to improve their overall comprehensive 

performance. 

Several factors influence the vibration and noise of a 

MCP. In terms of the structural aspects, low assembly 

precision, component wear, and rotor misalignment, rotor 

imbalance will cause serious vibration and noise of the 

pump set (Spence et al., 2008; Kunz & Nwekirk, 2009). 

However, the influence of these factors could be mitigated 

by improving the machining production. The hydraulic 

parameters are the key factors of fluid-induced vibration 

noise (Spence & Amaral-Teixeira, 2009). Scientists have 

investigated the effects of gap between the impeller and 

the volute on dynamic and static interference through 

several methods, such as adjusting the diameter of the 

impeller (Mohamed et al., 2019), impeller inclination 

(Kuang et al., 2021), base circle diameter (Chan et al., 

2007) and the setting angle of the tongue (Dong & Dou, 

2021). However, the impeller is the main rotating power 

component, and its parameter adjustment could have a 

considerable impact on the external characteristics of the 

pump. Conversely, the base circle diameter and tongue 

setting angle have little influence on the external 

characteristics, which is notable for the qualitative study 

of the effect of dynamic and static interference on the 

vibration and noise of the pump (Iversen et al., 1960; Dong 

et al., 2018). 

In 1989, Arndt et al. (1989) at the California Institute 

of Technology conducted the first experimental study of 

the pressure pulsation on the shroud of a centrifugal pump 

with or without a guide vane. They observed that the 

dynamic and static interference intensified the pressure 

pulsation on the impeller shroud. Chu et al. (1995) plotted 

a pressure distribution map based on particle displacement 

velocimetry (PDV) data, identified the main noise sources 

of centrifugal pumps by combining the noise and pressure 

measurements, and considered that the dynamic and static 

interference mainly induced the blade frequency 

pulsation. Ma et al. (2021) studied the vibration 

characteristics of compressor impellers and determined  
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NOMENCLATURE 

b2 outlet width  n speed 

b3 inlet width  P shaft power 

D1 inlet diameter  Qd flow rate 

D2 outlet diameter  z number of blades 

D3 base circle diameter  φ0 tongue setting angle 

Dd outlet diameter  φ blade wrap angle 

H head  η pump efficiency 

Lv vibration velocity level     

 

the resonance state of the impeller via modal analysis. The 

main vibration of the impeller during resonance is the 

vibration component of the fundamental frequency and the 

resonance frequency, and the vibration amplitude is larger 

under the resonance frequency. Shadab et al. (2022) 

studied the hydraulic performance of centrifugal pumps by 

increasing the clearance between the impeller and the 

casing. The results showed that trimming the shroud 

reduces the performance of the design point, and the 

shroud-trimmed impeller has a larger radial force than the 

closed impeller owing to the lack of uniform pressure 

distribution around the impeller outlet. Jia et al. (2022) 

studied the impact of closed, semi-open, and open 

impellers on the running stability of pumps and showed 

that the pressure stability at the tongue of the closed 

impeller is the best, but that of the open impeller is the 

worst owing the dynamic and static interaction. The closed 

impeller has the lowest shroud vibration, followed by the 

semi-open impeller, and the open impeller has the highest 

vibration.  

Owing to the limitations of the test, it is difficult to 

acquire the characteristics of the fluid excitation force, and 

the complex flow structure generated by the interaction 

between the impeller and the volute or guide vane only by 

the test alone. For this reason, scholars have studied the 

hydraulic excitation characteristics of pumps and the 

vibration and noise characteristics of rotating machinery 

via numerical simulations. As early as 1996, Croba & 

Kueny (1996) from the Grenoble Research Centre in 

France numerically calculated the interference between 

the stator and rotor of centrifugal pumps based on the two-

dimensional URANS equation. Yuan et al. (2009) studied 

the transient characteristics in a pump based on the k-ε 

turbulence model. The results showed that the frequency 

of pressure is consistent with the passing frequency of the 

blade, and the peak value of the pressure increases with 

increasing impeller radius. Atif et al. (2011) used the SST 

k-ω turbulence model to simulate the dynamic and static 

interference between the impeller and the guide vane, and 

between the impeller and the volute. They observed that 

the unsteady flow between the impeller and the guide vane 

affects the vibration and noise level of the pump. Based on 

the SST k-ω turbulence model, Chalghoum et al. (2018) 

