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Effects of Wall Admittance Changes on Aeroelastic
Stability of Turbomachines

Xiaofeng Sun ¤ and Shojiro Kaji†

University of Tokyo, Tokyo 113, Japan

In the present investigation a kind of new lifting surface model has been suggested based on the application of
generalized Green’s function theory and double Fourier transformation technique, which is suitable for supersonic
cascade with subsonic leading-edgelocus.The theoretical analysisshows that the changeofwall boundarycondition
not only affects the eigenvalues of the system but also the eigenfunction normalizing factor in comparison with
a rigid boundary condition, and it is these variations that affect the � ow and acoustic � eld. On the other hand,
through the present numerical simulation the change of wall admittance leads to very remarkable effects on both
the lift and moment coef� cients, which will determine whether a nonrigid wall has a positive effect on suppressing
blade � utter or not. This means that if one aims at suppressing cascade � utter by use of a nonrigid wall one of the
best ways is to � nd soft wall with a controllable acoustic admittance.

Nomenclature
Aab = periphery of a blade
Ab = upper or lower surface of a blade
b = blade semichord
CFqi , CF a i = imaginary part of blade lift coef� cient
CFqr , CF a i = real part of blade lift coef� cient
CMqi , CM a i = imaginary part of blade moment coef� cient
CMqr , CM a r = real part of blade moment coef� cient
H = height from the hub to the tip side
h = height from the hub to the tip side

in the transformed space
h1 = stagger distance, measured parallel to chord
h2 = gap distance, measured normal to chord
i =

p
¡ 1

kb = wave number, kb = x b / a0

Mt = blade circumferentialMach number in mean radius
Mx = Mach number in x 0 direction
My = Mach number in negative y 0 direction
p̄m = amplitude of perturbationpressure for mth blade
t = time in an observer point
U = mean velocity
Ur = mean velocity in chordwise direction
V = mean velocity in negative y 0 direction
Vn = normal velocity of a body boundary
v̄ = upwash velocity of the reference blade
x , y, z = blade-� xed coordinate system for an observer
x0, y0, z0 = blade-� xed coordinate system for a source
x 0 , y 0 , z 0 = duct-� xed coordinate system
a = wave number in n direction
b = wave number in g direction
b a = wall admittance
D p̄m = amplitude of pressure difference for the mth blade
g z = independent variable of wall admittance
g 0m = source coordinate for the mth blade
h = blade stagger angle
K h , K s , K v = eigenfunctionnormalizing factor
k = reduced frequency based on blade chord
n , g , f = blade-� xed coordinate system for an observer

in the transformed space
n p = particle displacement
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n pa = amplitude of particle displacement
n pi = particle displacement inside the surface of a liner
n po = particle displacement outside the surface of a liner
n 0 , g 0, f 0 = blade-� xed coordinate system for a source

in the transformed space
n 0m = source coordinate for the mth blade
q = perturbationdensity
q 0 = mean density
r = interblade phase angle
s = time in a source point
X = rotating speed of rotor
x = angular frequency
x b = perturbation frequency of blade force

I. Introduction

A LMOST all commercialaeroengineshave a casingwith acous-
tic treatment designed to reduce noise. An interestingproblem

is whether there is some possibilityof designingcasing treatment to
suppress the blade � utter. As the � rst step toward dealing with the
problem, it is clear that emphasis should be placed on elucidating
how a nonrigid wall or soft wall affects the aeroelastic stability of
a rotor. In fact, Watanabe and Kaji1 and Namba et al.2 have pre-
viously presented two different models to investigate the effects of
wall admittance changes on aeroelastic stability of turbomachines.
On the other hand, all numerical results from the models show that
a nonrigid wall indeed has more or less in� uence on the unsteady
pressuredistributionand the aeroelasticstablity of blades,and there
is some possiblityof suppresingblade � utter througha nonrigidwall
under a given wall admittance.However, the exising models are for
subsonic cascades, and an investigationrelated to a supersonic cas-
cade with subsonic leading edge locus has not been attempted for
a nonrigid wall until now. The latter may be more interesting for
the practical application. Hence, the present analysis will focus on
how to set up a model to investigate the effect of a nonrigid wall on
� utter of supersonic cascades with subsonic leading-edge locus.

