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Abstract. To reveal the effect of the volute basic circle diameter D3 on the performance of low
specific sewage pumps, three different volutes equipped with the same impeller were designed for
a low specific speed sewage pump. The global characteristics were obtained from the experiments,
which presented that the volute basic circle diameter affects pump performance obviously.
Computational fluid dynamics (CFD) was adopted to analyze the flow in the pump, as well as the
velocity and pressure fields. Acoustic software LMS Virtual.Lab was adopted to analyze the
acoustic field characteristics of the different models. The particle image velocimetry (PIV)
technology was adopted to verify the results obtained by CFD and the qualitative agreement of
the velocity obtained by CFD numerical calculation and PIV measurement is very good. It shows
that the volute basic circle diameter has a small influence on the velocity distribution in the
impeller. However, it changes the flow in the volute significantly. As D; increases, the 2D
streamline smoothens and the velocity distribution becomes uniform, whereas the pressure
fluctuations and radial force of the impeller weaken. Furthermore, when the volute basic circle
diameter increases to a certain extent, the pressure fluctuations almost have no change. The flow
induced noise in volute A# is the largest, whereas it is the smallest in volute B#. There is an
optimal volute basic circle diameter for a pump with ultra-thick blade not only to achieve the
highest efficiency, but also to achieve excellent operating stability.

Keywords: sewage pump, numerical simulation, pressure fluctuations, flow noise, volute basic
circle diameter.

Nomenclature

D, Impeller outlet diameter (mm)

D, Volute basic circle diameter (mm)

H Head (m)

Q Flow rate (m’/s)

n Rotational speed (r/min)

b, Blade outlet width (mm)

z Blade number

By Blade inlet angle (°)

B Blade outlet angle (°)

1) Blade wrap angle (°)

Gy Pressure coefficient: C, = Ap/(0.5pu,?)
ng Specific speed: ng = 3'25371/6 = 3'651/;31?:/1\43—/5

1. Introduction

Low specific speed sewage pumps are widely used in sewage treatment plants and
hydro-engineering projects to transport fluid containing long fibers and solid particles [1].
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However, some problems still exist in its application, such as overloading at high flow rates and
clogging [2, 3]. Reducing the blade number and adopting an ultra-thick blade can improve the
through capacity and avoid overloading effectively [4-6]. When adopting an ultra-thick blade, the
wake areas and velocity gradient increase significantly, thereby strengthening the rotor-stator
interaction of the rotating impeller and the station volute. Thus, the ordinary design method of
volutes is not suitable for low specific speed sewage pump. The rotor-stator interaction between
the impeller and volute is the main cause of the pressure fluctuations [7-9]. Moreover, the pressure
fluctuations inside the pump generated by instable flow may induce vibration and noise, which
impact the environment and harm the stability of device operation [10-12]. Dong, Chu, and Katz
[13-15] stated that the rotor-stator interaction between the impeller and the volute tongue is the
major cause of the pump vibration. When the volute basic circle diameter D5 increases to 1.2D,,
the pump vibration is significantly weakened. The action of the blade wake makes the tongue
oscillate, and pressure fluctuations and noise reach the maximum when the blade wake is close to
the tongue. However, further increase of Dj affects the performance adversely [16, 17]. Benra
[18, 19] used CFD numerical calculations and experiments to study non-clogging centrifugal
pumps, and found that changing the position of the tongue affects on the internal flow field and
the pump vibration.

Therefore, the volute basic circle diameter D5 has a great influence on pump performance, and
it is also an important factor for the through capacity [20]. To analyze the influence of D5 on the
unsteady flow and pressure fluctuations of low specific speed sewage pump, three different
volutes (A# D;/D, = 1.013, B# D;/D, = 1.130, C# D3/D, = 1.195) equipped with the same
impeller were designed. CFD and particle image velocimetry (PIV) technology were adopted to
analyze the flow in the low specific speed sewage pump. The pump performance was obtained by
experiment. The velocity and pressure fluctuations were calculated using transient,
three-dimensional and viscous numerical simulations, and the numerical velocity distribution was
compared with the results using the PIV technology. The pressure fluctuation frequency was
obtained using fast Fourier transform (FFT) and the radial force was derived by numerical
simulation. The pressure fluctuations in the surface of the volute and the impeller were used as
the dipole sound source, and the acoustic field characteristics of the different models were
analyzed by the acoustic software LMS Virtual.Lab.

