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PREFACE

The Subcommittee on Aervelasticity of the AGARD Structures and Materials Panel (SMP) has produced two
recent publications on the AGARD Standard Configurations for Aeroelastic Applications of Transonic Unsteady
Aerodynamics: AGARD Advisory Report 156, "AGARD Two-Dimensional Aercelastic Configurations" and AGARD
Advisory Report 167, "AGARD Three-Dimensional Aeroelastic Configurations.,'

Now that the AGARD has established standard aercelastic configurations, the next effort is to encourage
aeroelasticians in the NATO countries to develop improved methods of predicting transonic unsteady aerodynamics
and aeroelastic response and to evaluate them with respect to the AGARD configurations. This Compendium
assists that development and evaluation by collecting the known unsteady aerodynamic experimental data for the
AGARD configurations. It is due mainly to the efforts of Mr Norman Lambourne, recently of the Royal Aero-
nautical Establishment, with Mr H C Garner of the RAE as a major collaborator.

The next phases will come under the guidance of facilitators for aerocelasticity:

France: Mr R. Dat
ONERA
29 Avenue de la Division LeClerc
92 Chatillen
Paris

Germany: Dr W. Geissler
DFVLR-AVA
Bunsenstrasse 10
3400 Gottingen

Netherlands: Mr R. Zwaan
NLR
Anthony Fokkerweg 2
Amsterdam 1017

United Kingdom: Mr H C Garner
RAE
Farnborough, Hants GUl4 6TD

United States: Dr J. Edwards
NASA Langley Research Center
MS 340
Hampton VA 23665

These facilitators will encourage contributions and communications among investigators in the NATO countries
for a few key two-dimensional and three-dimensional standard configurations, They will present progress
reports to the AGARD Structures and Materials Panmel (SMP) in the Autumn of 1983, The effort will culminate in
a Specialists' Meeting on "Transonic Unsteady Aerodynamics and Aeroelastic Application'" at the SMP meeting in
Fall B4, We encourage scientists in the NATO countries to communicate with one of the above facilitators to
coordinate their contributions.

GARD/SMP Subcommittee on Aeroelasticity

i
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COMPENDIUM OF UNSTEADY AERODYNAMIC MEASUREMENTS

SUMMARY

The Compendium contains a selection of wind-tunnel measurements made on some of the
AGARD Aercelastic Configurations already chosen as computational test cases, Presenta-
tion of the numerical data in the form of separate Data Sets is preceded by a general
review that discusses the various aspects concerning experimental measurements and compari-
sons with theoretical computations.

CONTENTS
Page
GENERAL REVIEW by N.C., Lambourne
1 Introduction 0-1
2 Guide to Compendium 0-1
3 General nature of unsteady data 0-2
4 Notation 0-3
5 Experimental procedures and interpretation of results 0-7
6 Tunnel interference 0-11
7 Uncertainties of experimental data 0-13
8 Comparison between theory and experiment 0-15
9 Suggestions for future experiments 0-16
References 0-17
Tables ‘ 0-18
Illustrations 0-2¢
DATA SETS

2-D Configurations

1 NACA 64A006. Oscillating flap 1-1
by R.J. Zwaan, NLR

2 NACA 64A010 (NASA Ames model). Oscillatory pitching 2-1
by Sanford S, Davis, NASA Ames

3 NACA 0012, Oscillatory and transient pitching 3-1
by R.H. Landon, ARA

4 NLR 7301 supercritical airfoil. Oscillatory pitching and 4-1
oscillating flap
by R.J. Zwaan, NLR

5 NLR 7301 supercritical airfoil., Oscillatory pitching 5-1
by Sanford S. Davis, NASA Ames

3-D Configurations

6 RAE Wing A. Oscillating flap 6-1
by D.G, Mabey, RAE

7 NORA meodel. Oscillation about swept axis 7=-1
by N.C. Lambourne

Further Data Sets may be issued later, as addenda, when experimental results
for other configurations become available.

Note: Although the General Review and the Data Sets are separate contribu-
tions, a consistent scheme of numbering the pages, references, tables and
figures is used throughout the Compendium. Thus, for instance Table m.n is
the nth table of Data Set m. For the General Review m = 0.
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GENERAL REVIEW

by

N. C. Lambourne*

1 INTRODUCTION

Interest in the kind of unsteady aerodynamics considered here ariges from the need
for information relevant to the aeroelastic stability of aircraft, The continuing need
for studies is due to design developments extending to different types of flow and to
new structural configurations, At present there is special interest in transonic and
gseparated flows, in wings specially designed for supercritical flow, and in surfaces
operating as part of active control systems,

Advances in computational fluld dynamic¢s are giving impetus to the development of
new theoretical methods for unsteady aerodynamics, The development of satisfactory
methods, whilst depending ultimately on comparisons with experiment, is considerably
helped by comparisons between one computational method and another. To assist these
developments a Working Group of the AGARD Structures and Materials Panel has already
chosen a series of 2-D and 3-D configurations and for each a set of test cases, including
a priority subset, to be used for comparisons, These test cases are fully identified in
Refs 0.1 and 0.2, which are the documents that have set the scene for the present
Compendium. The chosen configurations are known as the AGARD Aeroelastic Configurations
and it is now convenient to denote the chosen cases associated with them as the
Computational Test (or CT) Cases.

Although gome of the configurations and some of the CT Cases were chosen purely for
thecretical interest and do not have experimental counterparts, others were chosen because
they had been, or were shortly to be, the subject of unsteady measurements, For the most
part, these measurements had been made independently by various researchers and the result-
ing data are situated at separate locations or in diverse documents, The present
Compendium was conceived with the idea of collecting into a single document the experimental
data mest important for the proposed comparisons,

Whilst the prime purpose is the presentation of numerical data, it seemed desirable
to include information about the experiments themselves and to mention their more important
results. Also, when experimental data are to be used for numerical comparisons, some
indication of their reliability is needed: for this reason a general discussion of the
variocus experimental procedures and the limitations of experimental data is included.

For the presentation of the material, it has been found convenient to follow the
kind of arrangement already used in an AGARD document, Ref 0.3, giving a data base for
steady aerodynamics.

2 GUIDE TO COMPENDIUM

The complete list of AGARD Aercelastic Configurations is given in Table 0.1, For
those configurations having Data Sets in this Compendium this table alsc gives the CT
Case numbers (as defined in Refs 0.1 and 0.2) for which there are experimental data.

For those configurations not having Data Sets the present position regarding the experi-
ments 1s stated. It is intended to issue further Data Sets whenever possible.

The Compendium consists of a General Review, of which this present section is part,
followed by seven self=-contained Data Sets. Each Data Set provides:

- means for identifying and locating all the unsteady measurements that could
be made avalilable;

- a brief overview of the salient features of the experimental results;
- numerical data from those tests that relate directly to the CT Cases.

Also, by means of a standard form, each Data Set gives key information about the test
equipment and test conditions - information that may be found important when comparing
experimental and theoretical results.

It is hoped that the Information contained in the Data Sets will satisfy the
theoretician through the first stages of comparing calculation with experiment. At some
later stage the need may arise for comparisons with experimental cases beyond those
selected to correspond with the CT Cases, It is for that reason that each Set lists all
the experimental tests for which data could be made available if requested from the
original source,

The tables presenting the numerical data are mostly coples of computer listings
from the original data banks. Therefore the forms and notations differ across the
various Data Sets. To have reformatted the data to a standard notation and lay-out would

* preparation of the Review and editing of the Compendium was funded by US Air Force Office
of Scientific Research, European Office of Aerospace Research and Development.
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have required much labour and incurred the risk ¢f introducing errors - apart from which,
a familiarity gained with the original form makes for easy communication if similar data
are required for additional cases.

It will be seen from Table 0.1 that the present Data Sets extend over a range of
2-D section shapes and 3-D planforms., The unsteady model motlons are basically either
some form of rigid-body pitching or control-surface rotation; they are mostly small-
amplitude oscillations, although Data Set 3 includes large-amplitude oscillatory and
transient motions. The experimental cases also include a variety of types of subsonic
and transonic flow, but it is necessary to refer to the Data Sets themselves for detailed
specifications.

It may be noted that not every CT Case has an experimental counterpart.
2.1 Correspondence between experimental and computaticonal cases

Although it is true that the related CT Cases were chosen from the available
experimental tests, the degree of relationship between them differs over the complete
seriles.

The type of unsteady motion is basically the same for corresponding experimental and
computation cases. In some CT Cases the specification of parameters such as amplitude,
frequency, Mach number, Reynolds number, model jincidence and flap angle are in exact agree-
ment with the experiments. But for Data Sets 4 and 5, which both relate to the super-
critical aerofoll NLR 7301, there are differences between the experimental and CT values
of model mean incidence L and Mach number M as shown in Table 0.2.

With regard to Data Set 4, the explanation is stralghtforward. The airfoil was
designed by a hodograph theory which predicted shock-free flow at M = 0.721 and on =

-0.19 deg. 1In the NLR experiments this type of flow did not occur for those theoretical
values of M and L. but was approximated as closely as possible for a different

combination: M = 0,744 and an = 0.85 deg. The differences were mainly due to viscous

effects and tunnel interference. Thus the CT specifications were chosen such that theory
would produce flows similar to those observed in the experiments, on the argument that
these specifications will compensate for the two effects.

The situation with regard to Data Set 5 is rather more complicated because, at the
time the CT Cases were chosen, these data, generated at NASA Ames, were not available.
As in the NLR tests, the experiments from which the data are abstracted were run for com-
binations of M and O which gave classes of steady flow corresponding to those pre-

dicted by the aerofoil design theory using the CT specifications. Thus the cases of
bata Set 5 can be related to the CT Cases on the basis of similar flows but for this Set
the values of the frequency parameters do not match the CT Cases exactly.

Data Sets 4 and 5 form a unique combination in providing independent measurements of
comparable data for the same aerofoll. However, as shown in Table 0.2 there are
differences between the Reynolds numbers for the two sets and also differences in regard
to the use of boundary-layer transition trips. In addition there is an appreciable
difference between the two ratios of tunnel to model size, which as discussed later, may
be important in connection with the effects of tunnel interference. Examples of compari-
sons between these two Data Sets are discussed in section 7.

Certain implications arising from the differences between the experimental and CT
specifications will be discussed later in section 8.

3 GENERAL NATURE OF UNSTEADY DATA

The practical requirement is for aerodynamic information for 1lifting surfaces and
control surfaces undergoing arbitrary time-dependent displacements or deformations. Basic
studies are usually centred on 2-D or 3-D model configurations performing prescribed
unsteady motions in a uniform stream with steady perturbations.

In considering the general forms of the aerodynamic quantities it is convenient to
restrict the discussion to pressures, the quantities that are measured. ©Since it 1s the
distribution of pressure that determines the resultant forces and moments it will be
readily appreciated that similar remarks can apply to quantities such as 1lift, pitching
mcment and control-surface hinge-moment, For the time being discussion will be concerned
with pressure denoted by p , the introduction of non~dimensional coefficients being left
until later.

For a given model configuration in a given flow, interest lies in the pressure dis-
tributions associated with an unsteady change in a model displacement parameter ¢ , which
is a general coordinate to denote angle of pitch, control-surface deflection or some other
quantity defining the unsteady motion. The basic problem is to determine p(t) for the
prescribed time-wise variation ¢(t}

Experiments are sometimes made with non-harmonic forms of +4(t) , and indeed Data
Set 3 includes tests in which incidence is increased approximately linearly with time,
but most unsteady experiments have been made for oscillatory conditions. Although there
are special interests in large-amplitude motions, the main concern is with small
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perturbations and the most usuwal form of testing is with small-amplitude continuous
harmonic oscillations. For this reason it is the pressure quantities relating to
harmonic¢ oscillations that will now be discussed.

We consider a rigid model undergoing oscillatory pitching motion., In addition to
specifying Mach number and Reynolds number, the condition of the model is defined by

- a mean condition about which the oscillation occurs, specified by a mean
incidence on
- an oscillatory motion specified by the sinusoid ¢ = by sin wt .
Associated with this oscillatory condition will be the following classes of pressure
guantity:
- steady pressure for the steady mean condition;

- unsteady pressure for the oscillatory condition: this includes a mean and
an oscillatory component;

- steady pressures resulting from steady model positions which correspond
to successive instantaneous positions during the unsteady excursions,

When a system can be regarded as linear (f{e p varying linearly with 4 ) there are
just four kinds of pressure quantities to be determined:
(1) steady pressure Pg for the steady mean condition identical with Pp the
mean pressure during the oscillation;

(2) in-phase component normalised by motion amplitude, p'/¢0 :
(3) in-quadrature component normalised by motion amplitude, p"/¢0 H
(4) steady pressure derivative, dp/dé .

As an alternative, a modulus and a phase angle can replace the in-phase and in-quadrature
components.

The distribution of P characterizes the type of flow, which in many respects
influences the oscillatory and derivative pressures. Components p'/¢0 and p“/o0 are,

in general, dependent on the fregquency of oscillation, and their variations with frequency
give an indication of the effects of unsteady aerodynamics. In a linear system the
derivative dp/d¢ is the zero-freqguency equivalent of p'/¢0 ; and provides a useful

datum from which the effects of unsteadiness can be assessed.

When non-linearities are present, the pressure variation can be expressed as the
Fourier series:

plt) = P, + p' sin wt + p" cos wt + p; sin 2t + p; cos 2ot

plus higher harmonics, 1In the general non-linear case the Fourier coefficients are not
necessarily proportional to the motion amplitude by + and the mean pressure Py is not

necessarily the same as the steady pressure Py - Also the steady derivative dp/d¢
needs to be replaced by another concept which will be discussed in the following section,

For attached flow serious non-linearities in pressure usually occur only for posi-
tions close to either a leading-edge, a flap hinge~line or a shockwave. Consequently
being localised, the non-linearities tend to disappear when the pressures are integrated
to give forces and moments. It is for this reason that even when non-linearity is
present, practical interest continues to be centred on the fundamental components p'/¢0
and p"/¢0 « In most of the experiments included here, no attempt was made to measure

any of the higher harmonics although large non-linearities were known to be occurring at
a shockwave.

4 NOTATION

Various symbolic notations are used in the documents from which the information in
the Data Sets has been obtained. Because the data listings are presented in their
original form, it is necessary tc explain the individual notations in each Data Set.

Some uniformity in notation is however desirable for future discussions and for
this reason Bland, in Refs 0.1 and 0.2, has recommended a basic notation. This has been
extended in this Compendium and, although the data listings retain their original forms,
a move towards a standard notation has been made in preparing the diagrams and descriptive
material for the Data Sets.
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The following scheme is consistent with that proposed by Bland although there are a
few minor changes. The sign conventions and some of the major definitions are shown in
Fig 0,1 reproduced from Ref 0.2. The present scheme includes the basic notation and an
extension to deal with the unsteady aerodynamic quantities.

BASIC NOTATION
Model geometry

local chord: ¢

root chord: c,.

medel span: s

full-span aspect ratie: AR
sweepback angle: A

taper ratio: A = tip chord/root chord

streamwise position aft of root leading edge: x
chordwise position aft of local leading edge: ¢&c
spanwise positicon: ns

local position of pitching axis: x

o

local position of flap hinge: X
incidence: «

flap angle: ¢ (measured in a streamwise section)

Stream
Mach number: M
Reynolds number based on root chord: Re
velocity: V
static pressure: p
total pressure: Py
dynamic pressure: d
total temperature: T0
ratio of specific heats: v

Model pressure (steady or instantaneous values)

surface pressure: p
pressure coefficient: CP = (p - p_)/q
pressure ratio: p/pt

pressure resultant loading: ACP = (C }

p lower ~ Cp upper

Model surface flow

local Mach number ML determined from a measured pressure ratio by the isentropic
relation:

. Téﬂ[(ﬁ)-(v—l)/v _ 1]

Section force coefficients
1
1ift: ¢, = fAde(x/c)
0
1
pitching moment: ¢ = j.ACp(xa/c - x/cld(x/c)
0

(Note: This definition of m is more general tlHan that in Fig 0.1 because it
relates to the moment about point Xy which need not be the same as X about
which the model is pitching.)
1
Cog = Acpd(x/c)
xs/c

flap lift:
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Section force coefficients (concluded)

1
flap hinge moment: ey = .[ ACP(xG/c - x/c)d({x/c)
xﬁ/c

UNSTEADY NOTATION
Model motion

time: ¢

non-dimensicnal time: 1 = 2Vt/c

general coordinate for model motion: ¢
arbitrary motien: ¢(t) or ¢{1}

oscillatory motion: ¢ = ¢0 sin wt (or $q cos wt)
oscillatory amplitude: ¢0 representing agr 60 or 90 {(Data Set 7)
mean incidence during an oscillation: L
mean flap angle during an oscillation: Gm

1

oscillation frequency: £ (Hz), or 2#f = w (rad s )

reduced frequency: k = wc/2V, or ucr/zv

Unsteady pressures

For an arbitrary model motion ¢ = ¢(1) , the time-wise variation of instantaneocus

pressure is defined as
(0 = (p(n) —p,,)/q .

Oscillatory pressures

For the oscillatory motion ¢ = ¢0 sin wt , a general equation for oscillatory
pressure is

plt) = Py * P' sin wt + p" cos ut + P} sin 2ut + P] cos 2ut + etc
or the alternative,
plt) = P, * [po sin{wt + eo) + Py sin (2wt + sl) + etc] .

The sign outside the brackets in the last equation is a matter of choice. However, it is
most convenient to choose the negative sign for the upper surface of the model and the
positive for the lower, then usually the phase angles £y in degrees for both surfaces

will tend to zero, and not 180 deg, as the frequency tends to zerc. Also this choice of
signs 1s consistent with the usual method of pleotting chordwise distributions of oscilla-
tory pressure.,

Mean pressure during oscillation: Cpm = (pm - p.l)/g

Fundamental (lst harmonic) amplitude-normalised components

in-phase (or real component): Cé/¢0 = p'/q¢0
in-gquadrature (or imaginary component): C;/¢0 = p"/q¢0

Where an oscillatory quantity can be expressed as a complex amplitude a bar is used thus:
- - ieo
: = ! " =
complex amplitude: C /%, (Cp/¢°) + i(Cp/¢0) * (|Cp|/¢0)e

- 2 2 %
modulus; 1€ |/¢0 = [(Cl')/i'o) + (C;”’O) ]

-1
hase angle: tan cr/c! .
phase angle € (cp/cp)

Following the recommendation of Ref 0.1 the motion normalised quantities defined above are
represented by a combined symbol including the normalising amplitude by - which in par-

o - It should be noted that in some

existing notations the normalising amplitude is omitted from the symbolic representation,
Thus an existing notation may use CE and C; respectively for the quantities C§/¢0

ticular cases will be replaced by agr eo or §

and C;/¢0 per radian as now proposed.
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The (n+1)th harmonic

- R | = 1
in-phase component: Cpn/¢0 pn/q¢0
- . " = "
in-quadrature component: Cpn/¢0 pn/q¢0 i
=t - L - o n
complex amplitude: Cpn/¢0 = (Cén/¢0) + i(Cpn/¢0) = i(lcpn|/¢0)e with medulus

|Cpn|/¢0 and phase angle e .

Unsteady forces and moments

The sectional unsteady forces and moments are obtained from the pressures by integra-
tion of the separate in-phase and in-guadrature components. The amplitude normalised

coefficients are represented symbolically by using Cyr Cpr Sy etc in place of CP .

Thus EL/¢0 represents the normalised complex amplitude of 1ift.

Use of Py rather than q as a non-dimensicnalising factor

In the preceding notation, apart from pressure ratio p/pt in the expression for
local Mach number M , all the aerodynamic pressure and force quantities have been

divided by g to make them non-dimensional. An alternative which, as will be discussed
in section 8, has advantages in certain circumstances is to use p, in place of gq .

Thus the complex pressure amplitude ﬁ/pt¢0 is an alternative to Ep/¢0 . Of course the
two forms are related through the stream Mach number by the relation:

v/ (y-1)
p/a = [+ 5ty-1] /’s‘er :

Units

Incidence, control angle, amplitude of angular motion and phase angle are conven-
tionally specified in degrees. Oscillatory pressure or force when normalised by an
angular motion are usually specified 'per radian', The amplitude of a linear motion is
preferably made non-dimensional by dividing by a model dimension.

guasi-steady and steady perturbation pressures

Several kinds of steady, or quasi-steady, cquantities are used asg equivalent
gquantities to provide comparisons with the unsteady ones; the application in the linear
case of the steady quantity de/d¢ has already been mentioned. The following discus-

sion is intended to clarify the distinctions between the various forms these quantities
can take.,

The term 'quasi-steady' is usually applied to all such gquantities but for the
identification of experimental data it would seem preferable for this term to be applied
only to those quantities that are measured in the same way as unsteady quantities but
for slow rates of change. Such a quasi-steady oscillation, denoted by k »+ 0 would
yleld for each in-phase component a gquasi-steady value, for instance (Cé/¢0)qs .

Data Sets 6 and 7 both include measurements for comparatively low-frequency oscillations
which are regarded as gquasi-steady.

The term 'steady perturbation pressure' 1is a better description of those guantities
cbtained by steady pressure measurements made for two or more stationary conditions of the
model close to the mean condition. The simplest of these is an approximation to the
derivative dcp/d¢ obtained from measured steady pressures CP' and CP+ corresponding

respectively to the two conditions -=¢, and 4, . The guantity taken to be comparable
with the unsteady in-phase component C§/¢0 is then 6Cp/6¢ = (CP+ - Cp_)/2¢1 with the
deflection ¢y chosen toc be the same as, or related to; the amplitude of oscillation

¢0 . Data Sets 1 and 4 contain data obtained in this manner.

More detailed information could be obtalned if measurements are made for several
increments of $, so that the form of steady Cp(¢) over the oscillation amplitude is
revealed., Then an average slope dCP/d¢ could be obtained, say, by 'least squares',

To make allowance for non-linearities it is in principle possible to extend the

measurements further so that they become equivalent to the steady gquasi-oscillation
4 = ¢, gin ¢y , with 0 < ¢ < /2 . Provided the chosen values of ¢ are sufficiently

numerous, the measured steady pressures can be regarded as sampled data from which the
fundamental and higher harmonic values can be calculated. 1In particular such measurements
would yield a steady gquantity (CE')/¢O)S which is directly comparable with its unsteady

~ counterpart C§/¢0 . Although none of the present Data Sets contains gquasi-oscillatory
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quantities of this nature, it may be possible to derive such quantities from data available
from the original sources.

In short, under the customary generic title 'quasi-steady', three of the possible
kinds of quantity comparable with the unsteady Cé/¢0 are:

(1) Low-frequency equivalent (C'/¢0) g Measured for k + 0 ;
(2) Steady derivative 6Cp/6¢ ;s OF dcp/d¢ '
(3) steady guasi-oscillatory quantity (c£/¢0)s .

In many cases a low-frequency change will become equivalent to a series of steady
conditions as the rate of change is reduced. But there are special circumstances where
this is not so - where even the slowest rate of change includes an unsteady event. Such
a gituation occurs when the motion, however slow, leads to the onset of flow separation
where the actual process of shedding vorticity occupies a period of time largely independ-
ent of the rate of change. That i1s the condition k + 0 1is not always the same as the
condition k = 0 .

In addition to the fundamental differences in the form of these three quantities it
may be necessary to take into account the differences between the method used to measure
(1) and that used to measure the steady pressures from which (2) and (3) are derived.
Sometimes different instrumentation is employed to obtain unsteady and steady measurements,
in which case also, the unsteady and steady measuring positions may not be the game. Thus,
whilst (Cé/apo)qs and the unsteady C$/¢0 are obtained with the same instrumentation, a

comparison between C'/¢0 and a steady perturbation quantity may involve different
measuring systems and different accuracies.

5 EXPERIMENTAL PROCEDURES AND INTERPRETATION OF RESULTS

The intention here is to give a brief account of some of the procedures commonly
adopted in the experimental measurements and, by so doing, to draw attention to the
possible limitatlons of the data. It is also hoped that this account will lead to an
appreciation of the significance of the details of the test equipment and test conditions
that are given in a standard form in each Data Set. A more extensive account of experi-
mental technigues used in unsteady aerodynamics is contained in Ref 0.4.

Each series of tests involves a model, equipment to provide the required unsteady
motion, instrumentation to measure the model motion and pressure distributions, and a wind
tunnel to provide the appropriate test conditions.

The characteristics of the tunnel and the interference effects produced are of
especial importance and form the subject of section 6.

5.1 Model motion

In each of the present experiments the model was designed to perform rigid-body
motion. All the 2~D aerofoil mcdels (Data Sets 1 to 5) were stiff encugh to be regarded
as rigid, but for the half-models of Data Sets 6 and 7, flexibility led to the basic
applied motion being augmented by a small amount of elastic distortion dependent on
oscillation frequency and aerodynamic loading.

The model motion, even when elastic deformation occurs, is usually defined by the
output of a displacement transducer arranged to measure the motion reference coordinate
¢ » and to provide a time-varying electrical signal which is used as a phase reference
for harmonic analysis., When the model cannot he regarded as rigid, some assessment of
the actual motion which includes the unsteady deformaticn may be obtained from a distri-
bution of accelerometers installed inside the model. By this means the true motion can
be related to the measurements of ¢ .

5.2 Measurement of pressure

There are variocus schemes for measuring surface pressures. &All of them depend on one
or more pressure transducers to provide electrical outputs which are the actual quantities
that are processed and eventually measured. Sometimes, as in Data Sets 2, 5, € and 7, two
different systems are used in the same experiment: one to measure pressures in the steady
state, the other for measurements in unsteady conditions. Then the steady and unsteady
distributions may not be measured for the same positions, as in Data Set 7. One type of
unsteady measuring system uses small transducers installed within the model and connected
to orifices at the model surface. But in another system, as used for Data Sets 1 and 4,
unsteady pressures are piped to a location ocutside the tunnel and switched in sequence to
a slngle transducer. With any system the measurement that is sought is the surface
pressure which would be acting at the position of the orifice: what is actually measured
is the pressure acting at the diaphragm of the transducer. Therefore, unless the trans-
ducer is actually part of the surface there is always a question about the transfer
function between the pressure acting at the orifice and that at the transducer. In
systems where the unsteady pressures are piped to a distant measuring device, the deter-
mination of these transfer functions ig a vital part of the calibration. When the
transducer is situated very close to the orifice and the enclosed volume of air is small,
the effects of transmission are usually neglected. However, a feature, which is common
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to all systems and very difficult to simulate in bench calibrations, is the effect of the
flow across the orifice.

Whether or not the transfer function between orifice and transducer diaphragm is
significant, the calibraticn factor relating the unsteady electrical output to unsteady
pressure ig of paramount importance. Whereas good standards of steady pressure are
commonplace, there is no readily available definitive standard for oscillatory pressure.
Although the experimenters will have taken great care over this matter, it is easlly
appreciated that a systematic error in the calibration could lead to undisclosed errors
in all the measurements of a series,

5.2 Signal processing

In oscillatory tests, the electrical signals from the pressure transducers are
usually processed in some manner to yield harmonic components phase-referenced to the
signal representing the motion coordinate ¢ . However this 1s not so for Data Set 3 in
which the pressure and motion signals are sampled to provide instantaneous values at a
series of known time-intervals.