simulated the unsteady flow of a pump, and indicated that 

the unsteady action of the pump is mainly related to the 

radial force of the impeller, and that the dynamic and static 

interference is the main excitation source of vibration and 

liquid-borne noise. In addition, the pressure and excitation 

force characteristics between the fixed element and rotor 

of the centrifugal pump were analyzed. The results 

showed that the pressure amplitude is the minimum at 

1.0Qd, and the pressure amplitude at the tongue of the 

volute is larger than that at other parts. Ren et al. (2022) 

studied the noise of centrifugal fans with an eccentric 

impeller by using the mixed method of separated eddy 

simulation and finite element method (FEM). The 

characteristics of the noise spectrum and sound directivity 

change significantly, the rotational frequency caused by 

the impeller eccentricity increases, and the total sound 

pressure level (SPL) increases with increasing 

eccentricity. 

Thus, studies on the dynamic and static interference 

of centrifugal pumps mainly focus on the analysis of the 

internal flow characteristics of the centrifugal pump, such 

as energy performance, pressure pulsation, and radial 

force. Some scholars have also studied the influence of 

dynamic and static clearance on fluid-induced vibration 

based on different research objects. In this study, 

considering an unchanged hydraulic performance, both 

numerical calculations and experiments were conducted to 

research the vibration and noise performances of a MCP 

under the influence of dynamic and static disturbance, to 

provide reference for the design of MCPs. 

2.     NUMERICAL CALCULATION MODEL 

2.1 Establishment of Fluid Domain Model 

An MCP with a specific speed of 66.7 was selected as 

the research object, and its parameters were as follows: 

flow Qd=25 m3/h, head H=35 m, and rotational speed 

n=2950 r/min. The geometrical parameters of the 

overcurrent components of the MCP are listed in Table 1. 

The fluid calculation domain of the overall flow field 

consists of the inlet elbow, impeller water body, cavity, 

volute water body, and outlet extension. To develop the 

fluid at the inlet of the MCP fully and achieve a stable 

state, an inlet extension of four times the pipe diameter 

was installed before the inlet elbow. The computational 

model of the full flow field is shown in Fig. 1. 
 

 

Fig. 1 Calculation model of the full flow field of a 

MCP 
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Table 1 Geometric parameters of the flow passage components 

Flow passage 

components 
Geometric parameters Symbol Value 

Impeller 

Inlet diameter/mm D1 65 

Outlet diameter/mm D2 165 

Outlet width/mm b2 7 

Blade wrap angle/° φ 110 

Number of blades z 6 

Volute 

Base circle diameter/mm D3 176 

Tongue setting angle/° φ0 23 

Inlet width/mm b3 20 

Outlet diameter/mm Dd 50 

Table 2 Grid independence verification 

Scheme 
Grid 

number 

Node 

number 

Head 

/m 

01 1647157 1474148 34.5 

02 2457849 2287414 35.2 

03 2914979 2741943 35.5 

04 3278458 3024785 35.5 

05 3715756 3546854 35.6 

 

 

(a) 

 

(b) 

Fig. 2 3D structural model of the MCP unit (a) 

external structure, (b) rotor system 

 

The meshing of the calculation model was completed 

based on ICEM-CFD. In the finite element calculation, the 

mesh quality is the key to the accuracy of the calculation 

results, to account for the small error of the calculation 

results and avoid wasting resources in the calculation of 

the kernel. The results of the mesh independence 

verification are listed in Table2. The third scheme is 

selected for the calculation with a head deviation within 1% 

as the standard. 

As the fluid-induced vibration noise mainly focuses 

on the flow information of the fluid domain wall and has 

certain requirements for the mesh. The key parts such as 

the impeller blades and volute tongue are locally refined 

during the meshing process. Ultimately, the y+ value of the 

MCP wall is guaranteed to meet the requirements (Cao et 

al., 2022). 

2.2 Establishment of Structural Domain Model 

The MCP unit system consists of a motor, bracket, 

pump body, water inlet pipe, base, and rotor. The 3D 

structure model of the system is shown in Fig. 2. 