The boundary condition of a nonrigid wall takes effect on the
� ow� eld or acoustic� eld theoreticallyby the variationof the eigen-
values. However, because the eigenfunctions no longer exhibit the
orthogonality property for a lined duct containing uniform mean
� ow,3,4 compared with the hard-wall case this will result in a great
dif� culty for the derivationof a Green’s function requiredby setting
up an upwash integral equation. Zorumski4 presented an important
clue to derive Green’s function for a lined duct, in which the bound-
ary condition is directly coupled with the basic equations by using
Fourier transforms. This work has veri� ed that there is a solution
which consists of nonorthogonaleigenfunctions. In fact, the mode-
matching approach widely used in duct acoustics is just based on
thistheoreticalframework.Hence, in thepresentinvetigationwe � nd
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such solutions by use of an effective mathematical tool. First, the
double Fourier transform technique is applied to obtain the Green’s
function for a duct with an arbitrary locally reacting admittance on
one wall, and then an upwash integral equation is derived by using
generalized Green function theory and solving three-dimensional
Euler equations with a given cascade geometry. By letting the wall
admittance become zero, the hard-wall solution derived by the pre-
vious investigators is recovered. On the other hand, the eigenvalue
equation describing the boundary condition has been transformed
into a nonlinear ordinary equation,5,6 which is then solved by a
fourth-orderRunge–Kutta scheme.The computedeigenvaluesshow
very good agreement with the existing results for a nonrigid wall.
Based on the preceding check, the calculation is then extended to
investigate the effect of a nonrigid wall on the � ow of a stator and
rotor blade row. We have found that the change of wall admittance
leads to very remarkablechangesin the lift and moment coef� cients
and further in the aeroelastic stability of a blade row. Finally, the
concluding remarks are given on the basis of the present theory and
correspondingnumerical simulation.

II. Mathematical Model
A. Basic Equations

The cascade � ow model used in this analysis is shown in Fig. 1,
all variablesbeing physicalor dimensionalones. Later scale lengths
will be taken with respect to the semichord b for convenience. In
addition, the following assumptions are made:

1) The system is three dimensional, which has a mean � ow be-
tween two in� nite parallel plates, as shown in Fig. 1. Especially, the
lower plate (hub side) is assumed rigid, whereas the upper plate (tip
side) is assumed to have a � nite acoustic impedance.

2) The blades are � at plates of negligible thickness.
3) The mean angle of incidence is zero. There is no steady blade

loading, and the mainstream � ow passes through the cascade unde-
� ected.

4) All perturbationsfrom the uniformmean � ow are small so that
the � owequationscanbe linearizedand theprincipleof superpostion
can be applied to the solutions obtained.

5) The � ow is supersonic with axial subsonic � ow.
In addition to the preceding assumptions, when the wall admit-

tance has a positive imaginary part an unsteady mode will be trig-
gered, which is related to Helmholtz instability waves.3,7 In the
present analysis the effect of unstable surface modes will be ig-
nored. So, the perturbationpressure p induced by the motion of the
blade is then governed by the wave equation

Fig. 1 Schematic of � ow model.
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where Mr is the mean � ow Mach number in x directionas shown in
Fig. 1, p is the � uctuating pressure, and a0 is the velocity of sound.

The boundary condition is assumed to satisfy
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where a(y, s ) can be any function of y and s (Ref. 8).
So, the Green’s function of Eq. (1) satis� es

1 ¡ M2
r

@2G

@x2
0

+
@2G

@y2
0

+
@2G

@z2
0

¡
1

a2
0

@2G

@s 2
¡

2Mr

a0

@2G

@x0 @s

= ¡ d (t ¡ s ) d (x ¡ y) (3)

The correspondingboundary condition is
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According to the generalized Green’s function theory,8 the solu-
tion of Eq. (1) will be able to be expressed as

p(x, t) =
T

¡ T

d s
A

G
@

@n
+

Vn

a2
0

D0

D s
p(y, s )

¡ p(y, s )
@

@n
+

Vn

a2
0

D0

D s
G(y, s j x, t ) dS(y) (5)

B. Green’s Function in a Lined Duct
Suppose G x represents the Fourier transforms of Green’s Func-

tion in Eq. (3). Introducing the coordinate transforms n = x / b,
g = yb r / b, f = zb r / b and then substituting G x = G 0

x e ¡ iK Mr n into
Eq. (3) yields9

G 0
x = A cos Kq f 0 + B sin Kq f 0

¡
exp{¡ i[ x t + ( a ¡ K Mr ) n + b g ]}

bKq

£
cos Kq f 0 sin Kq f , f 0 · f

cos Kq f sin Kq f 0 , f 0 ¸ f (6)

where

K = x b/ a0 b 2
r (7)

b r = M 2
r ¡ 1 (8)

To determine the constants A and B, the concrete expression of
the boundary condition de� ned in Eq. (2) is needed.