2. Geometric parameters
In this study, the sewage pump was a single-stage volute pump with a specific speed of

ng = 60 at design condition. The main design parameters were: Q = 17 m*h; H = 11 m; and the
rotational speed was n = 1450 r/min. The structure diagram is shown in Fig. 1.

volut =
\ ; - outlet

mlet

Fig. 1. The structure of the sewage pump
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The pump was designed using the increased flow rate method and the impeller adopted an
ultra-thick blade, in which outlet area was smaller than the inlet area. Three different volutes were
designed to match the impeller. The volute area and other parameters were the same; however, the
basic circle diameter D; was different. In general, the reference value of D;/D, is equal to
1.03-1.08 [21]. However, the ordinary design method of the volute is not suitable for low specific
speed sewage pump. Thus, three values of D3/D, were selected: volute A# is equal to 1.013, which
is less than the reference value, and volutes B# and C# are 1.130 and 1.195, which are larger than
the reference value. The main geometric parameters of the pump are presented in Table 1.

Table 1. The main parameters of the pump

Description Parameter | Value

Diameter (mm) D, 185
Blade number z 3

Blade outlet width (mm) b, 20
Blade wrap angle (°) ) 225
Blade inlet angle (°) By 14
Blade outlet angle (°) B, 14
Volute A# Dy 187
Volute B# D, 209
Volute C# D, 221

3. Numerical methods

The calculation domains of the pump were generated using Pro/E. The front and back
chambers were generated considering the leakage flows and disc friction between the impeller and
casing walls. To obtain a relatively stable inlet and outlet flows, four times of the size of the pipe
diameter was added to the real machine geometry [22, 23]. Calculation domains included:
half-spiral suction, impeller, volute, front and back chambers, pipe intake and outlet duct. The
computational domains are shown in Fig. 2.

Fig. 2. The computational domains

Hexahedral structure meshing was adopted in this study. After utilizing 3/4 O-Block stretching
and merging, the volute conducted the overall O-Block grid operation. Combined with the
Y-Block, the spiral suction adopted a segmentation and conducted the overall O-Block grid
operation after using whole Block. Only the mesh of a single flow passage of impeller was plotted
and then processed periodically. The effect of the wall boundary layer was obtained by controlling
the node distribution on the edge. The meshes of the front and back chambers were obtained by
operating O-block grid after the ordinary split. The grid size dependence was studied based on the
head at the design condition [24]. It showed that the head tends to be stable as the grid number
increased. A final grid of approximately 1.070.000 nodes was used in this study, with the average
wall Y* below 100 in the entire computational regions. Grids of main computational domains are
shown in Fig. 3.

The three-dimensional Reynolds-averaged N-S equations and the continuity equation were
solved using the CFD code ANSYS CFX. The finite volume method was used to discretize the
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governing equations. The pressure and velocity coupling were calculated by the SIMPLEC
algorithm. The high resolution scheme was used for the convection terms and the unsteady
second-order implicit time integration scheme was used for the transient term [25]. Water at 25 °C
was selected as the working fluid. The boundary conditions utilized for the simulation are
presented in Table 2. The calculation used no-slip boundary conditions at all solid walls, and
scalable wall functions at near wall region [26]. The total pressure and flow direction were
imposed at the inlet, the turbulence parameters at the inlet were set to 5 % turbulence intensity,
and the mass flow rate was given at the outlet [27]. Numerical calculations were done using a
multiple frame of reference approach, whereas the impeller flow field was solved in a rotating
frame and the other domains in a fixed frame. The global characteristics of the pump were
calculated using the steady state simulation. Thus, the obtained solutions served as initial
conditions for the unsteady calculations. For the steady state simulation, the interface between two
stationary components was set to a general grid interface, whereas the interface between the
rotational and stationary components was set to a frozen rotor interface. For the unsteady state
simulation, the interfaces were set to the transient rotor-stator interface and the unsteady
simulations used a time step of t = 3.447x10* s (3° per time step) for the calculation of
revolutions. The convergence accuracy was set to 107 [28].