It is unnecessary to describe in detail the methods of processing the electrical
signals, but it is important to be aware of the nature of the signals and teo understand
the kind of quantities that result from the processing. Almost inevitably the signal
from a transducer sensing an aerodynamic pressure includes, in addition to the wanted
signal, random-like fluctuations from various sources. Transonic tunnels with their
slotted or perforated walls are prone to produce stream flows with some degree of inherent
unsteadiness., Model flows which are supercritical, or separated, may themselves provide
another source of unsteady disturbance. Thus even when the model is stationary the
pressure signals may include fluctuations. When the model is undergoing a prescribed
unsteady moticn the complete pressure signal will represent a combination of random
fluctuations and the response to the motion.

Depending on the type of signal processing employed, the result could be

- an instantaneous value;
- a time-average;

- a cycle-average of instantanecus samples taken at corresponding times in a
number of cycles;

- a series of harmonic components obtained by Fourier analysis over either a
whole number of cycles or a certain period of time.

Steady pressures are usually measured as averages over short periocds of time. 1In
general, time or cycle averaging is beneficial in reducing, if not always eliminating,
the effect of random fluctuations. In some circumstances, where the unsteady process
under investigation itself includes some form of randomness, averaging can obscure
features of the individual eycles. Because the experiments from which Data Set 3 was
extracted included an element of randomness in each cyclic onset of flow separation,
both quasi-steady and unsteady pressures were measured as instantaneous values.

5.3 Occurrence and effects of extraneocus fluctuations

When extranecus pressure fluctuations, independent of the applied model motion,
are produced by an instability of the flow over the model they are a proper feature of
the flow phenomenon and as such should appear in the results and regquire theoretical
modelling. It is for this reason that items 5.11 or 5.12 of the test specification have
peen requested in each Data Set.

When the fluctuations are the result of turbulence or other unsteadiness in the
tunnel flow it is desirable for their effects to be reduced by averaging. Whether they
can be completely eliminated by averaging depends on whether they are linearly superposed
on the pressure response to the prescribed motion or whether there is some form of non-
linear interaction, In highly non-linear situations in the close vicinity of a shockwave,
extraneous fluctuations can lead to erroneous data. Examples of such interference are
menticned in Refs 0.4 and 0.5,

5.4 Non-linearities

For small excursions away from the mean condition the pressure over much of the model
surface will vary linearly with steady displacement ¢ . Exceptions to this become evident
when measurements are made near to a leading edge or a control-surface hinge-line, or
close to a shockwave. Non-linearities in the steady pressure variation are accompanied
by the presence of higher harmonic components under oscillatory conditions; the manner in
which these are produced in the close neighbourhood of a shockwave has been described in
Refs 0.6 and 0.7.

Measurements of harmonic components are often limited to the fundamental on the
grounds that this is the only component of importance in practical problems of aero-
elasticity. Only Data Set 4 includes any numerical data for higher harmonics although
Fig 6.6 of Data Set 6 gives graphical information on the spectral content ¢f the pressures
for transonic flow. Alsc Data Sets 2 and 5 include instantaneous pressures over a cycle
of oscillation, which show non-linear features.
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If in some circumstances the presence of higher harmonics in the oscillatory
pressures is found to be independent of chordwise position, it is advisable before
attributing these to non-linear aercdynamics to verify that the model motion is truly
simple harmonic. This comment is relevant to any Fourier analysis that might be made on
the instantaneous data presented in Data Set 3 which gives information on the harmonic
distortion in the model motion.

When non-linearity is present, the values of the amplitude-normalised quantities
Cé/¢0 and C;/¢O and the steady guantity 5Cp/6¢ are liable to be dependent on the

displacement amplitude. This point needs to be bhorne in mind before placing too much
emphasis on the peak values of these guantities obtained at the positien of a shockwave,
Interesting examples of amplitude dependence are shown in Fig 2.3 of Data Set 2 and

Fig 5.7 of Data Set 5.

Irregularities in the chordwise distribution of the oscillatory pressure components
are sometimes found near to the leading edge. These may be due to non-linearities
associated with a local separation or with the disturbance produced by a transition-trip.
Such irregularities usually appear only for small amplitudes, and disappear when the
amplitude is increased.

To summarize, indications of non-linearity include:

- non-linearity in CP(¢) :

- amplitude effects on the fundamental components C§/¢0 and C;/¢0 H
- non-sinusoidal time histories;

= higher harmonic compeonents from Fourler analysis;

- irregularities in chordwise distributions of the oscillatory components.

5.5 Reduced frequency

The exact values of the test frequencies are often chosen for practical reasons such
as the need to avoid unwanted resonances of the model or its supports. Almost invariably,
tests are made for sets of fixed frequencies of oscillation so that for each constant
frequency the reduced frequency k , varies with Mach number M and stream total
temperature T, . For a fixed M, k varles inversely with /TO(K) . Total temperature

in a tunnel is not always closely controlled so that the value of k can vary during a
tunnel run, but even in an extreme case where temperature changes from 25°C to 35°C the
value of k would change by only 2%, Such a change is hardly likely to have a serious
effect on the unsteady aercodynamics.

No uniform procedure has been adopted in specifying the test values of k . When
either an average or a nominal value is quoted for each combination of M and £ , it
will be appreciated that the true value may differ by a few percent.

Tests made with substantially different values of frequency are included in most
series of measurements. For rigid models the interpretation of the results is straight-
forward, but if model flexibility is significant, care has to be taken to eliminate any
effects of changes in the oscillation mede with frequency.

5.6 Mach number and model incidence

These are the main parameters that define the basic flow from which the unsteady
changes are made. In some cases the actual incidences and tunnel Mach numbers may be
found to be slightly different from the specified nominal values.

For models with symmetrical sections, the datum incidence a = 0 is usually set to
align with the known flow direction of the tunnel. For models having sections that are
not symmetrical the method of setting incidence is given in item 5.7 or 5.9 of the
specification in each Data Set.

Where measurements of tunnel Mach number and model incidence are subject tc standard
corrections for wall interference, the detalls are given in item 9.6 of each specification.

5.7 Tunnel pressure and Reynolds number variations

The Reynolds number for a test depends on the pressure and temperature of the flow
in the tunnel, Usually flow temperature is not closely controlled so that there may be
small variations in Reynolds number throughout a series of tests. For those test series
where tunnel total pressure remains constant, the Reynoclds number is different for each
Mach number, In tunnels where total pressure can be changed, variation of this quantity
provides a means of obtaining data over a range of Reynolds number for each Mach number.

But as well as changing Reynolds number, alteration of total pressure can produce
side-effects which, unless recognised and taken into account, may lead to apparent trends
with Reyneolds number that are in fact spurious.
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For instance, an increase in total pressure means an increase in all the unsteady
pressures, with a consequent improvement in the measurement accuracy. This in turn may
mean a reduction in random errors and result in smoother pressure distributions. Also a
change in total pressure alters the mean pressure level at which the transducers are
operating and, in the presence of non-linearity, this can lead to a change of transducer
sensitivity factor. If not accounted for in the calibration this could appear as a
spurious Reynolds number effect.

An increasge in the aerodynamic loading on the model is also produced by increasing
the total pressure, and if the flexibility of the model is significant, this can lead to
distortion of the model and to modifications to the mode of oscillatory motion. Data Sets
2 and 5 include data for a range of Reynolds numbers, but for these there is no possibility
of unwanted aeroelastic effects because of the rigidity of the 2-D models.

5.8 Transition fixing and Reynolds number

Most of the tests were made for Reynolds numbers less than full-scale. To avoid
unwanted effects associated with laminar boundary layers, trips to fix the transiticn posi-
tion were fitted to some of the models., No trips were fitted for the measurements of
Data Set 3 because the Reynolds numbers of the tests matched those of the full~scale heli-
copter blades to which the experiments were directed. Data Sets 1, 6 and 7 present
numerical data for only meodels with transition trips, whilst for the experiments of Data
Sets 2 and 5 no trips were attached. Data Set 4 gives information about the effects of
fixing transition; in this Set transition was fixed for some cases and for others it was
free. Data Set 6 contains a brief discussion of transition fixing in terms of increasing
the thickness of the boundary layer, and provides graphical information about the effect
this has on the unsteady loading produced by an oscillating control surface,

Data Sets 4 and 5 which give measurements for models having the same aercfoil shape,
offer comparisons, as already shown in Table 0,2, between (a} tests with transition fixed
at comparatively low Reynolds number, and (b} tests with free transition for a range of
Reynolds number. Some of these comparisons will be discussed in section 7.

The desirability of fixing transition and the best position in the chord for
attaching the trips are debatable matters. On the one hand if transition remains free,
a laminar boundary layer may lead to types of flow separation and shockwave boundary-
layer interactions that are unrepresentative of full-scale, Also it is possible that,
when natural transition is delayed to a rearward position of the chord, the cyclic
excursions of the transition point due to a model oscillation may engender non-typical
oscillatory pressures of no practical interest. On the other hand when transition trips
are used, the turbulent boundary so produced is usually too thick over the rearward part
of the chord, thus over-emphasizing viscous effects which can be especially serious for a
trailing-edge control, see Fig 6.4.

With regard to tests with over-thick boundary layers, Binion, Ref 0.8, polnts out
that with modern designs of wings, even at high Reynolds number, viscous effects are
likely to be so large that worthwhile calculation methods must be able to take these
effects into account. The conclusion then is, albelt for steady conditions, that provided
the class of flow is representative, tests with thick boundary layers do provide a useful
challenge to theoretical computations. The objective of fixing transition therefore
depends to some extent on whether the experiments are aimed at providing data appropriate
to full-scale Reynolds numbers, or providing data to wvalidate viscous calculations.

5.9 Accuracy of measurements

The accuracy with which the relevant quantities are measured is clearly an important
matter although, as will be discussed in subseguent sections, the guality and reliability
of experimental data involve wider considerations concerning the test environments.

It may be taken for granted that steady pressure, Mach number, incidence, steady
deflections and oscillation frequency are measured with adequate accuracy. It is the
accuracies of unsteady pressure quantities such as Cé/¢0 and C;/¢O that give cause

for concern. Each of these quantities is derived from separate measurements of small
changes in pressure and small displacements ¢f the model. The measurements are made with
instrumentation operating under dynamic, not steady conditions, and their accuracy depends
crucially on the calibration procedure. It is easily seen that a systematic error in the
measurement of a pressure harmonic component, or of a motion amplitude, could affect the
whole set of measurements.

Whereas the resclution of the instrumentation or the day-to-day repeatabllity, both
of which set limits to the accuracy, are fairly easy to determine, the overall accuracy of
a measurement is extremely difficult to quantify. Usually the most that can be expected
is a statement to the effect that the measurement of guantity A 1is no better than
X percent. Such statements are usually made on perscnal, and to scme extent intuiltive,
assesgsments based on the experience of the experimenter. To demand more would be
unreascnable, for a thorough analysis of possible errors could easily entail as much work
as the measurements themselves,
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6 TUNNEL INTERFERENCE

All measurements obtained from wind tunnels are liable to suffer from the effects of
tunnel interference. That is, the data obtained may differ from those which would be
obtained with the same model moving in a free and uniform atmosphere. With that as a broad
definition, the various sources of interference are:

(1) Wall constaint on the flow.

(2) Shockwave reflections from the walls,

(3) Side-wall boundary layers in 2-D tests.

(4) Reflection-plane boundary layer in half-model tests.

(5) Support interference in complete model tests.

(6) Flow fluctuations inherent in the tunnel flow.

(7) Curtailment of wake vorticity by tunnel corner, shockwave or fan.
(8) Reflection of acoustic disturbances at the walls,

(9) Occurrence of tunnel resonance,

{10) Acoustic disturbances propagated through a plenum chamber.

Items (1) to (6) affect both steady and unsteady measurements, whereas items (7) to
(10} are peculiar to unsteady conditions. General accounts of the effects of interference
on unsteady measurements are given in Refs 0.4 and 0.5. Of all the possible causes of
interference, the only ones likely to be important to the present data are the constraint
and reflection properties of the walls (items (1), (2) and (8)) and, if flow separation
occurs at the model, the effects of the side-wall and reflection-plane boundary layers
(items (3) and (4)). Tunnel resonance is known to be possiblé in 2-D tests (Ref 0.9} but
no occurrences are reported in any of the Data Sets.

Because of its more complicated nature, interference on unsteady measurements is
poorly understood in comparison with interference on steady measurements. Since some part
of the total effect on an unsteady measurement can be attributed to steady interference -~
indeed for supercritical conditions the steady effect may be the major contribution - it
is important to clarify the distinction and see how much of the total effect can be
accounted for by steady considerations.

Consider for the moment a specific event in which a model initially at a steady

incidence ¢p is rapidly moved to a new steady incidence ag -« After sufficient time

has elapsed we can assume that the flow has reached a new steady state appropriate to the
new steady incidence. If the event occurs in a wind tunnel, the initial flow for ap

and the final flow for ap are both subject to steady interference. The manner in which
the flow changes with time, and indeed the time taken for the flow to approach its final
steady state are subject to unsteady interference., The totality of the interference on the
unsteady event is a combination of these steady and unsteady contributions.

For the more usual type of unsteady test where the model is given an oscillation of
small amplitude ¢0 about a mean incidence o and conditions are linear, the aero-

dynamic pressure characteristics are fully described by
(1) CP for steady L
{2) (lap|/¢0)qs , the amplitude for a gquasi-steady oscillation identical with
dac_/d4¢ .
P/¢
(3) Varlations with frequency of amplitude |Epf/¢0 and phase angle ¢,

Quantities (1} and (2) are affected by only steady interference and provided these effects
can be accounted for, the only unsteady effects are thoZe concerning the phase angle and
variations with frequency, (3).

A crucial question is whether the aerodynamic measurements can be corrected for the
interference effects. For supercritical flows simple forms of correction are generally
impossible, but it is still helpful to approach the question from the standpoint of purely
subsonic flow. Classical theory for steady subsonic flow regards wall constraint as con-
sisting, in effect, of incremental changes in

= stream velocity due to blockage:
- model incidence due to induced upwash:
- 1lift and pitching moment due to streamline curvature.

On this simple basis, which neglects buoyancy effects due to the streamwise gradient of
blockage, the condition of a model in a tunnel can be regarded as equivalent to the



0-12 [ECHNICAL LIL)HAN‘:"

condition in free air of another model with a different camber set at a different incidence
in a stream of modified velocity. For subsonic conditions values of the incremental
changes can be obtained by thecoretical calculations if the boundary conditions at the walls
can be mathematically defined or if the wall pressures are known, or possibly by empirical
means if the wall conditions are unknown.

The concept of an equivalent free-air system suggests, if the effects of streamline
curvature are simplified, that the steady part of the wall constraint affecting cscillatory
measurements might be equivalent to changes in stream Mach number and mean incidence. This
leads to a possible basis for making comparisons between theory and experiment which will
be discussed later in section §.

For the oscillatory type of test mentioned previously a possible correction procedure
would c¢onsist of applying corrections to:

(1) M and an - to account for steady interference on the mean condition;

(2) (lcpl/¢0)qs - to account for steady interference on the quasi-steady
perturbation;

(3) ICPI/¢0 and e -~ te account for the unsteady interference,

The procedure is illustrated schematically in Fig 0.2 which shows a hypothetical variation
of Cp|/¢0 and €9 with reduced fregquency k . It is assumed that the measured steady

Cp obtained for the steady condition (M,am) would be obtained in free alr for another
steady condition (M,um)' . The curves labelled 1 are those measured in the tunnel for
(M,um): those labelled 2 would be obtained in free air for the mean condition (M,am)'.
Steady interference is responsible for the displacement 4, . If curve lA is drawn

1

parallel to curve 1, or more strictly to give Al proportional to the modulus of total

1ift, then the additional and unsteady interference effects are represented by A2 and
a5 . Ability to apply corrections to the measurements requires knowledge of the transla-

tion from (M,am) to (M,um)' and the values of Al, 52 and A3 .

For subsonic conditions, corrections to M and an and corrections of the type
Al applicable to lift and moment may be obtained theoretically or empirically. 1In

principle, corrections of types a, and b4 could be obtained from the extensions of

classical interference theory to unsteady conditions, as described in Ref 0.10. But, as
for the steady corrections, the calculations depend on an adequate definition of the wall
boundary conditions which, for the unsteady case, includes time dependence.”

For the present data, any purely theoretical forms of interference corrections are
liable to be unreliable hecause of inadeguate definition of boundary conditions for the
ventilated walls of the tunnels in which the data were cobtained.

Broadly speaking, the steady constraint effects in a ventilated tunnel depend on the
degree of ventilation; in principle at least, careful matching of the wall geometry and
wall porosity to the model geometry could result in negligible interference (see for
instance Ref 0,11), More usually, the measured slope of the steady lift curve for a
particular model will be too large or too small depending on whether the tunnel walls are
"too closed' or 'too open'. Also it is to be expected that the larger the model is
relative to the tunnel, the greater is the influence of wall constraint.

Even if the wall boundary conditlens can be adequately defined, theoretical correc-
tions to the measurements are simply not possible for supercritical flow conditions. A
useful discussion of steady interference under transonic conditions isg given by Einion,
Ref 0.8, He points out that, where the supercritical region is no longer small with
respect to the tunnel dimensions, the effect of wall constraint can no longer be regarded
in the classical terms of blockage, upwash and streamline curvature; instead it must be
regarded as a complicated distortion of the flow field which can strongly influence the
ghockwave and separation patterns. In which case, there may no longer be an equivalent
free-air condition corresponding to the model in the tunnel.

It is unfortunate that the foregoing discusgion has done little except describe the
difficulties of making corrections to the measured unsteady data,

In none of the Data Sets are any corrections made for unstead¥ interference but in
some Sets, steady-hased corrections are elther made, or the metho or applying them is
degcribed, ~In Data Set 4, although the presented data include no interference corrections
whatsoever, formulae are given for making corrections to the incidence, and to the 1ift
and moment for steady conditions. In Data Sets 4 and 5, as already explained in section
2.1, some adjustments have been made between the experimental values of M and % and

those chosen for the CT Cases; to some extent these adjustments are intended to account
for the steady interference effects.

* addendum: The author's attention has been drawn to recent methods of including the effect
of the walls in unsteady calculations for aerofoils and controls {see Refs 0,13, 0.14).
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Data Set 5 comprises results obtained with a model having the same basic shape as
the model of Data Set 4 - two examples of comparisons between the sets will be discussed
in section 7. In making other comparisons between the two Sets it should be noted that,
in addition to the differences shown in Table 0.2, the ratios of tunnel height to model
chord are 3.1 for Data Set 4 and 6.7 for Data Set 5, However, because of the beneficial
effect of wall ventllation, which to some unknown degree applies to both tunnels, it
cannot without further analysis be concluded that the interference effects on Data Set 4
are necessarily larger than those on Data Set 5,

In Data Set 3 where the unsteady data are presented as instantaneous values of C

and sectional force coefficients for instantanecus values of incidence a , the tabulated
values of the incidence and the force coefficients, but not €, have been corrected for

tunnel constraint as if each instantanecus value were obtained for a steady condition.

Data Set 7 is unique in being abstracted from an investigation intc tunnel inter-
ference. 1In the light of the evidence obtained from several tunnels it is believed that
the data for the two largest tunnels are free from any large effects due to tunnel con-
straint interference.

7 UNCERTAINTIES OF EXPERIMENTAL DATA

If experimental results are used only as qualitative information questions of
accuracy and reliability hardly arise. But when making quantitative comparisons the user
of experimental data will certainly want to know the confidence that can be placed on
the measured values, Basically the question is how well do the measured unsteady aero-
dynamic quantities relate to the specified configuration, its motion, and to the test con-
ditions defined by parameters such as M, Re, ey and k . The answer 1s seldom straight-

forward. It depends not only on the accuracy of the measurements and the manufacturing
accuracy of the physical model but also on the appropriateness of the wind-tunnel test
conditions and the uncertainties of wind-tunnel interference. In critical situations in
the presence of shockwaves or separations the answer also requires knowledge of the sensi-
tivity of the measured data to small changes in the parameters.

A general insight into the uncertainties of measurements and an idea of the confi-
dence that can be placed in experimental data can be cbtained from a comparison of results
obtained in different ways. For instance, confidence in the technique of unsteady
pressure measurement was obtained when, on several occasions in the past, different
organisations made comparative measurements using their own forms of instrumentation.
Usually, however, such comparisons are not completely independent because they use either
the same model, or the same tunnel, or both.

Examples of comparisons obtained with the same model in two different tunnels, thus
providing evidence of the effects of tunnel jinterference, are given by Figs 7.20 and 7.21
of Data Set 7. 1In these comparisons the model was small in relation to the sizes of the
tunnels; unfortunately the confidence gained by these comparisons does not necessarily
apply to every other situation. In the same Data Set, Figs 7.16 to 7.19, also provide
evidence of the sensitivity of the measured oscillatory pressures to small changes of
M and a. for some examples of transonic flow.

The two investigations from which Data Sets 4 and 5 are drawn provide a rare
opportunity for comparing two independent sets of measurements. The data available for
comparison relate to oscillatory pitching of the NLR 730! supercritical airfoil. It is
important to note that the two sets were obtained with different physical models in
different wind tunnels by different experimenters using different instrumentation. As
such the twe experiments were completely independent.

At the outset, before making comparisons of the measured data, there are three points
to be noted: firstly, there are differences in the degree to which each physical model
represents the design shape of the NLR 7301 aercfoil; secondly, in neither case has there
been any attempt to apply tunnel interference corrections to the measured unsteady data;
and thirdly, there are no exact correspondences between the parametric conditions of the
two tests,

Fig 0.3 provides comparisons between the measured and the design ordinates for a
portion of the upper surface of each physical model. The ordinates for the NLR physical
model are taken from Tables 4.1 and 4.2 of the present document; those for the Ames model
are taken from Ref 5.4 which mentions that, owing to an expansion of the manufacturing
mould, the model is slightly thicker than it should be. The same report alsc contains a
suggestion, which is supported by Fig 0.3, that the surface of the model is not as smooth
as the design shape.

Two examples of data comparisons will now be discussed. Not only do they provide
evidence of the kind of uncertainties surrounding experimental data, but they provide a
foretaste of situations requiring judgements to be made when comparing calculated and
experimental results. 1In each example the unsteady quantities being compared are the
distributions of the oscillatory pressure components, Cé/“o and C;/ao  for the upper

surface only. The different tests are identified by the NLR Run No. or the Ames Dynamic
Index.
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flow for M =

The first example, chosen because of the aerodynamic simplicity of purely subsonic
The three tests being compared are identified:
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0.5, relates to CT Case 2,

6

Test M o (deg) ay (deg) k Re x 10~ Transition
NLR 1301 0.498 0,85 0.4 0.26 1.7 Fixed at 0.3c
Ames 185 0.508 0.58 0.5 0.20 2.3 Free
Ames 170 0.508 0.58 0.5 0.20 9.3 Free

The steady pressure distributions are shown in Fig 0.4a. Whilst examining these
it may be noted that there is adequate agreement between the test Mach numbers and that,
because the flow is subsonic, no great significance need be attached to the small difference
in the values of LI Also it is reasonable to regard the difference between the Reynoclds

number of the NLR test and that of the Ames 185 test as not being too large. Although in
both the Ames tests transition remalned free, it was fixed in the NLR tests, but it is
important to note that the roughness band was as far downstream as x = 0.3c. Since it
appears from a comparison of the Ames and NLR steady pressures that fixing transition .
causes no dramatlc changes downstream of the band, it seems reascnable to conclude that
the band has no slgnificant upstream effect, Thus the results from the Ames 185 test
should be comparable with thcse from the NLR test at least ahead of x = 0.3c. In fact,
comparison of the steady pressures shows that although there is a disagreement between
the Ames and the NLR pressures at the lower surface, the three sets of results for the
upper surface are in reasonable agreement in regard to the basic shape, but that there are
more irregularities in the Ames distribution, possibly because of surface waviness,

Before ccmparing the oscillatory measurements, it should be noted that the difference
between the Ames and the NLR values of k would not be expected te lead to significant
changes in the real component C'/u0 , although it would have a small effect on the

imaginary component, C;/°0 The distributions of the oscillatory components are shown

in Fig 0.4b and c.

congiderable differences both between the two Ames sets and between the Ames and NLR
sets. The dip in the reqion 0.lc < x < 0,2¢ is well established by three points in the
Ames test at the higher Re, but is only just in evidence with a single point at the lower
Re. This is mentioned in the Introduction to Data Set 5 where it is concluded that this
dip is not spurious but must be attributed to a viscous effect, Interestingly the NLR
distribution for an even lower Re also shows a single-point dip.

With regard to Cﬁ/ao , in the region ahead of x = 0.3¢ there are

For the distribution of the imaginary component, C;/ao the main difference is the

vertical displacement between the similarly shaped distributions of NLR and Ames tests,
This can be ascribed partly to the known influence of changing k from 0.20 to 0.26.
Another contributory factor may be differences between the unsteady effects of wall inter-
ference in the two tunnels.

The second example is a comparison of tests that relate closely to CT Case 8 which
corresponds to a supercritical design case., The tests chosen for comparison are:

Test M s (deg) oy (deg) k Re x 10~ ° Transition
NLR 6708 0,744 0.85 0.6 0.18 2.2 Free
Ames 191 0.752 0.37 0.5 0.20 3.3 Free
Ames 148 0,751 0.37 0.5 0.20 11.4 Free

All the tests were made without fixing transition and the Reynolds numbers for the NLR
test and the Ames 191 are sufficiently close for the viscous characteristics of thege two
tests to be comparable. The third set, Ames 148, is included to show the effects of a
large increase in Reynolds number.

There are differences between the NLR and Ames tests in regard to Mach number and
mean incidence. As already explained in section 2.1 these differences are deliberate, each
(M,um) combination having been chosgen by the experimenter during preliminary trials to

achieve a steady flow that matched the flow calculated by an inviscid theory for the
supercritical design case. In a sense, the differences in the parametric settings in

the NLR and Ames tunnels can be regarded as compensating to some extent for the differences
in steady interference effects and for the differences in the shapes of the models.

The distributions of local Mach number, ML , for the steady mean incidences, as

shown in Fig 0.5a, have the same general shape, are in reasonable agreement on the general
level of ML in the supercritical region and agree on the chordwise position, x = 0.6c ,

at which the deceleration from supercritical flow occurs. However, as for the subsonic
example, the Ames distributions have a waviness over the forward half of the chord that is
not present in the NLR distribution. Aalsoc there are significant differences in the
deceleration gradients dML/d(x/c) where the abrupt deceleration begins.

