A Singularity Solution to the Effect of the Axial
Velocity Ratio on the Cascade Performance and its
Design Application

WEI Binghai and WU Keqi  Abstract: A singularity solution to the effect of the
axial velocity ratio on the cascade performance based

Power Engineering Dept., on Schlichting theory is presented in this paper. The
Huazhong Univ. of Sci. and flow angle data calculated by this theoretical correcting
Tech., Wuhan, method shows a good agreement with experimental
China, 430074 ones. Employing the singularity method can result in a

development of the conventional design procedure
using NACA cascade data. The validity and reliability
of the singularity solution and the improved design
procedure is indicated by two design examples.

INTRODUCTION

A design procedure of axial (or diagonal) flow fan using NACA cascade data usually
implicates and demands an assumption that mean revolutionary stream surface (S1 surface)
is cylinder, that is, inlet-exit axial velocity ratio is unity (AVR#1). But in many actual
conditions, the meridional streamlines are curved, the axial velocity ratio differs from unity
(AVR=1) because of so many factors, such as stream surface inclination, growing boundary
layers, radial pressure unbalance and so on. To employ the reliable experimental NACA
cascade data and the conventional design procedure for AVR=1 condition, it is necessary to
transform the aerodynamic parameters under AVR#1 condition to those under AVR=1
condition. Until now, though there are some local experimental statistical formulas
evaluating he effect of AVR to the cascade performance [1] [2], but they can only be
applied in some special conditions. Thus this paper tends to present a theoretical solution to
the effect of the AVR on the cascade performance (flow angle, turning angle, equivalent
diffusion ration, momentum thickness, total pressure defect coefficient) hased on
Schlichting theory. And through the comparison of the calculating flow angle data with the
experimental ones, the accuracy of the derived singularity solution is also verified. With
this method, a virtual-equivalent velocity diagram and NACA cascade data, an improved
design procedure can be carried out. Its validity and reliability are also indicated by design
examples which are have high performance.

THE SINGULARITY SOLUTION TO THE EFFECT OF AVR ON THE CASCADE
PERFORMANCE

On an averaged revolutionary stream surface (S1 surface), the relative movement equation
satisfying stream function y can be given as follow:
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According to Schlichting singularity theory [3], we transform the head induced by flow
turning and centrifugal force with some distributed vortices and sources on the cascade row
(Fig. 1), the intensity of the singularity series is given out by Glauert series:
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iF-igure 1: The distribution of singularity seri;s.
The combination of the velocity field induced by the singularity series and the original

velocity field should be meet the requirements of the local airfoil profile boundary. From
this, the equations below hold for three points of a group in N groups of singularity:
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Solve this 6N equations, get out the coefficient Ay, A; of Glauert series, then the velocity
circulation can be determined:

AT/ Wo,=n/2 (Ao + A, /2) (5)

By the virtual-equivalent velocity diagram (Fig. 2) [4], the flow angle and turning angle can
be corrected, the equivalent diffusion ratio, momentum thickness, total pressure defect
coefficient can be calculated also:
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Figure 2: The virtual-equivalence velocity diagram.
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CALCULATIONG EXAMPLES

By the FORTRAN procedure programmed with the method above, a C4 airfoil and a
NACAG65 airfoil in case of ¢ = 1.0, By = 55°, y = 45° is calculated respectively, the results
are showed as follow (Fig. 3, Fig. 4):
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Figure 3: Correcting flow angle data of C4 airfoil under different axial velocity ratio.
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Figure 4: Correcting flow angle data of NACA65 airfoil under different axial velocity
ratio.

‘From the figures, it can be seen that: the correcting curve of flow angle data about C4
airfoil and that about NACA65 airfoil under different axial velocity ratio are similar much
more. This indicates that the correcting flow angle data is almost of no concern with airfoil
type in a certain accuracy. .

For a C4 airfoil, the calculating results of equivalent diffusion ratio, momentum thickness
and total pressure defect coefficient are presented as Fig. 5, Fig. 6 and Fig. 7 respectively.
According to the reference[5], the left part of Deq>2.7 in Fig. 5, the left part of AVR<0.9 in
Fig. 6 and Fig. 7 are in range of stall. The decreasing abruptly and negative value of
calculating data reveals the appearance of stall.

’
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Figure 5: Correcting equivalent diffusion ratio data under different axial velocity
ratio.
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Figure 6: Correcting momentum thickness data under different axial velocity ratio.
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Figure 7: Correcting total pressure defect coefficient data under different axial
velocity ratio.
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DESIGN EXAMPLES

Employing this theoretical singularity solution and NACA cascade data, together with the
“virtual-equivalent velocity diagram” showed in Fig. 2, a boiler blower and a mine
ventilator is designed. The experimental performance curves are showed in Fig. 8, Fig. 9.
The first one has a performance of total pressure efficiency n = 88.6%, static pressure
efficiency 1, = 82%, noise rate A lever Ls, = 16.8dB, the second one has that of total
pressure efficiency | = 88%, static pressure efficiency n, = 81%, noise rate A lever Ly =
18.5dB. Both of the twos show a high efficiency and a low noise. This gives a good proof
to the reliability of the design procedure with the singularity correcting method.
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Figure 8: Performance curve of boiler blower.
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Figure 9: Performance curve of mine ventilator.
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CONCLUSION

)]

The good agreement of theoretical correcting flow angle data with experimental
ones shows the reliability and the validity of this singularity correcting solution,
which is beneficial to a design or selection of blade airfoil.

2) In case of AVR # 1, by means of the singularity correcting solution and the
virtual-equivalent velocity diagram, it is available to transform the aerodynamic
parameters to those in case of AVR = I, the conventional design system under
AVR = 1 condition and NACA cascade data then can be employed. The design
examples indicate the reliability of this design procedure.
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NOMENCLATURE

Only the main quantities are given here, the other quantities are explained in the reference

[4].

AVR inlet-exit axial velocity ratio, = W,o/W,,

v stream function

Ty the intensity of the distributed source series

(o8 the intensity of the distributed vortices series

AT the velocity circulation

De the equivalent diffusion ratio

4 the momentum thickness
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s : the total pressure defect coefficient
(o} solidity, L/t

By :inlet flow angle

Bec s exit flow angle

Y : ' stagger angle

Al turning angle
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