a) Impeller grid b) Spiral suction chamber grid ¢) Volute B# grid

d) Back chamber e) Front chamber
Fig. 3. Grids of main computational domains

4. Experiment setup

Experiments included a global characteristics test and PIV measurement. The experimental
setup is shown in Fig. 4. The experimental device consisted of a tank, test pump, connecting pipes,
valves, electromagnetic flowmeter, and other components. The flow rate was adjusted through a
flow valve located downstream the pump outlet; the magnitude was measured with an
electromagnetic flowmeter located in a straight pipe which was 20 times of the pipe diameter. The
head was measured using two pressure transducers located at the pump inlet and outlet; the power
was measured using a three-phase PWM digital power meter installed in the variable frequency
control cabinet that can adjust the motor speed. All experimental data were managed and analyzed
using the data acquisition instrument which was developed by Jiangsu University. The locations
of the valve, electromagnetic flowmeter and pressure transducers in the system were designed in
accordance with GB/T3216.The application of an uncertainty analysis gave an uncertainty of
about £0.6 % in the flow rate, +0.5 % in head, and £0.7 % in efficiency.

3 7 82 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2017, VOL. 19, ISSUE 5. ISSN 1392-8716



2566. INFLUENCE OF VOLUTE BASIC CIRCLE DIAMETER ON THE PRESSURE FLUCTUATIONS AND FLOW NOISE OF A LOW SPECIFIC SPEED SEWAGE
PUMP. LINWEI TAN, DESHENG ZHANG, WEIDONG SHI, LING ZHOU, XIAOTONG CAI

Table 2. Boundary conditions
Boundary conditions
Inlet Total pressure
Outlet Mass flow rate
Turbulence Standard k-¢ turbulence
Walls Smooth wall and scalable wall function
General grid interface (GGI)
Interface Frozen rotor interface (steady analysis)
Transient rotor-stator interface (transient analysis)
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Fig. 4. Schematic diagram of the experiment setup: 1. Test pump export; 2. Water tank; 3. Support;
4. Line; 5. Electromagnetic flowmeter; 6. The manhole; 7. Vacuum pump interface; 8. Outlet valve;
9. The test pump; 10. Drain; 11. The saddle; 12. The test pump imported; 13. Import valve
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Fig. 5. Schematic diagram of the model pump
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Fig. 6. Impeller and volute for PIV measurement
3783

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. AUG 2017, VOL. 19, ISSUE 5. ISSN 1392-8716



2566. INFLUENCE OF VOLUTE BASIC CIRCLE DIAMETER ON THE PRESSURE FLUCTUATIONS AND FLOW NOISE OF A LOW SPECIFIC SPEED SEWAGE
PUMP. LINWEI TAN, DESHENG ZHANG, WEIDONG SHI, LING ZHOU, XIAOTONG CAI

The model pump is shown in Fig. 5. The impeller and volute were made of organic glass. The
motor was a fully sealed submersible motor, and the motor and pump were coaxial. Considering
the laser projection direction and the camera position, the impeller inlet was directed toward the
motor (ordinary pump inlet was behind the motor generally). Thus, a semi-spiral suction chamber
was designed between the pump and the motor. The entry direction of the water in the pump was
changed on the motor side. The PIV system adopted in this experiment is the TSI model which
mainly includes New Wave YAG200NWL pulse laser, a 610.059 power view plus 4 M PIV
camera, an Insight 3 G, a 610.015 light arm, and a light source lens [29]. Al,Os powders were
selected as tracer particles in the test, and the trigger synchronization system was used to lock
blade the phase of the impeller [29]. A calibration water tank consisted of a water tank, and baftle
was used to calibrate the test pump [29]. The middle span of the impeller and volute was used as the
test plane. The images of the impeller are shown in Fig. 6. The PIV test process is shown in Fig. 7.

