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Vibration and Oblique Wake Interaction in Cascade Blades
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Abstract: Linearised subsonic flow theory for flat plate cascade blades of
infinite span has been used to calculate the aerodynamic coefficients due
to vibration and wake interaction. The results show the effects of spanwise

modal shape and wake propagation upon torsional flutter and gust re-
sponse of cascade blades.
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NOTATION

aerofoil chord

sound speed

lift and moment coefficients
stiffness of bending vibration
lift distribution function

shape functions of bending and
torsion

stiffness of torsional vibration
displacement of bending
vibration

moment of inertia for torsional
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vibration
total fluctuating lift
the number of cascaded

h

3

aerofoils/mass per unit span
mean flow Mach number
total fluctuating moment
pressure perturbation
cascade pitch

time

velocity perturbation vector

egwmbiog

velocity perturbation normal to
aerofoil surface
1% mean flow speed -
14 Kernel function to obtain »
(x,9,2) coordinates
xg, Ty mass center and axis of rotation
a, d, displacement of torsional
vibration
B 1M,
T ratio of specific heats
Th, Ta logarithmic decrement of
bending and torsional vibration
due to aerodynamic damping
Oy logarithmic decrement of
bending and torsional vibration
due to mechanical damping
cascade stagger angle
(Mo /8% (0/V)
spanwise wave number
£ M,
integer
density perturbation
interblade phase angle

g a ™D T T a

angular frequency

W, ®g natural frequency of bending

’

and torsional vibration
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Fig. 1 Interaction of wakes and cascade aerofoils
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Fig. 2 Bending and torsional vibrations of aerofoils
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Fig. 3 Program check for 2 dimensional incompressible cascade flow [ 1 ]
s/c=1, 6=30°, w=20
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Fig. 4 Resonance criterion with varions spanwise wave number 2
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Fig. 5° Comparison of 2 dimensional compressible cascade flow (CLg* vs.0 )
s/c=1, 0=60", =05
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Fig. 6 Comparison of 2 dimensional compressible cascade flow
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Fig. 7 Aerodynamic damping for torsional vibration around mid-chord axis in 2 d1mens1onal
6=60°,

compressible cascade flow

s/c=1,

(a) =05 (b) 0=45"
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Fig. 9 _ Lift coefficient due to 2 dimensional. sinusoidal wake for complex plane representation
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Fig. 11 Effect of spanwise wave unmber 1 of wakes upon lift coefficient for subsonic cascade
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Fig. 12 Effect of spanwise wave unmber A upon excitation factor for bending vibration
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