Comparisons of the oscillatory pressures are shown in Fig 0.5b and ¢. Each set of
results include peaks in —CE')/u0 and -C;/ao close to the beginning of the deceleration
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from supercritical flow, the highest Re producing the highest peaks, Whilst the waviness
in the Ames distributions is not unexpected in view of the waviness in the ML distribu-

tions, there are serious differences between the Ames and NLR results in reyard to the
mean level of Cé/uo in the region 0,3c < x < 0.6c.

Also there are serious differences for both Cé/uo and Cg/ao in the regiocn

0.6c < x < }.0c where, surprisingly, it is the Ames results for the higher, and not the
lower, Re that agree better with the NLR results, It is remarkable that over the rear of
the chord, 0.7¢ < x < 1.0¢, there are such large differences between the three sets of
unsteady pressures when the steady pressures there are in relatively good agreement.
Probably the explanation is that the unsteady pressures over the rear part of the chord
are dependent on the convection of the vorticity generated by the unsteady processes
occurring upstream - in the present case the unsteady behaviour where the supercritical
flow is first decelerated. In other words, over the rear of the chord, the effects of
changing test conditions on the unsteady pressures are more likely to correlate with the
effects of the changes on the steady pressures at more forward, rather than local,
positions.

It will now be clear that both of the previous examples include discrepancies that
cannot readily be attributed to differences in the models or in the test parameters.
Since the ratio of tunnel height to model chord is 6.7 for the Ames tests and 3.1 for the
NLR tests it is tempting to ascribe at least some of the discrepancies to differences in
tunnel interference and furthermore to give more 'weight' to the data from the tunnel with
the larger ratio. However, whilst interference may indeed by the reasen, without further
evidence and analysis it may be better to regard the differences simply as typical
uncertainties inherent in unsteady wind-tunnel measurements.

8 COMPARISON BETWEEN THEOQORY AND EXPERIMENT

The use of experimental data as qualitative information requires no special comment -
it 1s when the data are to be used for numerical comparisons with theoretical computations
that difficulties arise.

The principal aim of computational development is naturally directed towards full-
scale aircraft. One of the difficulties in making comparisons with wind-tunnel results
arises because the experiments include features, particularly tunnel interference, which
have no counterparts in the aircraft situation, The difficulties of applying interference
corrections to the measurements have already been discussed, If no assurance can be given
that the interference effects on a particular set of data are negligible, either theory
must be diverted from its main aim and extended to include a mathematical representation
of the tunnel boundaries in the computational model: or, if that is not possible, the
probable importance of the effects must be assessed from whatever information on the
subject has become available when the comparisons are being made,

A full specification of an unsteady experiment in a tunnel includes:

Model and basic flow

Model shape;

Oscillatory motion: mode, amplitude and frequency;

Stream Mach number, M;

Mean incidence, o (also possibly mean flap angle, §_ );

Viscous characteristics

Reynolds number;
Transition position;

Tunnel boundary characteristics

Wall geometry:
Ventilation properties.

Comparative computations can vary in type from (a) those that include only the model and
basic flow, to (b) those that include the full experimental specification. But at the
start of any programme of comparison it is most likely that the chosen type of computation
will omit the tunnel boundaries; furthermore the computational model may not fully
represent the viscous characteristics of the experiment., In this case, apart from the
shape of the model and the oscillatory motion, the main parameters entering the computation
will be M and on - If tunnel interference (or viscosity) has had a serious effect on

the measurements, then it is hardly likely that computations made for the experimental
specification (M,am)E will yield results in agreement with the experiment,

In the particular case when a shockwave is present, it 1s clear that the experimental
and theoretical distributions of unsteady pressure will not agree unless there is already
an agreement with regard to the mean position and strength of the shock. But more
generally for all types of flow, it would seem that an agreement on the steady pressure
distribution is a prerequisite to an agreement on the unsteady pressures.

Whilst it may be true that there is generally no free-air egquivalent of the tunnel
condition, it is possible that an improved comparison of unsteady pressure may result if
the calculations are made for a different condition (M,um)C which gives better agreement
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for the steady pressure distributions., In effect, the compariscn will no longer be based
on identitlies of stream Mach number and mean incidence but instead on similarity of the
gteady pressure distributions or, more aptly, on similarity of the distributions of leocal

Mach number ML . If such a method of comparison is adopted, steady computations would

need to be made over ranges of M and a. to seek some agreement in the distributions of
M, before any unsteady calculations are performed. As previocusly mentioned in section
2,1, such adjustments to the steady mean conditions have already been suggested for the
supercritical design case for the NLR 7301 airfoil of Data Sets 4 and 5,

A caution is necessary here, Should a theoretical condition (M,am)c be found that
gives an ML distribution exactly matching that of an experimental condition (M,am)E,

thus supposedly compensating for the steady interference effects, it doces not follow that
the compensation extends to the unsteady interference or even to the interference on a
guasi-steady change, This shoul e clear from Fig 0.2, The point needs to be kept in
mind when making unsteady comparisons between theory and measurements for the steady-
matched supercritical design cases of Data Sets 4 and 5.

When a comparison is made across an appreciable difference in stream Mach number,
there is a question of choice concerning the form of the non-dimensional unsteady aero-
dynamic quantities that are to be compared. This arises because local Mach number ML

is related uniguely to p/pt but not to C_ : obtalning identity in the values of ML
entalls a difference in the values of C_ . Then, since in effect p/pt rather than C

is being used for the steady matching, it would seem more appropriate for the comparison
of unsteady data to be made for non-dimensional guantities such as p/pt¢0 (already men-—

tioned in section 4) rather than the conventional quantities typified by EP/¢0 H §/q¢0 .

To give an example: if the two stream Mach numbers over which the comparison is_being
made are M = 0.80 and M = (.85, then an exact agreement between the values of p/pt¢0

would entail a difference of approximately 7% in the corresponding values of Ep/¢0 .

However, for small differences in M , the matter is usually unimportant, particularly if
the differences lie within the range of experimental uncertainty. Note that the unsteady
measurements of Data Set 7 are presented as values of E/pt¢0 because they were originally
used for comparisons between different tunnels.

P

The preceding discussion has assumed that the tunnel walls are not taken into account
in the calculations. If the intention i1s to include the tunnel boundaries in the computa-
tional medel it may be difficult to define a mathematical boundary condition sufficiently
representative of the ventilated walls of the experiment. It may then be desirable to
make separate calculations for each of the two extreme conditions representing closed and
open boundaries, as has been done in Ref 0.12 and possibly make a third calculation for
some intermediate homogeneous boundary condition.

In summary, the basis on which the experimental and computational unsteady data are
compared may take any of the follewing forms:

- Same class of flow;
- Similarity of ML distribution;

= Identity of basic flow parameters (M,um). Possibly also identity of viscous para-
meters, Re and transition position:

- Full experimental specification including the tunnel boundaries.
9 SUGGESTIONS FOR FUTURE EXPERIMENTS

The need for further experimental data will naturally depend on the early compari-
sons with the present data. If the agreement is good, the only gquestion to arise would
be whether all the significant features associated with full-scale aircraft had been
catered for. In this connection it will be noted that, although a supercritical section
is included in the Compendium, there are no data for a supercritical wing. However, this
omission will be overcome when oscillatory pressure measurements become available for the
LANN wing whose geometry and CT Cases are defined in Ref 0.2.

In the more likely event of differences being found between the computations and the
experiments, there may be a need for new experiments. Before discusging what form these
should take, it needs to be noted that the experimental programmes from which the present
Data Sets were abstracted predate the choice of the CT Cases. Not all the experiments
were specifically designed to provide data for the kind of close numerical comparisons
now proposed.

In future it may be desirable to give more attention to overcoming the uncertainties
of tunnel interference, say by including in any new tests the effects of changing the
characteristics of the tunnel walls. The desirability of fixing transition needs to be
re—examined. There could be advantages in making measurements of boundary-layer thickness
under steady conditions so that these could be related to viscous calculations, Also it

_may be necessary to take more account of, or to place greater restraint on, the elastic
distortions when 3-D configurations are being tested.
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In addition there are two general matters that merit discussion and which to some
extent are interrelated, These are (1} the form of the comparisons and (2) the method of
communicating the experimental data.

Regarding the first of these matters, it is evident that the importance of variation
of the main parameters was fully recognized when the CT Cases were selected., Completiocn
of the computations for all cases for a configuration and thelr comparison with experiment
is intended to demonstrate how well theory can cope with the different situations. But the
intervals between consecutive values of the parameters are necessarily rather wide so that
the comparisons tend to appear as a series of single-point correspondences. That is, for
each case the experimental results for a particular condition (M,am)E will be compared with

computed results for the same or a related condition (M,am)c. Whilst single-point compari-

sons may be satisfactory for comparing one computational method with another, they may not
be ideal for comparing computation with experiment: one reason being the inevitable
uncertainties and sensitivities of the experimental results. It would be preferable to make
comparisons of the variations of the aerodynamlc quantities with the main parameters such

as M and on v in the immediate viclinity of the corresponding condition (M,um), thereby

taking account of the parametric sensitivities. 1In practice this could mean a comparison
between, on the cne hand the data for a pivotal condition, and on the other, data for a
mesh of points surrounding the pivot point, Whether in a planned programme, the matrix of
data is provided by the computations or the experiments will probably depend to some
extent on the relative costs of computation and experiment. On this matter it is noted
that although the capital cost of mounting an experiment is large, the running cost of
additional measurements may be relatively low.

The possibility of using a greater quantity of experimental data leads to a considera-
tion 0of the second matter, the means by which the data are communicated. It is obvious
that printed tables cannot be used until they have been read and some manual action
performed, This procedure is acceptable provided the listings are not to extensive, but
the labour involved, quite apart from the amount of paper required, inhibits the use of
large amounts of data in this form. Rather than printed tables it is suggested that in
future the data be communicated by computer-readable magnetic tape. To give an example of
the practicality of this suggestion, all the results of the NORA tests from two large
tunnels, some 177 cases in all, can be made available on a standard 200 mm diameter
magnetic tape, By using this means of communication, a computer available to the
theoretician could present visual displays of the effects of parametric variations and
indeed show the comparisons themselves,

REFERENCES

0.1 §.R, Bland: "AGARD two-dimensional aercelastic configurations." AGARD AR 156,
August 1979

0.2 5.R. Bland: "AGARD three-dimensional aeroelastic configurations.”™ AGARD AR 167,
March 1982

0.3 "Experimental data base for computer program assessment." AGARD AR 138, May 1979

0.4 N.C. Lambourne: "Experimental techniques in unsteady aerodynamics." Lecture 10 in
Special Course on Unsteady Aerodynamics, AGARD AR 679, March 1980

0.5 N.C. Lambourne: "Wind tunnel wall interference in unsteady transonic testing,”
Contribution to Lecture Series on Unsteady Airlocads and Aerocelastic Problems in
Separated and Transonlc Flow, Von-Karman Institute, Rhode-~St-Genese, Belgium,
March 1981

0.6 H. Tijdeman: "Investigations of the transonic flow around oscillating airfoils."®
NLR TR 770900 (1977)

0.7 N.C. Lambourne, B.L. Welsh: "Pressure measurements on a wing oscillating in super-
critical flow." RAE Technical Report 79074 (1979)

0.8 T.W. Binion: "Limitations of available data." Section 2 of Ref 0.3 (above)
0.9 D.G, Makey: "The resonance frequencies of ventilated wind tunnels,"™ ARC R&M 3841
(1978)

0.10 W.,E.A, Acum: "Interference effects in unsteady experiments."” Chapter IV of Subsonic
Wind Tunnel Wall Corrections (Ed. H.C. Garner), AGARDograph 109 (1966)

0.11 H.C., Garner: "Thecoretical use of variable porosity in slotted tunnels for minimizing
wall interference on dynamic measurements." ARC R&M 3706 (1971)

0.12 W.F. Ballhaus, P.M. Goorjian: "Efficient solutlion of unsteady transonic flows about
airfoils," AGARD CP-226, Paper 14 (1977)

0.13 J. Fromme, M. Goldberg: "Unsteady two dimensional airlcoads acting on oscillating
thin airfoils in subsonic ventilated wind tunnels." NASA CR 2967 (1978)

0.14 J. Fromme, M. Goldberg, J. Werth: "Two dimensional aerodynamic interference effects
on oscillating airfoils with flaps in ventilated subsonic wind tunnels.™
NASA CR 3210 (1979)



[ECHNICAL LIBRARY

0-18
Table 0.1
THE AGARD AEROELASTIC CONFIGURATIONS
Experimental data
Configuration Motion
Source Present position
2-Dimensional
Pitch and plunge -
Parabolic arc oscillations No experiments
Data Set 1.
NACA 64A006 Flap oscillation NLR CT Cases 1,2,3,5,6,7,8%,10%,11
NACA 64A010 Data Set 2.
NASA Ames model Pitch oscillation Ames CT cases 1,2,3,4,5,6%,7,8,9,10%
Pitch oscillation Data Set 3.
NACA 0012 and transient ARA CT Cases 1%,2,3,5,6,7,8%
- Pitch and plunge
MBB-A3 oscillations MEB Steady data only
DO Al Pitch oscillation - No experiments
Data Set 4.
NLR CT Cases 1,2,3,4,5,6,8%
Pitch oscillation
Data Set 5.
NLR 7301 Ames CT Cases 1,2,3,4,5,6,7,8%,9
Data Set 4.
Flap oscillation NLR CT Cases 10,11,12,14
3=-Dimensional
Pitch oscillation
Rectangular wing about 2 axes RAE Experiments planned for 1984
Pitch oscillation RAE Possibility of future experiments
RAE wing A
. Data Set 6.
Flap oscillation RAE CT Cases 4,5,8,9%,11
Oscillation ¥ Data Set 7.
NORA model about swept axis GARTEur CT Cases 1,2%,3,4,5%,6%,7,8,9
ZKP wing Flap oscillation VFW Data available in 1983
LANN wing Pitch oscillation NLR Data probably available in 1983

* Denotes the priority cases for computational tests,

The NORA experiments were made under the auspices of the Group for Aeronautical Research
and Technology in Europe.
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Table 0.2
NLR 7301 AERQFOIL PITCHING ABOQUT 0.,4dc
Flow Case Rg’; Eg‘ M o o k Re x 10~ % | Transition
CT Case 1 - 0.500 0.40 | 0.5 0.098 - -
Data Set 4 1601 0.499 0.85 | 0.55 | 0.098 1.70 Fixed
184 0.508 6.58 | 0.50 | 0.050 2.53 Free
Data Set 5 { 168 | 0.505 | o0.58 | 0.51 | 0.049 9.33 Free
Subsonic
CT Case 2 - 0.500 0.40 0.5 0,263 - -
Data Set 4 1301 0.498 0.85 | 0.44 | 0.262 1.70 Fixed
185 0.508 | 0.58 | 0.50 | 0.197 2.53 Free
Data Set 5 { 170 | 0.505 | o0.58 | 0.50 | 0.198 9.33 Free
CT Case 3 - 0.700 2.00 | 0.5 0.072 - -
Data Set 4 3805 0.696 3.00 | 0.42 | 0.072 2.11 Fixed
204 0.710 2.53 | 0.50 | 0.050 3.14 Free
Data Set 5{ 197 | 0.700 | 2.53 | 0.49 | o0.050 | 12.0 Free
CT Case 4 - 0,700 2.00 1.0 0,072 - -
Transonlic ————
with Data Set 4 3905 0.696 3.00 | 0,98 | 0.072 2,11 Fixed
shock 206 0,710 2.53 1.01 0.050 3.14 Free
Data Set 5 { 199 | o0.700 | 2.53 | 1.01 | o.0s0 | 12.0 Free
CT Case 5 - '] 0.700 2.00 | 0.5 0,192 - -
Data Set 4 52705 0.695 3.00 | 0.55 | 0.192 2.12 Fixed
205 0.710 2,53 | 0.58 | 0.199 3.14 Free
Data Set 5 { 198 | 0.700 | 2.53 | 0.29 | o.201 | 120 Free
CT Case 6 - 0.721 ~-0,19 0.5 0.068 - -
Data Set 4 9608 0.744 0.85 | 0.46 | 0.068 2.23 Free
190 0.752 0.37 | 0.50 | 0.050 3.30 Free
Data Set 5 , 132 0.752 0,37 6.50 0.050 6.20 Free
144 0.751 0.37 | 0.50 | 0.050 11.4 Free
CT Case 7 - 0.721 -0.19 1.0 0.068 - -
Data Set 4 - - - No measurements - -
bata Set 5 { 136 0.752 0.37 | 1.01 | 0.050 6.20 Free
Super- 150 0.751 0.37 | 1.00 | 0.050 11.4 Free
critical
design CT Case 8* - 0.721 -0.19 6.5 0.181 - -
Data Set 4 6708 0,744 0.85 0.61 0.181 2,22 Free
191 0.752 0.37 | 0.50 | 0.200 3.30 Free
Data Set 5 ) 134 0.752 0.37 | 6.49 | 0.200 6.20 Free
148 0.751 0.37 { ¢.50 | 0.201 11.4 Free
CT Case 9 - 0.721 | -0.19 | o.5 0.453 - -
Data Set 4 = = - No measurements = -
135 0.752 0.37 | 0.50 | 0.300 6.20 Free
Data Set 5 { 149 | o0.751 | 0.37 | 0.50 | o0.301 | 11.4 Free

* Denotes a priority

case for computations
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€, * % } cc dy Gy e !%‘ } ‘z‘nﬁy Cy * !!' / X
[ r o e control span h
1
c, * Cdg = aC_dg
VU eron & Iy %%
ty * ¢ C (x /¢ ~ ¢ - 2/c + di/dx)d ‘
. x fe -t - 2/C . aC - {)d
™ Tatrto) PO ORI 6 plrafe ™ €)dC
6 ca - |
¢ . dt = aC_d(
1Lt flap P e P

H
€y * ¢ tp(n‘lc =0 - 1/c+ d2jdx)dy » {

C -
fap A p(l‘lc 9114

ol

Fig 0.1 Wing section and total force and moment definitions from Ref 0.2
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Free air for lH,lfm}' 2

Measured in tunnel
for (M,odm}

Reduced frequency k

Free air for !M,dm)'

Measured in tunnel
for {M,dm?

Itis assumed that & steady condition {M,dm}

in the tunnel is equivalent to a steady condition

(M, aml in free air.

Displacement A, is an effect of steady interference ;
Az and Aj are the effects of unsteady interference

Fig 0.2 Schematic diagram illustrating tunnel interference
on the modulus and phase of oscillatory pressure

NLR model, Data Set &
Thearetical design 0.09} ;(Q’QQ_
Measured é
£
0.08
zic
Q.07
1 L J 005 L 1 i

0) 02 03 04 05 06 0.7 0.8 09 1.0
xfc

Fig 0.3 NLR 7301 Airfoil.

Profile height
used to define

Ames model, Data Set §

Theoretical design
—-@--0— Measured

|
|
|

01 02 03 04 05 06 07 08 09 10
x/c

Comparison between physical models and design shape.

z/c for part of upper surface. (Note: the base line
z is not the same for both models; this is irrelevant
to the comparisons)
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-0.3F SAmn
’ »
Fig 0.4 NLR 7301 Airfoil.
{subsonic M = 0.5)
[a) Steady
M
01 Test N®  Re x 107 ‘\,. .
06% |x NLR 6708 22 e,
6 @ Ames m 3.3
& Ames 148 14 r
i1
12t
1o} b} Real component,
-Cple upper surface

"Fig 0.5 NLR 7301 Airfoil.
(Supercritical design case)

Comparison of NLR and Ames data

Comparisoﬁ of NLR and

LIBRARY

14 A

®
.'\ [b) Real component, upper surface
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~
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[t] Imag. component, upper sutface

{c} Imag.component, .

upper surface
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DATA SET 1

NACA 6LAO06 OSCILLATING FLAP
by
R.J. Zwaan, NLR

INTRODUCTION

The wind tunnel model which had a NACA 6LACO6 airfoil section, was fitted with a trailing-edge flap
of 25 per cent of the chord. The maximum thickness of this symmetrical airfoil is 6 per cent and is
located at about 28 per cent of the chord. During the test the main surface was clamped at the wind
tunnel side walls, whereas the flap could be driven in a harmonic motion about an sxis at 75 per cent of
the chord. The flap had no aerodynamic balance.

In the set of two-dimensional aercelastic configurations this airfeil represents the category of
small thickness and conventional airfoils (roof-top type). The characteristics are illustrated in figure
1.1, presenting the development of the steady and unsteady pressure distributions with Mach number for a
given frequency. Passing the critical Mach number, M*m0.85, the measured unsteady pressure distributions
start to deviate from the calculated distributions under the influence of shocks at both sides. The

calculated results are based on lifting surface theory.

Lift and moment coefficients are given in figure 1.2 for a frequency of 120 Hz. An at least qualita-
tive agreement exists between experiment and theory up to M~ 0.85. Results are also given for k = 0, see
figure 1.3. The differences between experiment and theory are appreciably larger now, which can be
ascribed partly to tunnel wall interference,

1 AIRFOIL
1.1 Designation NACA 64A006
1.2  Type of airfoil Roof top. 6 % thick, symmetrical
1.3 Geometry See Table 1.1
1.4 Design condition Not applicable
1.5 Additional remarks -
1.6  References on airfoil Ref. 1.1

2 MODEL GECMETRY
2.1 Chord length 0.8 m
2.2 Span 0.b2 n
2.3  Actual model coordinates and accuracy

of measurements

See Table 1.2

2.1 Flap: hinge and gap detaiis Hinge axis at 0.75 c¢; gap width 0.1 mm

2.5 Additional remarks -

2.6 References on model -

3 WIND TUNNEL

3.1 Designation NLR Pilot Tunnel

3.2 Type of tunnel Continuous, closed circuit

3.3 Test section dimensions Rectangular; see Fig, 1.k
height 0.55 m, width C.42 m

3.h Type of rocf and floor 10 % slotted top and bottom walls, separate top and
bottom plenums

3.5 Type of side walls Solid side walls

3.6 Ventilation geometry See Fig. 1.4

3.7 Thickness of side wall boundary layer Thickness 10 % of test section semi-width, no special
treatment

3,8 Thickness of boundary layers at Not measured; probably comparable with side wall

reof and floor boundary layers

3,9 Method of measuring Mach number Derived from static pressure measured upstream of
model and from total pressure measured in settling
chamber

3.10 Uniformity of Mach number over test Bee Fig. 1.5

section
3.11 Sources and levels of noise or Turbulence /ncise level, see Fig. 1.6

turbulence in empty tunnel

Tunnel resonances

No evidence
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3.13 Additional remarks For two-dimensionality of the flow see Ref. 1.3

3.14 References on tunnel Ref., 1.2

MOLEL MOTICN

L.1 Mode of applied motion Flap oscillation
L.,2 Range of amplitude § % 1°9
L.3 Range of frequency £f=0Dto 120 Hz; k = 0 to 0.4
4.4  Method of application Electrodynamic excitation at both sides of the flap,
using sdjustable spring stiffness
4,5 Purity of applied motion Checked by spectral analysis; no data stored
4.6 Natural frequencies and normal modes No interference with natural vibration modes
of model
4.7 Static or dynamic elastic distortion Negligivle

during tests

4.8 Additionsal remarks -

TEST CONDITIONS

5.1 Tunnel height/model chord ratic 3.1
5.2 Tunnel width/model chord ratic 2.3
5.3 Range of Mach number M= 0.5 to 1.0
5.k Range of tunnel total pressure Atmospheric
5.5 Range of tunnel total ilemperature 313 £+ 1 K
5.6 Range of model steady, or mean, o : -4° to 094 8, -3° to 3°
incidence
5.7 Definition of model incidence Zero incidence defined by mstching upper and lower

static pressure distribution (applicable because of
airfoll symmetry}

5.8 Position of transition, if free Not applicable

5.9 Position and type of trip, if 2.5 mm strip of carborundum grains at 0.1 ¢
transition fixed

5.10 For mixed flow, position of sonie Not measured
boundary in relation to roof and
floor

5.11 Flow instabilities during tests No evidence

5.12 Additional remarks -

5.13 References describing tests Ref. 1.4

MEASUREMENTS AND OBSERVATIONS

6.1 Steady pressures for the mean conditions v

6.2 Steady pressures for small changes from the mean conditions 4

6.3 Quasi-steady pressures

6.4 Unsteady pressures v

6.5 Stesdy forces for the mean conditions measured directly
integrated press. Y

6.6 Steady forces for small changes from the mean conditions measured directly
integrated press. v

6.7 Quasi-steady forces measured directly
integrated press.

6.8 Unsteady forces measured directly
integrated press. v

6.9 Measurement of actual mction at points on model v

6.10 Observation or measurement of boundary layer properties

6.11 Visualization of surface flow

6.12 Visualization of shockwave movements v

6.13 Additicnal remarks




[ECHNICAL LIBRARY

T INSTRUMENTATION

T

T.1.1

Steady pressures

Position of orifices spanwise and
chordwise

7.1.2 Type of measuring system

7.2 Unsteady pressures
T.2.1 PositiQn of orifices spanwise and
chordwlse
T.2.2 Diameter of orifices
T.2.3 Type of measuring system
7.2.4 Type of transducers
7.2.% Principle and accuracy of
calibration
7.3 Mocdel motion
T.3.1 Method of measurement
T.3.2 Accuracy
7.4 , Processing of unsteady messurements
T.4.1 Method ?f acquiring and
processing measurements
T.4.2 Type of analysis
7.4.3 Unsteady pressure quantities
obteined and accuracies achieved
T.4.4 Methed of integration to obtain
forces
7.5 Additicnal remarks
7.6 References on techniques
8 DATA PRESENTATION
8.1 Test cases for which data could
be made availabie
8.2 Test cases for which data are
included in this document
8.3 Steady pressures
8.4 Quasi-steady or steady perturbation
pressures
8.5 Unsteady pressures
8.6 Steady forces or moments
8.7 Quasi-steady or steady perturbation
forces
8.8 Unsteady forces and moments
8.9 Other forms in which data could be
made available if required
8.170 References giving other presentations
of data
9 COMMENTS ON DATA
9,1 Accuracy
9.1.1 Mach number
9.1.2 Steady incidence
9,1.3 Reduced frequency
9.1.4 Steady pressure coefficients
$.1.5 Steady pressure derivatives
9.1.6 Unsteady pressure coefficients
9,2 Sensitivity to small changes of
parameter
9.3 Spanwise variations
9,4 Non-linearities

See T.2.1

See T.2.3

See Figs 1.7 and 1.8

0.8 mm
38 pressure tubes + 6 in situ pressure transducers

42,5 psi and #5 psi Statham differential pressure
transducers, and *5 psi Kulite minimture pressure
transducers

Calibration uses transfer functions of pressure
tubes, see Ref. 1.4; for accuracy see 9.10

See Fig., 1.7
See 9.10

See Fig. 1.9

Signal analysis of TFA over 20 cycles for f = 30 Hz
and 60 cycles for £ = 120 Hz

Fundamental harmenics; for accuracy see 9.10

Trapezcidal rule

Refs 1.4, 1.5

Table 1.3
Table 1.4

Mean pressures in Tables 1.5 to 1.18

Steady pressure derivatives in Tables 1,5, 1.8, 1.11,
1.14 and 1.17

Tables 1.6, 1.7, 1.9, 1.10, 1.12, 1.13,
and 1.18

1.15, 1.16

See 8.4

See 8.5

Ref. 1.6

+0,002
+0.,02°
+0,.0005
Not known
Not known
Not known

No evidence

No evidence

Part of analysis of experimental results; see Ref. 1.h
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9.5 Influence of tunnel total pressure -

9.6  Wall interference corrections No corrections included
9.7 Other relevent tests on same model None
9.8 Relevant tests on other model of Unknown
nominally the same airfoil R
9.9 Any remsrks relevant to compariseon Comperisons of experiment and theory including
between experiment and theory varicus calculation methcds are given in Ref. 4
9.10 Additional remarks No systematic investigations of separate accuracies

9.11 Referen

have been performed; accuracy of 1ift and moment
coefficients is estimated to be 5 to 10 per cent in
magnitude and 3 to 6 degrees in phase angle

ces on discussion of data Refs 1.4, 1.7

10 PERSONAL CONTACT FOR FURTHER INFORMATION

R.J. Zwaan, N
The Netherlan

11 LIST OF REFER
1.1 I.H, Abbott

etional Aerospace Laboratory (NLR), Anthony Fokkerweg 2, 1059 CM Amsterdam,
das .