Fig. 7. PIV test process

5. Results and discussion
5.1. Global performance characteristics

By changing the mass flow rate, the performance curves of the pump were obtained. The
experimental data were acquired after stabilizing one minute of each valve adjustment. Global
performance characteristics tests of each volute combination were conducted three times. The
experimental results are presented in Fig. 8. As can be seen, D5 apparently affected the pump
performance, the combination of volute B# had the highest head and efficiency, whereas, volute
A# had a lower head and the lowest efficiency. The best D; value existed for the low specific
speed sewage pump. Moreover, the slope of the power curve was almost the same trends.
Therefore, changing the basic circle diameter D; had no great impact on non-overload
characteristics.
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Fig. 8. Performance curve of the pump
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5.2. Flow in the impeller and volute

To reveal the influence of the volute basic circle diameter D3 on the pump performance, CFD
method was adopted to analyze the internal flow characteristics of the pump. Fig. 9 shows the
relative velocity contour and 2D streamline distribution in the impeller at design condition, it can
be seen that D; has a small influence on the internal flow of the impeller. The three cases all
showed high relative velocity on the blade suction surface near the impeller inlet and low relative
velocity on the middle of pressure surface. In the blade outlet, the relative velocity of the pressure
surface was larger than the suction surface, forming a wake-jet phenomenon.

Velocity
7.500e+000

6.750e+000
6.000e+000
5.250e+000
4.500e+000
3.750e+000
3.000e+000
2.250e+000
1.500e+000
7.500e-001

0.000e+000
[m s”-1]

a) A# b) B# c) C#
Fig. 9. Relative velocity contours and 2D streamlines in the impeller at design condition

Fig. 10 shows the velocity contour and 2D streamline in the volute at design condition (include
the gap between the impeller and volute). The flow in the small basic circle volute A# is unevenly
distributed, and the velocity is high between sections I and III. As the smallest gap, the fluid cannot
completely diffuse and collide with the volute wall directly, which resulted in large loss;
Moreover, due to the blade presence between sections III and section IV of the volute, there is no
fluid flow from impeller directly, and the fluid mainly flowed from section III, resulting in a lower
velocity. Furthermore, the radial height of each volute section was small, therefore, the fluid
flowing into section VIII could not be completely mixed and diffused, and would cause fluid bias
on the outer wall in the diffuser of the volute and a low velocity area. As the gap between impeller
and volute increased, the flow improved significantly. However, three high velocity regions exited
that were caused by the wake-jet in the impeller.

Velocity
7.000e+000

6.300e+000
5.600e+000
4.900e+000
4.200e+000
3.500e+000
2.800e+000
2.100e+000
1.400e+000
7.000e-001

0.000e+000
[m s7-1]

b) B#
Fig. 10. The contours and 2D streamline distributions in the volute at design condition

a) #

5.3. Validation of numerical calculation

In order to verify the results obtained by numerical simulation, PIV technology was adopted
in this study. The experimental velocity of the pump with the medium basic circle volute B# was
compared with the numerical, Fig. 11 shows the velocity of the impeller and volute at design
condition. As can be seen, the measured velocity at the impeller outlet is larger than calculated,
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and the calculated high velocity regions are more apparent than what PIV measured. The
difference between numerical computation and PIV measurement in paper [30-32] also can be
found, it is regarded as acceptable in numerical simulation of centrifugal pumps. The reason may
be the existence of some tracer particles that gathered at the impeller outlet and vortex structure
of the numerical simulation having differences within the real pump.

