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AERDELASTICITY IN TURBOMACHINES: Preface, Nomenclature g
“IV. Nomenclature
Note:

a) At the ‘request of some participants, the nomenclature of the first
report [4] has been slightly modified. A complete list of the changes is given
in section V.

b)  Throughout this report, "standard configuration® will designate a
cascade geometry and "aercelastic case” or "aeroelastic test case’ will
indicate the different time-dependent {and, in some cases time-averaged)
conditions within a standard configuration.

c) The tables and figures will be numbered as the sections. For example,
Figure 3.7-2 denotes the second figure in section 3.7.

d) In order to be consistent with Appendix AS in which all results

obtained in the project are presented (in format A4), an identification is

given in each figure as a plothumber.

These plots are numbered according to the sections, with separation for the

type of result-presented such as plot K.L-M.N where

) K indicates  the section (for example 7)

] L ) " standard configuration number (for example, 7.4
indicates results on the fourth standard configura-
tion, given in section 7.)

. M indicates the type of result:

M=1 : time-averaged pressure coefficient (=Ep)
and/or Mach number (Mis)

M=2 :time-dependent pressure coefficient (=Cp)

M=3 - y " difference coefficient (=aty)

M=4 :lift, force coefficient (= €, T, Ep

M=5 - moment coefficient (=Cm)

M=6 : aerodynamic damping coefficient (=2)

. N - indicates the plot number of type K.L-M

(for example, Plot 7.1-6.2 indicates the second plot of type 6 of the
ist standard configuration in section 7)
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e)  The terms "controlled excitation”, "forced excitation” and "flutter” tests
will be extensively used throughout the report. In the present context, they
are defined as follows:
° Controlled excitation test:
When the blades are vibrated with a force (mechanical electro magne-
tic,...) external to the flow. .
) Forced excitation test:
The blades are excited by the flow, but in a known way (for example
blade passing frequency from upstream blades).
] Flutter test:
Self excited vibrations, i.e. the blades vibrate even though there is no
controlled or forced excitation in the experiment.
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Symbol

Explanation

Latin Alphabet

celt)

et

Em(V)

iyl

Ep(x,b)

amplitude (A=h "for pure sinusoidal bending)
(A=a for pure sinusoidal pitching)

Fourier coefficient

chord length

unsteady perturbation force coefficient vector

per unit amplitude, positive in positive coordi-

nate directions (Eq. 5):

Ef(t) = €¢ ei{WtN’f} éf

real amplitude of the unsteady perturbation force

coefficient per unit amplitude (Eq. 5)
unsteady perturbation lift coefficient per unit

_amplitude, positive in positive y-direction (Eq. 4):
$iL) = € eiftsd )} E.J

Note: In the present study, the lift coefficient
is defined as the force component perpen-
dicular to the chord!

real amplitude of the unsteady perturbation lift

coefficient per unit amplitude (Eq. 4)
unsteady perturbation moment coefficient per-

unit amplitude, positive in clockwise direction (Eq. 6):
Cm(t) = & eilted } &,

real amplitude of the unsteady perturbation

moment coefficient per unit amplitude (Eq. 6)
unsteady perturbation blade surface pressure

coefficient per unit amplitude (Eq. 3):

Cpix,t) = Epx) ei{wh@p(x)}

11

Dimension
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h (x,y,t)

p (x,y,t)

real amplitude of the unsteady perturbation

pressure coefficient per unit amplitude (Eq. 3)
time-averaged pressure coefficient = [p-p_ oo}/ [Py-co=P-co)
coefficient of aerodynamic work done on

the airfoil during the oscillation cycle (Eq. 12, 13)
maximum blade thickness (dimensionless with chord)
unit vector in force direction

unit vector in bending direction

unit vector normal to blade surface, positive inwards)
unit vector tangent to blade surface, positive

in positive coordinate directions

unit vector in x-direction

unit vector in y-direction

vibration frequency

function

dimensionless (with chord) bending vibration,

positive in positive coordinate directions
dimensionless (with chord) bending amplitude

“complex notation = (-1)05

incidence angle, from mean camberline at leading edge
reduced frequency

k=[lc-wl/[2 'Vrefl

Mach number

pressure N/m2

(with superscript ~ -time-dependent perturbation)
(with superscript — ‘time averaged)
dimensioniess vector from mean pivot axis
to an arbitrary point on the mean blade surface
real part of complex value
Reynolds number = (v, ¢f C)/¥
dimensionless time: T = t/T,
period of a cycle
time
velocity
reference velocity for reduced freguency
Yref = ¥y fOr compresor cascade
Yref = v2 for turbine cascade
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X dimensionless (with chord) chordwise coordinate -

Xt dimensionless (with chord) chordwise position -
of torsion axis

y dimensionless (with chord) normal-to-chord coordinate -

U dimensionless (with chord) normal-to-chord position -

of torsion axis
dimensionless (with chord) spanwise coordinate -

~N

Greek Alphabet

at) pitching vibration, positive nose-up (Eq. 2) rad

a pitching amplitude rad

] flow angle, from axial direction, positive in direction deg
of rotation (Fig. 4.1-1)

H chordal stagger angle, from axial direction, (Fig. 4.1-1) deg

b bending vibration direction = tan-(hy/hy) deg

Aép(x,t) unsteady perturbation pressure difference coefficient (Eq. 8): -

AEp(x,t) = Agp(x) ei{fﬂ’m’ap("')} = Epl(x,t) - Epus(x,t)

AEp(x) real amplitude of unsteady blade surface perturbation -
pressure difference coefficient (Eq. 8)

By (M) phase lead of pitching motion towards heaving deg

| motion of blade (m)

v kinematic viscosity m/s

2 aeroelastic damping coefficient, positive for -

stable motion
] interblade phase angle between blade "m-1" and deg
blade "'m”. ¢™M=§ for constant interblade phase angle
6™ is positive when blade "'m” precedes blade "'m-1"~
For idealized conditions (constant interblade
phase angle between adjacent blades, @, and
identical blade vibration amplitude for all blades)
the motion of the (m)th blade, for flexion,
1s given by:

Am(x,y,t) = ho(x,y) eilwtema} g,
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dimensionless (with chord) blade pitch (= gap-to-chord ratio) -
phase lead of perturbation force coefficient deg
towards motion

phase lead of perturbation lift coefficient towards motion deqg

phase lead of perturbation moment coefficient towards deg
motion

phase lead of perturbation pressure coefficient towards deg
motion

phase lead of perturbation pressure difference deg
coefficient towards motion

phase angle in Fourier series deg
circular frequency = 2% f rad/s

Subscripts:

LE
mech

ref

TE
theory

A= h for bending

a for pitching
aeroelastic damping
stagnation value in the absolute frame of reference
experimental result (used only in ambiguous contexts)
center of gravity
global (= time-dependent + time-averaged) (see Eq. 7)
imaginary part
“isentropic” values, defined with total head pressure
in measuring station "1" upstream of the cascade. This value is
thus not the true isentropic value as it includes losses in the
static pressure.
k-th harmonic in Fourier series
leading edge
mechanical {damping)
n-th harmonic in Fourier series
real part
reference velocity for reduced frequency

Yeef = ¥1 fOr compressor cascade

Vref = v2 for turbine cascade
trailing edge
theoretical results (used only in ambiguous contexts)
stagnation value in the relative frame of reference
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X component in x-direction

y component in y-direction

2 component in z-direction

« position of pitch axis (see Fig. 4.1-1)

1 measuring station upstream of cascade

2 measuring station downstream of cascade

-0 values at "infinity” upstream

+00 values at "infinity" downstream

Superscripts:

(B) (B) designates lower or upper surface of profile
(B) = (1s) for lower surface of profile

{us) " upper - )

c complex value (used only in ambiguous contexts)

{1s) lower surface of profile

(m) blade number m =... -2, -1, 0, 1, 2, ... If the ampli-

‘ tude, interblade phase angle, etc. are constant for

the blades under consideration, this superscript will
not be used

{us) upper surface of profile

time-averaged (= steady) values. This superscript will
be used only in ambiguous contexts

time-dependent perturbation values. This superscript
will be used only in ambiguous contexts
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V. Updating of Nomenclatuie

Upon the request of some participants, the nomenclature from the first report
(4] has been slightly madified. The modifications are:

Symbaol Explanation Dimension

Greek Alphabet

B flow angle, from axial, positive in direction of rotation deg
(Fig. 4.1-1) (in [4], from circumferential)
bt chordal stagger angle, from axial, positive in direction deg

of rotation (Fig. 4.1-1) ([4], from circumferential)

Subscripts

c stagnation value in the absolute frame of reference (in [4],
"t" was used)

W stagnation value in the relative frame of reference (in [4],
"t" was used).

Superscripts

- time averaged values {was time-dependent in [4])
time dependent values (was time-averaqed in [4])
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Stang Instt- Lin.-Ann./ Compr./  Mach/ Excitation/ Results Instru- Parameters
Conf1g. tution Thickness/  Turbine  Statl Motion/ mentation varied
No. Camber Config. Mode
1 Umted e | (Air) oC e [ncomp. e Controlled °Cy+Cpe ® 20 transducers o i
Technoi. ® 6% ® None ¢ Harmonic ATy ¢ Ep o e Strain gauges gk
Research e 100 e Torsion B
Center
2 University e L (Water) e C+T e Incomp. e Controlled ° Ep + & ¢ ® Strain gauges e+ 0+
of ® 5% e None+ ® Harmonic Em Yk
Tokyo e |60 Partial+ e Torsion
Fully
3 Tokyo e A(Freon) oT e Sub + e Controlled oCy ¢y e 10 transducers oM, ¢
National ® 2% ° Sub-Super e Harmonic Cm e Strain gauges g+k
Aerospace e 600 ® None+ e Torsion
Lab. Partial
4 Ecole e A (Air) oT e Sub + e Controlled ° Ep + gy e 12 transducers 0B +M,+.
Polytech. e 17% Sub-Super e Harmonic s e Strain gauges 0
Fédérale e 450 @ None+ @ Bending +
Lausanne Partial Torsion
S ONERA o | (Air)/ oC ® Subsonic e Controlled Ty + & ® 26 transducers e i ¢+ M, +
® 3K/ ® None + ® Harmonic AED +Cm* e 5train gauges X * K
e Qo Partial « e Torsion =
Fully
6 Ecole ® A (Air) oT o Sub + e Controlled eCy+ Ty ® {0 transducers @ B, + M, ¢
Polytech. e 5% Sub-Super e Harmonic 5 e Strain gauges g
Fédeérale ° 140 o None + e Bending «
Lausanne Partial Torsion
7 NASA o L (Air) o(C e Supersonic+ e Controlled o Ep +8pe e |2transducers e M, + g
Lewis ® 3% Super-Sub @ Harmonic A + Cn e Strain gauges
Research  ® -].30 o None+ e Torsion
Center Partial
8 - e 2-D .- e Incomp. + e Controlled olp+ AL+ o o-
° 0% Sub. ¢ ® Harmonic Cme+s=
e (0 Super. + e Torsion
Super.-Sub
® None
9 - °2-D o (C e Incomp. + e Controlled ° (”:p + Aép + o- .-
-® varied Sub. ¢ ® Harmonic o
® varied Super. + e Torsion
Super.-+Sub
® None
Table 5.0-1. Brief Summary of nine standard configurations
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6. introduction to the Prediction Models

Several prediction models were applied to the standard configurations. In the
teginning of the project, 19 methods were offered as a basis for comparison.
Finally, 15 methodologies have been employed up till now.

Table 6.1 identifies the separate modeis in relationship with the predictions
performed on the different standard configurations.

Method Name/Affiliation Standard Configu-
Ne ‘ rations Computed
| D. S. Whitehead/ 1,2,5,8

Cambridge University,
Cambridge, UK

2 D. 5. Whitehead/ 5,8,9
Cambridge University,
Cambridge, UK

3 J. M. Yerdon/ 1,5,8, 9
United Technologies
Research Center,
East Hartford, USA

4 M. Atassi/ 1
University of Notre Dame,
Usa

S P. Salaiin/ Office National 1,7,8

d'Etudes et de 1a Recherche
Aérospatiale, Paris, France

) S Zhou/ Beijing 1,2,5
Institute of Aeronautics
and Astronautics, China ,
7 S. 6. Newtan, F. D. Cedar/ 1,4,7,8
Ralls Royce Ltd, Derby, UK
Table 6.1 Continued on next page
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()]

10

1

13

14

13

16

19

Table 6.1:

V' Carstens/ DFVYLR-AVA
Gattingen, Germany

F. Molle/ NASA Lewis
Research Center, Cleveland,
Usa

5. Kaji/ University of Tokyo,
Japan

0. 0. Bendiksen/ Princeton
University, USA

T. Araki/ Toshiba Corporation,
Japan

K. Vogeler/ Technische Hochschule
Aachen, Germany

J. M. R. Graham/ Imperial College,
London, UK

S. Stecco/ University of Florence,
Italy '

D. Nizon/ Nielsen Engineering and
Research, Inc., Californa, USA

P. Miskode/ General Electric,
Cincinatti, USA

H. Joubert/ SNECMA,

Moisy Cramayel, France

M. Mamba/ Kushuy University,
Japan

Aeraoelastic Prediction Models

4,6

6 (Presently, steady
state)

6, 8
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Method 1: LINSUB (Courtesy af 0 5. ‘whitehead)

The program calculates the unsteady two-dimensional linearized subsonic
flow in cascades in travelling wave formulation, using the theory published in
[S0]. The blades are assumed to be flat plates nperating at zero incidence.
Both the pressure jump and 1ift and moment coefficients are computed faor
different options:

o Translational vibration of the blades normal to their chord.

o Tarsional vibration of the blades about the origin at the leading edge.

) Sinusoidal wakes shed from some obstructions upstream, which move
relative to the cascade in guestion.

® Incoming acoustic waves, coming from downstream.

® fncoming acoustic waves, coming from upstream.

Furthermore, the condition of acoustic resonance is calculated.

Method 2: Finite Element Method (FINSUP) (Courtesy of D. S. Whitehead)

As an example of a numerical field method, a computer program called FINSUP
will be briefly described. The program has three sections: mesh generation,
analysis of steady flow, and analysis of unsteady flow. The mesh generation
and analysis of steady flow have been described by Whitehead and Newton
{1985) [43]. The analysis of unsteady flow has been described by Whitehead
(1982) [44].

A typical mesh is composed of triangular finite elements covering a strip, one
blade spacing high, with the blade in the middle. The fluid is assumed to be 3
perfect gas with no viscosity or thermal conductivity, and the flow is
assumed to be adiabatic, reversible and irrotational, so the equations are
those for a velocity potential. The patential is continuous, except for a jump
across the wake. In order to calculate in regions of supersonic flow it is
necessary to use “"upwind” densities; that means that instead of taking the
density at the element under consideration, the density is taken from the
neighbouring element in the most nearly upwind direction. This device
stabilizes the compution in supersonic flow, but is unnecessary in subsonic
flow. Weak shock waves are well simulated, but are “"potential” since there i3
no entropy increase across the shock, and theg. are smeared nver a few
elements. The flow is matched to a linearized solution at the inlet and outlet
faces of the computational domain, and is arranged to repeat betyeen
corresponding points on the top and bottom faces. The conditions specified to
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the oroqrarn are etfectively the indet oircurferential velooity and the jurap in
potential between the bottom left and the bottom right corners of the domain.
This choice of input conditions uniguely specifies the lgcation of a shock in a
cascade of flat plates at zero incidence, which no specification of flow
conditions at either inlet ar outlet can achieve. The non-linear equations are
then solved by the Nevrton-Raphson technique. Convergence is usually achieved
in three or four iterations, although up to about twelve may be necessary in
difficult cases with supersonic inlet velocities. The nodes are numbered in
such a way as to minimize the bandwidth of the dividing matrix at each
iteration, so the method is fast. Good agreement with other methods of
calculating steady transonic cascade flow in cascades has been demonstrated.
The program then goes on to the third stage in which small unsteady
perturbations of the steady flow due to vibration of the blades is analysed.
Solid body motion of the blades is assumed, either in bending or torsion. The
unsteadg calculation is therefore similar to one more iteration of the steady
calculation, except that the potential perturbation is complex, and the
boundary conditions are different. Again the flow at the inlet and exit taces
15 matched to a linearized solution, which includes propagating or decaying
acoustic waves and in the downstream flow the effect of the unsteady wake
ched from the trailing edge. The repeat condition between corkesponding
points on the top and bottom surfaces is arranged to give the required phase
difference between neighbouring blades. It is again necesary to use upwind
densities in regions of supersonic flow in order to stabilize the calculation. A
difficulty arises due to the term

(rAv)n (M2.1)

for the boundarg condition at the blade surface. A modified perturbation
potential is defined by

e = B+r-7d (M2 2}
where ris given by
r = heasP (112.3)

and this equation is now extended pyer the whole domain of calculation, and
nat just at the blade surface. This device gets rid of the awkward term in the
boundary condition at the blade surface, and also eliminates a similar
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awkward term in the calculation of the pressure perturbation at the surface
The unsteady pressure perturbations at the surface are then integrated to give
the axial and circumferential blade forces and the moment.

Method 3: Linearized Unsteady_Aerodynamic Analydes (Courtesy of J. M.
Verdon)

The isentropic and irrotational flow of a perfect gas through a two-
dimensional cascade of vibrating airfoils is considered. The blades are
undergoing identical harmonic motions at frequency @, but with a constant
phase angle & between the motions of adjacent blades. It is assumed that the
flow remains attached to the blade surfaces and that the blade motion is the
only source of unsteady excitation.

The flow through the cascade is thus governed by the field equations, written
in form of the time-dependent velocity potential [S]. In addition to the field
equations, the flow must be tangential to the moving blade surfaces and
acoustic waves must either attenuate or propagate away from or parallel to
the” blade row in the far field. Finally, we also require that the mass and
tangential momentum be conserved across shocks and that pressure and the
normal component of the fluid velocity be continuous across the vortex-sheet
unsteady wakes which eminate from the blade trailing edges and extend
downstream.

In order to limit the computing resources required to solve the equation
system, a small-unsteady-disturbance assumption is involved. Thus, the
blades are assumed to undergo small-amplitude unsteady motions around an
otherwise steady flow. The resulting first-order or linearized unsteady flow
equation is solved subject to both boundary conditions at the mean positions
of the bléde, shock and wake surfaces and requirements on the behavior of the
unsteady disturbances far upstream and downstream from the blade row.
Moreover, because of the cascade geometry and the assumed form of the blade
motion, the steady and linearized unsteady flows must exhibit blade-to-blade
periodicity. Thus, the numerical resolution of the steady and the linearized
unsteady flow equations can be restricted to a single extended blade-passage
region of the cascade.
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Method 4- Aerodynamic Theory for Two-Dimensianal Unsteady Cascades of
dscillating Airfoils in Incompressible Flows (Courtesy of H. Atassi)

A complete Tirst order theory is developed for the analysis of oscillating
airfoils in caécade in a uniform upstream flow. The flow is assumed to be
incompressible and irrotational. The geometry of the airfoil is arbitrary. The
angle of attack of the mean flow and the stagger and solidity of the cascade
can assume any prescribed set of values. The airfoils have a small harmonic
nscillation about their mean position with a constant interblade phase angie.
Both translational and rotational oscillations are considered.

The boundary-value problem for the unsteady component of the velocity is
formulated in terms of sectionally analytic functions which must satisfy the
impermeability condition along the airfoils surfaces, the Kutta condition at
the trailing edges of the airfoils, and the jump condition along the airfoils
wakes. The expression for the yelocity jump in the wakes is derived to a
multiplicative constant from the condition of pressure continuity across the
wakes. The velocity field is spht into two components: one satisfying the
scillating motion along the airfoils surfaces and the other accounts for a
normalized jump conditions along the wakes. This leads to two singular
integral equations in the complex plane. The two equations are coupled by
Kelvin's theorem of conservation of the circulation around the airfoils and
their wakes. The integral equations are solved by a collocation technique.

The resuits obtained from this theory show that the airfoil geometry and
loading and the cascade stagger and solidity strongly affect the aerodynamic
forces and moments acting upon oscillating cascades. As a result stability
and flutter boundaries are significantly modified for highly loaded cascades.

Method 5: (Courtesy of P. Salaiin)

The two-dimensional cascade is an infinite array of thin blades.

The fluid is an inviscid perfect gas and the flow is assumed to be irrotational
and isentropic.

The blades are performing harmonic motions of so small amplitude that the
theory can be linearized about the undisturbed, uniform flow.

The supersonic theory is restricted to the case of subsonic leading edge
locus.
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The pressure difference between the two sides of the blades are taken into
account when they are replaced by sheets of pressure dipoles in both subsonic
and supersonic flow.

Then, the perturbation velocity potential is expressed and the boundary
conditions on the blades give an integral equation where the-unknown is the
pressure difference on the reference blade, and the right hand side the angle
of attack.

This integral equation is solved numerically.

Method 6: _Zhou Sheng

A finite difference method is used to solve the unsteady velocity potential
equation. The velocity potential is split into one steady and one unsteady
part, and the unsteady small perturbation is solved with a relaxation
procedure.

Method 7: Extended FINSUP (Courtesy of R. D. Cedar)

The flutter calculation used at Rolls Royce is an extension of the finite
element method developed by D. S. Whitehead (Method 2). Since the programs
introduction to Rolls Royce in 1981 it has been continually developed and
evaluated [43]. The finite element mesh generator has been fully automated to
the extent that it now contat™s "rules” about how good a mesh is. Using these
‘rules” the mesh construction parameters are automatically changed until a
satisfactory mesh is obtained.

The steady flow calculation has been extended from being purely two-
dimensional to include the quasi-three-dimensional effects of blade rotation
and variations of streamtube height and streamline radius [S!]. This has
allowed the program to be included in the quasi-three-dimensional design
system used at Rolls Royce [S2]. Improvements to the upwinding scheme has
been made that produce sharp shocks. A coupled boundary layer calculation
(using both direct and semi-inverse coupling) has been developped [52] as well
as a design or inverse calculation [S4]. This allows transonic blades to be
decigned, including the remaval of shocks, to give a controlled diffusions.

The unsteady flow calculation has been extended to include the quasi-three-
dimensional effects. It has been found that it iz essential to include the
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effect of vanation in streamtube heignt 7 test data is to he predicted

correctly.

Method 8: Theoretical Flutter Investigation on a Cascade in [ncompressible
Flow {Courtesy of %. Carstens)

1. Calculation of unsteady aerodynamic coefficients

The calculation of the unsteady aerodynamic coefficients due to harmonic
bending and torsion of the cascade’'s blades is based on an integral equation
technique. The main idea of this technique is to replace each blade's surface
and its wake by a distribution of vorticity. The kinematic boundary condition
and the law of vorticity transport allow the formulation of the flow problem
as an integral equation, the solution of which yields the correct value of the
unknown unsteady blade vorticity.

Two important items in the formulation of the problem should be mentioned:
1) The prescribed harmonic motion of the entire cascade unit is a
fundamental mode, in which all blades perform oscillations with the same
amplitude but with a constant phase lag from blade to blade (interblade phase
angle).

2)  The influence of the steady flow on the unsteady guantities is obtained
by a special linearizing procedure.

The unsteady pressure distribution and the aerodynamic 1ift and moment
coefficients are caiculated as a function of the blade vorticity by means of
Bernoulli's equation.

2. Flutter anélusis

The flutter analysis is done on the basis of a two-degree-of freedom model,
which allows for bending perpendicular to the chord and torsion around a
given elastic axis. The rearrangement of the two linearized equations of
motion for a blade section in nondimensional matrix form iieids the
formulation of the flutter problem as 3 nonlinear eigenvalue problem.
Stability boundaries are found by determining the real eigenvalues of the
matrix equation in an iterative procedure if a set of elastomechanical and
aerodynamic parameters 15 prescribed. The result of each flutter calculation
i5 3 stability curve in a reduced frequency - interblade phase angle diagram,
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the maximum of which yields the absolute stability boundary and hence the
nondimensional flutter speed for the given configuration.

Method 9: (Courtesy of F. Molls)

The model allows for two shock waves to occur in a tip blade passage in
which the inlet Mach number is supersonic. A weak oblique shock from the
Ieading edqge lies off the pressure surface of the upper blade and its angle is
great enough that the shock intersects the lower blade. Off the suction
surface of the lower blade there is a normal wave at the trailing edge which
intercects the upper blade. The oblique shock angle corresponds to the
pressure ratio but.not to the metal angle at the leading. The model blade,
however, has a wedge angle in agreement with the pressure ratio and inlet
Mach humber. ¥Where the obligue shock strikes the adjacent blade, the flow
turns from the inlet direction through the wedge angle to become parallel to
the pressure surface; thus, as observed in actual flow, there is no refiec-
tion.

There are two options in the model. Either the pressure and suction surfaces
continue wuniformliy to a blunt trailing edge, or the trailing surfaces are
tapered to a specified thickness at the trailing edge. In the former case the
differential equations for the unsteady component of the flow have constant
coefficients and may be solved analytically. in the latter option, the mean
flow in one portion of the blade passage is a slowly varying flow and
numerical integration of the disturbance egquations is required. A more
detailled description with a diagram and references to experimental examples
of the modelled flow is given in [37].

Method 10: Semi-Actuator Disk Method (Courtesy of S. Kajil

The semi-actuator disk model converts an actual blade row to a continuous
cascade by inserting many fictious blades in between and paraliel to the
ariginal blades. Aerodynamic loading and inter-blade phase change are all
shared by inserted blades. Thus the change of physical quantity in the cascade
direction is given by crossing each blade stepwise, and we can treat the flow
inside a blade channel one-dimensionally.

The first part of the analyses is to solve the linearized governing equations
of mass, momentum and energy for the upstream, inside and downstream field
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nt the cascade separately. ‘we have 3 pressure wave in the upstream field,
two pressure waves going back and forth (and an entropy wave if the total
pressure loss is present) inside the cascade and also we have a pressure
waye, (an entropy wave) and a vorticity wave due 1o blade oscillation in the
downstream field. The unknown amplitude of each wave is related to the
known amplitude of blade oscillation through boundary conditions at the
leading edge plane and the trailing edge plane of the cascade.

At the leading edge plane we use

® mass Tlow continuation,

® relative total enthalpy continuation, and

® the condition of total pressure loss change in accordance with flow
incidence.

At the trailing edge plane we can assume a smooth continuation of all
physical quantities, i.e., two components of velocity, pressure and density.
The aerodynamic forces acting on blades can be evaluated by use of the
momemtum principle applied to the control volume taken for a blade channel.
The merits and demerits of the method are:

. Aerodynamic loading
) Total-pressure-loss
® Arbitrary direction of oscillation
) No large inter-blade phase angles

Method 11:

Method 12:

Method 13:

The code is based on the nonlinear transonic small perturbation equation. The
disturbances are assumed 1o be small. Hence the principle of superposition 1s
applied and the problem i¢ split into 3 steady and an unsteady part. A method
of characteristics was developed for both the steady and the unsteady
solutions to handle the superconic flow past a finite cascade of oscillating
parabolic - not necessarily symmetric - blades.

Cansiderable progress was achieved with the extended treatment of the
unsteady shocks including a shock equation for the unsteady perturbation
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patential " Furthermore the apphication aof the method of characteristics to
unzteady sliplines, shock intersections and the crossing of a shock with 3
slipline was developed.

The results are steady and unsteady pressure distributions, the integrated
lift- and moment-coefficients and the shock geometry in the ‘cascade. At the
moment the code is for research purposes only. It is planned to rewrite it for
industrial application.

Method 14: Diccrete Vortex (Cloud-in-Cell) Method for Unsteady Cascade
Flows (Courtesy of J. M. R. Graham and J. Basuki)

This method represents shed vortex wakes in two-dimensional incompressible
flow by large numbers of discrete point vortices which are convected by the
local \éelotitg field. in the cloud-in-cell method the vorticity associated with
the moving point vorices is transfered to a fixed Eulerian mesh [32]. The
streamfunction and hence velocity distribution is calculated from the
varticity on thic mesh using a standard fast Poisson solver.

The present version of this method used to calculate unsteady flow through a
cascade represents the individual aerofoils in the cascade by a boundary
integral method [32] which uses piecewise constant vorticity panels. The
appropriate streamfunction boundary condition is satisfied on the surface of
each aerofoil by summing the contributions of the surface vorticity panels
(including implied periodicity) and the mesh streamfunction. The boundary
condition on the mesh also assumes periodicity along the cascade with the
interblade phase angle limited to a small integral number of aerofoils within
the mesh flow field. The computation follows the evolution of an unsteady
flow by forward time marching, tracking the positions of the vortices.

The program has been used to compute cases with superimposed unsteady
flow, upstream wakes, and blade vibration. In the latter case when the
interblade phase angle is non-zero, exact application of the boundary integral
method requires the influence functions to be recalculated at each time-step
to account for changes in the relative blade to blade displacement. This has
not been done in the present program for reasons of computational cost. The
present boundary condition includes the relative motion but is evaluated on
the mean surface of each blade and is therefore limited to small displacement
amplitudes compared to the blade spacing.

The program evaluates time histories of surface pressures and forces induced
on the aerofoils by the unsteady flows. Since the method involves fime



GEFDECEZTIONTY M TUFEGHMACHINES: Fredicnion Fhdels =

rarching from an wopulsive start fairly long computations are required to
reach 3 final state free af imtial transients.

Method 15: (Courtesy of 5._Stecco)

The inviscid planar compressible flow is governed by the continuity, Crocca's
and enerqgy equation:

7iaC) = 0 {M15.1)
Cu(7xC)+7H-TVS = 0 {M15.2)
d5/dT = 0 (M15.3)

In the cace of practical interest it can be assumed that the total enthalpy is
constant, and that the flow is homoentropic; this leads to the statement of
“irrotational flow".

The assumption of homoentropic flow is not correct in transonic flow where
the shock waves can introduce entropy gradients, but such gradients can be
neglected, in first approximation, if the shocks are weak as it usually
happens in the passage of blades cascades.

In order to get a pseudo-unsteady formulation, after Viviand, it is possible to
write Crocco’'s equation in the streamwise direction:

38/t z -{3v/9x - Au/dy} | (M15.4)
and the continuity equation:
3z(g)/at = -{dlou]/d% + dlav]/dy} {(M15.9)

where Z ig a suitable function of density as it will be seen later. The closure
equation comes from the conditions:

(M15.6)

<]
[y}
1
=1
x
"
o

After Yiviand the function Z has been choosen in order to achieve gJood
stability all over the working Mach number range:

o]
I3
i
|

) = —ke*M* (M15.7
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where kK 15 an integer number and *refer to critical conditions.

In order to increaze the convergence rate of equations (M15.4) and (M15.5)
two functions and have now been introduced to multiply the RHS and new
stability analysis has been performed.

The choice of these functions is not straight forward because of the presence

of high non linear instability; any way a final expression have been found
which leads to good results.

The equations (M15.4) and {(M15.5) can be written as:

BT/t +8F /9%+8G/dy = 0 (M15.8)
where now:

2(0)/§
f = 8/y

au
F = \

lev |

{M15.9)

G = [-u |
£ = M2dZ(g)/de
) = | 1-m2|

The numerical solution of these equations will be carried out by an explicit
scheme, then the stability condition on the time step has been derived from
the CFL criterion that states that the physical dependence domain must be
included in the numerical one.

The boundary conditions are:

° upstream the total thermodynamic conditions and the flow angle {if the
axial flow is supersonic, also the only Mach number) are fixed.

) downstream the Mach number is fixed, i.e. the preassure ratio across
the cascade (if the axial flow is supersonic not any condition is fixed).