ENCES

Theory of wing sections

A.E. von Doenhoff Dover Publications, Ine., New York, 1959

1.2 J. Zwaaneveld

1.3 H.A. Dambrink

1.4 H, Tijdeman

Principal data of the NLL Pilot Tunnel
NLL Report MP 185, 1959

Investigation of the 2-dimensionality of the flow around a profile in the NIR
0.55%0.42 m? transonic wind tunnel
NLR Memcrandum AC-72-018, 1972

Investigations of the transcnic flow around oscillating mirfoils
NLR TR T7090 U, 1977

1.5 P.H. Fuykschot DYDRA - Data logger for dynamic measurements

L.J.M. Jooste

1.6 H. Tijdeman
P. Schippers

T R. Houwink

1.8 S.R, Bland

12 NOTATION AND

DATA SBET
ALPHA

[

Cp

DCP

DELTA

KC, k

MC, m

c
NC, n
PO

RC
RE

n NLR MP 69012 U, 1969

Results of pressure measurements on an airfoil with oscillating flap in
two-dimensional high subsonic and transenic flow (zero incidence and Zero mean
flap position)

NLR TR 73078 U, 1973

Some remarks on boundary layer effects on unsteady airloads
AGARD-CP-296, 1981

AGARD Two-dimensional aercelastic configurations
AGARD-AR-156, 1979

LIST OF SYMBOLS

STANDARD

mean wing incidence, @ deg

flap amplitude, do’ deg; see Note 2 below
steady mean pressure ccefficient, C

cscillatory pressure coefficient (k # 0), tabulated as REal, IMaginary, MODulus and
ARGument, equivalent to -Cp/d,, in which Cp/dy = (TL/6,) + i(CS/SO). RE, IM, MOD in
rad”!, ARG in deg. If k = O, then DCP = -[Cy(+8,)-Co(-8,)1 /26,

mean flap angle, Gm, deg

frequency, f, Hz

reduced frequency, k = wfc/V

oscillatory wing lift coefficient, EL/ﬂGO, rad_1
mean local Mach number, ML
oscillatory wing pitching moment coefficient (about 0.25 e}, -2 Em/ﬂﬁo, rad™"
oscillatory flap hinge moment coefficient, -2 ﬁh/w6o, rad”!

total pressure, Dy Pa

dynamic pressure, ¢, Pa

oscillatory flap 1ift coefficient, Eif/ﬂé, rad”

Reynolds number based on wing chord, Re

(suffix) upper side

(suffix) lower side
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Note 2:
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{superscript) critical value
Symbols not mentioned here conform to the notation in the General Review

The oscillatory motion is defined as § = 8 sin wt, in accordance with the General Review., The
equation for a corresponding oscillatory pressure reads:

p{t} = p + p'sin wt + p'cos wt + ete.

Similar “expressions hold for the merodynamic coefficients.

TABLE 1.1 TABLE 1.2
Contour data of the NACA 6LAQ0O6 airfoil Actual contour data of the NACA 6LA006 airfoil
(measures per cent of chord)

x (2cilz (Ae)lxifc)lz (% c)
0 0 \ tO 2.999 X ?upper Bl over

0.5 0,485 5 2.945
0.75 | 0.585 50 | 2.825 ;2 o2 o
1.25 | 0.739 55 | 2.653 ol 1 Tuee | Ciho
2.5 1.016 60 2.438 2+ i o

5,0 1.399 65 | 2.188 T.50 0 1. B

7.5 1.68k4 70 1.907 10,00 1.919 | -1.922
10 1.919 75 1.602 15.00 | 2.283 {-2.283
15 2,283 80 1,285 20.00 | 2.558 | -2.555
20 2,557 85 0.967 25.00 2,758 | -2.758
o5 2,757 90 0.6L9 30.00 2.894 | -2.889
30 2.896 95 0.331 35.00 | 2.975 | -2.969
35 2.977 106 0.013 to.oo 2.991 | -2.989
5.00 2.942 | -2,936

50,00 | 2.822 | -2.819
55.00 | 2.655 | -2.642
60.00 |, 2.430 | -2.425
65.00 1 2.194 | -2.169
T0.00 ¢ 1,008 [-1.894
75.00 - -

80.00 | 1.310 1 -1.310
85.00 | 0.989 |-0.989
90.00 | 0.668 | -0.668
95,00 | 0.346 | -0.346
100.00 | 0.027 | -0.027

L.E. radius: 0.2k6 % ¢

TABLE 1.3
Test program for the NACA 6LA006 airfoil with flap

Test condition FREQ. MACH NUMBER
‘Hz) | .50 .75 .715 .80 .Bes .B5 .B75 .90 .92 .94 ,96 .98 1.00
0 x X x x X % x x x x x x
10 x X X X X x
G.m= 0° 20 x %
sz Qe 30 x x x x x x x
90 x x x x x X
120 X X X x x x % x x x x x %
o 0 x X x x x® X x x x x x x
a,= 0 30
& = 13° X x x X X
m 120 x b4 x X X x x % x X
= 2o 0 x x x x X X x x X x
s oo 30 | x  r .
m 120 x X x x % x x x x x
o = ~2° 0 4 b'e X < x x ¥ % x x x
§= 30 3 x x x % x
m 120 [ = x  x x  x x  x %
= _p0 0 X X X X X X X X X X X
zm; -3° 30 x x x X
m 120 | x  x  x x  x *  x
0 x X X X X x x x x
- _)o
“m” h 10 x x
§= 0° 0 | x x X
120 x X x X X X X x X

AMPLITUDE COF OSCILLATION: 60= 1 DEG
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TABLE 1.k
Test cases for the NACA 64A006 girfoil with flap included in Deta Set 1
Flow CT Case Data Set 1
Yo M So k Run No M 8o ™ k Re*10-% | Table
Subsonie | z1 0.80C | 1.5 0 - 0.800 | 1.5 0 0 2,3k 1.5

1 0.800 | 1.0 | 0.064 | LO9ok [ ¢.79% | 1,08 | 0.15 | c.06L | 2.32 1.6
2 0.800 | 1.0§ 0.253 | bLoBoT7 |o0.80L | 1,11} 0,00 |0.253} 2.35 1.7
72 0.825 (1.5 0 - 0.825 | 1.5 o 0 2.36 1.8
3 0,825 [ 1.0 [ 0.062 | Lo905 | 0.824 [ 1,09| 0,15 [0.062 | 2.36 1.9
L 0.825 | 2.0 | 0.062 No measurement

5 0.825 | 1.0 | 0.248 | L0305 | 0.822 |0.95| 0.20 [0.248 | 2.28 1,10

Transcnic | 23 0.850 | 1.5 0 - 0.850 | 1. 0 0 2.39 1.11

6 0.850 | 1.0 ] 0.060 | 40906 [0.853 | 1.10| 0.16 | 0,060 | 2.L0 1.12
7 0.850 | 1.0 | 0.240 | 40806 | 0.854 | 1.05| 0.02 [0.240 | 2.41 1.13
zh 0.875 1.5 0 - 0.875 | 1. 0 0 2.43 1.1h
8* 10,875 |1.010.059 | 40907 |0.877 [1.13] 0.15 | 0.059 | 2.43 1.15
g% | 0.875 | 2.0|0.059 No measurement

10% [ 0.875 | 1.0 | 0,234 ¢ Lo8OT |0.B879 | 1.08 | 0,01 |Q.234 | 2.4% 1.16
z5 0.96011.5 0 - 0.960 | 1.5 ¢ 0 2.51 1.17
11 | 0.960 | 1.0 | 0.05L | Logi1 [0.966 [1.03| 0.00 [0.05k | 2.53 1.18
12 10.960 [ 1,0 ] 0.21k No mEfsuremeFt ¢.18

Remarks on Table 1.4

Cases 21 to 25 are extra to the computational cases identified in reference 1.8, They correspond %o

zerc-frequency (k =

The asterisks dencte Priority Cases,

In all cases an =

M =

x/C

«010
+050
«100
+200
300
«400
«450
«500
«550
«600
«650
.T00
« 725
+ 750
775
+B00
+H50
300
+950

«A00

CP +

-. 005
~u154
—-e 192
-.236
-.268
~a290
-.276
-« 249
~e2lb
=179
=+150
~ell9
=104
-. 096
-.071
- 046
-.010

«023

2067

UePERSINF
Mo

LRO0P
«AT0
«BB7
«907
922
«932
926
. 913
«A9R
.R81
+AGR
«A54
+847
A43
+A32
Azl
A0S
. 790
JTT0

ALPHA
DELTA

nce
RE

3.552
2.292
1.833
1l./80
1.719
1.R90
1.967
1.890
1.948
7,005
?.215
2597
22941
4443]
34858
?.807
l.561

«974

458

0. Transition is fixed at 0.15 ¢,

TABLE 1.5
= 0.00 KC
= 0.00 MC
= 1.5 NC
+

™

e

0.0

040

Ned

Naf

Net

N.0

D0

Nef

Dot

9.0

N0

D

8.0

Na0

.0

i}

f.0

el

1.32
.612
.0372

P -

029
-.143
-.179
-.238
-.273
-.293
- 2hT
-.250
-.213
-.176
- 144
-, 103
-.0834

L0007
~+053
=034
=-.004

030

072

LOWERSIDE
M -

«7BT
$B65
<881
«308
2%
«933
921
«914
+B9T
«BHO
«R65
«B4T7
+834
£ 79T
WAZG
«815
«H02
« TRE
« 768

0) experimental data that are closely related to the CT Cases for which k + 0.

pcp -
RE

=-3.609
-2+2%3
-1.833
=1.719
-1.852
-2.005
=1.986
24024
-1.98b
-Za108
=-24349
=-2.616
=2+826
-7.086
=3.724
=-2.769
=1.699

- 974
- 477

COQOo0O0O00OoOOOd

£ % # 8 & & 2 8 ® & &

LCcoCocCmooCcCocoOo



X/7C

o010
« 050
«100
«200
«300
«400
0450
+500
+550
«600
«650
« 700
#7125
150
«775
+B00
+B850
« 900
«950

X/C

+010
+050
100
«200
«300
«400
-250
«200
+550
«600
0650
o100
725
5750
« 175
«800

«850°

«900
«950
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TABLE 1.6
RUNNO 40904
M= ,794 F= 300 ALPHA= 0
PO= 10429 DELTA= 415
REm 2,32E6 K= ,064 Cs 1.09
G = 303T+30
RE M RE IN
KC= 1,016 '03260 RC= 92765 00‘12 X5« iza 4E=3
MCE L 640 +01f NCm L0385 +002B %6a 1,346Ewd
UPPERS IDE
CP+ Me DEPe DCpe Ch=
RE IM MO0 ARG
=0.035 «811 6T =1e4T4 1,619 =65 077
=0+175 «873 0342 =-0.753 «B27T =66 ~0,120
=0.226 +897 657 »0.,853 1,077 =52 -09166
=0.252 +909 «991 -0.787 1,266 =38 =0.822
-0.279 «921 1.2‘5 '-00633 14420 =29 w286
“0.304 2932 1.62B =0 554 1,719 =19 =0.279
0,287 2925 1.T44 =-0.403 1,790 ~13 04260
(o263 1914 1 826 '0030l 1.850 -G -00235
-0.222 2095 1.515 =0.198 1,925 =6  =0.199
=0.1%) N1 24034 =04113 2,038 =3 =0.165
-0.159 866 2.155 =0.136 2.159 - =0,127
~0s125 +851 22258 ~=y,2%3 2+272 -5 ~0,089
-0.108 844k 2,658 ~y,213 2,667 =5 =0,071
=046 828 44948 +A09 44965 S «013
~04085 o833 4,097 «224 4,103 3 =0.030
o058 821 3,038 «335 3,057 & =0.018
-0.018 803  1.751 212 1,764 7 « 006
«021 « 786 959 '100 1964 & qﬂag
« 069 « 164 .e3lh +013 374 2 +080
TABLE 1.7
RUNNG 40807
M= L8004 F= 120s0 ALPHA® 0
PO® 10484 DELTAm=g 400
RE= 2,35E6 K= 4253 Ce 1412
8= 3097.83
RE IM AL IM
KCm «B830 =0.,394 RC= «3090 <0480
MG ,T756 =04019 NC= 40419 +0115
UPPERSIDE
CPe M+ OCcP+ acpe CP=
RE L IMOD ARG
04031 «818 ~1.00] =0.899 1.3486 =130 +066
'ﬂ0113 .332 “OQQO‘ '00510 .7 0 =134 =0 124
-04225 ¢906 =0.416 <0,768 .373 -118 “0,171
=-0.+252 ¢919 =0.081 =1.12]1 1.124 =94 =0 ,225
=0.28¢0 932 428 =-1,351 10417 =72 =04257
~0)e306 « 44 14240 =1.488 14921 =50 =0,282
=0,.,289 236 1,647 =), 277 24084 =38 =Q.267
~0.26]1 923 1.943 ~1.118 2,242 =39 ~0,238
=0.223 +905 2146 -0.900 2e.327 =33 =020
=0.188 889 2,336 -0.629 2.420 =15 ~0.}68
=-0,158 875 24582 =p.428 24617 =9 '09132
-0.126 eB61 2,729 =0.180 2,735 4 0,095
=0s108 o852 3,259 ~0.}39 3.262 -2 =0.078
=04 045 «824 7.188 +060 7.188 0 +008
=0.083 841 4,427 134 4,429 2 =0,038
=0.058 828 3,339 46 3,368 8 =0.026
=0.017 811 14986 o488 2e045 14 ~0+001
«020 «794 1,105 o407 1,178 20 1032
«066 773 o o220 o487 28 074

RY

#7159
+B47
.067
.893
«908
.919
910
+898
+882
867
»850
+833
+B25
+ 787
806
«801
o190

.151

M=

V774
860
.882
« 906
«921
«933
0926
«912
+896
+880
+864
847
838
«B00
«821
+816
B804
1789
«I70

LOWERS]IDE
Gce-

RE IM
0,736 ;155ﬁ
=0.670 1.050
.°.11 .'95
~1,115 4826
14278 61‘3
-1.578 «605
~1,665 390
-1.825 379
=1.927 288
-2.10% 9155
'20302 qlls
-2,649 «043
=2 835 +023
=5,276 lo57l
=3,821 =~0.047
=2,943 =0,}141
~1.738 '0.0:2
-‘|06 099’
--&. 6? 2.065

LOWEASICE

OCP=
RE IN
1,043 ,934
«801 +T04
o476 047
+061 14126
'0-&’@ 1.276
=1.100 1.307
=1.335 1,199
'1.668 1.064
-1.%06 524
-2.217 1664
“2.556 »523
+2.978 °290
-3,286 2212
-5,507 0214
=3,953 =0.169
~3,099 ~0.,374
=1+833 =0,437
=1.121 v 444
i, 496 =0,273

MOD
1719
1+250
l.159
1.367
1.459
1,690
1.736
1.864
1-9‘0
2+113
2.308
2+65¢
2.888
5508
3,822
2,946
1-739
1:069

+503

MOD
1,387
« 928
m 18
14127
14352
1.708
1.795
1.968
24118
2,315
2.609
2.992
3,293
6.510
3.957
3.121
1.885
1206

+566

1-7

OCP=
ARG

+9
6l

109
130
148
154
163
168
174

118
183
187
193
‘208
209



1-8

x/c

+010
«050
«100
«200
+300
o400
0‘50
«500
«55¢
«600
+650
Joo
« 125
750
« 775
+800
«850
«900
«950

[ECHNICAL LIBRARY

TABLE 1.8
M= L825 F =g ALPHA = 0,00
DELTA = 9,00
C = 1.5
HOPERSINFE
x/C cP + VI nce +
RE i
«010 057 LALT 3,137 Nab
050 -.146 +R94 2.081 N.0
100 =-+184 « 314 L.hAQ Ne0
«200 -u246 LY 1.621 Q.0
+300 -.243 .959 1.852 0.0
400 -.321 978 7,349 0.0
450 -.300 «9RR ?.311 0.0
500 -4+263 «951 ?.081 0.0
« 550 —-e225 «931 ?.062 9,0
o600 ~o1d7 .913 2,177 0.0
<650 =-.151 .A%96 2,406 0.0
« 700 ~.119 «AR1 2+750 0.0
.725 ~+103 RT3 3.137 0.0
750 -.092 +REA 4,660 0.0
LTTS -, 068 857 3.991 8.0
L80U ~e 042 TR P84S .0
-850 -.006 «R2R 1.661 0.0
900 029 «R11 335 Nl
« 950 072 « 791 «639 N0
TABLE 1.9
RUNNO 40905
M= Ba4 Fu 30,0 ALPHA= 0
PO= 10426 QELTA= 415
RE® 2,36E6 K& o062 Ce 1409
Q = 317536
RE I RE M
KCa  1.068 =0e260 RC® 42863 *0195
MCs 681 «022 KNO= 40395 0041
UPPERSIDE
CPe Me DCPe 31s{-17
RE M MOD ARG
~0,011 «831 817 =1,351 1,446 =69
-0.168 «905 «2T3 =0.707 «758 ‘=69
“0.223 «931 v559 =0,839  1.008 =56
=0.258 948 908 =0.544 1,240 =43
~0e294 «966 1,308 0,793 1,530 =
=0.329 «963 14956 =0,715 2.082 =20
-0.312 '975 2e107 ’0"67 2'158 =12
=0.278 958 24113 =0.271 2e130 =7
~0.233 936 2,06% =0.143 2,069 -4
=0.19%4 918 24147 =(.048 24148 -1
'0.162 '902 20271 ‘0.053 26272 -1
=0.129 887 2346 =-p.l82 24353 -4
=gs112 »878 2.780 =0.133 2783 =3
=-0.068 . 858 5.091 05¢7 54120 6
“0.086 +B66 4,289 «363 ‘030‘ S
=058 +853 3,173 468 3,247 8
Nellé 0332 10305 .ZBB 1.328 9
. 024 815 967 «135 917 8
#0713 » 791 v381 '032 382 5

KC
MC
NC

i a n

Chm.

.088
“0ell6
=0.168
=0,235
~0e275
=0,308
=0.284
=0,254
=0.212
'0-!71
=0.134
=0+092
=0.072

037
0029
=0e016

«008

2043

+084

1.35
.640
.0380

cP -

039
=141
- 181
- 247
-+ 289
~-.326
-e294
~.263
-224
-.184
~e147
-.104
- N84

007
- 151
-.032

.002

036

079

« 782
+678
92
0934
+953
969
+958
+ 943
«923
«903
.B86
+8656
«857
+815
+B36
«83]
«819
«803
« 184

LUWERSIDE
M -
RE
« 807 ~3.,208
2891 -24139
«310 =1+757
«Ga42 ~l.719
«962 ~1.910
«580 =2349
«I05 =-2.292
«950 =2.177
«931 -2.158
«Gl2 =2.25%3
«AG 4 ~2etb 3
«876 -ZeT12
«RE4 -Z2.922
«B22 -7.219
«R49 -3.839
B4l -2.B84
+A24 -1464%9
«HOB -~ 974
«7TRH -a401
LONERSIDE
OCR=
RE IM
-0,528 3,384
=0.562 1999
0.6 +915
SlosT 490
=1.,354 81
“1.877 754
-1.9‘0 .’78
'2-0;0 9391
=2.102 ,?62
“2,286 414}
=2.447 080
=2477T1 =g.042
~2.994% =0.064
'5.‘17 14590
=4.000 =0.133
=3.079 =0.202
=1.793 "0,012
~1,089 =p,128
").492 =0q061

nee -
IM
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0a0
0.0
0.0
0.0
0.0
0.0
0.0
DCPR=
MOQ ARG
J.491 - 111
lelé7 119
1.151 127
1396 140
1,562 )40
2.023 158
2,028 163
2,067 169
24119 113
29350 176
2.44T 179
2,771 181
24995 181
S.645 164
44003 182
3,085 )84
1.795 183
l.096 187
w96 187



x/¢C

«010
«050
100
2200
«300
+400
450
«500
550
500
650
o T00
725
1150
« 775
«800
2850
+300
1950

RUNNO  4030%5

M= ,822

[ECHNICAL LIBR

LADLLD P I

Fe 120.0 ALPHA® o

POs 10069 DELTA= 420
RE® 2,2B8E6 K® +248 Cn 495
@ = 305641
RE In IM
KC= +865 =0,480 ROm 3462 +048]
MC® L8861 =0.064 NCE L0477 #0120
UPPERGIDE
CP+ M+ pcpe DCp# Ch=
RE IM MOD ARG
«002 o821 714336 04490 14423 =160 « 064
0,157 «B96 -006‘1 =0,.,285 v 120 =187 ={4]135
04217 #9285 204734 =0.5688  _,940 =141 04188
=0.257 Ghe =0,566 1,074 1,214 =118 =247
-0.293 «961 e}38 =1.765 1,770 =85 =0 4285
-0e329 o1  1.482 =2,225 2,662 =87 =0,319
=04307 «968 24104 <+1.836 24792 4] =0+296
=0.270 «950 2,333 =1.416 2,730 =31 0,258
=0.229 «93¢0 2,577 ~1.087 2,797 -23 '0.220
~0+193 913 2.T4T =0.745 2,846 =15 “0.179
=0.161 «B98 2,967 =0.489 3.007 -9 0142
-0.126 882 2,956 «0,230 2,965 - =0.104
-0+106 .8?2 3;‘#5 -0s194 3.451 -3 'Oooal
-0.061 +851 6,850 ~0.178 4,853 -1 «017
-0« 080 +860  4.901 086 4,901 1 =0+ 045
-0.052 84T 3,740 bh0 3,766 ? 0,029
~0.013 829 2,224 oS0l 24280 12 =0.000
024 «811 .1“‘ .t?? 1.268 20 ,03‘
071 «789 +455 s2h6 817 .28 1081
TABLE 1,11
M= «B50 F =210 ALPHA = D00 KC =
DELTA = 0.00 M -
C = 1.5 NC =
1IPPERSINE
x/C CP + M 4+ NcP +
RE ™
L0110 063 +R29 2.731 D0
« 050 -+134% «+ 316 1.814 0.0
«100 -o 180 +938 1.451 Daf
.200 -.254 .976 1.489 )
+300 =304 1.001 1.719 00
400 =375 1.038 el 00
«450 - 340 1.020 3. 7058 NeD
500 -.283 «990 4,794 a0
550 - 237 +967 1.R3% fe
«600 191 44 1.984% D40
650 ~-152 « 925 2.253 J.0
.700 -.115 .90A P.654 f.0
« 725 -.100 «R99 3.094 9.0
« 750 - 040 «RG4 44660 Q.0
L7175 - 065 «AR2 4,069 0.0
«800 =-,039 +A&9 ?<BR4 0.0
+B50 0.000 «A50 1.699 }a 0
+900 «037 +RA32 «955 N0
«950 082 +A10 +439 0.0

ARY

LOWERSIOE
Me DCPw»
RE IM
+ 792 1,437 496
+88% +978 +H33
909 849,673
«938 408 1,233
.956 ‘0.0.8 10690
.973 -llqu 2.051
«962 ~1.683 1754
WOh4 =2,112 1.399
«925 -2,314 1,165
906 =-2,588 o843
+888 -21369 o654
+870 =3.307 v 354
0859 "3.571 ‘2‘8
«Blé =T7.104 «136
+B43  —4,696 0,106
835 =~3,638 =0,338
-8?2 =2.181 '09‘53
0805 ~1,329 <=f.486
+ T84 =0,007 -=04296
1.41
745
,0358
LOWERSIDE
CcP - M -
RE
062 «820 =2.654
-2 130 314 =1.795
-.175 «936 =1.4H9
- 204 981 =1.585%
-.317 1.008 =1.948
-, 335 la043 =2.559
-.362 1.03] -4,049
-.282 + 990 =5.042
-.236 967 -2.062
-.190 « 943 -1.986
=2 l47 922 =-2.234
-.105 «901 -2.6T4
-.082 +E890 -2 854
N1 «845 =-7.105
-. 047 «H73 -~3.RT7
-.029 + 864 ~2.92¢
2007 RaT =1.680
MUY «B29 -s9T74
« 037 <608 ~a& 0]

1-9
OCP=
MOD ARG
14521 19
1070 24
1083 kT
14374 64
14691 92
2ebh 122
24431 134
2,533 146
2.591 153
2.T20 162
24943 167
34326 174
3.568p 176
Tel05 179
405698 181
34654 185
2!1?5 }9
Lo k08 9
o075 20é
DCP =
HY
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



X/C

«010
+050
«100
«200
«300
400
o450
«500
«55¢0
600
+689
700
o125
« 150
oI5
«800
+850
«900
«9%0

