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ABSTRACT

The side channel pump, derived from regenerative pumps, can operate at low flow rates and specific speed compared to
centrifugal pumps. It is suitable for transporting liquids with high vapor content, such as LPG, as it can handle up to 50% gas
content due to its positive displacement action. However, the shape of the side channel pump and its associated flow
characteristics can make it susceptible to cavitation. In the present work, the cavitation performance of the side channel pump
when using LPG was studied and compared to the results with clear water. Commercial CFD software, ANSYS CFX 2019R2
was used with the SST-SAS turbulence model and the Zwart cavitation model. Flow within the side channel pump circulates
through the impeller and side channel, resulting in energy transfer and an increase in pressure. The internal pressure of the
pump varies periodically at intervals of 15° rotation, corresponding to the interaction between the impeller blades and the side
channel interrupter. Cavitation performance was analyzed for clean water and LPG, with clean water having an NPSHr value
of 13.8m and LPG having a value of 12.65m. Unlike clean water, cavitation vapor in LPG rapidly diffused at the point of
NPSHa = 11.85m. This was confirmed to be due to a strong low-pressure area at the side channel near the suction inlet, causing

the pressure to drop below the saturation vapor pressure.
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Table 1 Physical properties of fluid

3} Water) Liquid vapor
Reference Temperature 25T 25T
Reference pressure 1.01 bar 0.03 bar
Density 997 kg/m’ 0.023 kg/m’
Dynamic viscosity 8.899¢-4 Pa-s |9.8626e-6 Pa - s
3E(LPG) Liquid vapor
Reference Temperature 30T 30T
Reference pressure 18 bar 1.3 bar
Density 478.3 kg/m’ 26.84 kg/m’
Dynamic viscosity 8.876e-5 Pa+s | 8.625¢-6 Pa-s
29
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Table 2 Geometric parameters

Parameters Values
Impeller inlet diameter (mm) 80
impeller outlet diameter (mm) 150
Blade width (mm) 15
Blade thickness (mm) 2
Blade suction angle (°) 10
Blade number (ea) 24
Radial gap (mm) 0.2
Axial gap (mm) 0.2
Wrapping angle (°) 30
Side channel radius (mm) 17.6

13.5
1: grid 1 with 3.94x10° elements
2: grid 2 with 5.71x10° elements
13.04 2 3: grid 3 with 6.99x10° elements
- 4: grid 4 with 9.07x10° elements
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Fig. 3 Grid independence test
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Table 3 Simulation setup

Boundary Conditions

Inlet of suction pipe Static pressure

Oulet of discharge pipe Opening

Domain surfaces No-slip wall

Turbulence model

Steady state Standard SST k-w

Unsteady state SST - SAS

Interface configuration

Steady state Frozen rotor

Unsteady state Transient rotor stator

Numerical calculation solver control

Time step 1.111e-4 s

Advection scheme High resolution
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Fig. 8 Exchanged mass flow at the interface
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Fig. 10 Pressure distribution at cross—sections
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t=9T/15

Fig. 13 pressure distribution at cylindrical

cross—sections at moments t = 9T/15 and t = T
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