) the solid wall require the tangent condition of velocity that substitutes
the 2nd equation and impose conditions on the flux terms of first equation.

) the ideal periodic boundaries require the velocity vector to be equal in
correspondent point at one pitch distance. ‘when choosing such lines the
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normal welncity component must be subsomc Thelr treatment results easy in
the numerical scheme.

Finally the trailing edge condition is the really delicate one.

fn fact there it has to be simulated the base region, from where the shock
waves system starts in turbine cascades.

we consider a truncated trailing edge and the velocity vector free on the two
points on each side of the trailing edge.

The choice of the truncation rmust be done carefully owing to its significant
influence on the results It represents roughly the separation points at the
trailing edge.

Results are obtained with a coarse grid of 1057 and a fine mesh of 19x57
points, and by using a finer convergence limit.

Move we test the convergence on the inlet-outlet mass flow difference after
the local time variations of the unknowns are within a fixed limit.

Evecution time on Honeywell DPS 8:

M2is CPU time n. of iteration

1.2 348 s 120
98 283s 130
a5 5145 170

Method 16: Computer Code "Cascade” (Courtesy of D. Nixon )

The code will compute the unsteady transonic flow through a nonstaggered
cascade. Thin airfoil boundary conditions are used and the code is an
extension of the XTRAM2L code for isolated airfoils. The algorithm is the
Rizzetta-Chin aigorithm for arbitrary frequencies. The code is used for
research purposes and i not a production code.

Method 17:

Method 18: (Courtesy of H. Joubert)

& model has bean developed at SHECMA for calculating the unsteady
aeradynarnic flow through vibrating cascades in view of studying supersaonic
flutter in aal flow compressors.
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The calculation deals with an ideal fluid, n unsteady transomc flow,
including shocks, through a quasi three-dimensional cascade.

The explicit Mac Cormack scheme was used to numerically solve the unsteady
Euler's equations on a blade to blade surface. An 80 X 15 grid points mesh
was used which was displaced to follow the blade motion. For further details,
see ref. [47].

This model has been applied to the seventh standard configuration of the
workshop on aeroelasticity in turbomachine-cascades. Two cases ‘were
studied, the first one corresponding to an exit Mach number of 1.25 and the
second one to an exit Mach a number of 0.93. The unsteady aerodynamic
damping coefficients for both cases are represented (see section 7.7) and the
magnitude and phase lead of blade surface pressure coefficient for two
interblade angles are plotted.

Method 19: Method of Calculating Unsteady Aerodynamic Forces on Two-
Dimensional Cascades. (Courtesy of M Namba.)

The basic assumptions of the method are that the flow should be inviscid and
isentropic. The gas should be perfect and the blade oscillations small.
The blades are represented by pressure dipoles of fluctuating strength

Apixgleiot + ime fm=0+1,.) {(M1a.1)

and the problem is reduced to an integral equation for Aplxg):

( c
| Ap{xgIK(x-Rq)d%g = i0a(x) + Ua'(x) (M19.2}

7y

The Kernel function K(x-xq) is resolved into:

L a singular part K{S}x-%y} in a closed form

) a reqular part K(R}(x-x,} in an infinite series form of uniform
convernence (A sufficient convergence with truncation at the 30th term 1s
confirmed.)

The dipole distribution function Apix,) i5 then expanded into a mode function

series,

The flow can be either sub- or supersonic:
® Subsonic Cascade:
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k-1
Aplxg) = 2 Py'ily) e
K=0
where
- My = Cl.SC{'n—COSlP)
- Vi) = cot(0 Se)
B Y (9) = sintkg) (k1) (Glauert series)

) Supersonic Cascade:
gixg+Xr) : XB- € Xy < ¥+
Ap(g) = glxg) + ZFr | (M19.4)
r 0 - otherwise
where

- r=reflection number {this technique corresponds to the Nagashima &
Whitehead' technique)
K-1
- Qlxp) = I PeYile) , with x5 = 0.5¢c{1-cosy) (M19.5)
K=0

- Yk(p) = cosky  ( equivalent to shifted Chebyshev polynomials)

The integral equation is converted into algebraic equations for Pk
{k=012,.,-1)

K-1
I PR = ioalx)) « Uax]), = 1,2, K (M19.6)
k=0
where
(c (c ‘
= ¥Ke(x) = | Vil x-xp)dxy  + | 7 (@K R (x-xg)dxg
Jo Jo
{M19.7)

with the first term calculated analytically and the second numerically
integrated with about 240 integration points from %, = 0 to ¢ ). In the present
cases, calculations were conducted with six control points (K=6).



AEROELASTICITY IN TURBOMACHINE-CASCADES

FIRST STANDARD CONFIGURATION

Definition

Low Subsanic C Profil

suction surface
(upper surface)

cascade leading
edge plane

suction surface

l‘[—ﬂT’" ] - ] B —e

y pressure surface
—_—] X
-— ¢
Maximum thickness at x = 0.5
Vibration in pitch around (X4,Yq) = (0.5,0.01195)
d = (thickness/chord) = 0.06
o = 0.50, 2.00(=0.0087, 0.0349 rad)
c = 0.1524m i = variable (29, 60)
T = 075 camber = 100
k = variable ¥ = 550
span= 0.254 m

working fluid: Air

Fig. 7.1-1.First standard configuration: Cascade geometry



¢ =15.24 cm (6 in.)

SUCT ION SURFACE PRESSURE SURFACE
X Y X Y
0.0008 0.0020 0.0012 -0.0019
0.0046 0.0053 0.0054 -0.0042
0.0070 0.0064 0.0080 ~0.0050
0.0120 0.0083 0.0130 -0.0061
0.0244 0.0116 0.0256 -0,0077
0.0494 0.0164 0.0507 -0.0098
0.Q743 0.0204 0.0757 -0.0115
0.0993 0.0237 0.1007 -0.0129
0.1494 0.0290 0.1506 -0.0150
0.1994 0.0331 0.2006 -0.0165
0.2495 0.0364 0.2505 ©-0.0177
0.2996 0.0387 0.3004 -0.0185
0.3998 0.0411 0.4002 -0.0188
0.5000 0.0406 0.5000 -0.0176
0. 6002 0.0370 0,5998 -0.0146
0.7003 0.0306 0.6997 -0.0104
0.8003 0.0223 0.7997 -0.0069
0.8503 0.0176 0.8497 -0.0053
0.9003 0.0127 0.8997 -0.0040
0.9502 0.0078 0.9497 -0.0032
0.9975 0.0030 0.9973 -0.0025

RADIUS CENTER COORDINATES

0.0002

L.E. RADIUS/c = 0.0024 X =0.0024, Y

0.0003

0.0028 X =0,9972, Y

T.E. RADIUS/c

Table 7.1-1.First standard configuration: Dimensionless airfoil
coordinates.



AEROELASTICITY IN TURBOMACHINE-CASCADES

FIRST STANDARD CONFIGURATION

Aeroelastic Test Cases

Time averaged Time Dependent Parameters

Aeroelastic M i P1/Pwr  P2/Pw1 B2 k o o f
Test CaseNo () () () (-) (*) () ) *) (H2)
1 0.18 2 09774 0.9818 62.0 0.122 0.5 - 45° 15.5
2 + 45°

3 0.17 6 0.9790 0.9852 625 - 45°

4 2.0 + 45°

5 - 45°

6 -180°

7 -135°

8 - 90°

9 - 0°

10 + 90°

[ " +135°

12 T ) " ) 0.072 - 90° 9.2
13 T ) - - 0.151 - 90° 19.2
14 . - - - 0.301 - 90° 38.4
15 - ) " ) 0.603 - 90° 76.8

Table 7.1-2 First standard configuration.

Experimental values for 15 recommended test cases



c =15,24 cm (6 in.)

SUCT ION SURFACE PRESSURE SURFACE
X Y X Y
0.0008 0.0020 0.0012 -0.0019
0.0046 0.0053 0.0054 -0.0042
0.0070 0.0064 0.0080 -0.0050
0.0120 0.0083 0.0120 -0.0061
0.0244 0.0116 0.0256 -0.0Q77
0.0494 0.0164 0.0507 -0.0098
0.Q0743 0.0204 0.0757 -0.0115
0.0993 0.0237 0.1007 -0.0129
0.1494 0.0290 0.1506 -0.0150
0.1994 0.0331 0.2006 -0.0165
0.2495 0.0364 0.2505 ' -0.0177
0.2996 0.0387 0.3004 -0.0185
0.3998 0.0411 0.40Q02 -0.,0188
0.5000Q 0.0406 0.5000 -0.0176
Q. 6002 Q,Q370 0.5998 -0.0146
0.7003 0.0306 0.6997 -0.0104
0.80Q3 0.0223 0.7997 -0.0069
0.8503 0.0176 0.8497 -0.0053
0.9003 0.0127 0.8997 -0.0040
0.95Q2 0.0078 0.9497 -0.0032
0.9975 . 0.0030 0.9973 -0.0025
RADIUS CENTER COORDINATES
L.E. RADIUS/c = 0.0024 X =0.0024, Y =Q.0002
T.E. RADIUS/c = 0.0028 X =0.9972, Y =0.0003

Table 7.1-1.First standard configuration: Dimensioniess airfoil
coordinates.



AEROELASTICITY IN TURBOMACHINE-CASCADES
FIRST STANDARD CONFIGURATION

Experimental and Theoretical Results
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PLOT 7.1-2.4R:

SURFACE PRESSURE COEFFICIENT.

(x: IN PITCH MOODE,NOTATION VALID UPSTRERM OF PITCH AXIS)

FIRST STANDRRD CONFIGURATION, CASE M.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE




C $ o 152"
T : .75
Y : SS.
M, Xoet 5
‘ [ =US DATA Y«: 0115
X =LS DATA Mys o 17
Bl $ -65.
AEROELASTICITY kM TURBOMACHINE-CRSCADES. i : 6.
STANDARD CONFIGURATION NUMBER ; 1
M2 s 00 15
20. .
——F---F - METHOD: 7]1=60 B,: -62.5
+ --P---}- METHOD: 8| 1=60 hys -
_ hT $ -
T « : ,036
I\ k ¢ .121
x‘m 5 : -
ﬂf\gﬁ o : +4S
o ‘T-~:~’:—- _F';&'__-—.En-LTEim_— d : 006
0. i e i e B e B
+180. ‘ | # -180.
. ~ »
~3 g STRBLE
T~ 4 0
+90. 8-o4- -90.
(us) N N I (LS)
] - }
¢P T 0. ! “' ®P $
- T T T . !
L)Z_ —‘\“‘\\
-90. — 1 +90.
I} X \>\<x ' *
) o © UNSTABLE
-180. . 1 i +180.
.5 1.
X

PLOT 7.1-2.4B8: FIRST STANDARD CONFIGURARTION, CASE 4.
MAGNITUDE AND PHRSE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.5:

FIRST STANDARD CONFIGURATION, CASE S.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFRCE PRESSURE COEFFICIENT.

(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS
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PLOT 7.1-2.6A: FIRST STANDARD CONFIGURATION, CRSE 6.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE. PRESSURE COEFFICIENT.

(x: JN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RXIS)
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PLOT 7.1-2.6B: FIRST STANDARD CONFIGURATION, CASE 6.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT.

(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.7: FIRST STANDARD CONFIGURATION, CASE 7.

MAGNITUDE AND PHASE LERD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.8: FIRST STANDARD CONFIGURATION, CASE 8.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.9RA: FIRST STANDARD CONFIGURATION, CRSE 9.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE

SURFACE PRESSURE COEFFICIENT.
(%: IN PITCH MODE,NGTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.9B:

FIRST STANDARD CONFIGURATIOGN, CASE 9.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFRCE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALIOD UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.9C: FIRST STANDARD CONFIGURATION, CASE 9.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFACE PRESSURE COEFFICIENT,
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.10: FIRST STANDARD CONFIGURATION, CASE 10.
MAGNITUDE AND PHASE LERD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
{(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.11: FIRST STANDARD CONFIGURATION, CRSE 11.
MAGNITUDE AND PHRSE LEAD OF UNSTEARADY BLADE

SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATIGN VALID UPSTREAM GF PITCH AXIS)




Cc $ o ]52"
T :.75
Y : 5S5.
Xoct 5
Yo : 0115
Ml g o 17
Bl H -660
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1 : 6.
STANDARD CONFIGURATION NUMBER : 1
M2 00 15
20.
-------------------- METHOD: 3[1=2.230 B,: -62.5
.............................. METIHOD: ulI=60 h _
X H
hT H =
« 3,035
C, 10. w : 58
k ¢ .071
. 6 H =
“‘-‘&t_.iﬁ o :-90
o < rmgl ﬂ1.’--m-_. -------- .-
) %QT:GX“M“i ET 'BB-".‘{ d - 06
O L e s e
+ . v - -1 0-
n 0.7 ° .
£ 3 ~ STABLE
+90, . X+ -90.
e pmco—mfesmae ::_"‘r ------------ .--)—(‘"xr,’ -““‘.
@ (US) Kx ..).(.....x...é:."...)k.----..><.--...................-')( \\~ ® (LS]
P 0. : P —
-90. ' H +90.
1 m o 00 © UNSTRBLE”
- 180. —+ E’?: : +— +180.
.0 .5 1.
X
PLOT 7.1-2.12: FIRST STANDARD CONFIGURATION, CASE 12.

MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.13:

FIRST STANDARD CONFIGURATION, CASE 13.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFRCE PRESSURE COEFFICIENT.

(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-2.14: FIRST STANDARD CONFIGURATION, CASE 14.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFRACE PRESSURE COEFFICIENT.

(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RAXIS)
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PLOT 7.1-2.15: FIRST STANDARD CONFIGURATIGN, CASE 15.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT.

(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RAXIS)
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PLOT 7.1-3.1: FIRST STANDARD CONFIGURATION, CASE 1.
MAGNITUDE AND PHASE LERD OF UNSTERDY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.2:

FIRST STANDARD CONFIGURATION, CARSE 2.
MAGNITUDE AND PHASE LEAD OF UNSTEADY
SURFACE PRESSURE DIFFERENCE COEFFICIENT
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.3: FIRST STANDARD CONFIGURATION, CASE 3.
MAGNITUDE AND PHASE LEAD OF UNSTERDY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.4: FIRST STANDARD CONFIGURATION, CASE 4.
MAGNITUDE AND PHASE LEAD OF UNSTEADY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.5: FIhST STANDARD CONFIGURATION, CASE S.
MAGNITUDE AND PHASE LEAD OF UNSTERDY

SURFACE PRESSURE DIFFERENCE COEFFICIENT.

(x: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.6: FIRST STANDARD CONFIGURATION, CASE 6.
MAGNITUDE AND PHASE LERD OF UNSTERDY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.7: FIRST STANDARD CONFIGURATION, CRSE 7.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NGTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.8: FIRST STANDARD CONFIGURATION, CASE 8.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AX1S)
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PLOT 7.1-3.9: FIRST STANDARD CONFIGURATION, CASE 9.
MAGNITUDE AND PHASE LEAD OF UNSTEADY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(: IN PITCH MODE,NOTATION VALID UPSTRERM OF PITCH RXIS)
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PLOT 7.1-3.10:

FIRST STANDARD CONFIGURATION, CASE 10.
MAGNITUDE AND PHASE LEAD OF UNSTERODY

SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.11: FIRST STANDARD CONFIGURATION, CASE 11.
MAGNITUDE AND PHASE LEAD OF UNSTEADY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.12: FIRST STANDARD CONFIGURATION, CASE 12.
MAGNITUBE AND PHASE LEAD OF UNSTERDY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-3.13: FIRST STANDARD CONFIGURATION, CASE 13.
MAGNITUDE AND PHARSE LERD OF UNSTERDY
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RXIS)
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PLOT 7.1-3.14:

FIRST STANDARD CONFIGURATION, CASE 14.

MAGNITUDE AND PHASE LEARD OF UNSTERDY

SURFACE PRESSURE DIFFERENCE COEFFICIENT.

{«:IN PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH RXIS)
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PLOT 7.1-3.15:

FIRST STANDARD CONFIGURATION, CASE 15.
MAGNITUDE AND PHASE LEAD OF UNSTEADY

SURFACE PRESSURE DIFFERENCE COEFFICIENT. -
(x: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.1-4.1:

FIRST STANDARD CONFIGURATION, CASES 4Y-11.
AERODYNAMIC LIFT COEFFICIENT AND PHASE LERD

IN DEPENDANCE OF INTERBLADE PHASE ANGLE.
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PLOT 7.1-4.2: FIRST STANDARD CONFIGURRTION, CASES 8,12-15.
AERODYNAMIC LIFT COEFFICIENT AND PHRSE LEAD
IN DEPENDANCE OF REDUCED FREQUENCY.
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PLOT 7.1-5.1:

FIRST STANDARD CONFIGURATION, CASES u-11.

AERODYNAMIC MOMENT COEFFICIENT AND PHRSE LERD
IN DEPENDANCE OF INTERBLADE PHASE ANGLE.
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PLOT 7.1-5.1R: FIRST STANDARD CONFIGURATION, CASES u-11.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INTERBLADE PHRSE ANGLE.
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PLOT 7.1-5.1B: FIRST STANDARD CONFIGURATION, CASES uH-11.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INTERBLADE PHASE ANGLE.
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PLOT 7.1-5.2: FIRST STANDARD CONFIGURATION, CASES 8,12-15.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LEARD
IN DEPENDANCE OF REDUCED FREQUENCY.
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PLOT 7.1-6.1:

FIRST STANDARD CONFIGURATION, CASES 4-11.
AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF INTERBLADE PHASE ANGLE
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PLOT 7.1-6.1R:
AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF INTERBLADE PHASE ANGLE

FIRST STANDARD CONFIGURATION, CASES u-11.
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PLOT 7.1-6.1B: FIRST STANDARD CONFIGURATION, CASES u-11.

AERODYNAMIC WORK AND DAMPING COEFFICIENTS

IN DEPENDANCE OF INTERBLADE PHASE ANGLE
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PLOT 7.1-6.2: FIRST STANDARD CONFIGURATION, CASES 8,12-15.
AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF REDUCED FREQUENCY.




AERDELASTICITY IN TURBOMACHINE-CASCADES

SECOND STANDARD CONFIGURATION

Definition



/ .

oo

Yu

suction surface

suction surface

\

pressure surface

¢
C
Maximum thickness at x = 05
Vibration in pitch around (x,,y,) = (0.5,0.0362)
d = (thickness/chord) = 0.0524
ox = 3.4 (=0.06 rad)
c = 0050m By = =300
T = 100 camber = 16.80
k = 04 ¥ = 300
span= 0.100 m o = variable

working fluid: Air

Ftg. 7.2-1. Second standard configuration:

Cascade geometry



Oouble Circular Arc Blade
c=0.050 m (1.968 in.)

Suction surface Pressure surface
(upper surface) (lower surface)
x (%) y (%) y (%)
0 0 0
5 1.644 -0.404
10 2.637 -0.127
15 3,509 0.115
20 4.262 0.326
25 4.897 0.505
30 5.416 0.650
35 5.818 0.764
40 6.105 0.845
45 6.272 0.893
50 6.334 0.910
55 6.272 0.893
60 6.105 0.845
65 5.818 0.764
70 5.416 0.650
75 4.897 0.505
80 4.262 0.326
85 3.509 0.115
90 2.637 -0.127
95 1.644 -0.404
100 0 0

L.E. and T.E. RADIUS
L.E. RADIUS/c = 0.666 (%)
T.E. RADIUS/c = 0.666 (%)

RADIUS CENTER COORDINATES
x = 0.666 (%), y = 0 (%)
x = 0.993 (%), y = 0 (%)

Table 7.2-1. Second standard configuration: Dimensionless airfoil

coordinates.




AEROELASTICITY IN TURBOMACHINE-CASCADES

SECOND STANDARD CONFIGURATION

Aeroelastic Test Cases

Aeroelastic Time-Averaged Parameters  Time-Dependent Parameters

Test Case Vi ¥ By f Kk o g

No (m/s) (*) *) (Hz) (-) (rad) (*)

] 2.4 30.0 - 30 6.1 0.4 0.059. - 135
2 ) ! ) ) ) ’ - 90
3 - 45
4 0
5 + 45
6 + 90
7 + 135
8 ) ) + 180

Table 7.2-2 Second standard configuration.
8 recommended aerolastic test cases



AERUELASTICITY IN TURBOMACHINE-CASCADES
SECOND STANDARD CONFIGURATION

Experimental and Theoretical Results
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PLOT 7.2-2.1: SECOND STANDARD CONFIGURATION, CARSE 1.
MAGNITUDE AND PHRASE LERAD OF UNSTEARDY BLADE
SURFACE PRESSURE COEFFICIENT.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-2.2: SECOND STANDARD CONFIGURATION, CASE 2.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT.

{(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-2.3: SECOND STANDARD CONFIGURATION, CASE 3.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-2.4: SECOND STANDARD CONFIGURATION, CRSE U.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NBTATION VALID UPSTREAM OF PI1TCH AXIS)
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PLOT 7.2-2.5: SECOND STANDRRD CONFIGURATION, CASE S.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE

SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-2.6: SECOND STANDARD CONFIGURATION, CASE 6.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFRCE PRESSURE COEFFICIENT.
{x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-6.1:

SECOND STANDARD CONFIGURATION CASES 1-8.
AERODYNAMIC WORK AND DAMPING COEFFICIENTS

IN DEPENDENCE OF INTERBLADE PHASE ANGLE.
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PLOT 7.2-2.7: SECOND STANDARD CONFIGURATION, CASE 7.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT.

(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-2.8: SECOND STANDARD CONFIGURATION, CARSE 8.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-3.1: SECOND STRANDARD CONFIGURATION, CASE 1. -
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
{x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-3.2: SECOND STANDARD CONFIGURATION, CASE 2.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-3.3: SECOND STANDARD CONFIGURRTION, CRSE 3.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-3.4: SECOND STANDARD CONFIGURATION, CASE 4.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-3.5: SECOND STANDARD CONFIGURATIGN, CASE S.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-3.6: SECOND STANDARD CONFIGURATION, CASE 6.
MAGNITUDE AND PHRSE LERAD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-3.7: SECOND STANDARD CONFIGURATION, CARSE 7.

MAGNITUDE RAND PHRASE LERD OF UNSTERDY BLADE

SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-3.8: SECOND STANDRRD CONFIGURATION, CARSE 8.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
{x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.2-5.1:

SECOND STANDARD CONFIGURATION. CARSES 1-8.

AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDENCE OF INTERBLADE PHASE ANGLE.




AEROELASTICITY IN TURBOMACHINE-CASCADES

THIRD STANDARD CONFIGURATION

Definition



Sucttion surface
lower surface)

oo

Vibration in pitch around (Xq,Yq)
(thickness/chord)
0.0172 rad (nominal)

d

0
C
T

M,

olo

0.763 (hub)
0.804 (midspan)
0.873 (tip)

(0.195,-0.1097)
0.124

= varifable

0.025m

= 60.83°
= 4570

0.844
67.5° (nominatl)

working fiuid: Freon-11 (CFCl3) with specific heat ratio = 1.137

Fig. 7.3-1. Third standard configuration: Cascade geometry



C=0.072m

SUCTION SURFACE

(Lower surface)

PRESSURE SURFACE
(Upper surface)

X YS X Yp
0.0 0.0 0.0 . 0.0

-0.073 -0.0096 0.0247 +0.0108
-0.0115 -0.0290 0.0439 +0.0066
-0.0051 -0.0487 0.0718 -0.0073
0.0102 -0.0698 0.0932 -0.0144
0.0296 -0.0918 0.1213 -0.0265
0.0462 -0.1080 0.1478 -0.0356
0.0668 -0.1240 0.1742 -0.0434
0.0887 -0.1384 0.2014 -0.0502
0.1117 -0.1508 0.2289 -0.0538
0.1358 -0.1610 0.2563 -0.0601
0.1606 -0.1693 0.284¢C -0.637
0.1864 -0.1749 0.3119 -0.0660
0.2122 -0.1781 0.3395 -0.0674
0.2354 -0.1797 0.3676 -0.0676
0.2584 -0.1800 0.3891 -0.0669
0.2814 -0.1793 0.4113 -0.0662
0.3046 =0.1772 0.4329 -0.0657
0.3274 -0.1745 0.4547 -0.0646
0.3432 -0.1719 0.4765 -0.0639
0.3591 -0.1692 0.4982 -0.0623
0.3748 =0.1657 0.5201 -0.0613
0.3904 -0.1621 0.5419 -0.0596
0.4058 -0.1580 0.5633 -0.0579
0.4806 -0.1396 0.5850 -0.0562
0.5552 -0.1208 0.6069 -0.0540
0.6291 -0.1018 0.6285 -0.0519
0.7038 -0.0829 0.6502 -0.0497
0.7780 -0.0640 0.6721 -0.0470
0.8525 -0.0452 0.6939 -0.0446
0.9270 -0.0264 0.7152 -0.0419
1.0 -0.0075 0.7368 -0.0388
0.7583 -Q2.0359

0.7986 -0.0295

0.8387 -0.0237

0.8792 -0.0176

0.9195 -0.0118

0.9597 -0.0060

1.0 0.0

Table 7.3-1. Third standard configuration: Dimensionless airfoil

coordinates (spanwise identical).




THIRD STANDARD CONFIGURATION

Aeroelastic Test Cases

AEROELASTICITY IN TURBOMACHINE-CASCADES

o Z Time - Averaged Parameters
Ul )
@ m
— )
Qar
s ,
T2 My fiy PrvaiPwiy o Fy/Py P P2
1= 3 0.203 - 1.2 0254 07T 0LREZ - 582
4- ¢ 0.3234 - 1.1 0940 0452 1242 - 561
7-9 0.319 - 1.2 0.864 0.345 1.390 - 555
_ Time-Cependent Farameters
o = _ 4= o 2rolade phase angle rmeasure
¢ & |Amplitude (Nominal = 0.0174%ad) & | 3 £ '”“”t"‘i;’%ﬁ,,.ﬁ!,ﬁ',.,;c.ﬁ an }?55':}80 ured
2 S (o[ 0] o &0 el (28 T, T o e
QE; % | ® o R@_O) o TR E 3_— =20 | 4-1 Jo (+ 1) [ S+20
42|20 | g0 | (raey | T0 (T30 | . o
x : N (€ -3 11 L IR Gy e e
I 0965 0.952| 0.0172]0.995)1 026] 250057 655 736| 666 | 6791702
2 100810973 00172 1.026(1.032) 1000229 T6.4| 67.4| 676 646|705
3 1,087 1.024] 00171 0.966}1.075] 20010 457 712 687 71.8 | 685|702
4 10.965]0.952] 0.01720.99611.028] 250031 655 36| 666 | 6791702
S 1008 09731 0.0172 1.026(1.0321 1000126 76.4| 674 &7 0 64.6 705
& 1087 1,024} 0017 109661 075 20010251 71.2) 667 71.0 68.5 | 703
7 j0.965]0.952{ 0.01720.996|1.028f 250028 655 73.6| 666 | 67.9| 702
8 [1.008] 0973100172 1.026(1.032] 100[0.112, 7641 67.4] &7 6 64.6 1705
9 [1.087[ 1024l 0T D ROG| G7S 2000223 T12 687 FIE | 6851703

Table 7.3-2. Third standard configuration: 9 recommended
test cases (Fluid used is Freon-11; all values are at midspan)

aeroelastic




AEROELASTICITY IN TURBOMACHINE-CASCADES
THIRD STANDARD CONFIGURATION

Experimental and Theoretical Results
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SURFRCE PRESSURE COEFFICIENT,
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PLOT 7.3-2.2: THIRD STANDARD CONFIGURATIGN , CASE 2.

MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFACE PRESSURE COEFFICIENT.
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PLOT 7.3-2.3: THIRD STANDARD CONFIGURRTION , CRSE 3.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
(«:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.3-2.4:; THIRD STANDARD CONFIGURATIOGN , CRSE Y.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
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PLOT 7.3-2.5: THIRD STANDRRD CONFIGURATION , CASE 5.

MAGNITUDE RND PHASE LEAD OF UNSTEADY BLADE
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PLOT 7.3-2.6: THIRD STANDARD CONFIGURRTION , CRASE 6.

MAGNITUDE AND PHASE LEARD OF UNSTERDY BLADE

SURFRCE PRESSURE COEFFICTENT.
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PLOT 7.3-2.7: THIRD STANDARD CONFIGURATION CASE 7.

MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFACE PRESSURE COEFFICIENT.

(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RAXIS)
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PLOT 7.3-2.8: THIRD STANDARD CONFIGURATION , CASE 8.

MAGNITUDE AND PHASE LERAD OF UNSTEADY BLADE
SURFRACE PRESSURE COEFFICIENT,
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.3-2.9: THIRD STANDARD CONFIGURATION ., CASE 9,

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALIOD UPSTREAM OF PITCH AXIS)
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PLOT 7.3-U.1:

THIRD STANDAROD CONFIGURATION.
AERODYNAMIC LIFT COEFFICIENT AND PHASE LERD
IN DEPENDENCE OF REDUCED FREQUENCT,.
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PLOT 7.3-U.2: THIRD STANDRRD CONFIGURATION.
AERODYNAMIC LIFT COEFFICIENT AND PHASE LERD
IN DEPENDENCE OF REDUCED FREGQUENCY.
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PLOT 7.3-4.3:

THIRD STANDARD CONFIGURARTION.
AERCGDYNAMIC LIFT COEFFICIENT AND PHASE LEAD

IN OEPENDENCE OF REDUCED FREQUENCY.
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PLOT 7.3-5.2: THIRD STANDARD CONFIGURRTION.

AERCDYNAMIC MOMENT COEFFICIENT AND PHASE LERD

IN DEPENDENCE OF REDUCED FREQUENCY.
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PLOT 7.3-5.3: THIRD STANDARD CONFIGURRTION.
RERODYNAMIC MOMENT COEFFICIENT AND PHRSE LERD
IN DEPENDENCE OF REDUCED FAEQUENCY.
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THIRD STRNDARD CONFIGURARTION,

RERODYNAMIC WORK AND DAMPING COEFFICIENTS
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PLOT 7.3-6.2: THIRD STANDARD CONFIGURATION.
AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDENCE OF REDUCED FREQUENCY.
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AEROELASTICITY IN TURBOHACHINE-CASCADES

FOURTH STANDARD CONFIGURATION

Definition



diah Subsonic/T ¢ Turbine Profil

cascade leading
edge plane
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upper surface___ﬂ_,_ﬂﬂvf""’r
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N\ 07‘6
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4 J?a B
preéssife surface \\
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Vibration in first bending mode © = 60.40
d = (thickness/chord) = 017
¥ = 366° K = variable
C = 00744 m span = 0.040m
T = 067 (hub) camber = 43¢
0.76 {midspan) hub/tip = 0.8
0.84 (tip) f = 150 Hz
My = variable a = variable

Nominal values: My=0.31; By=-44.19; M,=0.90, p,=-72.4°
Working fluid: Air

Ftg. 7.4-1a. Fourth standard configuration: Cascade geometry



A SYEADY PRESSURE TAPPINGS

UPPER SURFACE

LOWER SHRFACE

@® UNSTEADY PRESSURE TRANSDUCERS

Fig. 7.4-1b. Fourth standard configuration: Location of pressure
measurements on blade surfaces.
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Table 7.4-1. Fourth standard configuration: Dimensioniess airfoil

coordinates (spanwise identical).




