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ABSTRACT

This paper aims to investigate the effect of the inlet pressure on cavitating turbulent
flows in a rotor pump through experimental and numerical studies. In experimental
studies, both the flow rate and the inlet/outlet instantaneous pressures with various
inlet pressures were monitored. The results show that the instantaneous pressures of
the inlet/outlet pulsate periodically and its dominated frequency changes with the inlet
pressure. In numerical studies, a simplified 2D numerical model for analyzing the
cavitation flows in the rotor pump was established and verified by the experimental
data. Meanwhile, the influences of the inlet pressure on the volumetric efficiency, the
distribution of bubble volume fraction and the pressure fluctuation were included. The
results present that the numerical model with cavitation is more reasonable for the rotor
pump than the single phase model and the inlet pressure indicates a strong influence
on cavitation characteristics. Firstly, the volumetric flow rate ratio decreases at the
inlet, but increases at the outlet with the inlet pressure on the decrease. Moreover, the
peak of the inlet flow rate ratio offsets backward as the inlet pressure decreases, but the
peak of outlet flow rate ratio does not display any delay. Secondly, as the inlet pressure
decreases, the volume fraction of the vapor phase increases and its peak also offsets
backward. Finally, both pressures at suction and the discharge sides present a sudden
increase at a certain moment. For a high inlet pressure, the pressure mutation occurs
when the two rotors are fully engaged with each other, while the time for pressure
mutation delays for a low inlet pressure.

Keywords: Cavitation; dynamic mesh; inlet pressure; rotor pumps.
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NOMENCLATURE
empirical constant
empirical constant
empirical constant
rotational frequency (Hz)
condensation coefficient
evaporation coefficient
gravity acceleration (m?/s)
turbulent kinetic energy (J)
liquid phase
width of the rotor (mm)
pressure (Pa)
pressure of bubble surface (Pa)
inlet pressure (kPa)
outlet pressure (kPa)
evaporation pressure of the liquid (Pa)
local value of the evaporation pressure (Pa)
production of turbulence kinetic energy (J)
numerical volume flow rates
theoretical volume flow rates

the radius of the bubble (m)

mass transfer source terms related to the collapse of the vapor bubbles (kg/(m*s))

mass transfer source terms related to the growth of the vapor bubbles (kg/(m*s))

surface tension coefficient of liquid phase
velocity (m/s)

velocity vector of the liquid phase (m/s)
velocity vector of the liquid phase (m/s)
vapor phase

velocity of liquid phase (m/s)
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Vin velocity of the inlet (m/s)

Z impeller number of the rotor (Z=4)

o volume fraction of the vapor phase

O volume fraction of the nucleation site

O empirical constant

o, empirical constant

e dissipation rate

p density of the mixture (kg/m?)

D density of the liquid phase (kg/m?)

Dy density of the vapor phase (kg/m?)

U dynamic viscosity of the mixture (Pa s)

W turbulent viscosity (Pa s)

0 rotation angle of two rotors
INTRODUCTION

Rotor pumps are widely adopted in food, beverage, chemical, pharmaceutical and
some other industries (Liu et al., 2000). For a rotor pump, as shown in Figure 1,
two rotors rotate in reverse directions and the fluid is transported from the suction
side to the discharge side through the chamber (Huang & Liu, 2009). Due to this
special operating principle, rotor pumps have one inherent advantage of self-priming
capabilities, which means the pump can start up without pre-irrigation. In other words,
the pump works as a vacuum pump initially and then turns into a common water pump,
when the air in the suction pipe is exhausted (Huang et al., 2014). The self-priming
capacity derives from the fact that the rotating rotors can evacuate air in the suction
line, producing a local vacuum, and the liquid is compressed into the suction chamber
due to the pressure difference. Vacuum at the suction side can cause cavitation, which
occurs with the pressure acting on the hydraulic fluid lower than the vapor pressure or
the dissolved air separation pressure of the fluid (Totten ez al., 1998). As we all know,
cavitation can cause serious vibration and damage to rotor pumps, which may induce
life reduction of the pumps. Thus, cavitation should be taken into consideration in
flow analysis of rotor pumps.