The liner can be modeled by a vortex sheet separating the uni-
form mean � ow region within the duct from the no-� ow region in
the liner.10 The impedance boundary condition is then applied on
the no-� ow side. The two regions are coupledby matching the pres-
sure p and the particle displacement n p . Further, from Eq. (6) the
assumption can be made that the displacement be of the form

n p = n pa exp{i[ x s + ( a ¡ K Mr ) n 0 + b g 0]} (9)

However, if the relative movement between the wall and the blades
is considered, a laboratory-�xed coordinates will have to be used.
So, the following transforms are needed.
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x = x 0 cos h + (y 0 + X rm s ) sin h

y = ¡ x 0 sin h + (y 0 + X rm s ) cos h

z = z 0 (10)

where rm represents the mean radius of the rotor.
Substituting Eq. (10) into Eq. (9) yields

n p = n pa exp[i ( x 0 s + a 0 x 0 + b 0 y 0 )] (11)

where

a 0 = [( a ¡ K Mr ) / b] cos h ¡ b ( b r / b) sin h (12)

b 0 = [( a ¡ K Mr ) / b] sin h + b ( b r b) cos h (13)

x 0 = x + ( b 0 rm ) X (14)

With the pressure and displacement matching conditions on both
sides of the liner,10 one can see that
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Because
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by using the preceding two conditions, the constants A and B in
Eq. (6) can be determined. Therefore the Green’s function can be
expressed as
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C. Derivation of Integral Equation
According to the boundary condition described in Eq. (17), the

contributionfrom both upper and lower walls to the sound pressure
in any point of the space surrounded by the walls will be zero. So,
the only remainingcontributionto producesound pressureis related
to the blade rows. Under such condition Eq. (5) will become
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where Adb is the periphery of a blade, which consists of the upper
surface and the lower surface of a blade. Also, n is the normal to the
surface Adb directed into the blade.

Assume the blade force changeswith time dependenceexp i x b s ,
i.e.,
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where D p is the pressure difference between the lower and upper
surface of a blade.

The theory of residues can be used to evaluate the inverse trans-
forms of Eq. (22). In fact if D h cos Kq f 0 =0, the poles in the
b plane are, respectively,

b = § a 2 ¡ K 2
b ¡ K 2

q (23)

Then if f 0 ¡ f > 0, a contour that circles the upper half of the
b plane is used, and if f 0 ¡ f < 0, a contour circling the lower half
is used. In addition,
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So, Eq. (22) becomes
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Let
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As shown in Fig. 1,

n 0m = n 0 + mh1 , m = 0, §1, §2, . . .

g 0m = mh2 b r , m = 0, §1, §2, . . . (35)

For mth blade
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where r is called the interbladephaseangle.If the completesolution
to Eq. (1) is expressed simply as a sum over all blades of function
p̄m , then
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Therefore, the corresponding upwash integral equation can be
written as
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By letting g ! 0, an integral equation for the pressure across the
zeroth blade in terms of the known upwash velocity on the blade
surface can be expressed as
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where
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As discussed in Ref. 11, the integrand possesses only poles of the
integrand at a v = Kb / Mr and at the points where D § =2n p for
n =0, §1, §2, . . . . But it follows from Eqs. (46) and (47) that the
latter points are determined by
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When n 0 ¡ n < 0, the contour must be closed in the lower half
of the a plane and when n 0 ¡ n > 0 in the upper plane. Upon eval-
uating the residues, for the vortex wave propagating downstream
(n 0 ¡ n < 0)
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the correspondingkernel function can be expressed as
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because the wavelength of the pressure wave and the vortex wave
are different from each other. One can assume that the vortex wave
will not be in� uenced by the wall admittancelike the pressurewave.
Because of this, it can be shown that
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For the downstreampressurewave (n 0 ¡ n < 0), the kernel function
consisting of the convergent series12 is
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For the upstream pressure wave (n 0 ¡ n > 0), the kernel function is
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III. Numerical Example and Discussion
A. Eigenvalue Equation

As just indicated, the eigenvalues of Eq. (19) will be given by

D h (cos Kq f 0) = 0 (75)