ANSYS 18.0 Workbench finite element software was 

applied to construct the finite element analysis model of 

the MCP unit. The Solid 187 unit was used for both the 

rotor and the casing, and the Surf 154 unit was used for the 

structural surface where flow and electromagnetic fields 

are in contact, as shown in Fig. 3. The external structure 

model is built by simplifying the details that have less 

influence on the structure, to make the external structure 

mesh more ideal, improve the calculation accuracy, and 

reduce the calculation time. When building the rotor 

model, it is necessary to analyze the bearing position tress, 

and hence, the shaft part is cut and simplified, and the shaft 

part mesh is an all-hexahedral mesh and is coded. 

2.3 Calculation Settings 

2.3.1 Flow Field Calculation Settings 

The flow field is calculated using the CFX full flow 

field numerical simulation method. The inlet is set to 

hydrostatic conditions, and the outlet is set to the velocity 

outlet. The medium is clear water at 25 ℃, the relative 

pressure is set to 0 for the entire calculation, and the 

turbulence model is the SST k-ω model. The wall surface 

is set to a no-slip wall surface, and the roughness is set to 

12.5 µm. The dynamic-static domain intersection mode is 

“frozen rotor”, and the intersection between each static 

domain is set to static/static intersection. The calculation 

convergence accuracy is set to 10-5, and the numerical 

solution format is the second-order high-precision format. 

The non-constant calculation parameters are set based on 

the constant results, and the dynamic and static 

intersection interface is set to transient rotor-stator, and the 

pitch angle is set to 360° to ensure the transient effect of 

the impeller calculation domain. The time step is set to 

0.565e-4s, i.e., every 1° of the impeller rotation is one time  
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(a) 

 

(b) 

Fig. 3 Finite element model of the MCP unit 

 (a) external structure, (b) rotor system 

 

step. When the flow field is stabilized, the pressure 

information on the impeller surface and the casing is 

extracted. The extracted pressure information is used as 

the excitation source to continue the calculation, and the 

total time is set to 0.25 s.

2.3.2 Vibration Noise Calculation Settings 

Figure 4 shows the calculation method and flow of the 

vibration and noise of the MCP. The specific process is as 

follows: (1) The unsteady flow is calculated for the water 

model of the MCP, and the pressure pulsation on the wall 

of the MCP model, the radial force of the impeller, and the 

rotating dipole sound source are obtained. (2) The finite 

element model of the MCP group structure is established 

to solve the modal response of the structure. (3) The fluid 

excitation vibration is calculated based on the pressure 

pulsation excitation and shaft vibration transmission. (4) 

The acoustic boundary element method (BEM) model of 

the MCP internal field is established, and the flow noise is 

calculated based on the processing results of the pressure 

pulsation and impeller excitation sound source. (5) When 

calculating the vibration of the MCP, the modal 

superposition method is used to calculate the vibration 

characteristics based on the modal response results and 

step (3). (6) When calculating the internal field noise of 

the MCP, the acousto-vibration method is applied to 

calculate the fluid-induced noise based on the modal 

response and step (4). 

2.4 Research Scheme 

Dynamic and static interference is the primary 

influence impacting the flow-induced vibration noise of 

the MCP. Considering an unchanged hydraulic 

performance, the hydraulic design of the D3 is carried out 

to explore the impact of the dynamic and static 

interference on the vibration noise of the MCP. Based on 

the original model D3=176 mm, D3 is selected as a scheme 

of 168 mm, 171 mm, 181 mm, and 186 mm, and the 

hydraulic design software PCAD is used to design the 

hydraulic parameters. Figure 5 shows the 2D hydraulic 

models of different research schemes. 

 

 

Fig. 4 Vibration and noise calculation process of the MCP 
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(a) D3=168 m m (b) D3=171 mm 

  
(c) D3=181 mm (d) D3=186 mm 

Fig. 5 2D hydraulic models of different research schemes 
 

 

Fig. 6 Schematic diagram of the MCP closed test system 

 

3. TEST DEVICE AND RESULTS 

3.1 Closed Test Bed System 

The enclosed MCP test stand consists of a MCP unit, 

pressure regulator tank, pipeline system, and data 

acquisition system. Figure 6 shows a schematic of the test 

rig system. The energy characteristic parameters of the 

MCP are collected using an electromagnetic flowmeter, a 

pressure transmitter, and voltage and current transformers. 

