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A Study on the Cavitation Performance Characteristics of Axial
Flow Pumps as a Function of Inlet Guide Vane Angle
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ABSTRACT

Axial-flow pumps are widely used to transport large volumes of fluids in drainage pumping stations or water and sewage
treatment plants. In general, pumps are designed to operate with high efficiency under constant rated flow conditions, so waste
power occurs due to reduced efficiency under operating conditions that deviate from the design flow rate. Accordingly, the
concept of a variable inlet guide vanes(IGV) that can change the installation angle is being introduced as a method to improve
operating efficiency in response to frequent changes in the operating flow rate. This study investigated the effects of IGV angle
adjustments on the performance of an axial flow pump with a specific speed of 1200-class. The IGV angle was systematically
varied in 10° increments within a range of -20° to +20°. Hydraulic performance and cavitation tests were conducted across
various flow rates for each angle configuration. The experimental results revealed a significant correlation between IGV angle
adjustments and pump performance parameters. As the IGV angle was adjusted toward positive values, a correspoding increase
in the total head of the axial pump was observed. Conversely, adjustments towards negative angles resulted in a decrease in
total head. Futhermore, the study demonstrated that IGV angle modifications also influenced suction performance. When the
IGV angle was adjusted to positive, a general decrease in suction performance was noted across the entire flow rate range. In
contrast, negative IGV angle adjustments led to improved suction performance. However, it is noteworthy that this improvement
in suction performance became less pronounced as the flow rate increased. These findings highlight the significant influence

of IGV angle on axial pump performance, offering the potential for performance optimization in different operational scenarios.
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Fig. 2 A schematic diagram of the pump test facility

Table 1 Design specifications of axial pump model

Parameter Value
Number of inlet guide vanes 5
Number of impeller blades 4
Number of diffuser vanes 7
Specific speed[rpm - m*/min - m] 1200
Designed flow rate, @, [m’/min] 7

Table 2 Measuring devices index

Item Range Maker Uncertainty
Pressure transducer | 0~ 5[Bar](Abs) Sensys +0.035%
Pressure transducer | 0~ 7[Bar](Dif) Sensys +0.035 %

Torque meter 0~100[Nm] Magtrol +0.095 %
Turbine flow meter | 0~ 1150[m’hr] | Flowmetrics | +0.112%
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Table 3 Pump performance at ¢,=0.075

Degree ¥ g " s
20° 0.0536 0.0053 75.82 0.05379
10° 0.0503 0.0048 77.16 0.04801
0° 0.0465 0.0045 71.74 0.04185
-10° 0.0421 0.004 7744 0.03883
-20° 0.0388 0.0038 75.93 0.03684
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Table 4 Pump performance at ¢=0.086 §_ 7|
W A n @y L3 2 « o A =5
Degree B o AR 7|4B e hiE 2 Zod
20° 0.039 0.0053 62.54 0.05042 Hiz7)< e 714](2021202080026A) 2] 2] & Hro} =3}
10° 0.0351 0.0047 63.06 0.04923 H &)
0° 0.0319 0.0043 63.34 0.04653
-10° 0.0266 0.0037 61.65 0.04609
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