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A Theoretical Investigation of the Compressible Flow
Through the Axial Turbo-Machines (Second Report)

—Swirling Fluids—

By Shoichi Fujin

Actuator disc theories are subjected to treatment in which the blade chord
approaches zero and the tangential velocity changes discontinuously. Theories
of fluids across actuator discs with the cylindrical flow passage have been
evolved by several researchers®~®, Recently, a few workers®~!> have made
theoretical approaches to the incompressible flows of turbine or compressor,
taking into account the changes of hub and tip radii. The present author,
therefore, has carried out a survey of subsonic flows running in turboma-
chines, together with special reference to both the compressibility and the
hub contour. The results for the non-uniform, compressible inviscid flows
without the transverse velocity component have been given in an earlier paper'®
by the author. Accordingly, this paper describes the behavior of swirling flow
passing through a row of stationary or rotating cascades replaced by an in-
finitely thin annular disc.

Another approximate technique which has received considerable attention
is the idea of a single parameter developed by other investigators in describing
the slope of axial-velocity. While, in this report a similar single parameter
S(z) is applied to the radial-velocity profile.

The axial velocity shapes, therefore, are considered to be depending on
the differentiation of S(z) with respect to axial co-ordinate z. Thus the pro-
blem of three-dimensional flow induced by a row of blades can be simplified
using the single parameter as well as the actuator disc.

Other principal assumptions will be made as follows;

(a) The inviscid air considered here is isentropic in the whole region ex-
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cept at its disc.

(b) The radial displacement of the streamlines is very small.

(¢ ) The rotational velocity fields have the flow pattern near the type of
free-vortex.

(d) The static pressure varies linearly with density.

(e ) The variation of flow passage is so small that we may regard the velo-
city as the sum of undisturbed and small perturbed quantities.

In addition to the analysis employing the concept of actuator disk, this
paper also gives a theory of the three dimensional flow induced by a single row
of stationary or rotating blades with finite blade chord and prescribed loading
and then the numerical solutions are compared with the corresponding dis-
continuous approximations.
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