The vibration parameters are acquired using an INV9832 

vibration acceleration sensor. The liquid load noise is 

detected using an RHSA-10 hydrophone. The location of 

measurement points for the system vibration and liquid-

borne noise is shown in Fig. 7. Table 3 presents the 

parameter configurations of different sensors. 
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Fig. 7 Location of the sensor measurement points 

(a) vibration acceleration sensor, (b) liquid load noise sensor 

 

Table 3 Parameter configurations of various sensors 

Sensor type Signal type 
Measuring 

range 

Accuracy 

class 

Electromagnetic 

flowmeter 
Pump flow/ m3/h 0~50 m3/h ±0.25% 

Inlet pressure transmitter Pump inlet pressure/ kPa 
-100~100 

kPa 
±0.1% 

Outlet pressure 

transmitter 
Pump inlet pressure/ kPa 0~1000 kPa ±0.1% 

Voltage transformer 
Pump shaft power/ kW 

0~500 V Grade 0.2 

Current transformer 0~10 A Grade 0.1 

Vibration acceleration 

sensor 

Vibration acceleration of pump inlet 

flange/ g 

-50~50 g ±3% Vibration acceleration of pump outlet 

flange/ g 

Vibration acceleration of pump seat/ g 

Hydrophone Liquid load noise of pump outlet/ dB f :1~200 kHz - 

3.2 Comparison of Results 

The formulae for the head H and pump efficiency η 

(Liu et al., 2020) of the clear water test are: 

2 2

O I O I
O I

- -
= + + ( - )

2

P P V V
H Z Z

g g  
(1) 

gQH

P


 =  (2) 

where, O IP P− , 2 2

O IV V− , and O IZ Z−  represent the differences in 

the pressure, velocity, and potential energy, respectively. 

P is the shaft power (W), and Q is the flow rate (m3/s). 

The speed of pumps is generally used to measure the 

level of vibration fluctuation. The vibration velocity level 

is used to reflect the average energy of the vibration 

(Cheng et al., 2022). The vibration level of different 

measurement points can be intuitively compared. The 

formula is as follows: 

10

0

20log rms
v

v
L

v
=

 
(3) 

where: vrms is the vibration velocity value; v0 is the 

reference value, which is 1×10-9 m/s. v in Eq. (3) is the 

vibration velocity level over the entire time, which is 

called the total vibration level. 

The combined uncertainty E of the system is a 

parameter that measures the accuracy of the results of the 

system, which mainly consists of the random uncertainty 

ER and the system uncertainty Es. The confidence 

coefficient in the confidence interval was considered to be 

95%. 

The comparison data of the numerical calculations 

and test results of the energy characteristics of the MCP is 

shown in Fig. 8. The maximum errors of the calculation of 

the head and MCP efficiency are 3.95% and 2.82%, 

respectively, under 0.6Qd~1.4Qd. It is clear that the 

numerical simulation method is feasible and the 

calculation results can provide a more accurate load for the 

vibration and noise calculations of the MCP. 

By analyzing and comparing the numerical 

calculations and test results of at the three vibration 

measurement points and the internal field noise of the 

MCP in Fig. 9, it is observed that the characteristic 

frequencies of the vibration velocity level in Fig. 9(a)~(c) 

are consistent with each other at the axial pass frequency  

(a) (b) 
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Fig. 8 Performance comparison of the numerical 

calculations and experimental tests 

(1fAPF) and blade pass frequency (1fBPF). The main 

frequencies are 1fBPF, and the other characteristic 

frequency signals have a certain correspondence. The 

sound pressure level (SPL) of the noise in Fig. 9(d) is 

consistent with the characteristic frequencies at 1fBPF and 

its frequency multiplier. 

Table 4 lists the comparison results of the 

experimental and simulated values at the characteristic 

frequencies for each measurement point. The maximum 

rate of change of the vibration velocity level at 1fAPF at the 

three vibration measurement points is -7.3%, whereas the 

maximum rate of change at 1fBPF is -1.7%. The rate of 

change of the SPL for the internal field noise at 1fBPF and 

2fBPF is less than -1%. The numerical calculation method 

is feasible and can be better applied to study the vibration 

and noise characteristics of the MCP. 

 

 

Fig. 9 Comparison of the numerical calculations and test results of the MCP vibration noise 

 (a) MCP outlet flange, (b) MCP inlet flange, (c) MCP base, (d) MCP outlet 

 

Table 4 Numerical simulation and test results of the error of vibration and noise at each measurement point. 