In previous studies, the cavitation behavior of rotor pumps is rarely reported.
Considering that the rotor pumps are similar to gear pumps, the flow characteristic
studies about gear pumps (Erturk ez al., 2008; Castilla et al., 2010; Erturk et al., 2011;
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Campo et al.,2012; Campo et al.,2014) may be used as references, where the cavitation
has been reported (Campo et al., 2012; Campo et al., 2014). For example, Campo et
al. (2012) developed a numerical model for cavitation behavior in gear pumps and
analyzed the effect of cavitation on volumetric efficiencies. Meanwhile, the effect of
the inlet pressure on volumetric efficiencies was studied using this proposed model
(Campo et al., 2014). The results show that the inlet pressure has a significant effect
on the performance of gear pumps. Seeing that these studies are mainly limited to gear
pumps, further investigation on the cavitation behavior of rotor pumps is still needed.
Moreover, as far as the best knowledge of the authors, the effect of the inlet pressure on
cavitation has not been discussed systematically for rotor pumps. As described above,
this paper is mainly to discuss the influence of the inlet pressure on the cavitation flow
in rotor pumps through experimental and numerical studies.

Rotor 1

Chamber

Suction Discharge

Non-contact

Rotor 2

Fig. 1. Schematic diagram of a rotor pump

The structure of the present paper is arranged as follows: Firstly, the cavitation
experiment of a rotor pump with different inlet pressures is carried out and the effect
of the inlet pressure on flow rates and pressure fluctuations is investigated. Then, a
numerical model for cavitation behavior is established and verified by experimental
results. Finally, the influence of the inlet pressure on flow characteristics of a rotor
pump is reported, including the volumetric efficiency, the volume fraction of the vapor
phase, and the pressure fluctuation.

GOVERNING EQUATIONS FOR CAVITATING FLOW
Mixture model

The continuity equation and the momentum equation of the mixture are expressed as
Equations (1)-(2), respectively (Fluent A. 14.5, Theory Guide, 2012).
op

LoV (ou)=
o (pu)=0 (1)
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Turbulence model

In this work, the RNG k-¢ model is employed to close the system of the mixture
flow equations. The turbulent kinetic energy and the dissipation rate are shown as
Equations (3)-(4) and the turbulent viscosity is given as Equation (5) (Zhang & Khoo,
2014). The values of the five empirical constants in these equations, Ci;, Cs;, C,, o, and
o, are 0.0845, 1.45, 1.68, 1.0 and 1.3, respectively.

%+V-(pb?k):ytP,ﬁV-((,u+,ut)V-k)-p8 3)
Fl - 2
(ap; ) v, (puz)=C,, (%) E;Qm[%jw ((u+u)V-é) ©)

2

/’lt :pc;t; (5)

Cavitation model

When cavitation occurs, the liquid-vapor mass transformation (evaporation and
condensation) is governed by the vapor transport equation (Equation (6)) (Zhang et
al., 2010).

%(apv)+v~(apvbTV)=Re—Rc (6)

The growth and collapse of vapor bubbles are governed by the Rayleigh-Plesset
equation (Brennen, 1995) (Equation (7)). Neglecting the second-order terms and the
surface tension force, the bubble dynamic equation is simplified as Equation (8) (Mejri
et al., 2006).

2
RBDISB +§(%)2+ﬂ1¢3+ 28 _(ps—p (7
Dt 2 Dt R, PR, o

DRy _ 2ps=p ®)
Dt 3 p

The equations of mass exchange rates, proposed by Zwart-Gerber-Belamri (Zwart
et al., 2004) are employed and the equations for vaporization and condensation are
given as follows:
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3 1—- _
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! Ry 3P
R =F, 20wt 2P.2P (10)
Ry 3 P

Taking the turbulent pressure fluctuations into consideration, the evaporation
pressure p, should be corrected by Equation (11) (Liu et al., 2009).

p=p. +%<o.39pk> (11)

where, p* is the local evaporation pressure. For the medium discussed below (water),
the local evaporation pressure is 3169Pa (absolute pressure) at room temperature
(300K).