AEROELASTICITY IN TURBEMACHINE-CASCADES

FOURTH STANDARD CONFIGURATIDN

Aeroelastic Test Cages

Time-Averaged Parameters

Time-Dependent Parameters

Aeroelastic M, By M2ig B2 0 k ho )

Test Case (-) () (-) ) (") (=) (-) (°)

l 0.18 - 45 0.58 -7t -90 0.168 0.0038 50.4
2 0.26 ) 0.76 ! X 0.128 ! ’

3 0.28 " 0.90 0.107

4 0.29 " 1.02 X 0.095 0.0033

i) ! " 1.19 ! 0.082 0.0038

b 0.28 ) 0.90 +180 0.107 0.0033

. . ) . . 90 . )

8 0

Table 7.4-2. Fourth Standard Configuration.

8 Recommended Aeroelastic Test Cases.



AEROELASTICITY IN TURBOMACHINE-CASCADES
FOURTH STANDARD CONFIGURATION

Experimental and Theoretical Resultls



EFF-LAUSANNE LABORATDIRE DE THERMIQUE APPLIQUEE ET BE TURBDMACHINES ¥E¥  RAXTRW
4TH STANDARD CONFIGURATION ! Unsteaduy Test Data
Aerpelastic case Nr. | 1
TEST: 5530-1 llate } 8-AUG-84
Inlet and outlet flow conditions @
rel = 2318 mb psl = 2259 mb rs2 = 1843 ab
betal= 45 des Mlis = 0.19 M2is = 0.598
Unsteady test parameters 3
Blade freauency @ f = 150.0 Hz L3 = 0.,1722
Fhase control setroint sisma = -90 des
Total record time ! T rec = 11.72 sec
Nusber of reriode detected ! N Per = 1748
Total number of samples § N Samp= 25400
Numher of samrle sets ! N Set = 10
Error limits estimated for 95% confidence level» based on variance
of mean values of samprle sets
Blade vibration data !

Blade Amplitude (mm) h®1000 (-} rhi (ded) sidma (ded) signal ratio

B 4 0,242 & 0,004 3.25 % 0.05 180. & 0.9 0.992

B S 0,275 & 0.004 J.69 & 0,06 0. & 0.9 -89.4 0,996

B & 0.255 ¢ 0.003 J.43 & 0.04 0., # 0.6 -%0.4 0.993

B 7 0,244 % 0.006 3J.28 & 0.08 -%0. & 1.4 -89.9 0,995
Unsteady pressure data !

(Phase andgles referenced to transducer blade motions)

Transducer b r (mb) r/epcl/h (=) cr (=) phi (ded) signal ratio
Us B5:D1 0.101 0.44 0,030 1.97 & 1.10 51, & 29, 0,523
UsS B5:D2 0.302 1,07 0.123 4,92 % 0.70 166. & 8. 0,490
Us B5:D3 0.501 1.62 0.18% 7.43 % 1,05 126. & 8. 0.567
Us B3:D4 0.4638 2.18 0,254 .98 # 1.05 1446, & 6. 0.704
US BSIDS 0.840 3.27 0.382 15,01 & 1,08 170. & 4, 0.B848
LS Bé:S1 0,101 5.04 0,633 24,88 ¢ 1.81 173, & 4., 0.776
LS B4:52 0.236 5.38 0,476 26.57 & 2.01 140, & 4. 0.81%9
LS B6:1S3 0.437 1.99 0,250 ?2.81 ¢ 1.359 152, & 9. 0.520
LS R&1S4 0.371 1,25 0,157 6,18 & 1.37 137, # 13, 0,399
LS B&1ISS 0.706 0.91 0.114 4,48 ¢ 1.30 132, # 16, 0,310
L.S B&ISE 0.840 0.96 0,120 4,73 % 1.28 126, & 13, 0,306

Unsteady force coefficients ¢

Side ch (=) rhil{ch) (ded) ch re ch im
US BS:CH 5.94 -35. 4,87 -3.41
LS B&ICH 2,44 151, -11.78 3,98
Cambined 4.94 ¢ 0,73 175, & b, ~6.91 0.57

derodynamic dameind coefficient 3 xsi = -0.571 ¢ 0,518



EPF-LAUSANNE LARODRATOIRE DE THERMIOQUE AFFLIQUEE ET DE TURROMACHINES ¥¥X  RAXTRW
4TH STANDARD CONFIGURATION : Unsteady Test Data
feroelastic case Nr. : 2
TEST! 5%3C-1 Date ! B-AUG-B4
Inlet and outlet flow conditions
rcl = 2131 mb rsl = 2034 mb Fs2 = 1449 ab
betal= 45 deg Mlis = 0.26 M2is = 0.74
Unsteady test rarameters ¢
Elade freauency : f = 130.0 Hz k = 0.,1338
Fhase control setroint ¢ sidma = -90 ded
Total record time @ T rec = 11,72 sec
Number of periods detected ! N Per = 1744
Total number of samrles ¢ N Samp= 25600
Nuaber of samrle sets & N Set = 10
Error limits estimated for 95% confidence levels based on variance
of mean values of sample sets
Blade vibration data 1
Bl ade Amrlitude (mm) h¥1000 (=) rhi (ded) sidma {(ded) sidnal ratio
B 4 0,240 & 0,004 3.23 % 0.09 180, ¢ 1.6 0.980
B S 0.272 % 0,010 3,65 & 0,14 91. & 2.2 -88.9 0.985
B & 0.254 & 0.004 3.41 & 0.04 -0, ¢ 1.0 -90.9 0.985
B 7 0,242 &% 0.012 3:29 % 0.16 -89. & 2.9 -89.5 0,983
Unsteady Pressure data
(Phase andles referenced to transducer tlade motions)
Transducer by P {(ab) #/rcl/h (=) ce (-) phi (ded) sidnal ratia
Us B3iD1 0.101 0.37 0,045 0.99 ¢ 0.83 41, % 40, 0,483
Us B5:D2 0,302 0.93 0.118 2,60 $ 0.463 101, & 14, 0.453
US B53D3 0.301 1.58 0,203 4,45 % 0.80 121, % 10. 0,557
Us BS:D4 0.438 2,28 0.290 4.37 & 0.92 148, & 8. 0.721
HS BS:DS 0.840 3.92 0.504 11,07 ¢ 1.29 175. & 7. 0.889
LS B&iS1 0.101 5.66 0.779 17.11 ¢ 1.57 171. & 5. 0.832
LS B&:S2 0.236 6.70 0.921 20,24 % 1.81 158, & 5. 0,873
LS B&:53 0,437 2.355 0.348 7.64 % 2.54 148, % 19, 0,501
LS R&:S4 0,571 1.93 0.262 3.79 % 2.40 133, # 23. 0.434
LS B&3SS 0.704 1,39 0.1864 4,10 & 2.37 128, & 30. 0.322
LS B&1Sé 0.840 1.40 0.186 4,09 & 2.34 127. % 30, 0.324
Unsteads force coefficients
Side ch (=) shi(ch) (ded) ch re ch 1im
US BSICH 3.80 -29. 3,32 -1.85
LS B&:CH 9.30 158, -8.40 3,935
Combined 5.55 % 0.84 162, & 9. -5.28 1.70

Aerodynamic damrind coefficient ! xsi = -1.705 # 0.593



EFF-LAUSANNE LABORATOIRE DE THERMIQUE AFPLIQUEE ET DE TURBOMACHINES XX RAXTRW
4TH STANDARD CONFIGURATION : Unsteadus Test Data
Aeroelastic case Nr, ! 3
TEST: 5352B-1 llate | B-AUG-84
Inlet and outlet flow conditions @
pcl = 2058 ab rsl = 1949 ab rs2 = 1212 ab
petal= 45 ded Mlis = 0.28 M2is = 0,90
Unsteady test rarameters 1§

Rlade freguency ! f = 150.0 Hz k. = 0,1153

Phase control setroint @ sidma = -90 des

Total record time ¢ T reec = 11.72 sec

Number of periods detected @ N Per = 1745

Total number aof samrles ! N Samp= 25600

Number aof sample sets § N Set = 10

Error limits estimated for 95% confidence level, based on variance

of mean values of sample sets

Blade vibration dates ¢

Blade Amrlitude (mm) h¥1000 (-) rshi (ded) sidma (ded) signal ratio

E 4 0,213 ¢ 0.117 2.86 ¢ 0.12 180, ¢ 2.3 0.9467

B S 0.227 % 0.006 3.05 # 0,08 90, & 1.4 -8%2.6 0.984

B & 0.224 & 0.006 3,04 & 0,08 o, & 1.5 -90.0 0.9735

B 7 0.229 % 0.017 3.07 & 0.23 -20., & 4.3 -90.1 0.974
Unsteads rressure datas ¢
(Phase andles referenced to transducer blade motions)

Transducer % F (mb) g/pcl/h (=) ce (=) phi (ded) sidnal ratio
US B83:D1 0,101 0.47 0.100 1.69 & 1.84 37. & 44, 0,392
US ES5:D2 0,302 0.83 0,130 2.45 & 0.87 97, & 20. 0.320
US B5:D3 0.301 1,34 0.212 4,00 & 1.03 97. & 14, 0,429
USs BS:D4 0.4638 1.95 0.309 5.83 & 1.01 144, & 10. 0,585
Us B3:DS 0.840 J.58 0,968 10.73 ¢ 1.11 1746, & 6. 0.81%9
LS B&:ISI 0.101 S+26 0.840 15.86 & 1.49 170, & 6. 0.744
LS B&:1S2 0,234 S.44 0.869 14,41 & 0,93 157. # 3., 0.880
LS B&1S3 0.437 2.54 0.404 7:.63 & 2.50 139. & 18, 0.483
LS B&IS4 0.571 2.44 0.418 7.89 & 3.09 130, & 21. 0.462
LS B&:1SS 0.706 2.48 0.390 7.34 & 4,22 154, # 30. 0.327
LS B&:Ss 0.840 1.90 0.298 5.43 & 3.21 149, & 30. 0.340
Unsteady force coefficients !

Side ch (=) phil{ch) (ded) ch re ch im

US BSICH 3,31 ~-34. 2.73 -1.87

LS B&:CH 9.28 157. -8.54 3.43

Combined &,0B & 1.02 143, & 10. -5.81 1.76

fAerodynamic dameind coefficient ! xsi = -1.,742 & 0.720



EPF-LAUSANNE LABORATOIRE DE THERMIQUE APFLIQUEE ET DE TURBOMACHINES

4TH STANDARD CONFIGURATION

Aerpelastic case Nr.

TEST: 35352A-1

Inlet and outlet flow conditions

pcl =
betal=

2020 mb
43 desg

v 4

Date | B-AUG-84

Unsteady test rarameters

Blade freguency &
Phase control setroint !
Tetal record time 3
Humber of reriocds detected .

+

Total number of samrles

Nuaber of sample sets !

+
4

+
*

rsl
Mlis

f

sidma
T rec
N Per

: Unsteaduy Test Data

1907 mb
0.29

= 150.0 Hz
ded
= 11,72 sec
= 1745

H

1
~0
[=

N Samr= 25600

N Set

= 10

P

52

H2is

%
1043 nb
1.02
00,1041

Error limits estimasted for 95% confidence levels based on variance
of mean values of samrle sets

Blade vi

bration data

RAXTRN

signal ratio

Blade Asrlitude (mm) h®1000 (-) Frhil (ded) sidma (ded)

B 4 0.217 & 0.008 2+91 8 0.12 179, & 2.3

B S 0,231 & 0.007 3.10 % 0.09 90. & 1.7 ~-8%9.,0

B & 0,231 # 0.004 3.11 # 0.06 0. # 1.1 -90.3

B 7 0.232 & 0.017 3.12 % 0.23 -21. % 4,2 -20.4
Unsteadw pressure data .

(Phase andles referenced to transducer blade aotions)

Transducer by F {mb) p/reclish (=) cr (=) rhi (desd)
Us BSiD1 0.101 0.34 0.051 0,21 # 0.85 53, # 43,
us BS5:D2? 0.302 0.85 0,133 2:,42 % 0.54 104, & 13,
U5 B5:D3 0.501 1.37 0.219 3.91 ¢ 0,75 107, & 11,
S B5:D4 0.4638 2.07 0.329 5.89 ¢ 0.71 144, % 7.
US B5:DS 0,840 4,03 0.4642 11,48 8 0.78 176, & 4.
LS B&:S1 0.101 S.14 0.822 14,69 & 1.41 174, % 5.
LS B4iS2 0,234 4,21 0.670 11.98 & 0.75 160. % 4,
LS B6:S3 0.437 24,42 0,384 4,87 & 1.02 -180. # B.
LS B&:S4 0.571 1.08 0.172 3.07 & 0.57 48, # 11,
LS B6:SS 0,704 1.42 0.257 4,59 & 0,463 98. & 8.
LS B&iSs 0,840 2.38 0.379 6.77 & 0.80 107. & 7.
Unsteade force coefficients !
Side ch (=) rhi{ch}) (ded) ch re ch im
US BS:CH 3&66 —290 3020 "1|77
LS Bb:EH 6»80 1560 ‘6-22 2-73
Combined 3,17 & 0.49 142, % ?. ~3.02 0.96
Aeroduynamic damrind coefficient si = -0.944 & 0,149

0.984
0.995
0.989
0.986

sidnal ratio

0.375
0.318
0.428
0.582
0.851
0.741
0.%06
0,660
0,495
0.645
0,626



EPF-LAUSANNE LABORATOIRE DE THERMIQUE APPLIGUEE ET DE TURBOMACHINES X RAXTRW
4TH STANDARD CONFIGURATION : Unsteady Test Data
feroelastic case NHr, 3 3
TEST: 533B-1 Date | B-AUG-84
Inlet and outlet flow conditions ¢
rel = 2194 ab rsi = 207t mb g2 = 914 ab
betal= 45 ded Miis = 0.29 M2is = 1.19

i Unsteady test rarameters !
! Blade freguerncy @ f = 150.0 Hz [ 3 = 0.0917
. Phase control setroint & sigma = -90 des
|  Totazl record time ! T rec = 11,72 sec
' Number of reriods detected ! N Per = 1744
' Total number of samrles ¢ N Samr= 25600
Number of samrle sets | N Set = 10
Error limits estimated for 99% confidence level» based on variance
of mean values of samrle sets
Blade vibration data ¢
Blade darlitude (mm) h&1000 (-) rhi (ded) sidma (ded) sidnal ratio
B 4 0.242 ¢ 0.011 3.25 & 0.14 180, 8 2.4 0.987
B3 G.273 & 0.009 3:67 & 0.12 ?1., ¢ 1.9 -88.9 0.990
B & 0.254 & 0,005 3.41 & 0.07 0, & 1,2 -921.0 0.988
B 7 0.242 & 0.011 3.25 & 0.14 -89, & 2.5 -8%9.0 0,988
Unsteady rressure dats @
(Phase angles referenced to transducer blade motions)
Transducer b P (mb) r/rcl/h () ce (=) rhi (ded) signal ratio
Us BH:DM 0.101 0.39 0,044 0,81 & 0.469 41, & 41, 0.445
s R5:D2 0.302 0.95 0,118 2,07 ¢ 0.37 96, & 10, 0.428
UsS BS:D3 0.501 1.63 0,202 J.5%9 & 0.49 116. & 8. 0.325
Us BS:D4 0.638 2,10 0.260 4,56 & 0.47 143, ¢ 4. 0.670
Us BS:DS 0.840 4,095 0,502 8.81 ¢ 0,52 176, & 3. 0.872
LS B&:S51 0,101 B.47 1.131 19.87 ¢ 1,47 146, & 4. 0.853
LS B&iS2 0.234 10.02 1,338 23,51 ¢ 1,01 1446. ¢ 2, 0.972
LS B&iS3 0,437 5.15 0.487 12,07 ¢ 1.28 -117. & &, 0.859
LS B&:S4 0.571 ?.94 1,328 23.33 ¢ 1,36 -110, & 3. 0,951
LS B&3SS 0,704 2.789 0,371 6.51 ¢ 1,54 1446, ¢ 13, 0,531
LS B&:S5é 0.840 4,44 0.595 10.46 ¢ 1.26 -142, & 7. 0.829
Unsteady force coefficients &
Side ch (=) phi(ch) {(ded)} ch re ch im
US BIICH 2.88 -31. 2.47 -1,47
LS B&:CH 11.03 -177, ~-11.01 -0.44
Combined 8.80 # 0.04 -1446. # 4, -8.54 ~2.12

*

Aerodunamic dampind coefficient ¢ xsi = 2.115 ¢ 0,381



EFF-LAUSANNE LABORATOIRE DE THERMIQUE AFPPLIQUEE ET DE TURBOMACHINES

ATH STANDARD CONFIGURATION

Aeroelastic case Nr,

Inlet and outlet flow conditions

TEST: 552B-2
pcl = 2058 mb
betal= 435 ded

-

Date : B-AUG-B4

Unsteady test rarameters }

Blade fr

eauency

Phase control setroint !

Total re

cord time

Nuaber of periods detected !
Total number of saarles |
Number of samrle sets |

rsl
Mlis

f
sidaa
T rec
N Per
N Samr
N Set

$ Unsteaduy Test Data

0.

11.

150.0
180

1949 »

28

b

Hz
ded

72 sec

1743
25400

10

Error liaits estimated for 9352 confidence level,
of msean values of saarle sets

Blade vibration data

ps2
M2is

It

121

nx

2 mb

0.90

0.11

based on variance

53

RAXTRW

signal ratio

Blade Aarlitude (ma) h21000 (-) rhi (ded) sidea (ded)

B 4 0,214 & 0.184 2,87 & 0.18 0. & 3.7

B S 0,227 #% 0,008 3.06 # 0.10 -179. ¢ 1.9 -179.4

B & 0.225 % 0.007 3,02 % 0.10 0. ¢ 1.8 179.5

B 7 0,232 &% 0,022 3.11 &% 0.30 180, # 5.5 179.9
Unsteadw rpressure data !

(Phase andles referenced to transducer blade motions)

Transducer % # (mb) p/pecl/h (=) cp (=) phi (desd)
uUs B51D1 0.101 0.77 0.117 2,20 & 1.94 29, % 41,
U8 B3:iD2 0.302 0.71 0.113 2,13 % 0.46 42, % 17,
US B5iD3 0.501 1.18 0.187 3.92 & 0,47 52, # 11.
Us BS!D4 0.438 1.11 0173 3,31 # 0.90 105, & 15,
US BS:DS 0.840 4,12 0.46564 12,38 ¢ 0,94 150, & 4,
LS B&iS1 0.101 b.+32 1.048 19.79 & 1.64 -150, & 3,
LS B&i1S2 0,234 6.29 1,011 19,09 & 1.20 =175, & 4,
LS B&3§3 0.437 2.460 0.4146 7.85 % 2,15 164, &% 15,
LS B&:iS4 0.571 3.01 0.482 9.10 & 2.33 154, % 14,
LS BA:S3 0.704 2,93 0.464 8.79 # 3.25 155, # 20,
LS B&!Sé 0.840 2,50 0.400 7.96 % 2.27 145, ¢ 17,
Unsteady force coefficients ¢
Side ch (=) piii{ch) (ded) ch re ch im
Us BS:CH 2.91 -62. 1.35 -2.58
LS B&:iCH 10,71 -179. -10.71 -0.14
Combined 92.75 % 0.87 -144, % T -9.34 -2.72
Aeroduynamic damrind coefficient ¥sl = 2,719 & 0.612

0.973
0.982
0.971
0,974

sidnal ratio

0,437
0.281
0.3%0
0.381
0.8647
0.823
0.916
0.501
0.526
0.384
0.441



EPF-LAUSANNE LABORATOIRE DE THERMIQUE APPLIQUEE ET DE TURBOMACHINES XXk RAXTRUW
4TH STANDARD CONFIGURATION ¢ Unsteady Test Data
perocelastic casse Nr, | 7
TEST: S552B-3 Date { B-AUG-84
Inlet and outlet flow conditions @
pel = 2058 mb rsl = 1949 ab ps2 = 1212 ab
betal= 45 ded Miis = 0.28 M2is = 0.90
Unsteady test rarameters @

Blade freauency ! f = 150.,0 Hz k = 0.1153
Phase control seteroint @ sigma = 90 ded
Total record time 3 T rec = 11,72 sec
Number of rperiods detected ! N FPer = 1746
Jotzl number of seaples ! N Saar= 25400
Nuaber of samrle sets | N Set = 10
Error limits estimated for 95% confidence levelr based on variance
of msean values of samrle sets
Blade vibration data !

Blade Aarlitude (aa) hx1000 (-) rhi (ded) sidaa (ded) sidnal ratio
b 4 0.211 & 0.191 2,84 &% 0.19 -180, & 3.8 0.970
B S 0,228 & 0,007 3,06 & 0,10 -90. & 1.9 90,1 0,983
B 4 0.225 # 0.004 3.02 & 0,09 0. & 1.5 89.9 0,975
B 7 0.227 & 0.014 3.0 & 0.19 90, & 3.5 90.2 0.968

Unsteady pressure data ¢
{Phase angles referenced to transducer blade sotions)

sidnal ratio

Transducer ® ¢ (ab) p/pel/h (=) cp (-} rhi (ded)

Us BS:D1 0.101 0.47 0.062 1.18 ¢ 1.84 13, & 57. 0.289
Us BS:D2 0.302 0.32 0.050 0,95 & 0.49 -30. & 27. 0,135
Us B5:D3 0.501 0.86 0.136 2,97 & 0.48 -8, & 15. 0,299
Us B5:D4 0,638 0,29 0.037 0,69 & 0.59 103, ¢ 40, 0.092
s BS5:DS 0.840 2.39 0.379 7:.16 & 0,77 124, & &, 0.682
LS B&:S1 0,101 4,67 0.750 14,17 ¢ 1.463 -128. & 7. 0.707
LS B&1S2 0,236 4,467 0,750 14,17 & 1.20 -148. & 5, 0.840
LS B6:S3 0,437 3.03 0.484 ?.14 % 2.18 -~-130., & 13. 0,557
LS B&:iS4 0.571 2.62 0.416 7,86 & 2,952 -139., & 18. 0.464
LS B&ISS 0.706 1.91 0.298 5.64 & 3,54 162, & 32, 0.257
LS B&:1Sé 0.840 1.56 0.243 4,60 & 2,42 138. & 28, 0,290
Uinsteady force coefficients @

Side ch (=) phi{ch) {(ded) ch re ch im

US BSICH 1.22 -85, 0.10 -1.21

LS B&ICH 7.95 -149, -6.79 -4.13

Combined B.956 & 0.86 -141. & &, -6.469 -5.3%

Aerodynamic damring coefficient %51 = 5:347 & 0.4609



EFF-LAUSANNE LABORATOIRE DE THERMIQUE APPLIQUEE ET DE TURBOMACHINES Kk

4TH STANDARD CONFIGURATION : Unsteady Test Data

Agroelastic case Nr, | B

TEST: S52E-4 Date : 8-AUG-84

Inlet and outlet flow conditions 3

pcl = 2058 mb Fsl = 1949 mb Fs2 = 1212 b
betal= 45 ded Mlis = 0.28 2is = 0.90
Unsteady test rarameters ¢

Blade freauency ! f = 150.0 Hz k = 0,1153
Phase control setroint ¢ sidma = 0 deg

Total record time ! T rec = 11.72 sec

Number of reriods detected | N Per = 1742

Total number of samrles @ N Samp= 25400

Number of samrle sets | N Set = 10

Error limits estimated for 95% confidence levelr based on variance
of mean values of samrle sets

+

Blade vibration data @

RAXTRN

Blade Amrlitude (mm) hx1000 (-) rhi1 (ded) sidma (ded) sidnal ratio
B 4 0.210 # 0.222 2.82 # 0.22 0. # 4.5 0.941
ES 0,227 % 0.007 3.06 % 0.09 ~0. # 1.6 -0.4 0.980
B & 0,226 # 0.005 3,04 # 0.068 -0, # 1.2 0.2 0.974
B 7 0,226 % 0,020 3.03 % 0,27 0. & 5.0 0.2 0,962

Uneteady rressure data |
{Phase andles referenced to transducer blade motions)

Transducer b F (mb) p/ecl/h (-} cp (=) rhi (ded) signal ratio
Us BS:DM 0.101 0.42 0.052 0,99 # 1.95 1146, # 43, 0.247
us BS:D2 0,302 0.87 0,137 2.98 # 0.64 160, # 14, 0.344
Us B5:D3 0,501 0.56 0.087 1.64 % 0.72 143, &% 24, 0.198
Us BS:D4 0,438 1.40 0.221 4,18 8 0.74 179, # 10, 0.470
US Ba:DS 0.840 1.43 0,238 4,86 % 0.97 178, % 11, 0,532
L5 B&:islt 0,101 1.54 0.244 4,62 % L1.11 -174, % 14, 0.301
LS B4&!S2 0,234 1.81 0.289 5,46 $ 1.10 149, & 11. 0.488
1S B&4:S3 0,437 0.90 0.128 2,41 # 2.93 -23., # 51, 0,194
LS B&:S4 0.571 0,74 0,094 1.78 ¢ 3.29 o. # 42, 0,152
LS B&:1SSH 0.704 1.31 0.199 3.75 ¢ 4.43 124. % 50. 0.182
LS B&ISH 0.840 0.45 0,059 1.12 & 3.44 108, % 73. 0.124
Unsteads force coefficients @

Side ch (=) phif{ch) (ded) ch re ch im

Us RSICH 2.40 -11, 2.36 -0.,45

Combined 0,69 # 1.03 -3, # §8&, 0.49 -0.04

Aerodynamic damrind coefficient | xs1 = 0.040 ¢ 0.730




c oO?l'lll
T : .16
Y : 56.6
x“. -
Yo o ===
Ml 3 . lg
Bl 3 -qu. 7
RERQELASTICITY I[N TURBOMACHINE-CRSCRADES. 1., H
STANDARD CONFIGURATION NUMBER : 4
M2 3 058
5.0 B,: -71.
4 hy s
hT’
« 3
* W :
.0 kK ¢
Oo0m ¢
Ix @ @ 0o Ao 3
E] H
0 ul o
M
: .17
) 1 x m d 1
Co -5.0
+ X
b4
X w X XX XX XXX
-10.0
-15.0 } } i 1 }
0. .5 1.
X

PLOT 7.4-1.1: FOURTH STANDARD CONFIGURATION CASE : 1
TIME AVERAGED BLADE SURFACE PRESSURE OISTRIBUTION
553D-1




AEROELASTICITY IN TURBOMRCHINE-CRSCRAODES.
STANDARD CONFIGURATION NUMBER : Y

S.

o |

~-10.

-15.

0

0

0

m oo

X X

X

X

X

X

X X

5
X

L

. 76
-71.

.17

PLOT 7.4-1.2:

553C-1

FOURTH STANDRRD CONFIGURATION

TIME AVERAGED BLRDE SURFACE PRESSURE DISTRIBUTION




v A
7 MX
M-
‘7\& M2
Bl‘\ < B?
‘ 0O =US DATA
< s ‘
&
LS a
AEROELASTICITY IN TURBOMACHINE-CRSCRDES.
STANDRRD CUN,’]GUHHT[UN NUMBER : 4
5.0
X
0 ot m
x @ O Olo
44
m
5 o
)
- X
Ce  -5.0 :
1 X
X
X x x X Y NS NS x
Fa N A YA
~10.0
-15.0 ] 1 } i F
0. l5

X

c » .07Uy
T: .76
7 :56.6
e $ ===
Yooi ="
Ml‘ .28
B, : -U4.5
1

Ms .90
B, =71,
hx:

hyt

W :

k :

S : .
c: -S1.
d : .17

PLOT 7.4-1.3: FOURTH STANDARD CONFIGURATION

CASES: 3+6-8

TIME AVERAGED BLADE SURFACE PRESSURE DISTRIBUTICN

5528-1




0 =UuS DATA

AEROELASTICITY IN TURBOMACHINE-CASCADES.

STANDARD CONFIGURATION NUMBER :

5.
K :
—k — a0 m H
40 .
o -5.0
<
X%
T-
-10.0
-15.0 ! t }
0. .5
X
PLOT 7.4-1.4: FOURTH STANDARD CONFIGURATION CASE :

552R-1

TIME AVERAGED BLABE SURFACE PRESSURE DISTRIBUTION




A c 4 .07““
Y
T 3 .76
y X
< M .
317\ % [32 X =77
‘ M =US DATA Y2 777
Q'\. Ml' 029
¢ =l S A Bl L'l'l"l.-’
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1
STANDARD CONFIGURATION NUMBER 1 Y
M2| lulg
5 0 BE' -71.
1 hx'
th
o« 3
) 4 W :
0 T o7 .
ey o L ] . k :
4m o :
e L] o :
4 0 d : .17
- X
Co -5.0
— X
X
1 X X
X
-10.0 a
X XX
-15.0 i i } } i
0. .5
X
PLOT 7.4-1.5: FOURTH STANDARD CONFIGURATION S

TIME AVERAGED BLADE SURFACE PRESSURE DISTRIBUTION

553B-1




c
T
X
Y
Ml
B
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1
STANDARD CONFIGURAATION NUMBER 1 4
M,
1.8 B
.............................. HETHUD: 7 h
s Bttt TELE METIHOD: 98 X
hy
ot
T W
1.2 k
+ o]
o
_ = i' d
Ms 0.8 1
T 1aas j
’) X"XIHS?' .>.<”"\‘2;.‘->"< ._;\};;_5%_;%"}.,\-;:}.{' :
# e
‘I,‘ Il"'m.-
.4 ,;.’--X mm
@ ndl
it m ‘Tf]-"m
".j-_-_m._,_ﬂ]_‘m_m_ﬂ.‘m‘jm
!
¥
.0 -r + } : } }
. XS 1.

PLOT 7.4-1.6: FOURTH STANDARD CONFIGURATION
EPFL-LTT MD ISENTROPIC MACH NUMBER DISTRIBUTION

553D-1 ON THE BLADE

CASE

1




y C T e 07"‘"‘
¥ T : .76
x
M, &= T :56.6
N M
B/ . 2| e
. M =US_DATA :’“ T
?\6\_ 1 H . 26
1S DAfA B+ -UuS.
AERBELASTICITY IN TURBBHACHINE-CASCADES. 1 s ---
STANDARD CONFIGURATION NUMBER : 4
M2 H ® 76
1 5 B2 H _71 .
R U TR OTOU SUpTps METHOD: 7 h
e B S METHOD: 9P X1
hT 4
o : -
T W :
1.2 k
T p 8 H 60 . I'l
[
i o
4 : d : .17
—M- 0.8 ; ’/il'{.')-\ :'.:‘:-.._, XD VEVZEVa ‘u'
IS . ,é('& KX FaN f\%&b%
B ¢ )
‘}( ’
S
T 1
y dm 1A
M) i
"~—@:EQ-_ED‘E1@EE
.0 ) } } } }
.5 1.
X
PLOT 7.U-1.7: FOURTH STANDARD CONFIGURRTIOGN CASE : 2

EPFL-LTT MD
553C-1

ISENTROPIC MACH NUMBER DISTRIBUTION
ON THE BLADE




Zh C t . 07"‘“
y
'X T
x
Y : 56.6
|317\5 % 52 Xec 3 =
b M =US DATA Yoo 7
~ M,
. 1
S
3 =] 9 A Bl H _qs|
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1 : -
STANDARD CONFIGURATION NUMBER 1 Y M
2 H
1.6 Bz 1 _711
.............................. METHOD: 7 h
e TR IR METHOD: 9P X?
h. :
T -
o s -
T W ¢
1.2 :1 k :
1 ; 5 : 60.4
—— 1
BN | o
-./’ \. ..xf A .'
v X A
Mis 0.8 -
4+ X
g Pl S
1 X Pu
.rl _/'m
4 Ej_ 4
g I LR g
9
.0 ] } } } i
-%. .5 ' l.
X

PLOT 7.4-1.8: FOURTH STANDARD CONFIGURRTION CASES: 3+6-8
EPFL-LTT MD TISENTROGPIC MACH NUMBER DISTRIBUTION
552B-1 ON THE BLADE




c H -07'4Ll
T : .76
¥ :56.6
Yt ===
Ml H 029
Bl 3 _q5.
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1T 38 ===
STANDARD CONFIGURATION NUMBER : U
M2 t 1 . 02
1.5 Bz =71,
.............................. HETHOD= 7 h
L . S METHOD: 9B X3
hT 3
i oC : -—— =
T : W
1.2 " k :
/,"\\ so X X :
- A * .x:?-g..‘ ' 8 : 600 u
’, % x . S
AN . &N o
1 P i d: .17
M _ x ;A
(s 0.8 'r ‘:
K 5
—— :-’l ',
X
4 7 5]
[:lj' 'l/m
0.4 EF 4
ﬁgnlﬂ} ' ‘fﬁiﬂ
g A Lt d 2l el
3
X
0 —t ! ! : :
L ' .5
X
PLOT 7.4-1.9: FOURTH STANDARD CONFIGURATIOGN Y

EPFL-LTT MD

S52A-1 ON THE BLADE

ISENTROPIC MACH NUMBER DISTRIBUTION




yl\ C
[ .