For soft walls with rotor-blade rows, Eq. (75) can be derived as
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One considers the eigenvalue K 0
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0 to be a fucntion of some pa-
rameter g z. Assume b a to be a functionof this parameter. If Eq. (76)
is differentiatedwith respect to g z , then the followingsingleordinary
differential equation results:
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§ Mx (K 0

q /k 0
0)

(K t / k 0
0)2 ¡ b 2

0 ( b 0 / k 0
0)

2 + (K 0
q / k 0

0)2

(78)

Ats = tan k 0
0 H

K 0
q

k 0
0

+ k 0
0 H

K 0
q

k 0
0

sec2 k 0
0 H

K 0
q

k 0
0

(79)

On the other hand, the precedingequationshave used the expression
b a ( g z) = g z b a f , 0 < g z < 1. Therefore, if Eq. (77) is integrated on
0 < g z < 1, a hard-wall eigenvalue being used as the initial value,
then at g z =1 the solution to Eq. (77) will be an eigenvalue for the
condition b a f .
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B. Solution of Integral Equation
Consider the integral equation given by

v̄( n , f )
Ur

=
1

0

1

¡ 1

f ( n 0 , f 0)K ( n ¡ n 0, f j f 0) dn 0 df 0 (80)

When the kernel functions given by Eqs. (57) and (69) are substi-
tuted into Eq. (81), a functional integral equation can be obtained
from the introduction of terms of the form D p(x + nd1,2) caused
by the integration of the delta functions. On the other hand, these
terms will make it dif� cult to obtain accurate numerical results by
directly solving the equation.However, a similar method suggested
by Nagashima and Whitehead13 and Ni14 can be used to overcome
the dif� culty, i.e., a new dipole strengh is de� ned along the chord
of the reference blade in order to give the required Mach wave re-
� ections explicitly, and then the method of collocation can be used
to solve the integral equation.

C. Comparison with Compressible Results with Hard Walls
When the wall admittance tends to zero, one of the theoretical re-

sults in the present analysis is the upwash velocity integral equation
with kernel functionfor a hard-wallcase.At the same time the radial
standing wave will have no contribution to the integration of blade
pressure distribution. So, in this case the conclusion can be made
that the result of solving the three-dimensionalintegral equation for
a hard wall will reduce to that from the two-dimensional model if
the blade lift and moment coef� cients are de� ned as

CFq =
1

q 0Ur v̄b Hb

1

0

p

0

D p̄( n 0, f 0) dn 0 df 0 (81)

CMq =
1

q 0Ur v̄b Hb2

1

0

p

0

n 0 D p̄( n 0, f 0) dn 0 df 0 (82)

for a bending vibration, and

CF a =
1

q 0U 2
r a t Hb

1

0

p

0

D p̄(n 0 , f 0) dn 0 df 0 (83)

CM a =
1

q 0U 2
r a t Hb2

1

0

p

0

n 0 D p̄( n 0, f 0) dn 0 df 0 (84)

for a torsional vibration, where v̄b represents the amplitude of up-
wash velocity caused by bending vibration and a t is the amplitude
of the angulardisplacementcaused by torsionalvibrationof a blade.

According to the precedingde� nition, Tables 1 and 2 give the re-
sults of solving the present three-dimensionalintegral equation and
those from Refs. 13–16. These results show very good agreement
between each other.

D. Numerical Results for a Rotor-Blade Row
As has been indicated, if the incoming velocity Ur along the

chordwise direction and other geometrical conditions remain the
same the upwash integral equation for both a stator-blade row and
a rotor-blade row with a hard wall will have the same expression.
However, for a soft wall their integralequationswill have two differ-
ences. First, there is an additional term for the expression of kernel
functionof a rotor-bladerow, which is related to the circumferential
Mach number Mt of the blade. Second, the transformationbetween
a duct-� xed coordinate and a blade-� xed coordinate will lead to a
shift of perturbationfrequencyof the blade. This means that the real
frequency interacting with the wall will be different from that for a
stator-blade row. In fact, it can be shown from Eq. (63) that

x t = x b + Br ( r 0 ¡ n) X , n = 0, §1, §2, . . . (85)

where r 0 = r /2 p and Br is the blade number of the rotor.

a)

b)