Velocity
7.500e+000 [
6.750e+000 !
6.0006+000
5.2506+000
100~
4.5006+000 £
3.750e+000 >
3.000e+000 i
-150 -
2.250e+000 A
1.500e+000
7.500e-001 o : . .
0:000e2000. 50 700 150 200
[m s-1] X mm
a) PIV of impeller
Velocity s
7.000e+000 F //”_\
6.3006+000 o
5.600e+000 r
4.900+000
=100
4.2002+000 e I
3.500+000 = K
2.8006+000 R
2.100e+000 L
1.400e+000 200
7.000e-001
9.0008+000 20 = 7o [ 5 PED S
[m s*-1] : X mm e
c¢) PIV of volute B# d) Simulation of volute B#

Fig. 11. Measured and calculated velocities at design condition (mid-span of the pump)
5.4. Pressure fluctuations

Numerical simulation was adopted to analyze the pressure fluctuations in this study. Six
monitoring points were set at the simulation, and the position of monitoring points are shown in
Fig. 12. Fig. 13 illustrates the time history of pressure fluctuations for the monitoring points at
design condition. In the figure, three large peaks and valleys in a circle in the volutes can be seen.
The highest pressure takes place just before the pressure surface of blade reaches the volute tongue,
and the valleys occurs after the suction surface of blade passes through the volute tongue, and
causes the wake impinging on the volute tongue. The amplitude of pressure fluctuation is the
largest when applying the small basic circle volute, A# at any point.

1 Ps E
i
Fig. 12. Diagram of the monitoring points
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Fig. 13. Time history of pressure fluctuations for monitoring points at design condition

The pressure fluctuations frequencies were obtained by FFT. Fig. 14 presents spectra of the
pressure fluctuations at the volutes. The pressure fluctuations are shown to exhibit the large
amplitude at the blade-passing frequency, which is equal to 3 times of the rotational frequency f;,
and its harmonics. Moreover, the largest amplitude is presented at the blade-passing frequency,
therefore the dominant frequency at volute is the blade-passing frequency. The pressure
fluctuation amplitude of the dominant frequency at monitoring points is shown in Table 3.

The pressure fluctuation amplitude at point] is larger than the other points, while it decreases
significantly at point 5 which is at the diffuser part of the volute. As increasing the volute basic
diameter D3 can weaken the rotor-stator interaction effectively, the amplitude decreases with the
increasing of the volute basic diameter D5 obviously, and the amplitude of volute A# is several
times larger than those of volute B# and volute C#. So, it can conclude that increasing D5 can
inhibit pressure fluctuations effectively and the main reason for the pressure fluctuations is the
rotor-stator interaction.

The unsteady flow and pressure fluctuations in the pump will inevitably lead to a radial force
of the impeller. Fig. 15 shows the radial force of the impeller with different volute basic circle D3
values. As seen from the figure, the radial force of the impeller with the small basic circle volute
A# is significantly larger than the other two volutes. The medium basic circle volute B# is
basically consistent with the large base circle volute C#; In addition, the radial force appears
maximum value when impeller turns over 180°.
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Fig. 14. Spectra of the numerical pressure fluctuations

Table 3. Amplitude of dominant frequency at monitoring points

Amplitude (C,) [ A# B# Cc#
Point | 0.25427 | 0.06164 | 0.04736
Point 2 0.08474 | 0.01962 | 0.01552
Point 3 0.18884 | 0.05946 | 0.05158
Point 4 0.18638 | 0.0643 | 0.05553
Point 5 0.00274 | 0.00192 | 0.00159
Point 6 0.03656 | 0.01468 | 0.00738

64 -
56 [
48 [
40 [
'y 32 I

24

16

0 40 80 120 160 200 240 280 320 360
theta

Fig. 15. The radial force of impeller
5.5. Flow induced noise

The pressure fluctuations in the surface of the volute and the impeller were used as the dipole
sound source [33, 34], and the acoustic field characteristics of the different models were analyzed
by the acoustic software LMS Virtual.Lab. Automatic matched layer (AML) in LMS Virtual.Lab
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was used to automatically capture and match the noise boundary of pump. When using the acoustic
boundary element method to calculate the internal noise of the pump, it is not necessary to consider
the interaction between the structure and the fluid. Only the surface mesh of the model pump needs
to be extracted to solve the response. The required surface wall dipole sound source which includes
the impeller surface and the volute surface was extracted from the transient flow field calculation
results. The surface pressure fluctuations obtained by CFD were interpolated to the boundary
element of the acoustic model and it was set as the acoustic boundary. The inlet and outlet of the
pump were defined as sound absorption properties, the acoustic impedance was 1.5x10° kgm?s™!,
and the remaining fluid surface set as the total reflection wall, where the sound velocity in water
is 1483 m/s, the reference sound pressure is 1x10 Pa. The acoustic boundary grid has a great
influence on the accuracy of pump noise simulation, in general, it requires L < c/6f;,4, , Where L
is the maximum length of the grid unit, f,,,, is the largest calculation frequency, c is the sound
speed. In this paper, ¢ = 1483 m/s, the maximum frequency of flow noise is about 1470 Hz, and
L should be less than 0.170 m. ICEM was adopted to mesh the boundary grid of the model pump,
and the maximum grid length is 0.004 m in this calculation which satisfies the requirement of
boundary grid quality.