My / M
\‘ 2 x L]
517\& < 5 o ®
. g 2 :
‘ M =US DATA g Yo
o Ml'
'
= § OATA Bl :
AEROELARSTICITY IN TURBOMACHINE-CRSCADES. i :
STANDARD CONF IGURRTION NUMBER : 4
M2 H
1.6 Bz :
.............................. METHOD: 7 h
s S METHOD: 9B X
L
:.' : hT :
P X X >< 5 « :
- 1’, \“",’X\ 3
| s X W
1- 2 ‘:. -",,7‘-...,“>< et .\\ E k :
4 AX X B 8
P ¥
T 24 c
4 XI o "l d .
0 8 .,‘:.' ": :
]S L] . I roz
=i R )
-: ’J '4:1
S ey
X H
-l—m-:’l -.'.’_E]
0.4 T Erm
O nm oo
.0 i } 1 i }
. ).(5 1.

=
W
N
D

60.4

.17

PLOT 7.4—1.1'0: FOURTH STANDARD CONFIGURATION CRSE ¢ 5
EPFL-LTT MD ISENTROPIC MACH NUMBER DISTRIBUTION
553B-1 ON THE BLADE




S c H oO?“L‘
: 76
T .
7 b 4
M, 7Y : 56.6
= M .
317.\Li < 2 Xec 3 ===
A ' B2 Yo' ==~
M =US /DATA
Q,\_ Ml 4 . lg
kP =] § A Bl T -l-ll-l. 7
REROELASTICITY IN TURBOMACHINE-CASCADES. '£ :
STANDARRD CONFIGURATION NUMBER ¢ U
M2 1 058
0.0 T METHOD: 7 B2 : =711,
T hx! -0019
30.0 h,: .0033
REEN « 3 ---
Co  20.0 =z @ : 942,
+ th k .17
DY & : 60.4
10.0 - 5 @ o
-‘.‘ m * O 3 -90.
P T e o d: .17
.0 T t } a +
+180. - — = - 180.
1 | i STABLE
e :
+90. ,,-ul ~—{ -90.
(Ws) 13 t‘j o)
-g0. + | +90.
i x| % X " UNSTRBLE"
: RSN b SO SR S }
-180. +—F—4—4 + | = +180.
.0 .5 1.
X
PLOT 7.U-2.1: FOURTH STANDARD CONFIGURATION CASE : 1
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLARDE
5530-1 SURFACE PRESSURE COEFFICIENT.

(x:IN PITCH MOOE,NOTATION YALID UPSTREAM OF PITCH AXIS)




3 ¢ . 07U
¥ T ¢ .76
M, r;; 7 :56.6
p M =US DATA :"‘ “;6
N H .
o 1
1S _DAtA B, : -Us.
REROELASTICITY IN TURBOMACHINE-CASCROES. ‘i, H
STANDARD CONFIGURATION NUMBER 1 U M 76
2 H .
.0 T METHGD: 7 BE: -71.
T hxt .0019
30.0 h,: .0033
=l oC H o
’Ep 20.0 4 w: 94?2
..:-'. “'* k s lg
10.0 % i
:'. ...“ *“ *m O : _glu
T . a - ”“ﬁ%::u:"*' * d : . 17
o5 | | e
+ _
[] ",‘ uJ .
1 _ a STRBLE
+30. [h -90.
(US) (LS)
) f‘ . o J?__
-90. +90.
1 * * % + " UNSTRBLE"
-180. 4= + : : — +180. ————
0 .5 1.
X

PLOT 7.4-2.2: FOURTH STANDARD CONFIGURRTION CASE : 2
MAGNITUDE AND PHRSE LEAD OF UNSTEADY BLADE
553C-1 SURFACE PRESSURE COEFFICIENT.
(«:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RXIS)




YA C .07‘-“-‘
7 T : . 716
X
M, 7 : 56.6
Bv\& M2 ™
1 ¢ < B2 Y2 =77
. M =US DATA Yoo? 777
Q\()_\' N Ml H 028
=[S Bl : _qu. 5
REROELASTICITY IN TUABOMACHINE-CARSCADES. 1L H
STANDARD CONFIGURATION NUMBER ;: U
M2 4 ™ 90
40.0
............................. ME THOD : BZ : =11,
T hX s L0016
30.0 h,: .0029
-4 oc H [
C P 20.0 : :.”-\E_ ) 2 531123.
1 * k : .12
10.0 4 — e lm e °: 60.4
: . s . e o. : -gl L]
gD B M S B AP d ¢ .17
.0 ! - + —
+180. - a— —180.
T 4,.511"' STABLE
+90. + EL el +4 -g0.
(D[USJ (D(LS]
P 0- :. T .:‘: P —_—
-50. 3 j% +90.
. X
4 * % % + UNSTRBLE
. PREEL .x...‘.. Pl Y REEEE R A (EEERE I ‘.-::
-180. - 4 ¥ 4— j L +180.
.0 .5 1.
X
PLOT 7.4-2.3: FOURTH STANDARD CONFIGURATION CASE : 3

5528-1

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFRACE PRESSURE COEFFICIENT.

{w:IN PITCH MODE,NOTATION vALID UPSTRERAM OF PITCH RAXIS)




A C ] oO?qq
Y
T : .76
. =" Y : 56.6
M — : .
1%
. [0 -US DATA " Y2 =77
< s N MI H 029
Q |
3 =1 5 DAfA B+ -HU.5
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1', H
STANDARD CONFIGURATIAON NUMBER : 4
M2 H 1 . 02
0.0
W.0 r——//— ME TIHOD 7 BE : -71 .
T hx‘ 00016
30.0 h,: .0029
== « 3 ===
CP 20-0 3 ..'.. (‘) : gl"le.
: * k .10
Lo L Y 5 : 60.4
10.
. 1 *‘-..-"' ]I' X 0' : -90o
' .Eﬂ' __['nx_.-x' d : . 17
.0 i | | ! !
+180. e R -180.
1 B STABLE "
+90. +— [b -;m"' 1 -s0.
(US) T T (LS)
90 X i Ch)
-90. =+ i +90.
H : X X »*
1 UNSTRBLE
~180. 4—X . — ! —1 +180.
.0 .5 1.
f X

PLOT 7.4-2.4: FOURTH STANDARD CONFIGURATICN CASE : 4
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
S52A-1 SURFRCE PRESSURE COEFFICIENT.
(«:IN PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AXISi




VA c 3 . 07"1“
J T .16
X
M, "M 7 :56.6
317\& % ‘Ez | Xt ===
. M =US DATA Yooi 777
QS\ t Ml H .29
S -4yy.7
:LS H Bl ‘ »
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1: H
STANDARD CONFIGURATION NUMBER : 4
M2 H l- 19
40.0
........ | e METHOD: 2 B2 : =71,
T hx T . 001 9
30'0 hT I 0033
—— o o : - =
~ ‘ - ‘* *
CP 20.0 4*." --.-\- . (l) : gq2.
£ ‘ k : .09
8 : 60.4
10.0 +5 * H—
"-_‘ * - N o : -90.
T ey RS ll'l d : .17
m L PR
.0 | —t t i }
+180. e -180.
| _ IR .
4 FAAC Y -1 STRABLE
: x "m::rx,..l "‘-
+90, 11 R -90.
Ws) (LS}
e, T 0. T - (DP
-90. +90,
1 " UNSTABLE”
B X:-' *
180, 4—Fgery —t—rt +— +180.
.0 .5 1.
X
PLOT 7.4-2.5: FOURTH STANDARD CONFIGURATION CRSE : 5
MAGNITUDE AND PHRSE LEAD OF UNSTEARDY BLRDE
5538-1 SURFACE PRESSURE COEFFICIENT. -
(s [N PITCH MODE,NOTRTION VALID UPSTRERM OF PITLH AXI1S)




b c . .074Y
¥ T .76
X
M, — Y : 56.6
N M
. [ =US DATA N Yood  =7T
Q{\' N Ml 3 028
S s pata B, : -Uy.5
REROELASTICITY [N TURBOMACHINE-CASCADES. 1
STANDARD CONFIGURATIDON NUMBER ; 4
M2 3 090
“O.0 T METHOD: 7 B2 :+ -71.
T hx T . 0016
30.0 +— h,: .0029
-:". '.': [ § : [ —
Ep 20.0 ,11< % w: 9yY?
4 { . k : [ ) 12
o A LY 8 : 60.4
[!J III ..... ... @ d : .17
.0 t { } ) +1-
+180. y Spvmr — -180.
Xt :
1 : B STABLE
+90. ¢] -90.
1 o "”.“ém“”'
(US) ' ”4T“ ¢} : (LS)
0 f 0. 1] o i7_
-90. : +90.
1 | * % UNSTRBLE "
-180. ! i X i : +180.
.0 .5 1.
X
PLOT 7.4-2.6: FOURTH STANDARD CONFIGURATION CASE : 6
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
552B-2 SURFACE PRESSURE COEFFICIENT.

{x:IN PITCH MODE,NOTATION VALIOD UPSTREAM OF PITCH AXIS)




") c . .074y
J T : .76
X
M Y :56.6
1
N M
517\&\ < Ez ] Xxr ===
. [ =US DRTA ‘ Y 2 77"
Ky My s .28
< z| § f Bl H -LLLI- 5
REROELASTICITY IN TURBOMACHINE-CASCADES. 1., H
STANDARD CONFIGURATION NUMBER : Y
M2 $ . 90
40.0 T—— T METHOD: 7 B2; -71.
T hx I . 00 l 6
30.0 h,: .0029
.1- oC ¢ - -
’(}'P 20.0 + W : 8y2.
1 * % k : .12
'.;:.' DTS '-.___“." 6 : 60. u
10.0 4= b -
i T X )l{ o : 90,
£ . REARS
d] RRRSTEVINN USUY ; ; IV SR ? d : . 17
.0 ) ql : 0l : +;
+180. -180.
+ oy X %..X [L ......... o STABLE
+30. + | - -90.
(US) R L) (LS)
q)P T . | Eb [;T CDP y______
-90. +90.
4 4{ + " UNSTABLE
-180. - ~+ } ] —+ +180.
.0 .5 .

X

PLOT 7.4-2.7: FOURTH STANDARD CONFIGURATION CASE : 7
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

552B-3 SURFACE PRESSURE COEFFICIENT.
(%: IN PITCH MODE,NOBTATION VALIO UPSTREAM OF PITCH AX1S




. =
7 g T : .
M, y Y : 56.6
\\‘ \\ B2 ycx:: - e
M =US DATA S
?\Qf\' . M]. 1 028
=LS ﬂ Bl H -uuos
AEROELASTICITY IN TURBOMACHINE-CASCADES. i
STANODARD CONFIGURRTICGN NUMBER 1 U4
M2 3 » 90
WO.0 T METHBD: 7 Bzg -71.
T hy .0016
30.0 hy: .0029
4 X 2 ===
Co  20.0 W 942,
1 k : .12
6 : 60.4
10.0
. o -1.
T ;; m %{ 4: o jg d : . 17
[} | | || ¥ 1 | | J |
+180, : [F & eia — -180. ———
1 STABLE
i :
+90. I T -90.
(US) T J( 1 (LS)
e po N
-90, 1 +90,
1 X ) UNSTRBLE "
~180. — X : —1 +180.
.0 .5 1.
X
PLOT 7.4-2.8: FOURTH STANDRRD CONFIGURATION CASE : 8
MAGNITUDE AND PHRSE LEAD DOF UNSTEADY BLARDE
552B-4 SURFRCE PRESSURE COEFFICIENT.

(w:IN PITCH MOOE.NOTATION VALID UPSTREAM CGF PLTCH AXIS)




A c . .07Uu
7 T : .76
X
Ml — _—— r : 56.6
\ M =uS DATA ; B, Yo 3 =77
M] H . lg
%
g =9 2] Bl H -qS-
AERDELASTICITY IN TURBOMACHINE-CASCADES. 1: - -
STANDARD CONFIGURATION NUMBER : 4 ® DATA M \
............................... METHOD: 7 2
-16.0 B :
hx:
hT:
L
W : 9Y2.
-8.0 K s
9 : 60.4
o -90;?
& éb d : .1
= o LGl & 0 L L L UNSTABLE
. ' o i ' W STABLE
&
| |
8.0
16.0 } } 1 + —
.0 1.5
Mo
PLOT 7.4-6.1: FOURTH STANDARD CONFIGURATION CASES: 1-5

EPFL-LTT MD ARERGDTYNAMIC WORK AND DRMPING COEFFICIENTS

553D-1

IN DEPENDANCE OF OUTLET ISENTROGPIC MACH NUMBER




0O =US DATA

=S A

REAGELASTICITY IN TURBOMACHINE-CASCADES.

STANOARD CONFIGURRTION NUMBER : 4 $ =DATA
............................... METHOD: 7
-16.0
-8.0
- ¢ .
:!L .0 —— .3¢ } t g T
<
8.0
16.0 } } i } }
-180. 0. +180.
o

9y2.
115

60. Y
§
17
UNSTABLE

a qQ o x g R_(:rxs-gpmx o O X
!
~3

STABLE

PLOT 7.4-6.2: FOURTH STANDARD CONFIGURATION
EPFL-LTT MD AERODYNAMIC WORK AND DAMPING COEFFICIENTS

552B-¢ IN DEPENDANCE OF

CASES:3,6-8

INTERBLADE PHASE ANGLE




AERODELASTICITY IN TURBOMACHINE-CASCADES

FIFTH STANDARD CONFIGURATION

Definition



cascade leading
edge plane

pressure surface

upper surface
(suction surface)

r_\

T suction surface (upper surface)
e - - >T-
] X \
< c/e .|

feading trailing

edge edge

Maximum thickness at x = 0.67

Vibration in pitch around (xg,Y,) = (0.5,0)

d = (thickness/chord) = 0.027

@ = 0.00524 rad f = varfable (75-550 Hz)
c = 0090m i = variable (20-150)
T = 095 camber = 00
k = variable ¥ = 59730

span= 0.120m g - Only one blade vibrated

M, = variable (0.5-1.0)
working fluid: Air

Fig. 7.5-1. Fifth standard configuration: Cascade geometry



c = 0.090 m

Upper surface Lower surface
(Suction surface) {Pressure surface)
X y y

0. g. 0.

0.0124 0.0016 -0.0016
.0250 0.0018 -0.0018
0.0500 0.0026 -0.0026
08.0750 0.0033 -0.0033
0.1000 0.0041 -0.0041
0.1500 0.0053 -0.0053
0.2000 0.0062 : -0.0062
0.2500 0.0079 . -0.0079
0.3000 0.0101 -0.0101
0.3500 0.0103 - -0.0103
0.4000 0.0111 -0.0111
0.4500 0.0119 -0.0119
0.5000 0.0124 -0.0124
0.5500 0.0128 -0.0128
0.6000 0.0133 -0.0133
0.6500 0.0135 -0.0135
0.7000 0.0135 -0.0135
0.7500 0.0128 -0.0128
0.8000 0.0116 -0.0116
0.8500 0.0098 -0.0098
0.9000 0.0076 -0.0076
0.9500 . 0.0048 -0.0048
1.0000 0. 0.

LE radius _ TE radius - 0.002

c c

Table 7.5-1rifth standard configuration : Dimensionless Airfoil
Coordinates




AEROELASTICITY IN TURBOMACHINE-CASCADES

FIFTH STANDARD CONFIGURAYUIN

Aeroelastic Test Cases

Time Averaged Time Dependent Parameters Flow

Aeroelastic M ) pP2/Pwy & a f k
Test Case No.  (~) "y ) (rad) *) (Hz) (-)

t 053 2 0.84 0.00524 180 200 0.37 Attached
2 ! 4 0.86 X ) "’ ) )

3 & 0.87 Part. sep.
4 4 0.86 75 0.14 Attached
5 ' " 125 0.22 "

6 300 0.54

7 550 }.02

8 ) 0.87 75 0.14 Part. sep.
9 ’ ‘ 125 0.22 ’

10 300 0.56

I 550 1.02

Pitch axis at (xg, yo) = (0.5, 0.) for all the above aeroelastic test cases

Table 7.5-2_ tifth standard configuration.

11 recommended aeroelastic test cases (restricted set from /4/)



AEROELASTICITY IN TURBOHACHINE-CASCADES
FIFTH STANDARD CONFIGURATION

Experimental and Theoretical Results
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PLOT 7.5-2.3: FIFTH STANDARD CONFIGURATION, CASE 3.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.
(x: IN PITCH MODE.NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.5-2.4: FIFTH STANDARD CONFIGURATION, CARSE Y.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.
(x:IN PITCH MODE,NOTATIGN VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.5-2.5: FIFTH STANDARD CONFIGURRTION, CASE 5.
MAGNITUDE AND PHRSE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.
(x:IN PITCH MODE,NOTRTIGN VALID UPSTREAM OF PITCH AXIS}
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PLOT 7.5-2.6: FIFTH STANOARD CONFIGURATION, CRSE 6.

MRGNITUDE AND PHASE LERD OF BLRDE SURFACE

PRESSURE COEFFICIENT.

{w: [N PITCH MODE,NOTARTION VALID UPSTREAM OF PITCH AXIS)




c . .090M
T : .95
T :59.3
x(x H 05
Yot O.
Ml H .5
Bl H -63- 3
AEROELASTICITY N} TURBOMACH INE-CASCADES. 1 : 4.
STANDARD CONFIGURATION NUMBER 1 S
- ot -
20, T
TEEEI R ~{---METHOD: 2 B, :
e Tt S S METHOD: 3 hy: -
8
pu hy: -
.3y !
--l‘\ ‘\‘ '\ &« : 00052
o 10, A W : 3456
i 'I.\ \ \\‘-.:— ol S — k : 1 L] 02
TS ) SO B 5 . -
X S TS
o 0 “‘-.\E]\'\‘. o : 180
— g E m é x g ‘\\ )
\‘mf d : 0027
0 L L 1 1 L X
. 1 T ' | |
+180. e -180.
S
IR .‘ STABLE
o ‘. |
+90. L ! -30.
} '-| ]
(US) ! i ws
0% 0. P 1o
WX
== r \k‘-\;h. ><“ x x l'
‘ ‘.::qn‘““-\ X X ; 1
-90. 5 o ;‘E,' +90.
1 RO g0 7o IR " UNSTABLE"
\ PP ‘u.. -------------
-180. —— : | +— +180.
.0 .5 l.
X
PLOT 7.5-2.7: FIFTH STANDARD CONFIGURATION, CRSE 7.

MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.

(¥:IN PITCH MODE,NOVATION VALID UPSTRERM OF PITCH RX[S)
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PLOT 7.5-2.8: FIFTH STANDARD CONFIGURRTION, CASE 8.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.
(x: IN PITCH MCOE,NOTATION VALID UPSTRERM OF PITCH AXIS)
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PLOT 7.5-2.9: FIFTH STANDARD CONFIGURATION, CASE 9.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.
(u:IN PITCH MODE,NOTATIBN VALIOD UPSTREAM QF PITCH AXISY
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PLOT 7.5-2.

10: FIFTH STANDARD CONFIGURARTION, CRASE 10.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.

(x: IN PITCH MBDE,NOTATIGN VALID UPSTREAM OF PITCH AX1S)




{%x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)

CASE 11.

MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.

¢ . .0S0M
T : .95
Y :59.3
M, Xoct o5
B 0 =US DATA Yot O.
X‘-‘=LS DATA Myps oS
. Bl H _6503
REROELASTICITY [N ?URBOHHCHINE—CHSCHDES. i H 6.
STANDARD CGNFIGUBFI[]DN NUMBER : S
: M2 1 =
20. T
S —T---METHOD: 2| =620 B :
e L S RECELEAE S METHOD: 3| j=a0 h -
) X
1 0%\ « : ,0052
CF' 10. : Q’::: - W : 3q56
1N i et T - k :1.02
\\ ~ - ~— - ~.,__“
e o T i'-'.._-__;-:_:‘__ - -~ . “:\\‘ 6 H —
x| T -;\[I]\. --\‘\ c 180
+ X Q = S
& B|lx B \\{1]‘,4 d : .027
0. } } 1+— i =
+180. TT—T— -180.
1 ‘d‘\" \ STABLE
‘M ‘.|
+80. ! : -90.
l ‘ 1 -90
- \ ' ]
{(us) S L R 1 . ws
q)r T 0 Kb ; — (DP $*
\__\! >< \ :
F TR T X x :
. “‘-—._'_'t_m._:-“ x :*
-90. ‘ R 1 L o &5 /] +30.
\ gl EI]-—- - E-"H-';‘.‘Et 'I:,"Jf' : X
; P R B TIALX UNSTABLE
1) -~ ‘|‘ -----------
A e
-180, } } } i } +180.
.0 .5 1.
X
PLOT 7.5-2.11: FIFTH STANDARD CONFIGURATION,
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PLOT 7.5-3.1:

FIFTH STANDARD CONFIGURATION,

CASE 1.

MAGNITUDE RAND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NGTATION VALID UPSTRERM OF PITCH RXIS)
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PLOBT 7.5-3.2: FIFTH STANDARD CONFIGURRTION, CRSE 2.
MAGNITUBE RAND PHASE LEAD OF BLADBE SURFRCE
PRESSURE DIFFERENCE COEFFICIENT.
fx: IN PITCH MODE,NOTATIGN VALID UPSTREAM OF PITCH AXIS
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PLBT 7.5-3.3: FIFTH STANDARD CONFIGURATION, CASE 3.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(%: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AX1S)
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PLOT 7.5-3.4:

FIFTH STANDARD CONFIGURARTION,
MAGNITUDE AND PHRSE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.

CASE 4.

(»: IN PITCH MODE,NOTATION VRALID UPSTREAM OF PITCH AXIS)
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PLOT 7.5-3.5: FIFTH STANDARD CONFIGURATION, CASE 5.
MAGNITUDE AND PHASE LERD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
{x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS
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PLOT 7.5-3.7: FIFTH STANDARD CONFIGURATION, CASE 7.
MAGNITUDBE AND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AX[S)
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PLOT 7.5-3.8: FIFTH STANDARD CONFIGURATION, CASE 8.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(x:IN P1TCH MOOE,NOTATION VALID UPSTREAM OF P1TCH RXIS
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PLOT 7.5-3.9: FIFTH STANDARD CONFIGURATION, CASE Q.
MAGNITUDE AND PHASE LEARD OF BLADE SURFACE

PRESSURE DIFFERENCE COEFFICIENT.
(x: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AX]S)
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PLOT 7.5-3,10: FIFTH STANDARD CONFIGURATIOGN, CASE 10.

MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(x:IN PITCH MODE.NOTATION VALID UPSTREAM OF PITCH AXLS)
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PLOT 7.5-3.11:

FIFTH STANDARD CONFIGURATION,
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.

(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH 8X1S)

CASE t1.




C .OQOM
T : .95
T :59.3
Ml, X! «5
B M =US DRTA [32 Yt O.
=LS DATA Mps oS
Bl H _61 . 3
REROELASTICITY IN] TURBOMACHINE-CASCRDES. 'i- : 2.
STANDARD CONFIGURRTION NUMBER 1 5 @ =DATA M . _
20 2
| -~ --METHOD: 1] 1=00, one blade vibrated
METHOD: 1| i=09, al) blades vibrated
hT 1 -
« : ,0052
(o W : 7
ACP 10, 125
k : .37
5 : -
ﬁ.—?\ o : 180
RN d :.027
0. +———————t——+%
+180. :
1 UNSTABLE "
+90.
4 D
- 91 % =
CDAP 0 M—M‘
T
-40.
M
1 STRBLE
-180. ! — i { i
Dl .5 1-

X

PLOT 7.5-3.12: FIFTH STRANDARD CONFIGURATION, CRSE 1.
INFLUENCE OF RERGDYNRAMIC COUPLING ON BLADE
SURFACE PRESSURE DIFFERENCE COEFFICIENT.
(x:IN PITCH MODE,NOTATION VALIO UPSTREAM OF PITCH AXIS)
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PLOT 7.5-5.1: FIFTH STANDARD CONFIGURATION, CRSES 1-3+EXTRAR.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INCIDENCE RNGLE.
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PLOT 7.5-5.2: FIFTH STANDARD CONFIGURATION, CARASES 4-7.
AERCDYNAMIC MOMENT COEFFICIENT AND PHASE LEAD
IN DEPENDRANCE QOF REDUCED FREGQUENCY.
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PLOT 7.5-5.3: FIFTH STANDARD CONFIGURATION, CASES 8-11.

AERGDYNAMIC MOMENT COEFFICIENT AND PHASE LERD

IN DEPENDANCE OF REDUCED FREQUENCY
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PLOT 7.5-6.1: FIFTH STANDARD CONFIGURATION, CASES 1-3+EXTRA.
AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF INCIDENCE RNGLE.
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PLBT 7.5-6.2: FIFTH STANDARD CONFIGURATION, CRSES 4-7.
AERODYNAMIC WORK AND DAMPING COEFFICIENTS
[N DEPENDANCE OF REDUCED FREQUENCY.
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AEROELASTICITY IN TURBOMACHINE-CASCADES

SIXTH STANDARD CONFIGURATION

Definition



cascade leading
edge plane

surface

upper

pressure surface

+
suction surface

¢
T =1
0.1 upper surface |
(pressure surface)y
¥ g g e beierene SILRIITE TTTISINY R S
BT P POy SR e r ..............................................
-0.1
0 D.2 0.4 X 0.6 0.8 1.0
I ic st Turhi Profil
Vibration in first bending mode & = 432
d = (thickness/chord) = 0.0526
1 = 73 .40 k = variable
¢ = 0.0528m span = 0.040 m
T = (0.952 (hub) camber = 140
1.071 (midspan) hub/tip = 0.8
1.160 (tip) f = 226 Hz
M, = varied By = varied
a = varied

Nominal values: M,=0.40; B,=-62°, M,=1.34, B,=-71°
working fluid: Air

Fig. 7.6-1. Sixth standard configuration: Cascade geornetry



C=c.05277 M
UPPER SURFACE
LOWUER SURFACE
X ¥ X Y X ¥ X ¥

0.0000 0.0000 .5033 L0191 0.0000 0.0000 .4930 ~. 0151
.0078 .0063 5135 .0189 .0008 -.0097 .5032 -.0148
L0176 . 0030 .9236 .0YG7 . 0085 -. 0161 -5133 -.0145
0275 0109 .5338 0189 0178 -.0202 5214 -.0142
. 0375 .0127 5439 L0183 L0ETS -.0232 5336 -.0138
.0475 0143 . 5540 .0181 .0373 -.0256 5437 -.013%
L0575 L0157 . 9642 .0179 .pav3 -. 0274 .99138 -.0132
L0676 L0171 5743 L0177 L0573 -.g2Ra . 9640 -.0130
L0777 .0184 88495 0175 0674 -.0298 5741 -.0127
.0877 0195 .5946 L0173 L0775 -. 0305 -5843 - oies
. 0978 , 0204 .60a7? L0171 L0B77 -.0399 .5944 -.021
1679 .0213 .6143 6169 .0378 -.0314 -6045 -. 0119
.1181 .0221 6250 L0167 1080 -. 0310 .B1a? -.0lt6
. 1282 . 0225 .63%2 L0165 RY: ) -.0307 6248 -. 0143
.13a3 . 0230 6453 L0162 .1282 -.0303 .B63ag -, 011t
. 1484 . 0235 6354 L0160 . 1384 -.0293 6451 -.01c8
1586 . 0”39 \B656 .01%8 1485 -. 0294 6552 -.0106
LILAT . ge4R LRS7 L0156 L1586 -.02R9 L6694 -.0104
S1i9 0243 b35S L0153 1608 ~. 0204 Y -.010!
. 1890 0243 6360 .0151 . 1789 -.0278 L 60%6 -.0033
1991 . 0243 L7061 . 0149 . 1890 -.0274 . 6358 -.0097
°093 L0242 .7163 .01a7 L1991 -. 0269 L7053 ~.0095
21494 . 0240 . 7264 L0144 .2093 -.02649 L6l -.0093
2296 .0239 . 7366 0142 .2194 -.0259 .I262 -.0091
L2197 .0237 7467 0140 . 2295 -.0254 L7363 -.0089
2498 . 0236 L7568 .0137 .2397 -. 0250 . 7465 -.0087
L2600 L 023% L7670 L0138 .2498 -.024% . 7LBb -.0085
2701 0235 rxad ,0133 2593 ~. 0240 . 1e&E8 -. 0083
.2803 ., 0234 . 7873 0130 2701 -.0236 . 7769 -.0082
2904 0223 7974 .0128 .e8oe -.0232 7870 -. 0080
. 3006 .0es2 L8073 L0129 .2903 -.0227 L7972 -.0078
2107 . 0231 LB17Y .0123 .3005 -.0223 8073 -.0077
.3208 . 0229 8278 L0120 .3106 -.0219 .B175 =. 0075
.33lo 0227 8380 o118 3207 -. 0214 .B276 -, 0074
.34l .p22s . 6481 019 3309 -.0210 8377 -.0o07e
3513 0223 .B582 .ol , 3410 -, 0206 8479 -.0071
L3614 . 0220 . 8684 L0110 La911 -. 0202 .B380 -.0070
75 .0216 .B785 .0107 L3R13 -.0198 . 8682 -. 0068
.a8r? .0215 . 8886 .0104 L371e -.0194 8783 -.0067
REAE:] .0213 65988 L0102 3813 -.0190 . 9884 -. 0066
.4n13 .0211 .9089 . 0099 ,3917 -.0136 . 8986 -. 0069
L4121 .0210 .919] . 8096 .4an18 -.0183 .9087 -. 06064
.a2ee .0208 .9292 . 0093 .41149 -.0179 9189 ~. 0063
4324 .0206 .939] . 0036 .4221 -0 7S . 9230 -. 0062
. 4425 .0204 . 9495 .po8g .4322 -.0172 9392 -. 0061
.AS26 .oeoe . 9596 .onas .4423 -.0168 .9493 -.0060
. 4628 . 0200 L9697 .0082 L4525 -.ClE4 9394 -, 0060
4729 .0198 . 9799 0079 LAE25 -, 161 - 9696 -.0059
.4B31 L0193 . 5900 . 0076 .are7? -, 0156 .3va7 -.0058
L4932 L0193 1.0002 0073 . 4629 -.0154 1.0000 -.0037
Table 7.6-1. ©Sixth standard configuration: Dimensionless airfoil

coordinates (spanwise identical)




AERCELASTICITY IN TURBOMACHINE-CASCADES

SIXTH STANDARD CONFIGURATION

Aeroelastic Test Cases

Time Averaged

Time Dependent Parameters

Aeroelastic M By p2/py Mpis ho f K g b
Test Case No. (=) (o) (-) -y (=) (Hz) (- (o) (o)

: 053 70 0.27 163 0.0030 226 0.068 0 +43.2
? " " ) i " ) T+ 45 i
3 i i ) i ) X T +90 i
4 - i i +135

S ) " ) i i i -180

6 - - - - " " +135

7 " - " i - 90

8 - - - ) - 45

9 052 ° 050 1.20 0.092 -90

10 " " 054 1.14 i 0.097 i

i T 062 1.02 i 0.108 i i
(% - 065 0098 0.113 i

Table 7.6-2. Sixth standarc configuration: Recommended aeroelastic test

Cases.