[ECHNICAL LIBRARY

TABLE 1,12
RUNND  4n9e6
M E  A53  Fr= 30,0 ALPHA= 0
Poum 1,425 DELTA= 14
RE®m 2,44FE6 K= o460 Cz lelr
4 3 3302.42
RE IM Re In
0= 1,119 =0,278 uC= L2487 + 0284
MCE $ 732 « 229 WCE® L0393 + 0056
UPPERSILE
CP+ e DCP+ DCp+
RE Iw wnb R
+015 LH4S «292 =~1,137 1.17% =-T6
=Ue156 +929 «153 =p.602 2621 =76
-O-ZEU «96] » 343 -ﬁ-737 +813 -65
~04273 988 W621 ~U.B43 1,047 =54
=0.321 le013 2998 =1 ,951 1.379 LY
-0e392 leuS0 1721 ~=1,059 24021 -3z
-6.371 le042 4,088 =1.7TTL 44454 =23
=0.311 1.508 4,276 ={,332 44289 -y
=fe240 272 1.884 +334 14913 16
-Gsl98 +95]1 14975 236 1989 T
“0aelby «932 2193 «lb1 2199 4
=0,125 «914 24384 =n,037 2384 -1
=0s106 + 905 2.837 =Oe00U 2.837 =~
=0+064 «B884 S.195% -1 Se237 T
0,08 +892 bok2h o483 44453 ]
=0,4052 +878 3,235 «578 3,286 10
=0.007 +B56 1.812 363 1.847 1
003* 0836 0955 0175 -971 1o
2082 «813 360 « 040 362 [
TABLE 1,13
RUNNQ 40806
M= LB% Fm 12040 BEPHAI i}
Po= 10479 LTAx 407
RE= 24,41E6 K= +240 C= 1405
Q= 332006
RE IM RE IM
KC= «T9T =0,551 RC= L3514 + 0651
MCw «923 '0-1‘7 NC® . 04TS + 0146
UPPERSIOE
CP+ M¢ QcPs RCpe
‘RE IM MOD ARG
019 844 =) .24 Y- 14282 =192
=-0.152 «929. =g, 451 .8 815 =196
=0.214 950 ~0.891 #0055  L893 ~184
=0,267 986 +1.213 =0,339 1:260 =164
=0.314 1.01) 91;35‘ -1.330 14897 =136
0,372 1.084) w0.,325 «3,083 3,100 =96
'00361 1038 1!399 ‘4.719 4,922 =13
0330 1,019 2,214 ~5,4)8 6,390 =59
~0s236 971 Fo841 -1.56% 4,147 =22
-0.190 «948 3,838 =0,633 3,594 =]p
=04156 930 3,489 =0,367 3,508 -6
'001?4 +915 3485 =0,060 3.486 -1
=g.102 2903 3,056 =-q.016 l.056 -0
=0.044 8BTS  T,724 194 7,726 1
=0.079 +893 54129 229 S.134 3
-=0.051 «879 3,946 «58% 3/9%0 8
~04008 »857 2,246 1616 24329 15
#032 «838 1,433 810 1,33 22
+082 <814 o467 +26] #9535 29

cP-

104
=te107
“N.166
=e 20k
=0.296
-0a354
~0+32%9
=i+265
=0.221
“0elT4
~(e133
=(,088
=0.068

» 020
=Ne026
=0,013

.ol‘

YLYs

«092

+B803
«907
«937
976
l.002
l.033
1.019
+986
964
«94]
+«920
+898
+888
«B44
«B6T
860
«BA7
«B831
«810

M=

+ 808
«9210
2937
« 975
l.004
1,032
1,026
.993

LOWERSIDE

RE
e PELY
~0,373
=0.507
'9.828
~1.155
=2,351
=3.773
~2+161
=2.149
2265
=2.866
=Z2.804
=-3,028
=5.510
=4,083
-3111‘
'1!?96
=1.,063
“0.465

DCP-
Im
1.212
867
«867
979
« 998
1.311
1.312
170
« 090
«023
0. 047
=0.114
=0elél
1.582
=0.228
=0+300
~0s164
=0s177
“0.081

LOWERSIDE

AE
1,220
908
2989
1.116
1,408
=0,250
=1.913
-3.*76
-3.243
=3,274
'3-31‘
-3,587
=3.860
~T.0148
~4,597
-3,637
'29116
~1,260
-DeS2é

DCP-
IM

'0'280
'00116
2039
«833
1,498
3,063
4,335
26“69
1.189
+&79
<506
«185

« 089
-0,283
=0,276
=0¢516
'0.586
=4.570
=04348

OCP-
MDD ARG
1.258 106
944 113
1,005 120
1.282 130
1,526 139
2691 151
3.995 161
2,167 176
2.151 1718
2.265 1719
2.466 181
2.807 182
3,031 183
5.733 164
4,009 183
3,128 185
1.804 185
1.077 189
o472 190
DCR=
MOD ARG
1,251 347
913 353
+999 2
1.283 30
1.805 56
3,073 95
4,592 109
4571 140
3,454 169
3,343 168
3412 171
3.591 117
3.86) 179
T+015 182
4,605 183
3,673 188
2,196 19
1.3‘3 '20
o629 214



X/C

010
«050
+100
«200
+300
400
«450
oS00
550
«600
650
«7T00
« 725
750
«T75
0800
+850
+900
950

[ECHNICAL LIBRARY

TABLE 1.14
M = LATS F=20 ALPHA = 0.00 KC = 1.57
DELTA = 0,00 MC = 1.000
C = 1.5 NC = .0336
\PPERSINF
x/C CP + M . nee + ce -
RE I
010 . 069 «A&0 1.948 0.0 L0R8
«050 =.1lla .933 1.317 Ge) -.109
.l00 -,163 .958 <955 0.0 -.160
«200 -.251 1.004 «R97 0.0 -.256
.300 -.318 1.040 1,203 0.0 ~.325
400 -.395 1.082 14146 0.0 ~o 404
«450 e 435 1.104 1.3%A 0.0 -.435
+500 - 468 1.123 S.11R 0.0 -.471
»550 - 404 1.089 6,551 0.0 - 384
«600 ~u166 960 T.640 0.0 -.163
650 -.124 .938 5.882 0.0 -.119
«700 - 094 +923 2.311 N0 -.09]
725 -. 081 916 2.4873 00 -.062
« 750 - 075 913 4,106 N.ft .029
$ 775 2051 2901 3,640 0.0 -.029
+800 -, 023 «R89 ?.654 0.0 - 011
«850 013 +B6E 1.50A 0.0 022
«900 . 089 «B50 LH07 Nelt « 058
+ 950 . 094 «828 . 362 040 .100
TABLE 1,15
RUNNQ 40907
Na L8T7 Pu. 300 ALRHAw [}
POm 10425 DELTA= .15
RE® 2,43E6 Km 059 Cm 1al3
G = 3403,23
RE in RE M
KC® 1,166 =0,397 RCw L2719 0604 X5= 1,375E=3
MCm 866 =0.063 NCm L0368 <0381 X6x 1,395E=3
UPPERSIDE
CP+ N+ ‘DCP# DOPe CPm. Ha
RE IM MQD ARG
.0&9 .asl .071 'ooaa‘ 1827 '-85 .121 .315
“0e130 0942 015 =0.42% 26 =88 =0,09] «926
0195 376 o117 wo.464 479 =76 =0.1%1 «957
~3e263 14011 v206 =0.5]6 «556 =68 =0e242 14004
=0e334 14050 #3855 =0,778 «B55 =§5 “0.308 1e040
=0+406 1.089 «52) -0.832 +981 =S8 =0.386 1.083
-0e450 1114 w656 5,857 1080 =53 =Je426 1.105
=0.4T6 1.129 16210 =14040 10596 =41 =0.364 1.071
=0351  1.059 T 760 =5.047 9,257 33 “0:291 14031
=0.262 14011 ToBlo =3.794 8,683 =26 “0s178 971
“0.15‘ .955 3"71 019’ 3.’16 3 ‘-0011‘ .937
=0e100 «927 24265 «567 24335 14 'ﬂgﬂ?l 915
=0.082 «917 2569 600 2.629 13 =0+050 +905
'000§9 « 909 4,89]) 1.1?2 5,029 13, «036 oabl
=0,063 «908 4,125 1,008 4,246 14 =0,008 084
0,035 2894 3.04¢ 94T 3,190 17 +003 +878
«007 2872 1500 «390 1,784 19 o029 «064
» 048 «851 «883 » 304 M 19 e 06 «848
« 094 <828 «35§ YT 378 14 ol0 827

LOWERSIDE
[T
RE
+831 =-1.948
+939 =-1.337
+957 993
1.007 =974
leDdd =1.298
1. 087 =1.260
1.104 ~1.585%
ls12% ~5.290
l.076 -bsTH1
« 954 -T.848
«936 =-5.233
916 2406
905 =-2s606
«860 ~b, 436
s B30 =3,30%
»BA1 =2.502
«B6E4 ~1.528
sH4b -802
«R25 -+ 286
LOWERSIDE
DCPw
RE IM
-0,084 ~88%
~0s123 639
-0022‘ 0671
=0+38¢ 748
~0.522 21
~04695 «098
-0.965 +938
=5, 728 J.401
'70755 A.;IZ
~4.027 o072
2,142 ~0.792
'2"33 'G-QST
-2o7e° =0.561
-5.651 .965
3,889 wo,630
=-2.964 -9.503
vlelth ~$.348
-ﬂ. 5' ".n!"
0,398 ~0.120

nce -

In

0.0

0.0

0.0

0.0

0.0

0.0

0-0

0.0

0.0

0.0

0.0

0.0

0l

0.0

0.0

0.0

0a0

0.0

0.0

DCRw

MOD ARG
«893 95
2651 101
«707 108
839 117
973 122
10135 128
10348 136
6.661 1‘9
8.7T77 82
4,023 ‘79
2.283 200
24520 195
2.836 191
5.53& }70
3,930 189
3,024 )92
1e730  je2
1e042 9
«413 .



1-12

xX/C
+010
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TABLE 1.16
RUNNO 40807
M= L0879 Fe 120+0 ALPHA= 0
PO= 10474 DELTA= 401
RE® Z,44E6 K= +234 Ce 1.08
Q= 3426423
RE I RE M
KCa 579 =0,479 ACs ,3998 » 0592
MiE «T57 =04327 HNC= L0552 +0148
UPPERSINE
CP#+ M4+ DCP+ DCe+ CPw rre
RE I #OG  RG
«052 «852 =(,375 422 564 =222 +118 Wh2.
-0.129 0945  =0,146 »213 +258 =236 -ue096 WHe8
-0.194 «9T9  =0.176 213 276 =23r =04152 +953
“0s262 1,015 =0.216 +192 +2A9 =222 =~g.243  l.006
-0.330 1.051 -0.336 «231 408 =214 =231l la(é2
0,406 1,093 -0.569 .187 «695 =196 0,385 1,083
=0 445 14118 =04795 078 «T99 =186 =0e424k 1.104
=0, 467 1,128 =1,389 =5,752 1,579 =152 =ye363 1,071
0356 1,065 =3.250 =6,962 7,683 =115 =Ge292 1,932
wDe2h8 1,005 1,224 =T.095 7,200 ~=8p =0.193 979
-9.1‘8 0955 4.090 2,598 4,846 -32 =0.118 o9y
-00103 +931 4,239 =).825 44318 -~11 =0.073 « 9217
=0+083 2921 44625 =0.489 4,651 -6 -0.054 «9G7
=0.025 891 8,368 -0.211 8,371 -1 « 038 +860
0o 064 «911 5,768 =0,015 5,768 -G “04013 -886
0,037 898 4,482 T2 4,506 6 =6.000 «8By
«00% 876 2,628 S5T1 246990 12 026 +866
o 045 «856 1,391 496 1,477 2¢ o060 «B849
=092 832 534 269 «598 27 «101 +B29
TABLE 1.17
M= ,960 F=0 ALPHA = 0,00 KC= .07
DELTA = 0.00 MC =-,183
C = 1.5 NC= -.,0219
PPERSINE
xX/C CP o+ Mo+ RCP + cP -
RE ™
«010 .178 «RE1 L038 n.0 .217
+050 -.007 964 0,000 00 L013
»100 -.039 «982 -,03A8 9.0 -,032
«+200 ‘¢175 1062 -0019 N.0 -0127
+300 -.219 1.089 -.057 0.0 -.219
2400 -.305 Y.142 -.057 9.0 ~.304
1450 -.340 1,168 -.038 0e0 - 342
500 ~a381 1.191 -.076 Be0 -. 378
«550 - 405 1.207 -.057 0e0 ~o4N7
<600 -.421 1.21A -.057 0.0 -.425
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Fig. 1.1 Development of mean steady and unsteady pressure distributions with Mach number (f = 120 Hz)
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DATA SET 2

NACA €4A010 (NASA AMBS MODEL) OSCILLATORY PITCHING

by

Sanford 5. Davig, NASA Ames

INTRODUCTION AND DISCUSSION

The test program on the oscillating NACA 64A010 airfoil was designed to expand the existing unsteady
aercdynamic test envelope to a higher Reynolds number and more diverse flow conditions. The data base
for this airfoil, as reported in Ref. 2.1, contains 114 different combinations of Mach number, Reynolds
number, mean angle of attack, oscillation frequency, and motion mode. A subset of 66 runs corresponds to
the motion of pitching about a nominal axis at 0.25¢c. The purpose of this Data Set is to present the
matrix of test conditions corresponding to these 66 runs, to tabulate numerical data belenging to the
ten AGARD CT Cases supplemented by a shock~stall case {SSC) of special interest, and to present an over-
view of certain parametric variations of the data. The data should be useful in ascertaining the perfor-
mance of those numerical codes that predict unsteady transonic flows with shock-wave boundary-layer
interactions.

Each combination of motion mode and the five input parameters M, dm, Re, a5, and k are identified
with a unique number - the dynamic index (DI). ‘The cutput was the measured instantaneous chordwise
pressure distribution on the airfoil. These data were digitized and processed on-line (Ref. 2.2) into
a form that was suitable for interpretation and analysis. Subsequent off-line processing converted the
data into the conventional normalized quantities presented in this Data Set. The notation generally
follows that advocated as the AGARD standard, The nomenclature used here and an explanation of the
table headings are included in Section 12 of this Data Set.

The following processed data are included for each of the AGARD CT Cases:

A. Steady upper and lower surface pressure distributions.
B, Fundamental frequency upper and lower surface pressure distributions.
C. Steady lift and moment coefficients.

D. Fundamental frequency lift and moment coefficients.
The following detailed data are presented for AGARD CT Case 6 only:

E. Instantaneous upper surface pressure distribution.

F. Instantaneous lift and moment coefficients.

Some of the data have been presented and/or discussed in previous publications. Items A, B, C, and
D were included in the tabulated and graphical data of Ref, 2.1. The data were compared among themselves
and with theory in Refs. 2.3 to 2.6.

Table 2.1 presents a complete list of the entire test program in chronological order. Table 2.2
shows the subset of 66 DI's considered in this Data Set. A small subset of 10 DI's, designated in
Ref. 2.7 as AGARD CT Cases and the extra shock-stall case (SSC), are identified in Table 2.3 along with
the relevant flow parameters. A sketch of the oscillating airfoil test apparatus is shown in Fig. 2.1.
The experimental arrangement is described in detail in Refs. 2.1 and 2.8.

Takbulated data for the AGARD CT Cases and the SSC are presented in varying detail in Tables 2.4 to
2.18. Table 2.4 shows the steady values and the fundamental frequency complex amplitudes of lift and
moment. (Note that the real and imaginary parts of the complex numbers in Table 2.4 are identical to
the single- and double-primed quantities in the standard AGARD notation.) The mean and fundamental
frequency pressure distributions are tabulated in Tables 2.5 to 2.14 and 2.17. These data are taken
directly from the microfiche records enclosed in Ref. 2.1. A more basic data set, representing the in-
stantaneous load on the airfeoil, is presented in Table 2.15 for CT Case 6. Along with these data, the
fundamental frequency component of the lift and moment is included for comparison and reference. The most
detailed data set, from which all the previous data were derived, is the instantaneous pressure distribu-
tion. These data are presented in Table 2.16 in the form of chordwise pressure distributions at 6°
phase increments for CT Case 6. The value of phase shown at the head of each column may be correlated
with the nondimensional time, or the load, by cross-checking with Table 2.15.

With these AGARD CT data, one should be able to verify in detail the predictive capability of all
inviscid codes and those viscous codes that include mild shock-wave/boundary-layer interactions. 1In
Ref. 2.6 CT Case 6 was thoroughly analyzed and, being selected for priority analysis in Ref. 2.7, should
be the first transonic case to compute.

Some of the first harmonic data were investigated for parametric trends, These data are presented
in graphical form in Figs. 2.2 to 2.5. Fig. 2.2 shows the effect of varying Mach number with other
parameters held constant. BAs the steady shock wave develops (uppermost row), the unsteady pressure dis-
tribution evolves into the peakeéed distribution usually associated with transonic flow. Although the
unsteady pressure drops at M = 0.84, compared to M = 0,80, one should not consider this to be a typical
response with inreasing velocity in the transonic speed range. The data in Fig. 2.2 are presented at a
reduced frequency k = 0.2, which is high enocugh to reduce the shock motion considerably. The interaction
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between frequency and shock strength may be such that this dramatic drop in peak loading would not
occur at lower values of k. Unfortunately, data at other frequencies were not measured at M = 0.84 so
¢ross-trends cannot be determined experimentally.

Figure 2.3 shows the effect of varying the oscillation amplitude with other parameters held constant.
Following the conventional notation, the pressure data (output) is normalized by the oscillation amplitude
(input) to indicate the linearity of the response. Data presented in Ref. 2.4 showed that the force coef-
ficients were linear functions of o, , but the individual pressure data do not seem to follow this trend.
The shock-wave excursions, being minimal at lower oscillation amplitudes, induce peaked unsteady pressure

distributions.
tion of the airfoil.

However, at higher oscillaticn amplitudes the increased shock motion affects a larger por-
The net result is a balance in the loads even though the individual distributicns

vary. It is expected that this trend holds at other oscillation frequencies.

Figure 2.4 shows the frequency variation with other parameters held constant. BAs reported in
Ref. 2.4, the pressure peaks and leading edge loading all decrease with increasing frequency. The trend
is smoothly varying for this transonic flow condition, but this may not hold true for other conditions,

such as shock-induced separation.

For further discussions, refer to Refs. 2.3 and 2.5.

Figure 2.5 shows that scale effect is quite minimal for this flow condition. Sublimation photo-
graphs indicate that transition occurs at the shock wave at Re = 3.3 x 105, while leading edge transition
was observed at Re = 12.6 x 105. Even though the point of transition varies widely, the unsteady pressure
distributions are similar over the entire Reynolds number range. This benign behavior should not be
considered a general rule; airfoil geometry and other mean flow conditions may be important factors (see

Ref. 2.5).

The complete unsteady pressure distribution is shown in Fig. 2.6 for CT Cases 4 and 6. Certain

features are common at both low and high frequencies:

pure sinusoidal motion upstream of the shock wave,

severe harmonic distortion at the shock, and minimal response towards the trailing edge region. The dis-
torted wave forms in the shock region are caused by the frequency-dependent shock motion. These pressure
data can be considered typical of that induced by unseparated, transonic flow over an oscillating airfoil.
although harmonic distortion is evident over part of the airfoil, the forces and moments are almost pure

sinusoids.

ADDENDUM - A SHOCK-STALL CASE (SSC)

The AGARD CT Cases for this configuration refer to mean flows without separation. A more severe
challenge to computational methods is the case where the airfoil pitches about a steady flow condition

that supports a stronger shock wave.

Some data from DI 89, a case not included in the AGARD Series but

specified in Table 2.3, is presented for analysis and computational verification.

The fundamental frequency and steady pressure distributions are tabulated in Table 2.17 and the

instantaneous pressure distribution in Tabkle 2.18.
distribution on the upper surface at two frequencies.
contrast with Fig. 2.6 is striking.

Figure 2.7 depicts the complete unsteady pressure

There is much more harmonic distortion, and the

The low frequency data at the shock wave in Fig. 2.7 are 180° out of

phase when compared with CT Case 4 in Fig. 2.6, and a strong unsteady reponse persists to the trailing
edge. Unlike the unseparated flows of the CT Cases, these complex flows require full Navier-Stokes
modeling to predict both the steady shock wave position and the subseguent time-dependent motion.

1 AIRFOIL
1.1 Designation NACA 64A010 (NASA Ames Mcdel)
1.2 Type of airfoil Conventicnal - Laminar Flow
1.3 Geometry Refer to Ref. 2.8 for theoretical profile
1.4 Design condition
1.5 Additional remarks
1.8 References on airfoil Ref. 2.8
2 MODEL GEOMETRY
2.1 Chord length 0.50 m (19.685 in.)
2.2 Span 1.35 m (53.2 in.)
2.3 Actual model coordinates and Refer to AGARD-AR-156 (Ref. 2.7)
accuracy of measurement
2. Flap: hinge and gap details None
. Additional remarks Model mounted between splitter plates - see Fig. 2.1
2. References on model refs., 2.1, 2.2, and 2.9
3 WIND TUNNEL
3.1 Designation NASA Ames 1l1- X 11-Foot Transonic Wind Tunnel
3.2 Type of tunnel Closed return, variable density
3.3 Test section dimensions 3.35 X 3.35 X 6.7 m (11 X 11 X 22 ft.)
3.4 Type of roof and floor Baffled slot
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WIND TUNNEL (Continued)
3.5 Type of side walls
3.6 Ventilation geometry

3.7 Thickness of side wall boundary layer

3.8 Thickness of boundary layers at
roof and floor

3.9 Method of measuring Mach number

3.10 Uniformity of Mach number over test
section

3.11 Sources of levels of noise or
turbulence in empty tunnel

3.12 Tunnel resonances
3.13 Additional remarks

3.14 References on tunnel

MODEL MCTION
4.1 Mode of applied motion

4,2 Range of amplitude
4.3 Range of fregquency
4.4 Method of application

Purity of applied motion

4.6 Natural frequencies and normal
modes of model

4.7 Static or dynamic elastic
distortion during tests

4.8 Additional remarks

TEST CONDITIONS

5.1 Tunnel height/model chord ratio
5.2 Tunnel width/model chord ratio
5.3 Range of Mach number

5.4 Range of tunnel total pressure
5.5 Range of tunnel total temperature

5.6 Range of model steady, or mean,
incidence

5.7 Definition of model incidence

5.8 Pogition of transition, if free

5.9 Position and type of trip, if
transition fixed

5.10 For mixed flow, position of sonicg
boundary in relation to roof and
floor

5.11 Flow instabilities during tests
5,12 Badditional remarks

5.13 References describing tests

MEASUREMENTS AND OBSERVATICNS

6.1 Steady pressureg for the mean conditions

6.2 Steady preasures for small changes from the mean conditions -

6.3 Quasi-gsteady pressures

6.4 Unsteady pressures

Same as 3.4

1.78 cm {0.7 in.} slots,
24.4 cm (9.63 in.) slats. Open area
ratio ~ 8% between splitters

Very thin due to splitters
Approx. 7.6 cm (3 in.)

Static taps on splitters, see Refs, 2.2 and 2.9
+0.002

Not investigated

None noted

Ref. 2.2 and 2.9

Pitching nominally about 0.25c and 0.50c, also
plunging

+0-2 deg; 11 cm
0-60 Hz

Four graphite epoxy push-pull rods with differential
motion of forward and aft pair, Fig, 2.1

Pure sinusocids

Lowest mode: torsion at 60 Hz

Not measured

3.35 m/0.50 m 6.7

1.3% m/0.50 m = 2.7 (between splitter plates)
0.5-0.85

50 kN/m2 - 225 kN/m? (0.5-2.25 ATM)

290 K - 320 K

0-4 deg

Chord line relative to wind tunnel

Limited transition studies were attempted using a
sublimating material. At M = 0.5, o = 0, irregular
patterns were observed without a definitive transi-
tion point, At M = 0.8, a = 0, Re = 12.6 x 106
transition was observed at x/c = 0.05. At M = 0.8,
@ =0, Re = 3.4 x 105 transition was observed at
x/c = 0.5 {the shock wave}.

Not measured
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MEASUREMENTS AND OBSERVATIONS (Continued)

measured directly

integrated pressures

measured directly

integrated pressures

measured directly

integrated pressures

measured directly

integrated pressures

II‘*‘-%‘\\!II|I\1

Mid-span, 20 upper, 20 lower; see Table 2.5 for

Mid-span, 20 upper, 20 lower, see Table 2.5 for

Strain-gauge-type miniature pressure transducers
installed close to orifice with minimum cavities.

Up to 2% change in static
sensitivity before and after run allowed

Motion of four push-pull rods with LVDT (reactive-
Phase synchronism checked with
wing-mounted accelerometers

Real-time digitization with on-line calibration and
Signal averaging over about 100 cycles
to suppress random noise (if present). Variable
sampling time adjusted to yield 60 data points per

On-line processing for frequency content of pressure
distributions and comparisons with linear theory

Signal-averaged (essentially instantaneous) pres-—
Harmonic analysis of pressure

Numerical quadratures {see Appendix A of Ref. 2.1)

6.5 Steady forces for the mean conditions
6.6 Steady forces for small changes from the mean conditions
6.7 Quasi-steady forces
6.8 Unsteady forces
6.9 Measurement of actual motion at points on model
6.10 Observation or measurement of boundary layer properties
6.11 Visualization of surface flow
6.12 Visualization of shockwave movements
6.13 Additional remarks
INSTRUMENTATION
7.1 Steady pressures
7.1.1 Position of orifices spanwise
and chordwise locations
7.1.2 Type of measuring system Pneumatic
7.2 Unsteady pressures
7.2.1 Position of orifices spanwise
and chordwise locations
7.2.2 Diameter of orifices 1.02 mm (Q.040 in.)
7.2.3 Type of measuring system
7.2.4 Type of transducers Kulite model XCQL-7A-093.
7.2.5 Principle and accuracy of On-line calibrations.
calibration
7.3 Model motion
7.3.1 Method of measurement
type) transducers.
7.3.2 Accuracy ~ 1%
7.4 Processing of unsteady measurements
7.4.1 Method of acquiring and
processing measurements diagnostics.
cycle.
7.4.2 Type of analysis
and other data.
7.4.3 Unsteady pressure quantities
obtained and accuracies sured distributions.
achieved distributions.
7.4.4 Method of integration to
obtain forces
7.5 Additional remarks
7.6 References on techniques Ref. 2.2

DATA PRESENTATION

8.1

8.2

8.5
8.6

Test cases for which data could be
made available

Test cages for which data are
included in this document

Steady pressures

Quasi-steady or steady perturbation
pressures

Unsteady pressures

Steady forces or moments

Tables 2.1 and 2.2

Table 2.3

Tables 2.5 to 2.14 and 2.17
N/A

Tables 2.5 to 2.14 and 2.16 to 2.18B

None
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DATA PRESENTATICN (Continued)

8.7 Quasi-steady or steady perturbation
forces

8.8 Unsteady forces and moments

8.9 Other forms in which data could be
made available if required

8.10 References giving other presenta-
tions of Aata

COMMENTS ON DATA

9.1 Accuracy

N/A

Tables 2.4 and 2.15
Magnetic tape

Refs. 2.1 to 2.6

9.1.1 Mach number +0.002
9.1.2 Steady incidence +0.05 deg.
9.1.3 Reduced frequency +0.005
9.1.4 Steady pressure coefficients 1%

9.1.5 Steady pressure derivatives N/A

9.1.6 Unsteady pressure coefficients 2%

9.2 Sengitivity to small changes of
parameter

9.3 Spanwise variations

9.4 Nonlinearities

9.5 Influence of tunnel total pressure
9.6 Wall interference corrections

9.7 Other relevant tests on aame model

9.8 Relevant tests on other models of
nominally the ggme aerofoil.

9.9 Any remarks relevant to comparison
between experiment and theory

9.10 Additional remarks

9.11 References on discussion of data

PERSONAL CONTACT FOR FURTHER INFORMATION

No evidence of undue sensitivity, see Figs. 2.2

to 2.5

Probably small

Depends on data set
Minimal on model distortion
No corrections made

None

None

Ref. 2.4, 2.6

Refs. 2.1 to 2.6

Sanford Davis, Aerodynamics Division, NASA Ames Research Center, Moffett Field, CA 94035
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12 NOTATION AND EXPLANATION OF TABLES*

GENERAL NOTATION

c,c chord of airfoil, m

DI dynamic index, data identification number

f,FREQ frequency, Hz

X,K reduced (nondimensional) frequency., %%

M free-stream Mach number

Re,RE Reynolds number {based on chord)

t time, s

v free-stream velocity, m/s

X,x distance along airfoil, m

xn/c pitch axis position relative to leading edge

alt) Fnstantaneous incidence, deg(um + uo cos wt)

oy mean incidence, deg

ag oscillatory pitch amplitude, deg

w radian frequency, rad/s (=2rf)

TABLE 2.4

c, steady lift, +ve up [cg]

Cy steady moment, +ve nose up about 0.25¢ [cm]

CL,m normalized complex amplitude of lift’coefficient, +ve up, per radian [ci/ao +ic£/ao)]
CM.u normalized complex amplitude of moment coefficient, Ve noseup, about 0.25c, per radian

[c&/ﬂo + ic;/ao]

TABLES 2.5 to 2.14 and 2.17

ALPHA mean incidence, deg [am]
PTOT total pressure, N/m? (p,]
PINF static pressure, N/m2 [Pw]
QINF dynamic pressure, N/m2 [q]

CPU(CPL) steady upper {lower) surface pressure coefficient [Cp]

CPU,A normalized complex amplitude of upper (lower)} surface fundamental frequency pressure coefficient,
(CPL,A) per radian [cr',/ao + ic;/ao]

TABLE 2.15

TAU nondimensional time [T = 2vt/c]

WT phase angle re a(t)max [wt]

ALPHA oseillatory incidence [u° cos wt}

CL UP upper surface contribution to y

CL LO lower surface contribution to c,

CL instantaneous lift coefficient [ck(t)]

CLN=1 instantaneous value of fundamental fregquency component of lift coefficient
CcM UP upper surface contribution to c.