Sound pressure level SPL was used to indicate the level of noise, which is described as follows:

SPL = 10 x logf fmax (p;\r)z df = 10 x lo Z (pl/\/_)zAfl, (1)
‘ref

ref

where P, is refence sound pressure, P,y =10 Pa in water, Af; = 0.25 Hz. Fig. 16 shows the
sound pressure level contours of the three volutes at the design condition, it can be seen from the
figure, SPL of the volute B# is the smallest, whereas SPL of the volute A# is the largest. SPL near
the tongue is significantly higher than other places, and SPL distribution in the volute B# is more
uniform than others. SPL range is mainly between 140 dB and 150 dB in volute B#. Compared
with Fig. 10, as the smallest basic circle, the fluid cannot completely diffuse and collide with the
volute wall directly, it results in SPL of the volute A # is the largest.

In order to observe the characteristics of the dipole sound source more intuitively, 36 noise
monitoring points were arranged on the volute basic volute, Fig. 17 presents the noise monitoring
points. Fig. 18 shows the directivity of the dipole sound source at design condition. All of the
volute dipole sound source is presented with 8-shaped directivity, and the peak of the sound
pressure level is presented near the tongue. The circumferential noise of the volute B# is smaller
than the others. Fig. 19 presents the sound pressure level of the inlet and outlet monitoring point
under different flow rate.

Pressure Amplitude dB Pressure Amplitude dB Pressure Amplitude dB
J (RMS) (RMS) = (RMS)
\ 166 l 173 182
2 | 161 168 3 H 175
155 1 162 o 167
~ . o, d
149 157 » \\ 160
| 143 151 Y 153
\ 137 146 \ 146
131 140 | ) 139
126 135 ki } 131
120 129 % ‘ 124
I 14 I 124 ! Y/ I 17
108 : 118 S 110
a) A# b) B# c) C#

Fig. 16. The sound pressure level counters of the three volutes at the design condition

It can be seen from the figure that the sound pressure level of the pump inlet and outlet is
similar, and the sound pressure level of the pump outlet is obviously higher than that of pump
inlet, which indicates that the flow noise of the pump is propagating to the exit of the volute along
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with the rotation of the impeller. The noise of the inlet and outlet in the pump with volute A # is
the largest, whereas that in the pump with volute B # is the smallest. It can be concluded that, the
volute basic circle has a significant effect on the sound pressure level distribution of the volute
source, and there is an optimal volute basic circle which the sound pressure level is the smallest.

A#

—e—B#
outlet monitoring
point
outlet monitoring
point
volute monitoring
point
Fig. 17. Noise monitoring points Fig. 18. The directivity of the dipole