Type 

Vibration velocity level/dB 
Sound pressure 

level/dB 

Inlet flange Outlet flange MCP base MCP outlet 

1fAPF 1fBPF 1fAPF 1fBPF 1fAPF 1fBPF 1fBPF 2fBPF 3fBPF 

EXP 116.5 127 123.2 130 115.4 120.5 153.2 132.6 116.5 

NUM 108 125 115 128 110.1 118.5 152 131.5 124 

Change rate/% -7.3 -1.6 -6.7 -1.5 -4.6 -1.7 -0.8 -0.8 6.4 
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Fig. 10 Results of the external characteristics for 

different base circle diameters 

 

4.  NUMERICAL SIMULATION RESULTS AND 

ANALYSIS 

4.1 External Characteristics and Internal Flow 

Characteristics 

Figure 10 shows the energy characteristic results of the 

volutes with different base circle diameters of the MCP 

calculated under the full flow field. Compared with the 

original model, an appropriate change of the volute D3 

changes the MCP head and efficiency, and there is an 

optimum value of the D3 that makes the MCP head and 

efficiency reach their optimum values. If the D3 is changed by 

more than 5%, the head and efficiency will decrease. In this 

research scheme, the change rate of the head is not more than 

0.2%, and the change rate of the efficiency is not more than 

0.9%. The comprehensive performance variation rule of the 

MCP is studied under the condition that the external 

characteristic results are unchanged, which shows the 

rationality of the design scheme.  

The internal flow pattern of fluid excitation can be fully 

understood by analyzing the velocity distribution cloud and 

cross-sectional pressure and flow distribution diagrams, as 

shown in Fig. 11 and Fig. 12. 

Firstly, as the D3 increases, the velocity of the working 

surface of the blade passing the tongue in the impeller basin 

changes significantly, especially at the tail of the blade. No 

significant changes were found in the velocities of other areas 

of the impeller. Observation of the basin in the red circle at 

the same position reveals that the fluid velocity gradient at the 

blade working surface decreases as D3 increases when 

flowing through the tongue. When D3 is less than 171 mm, 

the fluid velocity gradient in this region is significantly larger 

than the velocity gradient in the other blade working surfaces., 

& the velocity gradient is similar when D3 is greater than 171 

mm. The variation pattern of the velocity gradient is further 

reflected in the flow distribution in the blue box of Fig. 12. 

When D3 is less than 171 mm, the region of dynamic-static 

junction shows obvious large vortex flow. As the D3 increases, 

the vortex in this region gradually disappears and the 

streamline distribution becomes more and more smooth. 

Secondly, when D3 is less than 171 mm, there is a high 

speed area in the volute after the fluid flows out of the blade,  

 

 

Fig. 11 Cloud image of velocity distribution in the 

middle section of the volute with different base 

circle diameters 

(a) D3=168 mm, (b) D3=171 mm, (c) D3=176 mm,   

(d) D3=181 mm, (e) D3=186 mm 

 

 

 

 

 

Fig. 12 Pressure and streamline distribution for 

different base circle diameters 

(a) D3=168 mm, (b) D3=171 mm, (c) D3=176 mm,      

(d) D3=181 mm, (e) D3=186 mm 

 

and the overall velocity exceeds 12 m/s. As D3 

continues to increase, the flow velocity at the end of 

the blade in the volute continues to decrease, and the 

velocity gradient gradually decreases. The increase of 

D3 causes the distance from the impeller outlet to the 

volute wall to increase, while the work done by the 

impeller  remains  unchanged.  This  makes  the  fluid  
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Fig. 13 Pressure pulsation distribution diagram of the MCP outlet  

for different base circle diameters (a) time-domain figure, (b) continuous wavelet time-frequency diagram 

 

flow out of the impeller increases the degree of diffusion, 

which eventually leads to a decrease in the velocity 

gradient. Due to the gradual reduction of the velocity 

gradient of the fluid in the volute, the vortex at the pump 

outlet gradually disappears and the downstream flow line 

becomes more stable and smooth. This law is also 

reflected in the pump outlet pressure pulsation data in Fig. 

13. The pressure fluctuation gradually decreases as D3 

increases. 

The analysis of the internal flow law, which is 

dominated by the dynamic-static interference region and 

developed towards the downstream region, is a 

prerequisite. Because the internal flow under the action of 

dynamic-static interference is one of the main excitation 

sources that cause the external characteristics of the MCP. 