AERDELASTICITY IN TURBOMACHINE-CASCADES
SIXTH STANDARD CONFIGURATION

Experimental and Theoretical Results
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PLOT 7.6-1.2: SIXTH STANDARD CONFIGURATION, CASE 9.
TIME AVERAGED BLADE SURFACE PRESSURE
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PLOT 7.6-1.3: SIXTH STANDARD CONFIGURRTION, CASE 10.

TIME AVERAGED BLADE SURFRCE PRESSURE

COEFFICIENT
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PLOT 7.6-1.4: SIXTH STANDARD CONFIGURRTION,
TIME AVERAGED BLADE SURFACE PRESSURE
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PLOT 7.6-1.5: SIXTH STANDARD CONFIGURATION, CASE 12.
TIME AVERAGED BLARDE SURFACE PRESSURE
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PLOT 7.6-2.1: SIXTH STANDARD CONFIGURATION, CRSE 1.
MAGNITUDE AND PHRSE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
(x:IN PITCH MODE,NOTATION VALID UPSTRAEAM OF PITCH AXIS)
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PLOT 7.6-2.2: SIXTH STANDARD CONFIGURATION, CASE 2.

MAGNITUDE RAND PHASE LERAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT.

(w:IN PITCH MODE,NOTATION

YALID UPSTREAM OF P17CH
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PLOT 7.6-2.3: SIXTH STANDARRD CONFIGURATION, CASE 3.

MAGNITUDE AND PHASE LEARD QOF UNSTERDY BLADE

SURFRCE PRESSURE COEFFICIENT.
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PLAOT 7.6-2.U: SIXTH STANDARD CONFIGURRTION, CASE 4.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT.
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PLOT 7.6-2.5:

SIXTH STANDARD CONFIGURATION, CASE 5.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE COEFFICIENT,
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PLOT 7.6-2.6: SIXTH STANDARD CONFIGURATION, CASE 6.

MAGNITUDE AND PHRSE LERD OF UNSTERDY BLADE
SURFACE PRESSURE COEFFICIENT.
(x:IN PITCH MODE,NGTATION VALID UPSTREAM OF PjTCH AXIS)
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PLOT 7.6-2.7: SIXTH STANDARD CONFIGURATION, CASE 7.
MAGNITUDE RAND PHASE LEAD OF UNSTERADY BLADE
SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.6-2.8: SIXTH STANDARD CONFIGURATION, CASE 8.
MAGNITUDE AND PHASE LERD OF UNSTEARDY BLADE
SURFACE PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID LPSTREAM OF PITCH AXIS)
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PLGBT 7.6-2.9: SIXTH STANDARD CONFIGURATIGN, CASE 9.

MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE COEFFICIENT,
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PLOT 7.6-2.10: SIXTH STANDARD CONFIGURATION, CASE 10.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
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PLOT 7.6-2.11: SIXTH STANDARD CONFIGURATION, CASE 11.

MAGNITUOE AND PHASE LEARD OF UNSTERDY BLADE
SURFACE PRESSURE COEFFICIENT.
(x: IN P1TCH MODE,NOTATIGN VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.6-2.12: SIXTH STANDARD CONFIGURATION, CASE 12.
MAGNITUDE AND PHRSE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE COEFFICIENT.
(x:IN PITCH MCDE,NOTATICON VALID UPSTREAM OF PITCH AXIS)
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IN DEPENOANCE OF INTERBLADE PHASE ANGLE.
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IN DEPENDANCE OF INTERBLADE PHASE RNGLE.
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PLOT 7.6-4.3: SIXTH STANDARD CONFIGURATION.
AERODYNAMIC LIFT COEFFICIENT AND PHASE LERAD
IN DEPENOANCE OF OUTLET ISENTROPIC VELOCITY
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J
: .0

T e

VT; : 1.0711

¥ : 73.4

My U = 3

a0l
AERCELASTICITY IN TURBOMACHINE-CRSCRDES. 1 ¢ -
STANDARD CONFIGURATION NUMBER 1 6
Mel -
-—~METHOD: 10
-8. B :
hy: -
£ X
/
[\ th -
fix -
T I \ w: 1420
k ¢ -
+ l & :43.,2
. o : -90. |
4 T d : .0526
= ¢ \ { , , c UNSTARBLE
' ' / ' ' W STABLE

.8. : : : : :
0.4 1. 1.6
M2

PLOT 7.6-6.3: SIXTH STANDARD CONFIGURATION,
AERODYNAMIC WORK AND DAMPING CCEFFICIENTS
IN DEPENDANCE OF QUTLET ISENTROPIC VELOCITY




AEROELASTICITY IN TURBOMACHINE-CASCADES

SEVENTH STANDARD CONFIGURATION

Definition
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Fig. 7.7-1. Seventh standard configuration: Cascade geometry

trailingd
edge



C = 0.0762 n (3.00 in)
Upper surface Lower surface
fSUCTION sURFACED [PRESSURE SURFACE)
X L X =Y
0 -0.0029 0 0.0029

0.00:26 -0.0004 ¢.0027 ¢.00386
0.027 J.00153 0.0279 0.0066
0.0635 0.0041 0.0657 0.0079
0.1032 0.0065 0.103s8 0.0092
0.1110 0.0087 0.1412 0.0103
0.1783 0.0107 0.1790 0.0113
0.2165 0.0124 0.2163 0.0123
¢.2543 0.0139 0.2516 0.0131
0.2921 0.0152 0.2923 ¢.0138
0.3299 0.0162 02,3301 0.0144
0.3551 ¢.0168 0.3552 0.C148
0.3929 2.0175 0.3930 0.0152
0.4307 0.0179 0.4308 0,0155
0.3685 0.01381 0.4685 0.0158
0.5063 0.0181 0.5063 0.0159
0.5441 0.0179 0.5440 0.0159
0.58z0 0.01713 0,5818 0.0158
0,6198 0.0167 0.6195 0.0156
0.6576 0.0158 0.6573 0.0153
3.6828 3.0150 2.6823 0.0151
0.7205 0.0157 3,7202 0.0146
0.7583 0.0122 0.7580 0,0140
0.7561 J.0105 J,7958 J.0153
3.8358 0.3087 0,3336 0.01:24
7.8716 2,0067 2.58714 3.0112
0.9093 2.0047 T.9092 0.0098
0.,9471 0.0025 0.9370 7.3082
0.9843 3.0003 J.2848 T.dUb3
1.3974 -0.0003% 1.3974 g, 1057
1.4000 -0.0029 1.4000 J.002%

L.E. RADIUS/C= 0.0027

T.E. RADIUS/C= 0.0017

Table 7.7-1. Seventh Standard Configuration: Dimensioniess

Atrfoil Coordinates.



AERDELASTICITY IN TURBOMACHINE-CASCADES

SEVENTH STANDARD CONFIGURATION

Aeroelastic Test Cases
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AEROELASTICITY IN TURBOMACHINE-CASCADES
SEVENTH STANDARD CONFIGURATION

Experimental and Theoretical Results
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PLOT 7.7-1.1: SEVENTH STANDARD CONFIGURATION, CASES 1-b.
TIME AVERAGED BLABE SURFACE PRESSURE
DISTRIBUTION FOR QUTLET VELOCITY M2=1.25 .
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PLAT 7.7-1.2:

SEVENTH STANDARD CONFIGURATION,
TIME AVERAGED BLADE SURFACE PRESSURE

DISTRIBUTION FOR OUTLET VELOCITY M2=1.14

EXTRA CASES.
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PLOT 7.7-1.3: SEVENTH STANDARD CONFIGURATION, EXTRA CASES.

TIME AVERRGED BLADE SURFACE PRESSURE

DISTRIBUTION FOR BUTLET VELOGCITY M2=1.05 .
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PLOT 7.7-1.4: SEVENTH STANDARD CONFIGURATION, CARSES F-12.
TIME AVERAGED BLADE SURFACE PRESSURE

DISTRIBUTION FOR OUTLET VELOGCITY M2=0.99 .
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PLOT 7.7-2.1:

PRESSURE COEFFICIENT.

SEVENTH STANDARD CONFIGURRTION, CRSE 1.
MAGNITUBE AND PHASE LEAD OF BLADE SURFACE

{s: IN PITCH MODE,NOTATION ¥ALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-2.2: SEVENTH STANDRRD CONFIGURATION, CRASE 2.

PRESSURE

MAGNITUDE AND PHASE LERD OF BLADE SURFACE
COEFFICIENT.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-2.3: SEVENTH STANDARD CONFIGURATION, CARSE 3.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.
{x:IN PITCH MOOE,NQTATION VALID UPSTRERM OF PITCH RXIS)
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PLOT 7.7-2.4: SEVENTH STANDARD CONFIGURATION, CASE Uu.

MAGNITUDE AND PHASE LEAD OF BLADE SURFACE

PRESSURE COEFFICIENT.

(x: I[N PITCH MODE,NOTATION VALID UPSTRERAM OF PITCH AXIS)
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PLOT 7.7-2.5: SEVENTH STANORRD CONFIGURATION, CASE 5.
MAGNITUBE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.
(x: IN PITCH MODE,NBTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-9.6: SEVENTH STANDARD CONFIGURRTION, CASE 6.

MAGNITUDE AND PHASE LEAD OF BLADE SURFACE

PRESSURE COEFFICIENT,
(x:IN PITCH MODE,NOTATION VRLID UPSTREAM OF PITCH AXIS)




C .076M
T : .855
Y :61.55
Xt o5
Yoot .0
X =LS DATA Mpe 1.315
Bl 4 -6'-[.0
AEROELASTICITY IN TURBOMACHINE-CASCADES. 'i, H -
STANDARD CONFIGURATION NUMBER ; 7
M2 .99
0. B,: -63.6
L hx: -
hT =
T « ¢ ,0751
N X
CP 5 W ¢ 4549
1 X k : .44
oo ) & ; -
o : -180
T R MK d : .03Y4
0. i + } } —-
+180. A : -180.
]
4 R DF m|m STABLE
+90. D | -90.
S T © @
(US) (LS)
o T . | 0 Rlb___
-30. +90.
1 " UNSTABLE "
-180. } —- -+~ } 1 +180.
.0 .5 1.

X

PLBT7.7-2.7 : SEVENTH STANDARD CONFIGURATION, CRSE 7.
MAGNITUDE AND PHASE LERD OF BLADE SURFACE
PRESSURE COEFFICIENT.
{(«:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-2.8: SEVENTH STANOARD CONFIGURATION, CRASE 8.

MAGNITUDE AND PHASE LERD OF BLADE SURFRACE

PRESSURE COEFFICIENT.
(x: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RXIS)
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PLOT 7.7-9.9: SEVENTH STANDARO CONFIGURATION, CASE 9.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.
(%:IN PITCH MODE,NATATION VALID UPSTREAM OF PITCH AX!IS)




c . .076
: . 8595
61.55
Xec 2 oD
Yo' o0

“

-2

Ml ] 1-31
¢ -64,
B
AERGELASTIC!ITY IN TURBOMACHINE-CRSCADES. 7: : -
STANDARD CONFIGURATION NUMBER § 7
M2l .99
0. B,: -63.
+ hy: -~
hT 3 -
1 x 3 ,.2212
CP 5 3 W : 45119
1 k @ .4l
X o : -
o : +US
T w8 o % X0 d « .03U
0. - ! s !
+180. y ~ -180. }
1 u STRBLE
u
+90. -90.
T X
(US) (LS)
m
) T y nl o J?_
+ X
-90. G +90.
1.1
+ v UNSTABLE
-180. i j t ] 1 +180.
.0 .5 1.

X

PLOT 7.7-2.10: SEVENTH STANDARD CONFIGURATION, CASE 10.
MAGNITUDE AND PHASE LEAD OF BLAOE SURFACE

PRESSURE CBEFFICIENT.
(x:IN PITCH MOOE,NOTATION VALID UPSTREAM OF PITCH RXIS)
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PLOT 7.7-2.11: SEVENTH STANDRRD CONFIGURATION, CASE 11.
MAGNITUDE ANO PHASE LEAD OF BLADE SURFACE
PRESSURE COEFFICIENT.

{x:IN PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-2.12: SEVENTH STANOARD CONFIGURATION, CASE 12.
MAGNITUDE AND PHASE LERD OF BLADE SURFACE
PRESSURE COEFFICIENT,
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PLOT 7.7-3.1: SEVENTH STANDARD CONFIGURATION, CASE 1.
MAGNITUDE AND PHASE LEAD OF BLAROE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(x:IN PITCH MODE,NOTATIGN VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-3.2: SEVENTH STRNDARD CONFIGURATION, CRSE 2.
MAGNITUDE RAND PHRSE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NCTATION VALID UPSTREAM OF PITCH AX1S)
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PLOT 7.7-3.3: SEVENTH STANDARD CONFIGURATION, CRSE 3,
MAGNITUDE AND PHASE LEAD BF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
{x:IN PI1TCH MODE,NAGTATION VALIOD UPSTREAM OF PITCH AXIS)
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PLOT 7.7-3.4:

SEVENTH STANDRRD CONFIGURATION, CRSE Y.
MAGNITUDE RAND PHASE LERD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT,

(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS
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PLOT 7.7-3.5: SEVENTH STANOARRD CONFIGURATION, CASE 5.
MAGNITUDE AND PHRSE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(x: [N PITCH MODE,NAGTATION VALIO UPSTRERM OF PITCH AX!SI
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PLOT 7.7-3.6: SEVENTH STANDARD CONFIGURARTIGN, CASE 6.

MAGNITUDE AND PHASE LEAD OBF BLADE SURFACE

PRESSURE OIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTATIGN

VALID UPSTREAM OF PITCH AXIS]
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PLOT 7.7-3.7: SEVENTH STANDRRD CONFI1GURATION, CASE 7.
MAGNITUDE AND PHASE LERD OF BLADE SURFARCE
PRESSURE DIFFERENCE COEFFICIENT.
(x:IN PITCH MODE,NOTATICN VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-3.8: SEVENTH STRANDARD CONFIGURATION, CARSE 8.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
{x:IN PITCH MODE,NGTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-3.9: SEYENTH STANDRRD CONFIGURATION, CRSE 9.

MAGNITUDE AND PHASE LEAD OF BLADE SURFACE

PRESSURE DIFFERENCE COEFFICIENT.
(x: IN PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-3.10 SEVENTH STANDARD CONFIGURATION, CASE 10.

MAGNITUDE AND PHASE LERD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.

(«; IN PITCH MODE,NOTATIGN VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.7-3.11 SEVENTH STANDARD CONFIGURATION, CASE 11,
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(«:IN PITCH MDDE.NOTATION VALID UPSTREAM OF PITCH AX[S)
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PLOT 7.7-3.12: SEVENTH STANDARD CONFIGURATION, CASE 12.
MAGNITUDE AND PHASE LEAD OF BLADE SURFACE
PRESSURE DIFFERENCE COEFFICIENT.
(x: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXI1S)
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PLOT 7.7-4.1: SEVENTH STANDRARD CONFIGURATION, CASES 1-6.
AERODYNAMIC LIFT COEFFICIENT AND PHASE LEAD
IN DEPENDANCE OF INTERBLADE PHRSE ANGLE.
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PLOT 7.7-U.2: SEVENTH STANDRRD CONFIGURATION, CASES 7-12.
AERODYNAMIC LIFT COEFFICIENT AND PHRSE LERD
IN DEPENOANCE OF INTERBLADE PHASE ANGLE.
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PLBT 7.7-5.1: SEVENTH STANDARD CONFIGURATION, CRSES 1-6.
AERCDYNAMIC MOMENT COEFFICIENT AND PHRSE LERD
IN DEPENDRNCE OF INTERBLADE PHASE RNGLE.
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PLOT 7.7-5.2: SEVENTH STANDARD CONFIGURATION, CRSES 7-12.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INTERS8LADE PHASE ANGLE.
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PLOT 7.7-5.3: SEVENTH STANDARD CONFIGURATION, EXTRA CASES.

AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INTERBLAOE PHRSE ANGLE.
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PLOT 7.7-5.U4:

SEVENTH STANDARD CONFIGURARTION,

EXTRA CASES.

AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INTERBLADE PHASE RNGLE.
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PLOT 7.7-6.1:

SEVENTH STANDARD CONFIGURATION,
AERADYNAMIC WORK AND DAMPING COEFFICIENTS

IN DEPENDANCE OF INTERBLADE PHASE ANGLE,

CASES 1-6.
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PLOT 7.7-6.2:

SEVENTH STANDARD CONFIGURATION, CASES 7-12.
AERCDYNAMIC WORK AND DAMPING COEFFICIENTS
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AEROELASTICITY IN TURBOMACHINE-CASCADES
EIGHTH STANDARD CONFIGURATION

Definition

cascade leading
edge plane

upper surface

|
X
M, M,
N \-I -BZ
\
lower surface
Vibration in pitch around (Xq,¥o) = (0.5,0)

o = 209 (=0.0349 rad)

c = 01m |i = 09

T = variable (0.5-1.0) |camber = 00

k = 1.0 Y = variable (0°-609)
g = 900 M, = variable (0.0-1.5)

Fig. 7.8-1_ Eighth standard configuration: Cascade geometry



AERDELASTICITY IN TURBOHACHINE-CASCADES

EIGHTH STANDARD CONFIGURATION

Aeroelastic Test Cases

Aeroelastic Time-Averaged Parameters
Test Case No M, 1 B H, H_ d
(-) () (") (-) (-) (-)

| 0.0 60 - 60 0.01 0.01 0.02
2 "’ ) ’ 0.02 0.02 0.04
M 0.03 0.03 0.06
4 i 0.05 0.05 0.10
5 0.5 0.01 0.01 0.02
6 0.7 i 0.005 | 0.005 0.01
7 "’ 0.01 0.01 0.02
8 i 0.0015 | 0.0015 | 0.03
9 i i 0.02 0.02 0.04
10 0.8 0.01 0.01 0.02
11 1.3 ) "’ "
12 1.4 i

13 1.5 "

14 0.0 45 - 45 i
15 0.5 ) X

16 0.7 i

17 0.8 i

18 0.5 0.05 0.0 0.05
19 0.7 "’ - "
20 0.8 i "’
2! 0.9

Table 7.9-1 Ninth standard configuration. 21 aeroelastic test cases




AEROELASTICITY IN TURBOMACHINE-CASCADES
EIGHTH STANDARD CONFIGURATION

Experimental and Theoretical Results
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-90. +90.
4 " UNSTRBLE
-180. 4= } i } -+ +180.
.0 5 1.

X

PLOT 7.7-2.2: EIGHTH STANDARD CONFIGURATION, CRSE 2.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFRCE PRESSURE DISTRIBUTION.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS!




ry &

C | § 0. lH
T :0.75
Y : 30.
M
Py [ =US DATA g | Y 0.
§/ X =LS DATA Mpe O,
Bl H -30o
AERCGELASTICITY IN TUABOMACHINE-CASCADES. 1: H 0.
STANDARD CONFIGURATION NUMBER s B
Me S
16.
B,
-+ hys -
h\rl -
1 « 3,034
CP 8. W -
k : 1.0
e
d ;: -
c : 90.
T d : -
0. i i { i }
+180. -180.
1 STABLE
+90. -90.
(Us) (LS)
0 ‘T . o $_
-90. +90.,
1 © UNSTABLE"
-180. 1 i i + } +180.
.0 .5 1.

X

PLOT 7.8-2.3: EIGHTH STANDRRD CONFIGURATION, CRSE 3.
MAGNITUDE RAND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x:IN _PITCH MADE,NOTATION VALIOD UPSTREAM OF PITCH AXIS)




C 1@ 0. 1H
T :0.75
Y : 0.
ml———a——— o M Xt 0.5
Bl _ - 2
[0 =US DARTA B, Yot O.
- X =LS DATA My ¢ O.
o
v Bl !'Oo
AERDELASTICITY [N TURBOMACHINE-CASCADES. 1 : 0.
STANDARD CONF IGURATION NUMBER : 8
M2 S
16. BE .
T hx: -
hT’ -
e x : 003"19
1 k :1.0
o : -
o : 90.
T d : -
0. - y i i $
+180. - -180.
4 STABLE
+90, -90.
(US) (LS)
0 T . ) EL____
-80. +90.
1 UNSTABLE
-180. g ] | i 1 +180,
.0 .5 1.

X

PLOT 7.8-2.4: EIGHTH STANDARD CONFIGURATION, CASE 4.
MAGNITUDE AND PHARSE LEAD BF UNSTERDY BLADE

SURFACE PRESSURE BISTRIBUTION.
{x: IN PITCH MDDE,NGTATION VALID UPSTREAM OF PITCH RXIS)




C . O.IH

Y y T : 0.75
| Y : 60.
Ml\ xa: 0-5
Bl*; 0 =US DATA B, Y« : O.
ey X =Ls Diii///// Mpe 8.5
@& Bl ) -60.
AEROELASTICITY IN TURBOMACHINE-CASCRDES. 7 0.
STANDARD CONFIGURATION NUMBER ; 8
M2 |
16. B2
3
hxg -
hT H
o« 3 ,0349
i W : -
CP 8
k :1.0
5 : -
o : 90.
d : -
0. L i —t ] }
+180. -180.
STABLE *
+90. -30.
(Us} (LS)
) T . ) QL__
-90. +390.
" UNSTABLE
-180. ! ! } } : +180.
-5 [ ]
X
PLOT 7.8-2. EIGHTH STANDARD CONFIGURATION, CASE S.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DISTRIBUTI1ON.
(x:IN PITCH MOOE,NOTATION VALID UPSTREAM OF PITCH AXIS)




C H 0. 1M
Y ¥ T :0.75
| Y : 60,
Ml?ﬁ:j___E} X d 0.5
B, M =US DATA Ez Yot O,
0‘\. x =LS DV N Ml H 006
% Bl H _60.
REROELASTICITY IN TURBOMACH INE-CRSCAODES. 1 :0.
STANDARD CONFIGURATION NUMBER : 8
M2 S
16.
B, :
+ hy: -
hT' =
+ « : ,03U8
CP 8 W -
1 k : 1.0
& : -
o : 90.
T d : -
0. + } } + i
+180. T— -180.
1 STABLE
+90. -90.
-+
(US? {(LS)
s ot —
-90. +90.
1 " UNSTRBLE "
| -180. 4 } } i l +180.
: .0 .5 1.

X

PLOT 7.8-2.6: EIGHTH STANDRRD CONFIGURATION, CRSE 6.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION,
(x:IN PITCH MGDE,NGTATION VALID UPSTREAM OF PITCH AXIS)




C 0.]"
Y T :0.75

60.
17—;7———5} : 0.5
P, 7 =US DATA

Ry X =LS DATA ‘ My 0.7

< B, : -60.

-y

x
R

: 0,

N
&

AERCELASTICITY IN TURBOMACHINE-CRSCRDES. 1..- : 0.
STANDARD CONFIGURAATIOCN NUMBER : 8
16. BZ
H
h\r } S
1 « 3 ,0349
CP 8
1 k : 1.0
o : -
o : 90.
T d : -
0. L } h : }
+180. -180.
1 STABLE
+30, -90.
(Us) (LS)
o -
-90. +90.
1 " UNSTRABLE
-180. | ! i { h +180.
.0 .S 1.

X

PLOT 7.8-2.7: EIGHTH STANDARD CONFIGURATION, CASE 7.
MAGNITUDE AND PHASE LEARD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x:]N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RXIS)




C  § 00 lM
Y
y T :0.75
, Y : 60.
Ml?i;r*hE} X 2 0.5
B (0 =US DATA B, Y« : O.
"y X =LS DV M+ 0.8
s Bl 3 _GOo
REROELASTICITY IN TURBOMACHINE-CASCRDES. 7: : 0.
STANDRRDO CONFIGURRTION NUMBER : 8
M2 3
16.
P —T=--METHOD: 2 B s
™ niakiainil REEELEEL SEEES METHOD: 3 h, s -
- =k - - -k - METHOD: 7 X
: hys =
4 « 3 ,034U9
C, 5. :‘ W -
_1_.\ k : 1.0
V- N -
‘l‘\\t\\‘ = ~ = 6 )
'!"‘\Q \..:" ______ P - '.—--"""—' r_'"':::.\ (o) £ 90.
T I e eer Lo Gy A
e A . -
arogeod-—=-= d * -
—— s 7T b
0. 3 { t } +
+ -—
180. ,.'f-""'\". 180, i
T o P STABLE
by
+90, A -90.
¢!
(US) T L 1 . ws)
(D o 2\&, i! 5/ GJ -
e ST S A
4 I Ee T R NPV
\. $d
-90. L i +90.
|‘ ,"/:/ M
1 Ty o UNSTABLE
N
-180. } ; i } i +180.
.0 .5 :
X
PLOT 7.8-2.8: EIGHTH STANDARD CONFIGURATION, CASE 8.

MAGNITUDE AND PHASE LEAD QF UNSTEADY BLADE

SURFACE PRESSURE DISTRIBUTION.

{(k:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




v 0. 1M

C
Y ¥ T : 0.75
| ¥ : 60.
MI7—9 X o 0.5
By M =US DATA Yot O.
s - X =LS DATA Mpe 0.3
Q
AERDELASTICITY IN TURBOMACHINE-CRASCRDES. 7: H 0.
STANDARD COGNF IGURATION NUMBER : 8
M2 | S
16. Ba
H
= = hx ’ -
hT: -
4 « 3 ,03U¢
CP 8 W : -
1 k : 1.0
6 : -
o : 90,
T d : -
0. +— ! —t+ :
+180. -180.‘
1 STABLE
+90, -90.,
(US) (LS)
R ? 0. ® JV__—
-90. +90,.
4 UNSTABLE
-180. | } } { $ +180.
.0 .5 l.
X

PLOT 7.8-2.9: EIGHTH STANDARD CONFIGURARTION, CASE S.
MAGNITUDE AND PHASE LEAD QF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x:IN PITCK MODE,NOTRTION VALID UPSTRERM OF PITCH AXIS




C ] Do lM
T :0.75
4
| Y : 60.
X2t 0.5
M =US DATA Yot O.
X =LS DATA M+ 0.95
Bl :‘ _60-
EROELASTICITY IN TURBOMACHINE-CASCADES. 1: H 0.
TANDARD CONFIGURATION NUMBER : B
M2‘| -
16
B, :
o hx' —
hT' -
1 « : ,03U9
- 8. Sl
1 k : 1.0
o : -
o : 90.
T d ;: -
0. t $ $ } }
+180., -180.
4 STABLE
+80. -90.
(US) (LS)
) T o o l]_____
-90. +90.
1 ~ UNSTRBLE "
-180. —t } } — } +180.
.0 .5 1.
X

PLOT 7.8-2.10: EIGHTH STRANDARD CONFIGURATION, CASE 10.
MAGNITUDE AND PHARSE LERD OF UNSTERDY BLARDE
SURFARCE PRESSURE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




Ml . _'V c 4 0. lH
B N T :0.75
: Y : UuS.
x.: 0.5
0 =US DATA B, Y«: 0.
& X =LS DATA M+ 0.8
g B, : US.
REROELASTICITY IN TURBOMACHINE-CRSCRDES. 1 :0.
STANDARD CONFIGURATION NUMBER i1 8
M2 1 -
16. B,
:
- hx g -
hT T -
1 x 3 ,034
CP 8
1 k :1.0
éd : -
o : 90.
T d : -
0. ; : : ! !
+180. -180.
1 STABLE ~
+90, -90.
(US) (LS)
o T .. o) J7_
-90. +90.
1 " UNSTABLE"
-180. h } i i { +180.
.0 .5 1.
X

PLOT 7.8-2.11: EIGHTH STANDARD CONFIGUBATION, CRASE 11.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x: IN PITCH MODE,NGTATION VALID UPSTRERM OF PITCH RXIS)




Yo

C H 0. IH
T :0.75
T : 30.
M] ,\\ Xo:z OOS
Py T M =US DATA B, Yo i O.
§77 X =LS DHTFI/ M+ 0.8
Bl } -30.
AEROELASTICITY IN TURBOMACHINE-CASCADES. 7: : 0.
STANDARD CONFIGURATION NUMBER : 8
M2 1 -
16.
B, :
T hxl -
hT t -
1 « 3 ,0349
cp 8 (l) HE.
1 k : 1.0
o : -
o : 90.
—— d s -
0. } t ! = !
+180. ' -180.
1 STABLE ™
+90., -90.
Ws) T (LS
s o] —
-90. +90.
1 " UNSTABLE
-180. 1 i } % } +180.
.0 .5 1.
X

PLOT 7.8-2.12: EIGHTH STANDARO CONFIGURATION, CASE 12.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE DISTRIBUTION.
(x:IN PITCH MODE,NOTAT{ON VALID UPSTREAM OF PITCH AXIS)




F &
o . ) §
C ] 0' lH
T :0.75
Y : 0.
Ml-———&— h M xa. O.S
B oo — gz P2
! [ =US DATA B, Yot O
o X =LS DATA M + 0.8
Bl H 0-
AEROELASTICITY IN TURBOMACHINE-CASCADES. 17 :0.
STANDARD CONFIGURATION NUMBER : 8
M2 t -
16. BE
3
T hx! -
hy: -
4 « : ,034
CP 8. W HE
1 k : 1.0
& : -
c : 80.
T d : -
0. i } } + }
+180. - -180.
1 STABLE
+90. -90.
(US) T (LS)
CDP T 0. (DP i7—
-90, +80.
1 " UNSTRBLE"
-180. } } } } } +180.
.0 .S 1.

X

PLOT 7.8-2.13: EIGHTH STANDRRD CONFIGURATION, CRARSE 13.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x: 1N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RXIS)




c ] 0- 1”
T : 0.50
Y
T : 60.
Xt 0.5
/m =US DATHA /? Bz Yot O.
X =LS DATA M+ 0.8
?\ B] 1 -600
AERGELASTICITY [N TURBOMACHINE-CRSCADES. 1: : 0.
STANDARD CONFIGURATION NUMBER :1 8
M2l =
16.
B> :
T hx: -
th -
1 « 3 ,0349
CP 8 W: -
1 k :1.0
d : -
o : 90.
T d : -
0. | } } } i
+180. - -180.
1 STABLE
+90, -g0.
(US) (LS)
0 T . 0 17_
-90. +90.
1 UNSTRBLE
-180. +— : : } +— +180.
0 .5 1.

X

PLOBT 7.8-2.14: EIGHTH STANDARD CONFIGURATION, CASE 14.

MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(%: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXI[S)




Bfﬁ; [ =US DATA

s X =LS DTIE////’7
oS

AERGELASTICITY IN TURBOMACHINE-CASCADES.

STANDARD CONFIGURATION NUMBER : 8

16.

o2
@ 4]

+180.

+90.

(US)
%% .

-90.

e
——

-180.

.5
X

_]80|
-90.
(LS)

+90.

+180.

- o
D e—
O -

. o

&
(=)

M, 0.8
B] : _60|

$_

w
o

STABLE

UNSTRBLE

PLOT 7.8-2.15: EIGHTH STANDRRD CONFIGURATION, CASE 1S5.
MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(%: IN PITCH MODE,NCTRTION VARLID UPSTREAM OF PITCH AXIS)




. c 0. lM
Y T :0.75
7 X
| - 7 : 60.
Mlv—& XO:. 0-5
Bl\\ M =US DATA \ B, Ye: 0.
- DV ‘ Mys 1t
Bl !\ —60.
AEROELASTICITY IN TURBOMACHINE-CRSCRDES. 1., H 0.
STANDARD CONFIGURATION MUMBER : B
M2 t -
16.
B :
T hx! -
hY | S
4 « 3 ,0349
CP 8 @ -
1 k ¢+ 1.0
o : -
c : 90.
T d : -
0. } + i 4 }
+180, ’ -180.
i STABLE
)
+90, -90.
+
(Us) (LS)
0 T N 0 VL______
+
-90, +90.
1 " UNSTABLE
-180. i t } i i +180.
.0 5 1.

X

PLOT 7.8-2.16: EIGHTH STANDARD CONFIGURATION. CASE 16.
MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION.
{x: IN PITCH MODE,NOTARTION VALID UPSTREAM OF PITCH AXI1S)




MAGNITUDE AND PHASE LERD OF UNSTEARDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PETCH AXIS)

‘/,// P c | § 0 » lH
yty/ - // T : 0.75
[ — X Y : 60,
/ i{__/ « M x.t 0.5
M =US DATA ,//’ ;j""*t’ Ez Yo : O.
. X =LS DATA Mo 1.1
7 B, :+ -60
‘/ / 1 4 .
RERGELASTICITY IN TURBOMACHINE-CASCADES. 1: : 0.
STANDARD CONFIGURRTION WUMBER : 8
M2 1 -
16. ﬁZ
g
T hx Tt -
hT T -
1 « 3,034
CP 8|
1 k : 1.0
o : -
T d : -
0. } ] 1 } +
+180. -180.
]
1 STABLE
+90. -9D.
(US) (LS)
(DP T 0. (DP
-90. +90.
4 UNSTABLE
-180. } i } i } +180.
.0 .5 1.
X
PLOT 7.8-2.17: EIGHTH STRNDARD CONFIGURATION, CASE 17.




c + 0.1M

T :0.75
¥
| 7 : 60.
M17—e> Xt 0.5
B, [ =US DATA B, Yt 0.
"y X =LS DV ‘ Mys 1.1
B] H -60-
AEROELASTICITY IN TURBOMRCHINE-CASCADES. 1.’ : 0.
STANDAAD CONFIGUAATION NUMBER i 8
M2 Sl
16.
B> s
e hx g -
hT | S
1 « 3 ,0349
CP 8 W : -
1 k : 1.0
& ;: -
o : 90.
T d : -
0. ¢ = = { &
+180. - -180.
.3
4 STABLE
+90. -90,
(US) (LS)
0 f . 0 $____
-90. +90.
1 " UNSTABLE"
-180. —- } i i 4 +180.
.0 .5 1.
X

PLOT 7.8-2.18: EIGHTH STANDARD CONFIGURATION, CARSE 18.
MAGNITUDBE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x: IN P{TCH MODE,NOTATION VAL1O UPSTRERAM OF PITCH AXIS)




t 0. lH
Y y T :0.75
| Y : 60.
My Xoet 0.5
B~ 0 =US DRTA Yo : O.
o X =LS DRTA Mys 1.2
?‘ BI : -600
AEROELASTICITY IN TURBOMACHINE-CASCADES. i : 0.
STANDARD CONFIGURRTION NUMBER ; 8
M2 S
16. B, :
T hx | S
hT I =
1 « 3,034
CP 8
1 k : 1.0
o : -
o : 90.
T d : -
0. — i i } i
+180. ' -180.
1 STABLE "
+90. -90.
(US) (LS)
N T 0. o, $'——-———
-90. +90,
1 UNSTRBLE
~-180. { ] — — ] +180.
.0 .5 1.

X

PLOT 7.8-2.19: EIGHTH STANDARD CONFIGURAT{ON, CRSE 19,
MAGNITUDE AND PHASE LERD OF UNSTERDY BLAOE
SURFRCE PRESSURE DISTRIBUTION.
(x: IN PITCH MBDE,NOTATION VALID UPSTREAM OF PITCH AX1S)




C % 0. lM
L4 T :0.75
'
| Y : 60,
Ml7——E' X o 0. 5
By (0 =US DATA B, Y« : O.
Ry X =LS DIV Mpe 1.2
?\ Bl H _800
ARERQELASTICITY IN TURBOMACHINE-CARSCARDES. 1.4 : 0.
STANDARD CONFIGURATION NUMBER : 8
M2 t -
16. B?'
-{- hxl -
hT .
1 « : ,03U9
CP 8 W -
1 k ¢+ 1.0
o : -
c : 90.
T d : -
0. = / o —t !
+180. -180.
1 STABLE
+390. -90.
(Us) (LS]
® T . o $_~__
4
-90. +90.
1 ~ UNSTABLE
-180. } { — ~} 1 +180.
.0 .5 1.
X
PLOT 7.8-2.20: EIGHTH STANDARD CONFIGURATION, CASE 20.

MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFRCE PRESSURE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTRERAM OF PITCH AXIS)




I
|
M]TE_
Bl“‘ M =US DATA
B,
Y X =LS ijﬁ/////7
AEROELASTICITY IN TURBOMACHINE-CASCADES.
STANDARD CONFIGURATION NUMBER 1 8
16.
C P 8-
0. 'y } } t i
+180. -180.
+90. -90.
(Us) T (LS)
o, ‘T 0 %,
-90. +90.
-180. } -+ } i } +180,
.0 .5 1.
X

T : 0.7
T : 60.
Xt 0.5
Y ' 0.
Ml : 1.2
B, : -60
i : 0.
M, 1 -
B :
hy: -
hy: -
« 3,034
@ : -
k 1.0
d : -
c : 90.
d ¢ -
STABLE "
~ UNSTRBLE"

PLOT 7.8-2.21:

EIGHTH STANDARRD CONFIGURRTION, CRSE 21.

MAGNITUDE RAND PHRSE LEAD OF UNSTERDY BLRDE

SURFACE PRESSURE DISTRIBUTION.

(w: IN PITCH MOOC,NOTATION VALID UPSTREARM OF PITCH AXIS)




[ o t 0. lM
Y T :0.75
’C:ﬁx T : 60.
‘ X o .
M, <2 0.5
Y X =LS DATA ot tate shock My 1.3
) - Steady-state s -position Bl : -60.
AEROELASTICITY IN TURBOMRCHINE-CASCRDES. i— H 0.
STANDARD CONF IGURATION NUMBER ;1 8
M2 F S
8.
- -F - - -F - METHOD: B, s
- hX T -
h,y: -
L ] a : 003u9
CP Y. W -
1~ R k : 1.0
™ — - N\ - -
~ ~ & *
s — —
~ - -")_ c : 90-
= =5 ~ e —
~ = d : -
0. } ! i } }
+180. : -180.
” b3
1 ) STAB
. - ‘ LE
+90. ; -90.
\
= ™ |
(US) (LS)
~ . i
o) T N ~ ) J]__._
- = t -
e T
-90. ﬂ 7~ +90.
1 \ o UNSTRBLE "
\
-180. : i : t—i +180.
.0 .5 1,
X
PLOT 7.8-2.22: EIGHTH STANDARD CONFIGURATION, CASE 22.

MAGNITUDE AND PHRSE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE OISTRIBUTION.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




t 0. 1"
Y 7 T :0.75
7 : 60.
B u| =lilS DATA Yo s O.
Mis¢ 1.3
= l [ ]
?\m- X =LS OATA Steady-state shock-position B, : -60
l [ ]
AEROELASTICITY IN TURBOMACHINE-CRASCRDES. 1.- : 0-
STANDARD CONFIGURATION NUMBER : 8
M2 I
8. ——-F---F - METHOD: 7 B> s
4 METHOD: 9 hX : -
////’“ =T hys -
L \ « ;.03
3 w: -
CP y. \ N i I \
J \ k ¢+ 1.0
- \ N
A_\\ /\/ £33 < - 6 ¢ -
\\\ -0 N T o : 90.
DS A
Sy | - d :\ —
0. i, i t i }
+180. -180.
1 . e STABLE
1 [\
+90. 1 \ -90.
\ |
(Wws) RGN (LS)
O 0 / I \ ] ® -
L\ L/ i P /
| >‘<R‘_ - g 1 'Z"‘ b
-90. A\/\ \ lV/’ e +90.
1 _-L\\W: / " UNSTABLE"
. \
-180. i i } i } +180.
.0 .9 1.
X

PLOT 7.8-2.23: EIGHTH STANDARD CONFIGURATION, CRSE 23.
MAGNITUDE ANO PHASE LERD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION.
[x: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




C 00 lM
Y ////////// T : 0.75
}l T H 60.
Xt 0.5
M2 *
\\\\ ; BZ ya: 0.
_ M.+ 1.3
% X =LS DATA Steady-state shock-position - ﬁl 60
1 .
AEROELASTICITY IN TURBOMACHINE-CRSCADES. i :0.
STANDARD CONFIGURATION NUMBER ; 8
le =
8.
- -k -—-1 — METHOD: 7 B> :
—_— hx gt -
hT‘ =
1 « 3 ,034U9
Ll ) w : -
Co 4T ;
—— ~ ™ [ k : 100
'-.\ VARERN ,
T~ s o : 90.
L \ Ty, — — — — - - -
d : -
0. } } } } ;
+180. -180.
I STABLE
+90., : -390,
1 \ .
}
{us) - (LS)
-.\ \
= \ ! // -
N T -
-80. ! £ +30.
‘ // *
1 \ -k UNSTABLE
\ s
-180. } } } } i +180.
.0 ) l.
X

PLOT 7.8-2.24: EIGHTH STANDARD CONFIGURARTION, CASE 24.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFRCE PRESSURE DISTRIBUTION.
(x: N PITCH MODE,NOTATION VALIO UPSTREAM OF PITCH AX1S)




o

C
Y ¥ T : 0.7
| Y : 60.
le:;r——ﬁ* X o 0.5
Bl\\ 0 =US DATA B, Yt 0.
oy X =L DATA Mps 1.4
?‘ Bl 4 "60
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1 :0.
STANDARD CONFIGUBATION NUMBER : 8
M2' -
16. E&g'
. hx: -
hT' -
4 « 3,03
CP 8 m 8 =
1 k : 1.0
o : -
o : 90.
T d : -
0. i ] } } +-
+180. -180.
1 STABLE ™
+90| —90.
(s (LS)
o, o
-90. +90.
il UNSTABLE "
-180. ] i 4 —f- ] +180.
.0 .5 1.
X
PLOT 7.8-2.25: EIGHTH STANDARD CONFIGURATION, CASE 25

MAGNITUDE AND PHASE LEARD OF UNSTERDY BLRDE
SURFACE PRESSURE DISTRIBUTION.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




c 3 0. 1“
Y y T : 0,75
| Y : 60.
M .
Sy Xzt 0.5
By [0 =US DATA B, Yt O.
oS X =LS DRTA Mys 1.4
?‘ Bl H -BOO
AERGELASTICITY IN TURBOMACHINE-CASCADES. 1 : 0.
STANDARD CONFIGURATICGN MUMBER ; 8
M2 | 2
16,
METHOD: 9 B, :
. hx: -—
hTI -
1 « ; ,03U9
CP 8. w3 -
4 k : 1.0
R —
\_# L__ \ 8 Y =
]
J ’\\ c : 90.
-y —1 -
0. } ] } d }
+180. : -180.
1 [\ STABLE
+90, N -90.
(Us) - T (LS)
(D 0 / t o q:) —
P . 7 /” P
, L P
\q<.-‘
-90. ™ — +80.
1 ™ UNSTABLE "
\\j
-180. } ] ) i ! +180,
.0 .5 1.
X
PLOT 7.8-2.26: EIGHTH STRNDARD CONFIGURRTION, CARSE 26.
MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTION,
{w: [N PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AXIS)




+ 0.1H

Y T : 0.75
L
; T : 60.
M!Ti;r——f* xq::lJ.S
B M =US DARTA . B, Yo : O.
Ry X =L3 Diiﬂ///// Mys 1.8
?‘ Bl H -500
AERBELASTICITY [N TURBOMACHINE-CASCADES. 1 : 0.
STANDARD CONFIGURATION NUMBER 1 8
M2 S
16.
B :
T hx' -
th -
4 « s ,0349
CP 8 W : -
1 k ¢+ 1.0
d : -
o : 90.
T d : -
0. ] } $ ¢ I
+180. : -180.
4 STABLE ™
+90- —QOa
(US) {(LS)
) T . o ir—_
-30. +90.
il UNSTRBLE "
-180. ! { + | ! +180.
.0 .5 1.
X
PLOT 7.8-2.27: EIGHTH STANDARD CONFIGURATION, CASE 27.

MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFRACE PRESSURE DISTRIBUTION.
(x: IN PITCH MODE,NOGTATION VALID UPSTREAM OF PITCH AXIS)




0.1M

T :0.75
7
| T : 60.
M17\7——-" Xt 0. S
B, [0 =US DRTA ‘ B, Y3 0.
0‘\ . x =LS DV Al Ml H l [ 5
?‘ Bl H _60.
REROELASTICITY IN TURBOMACHINE-CRSCADES. 7: H 0.
STANDARD CONFIGURARTION NUMBER ; 8
M2 t =
16. '
B :
T hx S
hY S
1 « ¢ ,0349
CP 8. (.0 -
1 k : 1.0
d : -
o : 90.
0. - ] == —+
+180. - -180.
+ STABLE
+90. -90.
S T
(Us) (LS)
= 07—
-v-
-90. +90.
1l " UNSTRBLE"
-180. { — —t — { +180.
.0 .5 1.
X

PLOT 7.8-2.28: EIGHTH STANDRRD CONFIGURATION, CASE 28.
MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFARCE PRESSURE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




C 0.1
Y ¥ T :0.7
‘ 7 : 60.
Mljt;r——e* X 2 0.5
By M =US DATA B, Yot O.
Ky X =LS DRTA Mpe 1.5
?\ Bl 3 _600-
REROELASTICITY IN TURBOMACHINE-CASCADES. 1 : 0.
STANDARD CONFIGURATION NUMBER : 8
6. METHOD: 9 B, :
T hx 3] -
hT T -
1 « 3,034
Cp 8.
i k : 1.0
J_\ \\\ o : 90.
-r \___ N g - d HE
0. } } i } }
+180. ' -180.
1 /'\\\ STRBLE
+90. -90.
/ \
ws) - T (LS)
(DP T 0. /,/’// —] ’ - (DP $ ——
</ l///]/
_ [ e ]
9Q. — == +90. )
- AN UNSTABLE
~N
-180. } } } f } +180.
.0 .5 1.
X
PLOT 7.8-2.29: tIGHTH STANDARD CONFIGURATION, CASE 29,

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE DISTRIBUTION.

(x:IN PITCH MEDE,NOTATION VRL!IO UPSTRERM CBF PI1TCH AXIS)




C 1 0. lM
Y 7 T :0.75
| T : 60.
Ut Xeet 0.5
B M =US DATA B, Y3 0.
"y X =LS DATA Mpe 1.5
?\ Bl 4 _600
AEROELASTICITY IN TURBOMACHINE-CRSCAQES. 1: H 0.
STRANDRAAD CONFIGUARATION NUMBER : 8
Mel -
16.
Ba :
T hxl =
h\rl -
1 « ; ,0349
| k : 1.0
8 : -
o : 90.
T d : -
0. t i } } L
+180. -180.
4 STABLE "
+90- _90|
(Us) (LS)
o -
-90. +80.
4 UNSTABLE
-180. } } i i ] +180.
IO .5 II
X
PLBT 7.8-2.30: EIGHTH STANDRRD CONFIGUBRTION, CASE 30.

MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DISTRIBUTICN.
(x:IN PITCH MOOE,NOTATION VALID UPSTREAM OF PITCH AXIS)




c « 0.1M

L/ / T : 0.50
Y : 60.
: 0.5

X
Bl‘)///////rm =US DRTR’//////7} Y 3 0.

X =LS DATA Ml 1 1.3
?‘ Bl 4 _60.
AEROELASTICITY [N TURBOMACHINE-CASCADES. 1 : 0.
STANDRRD CONFIGURRTION NUMBER : 8
M2 | H
16.
B2 :
hTz -
1 « 2 ,0349
C p 8. W : -
1 k :1.0
o : -
o : 90.
T d & -
0. ] i } i :
+180. ' -180.
1 STABLE
+90. -90.
(US) (LS)
0/t 6 0, —
-90. +90,
1 " UNSTABLE™
-180. | 1 } } ] +180.
.0 .5 1.

X

PLOT 7.8-2.31: EIGHTH STANDARD CONFIGURATION, CASE 31.
MAGNITUDE ANDO PHASE LEARD OF UNSTEADY BLADE
SURFACE PRESSURE DISTRIBUTION.
{»:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RXIS)




YEV . - 2 0. lH
| Z T :1.00
7 : 60.
Mic xet 0.5
15 M =US DATA 3 B, Yo't 0.
"y X =LS DV ‘ M+ 1.3
?‘ BI : -60.
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1', e 0.
STANDARD CONFIGURATION NUMBER : §
M2 1 -
16.
B s
1 hys -
hTi =
+ « 3 ,0349
CP 8. W: -
1 k :1.0
3 : -
o : 90.
T d : -
0. i 4 { i {
+180. : -180.
4 STABLE
+90. -90.
TI-
(US) (LS)
L
-90. +90.
4 " UNSTABLE "
-180. ] i —- =} } +180.
.0 .5 1.
X

PLOT 7.8-2.32: EIGHTH STANDARD CONFIGURATION, CRSE 32.
MAGNITUBE AND PHASE LEAD OF UNSTEARDY BLADE
SURFACE PRESSURE DISTRIBUTION.
{x: IN PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AX1S]




C | 0.1"
T : 0.50
Y
7 : 60.
Xt 0.5
Bl /m =US DATA /? Yot 0.
X =LS DATA Mye 1.
?\ Bl [ 3 -600
AERDELASTICITY IN TURBOMACHINE-CASCADES. Z :0.
STANDARD CONFIGURATION NUMBER : 8
le =
16. B;_‘
H
-t hxl —
h\r3 =
bl o« H .03“
i k : 1.0
& : -
o : 90.
T d : -
0. e
+180. -180.
4 STABLE ~
+390, -90.
(Us) (LS)
0 T . ) iv—
T
-90. +90.
1 " UNSTABLE "
-180. 1 i } } } +180.
.0 5 1.

X

PLOT 7.8-2.33: EIGHTH STRANDARD CONFIGURATION, CASE 33.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFRCE PRESSURE DISTRIBUTION.
(x; IN PITCH MODE,NOTATION VALIO UPSTREAM CF PITCH AXIS)




Y , c « 0.1M
i@i/////// x| T :1.00

Y : 60.
M17—E>. - X<t 0.5
Bf\\ [0 =US DATA 52 Yo ¢ O,

Y X =LS ?iiﬂ///// ' M+ 1.3
> Bl H _60-
1

RERDELASTICITY [N TURBOMACHINE~CASCADES. H 0.
STANDARD CONFIGURATION NUMBER : 8 '
M2 T -
16.
B,
T hxt -
hTS -
-+ « : ,0349
CP 8 W : -
1 k : 1.0
d : -
o : 90.
e
d : -
g. 1 i } ] }
+180. ' -180.
1 STABLE
+90. -90.
(US) (LS)
O, T 0. R $.____,_
{-
-90. +90.
4 UNSTABLE "
-180. : } } : } +180.
.0 .5 1.
X

PLOT 7.8-2.34: EIGHTH STANDARD CONFIGURATION, CASE 34.
MACNITUDE RAND PHASE LERD OF UNSTERDY BLADE
SURFRCE PRESSURE DISTRIBUTION,
(x:IN PITCH MODE,NOTATION VRLID UPSTREAM OF PITCH AXIS$)




Ml . T c 4 0. 1"
B T :0.75
7 : ubS,
Xt 0.5
M =US DATA B, yo: O.
% X =LS DATA M+ 1.3
Bl H us.
REAOELASTICITY IN TURBOMARCHINE-CASCADES. 1 : 0.
STANDARD CONFIGURATION NUMBER : 8
le -
16.
Be :
T hxt -
th -
1 « 3 ,034
CP 8
k :1.0
-‘—
& : -
o : 90,
b ol d : -
0. } } -+ } }
+180. - - 180.
1 STABLE "
+90. -90.
(US) (LS)
0! T . o $__
-30. +90.
4 UNSTABLE "
-180. ] — i { ] +180.
.0 .5 1.

X

PLOT7.8-2.35: EIGHTH STANDARD CONFIGURATION, CASE 35.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x:IN PITCH MODE,NOTARTION VALID UPSTREAM OF PITCH AXIS)




. C 0.1H
Y
! .y T :0.75
T 60.
l
B, /; (0 =US DATA .
/ X =L$S DV \ My s O.
?\ Bl H -60-

>
R
o
(0]

N
R

AEROELASTICITY [N TURBOMACHINE~CASCRDES. 7: : 0.
STANDARD CONFIGU ‘TION NUMBER ¢ 8 @ =DATA M2 .-
16.
METHOD: 1 B :
—--HE'HHUD 2 h -
x 3
------ METHOD: 3
~METHOD: & hy: -
------ METHOD: 1P « : .0349
ac, 8. W -
1 _.‘.“—‘3-'.' s k : 1- 0
—— 6 : -
c : 90.
T d : -
+180. -
4 UNSTABLE
+90| *—-g_.-#":'\'
1 i ‘
Pue 0. -
-90.
. ™
4 STABLE
-180. ] { =\ + i
0. .5 l.
X

PLOT 7.8-3,1: EIGHTH STANDARD CONFIGURATION, CASE 1.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(w:IN PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AXISI




| c :+ 0.1M
.75
us.
0.5
M =US DATA : 0.

4 X =LS DnTi//// My s+ 0.
QS
: _uSo

3

o

x
R

™
R

B, :
AERCELASTICITY IM TURBOMACHINE-CARSCADES. 1.: : 0.
STANDARD CONFIGURRTIGN NUMBER : 8 @ =DATA M
3L
16.
METHOD: 1 B,
__\ -METHOD: 5 hy s -
—— x : 003'4
AE' 8 W -
P =
-::__;_
AL \ k : 1 L] 0
\ 8 o
N :
§§\ c : 90.
T N d : -
0. { } i } }
+180.
1 UNSTABLE "
+90. -
/'___—l—_-—
o . L7277
AP pad
-90.
4 STABLE "
-180. t + } } |
0. .5 1,

X

PLGT 7.8-3.2: FLIGHTH STANDARD CONFIGURATION, CASE 2.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFRCE PRESSURE DIFFERENCE DISTRIBUTION.
(x: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS




y [

C 3 0- IM
T :0.75
T : 30.
Mlﬁijr——E* Xee s 0.5
B, M =US DATA - B, Yot O.
i§%f X =15 DATA Ml s 0.
BI 4 "'30.
RERGELASTICITY xn{ TURBOMACH INE-CASCADES. i : 0.
STANDARD CONFIGURRPTION NUMBER : 8 _
& =DATA M, o -
16.
METHOD: 1t B, s
- hxs -
hy: -
1 « ; ,.0349
AE 8 W: -
P LT
1 ""“‘*\ k : 1.0
\ 3 : -
_\\\ c : 90.
T d : -
0. -+ i } i i
+180. -
1 UNSTABLE™
+390. E————
P —
| //
CDAP 0. T~
-390.
1 STABLE
~180. } } } } }
0. .5 1.
X

PLOT 7.8-3.3:

EIGHTH STANDARD CONFIGURATION, CASE 3.
MAGNITUDE AND PHASE LERD OF UNSTEROY BLADE
SURFRCE PRESSURE DIFFERENCE DISTRIBUTION.
(w:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXISI




o C 00 lH
T :0.75
Y : 0.0
Ml—.a_-- l-l M Xa. 0.5
B - 113
1 0 =US DATA |32 Yot 0.
o X =LS DATA My 0.

F B] H 0.0
AEROELASTICITY IN] TURBOMACHIKE-CASCRODES. 'i— H 0.
STANDAROD CONFIGURATION NUMBER 8

: & =DATA M2 . -
16.
METHOD: B 1

—— hx 1 -

hT | B

1 « 3 ,0349
¢ W : -
ACP 8

1 ‘\“‘\\\ k :1.0

\ 6 Hil
o : 90.
T d : -
0. ] } ! } -+
+180. '
1 UNSTABLE™
+80, o
dEsP 0 ///////
-90.
M
L STABLE
-180. 4 i } i }
0. .5
X
PLOT 7.8-3.4: EIGHTH STANDARD CONFIGURATION, CASE 4,

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALIO UPSTRERM OF PITCH AXIS)




- c + 0.1M
YM / T : 0.75
| - T : 60.
- %t 0.5
0 =US DATA . B, Yo i O.
< x|=LS Dilﬁ////, ‘ Mps 0.5
$0 B, : -60.
REROELASTICITY IN YURBOMACHINE-CRSCADES. 1: H 0.
STANDRRD courmuna&;u NUMBER : 8 & =DATA My s -
16, N\

‘ METHOD: 1 B
AN - -METHOD: S
\ hy: -
.03u9

: 1.0

/
|
!

]
/

s 90.

a qQ o0 = £ R
.|

+180.
4 UNSTRBLE ™
+90,
| rasampmmmnpme =
1 ,,,ﬁ__,fﬂ—"'—
(DA P 0. /’/
-90.
' »
1 STABLE
-180. } } } } +
0. .5 1.
X

PLOT 7.8-3.5: EIGHTH STANOARD CONFIGURATIGN, CASE S.
MAGNITUDE RAND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: IN PITCH MODE,NGTATION VALID UPSTREAM OF PITCH AXIS)




. cC 0. ]H
"y / T :0.75
1 "“x 7 : 600
Mlﬁj:7———ﬁ* x.t 0.5
B1“\ M =US DATA B, Y 0.
ey X =LS Dili///// M+ 0.6
?‘ Bl H -BOO
AERGELASTICITY 1N TURBOMACHINE-CASCRDES. 1 :0.
STANDARD CONFIGUARTION NUMBER : 8 @ =DATA M2 L -
15.
METHOD: 1 B, :
--\ hx! -
hTt -
1 « 3 ,0349
ACP 8- \ i (.O T -
| k : 1.0
—— \
‘\ o : 90.
-
d : -
0. i } } } j
+180.
1 UNSTABLE "
+90,
1 ”ﬂ”’ﬂfﬂéﬁﬁ_ﬁ__,ﬂ___
AP o
-90.
]
1 STABLE
-180. } } { —} t
0. .5 1.
X

PLOT 7.8-3.6: EIGHTH STANDARD CONFIGURATION, CASE 6.
MAGNITUDE AND PHASE LEAD OF UNSTEROY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: IN PITCH MODE,NOTATION ¥ALID UPSTREAM OF PITCH AXIS)




c « 0.1M
0.75
60.
: 0.5

Bl\; [0 =US DATA \ : 0.
Q_\._ X =L$S DV N Ml ¢ 0-7
2 B, : -60.

o
v,\
<

x
R

Nt
&

REROELASTICITY IN TURBOMACHINE-CASCADES. i : 0.
STANDARD CONF IGURATION NUMBER : 8 @ =DnTn M
2t -
16.
METHGD: 1 B?‘
- -METHQD:; 5 hX‘ -
hT‘ -
--\ « : .03“9
AEP 8. W : -
1 & k :1.0
o N ——
-———-"__—_-_-—-_‘-“s\ -
\‘\ 6 e
o : 90.
T d : -
0. i : + ¢ }
+180.
4 UNSTABLE "
+90.
/
T //
(D 0 /
AP . 77’/,/”
-90.
1 STABLE "
-180. ] i } 1 ]
0. .5 1-
X

PLOT 7.8-3.7: EIGHTH STANDARD CONFIGURRTION, CRSE 7.
MAGNITUDE AND PHRASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




~
< 9
D O
O -
¢

(4 ]

x
R
o
wn

Bl“‘; M =US DATA

AR Ba ym [ ] 0.
Ry X =LS DATA M+ 0.8
% | Bl 3 -60a
AERAQELASTICITY I* TURBOMRCHINE-CASCADES. i : 0.
STANDRRD CONFIGURATION NUMBER : 8 _
| & =DATA Myt -
16, '
METHOD: 1 B
| I, R ~{=~--METHOD: 2 he s -
--------------------- METHOD: 3 X
METHOD: S hys -
4} --bF—---F- METHOD: 7 « s .0349
N NSNS Y S METHOD: 1B
ACP 8 "‘ : W : -
T W\
\\ PPELY e i (10 5 2 -
~ = \\‘ O' : 90.
L d .
0. } i -+ —t }
+180.
1 UNSTABLE"
+90, .
L :-:::"’ﬂ':
CD i‘\\ _—-—‘"‘/ ".
aP 0. 1 ; o i
’r' 1
1/ ;
-90.
1 " STABLE "
-180. } } } } -+
0. .5 1.
X

PLOT 7.8-3.8: EIGHTH STANDARD CONFIGURATION, CASE 8.
MAGNITUDE AND PHASE LERD OF UNSTERDY BLARDE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: [N PITCH MODE,NOTRTION VRLID UPSTRERM OF PITCH AXIS




0 =US DATA

X =LS DTIE’////7

AEROELASTICITY IN TURBOMACHINE-CASCADES.
STANDARD CONFIGURATION NUMBER 1 8

g.]
~]
X

»
R
(82 I

3

q
O OO0 0 O O
o -

|
o o
O W

o

B
1
— & =DATR MZ' -
' METHOD: 1 B> :
T hxt -
hT: -
_ « s ,034U9
AEP 8. @ : -
1 k ¢+ 1.0
N 5 ;-
\/ K//\ o 90.
T d : -
0. —— } } 4
+180. ’
?r UNSTABLE
+30.
-L g///////ﬁ\\\L,////
®AP 0. ////f/
-80.
1 STABLE
~180. } } —} {
Q. .5 1.
X

PLOT 7.8-3.9:

EIGHTH STANDARD CONFIGURARTICN,

CASE 9.

MAGNITUDE AND PHASE LEARD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
{x: [N PITCH MODE,NGTATIGN VALID UPSTREAM OF PITCH AXIS




C IO.IH

|4 7 T : 0.75
| Y : 60.
M17—9 Xt 0.5
Bl\\ M0 =US DATA \ B, Yo : O.
Q‘\' X =LS§ DV ' Ml H 0. 95
ks Bl 1 -60-
REROELASTICITY IN TURBOMARCHINE-CRSCRADES. 1., : 0.
STANDARD CONFIGURARTION NUMBER : B @ =DATA M2 . -
16. METHOD: 1 B, :
th e
1 « 3 ,0349
ACP 8 W: -
1{ k : 1.0
T\ 5 : -
\//\// \ o : 90.
. -/\/ d & =
0. } — 1- { }
+180.
1 UNSTRBLE "
+90. /\
AP /\//
-90.
4 STABLE
-180. — { } } -+
0. .5 1.