Fig. 2 Effect of interblade phase angle on the moment coef� cient
caused by torsional motion under various wall admittance: 1, hard
wall; 2, soft wall ¯a = (0:10; ¡ 0:18); 3, soft wall ¯a = (0:2; 0:10).
Also ¸ = 0:301, µ = 59:93, space/chord = 0.7889, span/chord = 4:0,
Mr = 1:3454, Mt = 1:36. These coef� cients are referred to an axis po-
sition at the midchord point.

a)

b)

Fig. 3 Effect of interblade phase angle on the lift coef� cient caused by
torsional motion under various wall admittance. The other conditions
are the same as in Fig. 2.
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Table 1 Lift and moment coef� cients

Bending Torsion

k CFq CMq CF a CM a

0.301 ¡ 0.1592+i0.3822 ¡ 0.0241+i0.0648 ¡ 0.1396+i0.3894 ¡ 0.0181+i0.0417
—— ¡ 0.1592+i0.3822 ¡ 0.0239+i0.0649 ¡ 0.1397+i0.3894 ¡ 0.0179+i0.0418

Note: The � rst row gives results from Ref. 13 for a given reduced frequence k ; the second row is the results of the
present program. h = 59.53, r = ¡ 30, Mr = 1.3454, space/chord = 0.7889.

Table 2 Moment coef� cient CM®

r Present analysis Adamcyk’s analysis Verdon’s analysis

¡ 180.0000 0.5259 ¡ i0.3718 0.5212¡ i0.3641 0.51 ¡ i0.37
¡ 150.0000 0.3330 ¡ i0.5107 ¡ 0.3309¡ i0.5030 ¡ 0.34 ¡ i0.5
¡ 120.0000 0.0848 ¡ i0.5225 0.08566¡ i0.5153 0.11 ¡ i0.57
¡ 90.0000 ¡ 0.1819 ¡ i0.3969 ¡ 0.1790¡ i0.3910 0.175 ¡ i0.408
¡ 60.0000 0.1534 ¡ i0.2917 0.1617¡ i0.2895 0.160 ¡ i0.290
¡ 30.0000 ¡ 0.190 ¡ i0.2840 ¡ 0.1872¡ i0.2824 ¡ 0.190 ¡ i0.28
0.0000 ¡ 0.2375+i0.0529 ¡ 0.2354+i0.5372 ¡ 0.24+i0.04
30.0000 ¡ 0.0552+i0.2603 ¡ 0.05435+i0.2602 ¡ 0.04+i0.26
60.0000 0.1859+i0.3257 0.1851+i0.3257 0.19+i0.30
90.0000 0.4161+i0.2560 0.4123+i0.2567 0.405+i0.24
120.0000 0.5725+i0.0782 0.5674+i0.08128 0.58+i0.05
150.0000 0.6134 ¡ i0.1534 0.6073¡ i0.1479 0.60 ¡ i0.16
180.0000 0.5256 ¡ i0.3716 0.5212¡ i0.3641 0.51 ¡ i0.37

Note: The preceding results of both third and fourth column are all taken from
Table 1 Verdon’s cascade A in Ref. 15. Also k = 0.602, h = 59.53, Mr = 1.3454,
space/chord = 0.7889.

a)

b)

Fig. 4 Variationof moment coef� cient caused by torsionalmotionwith
wall admittance: 1, hard wall j j ¯a j j = 0; 2, soft wall j j ¯a j j = 0:2; 3, soft
wall j j ¯a j j = 0:6.Also ¾ = 1:39,¸ = 0:301,µ = 59:53,space/chord = 0.7889,
span/chord = 4.0, Mr = 1:3454, Mt = 1:36. These coef� cients are referred
to an axis position at the midchord point.

a)

b)

Fig. 5 Variation of lift coef� cient caused by torsional motion with wall
admittance. The other conditions are the same as in Fig. 4.

Equation (85) shows that the frequencyin a duct-� xed coordinate
dependsnotonly the speedof rotor X but alsoon the interbladephase
angle r . Perhaps the most important feature from this expression is
that for a stator-blade row, all modes interact with the wall at the
same frequency, whereas for a rotor-blade row each mode has its
own frequencythat correspondsto a differentmodenumbern shown
in Eq. (85). Hence, for a rotor-blade row it will be unreasonable to
assume that the wall has the same admittance for all modes. Actu-
ally, this means that if one hopes to control the aeroelastic stability
of a given blade row through the wall it must be designed to have
the required frequency response for each mode, at least for some
main or key modes, to affect the blade aerodynamic loading. As a
theoretical analysis, Figs. 2–7 give the results under the assumption
that if circumferentialmode number j n j ·10 b a has a given value,
otherwise b a = 0. First, the moment and lift coef� cients are plotted
as a function of interbladephase angle in Figs. 2 and 3. Perhaps the
most striking feature of these plots is that the change of wall admit-
tance will also lead to a very prominent effect on the moment and
lift coef� cients of a supersonic cascade with subsonic leading-edge
locusjust as hasbeenshown in a subsoniccase.1,2 Further, the imagi-
nary part of the moment coef� cientCM a i will determinewhether the
blade � utters or not, i.e., if CM a i < 0, the system is stable; otherwise
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a)

b)