The pressure pulsation as a combined manifestation of the 

internal flow variation is also the main parameter 

triggering the external characteristics for further analysis. 

The time-domain diagram and continuous wavelet time-

frequency diagram of the pressure pulsation at the MCP 

outlet pipe for different base circle diameters is shown as 

Fig. 13. As the D3 increases, the pressure shows a 

downward trend. When the D3 is 171 mm, the outlet 

pressure pulsation reaches the maximum value, which is 

460 kPa. When the D3 is 168 mm, the outlet pressure 

fluctuation range is the largest, which is approximately 30 

kPa. Figure 13(a) shows that the pressure at the outlet of 

the volute shows evident periodic changes for different 

base circle diameters, which is an important reason for the 

forced vibration of the MCP body. According to Fig. 

13(b), the main frequencies of the pressure at the outlet for 

different base circle diameters are all located at 1fBPF, and 

the harmonic frequencies are distributed at the multipliers 

of 1fBPF. As the D3 increases, the amplitude of the main 

frequency and harmonic frequency gradually decreases. 

This indicates that the characteristic frequency of the fluid 

excitation does not change with the change in the D3, but 

the amplitude of each characteristic frequency shows a 

decreasing trend with increasing D3. 

4.2 Vibration and Noise Characteristics 

The natural frequency distribution of MCP units for the 

first 1000 Hz for different base circle diameters is shown 

in Fig. 14. Compared with the original model, changing 

the D3 has no effect on the modal order of the MCP group, 

but has some effect on the natural frequency of each order. 

The natural frequencies of different schemes in the first 

four orders are the same, varying by approximately 1 Hz. 

The natural frequency varies considerably from the fifth 

order to the seventh order, particularly in the sixth order 

mode. When the base circle diameters are 168 mm, 171 

mm, 176mm, and 181 mm, the sixth-order natural 

frequencies are 297 Hz, 291 Hz, 282 Hz, and 272 Hz, 

respectively. D3=186mm and a natural frequency of 263 

Hz are considered for the solution. Thus, as the D3 

increases, the natural frequency of each mode advances at 

different rates. 
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Fig. 14 Natural frequency distribution of the MCP 

unit at the first 1000Hz for different base circle 

diameters 

 

The broadband vibration velocity spectra at each 

measurement point for different volute base circle 

diameters are obtained using the modal superposition 

method. Figures 15(a)~(c) show the  broadband vibration 

velocity level spectral at each measurement point for 

different base circle diameters. Figure 15(a) shows that the 

main frequency of the vibration velocity level of the MCP 

inlet flange is at 1fBPF, and the harmonic frequency is at 

2fBPF and 1fAPF. When D3=168 mm, the characteristic 

frequency with a higher vibration velocity level appears in 

the vicinity of 3fBPF. As D3 gradually increases, the 

amplitude at 1fAPF does not change significantly, the 

amplitudes at 1fBPF, 2fBPF and 3fBPF decrease to different 

degrees, and the energy amplitude of the vibration velocity 

level at 3fBPF gradually decreases. Figure 15(b) shows the 

vibration velocity level of the MCP outlet flange. In 

general, the energy amplitude is larger than that of the 

MCP inlet flange, and there is a similar fluctuation rule. 

However, when D3 is 168 mm and 171 mm, there is an 

apparent harmonic frequency near 1fBPF. With the gradual 

increase in D3, the energy amplitude at the harmonic 

frequency gradually decreases. This law is consistent with 

the flow pressure distribution and streamline distribution. 

Figure 15(c) shows the energy amplitude of the vibration 

velocity level of the MCP base, and the main vibration 

frequency is at 1fBPF. When D3 is 168 mm and 171 mm, 

the energy amplitude at 1fBPF is large, and there is an 

apparent harmonic frequency near 1fBPF. When D3 

increases to 176mm, the harmonic energy amplitude near 

1fBPF decreases. As D3 continues to increase, the energy 

amplitude of 1fBPF decreases to varying degrees. 

The internal flow of the MCP is complex. With the 

change of D3, there are different degrees of dynamic-static 

interference, backflow and flow separation and other 

unstable flow phenomena. These unstable flows lead to 

pressure pulsation at the wall, inducing pump body 

vibration and noise generation. Combined with the results 

of the analysis of the internal flow law, it is not difficult to 

find the resonant frequency of the vibration velocity level 

at each measurement point near the characteristic 

frequency  and  the  presence of  large  vortices  near  the 

 

Fig. 15 Broadband vibration velocity level spectra at 

each measurement point for different base circle 

diameters (a) MCP outlet flange, (b) MCP inlet 

flange,   (c) MCP base 

 

tongue, the larger velocity gradient in the volute and 

downstream reflux phenomenon is closely related. 