X

PLOT 7.8-3.10: EIGHTH STANDARD CONFIGURATION, CASE 10.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE QISTRIBUTION.
[x:IN PITCH MOOE,NOTATION VALID UPSTREAM OF PITCH AXIS)




C lO.lH

T : 0,75
7 : us.
Mlv—‘} X 0.5
B [ =US DATA B, Yt O.
% X =LS DATA My+ 0.8
Bl 4 "'u5o
AEROELASTICITY IW TURBOMACHINE-CASCADES. i H 0.
STANDARD CONFIGURATION NUMBER : 8 @ =DATA M
2%
16.
METHOD: 1 B, s
4 -METHOD: S hy s -
hT T -
4 « s ,0349
ACP 8. \\ W : -
1 \\§§L k : 1.0
S U B o] HER
] o : 90.
T d s -
0. } ; | 1 —
+180.
1 UNSTABLE "
+30.
//
T /’f¢§=:ﬂ5”d
(D 0 s
AP /
-90.
4 STABLE
-180. i } 4 —+ i
0. .5 1.
X

PLOT 7.8-3.11:

EIGHTH STANDARD CONFIGURATIGN, CASE 11.

MAGNITUDE AND PHRASE LERD OF UNSTEARDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATIAN VALID UPSTREAM OF PITCH AXIS)




Y U

C % 0- IH
T :0.75
7 : 30.
M
B @ =US DATA B, Y« i O.
X =LS DATA M+ 0.8
\ B, : -30.
REROELASTICITY 1IN TURBOMACHINE-CRSCADES. i : 0.
STANDARD CONF [GURATION NUMBER 1 8 @ =DATA M2 . -
16.
METHOD: 1 B
T hx | S
hT | S
4 « 3 .0349
Aﬁp 8. W: -
1 \ k : l ] 0
\\ 8 s -
o : 90.
1 \ d -
0. ] | } i }
+180.
1 UNSTABLE "
+90. —
T //__—-_/
OAP 0. //
-90.
1 STRBLE
~180. + } } t i
0. IS ll

X

PLOT 7.8-3.12: EIGHTH STRANDARD CONFIGURATIOGN, CRSE 12.
MAGNITUDE AND PHASE LERAD OF UNSTERDY BLAODE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: IN PITCH MODE,NGTATION VALID UPSTREAM OF PITCH AXIS




b o]

"l

g

aQ ¥®x g R ¥ WX WX

snesfiien.
b
b M
B e = i
1 {9 =US DATA
R B
% X =L.S DATA
AEROELASTICITY IN TURBOMACHINE-CASCADES.
STANDARD CONFIGURATION NUMBER : 8 @ =DATA
16.
METHOD:
AC o 8
e \-\g \
0. i } i i {
+180.
T
+90.
/'__—-\‘*-—__ ___/
0. o //
-90.
-180. } } -+ i i
0. .5
X

N O ~J -

<
R

*
9]
O 00000 O0OO0oO
o @

1.0

90.

UNSTABLE

]
STABLE

PLOT 7.8-3.13: EIGHTH STANDARD CONFIGURARTIOCN,
MAGNITUDE RAND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RXIS)

CRSE 13.

o X

. 0349




Blly//////’m =US DHTH///////fj__ﬁ_£>

?9

=LS DATA

AERQELASTICITY I

STANDARD CONFIGURATION NUMBER : 8

TURBOMACHINE-CASCADES.

<$ =DATA
6.
: METHOD: 1
ACp 8 A
\\\\\\ PN
L U
0. t : t :
+180. :
+90.
@Ap 0 ///////////’
-90. v/1
-180. } i t i

c : 0.1M
7T : 0.50
Y : 60.
X<t 0.5
Yo' O.
M;: 0.8
B, : ~60.
i : 0.
My -

B :
hy: -
hy: -

« 3 .0349
W : -

k :1.0
d : -

c : 90.
d : -
UNSTRBLE
STABLE "

PLBT 7.8-3.14:

EIGHTH STANDARD CONFI1GURRTION, CRSE 14,
MAGNITUDE AND PHASE LERD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.

(x:IN PITCH MODE,NOTATION VALID UPSTREAM BF PITCH AX1S)




@ =US DATA

%

X =LS ijf/////,

AEROELASTICITY IN TURBOMACHINE-CASCADES.

STANDARD CONFIGURATION NUMBER 1 8

$ =DATA
16,
METIHOD:
1
ZBE 8 W e T —

+180.

+90,

AP

-30.

-180.

e

///,/’
4
//””////////f
J:“\\\\ﬂ,,/”//
—t ; ;5 —

c : 0.1M
T :1.00
Y : 60.
Xt 0.5
Yt O.
M, 1 0.8
B, : -60.
1 : 0,
M2: -
B>t

hx: -

hys -

« 3 ,0349
W : -

k : 1.0
8 : -

o : 90,
d : -
UNSTABLE "
STABLE

PLOT 7.8-3.15: EIGHTH STANOARD CONFIGURATION, CASE 15.

MAGNITUDE AND PHASE LERAD OF UNSTERDY BLADE

SURFACE PRESSURE DIFFERENCE DISTRIBUTICN.

(w:IN PITCH MODE,NOTATION VALIC UPSTREAM OF FITCH AX1S)




c l‘ 0- lH
Y T ///////// T : 0.75
l '_L:;X 7 : 60.
MIT:7——** Xt 0.5
By M =US DATA . B, Yo : O.
oy X =LS DATA ‘ Mys 1.1
?\ Bl 4 -60.
AERGELASTICITY IN TURBOMACHINE-CRSCADES. i :0.
STANDARD CONFIGURATION NUMBER 1 B & =DATA M, o -
16. B -
T hx S
h\r I =
- © : .03“9
ACP 8. 4% I B
1 k ¢ 1.0
d ;: -
o : 90.
T d : -
0. i - ! ! }
+180.
1 UNSTABLE ™
+90,
(DAP 0
-90.
' MW
-t STABLE
-180. } i i } }
0. .5 1.
X

PLOT 7.8-3.16: EIGHTH STANDARD CONFIGURATION, CASE 16.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTRERM OF PITCH AXIS)




c + 0.1M
0.75
60.
Xt 0.5

Bf\; M =US DATA N : 0.
?\Q‘\' X =LS DV Ml H 1 . l
Bl 3 _60.

S

-

3

REROELASTICITY IN TURBOMACHINE-CASCADES. i :0.
STANDARD CONFIGURATION NUMBER : 8 & =DATA M, . -
16. BQ
- hx' -
hT | S
1 « 3 ,03U9
ACP 8. W : -
k :1.0
4
5 : -
o : 90.
T d : -
0. ' == i } i
+1840.
1 UNSTABLE "
+90,
CDAP 0
-90.
»
4 STABLE
-180. -4 1 } i }
0. .S 1.

X

PLOT 7.8-3.17: EIGHTH STANDARD CONFIGURATION, CASE 17.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
{(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




C t 00 lM
V J ////////// T :0.75
1 %x T H 60.
My . Xt 0.5
B, M =US DATA B, vo: 0.
Ry X =LS DATA My 1.1
AEROELASTICITY [N TURBOMACHINE-CASCADES. i :0.
STANDARD CONFIGURATION NUMBER : 8 & =DATA M, ¢ -
16. BQ
T hx T -
hT T -
ACP 8 W @ -
1 k :1.0
o : -
o : 90.
o d : _
0. } + } } }
+180.
+ UNSTABLE ™
+90.
-
CDAP 0
-90.
. X
4 STABLE
-180. : -+ ; - \
0. .5 l.
X

PLOT 7.8-3.18: EIGHTH STANDARD CONFIGURATION, CASE 18.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:1N PITCH MODE.NOTRTION VALID UPSTREAM OF PITCH AX1S)




C t‘ 0. lH
Y T : 0.75
¥
| 7 : 60,
My Xot 0.5
B, M =US DATA \ B, Yoot O.
AEROELASTICITY IN TURBOMRCMINE-CASCRADES. 1: : 0.
STANDARD CONFIGURATION NUMBER : 8 $ =DATA M2 . -
lBl
B :
= hx : -
hT g -
4 « 3 ,0349
ACP 8. W: -
1 k :1.0
& : -
o : 90.
0. == - % i i
+180, -
1 UNSTABLE ™
+90.
®AP 0
-g0.
1 STABLE
-180. { } ] —= -
0. 5 1.

X

PLOT 7.8-3.19:

EIGHTH STANDARD CONFIGURATION, CASE 18,

MAGNITUDE AND PHRSE LEAD OF UNSTEADY BLAOE
SURFARCE PRESSURE DIFFERENCE DISTRIBUTION.
(#: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS




c ] 0. IH
Y J / T :0.75
T "‘—x 7 : 600
Mlv—a X<t 0.5
B M =US DATA B, Yee t O,
Y X =LS DV Mys 1.2
?‘ Bl H -60.
AEROELASTICITY IN TURBOMACHINE-CASCADES. i : 0.
STANDARD CONFIGURAT[ON NUMBER : 8 & -DATA M, o -
186. f32 )
T hx : -
hT! -
- & : 00349
ACP 8
1 k : 1.0
& : -
o : 90.
T d : -
0. } l d } }
+180,
4 UNSTRBLE”
+90.
Cr 0
T
-90.
M
- STRBLE
-180. } } }- } —
0. .5 1.
X

PLOT 7.8-3.20: EIGHTH STANDARD CONFIGURRTION, CARSE 20.
MACGNITUDE AND PHASE LERD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PIICH AXIS)




| c : 0.1M
Y y T : 0.75
| T : 60.
M- xt 0.5
Bl“‘;\ 0 =US DATA B, Yot O.
<. X =LS DATA ‘ My 1.2
oS / B, + -60.
AERGELASTICITY [N TURBOMACHINE-CASCADES. i H 0.
STANDARD CONFIGURATION NUMBER : 8 @ =DATA M2 . -
16.
4
llT t -
4 « 3 .0348
At 8 @ -
1 k ¢+1.0
o : -
o : 90.
T d : -
0. t i i } i
+180.
1 UNSTRBLE "
+90.
CDAP 0
-90.
1 STABLE
-180. t } t t }
0. .5 1.
X

PLOT 7.8-3.21: EIGHTH STANDARD CONFIGURATIGN, CRSE 21.
MAGNITUDE AND PHASE LERD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH RX(S)




C H 0- 1"
T ¢ 0.75
7 : 60.
Xt 0.5
Y« : 0.
\ M. s 1.3
. X =LS DATA . I °
B Steady-state shock-position
g v g B, : -60.
AEROELASTICITY IN TURBOMACH!NE-CRSCROES. ’ i : 0.
STANDRRD CONFIGURATION NUMBER : 8 ii® =DATA M2 . -
16. e
-METHOD: 5 B :
+ - -F---F - METHDD: 7 he s -
--------------------- METHBD: 1B ; X
H E i hT s -
1 I\ i « i, 0349
~ N oy {L o
A(:F' 8 7 '\“ / ‘\,"‘ b . 'u' W
‘: \\\ ,' \\\ p k : 1-0
T 4\ ] \‘ / k \\ l"
PN \ L 0 : -
§ i “D’/ T - - —\—f‘/ o : 90.
-f':" d : -
0. +—i ——
+180.
1 UNSTRBLE "
+90. ,/\;\ [
)/" ”:-*\ //,"l
T o S /
@ O %, [ ] \“‘ :
AP . - /7, =
REl
-90. 4+
‘ x
K STABLE
-180. - — 4 } {
0. .5 1.
X

EIGHTH STANOARD CONFIGURATION, CR3SE 22.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
{x:1N PI1TCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)

PLOT 7.8-3.22:




c 3 00 IM
T :0.75
T : 60.
1 m;us DATA r:oc: (13.3
. X =LS DATA - iy b
?\Q’\ - Steady-state shock-position Bl . =60
- 1 - -
AERGELASTICITY IN TURBOMACH INE-CASCRODES. i :0.
STANDRRD CONFIGURATION NUMBER 1 8 & =DATA M, 1 -
16.
| ——F--—F - MEWHOD: 7 B :
- HETHOD: 9 hx’ -
hTz -
1 ( —\ « ; .0349
‘ACP 8 ’ \ W -
1 ;-__/—--.,\ \ k : 1 . 0
\\ \ /_\J/" N, 6 T
\ PR N c : 90,
== \“\ ‘-_/ ° d -
0. ] 1 } } }
+180. ' J
\-—"" K
4 /V '\\/ \ UNSTABLE
+90. g
[~ B 1‘F
T - \
(DAP 0. g - \

-90. \
. »
-+ \ STABLE

L I
4

-180. } —+~ -
0. . 1.
X

PLOT 7.8-3.23: EIGHTH STANDARD CONFIGURATIGN, CASE 23.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
{x: [N PITCH MODE,NOTATICON VALID UPSTRERAM OF PITCH AXIS)




C 4 0. lH
Y ¥ T ; 0.75
Y "1_}, 7 H 600
le:7——+* \\ X o 0.5
M =Us Dnm s/ ve: O.
Sy X =LS DATA Ste at " Mye 1.3
ady-state shock-position Bl’ -60.
RERBELASTICITY [N TURBOMACHINE-CASCADES. Zz :0.
STANDARD CONFIGURATION NUMBER : 8 & =0ATA M,y -
8.
- -k ~—-F - METHOD: 7 B, :
N hys -
4 \\ / « 3z .0349
Py \ I [ ] —
ACP 4 < ; W
\ i~ 7 k : 1.0
- N/ ™ . s
- N7 d : -
c : 90.
T d : -
0. } i - } }
+180.
1 UNSTRBLE ™
+30.
/"\
I /_h — - N S V4
/
¢LP 0. 7
-90.
»
. STABLE
-180. i i } 4 }
OI l5
X
PLOT 7.8-3.24: EIGHTH STANDARD CONFIGURATION, CRASE 24.

MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFRACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




C : O.IH
y
y / T :0.75
| "“x r :60.
M. Xt 0.5
Bl\; [0 =US DATA . 0.

N
R

Ry X =LS DEIE/,/// \ Mys 10U
ks Bj : -60.

AERDELASTICITY IN TURBOMACHINE-CASCADES. 1 : 0.
STANDARD CONFIGURATION NUMBER : 8 @ =DATA M
2t -
16.
B 1
hTz -
- & : 00349
ACP 8 W : -
4 k : 1.0
o : -
o : 90.
T d : -
0. } }— i i :
+180.
4 UNSTABLE "
+90.
¢AP 0
-.90‘
4 STABLE
-180. . j } } !
0. .D 1.
X

PLOT 7.8-3.25: EIGHTH STANDARD CONFIGURATION, CASE 25
MAGNITUDE AND PHASE LEARD OF UNSTEROY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXI1S)




' 0. lH
Y ¥ T :0.75
| 7 : 60.
M1T7—E— Xet 0.5
Bl“\ 00 =US DATA Y« ¢ O.
"y X =LS DRTA Mya 1.4
Q! B, : -60
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1 : 0.
STANDARD CONFIGURATION NUHMBER : 8 & =DARTA M2 . -
16.
METHOD: 9 B, :
" hxz -
th =
1 < 3 ,0349
AEP 8. ’l \\ W -
4 ‘\\ J k : 1 [} 0
\ 5 : -
/ *
o : 90.
T d : -
0. +—i : : : i
+180. |
1 P ,/"\////’\ UNSTABLE
+90, — / L
T
(DAP 0
-90. \
\ ;
1 STABLE
-180. : : —t— \/
0. .5 1.
X
PLOT 7.8-3.26: EIGHTH STANDARD CONFIGURRTION, CASE 26.

MAGNITUDE RAND PHASE LERD BF UNSTERDY BLARDE
SURFACE PRESSURE OIFFERENCE OISTRIBUTION.
{: 1N PITCH MODE,NOTATIGN VALID UPSTREAM OF PITCH AXIS)




C 0. lM
4 ¥ T : 0.75
| T : 60.
MIT:7——*} } P 0.5
Py 0 =US DATA Y« ¢ O.
RERDELASTICITY IN TURBOMACHINE-CASCADES. 1: : 0.
STANDARD CONFIGURATION NUMBER 3 8 $ =DATA M2 . -
16.
B
1 hes -
th -
1 « s ,0349
ACP 8 W -
1 k : 1.0
& : -
o : 90.
—— d : _
0. +— : ! : :
+180.
1 UNSTRBLE
+90,
e 0
+
-90.
1 STRABLE
-180. b } } } }
0. .5

X

PLOT 7.8-3.27: EIGHTH STRANDARD CONFIGURATION,

CASE 27.

MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(n:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




c «+ 0.1M
0.75
60.
Xt 0.5
: 0.

< o

@O =US DATA

P
3

o5 X =LS DATA \ Mys 1.5
s B, : -60.

AERDELASTICITY IN TURBOMACHINE-CASCADES. i s 0.
STRNDARD CONFIGURRTION NUMBER : 8 ~
<$ =DATA M2 . -
16. EE :
—— hxt -
h1': -
1 « 3 ,0349
ACP 8
+ k : 1.0
o : -
o : 90.
T d ¢ -
0. +—i : : : %
+180.
1 UNSTABLE
+90.
==
(DAP 0
-490,
]
- STABLE
-180. +—f : : ——t
0. + D 1.
X

PLOT 7.8-3.28:

EIGHTH STANDARD CONFIGURATIGN, CASE 28.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




% 0. IH
Y T :0.75
7 x
| o 7 : 60.
Mlv—a X 8 0.5
Bl\\ M =US DRTA Yt O,
Ky X =LS Diiﬁ////7 Mps 1.5
kS B! H -50.
AERQELASTICITT IN TURBOMACHINE-CASCADES. 7: : 0.
STANDARD CONFIGURATIGN NUMBER : B @ =DATA M2 . -
16.
METHOD: 9 B :
T hx S
hT S
4 « 3 .0349
A‘EP 8 r\ (Y] s -
k :1.0
’, .
o : 90.
T d : -
0. : +——+ : :
+180.
\ UNSTABLE "
4 P //\
+90, + —=—— \
®AP 0 |
-90. \
1 \///‘ STABLE
-180. } } } i ;
0. .5 1.
X
PLOT 7.8-3.29: EIGHTH STANDARD CONFIGURATION, CASE 29.

MAGNITUDE AND PHASE LERD OF UNSTEARDY BLADE
SURFRACE PRESSURE OIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AXI1S)




c :+ 0.1M
Y ¥ T :0.75
| Y : 60.
M. Xt 0.5
Bfﬁ; M =Us DATA Yoo : O,

5 s X =LS TEE//// My 1.5
0 B, : -60.
AERGELASTICITY IN TURBOMACHINE-CASCADES. Z :0.
STANDARD CONFIGURAATION NUMBER : 8 @ =DATA M2 . -

16. B, :
T hX : -
hT : -
4 « 3 ,0349
AEP 8 W : -
1 k : 1.0
d : -
..L o : 90.
d : -
0. ; : : : :
+180.
1 UNSTABLE"
+90,
(DAP 0
4
-90.
1 STABLE
-180. } } } ~+— }
0. .5 1.
X
PLOT 7.8-3.30: EIGHTH STANDARD CONFIGURATION, CASE 30.

MAGNITUDE AND PHASE LEAD GF UNSTEADY BLADE
SURFACE PRESSURE OIFFERENCE DISTRIBUTION.
(x: IN PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AXIS)




~ o
N O
O o
o
o

Xt 0.

Bl_)///////>El =US DATA /////K/i?_"m_fi B, Y : 0.

X =LS DRTA Mys 1.3

I B, : -60.
Z

-

AEROELASTICITY IN TURPOMACHINE-CASCRDES. : 0.
STANDARD CONFIGURATION NUMBER : 8 @ =DATA M2 -
16.
----- p-=ss-=<--f---- METHOD: 18 B :
e hx s -
4 « :.0349
c N w s -
AC 6 8 <
| S P k ¢+ 1.0
\L\ ”r \‘l /l \“ ."I l‘ 6 : -
AN ‘\‘ ’I‘ “ ! ‘: :l' c : 900
+ Hoo d s -
0. } } —f— +——
+180.
1 P 3 UNSTABLE™
i 1 - ::
+90, e
1 AN
® d S
AP 0- ’,/l’ :: - /:,
JL _____ -~ L
i
-90.
1 " STABLE -
-180. - } i - ]
0. .5 1.
X

PLOT 7.8-3.31: EIGHTH STANDARD CONFIGURRTION, CASE 31.
MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NGTRTICN VALID UPSTREAM OF PITCH AXIS)




TV C 0. lH
Y T :1.00
!
Y : 60.
Mlﬁj———? Xt 0.5
B [ =US DATA \ B, Yot O.
0‘\. X=LS DV M18103
Q‘ Bl $ _600
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1 0.
STANDRRD CONF IGURATION NUMBER ; 8 & =DATA M, s -
16.
--------------------- METHOD: 18 B+
T hx } S
hT i
-I—‘\\\\ CC : [ ] 03"‘9
~ \\\ "| m e -
AC p 8 - I
! R T k : 1.0
‘\ 1/ '-‘ ..-"‘\ Py 6 H -
\\""’l o' : 90.
T d : -
0. } { | } }
+180.
+ UNSTABLE "
+90.
— /,.---\: ™ -\_.\H -
(DAP 0 - ; :
-90.
ABLE
1. ST
-180. | } ' —1 1
0. I5
X
PLOT 7.8-3.32: EIGHTH STANDARD CONFIGURATION, CASE 32.

MAGNITUDE AND PHASE LEAD QF UNSTEADY BLADE

SURFACE PRESSURE DIFFERENCE DISTRIBUTION.

(k:IN PITCH MODE,NOTATION VALIC UPSTRERM

aF PITCH AXIS)




c + 0.1M
0.50
60.
0.5

fi////// M =US DATA ////////? = Bg vos O.
é}yy/// X LsniEL//7> ‘ M s 1.3
Q B]: -60.

«

o

X
R

AERGELASTICITY IN TURBOMACHINE-CASCADES. 1 : 0.
STANDARD CONFIGURATION NUMBER : 8 & =DRTA
16 - M23 =
- Bz:
T hxt -
hT‘ -
1 « 3 ,0349
ACP 8 W : -
1 k : 1.0
é : -
o : 90.
T d : -
. } } } } }
+1840.
1 UNSTABLE
+90,
CDAP a
-9Q0.
1 " STABLE
~180. } } i } }
Q. .5 i.
X

PLOT 7.8-3.33: EIGHTH STANDARD CONFIGURATION, CASE 33.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFRCE PRESSURE DIFFERENCE DISTRIBUTION.
Ix: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS]




VV c :O.IM
J T :1.00

7 : 60,
MIT:7——+* X o 0.5
B, [1 =US DATA B, Y : O.
Ky X =LS DATA Mys 1.3
?\ Bl H -60-
AEROELASTICITY IN TURBOMACHINE-CASCRDES. i : O.
STANDRRD CONFIGURATION NUMBER : 8 _
& =DATA M2 . -
16.
B :
= hx‘ -
hT: =
1 « 3 .0349
ACP 8.
1 k :1.0
S : -
o : 90.
T d : -
C. ! } } } }
+180.
1 UNSTABLE™
+90.
(DAP 0
-90.
1 STABLE
-180. ; } } } |
0. .5 1.
X
PLOT 7.8-3.3Y: EIGHTH STANDARD CONFIGURATION, CARSE 34.

MAGNITUDE AND PHRSE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTICN.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PLITCH AXIS)




"V c:O.lH
0.75

g

T : uS.
Ml?j;f——f* Xt 0.5
Py “. M =US DATA B, Yo i O,
5% X =LS DATA Mpe 1.3
Bl H "'qS-
RERDELASTICITY IN TURBOMACHINE-CASCADES. 1 :0.
STANDARD CONFIGURATION NUMBER : 8 @ =DATA M2 . -
16.
B,
s hx : -
hY t -
1 « s ,0349
ACP 8. W -
1 k : 1.0
o : -
o : 90.
T d s -
0. 1 < } $ i
+180.
1 UNSTRBLE "
+90.
T
®AP 0.
-90.
1 " STABLE
-180. } i } } }
0. 5 1.

X

PLOT 7.8-3.35: EIGHTH STANDARD CONFIGURATION, CASE 35.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
{x: TN PITCH MOGE,NOTATION VALID UPSTREAM GF PITCH AXIS)




T :0.75
7 [ ]
M | T
I x<t 0.5
B ; 0 =US DATA Yo 3 0.
Be t 00

iy X =LS ?Eiﬂ/////

AEROELASTICITY IN TURBOMACHINE~CASCROES.
STANDARD CONFIGURATION NUMBER : 8

3.2

METHOD: | t
s ettt EREES METHOD: 3 . -
-HEHHOD: )
.............................. METHOD: ) S
4 « 3 ,0349
Ch 1.5 W: -
e N ETTUTT IPRTLLL D k : 1.0
i Ry o ) M
S 5 : -
o : 90.
T d : -
0. } j } } i
+180.
4 UNSTRBLE
+90.
CDH 0
-90.
4 " STABLE
-180. — b i i }
0. S0. 100.
4

PLOT 7.8-5.1: EIGHTH STANDARD CONFIGURATION, CASES !-4.
AERODYNAMIC MOMENT COEFFICIENT AND PHARSE LERD
[N DEPENDRANCE OF STRGGER RNGLE.




(9]
o O
~J -
N X

// )
vigl/////// ///// T
M /’,/ | e T

57—9 y M, | =t 0.3
1 [l =US DATA \;7____£* ;2 1 v«: 0.
B; L

AERJELASTICITY [N TURABOMACHINE-CASCADES. i : 0.
STANDARD CONFIGURATION NUMBER 1 8
M2 H 0. 8
1.6
METHOD: 1 B :
.L --------------------- METHOD: 3 h _
x H
.............................. METHUD= 19
L hT s =
1 ij;l;\\ . « : ,0349
[ 8 / N W : -
H J/ \
JF;;' \ k : 1 - 0
™~ & : -
c : 90.
T d : -
0. } ! + ) i
+180.
1 UNSTABLE
+90,
¢H 0
et L LA LT EYP, L
-90.
1 STABLE
-180. } } } } 4
0. 50, 100,

PLOT 7.8-5.2: EIGHTH STANDARD CONFIGURATION, CASES 8,11-13.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF STRGGER ANGLE.




C 1 0. lM
Y y T : 0.75
| Y : 60.
MIT:7——*} X o 0.5
Bl\\ [0 =US DATA B, Y ¢ O.
A X =LS DATA Mye -
o0
Bl ‘ _60.
AERBELASTICITY IN TURABGMACHINE-CASCADES. 1: : 0.
STANDARD CONFIGURATION NUMBER : 8
M2 I -
4 METHOD: 1 B, :
4 e METHOD: 3 h _
x H
-METHGD: 5
hT: -
1 « ¢ ,03U9
CH 2 v \\ W -
e "’/ k : ] * 0
_ﬂai;// \ /// \\ o : -
\;_‘/\*_ \—, e O' : 900
T d : -
0. } } } J ]
+180.
4 UNSTABLE
+90.
(DH i ‘T‘Ek
e —'\ 1
-90. ~
1 " STABLE
-180. ! } } } i
0 ll 2
M

PLOT 7.8-5.3R: EIGHTH STANDARD CONFIGURATION, CASES 1,5-10.
AERCDYNRMIC MOMENT COEFFICIENT AND PHASE LEAD
IN DEPENDANCE OF INLET MRCH NUMBER (NO SHOCK).




C 4 0. 1M
"Iy / T :0.75
L Y : 60.
Mlji;r—“f* Xq;:[J.S
B, 0 =US DATA B, Yot O,
Y X =L§ DV Mys -
S Bl b -60-
RERDELARSTICITY IN TURBOMACHINE-CASCRDES. i : 0.
STANDARD CONFIGURATION NUMBER 1 8
M2 t -
Y,
- F - —F = METHOD: 7 B s
A e METHOD: 1B _
F hx H
hT t -
4 « & ,0349
CH 2. W : -
1 k :1.0
\. 5 : -
\I“.--n
h \"-.’_.."_ e o 90.
T B d : -
0. } + ! + i
+180.
4 UNSTABLE
+90.
R
T --...,_.-h-c."""*\ !
-90. -
1 ~ STABLE
-180. } } - + t
0 1. e
M

PLBT 7.8-5.3B: EIGHTH STANDARD CONFIGURATICGN, CASES 1,5-10.
AERGBDYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INLET MACH NUMBER (NO SHOCK).




v 0. 1M

Y T :0.75
!4
1 ¥ : 60,
T:;r——ﬁ* Xe t 0.5
B, 0 =US DATA B, Y : O.

X =LS DV \ My
B, : -60.

o
AERGELASTICITY IN TURBOMACHIME-CASCADES. i . 0.
STANDARD CONFIGURATIAON NUMBER : 8
M2 1 =
ul
—--F~-—--F - METHOD: 7 B, :
1 METHOD: 9 hy s -
hYg -
1 « ; ,0349
C " 2
i k : 1.0
d : -
N o : 90.
1 N d s -
0. } ] -} i +
+180.
L UNSTABLE
+90,
——
®H 0
d- S
™ - rs
-
-9Q.
1 STABLE
-180. ] } ! i i
- O 1 1 ] 2.
M
PLOT 7.8-S.4YA: EIGHTH STANDARD CONFIGURATION.

AERODYNAMIC MOMENT COEFFICIENT AND PHASE LEAD
IN DEPENDANCE OF INLET MACH NUMBER,WITH LE SHOCK




c H 0. 1“
Y
T :0.75
¥
y | 7 : 60.
1Ti;r**f* X o 0.5
Bl“\ @ =US DATA | B, Y i 0.
Q&ﬁ' X =S DTIE/////’ Ml g -
Bl 1 -60.
REAOELASTICITY IN TURBOMACHINE-CASCADES. 1 : 0.
STANDARD CONFIGURATION NUMBER 1 8
M2 | B
Y,
—-F - --F - METHOD: 7 B,
T hx I
hT T -
1 « 3 ,03U9
CH 5. w: -
1 k : 1.0
S : -
Lo~ c : 90.
T d ¢ -
0. } } i } }
+180.
oL UNSTABLE
+90,
d 0.
-90.
1 STRBLE
-180. } i — i {
.0 l. 2.
M
PLOT 7.8-5.5: EIGHTH STANDARD CONFIGURARTION.

AERBDYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INLET MACH NUMBER,WITH TE SHO




c + 0.1M
T : .75
60.
: 0.5

-

x
R

17—9

Bl“\ M =US DATA § :
"y X =LS DATA M+ 0.8
D Bl H -50-

AEROELASTICITY [N TURBOMACHINE-CASCADES. 12 : 0.
STANDARD CONFIGURATION NUMBER : B

Mat =
e METHGD: | B :
R . ME THBD: 3 ho s -
\ -METHO0: S X
X ME THOD: )| hTt -
g - °
= \ ) / o H 003"19
EH 1 /r;/ ' W : -
1 \\ < K :1.0
# o : -
c : 90.
T d : -
0. ] i { } }
+180.
-t UNSTABLE
+80,
¢m 0
-90 ==
-4 STABLE
-180. ) i | + [
0. 1. 2.
T

PLOT 7.8-5.6: EIGHTH STANDARD CONFIGURATION, CASES 8, 14-15.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF SOLIDITY.




vd
/4

x

X =LS5 DRTA

AERGELASTICITY IN TURBOMARCHINE-CASCADES.
STANDARD CONF[GURATION NUMBER ; 8

< M '
0 =US DATA . E Ez

Ll.
-METHOD: S
+ - METHOD: 1}
.............................. METHOD: 19
—=F - - = F - WMETHOO: 9
CH p)
”“?3H¢=;"#5—_ i
-+
0. i } } i i
+180.
+90. -
® 0
-30. S
-180. } } i | t
0 1. 2
T

c . 0.IM

T ¢ -

T : 60.