sound source at design condition

Before the external sound field was solved, the modal calculation of the pump structure was
carried out using the acoustic finite element module in LMS Virtual.Lab and then the structural
response and the internal acoustic field were coupling solved. The pump equipped with the volute
B# was regarded as the study subject. The shape of the prototype pump is relatively complex
obtained by casting, the pump material is isotropic, elastic modulus E = 135 GPa, density
p = 7000 kg/m?, Poisson’s ratio 4 = 0.3. Considering the influence of the grid number on the
calculation accuracy and calculation amount, the acoustic grid coupling with the grid density of
5mm was selected based on the natural frequency of the modal response results. Three
displacement constraints were applied to the bottom surface in contact with the foundation and
the surface to which the motor was connected, respectively. The inlet and outlet of the pump were
defined as the sound absorption properties of the board, the flow surface was defined as the
acoustic and vibration coupling boundary, and the other walls were defined as the total reflection
wall. The external acoustic field was air in which acoustic impedance is 416.5 kg.m?.s™! and the
velocity of sound is 340 m/s. The geometric difference method was used to map the internal
acoustic field grid and the pump structure grid. To facilitate the observation of the distribution of
the radiation sound, a square plane with a length of 1 m is created on the plane perpendicular to
the impeller inlet and at the mid-span of the volute. It is shown in Fig. 20.
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140 ! 1 " 1 " 1 . | " 1 . I
0.4 0.6 0.8 1.0 12 14 1.6

e
Fig. 19. Sound pressure level variation at inlet and outlet under different flow rate

Fig. 21, Fig. 22 and Fig. 23 show the radiation sound SPL counters on the mid-span of the
pump at 0.6Q,4, 1.0Q, and 1.4Q,, respectively. It can be seen from the figures that the radiation
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sound SPL counters are similar at the different flow rates and the sound pressure level at the inner
surface of the pump is the highest which is the position of the radiation source. Meanwhile, the
farther away from the pump, the sound pressure level is significantly reduced. The pump sound
pressure level near the volute was significantly higher at blade passing frequency(BPF) than its
harmonic frequency, and it decreases with the increasing frequency. The distribution of the sound
field is relatively uniform at the blade passing frequency(BPF).

= 5 =

90

| e 8=

e 7 e

ST

Fig. 20. The surface mesh

I 158
153
147

141

135
129

123

118
112

. a) BPF b) 2BPF ¢) 3BPF
Fig. 21. Radiation sound SPL counters on the mid-span of the pump at 0.6Q

a) BPF b) 2BPF ¢) 3BPF
Fig. 22. Radiation sound SPL counters on the mid-span of the pump at 1.0Q,

a) BPF b) 2BPF ¢) 3BPF
Fig. 23. Radiation sound SPL counters on the mid-span of the pump at 1.4Q,
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5.6. Velocity distribution

To further reveal the internal flow characteristics and the cause of pressure fluctuations and
flow noise of the different volutes, the following parameters were induced: where theta” is the
angle of the circumferential direction of the chosen point; the x-axis positive coordinate is defined
as 0° and increases in the counterclockwise direction; theta,y;, is the minimum circumferential
angle of the chosen line; theta,,,, is the maximum circumferential angle of the selected line; V*
is the velocity, which is the velocity of the impeller. };I' V; /n is the average velocity of all points
in the selected line:

theta” — thetay;p
X = ,
thetana.x — thetanin
V*

(@)

% = STV ®

Therefore, r* represents the ratio of the location at any point on the line; V, represents the ratio
of the velocity to the average velocity at any point; 7 is defined as the abscissa; and V}, is defined
as the ordinate, which reflects the extent of velocity variation.

Fig. 24 shows the absolute velocity circumferential distribution near the impeller outlet at
different flow rates. It can be seen that the velocity gradient is the largest in the small basic circle
volute A#, while velocity in volutes B# and C# are close at any condition. Moreover, the velocity
distribution is not uniform, three peaks and valleys exist in all volutes that are consistent with the
blade and are caused by the jet- wake in the impeller. Furthermore, the velocity near the tongue
(the circumferential angle of 20°) is minimum especially at the high flow rate, because flow
collision and flow separation are serious near the tongue which results in high flow indused noise
in the volute tongue. The degree of unevenness of the absolute velocity near the impeller outlet
weakens with the basic circle increasing.

0.0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
0 50 100 150 200 250 300 350 0 40 80 120 160 200 240 280 320 360

theta theta
a) Low flow rate b) Design flow rate

0.0 1 " 1 " 1 " 1 " 1 " 1 " 1

0 50 100 150 200 250 300 350
theta
c¢) High flow rate
Fig. 24. The absolute velocity circumferential distribution near the impeller outlet
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In order to better explain the influence of basic circle diameter on fluid mixing and diffusion
in the volute, the velocities at different radii of the volute were extracted. The impeller diameter
was 185 mm and we selected six splines, radii of which are 95, 100, 105, 110, 115 and 120 mm
respectively. The velocity distribution is illustrated in Fig. 25.