Therefore, when D3 is less than 171 mm, it is more likely 

to cause unstable flow phenomena and induce the 

vibration of the MCP. 

The total vibration level was introduced to characterize the 

vibration for different base circle diameters to show the 

vibration change rule of the MCP body more clearly.  

 

 

 

(a) 

(b) 

(c) 
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Fig. 16 Total vibration level at each measurement 

point for different base circle diameter . 

 

Figure 16 shows the linear fitting results of the total 

vibration levels at each measurement point for different 

base circle diameters. The change in the D3 has no effect 

on the order of the total vibration level at each 

measurement point. The order of the total vibration level 

at each point is: outlet flange > inlet flange > body base. 

As the D3 increases, the total vibration level at each point 

decreases. The decay law and amplitude of the flanges are 

the same, and the total vibration level of the MCP base 

decreases further with increasing D3. When D3 is increased 

from 168 mm to 186 mm, the total vibration levels at the 

measurement points of the MCP outlet flange, inlet flange, 

and base decreases by 7.9%, 8.3%, and 12.3%, 

respectively. The results show that the change in the D3 

has the greatest influence on the vibration of the MCP 

base. 

For MCPs, the sound pressure spectrum law for the 

internal field noise at the inlet and outlet is the same, and 

the internal flow noise is propagated downstream, and 

hence, the internal field noise at the MCP outlet is greater 

than that at the inlet. The broadband spectrum of the flow 

noise at the outlet for different base circle diameters is 

shown in Fig. 17. As the D3 changes, the frequencies in the 

sound pressure spectrum at the outlet do not change. The 

frequency is 1fBPF, and the characteristic frequency is 

distributed to 2fBPF, 3fBPF, 4fBPF, 5fBPF, and 6fBPF. With the 

increase in D3, the spectral law changes in the overall 

frequency band, and the amplitude of the SPL shows an 

overall decreasing tendency. The SPL of the flow noise for 

different base circle diameters is extracted and compared 

at each characteristic frequency as shown in Fig. 18. When 

D3 is increased from 168 mm to 186 mm, the SPL of the 

1fBPF, 2fBPF, and 3fBPF decreases by 5.9%, 6.1%, and 6.7%, 

respectively. Therefore, by increasing the D3, the internal 

flow noise of the MCP can be controlled to some extent. 

5.     CONCLUSION 

The influence of dynamic and static disturbances on the 

flow and vibration and noise characteristics of a MCP is 

investigated using the D3 as a variable.  

 
Fig. 17 Broadband spectrum of sound pressure at the 

outlet measurement points for different base circle 

diameter . 

 

 

Fig. 18 Sound pressure level of each characteristic 

frequency with different base circle diameters 

 

 (1) The changes in D3 have little effect on the 

hydraulic performance of the MCP; the maximum change 

rate of the head is not more than 1.6%, and that of the MCP 

efficiency is not more than 2%. As D3 increases, the 

velocity gradient inside the volute decreases, the flow 

pattern becomes increasingly uniform, and the 

characteristic frequency distribution of the discharge 

pressure pulsation remains unchanged, but its amplitude 

decreases.  

(2) As D3 changes, the main frequency of the 

excitation-induced vibration on the inner surface of the 

volute coincides with each characteristic frequency. The 

main frequency is located at 1fBPF, and the harmonic 

frequency is located at 1fAPF, 2fBPF, and 3fBPF. The 

amplitude of the entire vibration frequency band decreases, 

as D3 increases. When D3 increases from 168 mm to 186 

mm, the total vibration levels at the measurement points 

for the MCP inlet flange, outlet flange, and base decrease 

by 8.3%, 7.9%, and 12.3%, respectively.  

(3) With the increase in D3, the characteristic 

frequency of the SPL at the outlet of the MCP flow noise 
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changes, and the SPL of the flow noise at each 

characteristic frequency gradually decreases, indicating 

that the increase in D3 appropriately has a certain 

inhibiting effect on the vibration and noise of the MCP. 
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