Xt 0.5

Yt O,

Mls 1.3

B, + -60.

i : 0.

Mys -

B :

hy s -

hys -

« 3 ,0349

w: -

k :1.0

5 : -

o : 90.

d : ~
UNSTABLE
STABLE

PLOT 7.8-5.7: EIGHTH STANDARD CONFIGURATION, CASES 22-23,31-
AERODYNAMIC MOMENT COEFFICIENT ANO PHASE LEROD

IN DEPENDANCE OF SOLIDITY.




C 1 0. lM
T :0.75
T :
Xt 0.5
B, Y: 0.
oL X =LS DV Ml' 0.
A
Bl $
AEROELASTICITY IN TURBOMACHINE-CASCAOES. 1 :0.
STANDARD CONFIGURATION NUMBER : 8
M2 4 Oo
METHOD: 1
-1. METHED.— 2 Bz 3
-METHOD: S hX’ -
T b, METHOD: 1B
hT‘ -
« ; ,0349
T w: -
A k : 1.0
4 / & ;: -
\ o 90.
d ¢« -

c UNSTABLE
H STABLE

{1
-
o

I- 1 1 L : :

0. 50. 100.

7

PLOT 7.8-6.1: EIGHTH STRNOARD CONFIGURATION, CRSES 1-W.
AERODYNAMIC WORK AND DRAMPING COEFFICIENTS
IN DEPENDRNCE OF STRAGGER RNGLE.




0 =US DATA

X =LS DV

AEROELASTICITY IN TURBOMACHINE-CASCRDES.
STANDARRD CONFIGUARTION NUMBER : 8

o

METHOD: |

-1.

METHOD: 1B

[1]

T

1 1 ] I 1 I
. 1 1 1
0. 50.

7

100.

-

c « 0.1M
T : 0.75
F

X<t 0.5
Yo 3 O,
M,:+ 0.8
B[ '

1 : 0.
M,: 0.8
B, :

hx: -
hy: -

« 3 ,03U9
W -

k : 1.0
d : -

o : 90.

d : - *
UNSTRBLE
STABLE

Y

PLOT 7.8-6.2:

IN DEPENDANCE OF STAGGER RNGLE.

EIGHTH STANDARD CONFIGURATION, CASES 8,11-13.
AERGDYNRMIC WORK AND DAMPING COEFFICIENTS




C 0. 1H
Y ¥ T : 0,75
Y : 60,
MI\ X 2 0.5
Bl N 0 =US DATA Yot 0.
o X =LS DATA Myps -
?‘ Bl 2 -60.
AEROELASTICITYY IN TURBOMARCHINE-CASCADES. i H 0.
STANDARD CONFIGURATION NUMBER : 8 ' M
. -
METHOD: 1 2
-2, e METHO0 3 Be ¢
- = F - =~=-p - METHOD: 7 hy s -
T e METHOD: 18

o
.

o
w
o=
(Ta)

+ 90.

c, T UNSTABLE |

a qQ O x g R =
—
o

Acoustic resonance at M,=0.53

STABLE

(1)
=
o
e

2' : = :

1,
M,

PLOT 7.8-6.3: EIGHTH STANDARD COGNFIGURATION, CASES 1,5-10.
RERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF INLET MACH NUMBER (NO SHOCK).




@ =US DATA

X =LS éili////7 ‘

AEROELASTICITY IN TURBOMARCHINE-CRSCADES.
STANDARD CONFIGURRTION NUMBER : 8

2

————————— METHOD: 7
-2, === MET
—
Ty
Ei} 0 + 4 : : i
+
2 -+ —t - } |
0. 1

My

|

o

-

x
!

£
!

UNSTABLE

0.1M
0.75

STABLE

PLOT 7.8-6.4: EIGHTH STANDARD CONFIGURARTIQON.

AEROOYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF INLET MACH NUMBER,WITH LE SHOCK




Bl“‘; M =US DATA

A M -
e X =LS DATA i
Bl H -60-
AERGELASTICITY IN TUABOMACH[NE-CASCADES. i : 0.
STANDARD CONFIGURATION NUMBEA : 6 M
. -
————————— METHOD: 7 2
_2. B :
4d hx | S
th =
« 3 ,0349
T W -
k : 1.0
1 d : -
o : 90. %
4 d : -~
= 0 g L N | | c UNSTABLE
' ' ' R W STABLE
T
=<7
4
+
2. 1 $ i } }
0. l.
M

PLOT 7.8-6.5: EIGHTH STANDARD CONFIGURATION.

RERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF I[NLET MACH NUMBER,WITH TE SHOCK




c t 0. lM
Y ¥ T ; -
| 7 : 60.
M1.7—E> ) 0. S
B M =US DATA N Ye s O,
Y X =L$ DATA \ M+ 0.8
& [31 : -60.
AEROELASTICITY IN TURBOMACHINE-CASCADES. 7: : 0.
STANDARD CONFIGURATION NUMBERA : 8 .
M2 H
METHOD: 1
-2, MET B :
-METHOD: S hys -
T e METHOD: 18
hTt -
« 3 ,0349
- "‘) : -
k : 1.0
4 d ¢ -
\ o : 90. A
1 d : -
E é 0 { i : | L C W T UNSTABLE
: ' ' ' STABLE
N
- \
i ™~
2. t t } } }
0. 1.
T

EIGHTH STANDARD CONFIGURATION, CRSES 8, 1uU-15.
AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF SOLIDITY.

PLOT 7.8-6.6:




c . O.IHj

Y ¥ / T
e 1 : 60.
Ml',7——B X o 0.5
B 7 =US DATA S B, Yo : O.
Ry X =LS DATA Mps 1.3
?\ Bl H —60.
AEROELASTICITY IN TURBOMACHINE-CASCADES. z 0.
STANDARAD CONFIGURATION NUMBER : 8 M
I
“METHOD: 5 e
-2. —METHEB—————— B :
.............................. HETHUD: 19 hx -
T - -} ---}- METHOD: 9
h‘l’ T -
« 3 ,0349
- w : -
k : 1.0
L ’ 5 - -
- o :90. |
. d s -
'E--:l7 0 ¢ —_ } . c, ? UNSTABLE
' STABLE
T
TR '
T Y PRRTR ‘\'ﬁﬁ__; _
~— q
T
i
2. } } —- } }
0. 1. 2.
T
PLOT 7.8-6.7: EIGHTH STANDARD CONFIGURATION,
AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF SOLIDITY.




AEROELASTICITY IN TURBOMACHINE-CASCADES

NINTH STANDARD CONFIGURATION

Definition

M, = variable (0.0-1.5)

Equation:

(%) = sgn(H L H, /- -Ra* {Ry2-(x-0.5)2)05] if Hyz0.
= 0 if Hy=0.

R = (H20.52)/(2[H])

sgn(H) = +1 for H»/<0.

+ = upper surface

- = lower surface

Maximum thickness at x = 05

Vibration in pitch around (Xq.Yoo = (0.5,camber-iine)

d = (thickness/chord) = 0.01-0.1

® = 209 (=0.0349 rad) o = 900

c = 04m |i = 00(for My<1.)

T = 075 |camber = 09 (for symmetric profiles)
k =10 ¥ = 450, 600

Fig. 7.9-1. Ninth standard configuration: Cascade geometry



AEROELASTICITY IN TURBOHMACHINE-CASCADES

NINTH STANDARD CONFIGURAT!ON

Aeroelastic Test Cases

Aeroelastic Time-Averaged Parameters
Test Case No M, 1 Bi H, H_ d
(-) *) (*) (-) (-) -)

| 0.0 60 -60 100! 0.01 0.02
2 "’ " ; 0.02 0.02 0.04
3 0.03 0.03 0.06
4 i i 0.05 0.05 0.10
5 0.5 0.01 0.01 0.02
6 0.7 i 0.005 | 0.005 0.0t
7 " 0.01 0.01 0.02
8 0.0015 {0.0015 {0.03
9 0.02 0.02 0.04
10 0.8 0.01 0.01 0.02
1 1.3 ) " ’
12 1.4 )
13 1.5

14 0.0 45 - 45

15 0.5 " '

16 0.7 i

17 0.8

18 0.5 0.05 0.0 0.05
19 0.7 i i " i
20 0.8 i
21 0.9

Table 7.9-1 Ninth standard configuration 21 aeroelastic test cases




AEROELASTICITY IN TURBOMACHINE-CASCADES
NINTH STANDARD CONFIGURATION

Experimental and Theoretical Resulis



c 0- IH
T :0.75
7 : uS.
M .
lj—a“ X2 0.5
B . M2
S [0 =US DATA B2 Yot O.
Ml H 0.5
X =LS DATA
Bl 1 _u5.
REROELASTICITY IN TURBOMACHIMNE-CRSCRODES. 1., H
STANDARD CONF IGURATION NUMBER 1 9
M2 } S
+1. B2 :
--------------------- METHOD: 3| $;=-50.10 h
-+ Xt~
hT 1 -
« 3 ,0349
T W -
k : 1.0
<+ 7 8 : -
_______ o : 90.
N I d : 0.05
— ‘\‘ == ,/I
C P 0- \‘\‘ ”/ Z
J-
-1. ] = ! } +
0. .5 1.
X

PLOT 7.9-1.1: NINTH STANDARD CONFIGURATION, CASE 18.
TIME AVERAGED BLADE SURFACE PRESSURE
DISTRIBUTION FOR M1=0.5.




0 =US DBATA

X =LS DATA
AEROELASTICITY IN TURBOMACHINE-CASCADES.
STANDARD COMFIGURATIGN NUMBER : 9
+]. -
----- c--eseemn-boee METHOD: 3] By=-50.40
/4
I,,l'
g ',‘ """ ’,'
---------- "
‘\\\\ ----- '— I"
-t e el ’
— ‘\‘ l’
C P 0. v e .
\\ P
—— \\\ -.'"’
=
-1, } i } } i
0. .5 1.
X

o

aq ox g R ¥ zwX

O O O & 0O 0O
U e

~g
L0 i 4

U" -

N ~J
L}

. 0348

1.0

go0.
0.05

PLBT 7.9-1.2: NINTH STANDARD CONFIGURATION, CRSE 18.
TIME AVERAGED BLADE SURFACE PRESSURE
DISTRIBUTION FOR M1=0.7.




M,
B, M2
0 =US DATA Bg
X =LS DATA
AEROELASTICITY IN TURBOMACHINE-CASCADES.
STANDARD CONFIGURATION NUMBER : 9
+1.
-------------------- METHOD: 3| B=-50.60
.1
" "'
%Y a" - 1’
[ ’_" Ilf
— --l‘| //‘
1Y Fd
LY Fd
c P 0. - —*
‘\ ‘r/’
\\\‘h ""’l
\\‘ " 5
-1 i } i + }
0 [ ] L] 5
X

0.1M
0.75
ys.
0.5
0.
0.8
-45,

. 0349

1.0

90.
0.05

PLOT 7.9-1.3: NINTH STANDARD CONFIGURATION,

DISTRIBUTION FOR M1=0.8.

CASE 20.
TIME ARVERAGED BLADE SURFACE PRESSURE




0.1M

C
T : 0,75
T : us.
P1ltj—:7—'“‘45" M X 8 0.5
B [l =US DATA [232 Yt O,
Ml ¢ 0-9
X =LS DATR
Bl : _LlSc
AEROELASTICITY IN TURBOMRCHINE-CASCRDES. 1., H
STANDARD CONFIGURATION NUMBER : 9
‘1. B, :
-------------------- METIHOD: py=-50.90 h
- x3 ==
hTF: -
« 3 ,0349
- -4
.- "'f W : -
-/,-"‘-’ ’,' k : 1.0
- ) _,"’ ’1’ 6 : .
: _____ 2= ol /v/’ c : 90.
'_\‘ '/’ d 2 0. 05
C p a 3 T
N ;
-1. } } | } }
0. .5 1.
X
PLOT 7.9-1.4: NINTH STANDARD CONFIGURATION, CRSE 21.

TIME AVERAGED BLADE SURFACE PRESSURE

DISTRIBUTION FOR M1=0.9.




] 0. lM
: 0.75
: 60.
+ 0.5
: 0.
< X =LS DATA 1+ 0.
Q b =
& B, s+ -60.
AERAQELASTICITY IN TURBOMACHINE-CARSCADES. i .
STANDARD CAONFIGURARTIAN NUMBER 1 9
M2 | S
18. :
S ~T---METHOD: 2|p,--60.60 B s
- | mmmm s —essmee—f—=e- HETHOD: 3 ﬁ|=—60.90 hx: —_
h\r E -
-—'\ a : [ ) 03“9
~, \, ®  am
CP 8. ‘:‘r m L ]
--“\‘\‘ k : 1.0
‘\\.\\ 6 -
I R S By b
“-F:-_._‘._‘_-‘-‘“.-_ “":1:\\ c : 90.
+ ETRTN
D d : 0.02
0. +- } { } }
+180. T ~ -180.
10 [ STABLE ™
| \ v
+90. 3 — -90.
L §
(us) Vo : (LS)
1 '\\ ;
) 1\:'-‘1-4-.__“____ .:
-90. 'l “‘ T =~ 4 +90.
I N T " UNSTRBLE”
\ "\-ﬂ':_-:'.':: ------------ :::.'_:"':-." .__:_
-180. o I | ! ——= +180.
.0 5 1.

PLOT 7.9-2.1: NINTH STANDARD CONFIGURATION, CASE 1.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DISTRIBUTION.
{x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




C t 0. IH
T : 0.75
7 : 60.
Xt 0.5
Yoot O.
Ml 3 Ol
Bl s -60.
1
REROELASTICITY IN' TURBOMACHINE-CASCADES. 1 :
STANDARD CONFIGURATION NUMBER : 9
T Ma‘ -
8. -
vl - METHOD: B,
B “‘. hx | S
[
W\ hT S
L\ « 3 ,0349
~ SRS N . —
e 4 ~ B W
i ~. - k : 1.0
o : 90,
] d : 0.04
0. - 2 } }
+180. T— -180.
i STABLE
: .
+90, =+ -90.
|
(US) \ (LS)
) T 0. 4 o (L___
N
1o
} "~ -
-90. I = - +90.
1 o ) UNSTRBLE "
\ - B ]
-180. S ] } ——— +180.
.0 ) .
X
PLOT 7.9-2.2: NINTH STANDRARD CONFIGURARTION, CRSE 2.

MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE

SURFACE PRESSURE DISTRIBUTION.
(x: IN PITCH MODE,NGTATION VALID UPSTREAM OF PITCH AXIS)




c ] Oa lH
T :0.75
Y : 60.
Xt 0.5
Yot O.
Ml 4 0.
Bl H -600
AERDELASTICITY [N, TURBOMACHINE -CASCADES. 1
STANDARD CONFIGURATION NUMBER : 9
\. le -
8. .
‘r‘ ] g -T---METHOD: 2 B> :
anlinn ' h -
I.‘ x3
A hys -
b \.‘\ & : .03“9
CP u. -; : - oo _‘-- w : -
- = -~ --."-\ k : 1.0
T~ L 5 : -
c : 90.
T d : 0.06
0. ] g ; ! }
+180. T—— -180.
4 STABLE "
i
+90, 4= -90,
(US) \ (LS)
3 T 0. L. o ‘L___
n\~
! ~
T: "~el
-90. — -— +90,
. hr-'--,. . 4
4 - UNSTABLE
vk T T ~-. .
-180. —f< i } — =} +180.
.0 S(5 1.

PLOT 7.9-2.3: NINTH STRNDARD CONFIGURRTION, CRSE 3.
MAGNITUDE RAND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




c 4 D- IH
T :0.75
Y : 60.
Xzt 0.5
Yo 0.
Ml 1 00
Bl 2 _600
AEROELASTICITY INITURBOMACHINE-CASCRDES. 1.' :
STANDARD CUNFIGUHF%TIUN NUMBER : 9
A Myt -
8., T—L
AT ~}---METHOD: 2 B
T hy: -
\ hys -
1 \.T_ ) « ; ,0349
CP ul = ey \.‘_ N m : -
1 - t~ ~. L k : 100
~J T e =
~ - - X 6 : -
- o : 90.
E d :0.10
0. t } } i t
+180. —t Py - >— -180.
1! ! STABLE
! !
+90, 4 , -90.
i \ |
(US) | : (LS)
) : : ® —_
P 0- .'\ : P
bVt !
“ I ,
-90. i i - +90.
1 ! e © UNSTABLE™
L AR A R
-180. G : } — ! +180.
.0 5 1,

PLOT 7.9-2.4: NINTH STANDRRD CONFIGURRTION, CRSE 4.
MAGNITUDE AND PHASE LEAD GF UNSTEADY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x:IN PJTCH MOOE,NCTATION VALID UPSTREAM OF PITCH AXIS)




c 3 0- lM
T :0.75
7 : 60,
Xt 0.5
Yot O
X =LS DATA My 0.5
B1 H —BOo
AERGELASTICITY IN\TURBOMACHINE-CASCADES. 1
STANDARD CONFIGURATIGN NUMBER : 9
A M, s -
16, T
A RV ~[---METHOD: 2[ ,=-60.20 B>
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MY
R -
N e hy s
% St I e S & 10349
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d : -
| o : 90.
B d : 0.02
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1 T UNSTABLE "
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X
PLOT 7.9-2.5: NINTH STANDRRD CONFIGURATION, CRSE 5.

MAGNITUDE AND PHASE LERD OF UNSTERDY BLRADE
SURFACE PRESSURE DISTRIBUTION.

Ix: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH BXISH




c l\ 0. lM
Y
T : 0.75
T : 60.
X<t 0.5
Y : 0.
M+ 0.7
Bl 3 -60.
AEROELASTICITY IN TURBOMACHINE-CRASCADES. ‘i H
STANDARD CONFIGURATION NUMBER : 9
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-------------------- METHOD: 3 B, :
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. hys -
+ « s ,0349
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\\\--.t: :2-‘::::: - J O : 90.
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1 I e UNSTABLE
-180. ! = : : —— +180.
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X
PLOT 7.9-2.6: NINTH STARDARD CONFIGURATION, CASE 6.

MAGNITUDE ANJ PHASE LEARD OF UNSTERDY BLADE

SURFACE PRESSURE DISTRIBUTION,

(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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AERGELASTICITY IN TURBOMRCHIME-CASCRODES.
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PLOT 7.89-2.7:

NINTH STRNDARRD CONFIGURATION,

C

ASE 7.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFRCE PRESSURE DISTRIBUTION.

{w:IN PITCH MODE,NOTATION VALID UPSTREARM OF PITCH RXIS)




C CIo 1M

///
///// T : 0. 755
X 7 : 60.
X, 2 0.
M2 x S
Bz Y¢ : 0.
Ml 3 0. 7
X =LS OATA
Bl 4 -80-
AERQELASTICITY IN TURBOMACHINE-CASCADES. 'i H
STANDARD CONFIGURARTION NUMBER :; 9
M2 S
16.
--------------------- METHOD: 3 B :
T hxl -
i th -
_% « 3 ,03U9
N | .
CP 8. (A) s
--"\‘ k : 1 [ 0
“\\‘* -------------------- v 6 : -
‘\\__\.:‘-\-:: ----------- ,: o ! 90.
T [ U R B 3 d : 0.0
0. 1 : | i :
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L STABLE
l' +90. -90.
(us) ' i 1 . ws)
| & P o
A At RN B
-90. : +30.
4 N UNSTABLE"
-180. ! F { i } +180.
L0 .5 l.
X

PLOT 7.9-2.8: NINTH STANDRRD CONFICURATION,
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE

CASE 8.

SURFACE PRESSURE DISTRIBUTION.

f%: [N PITCH MODE,NOTATION VRLID UPSTRERM OF PITCH AXISI




c $ 00 lM
T : 0,75
Y : 60,
Xt 0.5
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AERODELASTICITY IN TURBOMACHINE-CASCROES. 7: H
STANDAARD CONFIGURATION NUMBER ¢ 9
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0. -+— i } } i
+180. : - 180.
+ STABLE
+90. —~-{ -90.
L :‘| ,‘}I’ “\
(Us) : (LS)
(Dp T 0. * S L S A v CDP i7 —_—
L R
_gD. “'| I," +90.
1 I " UNSTRBLE
_180. : —F : 4 — +180.
.0 .5 1.
X
PLOT 7.9-2.9: NINTH STANDARD CONFIGURATIOGN, CASE 9.
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PLOT 7.9-2.10:

NINTH STANDARD CONFIGURATION, CASE 10.

MAGNITUDE AND PHASE LEARAD OF UNSTEADY BLADE
SURFRACE PRESSURE DISTRIBUTION.
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PLOT 7.9-2.11: NINTH STANDARD CONFIGURATION, CASE 11.

MAGNITUDE AND PHRSE LEAD OF UNSTEADY BLAOE

SURFACE PRESSURE DISTRIBUTION.
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PLOT 7.9-2.12: NINTH STANDRRD CONFIGURATION, CRSE 12.

MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE

SURFARCE PRESSURE DISTRIBUTION.
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PLAT 7.9-2.13: NINTH STANDRRD CONFIGURATIOGN, CASE 13.

MAGNITUDE RAND PHASE LERD GF UNSTERDY BLARDE
SURFRACE PRESSURE DISTRIBUTION.
{x: 11 FLTCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.9-2.14: NINTH STANDARD CONFIGURATION, CASE 14

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLAOE
SURFACE PRESSURE DISTRIBUTION.
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PLOT 7.9-2.15: NINTH STANDARD CONFIGURARTION, CASE 15.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x: [N PITCH MODE,NOTATION VALIO UPSTREAM OF PITCH RX1S)
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PLOT 7.9-2.

16: NINTH STANDRRD CONFIGURATION, CASE 16.

MAGNITUDE RAND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE DISTRIBUTION.
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PLOT 7.9-2.17: NINTH STANDARD CONFIGURATION, CASE 17.

MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFRCE PRESSURE DISTRIBUTIGN.
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PLOT 7.9-2.18: NINTH STANDARD CONFIGURATION, CASE 18.
MAGNITUDE AND PHASE LERD OF UNSTERDY BLAOE
SURFACE PRESSURE DISTRIBUTIOCN.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.9-2.19: NINTH STANDARD CONFIGURATION, CASE 18.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLRDE
SURFACE PRESSURE DISTRIBUTION.
(e IN PITCH MOQE,NOTATION VALID UPSTREAM JF FPITCH AX1S)
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PLOT 7.9-2.20: NINTH STANDRRD CONFIGURATION, CRASE 20.

MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFACE PRESSURE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.8-2.21: NINTH STANDARD CONFIGURATION, CRSE 21.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE DISTRIBUTION.
_«:iN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AX[S)




c t 0. lM
T : 0.75
Y : 60.
X 0.5
Yo ' 0.
Ml 1 O-
AEROELASTICITY IN TURBOMACHINE-CASCADES. 1
STANDRRD CONFIGURMTION NUMBER : 9 & -DATA M, o -
16.
B, :
hxt -
th -
« 3 ,0349
ACP 8 W -
k : 1.0
o : -
o : 90.
d : 0.02
0.
+180.
T ] UNSTARBLE
+90. =
;.,ry'_ﬂ'l':'f:' -- e i
®AP D
4
-90.
1 STABLE
-180.  +—————————+—
0. . 1.
X
PLOT 7.9-3.1: NINTH STANDARD CONFIGURATION, CRSE 1.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: (N PITCH MODE,NOTATION VALID UPSTREAM OF FITCH AXIS)
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PLOT 7.9-3.2:

NINTH STANDARD CONFIGURATION, CASE 2.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION,
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.9-3.3: NINTH STANOARD CONFIGURATION, CASE 3.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLAOE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)




/ c s 0. lH
T : 0,75
7 : 60.
X0t 0.5
[0 =US DATA B, Y i O.
Ml s O.
Bl t -60.
AERDELASTICITY INlTUHBUHRCHINE—CRSCRDES. 1., H
STANDARD CONFIGU IITlt!l‘l NUMBER : 9 @ =DATA M _
T 2 H
6. 4
: -\ METHOD: | B, :
R R -} ---METHOD: 2| B=-60. D hy s -
) hT -
4+ 0\ « s .0349
\\
AE 8 \"-,_ (IJ e =
P ™~ ~
"‘-—_._‘___ .
A \ k : lo 0
\ d ;: -
\_ —
\.L?\\\\ o : 90.
T d : 0.10
0. } t } } }
+180.
1 UNSTABLE "
+90. -
,f—fffJ*‘TTT-_ Y
Pe 0
4
_90.
x
-+ STABLE
-180. i 1— + 1 —
0. .5 ll
X
PLOT 7.9-3.4: NINTH STANDARD CONFIGURATION, CASE 4.
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE |
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
{(»+IN PITCH MODE,NOTRTION YALID UPSTREAM QF PITCH AX]S)
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PLAOT 7.9-3.5:

NINTH STANDARD CONFIGURATION, CASE S.
MAGNITUDE AND PHASE LERD

SURFACE PRESSURE DIFFERENCE DISTRIBUTION,
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PLOT 7.9-3.6: NINTH STANDARD CONFIGURARTION, CRASE 6.
MAGNITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFRCE PRESSURE DIFFERENCE DISTRIBUTION.
(x: 1N PITCH MODE,NOTRTION VALID UPSTREAM OF PITCH AX[S)
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PLOBT 7.9-3.7: NINTH STANDARD CONFIGURRTION, CASE 7,
MAGNITUDE AND PHASE LERAD OF UNSTEADY BLADE
SURFRACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM GF PITCH AXIS)
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PLOT 7.9-3.8: NINTH STANDARD CONFIGURATION, CASE 8. H
MAGNITUDE AND PHASE LEAD OF UNSTERADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.9-3.10:

NINTH STANDARD CONFIGURARTION, CRSE 10.

MAGNITUDE AND PHRSE LEAD OF UNSTERDY BLADE

SURFACE PRESSURE DIFFERENCE BISTRIBUTION.
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PLOT 7.9-3.11: NINTH STANDARD CONFIGURRTION, CRSE 11.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLRDE

SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
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PLOT 7.9-3.12: NINTH STANDARD CONFIGURRTION, CRSE 12.

MAGNITUDE AND PHASE LEARD OF UNSTEARDY BLADE
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PLOBT 7.9-3.13: NINTH STANDARD CONFIGURATION, CASE 13.
MAGNITUDE AND PHASE LEAD OF UNSTEARDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(w:IN PITCH MODE,.NOTATION VALID UPSTRERM OF PITCH AXIS)
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PLOT 7.9-3.14: NINTH STANDARD CONFIGURARTION, CASE iy

MAGNITUDE AND PHASE LEAD OF UNSTEARADY BLAOE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.9-3.15: NINTH STANDARD CONFIGURRTION, CASE 15.
MAGNITUDE AND PHASE LERD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
[x: [N PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.9-3.16:

NINTH STANDARD CONFIGURATION, CHSE 16.
MAGNITUDE RAND PHASE LEAD OF UNSTERDY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(:IN PITCH MODE,NQTATION VALID UPSTREARM OF FITCH AXIS)
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PLOT 7.9-3.17: NINTH STANDARD CONFIGURRTION, 17.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATION VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.9-3.18:

NINTH STANDARD CONFIGURATION,
MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

CASE 18.

SURFACE PRESSURE DIFFERENCE DISTRIBUTION.

{x: IN PITCH MODE,NOTATIGN VALID UPSTREAM OF PITCH AXISH
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PLOT 7.9-3.19: NINTH STANDARRD CONFIGURATION, CASE 189,

MAGN]ITUDE AND PHASE LEAD OF UNSTERDY BLADE
SURFRACE PRESSURE DIFFERENCE DISTRIBUTION.
{x: IN PITCH MODE,NGTATION VALID UPSTAEAM OF PITCH AXIS)
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PLOT 7.9-3.20: NINTH STANDARD CONFIGURATION, CRSE 20.

MAGNITUDE AND PHASE LEAD OF UNSTEADY BLADE

SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x: IN PITCH MODE.NOTATIGN VALID UPSTREAM OF PITCH AXIS)




c . 0.1M

T :0.75
7 : us.
X 2 .
M, « 0.5
| aa Ym : 0.
: Ml H 0.9
AEROELASTICITY IN TURBOMACHINE-CASCAPES. 1
STANDARD CONF IGURATION NUMBER ? 1 & -DATA M2 o
4o. T
H— METHOD: 1 B, s
+  eeepeeeee- 1---+METHOD: 3| B;=-50.9¢ hyt -
o
(I hys =
4 ! \ « ¢ ,03U9
ACP 20 ; ‘.\' W : -
i 5 \ k : 1.0
é n“ 6 : .
U : g o : 90.
b 1. Y ‘\‘
g\/f R - d : 0.05
0. i — } } t
+180.
4 72 1 UNSTRBLE"
. /
+90. /,\“ f/i/,‘—_\\/
-+ J’I 'I‘ ’ "I "I
&P . ’t “ .' ‘|‘
. ‘.l' N
= "l \‘l .: "l
-90. T +
1 STABLE
-180. } ) } } }
0. . 5 1.
X
PLOT 7.9-3.21: NINTH STANDARD CONFIGURATION, CRSE 21.

MAGNITUDE AND PHASE LEAD OF UNSTEARADY BLRDE
SURFACE PRESSURE DIFFERENCE DISTRIBUTION.
(x:IN PITCH MODE,NOTATIAN VALID UPSTREAM OF PITCH AXIS)
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PLOT 7.9-5.1: NINTH STANDARD CONFIGURATION,CASES 1,5,7,10-13
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LEAD
IN DEPENDANCE OF INLET MACH NUMBER.
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PLOT 7.9-5.2: NINTH STANDARD CONFIGURATION, CRSES 14-17.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF INLET MACH NUMBER.
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PLOT 7.9-5.3: NINTH STRNDARD CONFIGURATION, CASES 18-21.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDRNCE OF INLET MACH NUMBER.
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PLOT 7.9-5.4: NINTH STANDRRD CONFIGURATION, CASES 1-U,

AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDRNCE OF BLADE THICKNESS.
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PLOT 7.9-5,5: NINTH STANDARD CONFIGURATION, CASES 6-9.
AERODYNAMIC MOMENT COEFFICIENT AND PHASE LERD
IN DEPENDANCE OF BLADE THICKNESS.
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PLOT 7.9-6.1:

AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF INLET MACH NUMBER.

NINTH STANDRRD CONFIGURRTION,CRSES 1,5.7,10-13
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PLOT 7.9-6.2:

NINTH STANDARD CONFIGURRTION,
AERODYNAMIC WORK AND DRAMPING COEFFICIENTS
IN DEPENDANCE OF INLET MRCH NUMBER.

CRSES 14-17.
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PLOT 7.9-6.3: NINTH STANDARD CONFIGURARTION, CRSES 18-21.
RERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDRANCE OF INLET MRCH NUMBER.
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PLOT 7.9-6.u:

NINTH STANDARD CONFI1GURATION,

CASES 1-4.

AERODYNAMIC WORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF BLADE THICKNESS.
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PLOT 7.9-6.5: NINTH STANDRRD CONFIGURATION, CRSES 6-9.
AERODYNAMIC KWORK AND DAMPING COEFFICIENTS
IN DEPENDANCE OF BLADE THICKNESS.