1.6 14 ~
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——RI105

——RI110
—RII5
0.2 —RI20
0.0 1 PR T U T S| 0.2 I 1 I 1 I 1 I 1 n 1 n 1 n 1
0 40 80 120 160 200 240 280 320 360 0 50 100 150 200 250 300 350
theta theta
a) Volute A# b) Volute B#

14 -

1.2

0.6

0.4

0.2

0 40 80 120 160 200 240 280 320 360
theta

¢) Volute C#
Fig. 25. The velocity coefficient distribution of three forms volute at different radii at design condition

When there is some line fall outside the volute domain, the velocity coefficient curve is directly
connected by straight line of two boundary points. As seen from the figure, three peaks and valleys
exist, and the difference between peak and valley is maximum in volute A#. Moreover, a small
bump near the peak on the spline radius of 95 mm are seen, which is influenced by the blade outlet
boundary layer. This phenomenon gradually disappears with increasing radius. As seen from
Fig. 25(c), in the large basic circle volute C#, the difference of velocity distribution of different
radius is less than the others. Therefore, it is concluded that the fluid flowing out from the impeller
could be freely mixed and diffused in volute C#, and the velocity gradient is less than the others.
In the small basic circle volute, A#, the velocity distributions of different radii is non-uniform,
particularly between 280° to 360°. The angle where the peak appears has no apparent connection
with radius, and the shape of the peak changes with angle changing. The condition of basic circle
volute B# is between the two cases. It can be concluded that the more chaotic the flow, the greater
the pressure fluctuations and flow induced noise. The flow impact is strong in the small basic
circle volute A # and volute tongue, it induces the generation and shedding of vortex which
enhanced the pressure fluctuations and flow induced noise.

Zhang Desheng conceived and designed the work that led to the results, acquired data, and
played an important role in interpreting the results; approved the final version; revised the
manuscript. Tan Linwei present some important ideas about the paper; draft the manuscript, done
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6. Conclusions

In this study, a low specific speed sewage pump with an ultra-thick blade impeller was
equipped with three different basic circle diameter D3 values. The pump performance test rig was
built and global performance characteristics were obtained. It indicates that volute basic circle
diameter D5 affects the pump efficiency and head obviously, whereas it has no great impact on
non-overload characteristics. PIV technology was adopted to verify the results obtained by
numerical simulation. The agreement of the velocity obtained by numerical simulation and by PIV
measurement is very good, which illustrates that the CFD method has acceptable accuracy. CFD
method was used to analyze the effect of the volute basic circle diameter D; on internal flow
characteristics of the pump. Moreover, the velocity and pressure fields were obtained. The velocity
in impeller with different D; showed that the volute basic diameter has a small influence on the
impeller internal flow, on the other hand, D; changes the flow in the volute significantly, as the
D5 increases, the 2D streamline becomes smooth and the velocity distribution becomes uniform.
Absolute velocity circumferential distribution was obtained by extracting the velocity at different
radius, which illustrates that the velocity gradient in the small volute is the maximun. Three peaks
and valleys were found in all volutes which is caused by the jet- wake in the impeller. The pressure
fluctuations analysis showed that the pressure fluctuations and radial force decrease as Ds
increases. Furthermore, when the basic circle diameter of the volute is increased to a certain extent,
the flow in the pump does not improve significantly. Acoustic software LMS Virtual.Lab was
adopted to analyze the acoustic field characteristics of the different models. It shows that the flow
induced noise in volute A# is the largest, whereas it is the smallest in volute B#. The pump which
was equipped with the volute B# was used to analyse the external sound field, and it shows that
radiation sound near the design conditions is the smallest. Thus, it suggests that there is an optimal
volute basic circle diameter for a pump with the ultra-thick blade not only to achieve the highest
efficiency, but also to achieve excellent operating stability.
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