CAVITATION EXPERIMENTS OF A ROTOR PUMP
Test configurations

In order to verify the computational results, a test system is established (Figure 2). The
whole test system is mainly composed of three components: pump system, pipe system
and data acquisition system (not shown in Figure 2). For the pump and pipe systems,
water is pumped through the pipe system and finally returns to the water tank, forming
a circulation system. The pump is driven by a 2-pole 11 kW induction inverter motor
and the rotating speed of the pump is controlled by the inverter steplessly ranging from
Or/min to 720r/min. For the data acquisition system, two absolute pressure sensors are
located at the inlet and the outlet of the pump, respectively. Both the pressure sensors
are rangesing from 0 to 0.2MPa and the accuracies of both the pressure sensors are
2.5%. Thus, the absolute errors of the pressure sensors at the inlet and the outlet are
both 0.005MPa. In addition, the response frequency of the pressure sensors is 1000Hz.
The output signals of both pressure sensors are the electric current signals ranging
from 4 to 20mA. For convenience, the pressure sensors should cascade a resistance
of 250Q and the received signals change to voltage signals ranging from 1 to 5V.
Combining the ranges and output signals of both pressure sensors, the sensitivities
of the inlet pressure sensor and the outlet pressure sensor are both 20, 000mv/MPa.
Pressure data are collected by a data acquisition device with the sampling frequency
of 2, 560Hz. The flow rate is tested by an electromagnetic flow meter, located at the
outlet pipe close to the water tank.
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Rotor pump  Outlet pipe

Fig. 2. Test configurations of the rotor pump

Working conditions

Generally speaking, the cavitation number is adopted to describe the cavitation state
of rotor pumps, presented as Equation (12).
o= p in__ p v

0.5p0m,° (12)

in

The cavitation numbers chosen range from 1.89 to 6.96 in following tests. To study
the effect of the inlet pressure on flow behavior of the rotor pump, both flow rates and
inlet/outlet instantaneous pressures are monitored at different inlet pressures. During
the experiment, the inlet pressures ranging from 67.44kPa to 20.69kPa are involved.
Meanwhile, the pressure at the outlet changes with the inlet pressure, but the pressure
difference between the inlet and the outlet is kept as a fixed value of 0.1MPa. It should
be noted that in this work, the value of the inlet pressure is absolute pressure, while the
value of the outlet pressure is gauge pressure.

Experimental results
Effect of inlet pressure on flow rates

Figure 3 displays the flow rates of the rotor pump (+=720r/min, p_ =0.1MPa) for
different inlet pressures. It can be concluded that the flow rate decreases with the inlet
pressure on the decrease. Moreover, with the inlet pressure decreasing, the flow rate
has a more and more remarkable decrease. In this case, for the inlet pressure lower
than 38.5kPa, the flow rate drops much more greatly than that higher than 38.5kPa.
In addition, the flow rate falls about 3% compared with the original flow rate, when
the pressure drops to 48.8kPa, which may be regarded as the critical pressure of the
cavitation. When the inlet pressure decreases to 20.69kPa, the flow rate falls about
15% compared with the original flow rate. At this moment, the cavitation develops and
affects the flow performance of the rotor pump greatly.
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Fig. 3. Flow rates of the rotor pump (»=720r/min, p,=0.1MPa) with various inlet pressures

Effect of inlet pressure on pressure fluctuation

Figure 4 reports the time histories of the inlet pressures and the corresponding frequency
spectrums. The results show that the inlet pressure pulsates with the frequencies
related to the rotating frequency f,. For a higher inlet pressure (e.g. 67.44kPa), the
highest amplitude occurs at the frequency of /=98.14 Hz and coincides with twice
that of rotational frequency harmonics Zf, (Z=4 in this case). In addition, other main
frequencies include the frequencies of £,=11.72Hz (f,) and f;=49.32Hz (Zf,). The
pressure pulsations at frequencies of f; and f; result from the inevitable unsteady
discharge process of rotor pumps (Schiffer ez al., 2013). However, as the inlet pressure
decreases, the dominate frequency transforms from higher harmonics of rotational
frequencies (e.g. 8f,) to lower frequencies (e.g. 4f, and 2f)) gradually. The reason for
the increase of the low-frequency pressure pulsation is the appearance of the pulsation
frequencies of the cavitation bubbles, which starts to be a dominant factor during the
development of the cavitation. The frequency is based on the time difference between
the generation and the collapse of cavitation bubbles, which is always related to a
lower frequency (Kjeldsen et al., 2000).

