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Numerical simulation of impeller-volute interaction
on a centrifugal turbomachinery

Jae-Doo Lee, Won-Gu Joo

Key Words: Centrifugal Turbomachinery(®4/El327]A), Volute(E-FE), Impeller-Volute Interaction( Y Hz} EFE #
FZH), Static Pressure Distortion(F ¢f&72)

ABSTRACT

In general, an impeller of centrifugal turbomachinery is designed at isolated condition without
considering the presence of a volute, but when the impeller is operating with its volute, the performance of
impeller can be different. This is largely caused by the interaction between the impeller and volute flow
fields. The magnitude of distortion is increased as the operating point is away from the design point and, as
a result, the interaction between the impeller and volute is stronger.

In the present calculation, the flow through the impeller is simulated using coarse grids. The flow within
the impeller and the volute is naturally unsteady, but the flow is assumed to be steady across the interface
between the volute and impeller flow fields. Under the assumption of steady three-dimensional
incompressible turbulent flow, the time averaged N-S equations involving standard .2—e turbulent model

was solved by the F.V.M.
The calculation results are compared with the experimental results obtained for an industrial fan by Sakai
etc. and the good agreement is demonstrated. And the effects of the impeller-volute interaction are studied.
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Table 1 Calculation domain, number of grid and calculation
time of each case

Calculation domain Numbgr of Calc.u]atwn
grid fime
CASE 1| Impeller+Diffuser 237,160 18 hr
CASE 2| Diffuser+Volute 162,920 6 hr
CASE 3 | Imeller+Diffuser | o015y | 49 by
+Volute
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Fig. 2 Concept of partial mixing plane model
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Table 2 Specification of experimental apparatus

Diffuser Width( B3 ) 17.6 mm
Diameter of impeller( Dy ) 270 mm
Diameter of diffuser( D3 ) 370 mm

Designed rotating speed( Ny ) 1200 rpm
Designed flow rate( Qs) 0.123 m’/s
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Table 3 Operating conditions of Sakai's experiment and
present calculation

Condition #1 | Condition #2 | Condition #3
Experiment
043 1.00 117
QQs
Calculation
0.60 1. 117
(QQ) ®
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