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Calculation of 3-Dimensional Flow through an Impeller
of Centrifugal Compressor
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Abstract

The flow through a centrifugal compressor rotor was calculated using the quasi-3-dimensional
and fully 3-dimensional Navier-Stokes solution methods. The calculated results, obtained during
the development of the computer codes for both methods are discussed. In the inviscid quasi
3-dimensional analysis, stream function formulation was used for the blade to blade (B-B) plane
calculations, and the streamline curvature method was used for the meridional (H-S) plane
calculations. In the viscous 3-dimensional flow analysis, a control volume method based on a
general rotating curvilinear coordinate system was used to solve the time-averaged Navier-
Stokes equations, and a standard k- model was used to obtain eddy viscosity. The quasi-3-
dimensional analysis reasonably predicts the pressure distributions and requires much less
computation time in the region where viscous effects are not strong ; however, it fails to predict
velocity field and loss mechanism through the impeller passage. The viscous 3-dimensional flow
analysis shows reasonable pressure distributions and typical jet-wake flow field through the
impeller passage. Secondary flow and total pressure distributions on cross-sectional planes
explain the loss mechanisms through the impeller.
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Table 1 List of previous work for various centrifugal compressor impeller.

Equation Numerical Turbulence Grid Tip |Applicated
Author .
type method model system |clearance| impeller
J. Moore & PPNS ] H-type Ghost
P - t L
J. G. Moore | (1980) | Coourescorrection M 17x14x14]  N° | impeller
EULER 7,000 Eckardt
. C. Pri i-time-d - ’
T. C. Prince (1984) Quasi-time-dependent ontrol vol. No impeller A
C. Hah & NS Pressure-correction LRN k-¢ H-type Yes Eckardt
A.C.Bryans | (1988) (Chien)  |56x31x26] < | impeller
C. Hah & NS Pressure-correction LRN k-¢ H-type Ves DFVDR
H. Krain (1990) € : (Chien) 48 x23x 26 impeller
J. R. Flagan & PPNS . H-type PRCC
P - t St d k- N
S. Fleeter (1997) | Fressure-correction | Standardk-e o0 o ol NO | etler
M. V. Casey & NS T™, LOSS3D : ML | H-type Yes Eckardt
P. Dalbert (1991) Explicit/implicit BTOB3D : BL {73x19%19 impeller
S. Mizuki & NS . H-type rotating
P - t St d k- N
H. Tsujita (1997 | Fressure-correction | Standard k-e g, 4q ) NO duct
M. D. Hathaway & NS . H-type NASA
Implicit TM BL Y.
R. M. Chriss | (1992) mphet 137x71x41 o | LSCC
Note)

NS : Full Navier-Stokes equation, PPNS
TM : Time-Marching,
LRN : Low Reynolds number,
BL . Baldwin and Lomax algebraic eddy viscosity model

Partially Parabolic Navier-Stokes equation,

ML : Mixing-length Model,
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