The time histories of the outlet pressures and the corresponding frequency
spectrums are shown in Figure 5. It can be found that the magnitude of the pressure
pulsation increases gradually with the decreasing inlet pressures (Figures 5(a), 5(c),
5(e)), which may result from the appearance of the cavitation bubbles. As we all know,
cavitation bubbles lead to an increase of the compressibility of the medium and a
larger compressibility increases the unevenness of the flow rate, which is the basic
reason for a larger pressure pulsation (Zhou, 2015). For the dominant frequencies
of the outlet pressure (Figures 5(b), 5(d), 5(f)), as the inlet pressure decreases, the
dominate frequency transforms from the higher harmonics of rotational frequency
(e.g. 8f,) to the lower frequencies (e.g. 4f, and 2f,) gradually, which is similar to the
behavior of the frequency spectrum of the inlet pressure.
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Fig. 5. Outlet pressure signals of the rotor pump (+=720r/min, p,,=0.1MPa)

NUMERICAL MODEL ON UNSTEADY CAVITATING FLOW IN
ROTOR PUMPS

Computing geometry and grid

A simplified 2D model (Figure 6) is employed to analyze the cavitating turbulent
flow of the rotor pump using the governing equations described above. The main
geometrical parameters of the pump are presented in Table 1. For the pump, the gap
size between two rotors is 0.1mm and the gap size between rotors and pump case
is 0.16mm. The model is based on the computer package Fluent, which has been
confirmed accurate enough to discuss the effect of the main geometrical and working
conditions on the flow characteristics of rotor pumps (Campo et al., 2012). It should
be noted that the calculated flow rate should be multiplied by the rotor width (L) when
it is compared with the experimental data.
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Table 1. Main geometrical parameters of the test pump

Parameters Value
Diameter of the rotors 86.9mm
Distance between centers of rotors 125mm
Number of impeller 4

Theoretical volumetric capacity ~ 21.63m%rev

Inlet pipe. Qutlet pipe

Rotor mesh zone

Fig. 6. Geometrical model of the rotor pump

The synchronous motion of the two rotors is analyzed by dynamic mesh method and
their rotational speeds are set through the user defined functions (UDF). An approach
of dynamic mesh based on a Laplacian smoothing algorithm with local re-meshing
is employed, which can produce smaller numerical errors, when the cavitation is
mentioned (Campo ef al., 2014). In addition, parameters for local re-meshing play a
significant role on the grid quality in the process of mesh updating. A mesh analysis
of two parameter combinations (Table 2) defining mesh updating is carried out.
There are three parameters for Fluent to evaluate each cell and mark it for remeshing,
including the minimum length scale, the maximum length scale and the maximum
cell skewness. If it meets one or more of the criteria related to the three parameters,
Fluent updates the mesh automatically. Seeing that shortening the difference between
the minimum length scale and the maximum length scale, and reducing the maximum
cell skewness may obtain a better-quality grid, two parameter combinations (A and
B) are adjusted based on the default parameter combination and adopted for mesh
analysis. The calculated outlet flow rates and the average mesh skewness are plotted in
Figure 7. It can be indicated that the flow rates obtained by combinations A and B are
similar to each other. However, the mesh skewness of combination B is much smaller
than that of combination A. Thus, parameter combination B is adopted to describe
the mesh updating. Its original mesh (¢p=0°) and the mesh after updating (¢p=10°) are
both shown in Figure 8. In addition, the element and node numbers of the model are
323,015 and 164,030, respectively.
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Table 2. Parameter combinations used for defining mesh updating in Fluent

Parameters Defaults A B

Minimum length scale (mm)  0.0964 0.1 0.2
Maximum length scale (mm) 1.5 1.6 0.6
Maximum cell skewness 0.727 06 0.5