Fig. 6 Lift coef� cient along the span: 1, hard wall; 2, soft wall ¯a =
(0:10; ¡ 0:18); 3, soft wall ¯a = (0:2; 0:10). Also ¾ = 1:39. The other con-
ditions are the same as in Fig. 1.

a)

b)

Fig. 7 Lift coef� cient along the span: 1, hard wall; 2, soft wall ¯a =
(0:10; ¡ 0:18); 3, soft wall ¯a = (0:2; 0:10). Also ¾ = 5:58. The other con-
ditions are the same as in Fig. 1.

it is unstable. Figure 2 shows the effect of interblade phase angle
on the aeroelastic stability of a given blade row under various wall
admittances.For a hard-wall case, plotted here with a solid line, the
blade is unstable when the interblade phase angle ranges between
0 and p . But the blade is stable in this range for a given wall admit-
tance value b a = (0.10, ¡ 0.18). In particular, when b a = (0.2, 0.1)
the blade will remain stable for almost all interblade phase angle
values except for very few points shown in Fig. 2b. However, the
opposite results can be also found when the interblade phase angle
varies from p to 2 p for curve 2 with b a = (0.10, ¡ 0.18). Actually
this means that for any given cascade whether soft walls will en-
hance the aeroelastic stability of the blade or not will depend on
the wall admittance values. On the other hand, Fig. 2 also shows
the most unstable point corresponds to the interblade phase an-
gle r = 1.39, which has its maximum positive moment coef� cient
CM a i = 0.0707. It may be very meaningful to know how this crit-
ical point responds to the wall admittance. In fact, Figs. 4 and 5
show the variation of the lift and moment coef� cient with the wall
admittance. In these two plots the wall admittance is expressed by
its absolute value and argument and especially the latter is taken as
an independent variable. There are some combinations that enable
the blade to be stable for j b a j =0.2 and 0.6. These plots also clearly
indicate that even though a few modes are controlled through the
wall it is still found that the lift, moment coef� cients, and stability
will all be changed prominently compared with the results for the
hard-wall case. Figures 6 and 7 give the lift coef� cient along the
span for two different interblade phase angles, which provide us
with more detailed information about how the soft walls change the
blade pressure distribution.

IV. Conclusions
In the present investigation a kind of new lifting surface model

has been suggestedbased on the applicationof generalizedGreen’s
funtion theory and double Fourier transformation technique; the
model is suitable for a supersonic cascade with subsonic leading-
edge locus. The changeof wall boundaryconditionsnot only affects
the eigenvaluesof the systembut also the eigenfunctionnormalizing
factor in comparisonwith a rigid boundary condition,and it is these
variations that � nally in� uence the � ow and acoustic � elds. On the
other hand, under a nonrigidboundarycondition the kernel function
expression for a rotor-blade row is different from that for a stator-
blade row because of the motion and boundary condition effect,
whereas under a rigid boundary condition these expressionscan be
reduced to the same results as that given in the preceding models.
This provides a further check of the theoretical results. In fact, the
moment and lift coef� cients calculatedby the presentprogramshow
good agreementwith those available in the literature for a hard-wall
case. Based on the precedingcheck, the calculationis then extended
to investigate the effect of a nonrigid wall on the � ow of a rotor-
blade row. The change of wall admittance leads to large changes in
the lift and moment coef� cients, a resultwhich is quite similar to the
analysis in a subsonic case. Perhaps the most important conclusion
drawn from the present investigationis that whether a nonrigidwall
has a positive effect on suppressingblade � utter will depend mainly
on what admittance value the wall possesses. One of the best ways
to suppress cascade blade � utter by use of a nonrigid wall is to � nd
a soft wall with a controllable acoustic admittance. To realize the
objectives, it is very apparent that considerable research effort is
still requried.
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