CM LO lower surface contribution to n

(@i} instantaneocus moment coefficient, +re noseup, about 0.25c [cm(t)]

CMN=1 instantaneous value of fundamental freguency component of moment coefficient
TABLES 2.16, 2.18B

PHASE phase angle re a(t)max[mt]

ALPHA osgillatory incidence [ao cos (wt) ]

CP instantaneous pressure coefficient [cp(t)]

*
Square-bracketed quantities indicate standard AGARD notation.
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TABLE 2.1. DATA BASE FOR NACA 64A010 AIRFOIL
DI M “m’  Rex10”® Motion £ k
deg Hz

1 0.489  0.03 2.51 Plunging 0.35 cm (0.137 in.} 5.0 0.048
2 .489 .01 2.50 Pitching 0.924 deg about x,/c = 0.236 20.8 . 200
3 .488 .00 2.50 Pitching .95 deg about xy/c = .512 20.8 . 200
4 .489 .01 2.31 Plunging 1.0l cm (0.396 in.} 20.8 . 200
5 .490 -.01 2.52 Pitching .96 deg about x,/¢ = .507 26.0 .249
6 - 490 -.01 2.52 Pitching .96 deg about x,/c = .238 15.7 .151
7 .490 -.01 2.52 Pitching .96 deg about xu/C = ,233 10.4 .100
8 490 -.01 2.52 Pitching .97 deg about x,/c = .230 5.2 .050
g9 . 490 ~-.01 2.52 Pitching 1.0l deg about x,/c = .224 2.6 .25
10 .490 -.01 2.52 Pitching 1.98 deg about xy/c = ,249 5.2 050
11 .489 .00 2.51 Pitching 1.45 deg about x,/c = .250 20.8 -200
1z .802 .00 3.38 Pitching .94 deg about x,/c = .232  33.2 .200
13 .802 .00 3.38 Pitching 1.27 deg about x,/c = .431 33.2 .200
14 797 -.06 3.39 Plunging .8% cm {0.342 in.) 33.1 . 201
13 . 797 -.06 3.39 Pitching .95 deg about Xg/c = .234 41.3 .250
16 .795 .01 6.67 Pitching .96 deg about x,/c = .252  33.3 .201
17 795 .01 6.67 Pitching .98 deg about xu/c = .501 33.3 .201
18 . 795 .0l 6.67 Plunging .38 cm (0.346 in.} 33.3 201
19 . 795 .01 6.67 Pitching 1.10 deg about xy/c = .505 41.6 .251
20 . 497 .04 5.03 Pitching .01 deg about x4/c = .046 5.0 .047
21 .497 .04 5.03 Pitching .99 deg about Xq/c = .257 21.3 .201
22 . 497 .04 5.03 Pitching 1.07 deg about xgy/c = .504 21.3 .201
23 .497 .04 5.03 Plunging 1.02 em (0.400 in.) 21.3 .201
24 1.074 .00 6.58 Plunging .44 cm (0.173 in.) 5.0 .024
25 497 1.98 5.00 Plunging .00 cm (0.000 in.) | 5.0 .047
26 .502 -.22 9.98 Pitching .00 deg about Xq/c = .150 5.0 .046
27 .502 -.22 9.98 Pitching .24 deg about x,/c = .234 10.8 .100
28 .502 -.22 9.98 Pitching .51 deg about xy/c = .269 10.8 .1300
29 .502 -.22 9.98 Pitching 1.02 deg about x5/c = .269 10.8 .100
30 . 499 ~.21 .90 Pitching .26 deg about Xy /c = .277 21.5 .201
31 .499 -.13 9,89 Pitching .50 deg about xu/c = .271 21.5 . 200
32 .499 -.13 9.89 Pitching 1.00 deg about x,/c = ,269 21.5 .200
33 . 499 -.13 9.89 Pitching 2.01 deg about x,/c = .267 21.5 . 200
34 .499 ~-.13 9.89 Pitching 2.13 deg about x,/c = .503 21.5 .200
35 .499 -.13 9.89 Pitching 1.06 deg about x5/c = .506 21.5 .200
36 .499 -.13 9.89 Plunging 1.01 cm (0.399 in.) 21.5 .200
37 .499 -.13 9.89 Pitching 1.00 deg about x,/c = .252 26.9 . 251
38 .499 -.13 9.89 Pitching 1.07 deg about x4/c = .506 26.9 .251
39 - 499 -.13 9.89 Pitching 1.00 deg about Xg/c = .250 16.2 .151
40 .499 -.13 9.89 Plunging 1.01 cm (0.396 in.) 16.2 .151
41 .49 -.13 9.89 Plunging 1.02 cm (0.401 in.) 10.8 .10l
42 499 -.13 9.89 Plunging 1.03 cm (0.405 in.) 5.4 .050
43 .499 -.13 9,89 Pitching 1.02 deg about x,/c = .248 5.4 050
44 .499 -.13 9.89 Pitching 2.04 deg about xy/c = 245 10.8 .10l
45 .648 -.22 11.63 Pitching .97 deg about x,/c = .249 27.8 . 201
46 .744 -.22 12.31 Pitching 1.0l deg about x,/c = .248 32.0 .201
47 . 796 -.21 12.56 Pitching .30 deg about x,/c = .202 17.1 101
48 . 796 -.21 12.56 Pitching .25 deg about x,/c = .234 34. .201
49 . 796 -.21 12.56 Pitching .51 deg about Xg/c = .247 17.1 .101
50 . 796 -.21 12.56 Pitching .50 deg about x,/c = .248 34.2 .201
51 .796 -.21 12,56 Pitching 1.03 deg about xy/c = .249 4.2 .025
52 . 796 -.21 12.56 Pitching 1.02 deg about x,/c = .246 8.6 .51
53 . 796 -.21 12.56 Pitching 1.02 deg about x,/c = .248 17.2 .101
54 .79 ~.21 12.56 Pitching 1.01 deg about x,/c = .254 25.7 .151
55 .796 ~-.21 12.56 Pitching 1.01 deg about x4,/c = .248  34.4 .202
56 . 796 -.21 12.56 Pitching 1.02 deg about xy/c = ,248 42.0 .247
57 .796 -.21 12.56 Pitching .99 deg about xa/c = .252 51.5 .303
58 796 =.21  12.58 Pitching 1.08 deg about x,/c = .502 42.9 .252
59 . 796 -.21 12.56 Pitching 1.09 deg akout X,/c = .500 34.4 .202
60 796 -.21  12.56 Pitching 1.08 deg about x,/c = .502 17.2 -101
61 . 796 -.21 12.56 Pitching 1.09 deg about x,/c = .501 B.6 .051
62 . 796 -.21 12.56 Pitching 1.12 deg about x,/c = .499 4.3 .025
63 . 797 -.08 12.40 Pitching 1.95 deg about xa/c = .471 34.3 .201
64 .797  -.08 12.40 Pitching 1.94 deg about x,/c = .231 34.3 .201
65 797 -.08 12.40 Pitching 2.00 deg about x,/c = .239 17.2 .1e1
66 .797 -.08 12.40 Plunging 1.01 cm (0.396 in.) 34.3 .201
67 .797 -.08 12.40 Plunging 1.02 cm (0.401 in.) 25.8 .151
68 797 -.08 12.40 Plunging 1.02 em (0.400 in.) 17.4 102
69 797 -.08 12.40 Plunging 1.02 cm (0.400 in.} 8.6 050
70 797 -.08 12.40 Plunging 1.04 cm (0,409 in.) 4.3 .025
71 .842 .00 12.45 Pitching 1.0l deg about x,/c = .248 36.4 .202
72 .842 -.22 12.43 Pitching 1.01 deg about Xyfc = .247 36.5 .202
73 .805 -.00 3.34 Pitching 1.01 deg about xy/c = .247 25.1 .149
74 .B05 -.00 3.34 Plunging .44 cm (0.173 in.} 5.0 .030
75 .805 -.00 3.34 Pitching 1.02 deg about x,/c = .248 8.3 . 045
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TABLE 2.1. Continued.
DI M Om’ Rex10-6 Motion £, k
deg Hz
76 0.805 0.00 3.34 Pitching 2.03 deg about x4/c = 0.248 8.3 0.049
77 .805 .00 3.34 Pitching 2.00 deg about xa/c = ,248 33.3 .198
78 .794 .08 12.40 Pitching .64 deg about x,/c = .328 10.0 .059
79 .782 4.00 12.01 Pitching .25 deg about xa/c = .232 17.3 .102
80 .782 4.00 12.01 Pitching .25 deg about x,/c = .229 34.7 .205
81 .782 4.00 12.01 Pitching .51 deg about x,/c = .244 17.4 .103
82 792 3.93 6.15 Pitching 1.01 deg about x,/c = .247 34.3 .203
83 .793 4.01 6.18 Pitching 1.02 deg about Xxu/c = .248 34.2 .202
B84 . 789 4.00 11.88 Pitching .51 deg about xg/c = .234 34.9 .203
85 .789 4.00 11.88 Pitching 1.04 deg about x,/c = .246 4.4 .026
86 . 789 4.00 l11.88 Pitching 1.03 deg about xg/c = .246 8.8 .051
87 . 789 4.00 11,88 Pitching 1.02 deg about x,/c = .248 17.5 .102
g8 .789 4.00 11.88 Pitching 1.01 deg about xu/c = .247 26.3 .153
829 .789 4.00 11.88 Pitching 1.0l deg about xg/c = .249 35.1 204
a0 .789 4.00 11.88 Pitching 1.0l deg about xy/c = .248 43.9 .255
91 . 789 4.00 11.88 Pitching 1.00 deg about x5/c = .248 52.7 .306
92 .789 4,00 11.88 Pitching 1.08 deg about xg/c = .499 35.2 .205
a3 .789 4.00 11.88 Plunging .84 cm (0.330 in.) 35.2 .205
94 .789 4.00 1l.88 Pitching 1.08 deg about xu/c = .501 44.0 .256
g5 .789 4.00 11.88 Pitching 2.00 deg about x,/c = .245 17.6 .102
96 .741 4.03 11,22 Pitching 1.02 deqg about xa/c = 246 35.2 .215
97 642 3.99 10.60 Pitching 1.01 deg about xg/c = .247 28.8 .203
98 .504 4.00 10.20 Pitching 1.02 deg about x /c = ,249 22.2 .199
99 .506 3.99 9.45 Pitching 1.09 deg about xu/c .499 22,0 .198
100 .50§ 3.99 9.45 Plunging 1.0l cm (0.397 in.) 22.0 .198
101 . 506 3.99 9,45 Pitching 1.09 deg about x,/c = .302 27.5 . 247
102 .506 3.99 9.45 Pitching 2.14 deg about x,/c = .502 27.5% .247
103 .790 4.00 11.72 Pitching 2.01 deg about xa/c = ,243 35.0 .203
104 .503 4.00 4.94 Pitching 1.01 deg about xg/c = .245 21.6 .199
105 .503 4.00 4.94 Pitching 1.09 deg about xg/c = .49% 21.6 .199
106 .503 4.00 4.94 Plunging 1.02 cm {(0.401 in.) 21.6 .199
107 .503 4.00 4,94 Pitching 1.08 deg about x,/c = .502 26.9 .248
108 .642 3.78 5.92 Pitching 1.02 deg about x,/c = .250 27.6 .203
109 747 3.89 6.36 Pitching 1.02 deg about xu/c = .247 31.90 .197
114 .797 4.01 6.30 Pitching 1.09 deg about xg /¢ = .500 33.5 201
111 797 4.01 6.50 Plunging 1.01 cm {(0.398 in.) 33.5 .201
112 .797 4.01 6.50 Pitching 1.08 deg about xg /¢ = .502 42.0 .252
113 .848 3.89 6.59 Pitching 1.01 deg about xy/c = .248 35.5 L.201
114 . 840 3.79 12.39 Pitching 1.01 deg about x,/c = .248 36.3 . 202
TABLE 2.2. DATA BASE FOR NACA 64A010 AIRFOIL, PITCHING OSCILLATION
ABGUT 0.25c NOMINAL, ARRANGED IN FREQUENCY SWEEPS
M % peo6 %0 |k = 0.025 k= 0.05 k=0.10 k=0.15 k =0.20 k=0.25 k= 0.30| "¥Pe of
deg deg Flow
0,50 0.0 10 +0.25 27 30
.50 0.0 10 +0.50 28 31
.50 0.0 2.5 ] 9 8 7 6 2 Subsonic
.50 0.0 5 +]1 21
.50 0.0 10 +1 43 29 39 32 37
.50 0.0 2.5 +2 10 11
.50 0.0 10 2 44 33
.65 0.0 11.6 *1 45
.75 0.0 12.3 1 46
.80 G.0 3.3 *1 75 73 12 15
.80 0.0 12.5 +0.25 48
.80 0.0 12.5 +0.50 78 49 50 Transonic
.80 0.0 6.7 1 16 weak shock
.80 0.0 12.6 +1 51 52 53 54 55 56 57
.80 0C.0 12.4 +2 65 64
.85 0.0 12.4 +1 72
.50 4.0 4.9 +] 104 .
.50 4.0 10.2  #1 98 Subsonic
.65 4.0 5.9 t1 108
.65 4.0 10.6 *1 97
.75 4.0 6.4 *1 109
.75 4.0 11.2 +1 96
.80 4.0 12 *0.25 79 80
.80 4.0 12 +0.50 81 B4
.80 4.0 6.2 +1 82 Transohic
.80 4.0 11.9 *1 85 86 87 88 g9 20 91 shock stall
.80 4.0 11.9 +2 95 103
.85 4.0 6.6 +1 113
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TABLE 2.3. SELECTED NASA AMES TEST DATA ASSOCIATED WITH

AGARD CT CASES AND THE SHOCK STALL CASE (SSC)

CT Case DI M e Rex]0-6 a, £ k Xg/C
1 T 0.490 =-0.01 2.52 0.96 10.4 0.100 0.233
2 29 0.502 -0.22 9.98 1.02 1¢0.8 0.100 0.269
3 51 0.796 =0.21 12.56 1.03 4.2 0.025 0.249
4 52 0.796 -0.21 12.56 1.02 8.6 0.051 0.246
5 53 0.796 -0.21 12.56 1.02 17.2 0.101 0.248
6 55 0.796 -0.21 12.56 1.01 34.4 0.202 0.248
7 57 0.796 -0.21 12.56 0.99 51.5 0.303 0.252
8 49 0.796 -0.21 12.56 0.51 12.1 0.101 0.247
9 65 0.797 =-0.08 12.40 2.00 17.2 0.101 0.239

10 12 0.802 0.00 3.38 0.94 33,2 0.200 0.232
S8C 89 0.789 4.00 1l1.88 1.01 35.1 0.204 0.249
TABLE 2.4. STEADY AND PUNDAMENTAL FREQUENCY LIFT AND
MOMENT DATA FOE SELECTED CASES
Steady Data
Case DI CrL n CL,a Cu, o
CT1 7 0.006 ~0.002 6.139 - 1.149i $.165 - 0.1631
CT2 29 0.01se 0.001 6.163 - 1.036i 0.167 ~ 0.201i
CT3 51 -0.029 -0.003 9,316 - 1.3781 0.000 - 0.102i
CT4 52 =0.029 -0.003 B8.622 - 2.479i -0.005 - 0.232i
CT5 53 -0.029 -0.003 6.790 -~ 3.387i -0.061 ~ 0.3881
CTé 55 ~0.029 =-0.003 4.887 - 2.521i -0.189 - 0.653i
cT7 57 -0.029 -0.003 4.635 - .905i -0.374 - 1.023i
cT8 49 =-0.029 -2.003 6.795 - 3.403i =-0.195 - 0.314i
CT9 65 -0.318 ~0.002 6.141 - 3.113i -0.239 - 0.302i
CT10 12 0.009 =0.002 5.308 - 2.471i =-0.384 - 0.546i
ssC 89 0.531 0.001 9.349 - 0.406i -2.068 + 0.198i
TABLE 2.5. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA

FOR AGARD CT CASE NC. l; DYNAMIC INDEX 7

WING MODEL . NACA 64AC1Q0, CHORDs 500 METERS

WING MOTION PITCHING 96 DEG ABOUT x/Cv 21)

7

DYNAMIC 1NDEX
] 490
ALPHA -0l
RE 2 SIE 06
STEADY DATA
mrwa(Pleeres
L0y Py
030 - 168
082 - 18%
0391 -.214
142 -. 259
21 - 292
243 - 299
292 - 32
34 - 326
443 - N9
487 - 288
537 - 251
.58% -.197
634 - 142
.82 - i
733 - 065
183 -.020
827 agto
.874 .052
924 .090

-t e e 4 = S B A ) wy i —
o
w
L4

443
124
978
436
135

.638
.33t
067
.98
590
452

STATIC INDEX 5

PTCT 50964 K 100

QINF 7250 FREQ 10 a

PINF 43169

UPFER SURFACE-~e-----ssvvrrusassnans  comcceinccaaiinanes LOWER SURFACE

UNSTEADY DATA STEADY OATA UNSTEAQY DATA
----------------- CPU Amsmmcmm e P LT T RSP
X REAL IMAG MAL PHASE X/t CcPL x/C REAL IMAG
€33 -1 722 3 Q4% 12111 165 <G 0%53 186 s, 01] 608 - 80
052 -9 409 2 186 9 B6Q 166 93 093 - a7 034 11 555 -2 879
o9 -7 393 1635 T 572 167 %4 142 - 218 054 9500 -2 059
140 -5 434 1,478 5 56Q RY 18 199 259 094 729 ~| 486
209 -4.03%5 125 4100 169 83 244 - 290 141 5 840 -1 Q45
243 -4 296 734 + 358 170 32 293 - 304 200 4 920 - 749
W -3 389 464 I am 172 16 341 306 243 3.97M) - 128
402 -3.254 580 3 305 169 90 19 - N2 293 4 042 - 422
440 -1.988 633 2 084 162 33 440 -3 ) 1 408 - 35¢
aG8 -1 19A aze 1.485 1431 713 490 -~ 283 I 311 - nNsg
535 - 446 L 564 142 28 537 - 237 441 1 938 - 36%
584 -1 944 V23 t 944 179 24 583 - 196 4% 1 an - sa7
£31 -1 4i2 065 1 41 177 38 625 - 153 537 020 - 483
682 -1.029 [}]:) 1.029 178 98 679 - H18 582 ) 485 (263
.13 - 980 - 123 968 -172 73 L7334 -.069 631 1 620 . 246
-1l - 702 - 136 At 169 QI .769 - 022 78 1.322 _149
g29 - 270 - 6% 3T -176 21 832 015 731 ) 055 161
a7z - 580 = 161 .583 M3 99 888 [v1) 781 18 . hEd
941 -1 - Q45 121 -158 30 94t 114 831 588 050
ase 432 135
923 157 A58

.68

-10

-t

24
- 2%
10

17
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TABLE 2.6.

FOR AGARD CT CASE NO.

MING MODEL . NACA B4A010. CHORD» 500 METERS

WING MOTION PITCHING 1| 02 DEG ABOUT X/C- 269

DYNAMIC INDEX 29

STATIC INDEX 24

PYOT 203152 K 100

QINF 309e FREG 10 8

PiNF 171000
B Lt UPPER SURFACE--+----- cemeeaaae —een

" .502
ALPHA - 22
RE 1 .QCE Q7
STEADY DATA
L ] S
X/C cRY
L] - 136
091 - 877
142 222
211 -.283
243 - 265
292 -.287
34t - 304
.39 -. %9
440 - 300
467 - 263
537 - 228
585 - 199
634 - 137
632 = 114
733 - 061
827 o8
874 055
924 o

UNSTEADY DATA

----------------- CPU A-meemcmrcceneaaan
x/C REAL THAG MAG PHASE
033 -10 118 2.65% 10 45% 165 29
052 -7 508 I 994 T 865 165 33
09t -8 317 1 438 & 526 16,7 34
140 -5.23 1.181 5 362 &7 29
209 -4 369 791 4 440 169 75
243 -4 026 579 4 083 170 .44
294 -3 81D 576 3 53 171 41
402 -316% 354 3186 173 48
Mo -2 345 26 2 )95 174 60
408 -2 0 109 200 176 92
.53 -t 1) 023 b2y 119 28
S84 -1 385 Q27 P 3% -178 %0
.633 -1.188 - 077 P190  -176 32
&82 -.977 - 108 983 -t73 72
733 - B14 - 137 g2%  -170 48
el - 813 - 160 M -16% 39
a9 - %62 - 110 s87 -163 15
872 -.333 - 148 %5 -156 08
(gt -.097 - 11Q 147 131 23

mersaccrrrrescrasvenna-l OWER SURFACE

STEADY DATA

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
2; DYNAMIC INDEX 29

UNSTEADT DATA

TABLE 2.7. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA

FOR AGARD CT CASE NO. 3; DYNAMIC INDEX 51

WING MODEL . NACA G4A0)0. CHORD: 500 METERS

WING HOTION. PITCHING 1 03 DEG ABOUT X/Cv 249

DYNAMIC INDEX 51

M 796
ALPHA - 21
RE 1 .30E 07
STEADY DATA
annalPYraw-a
%L cPy
030 086
.o 93
142 >
21 ¥y
243 418
292 .48t
34t S4a
] 63
440 703
487 594
537 322
o5 28
534 18
682 132
733 061
g2y 041
274 0a2
g24 141

STATIC 1WDEX 30

PTOT 20231 X 025
QINF 59395 FREQ 4 2
PINF 133912

|
052 -9 66) 1 700 9 909 170
as1 -8 526 1 479 8 633 170
t40 -7 500 1 433 7 74 169.
209 -6 812 ri92 & 913 11
243 -6 912 P 229 7 920 169
294 -6 132 1 247 & 848 189
02 -B.N2 1 440 8 7 170
440 -8 N7 1 a7 8 842 170
488 -14 522 213 14 678 m
538 -2 656 - 123 26% -117
sgd 32 - 957 1138 -29
633 37 - 389 515 -49
33 - 058 - 293 %% 109
.78l 026 - 227 229 -83
-F. ) 032 - 210 229 -3
ar2 100 - 144 1680 -53
F- L] 043 - 00 092 -89

-------- UPPER SURFACE--<---xcccscsmosmmnsas
UNSTEADY DATA

ceeesssassamsmnan CPU Ara=avmnmae [P

X/ REAL IMAG MAG PHASE

033 -10 450 B0 10 614 169 92

31

5

STEADY DATA

vomelPLonasn
x/C cP.
.0%3 -.207
093 - 173
142 -. 216
199 - 320
244 - 457
9 - 500
L)) - 838
) - &9
410 =73
490 - m
537 - 334
583 - 53
625 - 198
879 - 137
T34 -.070
89 - 008
832 Q43
8BS 13
al 70

141

200
(243
29
L34

490
an
878
TN

M

@3

212
L]

UNSTEADY DATA

e eCPL-- - B LT CPL A--nmmnnnn wommm———
XsC CPL X/C REAL THAG HAG PHASE
032 - 034 034 11.019 -2.959% 11 410 1503
993 - 142 054 9 151 -2 295 g 829 =13 80
142 . 227 094 €791 -1.585 6 964  -13.18
199 - 8 140 5 489 <) 172 5593 -12 10
244 - 289 L2000 & 54 - 837 4 617 ~10 .45
293 - 299 .243 4 075 -. 692 4 13 -9 6%
342 - 28% 29 Lm - 500 .18 8.9
393 - 294 341 3.09 - 387 kI Fx] =70t
440 - 08 X4 2. 647 - 278 2 582 -5 94
90 - 270 441 2387 - 184 2393 R 7]
3y .. 223 490 2 014 - 080 2.01% 229
583 -.183 582 |. 434 .033 1.434 132
6% - 148 631 1 203 062  1.204 29
679 -1 678 979 112 986 6 50
T34 - 087 13 .59 121 769 9 09
1 T 11 781 (1] 127 it 198
032 Qe .83t 410 128 430 17.37
Bas .07y ess .Hs8 1o I 1915
94t 12t 923 178 .087 198 2595
..... vernenmsaerrancan-l OVER SURFACE=--=cmmcmmmmmmamracnnnn

..... P Avmemmorrrmmnm
PHASE

1MAG
-2.329
-1 880
-t 607
-1.810
-1.3N
-t.113
-9
-1 148
=17
-2.269
2
402
L
27
208
188
NI
062

12

MAG
2%
540
b2
237
531
91
. 348
448

57

S03
502
393
£73
. 365
242
172

-1
=10
10
-10

-10.