1.05
0.06 |- —=— Dynamic mesh setting: A

—+— Dynamic mesh setting: B

005 e,
ol el
Y/

—=— Dynamic mesh setting: A
—=— Dynamic mesh setting: B

100 | '/\
!
095 |- [
+

o

£

o

c
_

Outlet flow rate ratios Q/Q,
Average cell equivolume mesh skew

0.01

L L
20 40 60 80 100 120 140 160 180

0 20 40 60 8 100 120 140 160 180 0
Rotation angle ¢

Rotation angle ¢

a) Outlet flow rates b) Average cell skew

Fig. 7. Comparison of numerical results by parameter combinations
A and B (+=720r/min, p,,=0.1MPa)

a) Original mesh (p=0-) b) Updating mesh (g=10-)

Fig. 8. Grid of the rotor domain

Boundary and initial conditions

The outlet and inlet boundary conditions are set as pressure outlet and pressure inlet,
respectively. The values are determined by the actual pressures. In order to guarantee
the steady of the calculation, the flow of the rotor pump without cavitation is calculated
firstly and the results are regarded as the initial conditions for the calculation with

cavitation.
Determination of cavitation model

Given that the parameters of Zwart-Gerber-Belamri cavitation model are easy to
adjust, this model is employed to describe the mass transfer between two phases.
There are four parameters in this model and they are bubble diameter R,, nucleation
site volume fraction r,,., evaporation coefficient F,,, and condensation coefficient
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F.... Where, nucleation site volume fraction a,,. is generally given by the Bunsen
coefficient, which represents the ratio of the volume of gas and the volume of fluid
at atmospheric conditions (Campo et al., 2012). In this case, the Bunsen coefficient
for water is 0.0005. The condensation coefficient F.,, has a little effect on cavitation
and its default value (0.01) is adopted. The flow rates of the rotor pump for different
bubble diameters R, and different evaporation coefficients F,,, are indicated in
Figure 9. This case corresponds to a rotational speed of 720r/min and an inlet
pressure of 67.44kPa. Numerical results show that the main frequency of the inlet
pressure (61.74kPa) is 8f, ( Figure 11(b)). Therefore, the magnitudes of the pressure
pulsations under the same frequency (8f,) are adopted for comparison. Generally, the
amplitude of the pressure fluctuation is adopted to describe the magnitude of pressure
fluctuation, which is defined as half of the difference between the maximum value
and the minimum value. Experimental results show that the amplitude of the flow
rate pulsation is approximately 10m*h and the amplitude of the inlet pressure under
the same frequency of 8f, is approximately 2kPa (Figure 4(a)). Numerical results
demonstrate that for the combination of R =0.0lmm and F\,, =0.4, the amplitude of
the flow rate pulsation is 8.36m%h (Figure 9(a)) and the amplitude of the inlet pressure
under the same frequency of 8f, is 1.84kPa (Figure 9(b)), presenting that numerical
results are consistent with the experimental results and the combination of R,=0.01mm
and F,, =0.4 adopted in this work is reasonable for analysis.
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Fig. 9. Amplitudes of outlet flow rates and inlet pressures under the same
frequency of 8f; by different cavitation model settings

Validation of numerical model

Flow rates obtained by the above 2D model are compared with the experimental data
(Liu et al., 2015) with a pressure difference of 0.1MPa (Figure 10). The results show
that the calculated flow rates with a pressure difference of 0.1MPa agree well with the
experimental data, indicating that the 2D model is reasonable for working conditions
with a low pressure difference (e.g. 0.1MPa). Thus, the pressure difference of 0.1MPa
is adopted to discuss the influence of the inlet pressure on flow characteristics of the
rotor pump in following.
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e Experimental results
Calculating results

Flow rate (mz/h)

1 ! 1 1 L L L ! 1 L L L L
1000 150 200 250 300 350 400 450 500 550 600 650 700 750

Rotation speed (r/min)

Fig. 10. Comparison of flow rates between numerical and experimental
results (p,,=0.1MPa, L=160mm)

Then the pressure fluctuation of the inlet pressure and its frequency spectrum
for single-phase flow and cavitating flow are compared in Figure 11. It can be seen
that the amplitude of pressure pulsation obtained by cavitating flow based on the
mixture model (1.84kPa, Figure 11(a)) agrees much better with experimental data
(2kPa, Figure 4(a)) than that by single-phase flow model (0.82kPa, Figure 11(a)).
The results of spectrum analysis indicate that the largest contribution of the pressure
pulsations mainly stems from 8f,, similar to the experimental data. However, some
lower harmonic frequencies of the rotating frequency in the test pump are not obtained
through numerical studies. This is probably because these lower frequencies result
from eccentricities and other geometrical imperfections of the rotating rotors (Casoli
et al., 2005, Schiffer et al., 2013).

