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Performance Prediction of Eckardt's Impeller
based on The Development of Compressible Navier-Stokes Solver
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ABSTRACT

To investigate the flow inside the centrifugal impeller, computer program which can solve Three-dimensional

compressible turbulent flow has been developed. The Navier-Stokes equations were chosen as the governing equation

for viscous flow while Euler equations for inviscid case. Time marching method was incorporated with the Flux

Difference Splitting method suggested by Roe to capture the steep gradients such as a shock. For high order of accuracy,

MUSCL approach was adopted while differentiable limiter to ensure TVD property. For turbulence closure, Baldwin-

Lomax model was applied due to its simplicity. To demonstrate the capabilities of present program, several validation

problems have been solved and compared with experiments and other available data. From the above calculations

generally good agreements were obtained. Finally, the developed code was applied to Eckardt’s impeller and the

performance prediction was carried out. Some important aspects on boundary condition for successful simulation were

discussed and the remedy was also introduced.
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Table 1 Summary of Results

Comprexsive Finite Wave
L4=021, =05
Demsity . p, wveloity . 1, Pressurc. .
Analvtic 1.6100 05601 1.3900
Computed 1.6073 0.5000 1.3925
Relative Error(%) 0.1677 00000 0.1798
Centered Expansion Wave
it = 02,1 = 0.
Density . p, uvelogity . Pressure. )
Anafvtic 05900 0.5000 0.3420
Computed 0.5877 05000 03411
Relative Ervor(%) .3898 120000 0263}
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Table.2 Matrix Table of Performance Curves

Left Center Right
I8t Optimum Choke Static Pressure Variation
nd Stall Optimum Choke
3rd Stall Optimum Choke
4th Totat Pressure Ratio Total Temperature Rise Adiabatic Efficiency

I8t | Distribution of static pressure over the shroud

and Comparison of total pressure profiles

37d | Comparison of adiabatic efficiency profiles

4th | Predicted and Measured Performance Parameters
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81x37x37(Modified Extrapolation Outflow B.C)
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