“10
.10
-i0
-10

-9

22
128
13
136
130
152
151
158

%
8
a2
s?
49
k]
58
21
22
36
.
92
20
o4
a1

9
28
80
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FOR AGARD CT CASE NO.
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MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
4; DYNAMIC INDEX 52

WING MCOEL NACA 644010, CHORDs 500 NETERS

WING MOTION. PITCHING | 02 DEG ABDUT X/C» 248

OYNAMIC INDEX 52

M 79
ALPHA - 21
RE 1. 30€ 07
STEADY DATA
PO T,
xsC cPU
00 - 088
o9 - 19
142 - 292
21 - 378
243 - 418
292 - 481
.34 - BA4
L399 -.63%
440 - 703
.437 - 594
837 - 322
535 - 258
64 - 18t
682 - 13
733 - Q&
827 .04
.B74 o092
924 141

WING MODEL W NACA 544010, CHORD: 500 METERS

WING MOTION. PiTCHING 1.02 DEG ABOUT XsCx

CTYNAMIC INDEX 53

M
ALPHA
RE

.21

341

440
487
537

634
682
133

874
924

]
-2
1 X0E OF

-.378
- 418
- 481
- 544
- 635
- 703

- 22

-. 1
- 132

a41
092
a4y

STATIC INDEX 30

ASE
13
s7
L =]
rg
€3
ol
G4
2
24
26
19
07
kS
0
N

PTOT 203321 K 0Ss1
QIWF 591715 FREQ a8
PINF 133912
UPPER SURFACE:=-==-- R e Ll T T T ——— LOVER SURFACE+- -~vcmaneaacrvarannas
UNSTEADY DATA STEADY OATA UNSTEADY OATA
rrmtemaaamraana CPU Av-aumn- LT ——— eeeQPLeseas aemeeiaa-a rammras CPL A=vescmemmcncraena
x/C REAL tHAG HMAG PHASE X/8 cPL xsC REAL IMAG MAG PH,
03 -9 8518 3234 10088 8N 053 - 27 034 10,999  -J 944 11 685 -19
052 -8 589 2 979 9 991 160 o8 093 - 175 054 9.286 -3 301 9 8% -19
oy -7 23 2 634 8§ 160 181 18 142 - 316 094 7 994 -2 835 8 481 -19
140 -6 821 2 429 7 247 180 26 199 - 220 ()] 1 267 -2 &is T 723 -9
209 -6.132 2 094 & 480 16 16 244 - 457 200 6540 -2 240 6 946 -19
243 -5 282 2 192 & 6%4 160 8 293 - 500 243 5 765 -1 987 & 099 -9
.294  -6.270 2 24% & 660 160 341 - 536 .293 4 BLA -1 754 5 117 -20
402 -7 215 2 494 7 590 181 03 .33 -. 829 ] 5825 -20% 6. 169 -19
440 -7 936 2 b2t 8 356 181 .56 440 - 713 394 S 638 -1 968 5 972 -19
488 -13 828 3 754 14 328 164 B2 490 -1 490 13 385 -3 652 13 B74 -15
538 -2 189 - 208 2 3m -175 03 537 - 334 582 &7% 59 .B97 41
534 B6} -1 073 138 -5 X0 583 - 255 [:A1] - a2 746 T4 110
633 153 - h? m -17 9 825 - 198 . &78 - 368 1] Nl 18
733 -1 - 473 498 -103 2% 573 - 137 Ak - 225 Sid 561 13
i -3 - 009 - 398 o0 -2 26 734 - Qr0 781 - 168 330 424 13
829 033 - 376 377 -84 95 .89 - 006 an - 215 363 455 12y
872 083 - 284 296 7378 B2 043 888 - 206 244 k1] 130
241 [sX]] - 17 LF]] =75 09 886 HID 923 - 147 130 196 138
941 t7¢
TABLE 2.9. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO. 5; DYNAMIC INDEX 53
248
STATIC INDEX 30
PTOT 203321 L4 101
QINF 597395 FREQ 17.2
PINF 123912
UPPER SURFACE---ccccceacnmcnnoaacmns cdecmsecammcam oo ooaaan LOWER SURFACE=-+vumavesrenanaannscas
UNSTEADY DATA STEADY DATA UNSTEADY OATA
................. CPU A-vwererrsnsavarrs waeCPL-r- e vmresrasmrenanes0PL Atn-m-saaiaacconaa
x/C REAL IMAG MAG PHASE X/C cPL x/C REAL EMAG MAG PHA
933 -7 Ql4 4842 BH 522 145 39 053 - 207 034 B 191 5798 10 035 =35
052 -6 389 4 387 7T 145 4% 093 - 175 054 6 926 -4 843 | 45 34
Q91 -5 781 3 pog & 972 146 02 142 - 318 094 5. 942 -4 122 T 232 -3
140 -5 065 3 s & 180 14% 08 199 - 320 141 5 396 -3 756 6 574 -4
209 -4 629 3136 5591 145 89 244 - 457 200 4 347 -2 854 5200 -3
243 -4 724 3 292 5 752 14% 23 293 - 500 242 a5 3123 5 540 =
294 -4.8850 3 i 5 702 144 64 =1 - 836 L29) 3 849 -2 604 4 483 =35
402 -5.478 3 653 6 584 1486 .3 353 - 829 L340 4 465 -2 943 % 349 -32
440 -6 159 38N 7275 147 85 L A&D -3 L3944 202 -2 ™ 5 037 -32
488 -12 DBO 5 962 13 453 153.1 490 -7 490 1| 946 -4 497 12 764 -20
538 -1 901 - 638 2 005 ~161.47 537 -.334 582 461 1 338 1. 414 %
584 4 -1 BOR | &%0 77 70 583 - %5 8N - 156 1.404 | 413 9%
633 - 105 -1176 (1.} -95 13 525 - 198 678 - 204 120 ) 218 99
733 - 23 - 763 199 -107 13 879 - 137 733 - 1%0 N5 927 9
781 - 097 - 684 671 -98 M 734 - g .78t - 17 738 T4a o9
829 - 053 - 600 602 -95 05 . 789 - QU6 a3l - 251 %8 L 704 140
g72 - 008 - 459 459 -9 o 832 043 .88 - 174 473 504 110
941 0I5 - 175 75 -85.02 .888 ] 923 - 147 274 31 [RE:]
ga1 170

2-11



[ECHNICAL LIBRARY

TABLE 2.10.

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO, 6; DYNAMIC INDEX 55

WING MODEL. RACA 64A010, CHORD:x 500 METERS

WING MOTION, PITCHING | O DEG ABOUT X/Cs 248

OYTMNAMIC iNDEX 85

L] . 796
ALPHA - 2t
RE } 30E Q7
STEADY DATA
w=nalPU="=e~
%sC Py
030 - Q86
o9 - 193
142 - 292
21 - a
2403 - 4B
202 - 481
341 - 544
399 - 835
. 440 - 103
487 - 594
537 - 32
585 -. 258
634 -t
632 - 132
ek - G6!
827 041
874 092
924 141

STATIC INDEX 30

PTOT 203021
QW 59395
PINF 132912
UPPER SURFACE
UNSTEADY
..... . 7]
X/C REAL 1HAG
033 -4 346 4 572
.02 -3 397 4 217
091 -3 469 3 557
140 -3 036 3 20%
209 -2 BBO 2 974
.243 -3 D27 I 176
294 -3 002 3o
402 -4.08) 3723
440 -4 988 4,046
488 -11.922 4 745
538 -1 672 -2138
S84 128 -2 600
623 -.120 -2 064
733 -.052 -) 338
781 066 -1 202
Lre (61 -) (0B85
B72 156 L AL
941 097 - 264
TABLE 2.11.

67
a4

K 202
FREG 34 4
CATA
S —
MAG PHA
& 308 133
5 8:Q 173
4 969 134
4 4015 133
4 140 (L}
4 3895 123
4 300 134
5 524 137
& 423 140
12 832 158
274 -128
2 803 -a7
2 0se 93
T 339 -92
r 204 -B6
+ 9?7 -8
o =17
281 -&%

............. w-mrme e OVER SURFACE

STEADY CATA

PEFEY o - TR
xX/C CPL
053 - 207
093 - 175
142 - 316
199 - 320
244 - 457
233 - 500
Jat - 536
.93 - 629
. 440 - N3
490 - 777
.537 - 334
.582 -. 258
525 - 199
679 - 137
) -.070
789 -.006
832 043
L1 BRAE]
.94 .70

x/C
034
cS4

094
L)
. 200

43

.293
L34

§ad

&N

678
733

|
a3
oas
923

UNSTEADY DATA

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO. 7; DYNAMIC INDEX S7

WING MODEL. MACA B4AQI0. CHORD. 50Q METERS

WING MOTION. PITCHING 99 DEG ABOUT X/Cs 252

DOYNAMIC INDEX 57

................ sa-ss--UPPER SURFACE

M 796
ALPHA -2
RE 1 XE G7
STEADY DATA
wreeCPU=r -
x/C CPY
00X - 086
o9 - 193
142 - 292
211 -.378
241 - 418
292 -.491
L34 - 544
399 - 635
440 -.703
487 - 594
537 - 22
585 - 258
634 - 181
682 - 132
733 - 08
827 .04
874 092
924 Jrat

STATIC INDEX 30

PTOT 20332 K

Q1F 5939% FREG

PINF 133912

UNSTEADY CATA

xsC ~FAL {HAG MAG
Q33 -4 0N 3 c40 s 0d1
052 -4 07 3 a9 5 366
091 -3 2 2 397 4 489
140 -2 272 2 850 4 M0
209 -3 1o 29N 4 X
243 -2 626 33 4 912
402 -7 13 4219 8 57
440 -7.972 3 340 8 643
486 -13 00 - 288 13 04
5 -1 358 4 M9 4 911
584 S8 -4838 4 867
633 -3.354 -3 78 % 082
733 66 -2 966 3 083
81 7% 2093 2 504
823 i -2 424 2 462
ar2 ™ -1 39 | 502
g41 . 499 - 521 mn

203
L1

t

157
=178
- 108
-8
-131

-72
-80
-60
-46

&1
52
92
40
38
3

........ demmmeeaalPL Amencesectantatans
REAL IMAG HAG PHASE
4663 5537 7239  -49 90
3979 -4675 6139  -42 60
3497 -4 034 %339 -49 09
3236 -3 767 4 966  -49 34
2666 2792 3861 46 32
3075 -3 485 4 648 -4 57
2362 -272 60T -4910
3173 -3 084 4 424 44 19
3.210 -2 902 4 381 .42 89
11,825 -3 337 12 287 .15 76
616 2691 2 761 7712
007 2450 2460 8 85
-6 208 2097 94 60
-.28 1491 1.505 97 95
AT v e 137 97 a2
2396 1,119 1,187 109 48
- 246 108 749 109 16
-1 463 434 10 21
LOWER SURFACE ===« .- Cereeeeaasanaas .

STEADY DATA

asaalPlLesann

¥4
[k
093
142
199
244
293
341
ok
440
490
537
583
625
679
734
Teg
832
]
941

tPL
207
178
e
30
457
500
536
629
T3
nr
.a34
255
190
137
aro
008
043
113
170

63l
&78
m
a1
at
289
923

UNSTEADY DATA

ansssfPL Assscansnsasaasuae

IHAG
-4 N1
-3 86|
-3 368
=3 473
-2 490
-3 182
+2.746

~ NN WA RW R RW AW e EA A

MAG
n2
439
388
Q7
a4

0%0
497
2
224
£42
[+21.
508
500
997
38
335
4rs
891

PH,
-8
-45
-850
-50
-45
=51
-5
-50
-52
-26

57

92
104
120
108
t28
131
137

ASE
47
23
13
%0
37
78
76
97
It
a0
06
94



TABLE 2.12.

FOR AGARD CT CASE NO.

[ECHNICAL LIBRARY

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
8; DYNAMIC INDEX 49

WING HODEL. NACA 64AC10. CHORD: 500 HMETERS

WING HOTION. PITCHING

DYNAHIC INDEX 49

DYNAHIC INDEX B5

M
ALFHA
RE

142
211

[ 796
ALPHA -2
RE  1.306 07
STEADY DATA
R o - T RPN
x/C cPy
030 - 0BG
091 - 193
ia2 - 292
211 -.3718
243 - 418
292 - 481
341 - %4k
399 - 63%
440 - 703
487 - 594
B3 - a2
585  -.258
=1 - 181
682 - 132
k] - 061
827 041
B4 092
924 141

797
- 03
| 24 O7

- 643
=6
- 729
-.323

-. 180
- 130

042

STATIC INDEX 30

51 DEG ABQUT X/C» 247

prar 203321 K 101
QINF 59395 FREQ 17.)
PINF 133912
UPPER SURFACE-~-----rresammacas wmsse e trremaan LOVER SURFACE----c-anccamrrramncncnn
UNSTEAQY DATA STEADY DATA UNSTEADY DATA
----------------- e L -=--CPL----- wmmase e mec e alPL A v amaanaaas
x/C REAL THAG HAG PHASE xs/C CPL XC REAL 1MAG NAG PHASE
033 -5 969 4 221 7 144 75 053 - 207 0 B 689 -5 674 10.377 -33 15
a%2 -6 089 4153 7 M 4% 71 093 - 18 0S4 & 979 -4 989 8 58 ~35 56
091 -5 759 3 944 & 960 145 80 BYF - 216 094 5041 -4.167 bk ] -34.60
140 -4 302 3538 8 Q45 14419 199 - 320 141 5340 .3.829 6.571 -3% 64
209 -4 689 3255 5 708 145 24 244 - 457 200 4130 -2 819 S 000 =34 32
243 -4 6851 434 5 943 144 T 293 - 500 L2435 142 -3.708 & 340 =35 80
294 -4 835 3142 5 517 145 30 ) - 538 2%} 3528 -2.578 4 3568 -3 18
402 -5 050 3330 § Q49 146 &t .393 - 629 .34 4 299 -2.832 5 141 -33 43
(440 -4 941 I A4 6 QD6 14% 37 440 -MNn3 L3 4.%528 -2 993 5. 431 -33.32
488 -1@8 85¢ 10 OT1 21 195 151 64 490 - 7 4% 10 913 -4 639 1) 858 -23 03
838 - 802 -1 572 | 76% 017 08 537 - I %82 - 118 1 710 174 93 84
584 593 -1 987 207 -1 » 583 - . 255 631 - 402 1.502 | 558 103 00
633 =058 -1 149 115 -92.89 625 -. 198 £78 - 284 ) 190 1 224 103 42
733 - 222 - 752 B4 -106 4% &79 - 137 733 - 194 943 962 190 &
T - 114 - B42 652  -100 07 734 - Q70 .78) -.09 B at: | T24 97 25
829 - 030 - 593 599 -99 67 789 - 006 831 - 257 .660 nza t12 08
872 - 018 - 431 432 -92 40 832 043 B8 - 164 458 486 109 70
R - 0IB - 179 176 -9% E6 886 113 923 - 3148 .270 308 118 78
91 170
TABLE 2.13. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO. 9; DYNAMIC INDEX 65
WING HODEL.. MNACA 64A010, CHORO- 500 METERS
WING HOTION- PITCHING 2 00 DCG ABOUT x/Cs 279
STATIC (NDEX 31
PToT 203186 LS 1)
GINF 52423 FREQ 17 2
PINF 113724
UPPER SURFALE-=-==rmsruznvsacmonn L L L LT T LOWER SURFACE--+vresemmmanan eranaan
UNSTEADY UATA SIEADY DATA UNSTEADY DATA
----------------- CPU A--vmernsanansnans memeCPLeenen Frrsemaiet Pl Arern v e
1944 REAL IMAG MAG PHASE x/C cPL x/C REAL IMAG MAG PHASE
Q33 -6 824 4 016 B 239 145 73 ong - a2 034 & 553 -5 203 8.267 -38 48
052 -6 624 4 530 8 025 145 &4 QE3 - 187 054 6.738 -4 %8% B.ISG -3 .23y
2 -5 300 3 507 5 35% 146 %2 142 - 309 094 S 618 -3 748 6 752 =31 69
140 -4 806 3 234 5 793 146 07 244 - 480 41 5 340 -3 573 6425 =33 7%
209 -4 557 3 064 5 a9 146 10 93 - 497 200° 4 880 -3.279 5 879 -3 90
243 -4 448 3.039 S igr 14% 67 34 - 523 243 4.535 -2.901 5 34 -32.81
294 -3.122 2 918 4.274 138 96 393 - 627 293 3465 -2 21 am -32
402 -4 844 3184 5 797 146 69 440 - N3 M1 2.981 -7, 824 3495 -1 47
440 -5.167 3o S 990 149 62 490 -. 786 394 434 -2.a@7 4 997 -29 85
498 -8 226 4 227 9 248 152 81 537 - 358 450 8028 -2.483 8 404 -17.19
538 -7 658 3 392 8 375 58 12 583 - 254 582 2 184 225 2.198 5 B9
S84 -1 227 - 15 | 438 -148B 73 625 - 197 621 i 83 1.099 43 63
.633 ~-.087 - Be2 . 866 -85 M 679 - 137 678 260 957 .99 74 a1
133 - 160 -~ 930 943 -9 mn LT3 - 071 73 - 003 - F] 825 o0 19
. 092 - B85t .8s1 -g9 83 789 - coe 81 009 na 3y 83 30
829 2 - 740 748 -8l 43 332 Qa2 BAY =133 448 456 106 &5
872 103 - 531 541 -19 00 886 1 923 - 150 277 315 118 56
941 0as - 224 239 -69 32 941 167

140

2-13



2-14

[ECHNICAL LIBRARY

TABLE 2.14.

WING MOTION. PITCHING

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO. 10; DYNAMIC INDEX 12

WING MODEL. NACA 64A010. CHORD: SO0 METERS

94 DEG ABQUT x/C» 222

K 200
FREQ 33 2

DYNAMIC INDEX 12 STATIC INDEX 13

M 802 fToT 50763

ALPHA - 00 QINF 11953

RE 3 40 06 PINF 333
L TET RPN UPPES SURFACE - -=s--m-=-=cecoenemn-n

STEADY DATA

e CPYraves

x5
30
52
Cas
142
21
243
292
341
440
497
ExH

CPuU
t21
- 169
- 242
- 3
- 426
- 4E%
- 522
- 878
- B93
- 659
- 3%
- 224
- 180
- 115
- 053
- oo

fory ]

088

135

T T}

x/C
033
052
0N

140
209
243
33%
402
440
483
538
a4
533

733
-1
829
872
941

TABLE 2.15.

"

-l
nl

Ten
-h
att
oF
1.1
1.+
dal

Y
. =
T

e o W Y

A~~J F LI QR .

Aug
At
29,4
EEgS
Pht
AR LN
ATLS
ERS

A 5

.
ER

U,
RY )

REAL
-3 850
-4 211
-3 825
-3.325
-2 9%
-3
-389
=4 394
-5 819
-6 677

-1 290
- 470
056
309
256
[+:1]
sz

088

009

INSTEADY DATa

1HAG

4
3
3
2
2
3
2
3
3
4
3
-2
-2
-2
-1
-1
-1.
-1

490
919
J94
4
804
128
987
759
668
38
568
20
592
120

.560

494
il
029
S42

5 91% 130
5 752 137
5 it 138
4 369 139
4 099 136
s att 124
431 136
5 182 139
& 879 147
T 952 147
1 B4 162
2 760 -99
2 593 -88
2 142 -81
1 580 -80
1.497 86
1.184 -88
1033 -85

43 -89

STEADY OATA

caeaPLeanan
x/C CPL
.053 - 188
093 - 223
142 - %
199 - 58
244 - 448
293 - 503
41 - 551
393 - 627
440 - 672
490 - 673
537 - 399
583 - 244
625 - 179
679 - 124
734 - 081
789 - .04
832 043
88 108
Q41 160

T ¥

nsc
000
034

.0%4

094
141

(X1
578
733
791
83t
L]

921

REAL
345
863
as
97
528
Fi L
365
196
578
637
ars
a3
947
948
459
- 449
- 433
- 163
- 862
- 389
- 219

NG DWW WL WL RN

UNSTEAQY DATA

.d
-4
-3
-3
-2
-2

-3.

1HAG
L322
966
477
665
349
683
528
883
098
697
916
33
056
606
n
024
1,
oBs

‘ha

069

484

INSTANTANEOUS LIFT AND MOMENT DATA; CT CASE NO. 6, DYNAMIC

WT,nFG A

E)

Y]

natrl
1auhl
lll,‘-\‘

2

A,91

Visghl
]

42

st

1P, Nt
1HR %1
(LRI
148,51
1Tin ki

i

KT

BTN

[

Ve g al

Ifaa-l

[T

[IELYLN -
tip,my -
Takang
A s
P,
B |
A4, 51
A2e .51
¢ fd .Y

Ahdul

*th

vasl

AEu ]
EE R
2ra,s]

Ak

R

LTI

ot
R

A4t

S

dom G
17,91

41

o581

SAu,n1
AEDE Y
445,51
ot
LSTRLINIS |
4401 .

LHA
1,02
[
1.

(R |
.
u
“

NP — = == 4 b
z
*

[ IR I |
+
-

[ IR ]

kel
EB
Th
e
LRR
95
6t
1.

1,600

rL up rLon
- lifuh  0RPu
-t RIS EY
TR L L
T LSOREN
- ads L 08P4
- iU L0621
-ty UM
- ] plbpd
. abilieh
N LETY
. PLTAN
. R T
N N1
. a2t
. S

=-,"114
kA

PN

EON T
w a1
- it
-kt

- RN

T

Ch
JnagT
o in
L
109583
MUY
PIET
L8907
0918
LY
LR
+THLS
TR
L ORBY
RLTT
MUYy
LR
BT
PR Y
LHouR
LT
T

= UnR?
-, i7a
-, 2hY
- I 4RY
- 77
LA T
- bRy
- gtinnd
LPSTA N R
-, ThY
PO ¥
-, HRER
- by ?
- NP
- UGiR
- r Gy
-, U429

= RYY

LET
RN
WJORTA
PR
Larag
Lp BN
NIEL T

.=}
UL
LT
Jhnn g
RTEL
LY
198D
UL LT
LOaa2
L0918
LYY
L)
ATAT
LTS
JhBss
N
PR L
LTS
LR
L0204
AR
LN
M ER
YL
RELT
LT
WNAAY
LY
T
L]
TRk
RIEF
L]
LT
MURE
(983
LUy s
CHNA
canp
I

cooe
I
lt\r‘]n
RIS
= bk
- 0y
-, urya
LT
- 0027
= 0
- e
LRATE b}
-, rila
-,y
- %A
. AT
-, 4R
CIE T
nith
- D80
- g
Gty

nhi

RILETS
TR
LorRi
(A
LR
-1
LIt ]
P
e npnd
L 00A
piltifcsd
FEUTL
LT
LNER
PALER 1)
L
e

L)L)

LR

£l

S
MOLES
NI T
L0243
PRAE R
NIk
MUBLE
JAraa
ML
Pl
0T
LT
.n78
LN
LO0Th
LT
LR T
LUPRSG
JUTRR
RLETYT
IR
LS
RIELE
neeE

FRLERS
Jhan
LAy
Luar
LANED
ALY
RS
Linsn
PR S ]
L SN
PRI T
Lniieg
PRERTTRN
PR
orisy
ot iRl
LR
SRR
DR
PRI T4
LY
Lng
LS

o]
- 05T
-ty
- A
- uitnd
LT
SO0 A
Lnn?
Jhat
LT
LI NTT
Jfung
Lonan
MOTEL L

.
.M
o
A

fh
14
13
1%

Sl
Y0
W7
NE RN
MO RFD

PR o

o1
.

Eal
s

T

Ly

o
fk

s

L
A
RETRL

PR

nd

-, 0000
- L
LT

-, 0t
"

“7

T
wonte
(RN
[N

-, u048

- h

vie

-, it

nyon

alaz
nluw
ek

g irtpn

-

hA
A

LTS

INDEX 55

.

35

AL
395
531

anxy

.
-
.

L0YS
Y
L7
TS
LR
UG EES

-dl
-41
.42
40
36
¥
.20

0
10
102
19

140
189

14,
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TABLE 2.16.