655 | —=— Single flow calculation, amplitude: 0.82kPa 8fn
—=— Cavitation flow calculation, amplitude: 1.84kPa

Cavitating flow calculation
— Single flow calculation

161,

24f,

Inlet pressure (kPa)
Amplitude of inlet pressure (kPa)

4 %

4 ' +

62.0 |- ‘. b “
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615 |-

ek o i S s il At A L n h
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 0 100 200 300 400 500

Rotation angle (¢) Frenquency (Hz)
a) Time domain b) Frequency spectrum

Fig. 11. Inlet pressure fluctuation for single phase and cavitation
flow calculation (=720r/min, po,=0.1MPa)

Taking the case with the inlet pressure of 20.69kPa and the rotational speed of 7201/
min as an example (0=3.09), the ratio of the volumetric flow rate O and theoretical
flow rate O, at the inlet and outlet with and without cavitation are shown in Figure 12.
When the cavitation is not included, the flow rates of the inlet and the outlet do not
present remarkable differences. However, the flow rates have a big difference between
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the inlet and the outlet, when cavitation is taken into consideration. Exactly speaking,
for the inlet, cavitation boosts the amplitude and the average value of the flow rates,
while it has a little effect on the outlet flow rates. This is because that cavitation appears
at the suction side of the pump (Figure 17) and the cavities increase the compressibility
of the medium, leading to a larger instability of the inlet flows. However, when the
medium gradually flows into the following chambers, some bubbles carried by the
medium flow back to the previous chamber and start to collapse. Finally, the flow
becomes more and more steady, when the medium flows into the outlet pipe of the
pump, which affects the outlet flow slightly. However, it should be noted that the peak
of the outlet flow is not very obvious, which means the cavitation plays an inhibited

role on outlet flows of the rotor pump.
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Fig. 12. Flow rates with and without cavitation

a) Single phase model b) Cavitation model

Fig. 13. Streamlines of the rotor pump(r=720r/min, p;,=20.69kPa)) (¢p=20")

Figure 13 shows the streamline distributions in the rotor pump using single-phase
model and cavitation model. It can be found that compared with the sing-phase model,
there are more obvious vortexes and a larger velocity gradient, when the cavitation is
included, which induces the instability of the flow.
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EFFECT OF INLET PRESSURE ON FLOW CHARACTERISTICS OF
ROTOR PUMP

Effect of inlet pressure on flow rate ratios

The flow rate ratios of the inlet and the outlet with the rotation speed of 960r/min
for various inlet pressures are shown in Figure 14. It can be found that with the inlet
pressure p, on the decrease, as a whole, the peak of the volumetric ratio decreases at
the inlet, but increases at the outlet. For the inlet flow rate ratio, the pulsation period
becomes longer for a lower inlet pressure (e.g. 20.69kPa) than that for a higher inlet
pressure (e.g. 80.0kPa). Moreover, the peak of the inlet flow rate ratio offsets backward
as the inlet pressure decreases. This is because that the vapor bubbles produced by
cavitation play an inhibited role on the suction capability of the rotor pump. Once lots
of vapor bubbles appear, the vapor is evacuated by the pump firstly and the suction
time for water delays. For the flow rate ratio at the outlet, its amplitude changes slightly
at the most time of the period as the inlet pressure decreases. However, there is a slight
increase at the peak of the flow rate ratio (Figure 14 (b)), when the inlet pressure drops
to a lower value (e.g. 38.575kPa). Regarding to the peak of the outlet flow rate ratio, it
does not display any delay with the drop of the inlet pressure. This is probably because
cavitation has a limited influence on outlet flows, which has been discussed in the

section of Validation of numerical model.

