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Quasi-Three Dimensional Calculation of Compressible Flow in a
Turbomachine considering Irreversible H-S Flow
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ABSTRACT

A quasi-three dimensional calculation method is presented on the basis of Wu’'s idea using
finite element methods. In B-B flow the governing equations are cast into a single equation to
overcome the restriction of the type of turbomachinery, and Kutta condition is exactly assured by
introducing a combination of two kinds of stream functions. In H-S flow a dissipative force which
is assumed to be opposed to the relative velocity is added to the governing equation for a con-
sistent loss model. The entropy change along each streamline is then calculated by assuming that
the dissipative force may be a force coming from laminar viscous stresses with inviscid velocity
distributions. Both the flow solvers are combined to build a three-dimensional flow field through
a few iterations. For an effect of the distortion of H-S flow surface the body forces are computed
after each B-B flow calculation is finished., Mizuki’s centrifugal impellers are tested numerically.
The reliability of the numerical solution compared with experimental data is guaranteed.
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Fig.6 Quasi-3D Calculation Procedure
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IMPELLER

INDUCER

Fig.T Configuration of the test impeller

* Parabolic mean camber line of inducer
* Unshrouded 12 straight radial blades
* N=6.000rpm

dimensions in mm

o.gp] [mpeller B lopel ler A Inpelier C
0.0 0.5 1.0
LA B/ m 2/ m
Fig.8 Static pressure distributions along

the shroud of impeller B, A and C
on the mean hub-to-shroud stream
surface at ¢=0.5

(O  :Experimental Data (Ref. 7)
————— : Reversible Calculation Solution
——— : Irreversible Calculation Solution

Table 2 Flow conditions used in the
computation
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Fig.9 Meridional velocity distributions on
the mean blade—to-blade stream
surface of impeller B, A and C( Se-
ction No. 8 of Ref. 7) ot ¢=0.4

O :Expenimental Data (Ref. 7)

———— : Present Calculation
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Fig.10 Static pressure distributions around

the blade impeller B, on blade—
to-blade stream surface at ¢=0.4

O :Experimental Data (Ref. 7)
——— : Present Calculation
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