Figure 15 shows the comparison of the velocity contours of the rotor pump at
different inlet pressures. It can be seen that, when the inlet pressure (cavitation number)
drops, a greater velocity gradient can be found at the meshing zone of the rotors. This
also explains why the flow performance of the rotor pump becomes unsteady with the
decline of the inlet pressure.
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Fig. 14. Flow rate ratios of the rotor pump under different inlet pressures (»=960r/min)
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Fig. 15. Velocity contours of rotor pump at different inlet pressures (*=960r/min)

Effect of inlet pressure on volume fractions of vapor phase

The volume fraction of the vapor phase is adopted to describe the cavitation degree and
the results are presented in Figure 16. It can be demonstrated that the volume fraction
of the vapor phase has a remarkable increase, when the inlet pressure decreases from
59.625kPa to 38.575kPa. In addition, the vapor phase shows a remarkable periodicity,
when the inlet pressure is relatively high (e.g. 59.625kPa) and the period of the vapor
fraction prolongs, when the inlet pressure drops to a lower value (e.g. 38.575kPa),
which is similar to the behavior of the inlet flow rate. However, the vapor fraction
becomes unsteady, when the inlet pressure drops to 20.69kPa, which means the
cavitation develops greatly at this inlet pressure.

Figure 17 shows the volume fraction distribution of cavitation bubbles under
different inlet pressures. It can be seen that cavities are mainly located at the regions
of the contact point. Meanwhile, the area of the vapor phase expends and the fraction
of the vapor phase increases, when the inlet pressure decreases.
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Fig. 16. Average volume fraction of vapor phase under different inlet pressures (*=960r/min)
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Fig. 17. Volume fraction distribution of cavitation bubbles at different inlet pressures
(=960 r/min, p=25")

Effect of inlet pressure on pressure fluctuations

Figure 18 shows the pressure fluctuations of Point P at the suction side and Point P1
at the discharge side (Figure 6) of the rotor chamber with various inlet pressures. It
can be found that pressures at the suction and discharge sides both present a sudden
increase at a certain moment. For a high inlet pressure (e.g. 80kPa), the pressure
mutation occurs approximately, when the two rotors are fully engaged with each
other. However, the time for the pressure mutations delays with the decreasing inlet
pressures. Exactly speaking, for the pressure fluctuation of Point P (the suction side),
the time delayed prolongs greatly, when the inlet pressure decreases to a small value
(e.g. 38.575kPa), which also results from the inhibited role of the vapor bubbles. For
the pressure fluctuation of Point P1 (the discharge side), the time delayed is shorter
than that of Point P. The reason for this phenomenon may be the same as that for outlet
flow rates. In addition, the amplitude of the outlet pressure mutation increases with the
decreasing inlet pressures, which agrees well with the experimental results.
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CONCLUSION

In this work, the effect of the inlet pressure on the unsteady cavitating flows in a
rotor pump is investigated through experimental and numerical studies. The following
conclusions are drawn from this study.

(1) As the inlet pressure decreases, the dominate frequency transforms from the
higher harmonics of rotational frequency (2-Zf,) to some lower frequencies (Zf,
and 1/2-Zf,, et.al).

(2) Numerical results of the flow performance in the rotor pump based on the
cavitation model agree much better with experimental data than that by single
phase model.

(3) The flow rates have a big difference between the inlet and the outlet, when
cavitation is taken into consideration. Exactly speaking, for the inlet, cavitation
boosts the amplitude and the average value of the flow rates, while it has a little
effect on outlet flow rates.

(4) The volumetric ratio decreases at the inlet but increases at the outlet with the inlet
pressure on the decrease. Moreover, the peak of the inlet flow rate ratio offsets
backward as the inlet pressure decreases but the peak of outlet flow rate ratio does
not display any delay.

(5) The period of the inlet flow rate ratio, as well as the volume fraction of the vapor
phase, is longer for a lower inlet pressure than that of a higher inlet pressure.

(6) Both the pressures at suction and discharge sides present a sudden increase at a
certain moment. For a high inlet pressure, the pressure mutations occur, when the
two rotors are fully engaged with each other, while the time for pressure mutation
delays for a low inlet pressure.
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