J= 1 2
PHASE,DEGE 5,5 ]
ALPHA,UEGE 1,019 1,021

X/C L] . -
#03s .18l =167
092 =187 =el9b
091 -, 254 ., 259
140 =-. 339 -, 346
«209 = 022 -,429
203 =.Ab4 -84
il -,530 =-,945
U402 LR L] =s7lh
440 =177 =, T2
11 = T77 -, TH&
538 =349 =.350
1.1 262 =259
b33 =.187 .,181
«733 ~, U539 =, 056
T8 =108 = 00u
829 YLk LY
472 092 + 094
AL 100 + 159
4z 14 i5
PHASE,DEG= T2.5 78.%
ALPHA, LEGS 290 190

x/C L] - -
2033 -, 190 -,18%
052 =213 =, 2U8
L2 =.264 -, 260
+140 -, 353 . 349
+209 -, 05 -, 03]
243 LFTL}E - 477
294 =544 541
H02 =,71% -, 707
440 =, 783 -, 781
488 -, 777 =, b8
-2 1] =297 . 293
«584 =,219 216
«633 =.153 =, l48
« 753 =, 043 =. 041
-8l L9 09
829 057 056
«BT2 101 « 101
«941 LT 1L

J= 21 L]
PHASEVELR  194,% I156.%
ALPHA,DEGE  =,fbb =914

x/C * . "

MEY ] -, a7 'L ]
«052 - uaY =, 0e8
091 .17t -, 169
104 =-.27u4 =,2hh
209 b =, 354
283 = 4U3 =, 394
294 - tin? LI TS
402 “.8P6 619
LH40 -, ! =035
HAH =, 446 -.3au
« 538 =267 =273
284 =,237 LS T-L )
atid3 =164 =167
o134 ~.ua9 -, 04k
781 03 002
829 057 B57
872 'l « 094
941 e 161 #159

J= 49 4l
PHASE  VEES  £28,% 234.5
ALPHA,OBEGE  =,b08 -, 585

LY L) Ll "

«033 018 0186
NILF) -, 021 =.0e23
U951 -,103 =104
14l -, 207 -, 209
209 =297 -, 298
23 =530 - 337
294 -, 40 = 40b
s4u2 =51 =513
w440 -,594 =571
488 =.430 =442
538 =, 340 », 354
111 =509 =.3ve
«633 =.213 =21t
o133 =, 48y =, 062
« 781 = 029 =029
+B29 v2e 023
s wOrr 078
41 150 «151

=. 428
.74
-, 538
. 703
778
=761
~, 285
=213
=147
= 042

+U09
2US%
o101
L}

2y
led.b

Ll D]

=5
.7
=, 158
. 244
=, 346
~. 566
=puae
=009
=a.bl1
=. 346
27?7
=,247
=s172
-, 050
-0l

055

L4393

« 154

ae
2uL,.5

-, 496

1%
=, b2h
=.10e
~.dly
=.301
=538
= hud
. 524
-, 587
=, 459
- 552
=.30%
=.215
=, 084
-, 029

el

U7

L

12,9

991
* *

. l82
=210
=269
o354
-, 438
. a84
=a546
o721
=788
=195
=, 3un
-, 20y
=.172
- 055
=000

2045

+UY8

alb]

17
90,5

.01k

=171
=, 198
=250
o340
U3
L]
~.537
=100
= T4
o745
=278
-.213
=+150
~. 042

it
035
401
wibe

X
lep.h

=.991

-.u2s
~,ben
=, ldb
=250
=-. 334
.39
-, 442
=594
=.nb%
=, 352
=y 2ib
= eh0
-, 172
=403
-, 003

JUSS

A T

150

43
24b,n

- g

10
=, 24
=, Ju9
=-.d13
=503
=-. 341
=4l
A EL]
~obud
- 4TH
=354
=, 508
=215
-, 004
=, 03y

027

077

o190
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18.5

«958

=191
=.214
-, afe
=,358
- 439
=, 485
", 549
-, 723
=y 790
=, 19
e 342
-, 2X8
. 168
=. 450

SUU3

g1

100

160

L}

174.%

=lablv

=.ulb
=.upl
-, 14)
=, 243
o352
=473
=432
=.587
~.b32
-. 364
=.2B9
.05
115
057
=s U

VS0

L))

«199

[
¢hd.%

=, 3ud

03
=032
=.114
=217
=308
. 340
=415
LEELT]
=622
-, 484
=.353
~. 510
215
-, i3
- 030

020

7

191

&
24,5

915
» "

=, 198
=218
=275
=y 360
LT
- 488
=,551
=.726
=791
=+ 195
=, 340
.53
=168
=088

+U6

sUbR

«101

«160

19
102.5
=216

~.157
- 181
-.242
-, 332
-.818
T
-.532
-, 689
763
=698
.. 266
., 215
- 154
=043

L0180
L0598
W10
J158

e

180.9

L.018

w012
-, 092
=132
- 235
=, 325
363
=L 424
=.9T8
=,609
= 369
= 291
=.253
=.178
-, 057
-, 008

Day

091

158

a5
25%8.5

=.202

«,003
“ 036
118
-,22}
-, 314
-, 852
-, d20
~.558
“.638
" 495
-, 356
310
-,212
-,08%
-, 030

028

078

L1582

30,%

+B62
CP

-, 202
-, d22
=-.elr
=362
-l
- 490
=,554
=72
=191
. 794
-.557
-.229
=, 160
U4

RTTY

L0b5

$101]

BTy

20
108.5

=, 514
CP

=, 146
-,173
~.237
~ 327
., 411
-, 459
923
ETF]
=757
-,051
- 2b2
=,218
=150
- 45

vy
AU ET]
<100
<197

LE]

184>

1,013
CF »

L LE ]
=.045
=125
=. 088
=31/
=335
=.419
LY
=.984
-. 371
=294
=26l
-, 184
=, Ubv
LU0

042

UBE

o158

ub
2ol,5
-, u9d

CPoa

-, 009
=, 0a2
.19
.27
=317
=, 330
= 42y
-, 573
- 052
=503
-, 396
=-. 30n
=+21b
LT
- 08

29

<078

193

36,9

800

-,203
s 224
277
-, 364
ETF |
- 490
=.55%
=~ TEU
-, 790
-, r9e
-, 334
=223
=, 157
e Qi

Lol

ML

152

«1B0

24
114,9

= 407

=.157
=163
~.229
=. 521
=405
=, 453
=519
=.b7b
= 1oy
=596
=261
~y221
=, 148
~ Ut

T
-1
« 099
« 157

4d,n

130

=. 202
=225
~.278
. 364
L LR
- 480
o594
=723
-, T30
=792
=328
=.d19
=elda
=. U2

009

LY

«102

+160

22
120.5%

~ W97

-.126
-, 153
-,218
=314
=399
-, 448
=409
-.8b6
-T42
-.54%
-.2%9
-.222
- 151
LT

+U0%
+ 052
098
+ 198

35
198,59

=. 966

oo?
=051
=.113
T L]
=307
~ 346
=.010
=549
=524
-e392
=.314
-.274
=, 189
. 065
LI )

20351

2083

« 154

L.
27h.9

«lle

L T-L]
=.056
=.138
248
- 334
= 370
=, 439
-, 496
=677
-.521
=, 354
=.308
217
-.085
-, 129

027

079

$159

10
ab,.3

2655
*

=,201
. 224
- 217
=363
LY
=. 488
- 354
- T22
- TB9
=, 195
", 522
=215
".15%
=.039

UU9

PLET )

«103

1860

24
126,59
- 583

-,113
- lug
-, 2u%
= 306
=, 392
-.a3!
-.502
-, 858
-.738
T
-.259
-, 221
-,153
- 38

woor
052
098
158

(1%
2ul,S

-,925

-0l
-Lu2?
. 109
.14
-.30%
MY
=, U407
=,535
=519
- HUd
I
.80
-, 192
=, b8
. g9

429

B3

1535

49
282,5

217

-, 033
= bbb
-, 145
L-1'1-1
-, 338
=378
- dip
=, h{?
=087
L1 ]
-, 357
=y 306
w218
=8y
=, lLcs

Wo2e

LURD

2153

INSTANTANEQUS PRESSURES AT UPPER-SURFACE; CT CASE NO. 6, DYNAMIC INDEX 55

11
Sh.Y

+DT70
L] * -

= 20U
=.222
=215
=, 501
ETT
ML LY
=.h52
724
e, T4
ATA L]
=-.313
=.dl3
1By
- Uui

Ua

+UBY

Jlue

2161

24
132,%

L1

. 0499
=.132
=.2ub
=, 298
=, 38%
AL
=495
=.65]
- r35
-, 434
=259
=.2¢0
=-.1d4
=039

TR
052
ML
158

st
2lv.h

- 814

e
LUgd
=106
.2lu
=300
=, 3an
.45
.52
=524
411
=317
=uc84
-. 198
=073
L

025

M.

152

50
e,

319

=aud}
=, 078
=, 104
-,254
- 3d4
=, 384
-, 453
=617
=849
=968
=350
n, 305
-.21e
-, 083
- 28

024

ML

NI

12
6v.5

« 981

~.198
=219
=271
=358
= 439
=s4Ab
=350
123
= 149
-.189
-, S04
=.213
=.153%
“, 043

+0UT

sUbY

Lh02

aibe

25
138,5

~. 738

-, 087
=, l22
=191
=, 2Aq
-.377
= 42y
=, 484
L1 T
=725
. 397
.26l
=,232
=, 158
=,003

s0Us
+U55
90
wlel

EL]
2lb.5

~,81d

W 019
.01
=.103
=269
=, 299
=.33n
-, an3
=.518
~.529
-.019
=.321
=290
-, 20%
=.079
=026

V22

078

w150

51
294,.5

1T

", 048
Ll
=.182
=.itl
-.352
=.39]
=, dbu
=ub2?
- T1u
=, 545
-,354
= 3us
=.2l8
= D02
=-,029

sU2R

WUy

109

2-15

13
bb.5

<387

-, 199
217
", 264
=, 158
- 437
L TT]
-, 949
=118
=, 186
=, 784
=,299
=217
=.15%.
- b2

009

LYY

102

R LT

a8
ldd,%

=, 8ub

=072
=.111
-.183
=-,28]
=370
-.413
475
=.h38
=-.T18
- 370
w 2bd
e 234
~.1l8]
= 0as

005
-1
U995
« 159

19
222.%

-, 744

+018
.21
=.103
-, 208
- 298
. 537
-, 408
=514
=-,542
LT
=-.330
=.501
~a211
=y Ury
U9

R

T8

150

52
S00,.%

511

.. 055
-, 097
=171
-, 264
- 3159
-, 400
e
., 657
-, 719
. b1
L 13
-, 300
=217
-, 083
-,029

028

081

152



2-16
J=
PHASE,DEGE
ALPHA,DEGE
I x/C
1 «033
H 052
3 SUSL
L) «149
5 209
b LE]
T 294
L] 002
L «A40
10 «488
i1 538
12 «384
13 633
14 « 733
15 +781
1é 329
17 872
18 L}

53 L1}
306.5 312.%
999 W81
L " n [ ] *
o Ubd - 074
=, kU7
-, 181
217
o367
=, 409 420
L 4l8 -. 485
-, b4d =656
=727 =.T3h
=, 5636 -,657
=,354 -, 352
=297 -, 292
215 214
-, 083 =.081
-, 025 -, 023
«029 03¢
082 Q84
155 +158
TABLE 2.17.

by
318,5

«T58

=-,089
v 128
a2y
- 299
=304
. 426
.49}
=065
=.743
~ob8t
=s352
=291
210
= 080
=021

2031

N1

158
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56

324.5

L5823

. l04
=. 138

21y

-, 303
v, 391
.34
- 499

+b73
750
705
«3493
+287
+208
077
022
029
083
+154

TABLE 2.16 CONCLUDED.

EL
330,59

1T

o1l
=.1u%
219
=310
398
= H4ad
=,508
-,b83
-, 7158
=720
-, 352
LY L]
=, 204
076
. 020

UKY

2088

W 153

L-1.]
334,5

N

=.129
., 158
228
=.318
-, 405
-, 447
-,513
=, 689
=702
=, 733
=.351
-.280
"e801
=071
=008

034

087

»155

59
3y42.n
+971
CH »

" ll2
=.188
=,238
=, 326
=411
- 454
=-.%19
"~ 695
=185
=748
. 35¢
= 272
MR
-, 068
=018

036

088

158

L1!]
348,5

1.000

=152
=177
. 245
~s333
- ui?
= hbe
T
= 100
LY A
- T02
-.351
=2bt
=, 191
-, 064
=.ble

AUa0

S92

160

&1
554,5

1.917

. 1560
=. 186
=-,293
-, 439
422
=, 408
=.530
-, i0b
-, 715
.14
=, 448
=.2b35
-, 187
=-. 059
=.008

AT

+095

+161

3

1

LT}
LU

a2l

*

187

195
=,29%
=. 344
=.42A
=413

#5338

=.71¢
=, 179
-, Ty
= 5af
=259
-. 143
=.U5%
04

U7
Ry
¢ 159

ol
ELLYS

leula
» -

e 174
204U
=, 28h
=. 350
.42
-, 4l8
=518
“. 718
=145
=785
LR LL]
=.251
=178
=uUa3
=10

T

U095

o« Lhy

STEADY AND FUNDAMENTAL FREQUENCY PRESSURE DATA; SHOCK~STALL CASE

WING MODEL . NACA 544010, CHMORDs 500 METESS

WING 40TION PITCHING 1 OF DEG ABOUT r/Ce

OYNAMIC (NDEX 89

243

STATIC {NOEX 44

PTOY i H - K 20s

QIiNF 58714 FREQ 35}

PINF 134741

UPPER SURFALE---«--s---mmsmu-nscanas

UNSTEADY [aTh

................. CFU Asammsrr-nrarsc-cn
xrC REAL tHAG MAG PHASE
052 -3 922 3 ns LT 144 62
091 -3 8M J 34 5 £30 139 ¢
14D -3 779 3 968 5 236 131 33
225 -2 688 3 38 4 3% £29 2%
243 -2 405 3 537 4 N9 123 8%
294 -2 020 4,143 4612 rs 11
33 -3 139 39 3182 V72 97
(402 =12 419 18 554 22 126 -122 @)
840 -12 228 -16 225 20 477 126 &7
(439 13 076 -1T O3t %923 -31 G3
538 -6 633 -3 B5! 7127 -1550}
Sg4 -7 M4t -1 10T . T PN )
633 -8 078 1 809 B 278 16¢ 43
733 -6.730 7 40% 10019 132 %
B/ -5 .4 g 110 10 802 10
LB29 -4 112 10 4B 1) 695 110 5%
a72 -2389% 1k G431 35 102
941 - D34 10 433 10 483 o0 52

" 739
ALPHA 400
RE 1 200 07
STEADY DATA
mas P m e
X/T cPy
[k o] - 9
.09 -~ 947
142 - 963
218 - 970
243 - 997
292  -1.049
.34 -1 073
L399 -1.109
L4230 - §4%
487 -. 534
537 - 487
585 - 449
(B34 - 397
.682 - 337
732 -2
.7a3 -.212
g21 . -.153
874 - 099
924 - Q45

STEADY CaTa

reralPLe-are
x/C CPL
%) I
L3 272
(142 114
199 - 18
284 - DE2
293 - 136
341 - 183
9] - 265
A0 - 339
537 - 256
5a3 - 25t
625 - 57
879 ~ 178
k1 -~ 129
789 - 876
832 - 048
836 - €02
941 me

%G
L]

.0%4

0o¢
141

.200

243
29

I

490

REAL
a3
4 151
LS
3 952
3102
3 841
3 542
43
5119
& 032
5072
T 4%
3 89S
3628
3.58%
2 6
2

UNSTEADY DATA

bd
372.5

AU

=, 181
.21l
209
=. 354
- 435
—aube
LS L1
. T22
- THY
AL
345
g 2d %
=173
=, 052
- U0y

k]

SU98

e 1b]

LOVER SYRFACE==+=x~ ramememaeaana .

cacransslP| Aveacrerereracrare
IMAG HAG PHASE
-2 837 s$171 <33 22
-2 662 4 93 +32 67
-2.2n 4 196 =N
-2 219 4 454 -29 88
-1 53% 3 483 «27 07
-1.621 4 189 =22 88
~1.189 373 ~18 5%
- 979 4 &40 -12 M
- 538 5 147 -5 98
1.339 6179 12 51
2.800 5 794 28 9N
2812 7.82% 8 12
3 7a2 549! 43 8BS
4 011 S 409 4y 97
4 €57 5 853 52 £5
5 449 S 937 66.63
& 538 & 937 70 .44

3]
378.5

+9b3

=, 19¢
.13
=271
. 837
-, 439
. U886
LT T
= 724
=, T40
=, 199
-, 342
. 238
=169
=, 051

+ 004

+059

L0899

1ty
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TABLE 2.18. INSTANTANEOUS PRESSURES AT UPPER-SURFACE; SHOCK STALL CASE, DYNAMIC INDEX

4=
FHASE OEGR »
ALPHA,DELE
%/C
T
091
»140
209
w2U3
«294
«339
»a02
«HHY
YY)
938
« 384
b33
o733
«781
829
872
941

Je

PHASE,DEGS

ALPAHADEGR
X0

052
MULRS
v
« 2049
«243
290
+339
L8402
+ 8480
L4808
338
584
2633
« 753
o781
829
BT2
941

Jz
PrASE,DEGS

A PHA, DEG=
X/C
092
L0911
140
«2uY
LR}
il
339
402
840
w48H
38
+584
«033
«753
781
829
872
941

J=
Pr&3E.Dehs

ALPHA,UEL=
NsC

«US2
U9
o140
209
243
294
o584
Wutie
I
L
«538
584
«533
o133
+ 761
«H29
WHl2
«381

1
=il.2

1,0u9
3 »

=l.ull
=1.00%
=1l.033
“1.014
=1.037
1,084
=1,139
=-1,40¢8
-, 941
=853
-,h23
-,595
L1114
=410
-, 521
=297
- k93
TS

14
bb.d

«392

~1.024
=l,ueu
=1.051
=l.039
=l.,ubs
~1,123
=1,139
=714
~.393
-. 355
-, 445
- 447
-, 435
=399
=, 371
=-.3a4
-, 3
~.241

2t
144,86

-.827
] L]

=423
.95
=954
=a961
- Yn
=l.ub>
=1,U41
=,bbd
=348
=288
=, 373
e 469
=, 349
-.273
-, 23
=200
=ulb4
. 1L4

Yy
2de. i

s 135
» "

-, BbH
=, Bb3
-, 880
~.904
=951
-. 984
=f.u%2
=1.554
.74y
=sdly
.40
~,433
=253
- 081
=026

37

+ Vb3

L)

=2.2

1.425

=l.022
=1,017
=1,u4e
=l.021
~i.0488
=1.092
=t.147
*l.ui2
-, 997

=728

LT 13"

=-. 5491

=285

- 429

= 3aq

= 233

=.126

024

15
7.8

«2%4

=1,019
1,919
=1.047
=l.uidy
1,063
=1.121
=1,09¢
=, b4
-, 381
- 328
=,433
=,438
=425
-, 482
=356
-.334
~.298
=249

28
150.8

Y11
L]

=914
".914
-.944
9494
a0y
e P -1.]
=l.u43
=.08]
=, 349
=290
=571
=, 359
=.331
=.271
=.228
*.193
=, 148
=, 092

41
gt ,a

= b5

L ]

-, 869
=864
-,878
-.899
=, 924
=974
=l.uée
=1.527
.. 849
=439
-.43e
~.341
=240
=.073
-. 020

T

uls

W111

3
Y]

b.u2n
" *

*l.udn
~l.025%
1,049
=la.028
=1,050
=1.100
=1.1499
=l.ude
1,400
~.b32
=59
=,283
=581
~udll
=s 304
=.2bn
=.1b638
=il

c9
156.8

=938

* L]

-, 909
-9t
=940
eG4y
~ 4"
=L U4
=1.ue1
LT
=543
=299
~. 387
-, 355
=~ 321
=, 249
~. 209
~. 1849
=, 145
o bB1

4e
4d,.0

=570

« *

=870
=808
-.B875
~. 894
=419
LY
=k U3T
=ie324
-.Gud
- dbsb
-l
~4357
- 24y
=-.072
~alls

+U45

[S'L.3

.12y

4
b,8

1,019
« *

=1.u43
=l.027
=1.Uu54
=1.034
1096
=1.10Y
=1,162
1,429
=t.00%
=504
~.581
=-.578
=585
=, 455
Ly-1-1-1
LI 1Y)
T LL
-, 038

17
84,8

sUBE

=i, Utn
=l.dun
*1.u47
=l,uel
=1,036
1.0l
=1.010
=.b74
=371
=.314
- 424
=.421
=408
=305

~a338
=.311
=.2l9
=.21u

v
12 ,H

=975
* *

. HYT
=898
- 920
=941
=97t
=1.luy
=l.ub?
=717
=337
- 290
=.56%
=549
=309
=239
=198
L1
=.l22
= b7

w3
duu,h

= 4tb
* »

=870
-, 883
 8Tu
-.893
ma9ln
LS 13-
=l.uin
=L, 31y
*.419
=500
w470
=374
=.237
=072
=018

a2
L1
YL
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1¢.8

»998

EYEY]
=).032
=1,058
=1,439
=1 ,U62
=1.117
=i.108
*1.4s7
-, 387
=.221
11
=.572
=-,954
.46y
=400
.32y
=.ddd
-~ 077

.8

= Ulb

994
=] yuin
=l,03]
=l.,u2¢
=1.0%¢
*1.111

=982

LY 1Y

*,363

=, 311

-,413

415

=401

=. 358

- 332

=.4u]

-, 2b%

=, 189y

51
168.8

=1,003
® [ ]

-, B9
=,801
=919
=935
=270
“l.uds
~l.ubs
= Faf
=, 3865
.24}
=373
=, 502
-,303
=.22]
. 182
=130
=, U%%
LI

LT
gub.b

=393
* *

- 872
., 806
=, 870
-, 8490
=417
-aG6 s
=l.trdg
=1.3L3
=914
=243
-, uB7
-, 494
=271
=sUifb
=.uel
bdd
LK
129

&
18,8

+960

* «

=l.040
=1.036
=1.061
*1.043
1,068
=l.121
=1,172
=l,004
=. 888
L LT
55/
=, 564
=,5u
=.ur
=ell3
-y 5u5
=.2h?
119

19
9.8

" l20

L] *

-,991
-.993
-f.u24
=1.01h
-1,047
-1.108
Ty
-, 657
-.359
-.299
-.412
- 404
- 391
=351

=524
= 800
.23
=191

3e
174.8

=1.019
* L]

-.885
-.88%
LY
-.929
LS LY}
-l,026
1,075
-.793
“. 375
-.292
- 371
., 335
.29
-, 208
=,160
-.113
-,080
-.038

us
52,4

-, 295
. %

=877
=, 870
-, 378
-, 69%
-~ 917
960
"luitpy
=1,5u07
n.916
".b03
=504
415
=. 287
=, 086
=3y

038
U786
«132

24,8

+923

" cr *

=l.ual
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DATA SET 3

NACA 0012, OSCILLATORY AND TRANSIENT PITCHING

by
R. H. Landon, ARA

INTRODUCTION

These results are extracted from tabulations of wing pressures resulting from the
3rd series of pitching tests about 0.25¢c axis made in the ARA 2-dimensional tunnel, using
the pitching and heaving rig, Ref 3,1,

The main purpose of these tests was to examine the conditions of dynamic stall and
recovery at scaled time rates similar to those of a typical helicopter application.
Dynamic similarity was maintained also in Reynolds number; the approximately guarter scale
blade section was therefore run, for all the cases reported here, at a tunnel stagnation
pressure of 4 bar to match low altitude flight of the helicopter. Conseguently, no arti-
ficial boundary layer transition trips were applied to the test wing,

The output of dynamic pressure transducers was sampled at fixed intervals, the
instantaneous pressures and reference conditions having a matched and filtered response
within 3 dB up to 460 Hz,

The results represent one specific cycle, and are not averaged over a number of
cycles. The data bank at ARA contains at least 4 cycles of each dynamic condition., Ramp
moticons have only a single transient,

Up to & increments of mean incidence and amplitude, singly or in combination, could
be run: the present programme called for 3 increments {called programme steps or PSTEP) of
mean incidence, o as shown in Table 3.4,

The time-dependent results are presented without harmonic or spectral analysis.
Note that the harmonic content of the pitching motion is relatively high, due to the
intrusion of other modes of the drive system:

Harmonic content and phase angle relative
AGARD case (;;) to the fundamental
First Second Third Fourth
1,2,3 50,32 2.44%,-10° 2,45%,-39° 0.5%, =-51° 0.38%, 0°
5 62.5 0.22%,-13° 2.60%,-44° 0.37%,-61° 0.07%,-76°

The instantaneous Mach number varies in sympathy with the drag of the wing: the flow
momentum loss changes the effective area of the choked throat that controls the flow down-
stream of the model, thus making speed dependent on drag. Mach number is thus given for
each data peoint in the results.

The heave mode (no results presented here) allowed the wing to be placed up to
63.5 mm (2.5 in) above and below the tunnel centre line. Some pitching tests are
reported in Ref 3.2 to show possible effects on dynamic readings of wall proximity: there
has been no analysis of unsteady tunnel interference, but corrections appropriate to steady
interference have been applied to some of the measured guantities,

Notes on the data

The ordinates of the NACA 0012 airfoil are given in Table 3.1, The chordwise and
spanwise locations of the 30 pressure holes and their channel numbers are given in
Table 3.2, and the arrangement of the data is explained in Table 3.3.

Ten data sets are presented to provide experimental comparison with AGARD CT Cases.
These are extracted from the full set of tests identified in Tables 3.4 and 3.5.

For the priority CT Case 1 the tabulated data are presented as 32 sets of pressure
coefficients at equal time intervals during a cycle of oscillation, extracted from 64
sets in the original data. For the other CT Cases of oscillatory pitch the number is
reduced to 8 sets. The ramp motion and quasi-steady data have 16 points, chosen to give
approximately equal incidence increments, again taken from more closely spaced original
data. Tables 3.7 to 3.10 include a pitch damping factor which is irrelevant for the
present purpose and its value is also shown in each of the oscillatory plots. Note also
that the ramp incidence rate is an approximate or nominal value: the incidence rate
¢ = da/dt 1is not constant, and when calculated from different ranges of incidences, will
give different values. Approximate representations of the motions in Ref 3.6 are
recommended for comparative calculations at given & . HNo measurements were made for
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strictly steady c¢onditions, but instantanecus pressures were measured for very slow

oscillations of incidence.

in Tables 3.14 to 3.16.

Oscillatory pitch about 0.25c:

The results of three of these gquasi-steady tests are given

Related Run No. Experimental conditions
AGARD and : Data
CT Case | P step M % %0 k Re x107% | sets | taPle
(deqg) (deq) {Hz)
1 B7-1 0.600 2.89 2.41 50,32 0.0808 4.8 32 3.7
2 89-1 0.600 3.16 4.59 50.32 0.0811 4.8 8 3.8
3 87-3 0.600 4,86 2,44 50.32 0.0810 4.8 ] 3.9
5 128-1 0.755 0.016 2,51 62,5 0.0814 5.5 8 3.10
Ramp motion about 0.25c:
Related Experimental conditions bata
AGARD Run No, .
a range -6 AppProx o table
CT Case M {deq) Re x10 {deg/s) Sets
6 218 0,30 -0.03 to 15.54 2,7 1280 16 3.11
7 227 0.57 -0,01 to 14.80 4.6 425 16 3,12
8 230 0,56 -0.01 to 14.97 4.5 1380 16 3.13
Quasi-steady:
o range _
Run No. M in table Re x10 6 Sets J???:
(deqg}
6 0.30 -0,12 to 15.55 2,6 16 3.14
11 0.58 -0.13 to 11.56 4.6 16 3.15
151 0.75 -3.27 to 3.35 5.5 16 3.16

Figs 3.2 to 3.4 show typical results extracted from Ref 3.2 for oscillatory pitching
at M = 0.6 and 0,75, showing the effect of reduced frequency parameter on normal force,
pitching moment and a damping factor DF. The related AGARD CT cases 1, 2, 3 and 5 are
incéuded in these figures. Figs 3.2 and 3.3 are for respective amplitudes ag = 2.5° and
5.0°9,

from the gquasi-steady data and for the two

Fig 3.5 shows curves of Cy against o
and the delayed stall

ramp rates at M = 0.57 to illustrate the lag in the growth of Cy
under dynamic conditions.

1 ATRFOIL

1.}

Designation
Type of airfoil

NACA 0012
Symmetrical 12% thick

.3 Geometry See Table 3.1 and formula in Ref 3.6
.4 Design condition -
.5 Additional remarks -
.6 References on airfoil Refs 3.6, 3.7
2 MODEL GEOMETRY
2.1 Chord length 101.6 mm (4 in)
. Span 203.2 nm (8 in)
. Actual model coordinates and See Fig 3.1 and Table 3,1. TE thickness =
accuracy of measurements 0,383 mm, ie approximately 0.127 mm tco thick
2.4 Flap: hinge and gap details -
2.5 Additional remarks -

References on model
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WIND TUNNEL

3.
3.2
3.3
3.4
3.5
3.6

3.12
3.13
3.14
MODEL

4.1

Designation

Type of tunnel

Test section dimensions
Type of roof and floor
Type of side walls
Ventilation geometry

Thickness of side wall
boundary layer

Thickness of boundary layers
at roof and floor

Method of measuring Mach
number

Uniformity of Mach number
over test section

Sources and levels of noise
or turbulence in empty tunnel

Tunnel resonances
Additional remarks
References on tunnel

MOTION

Mode of applied moticn

Range of amplitude

Range of frequency
Method of application
Purity of applied motion

Natural frequencies and
normal modes of model

Static or dynamic elastic
distortion during tests

Additional remarks

TEST CONDITIONS

5.1

5.13

Tunnel height/model chord
ratio

Tunnel width/model chord
ratio

Range of Mach number
Range of tunnel total pressure

Range of tunnel total
temperature

Range of model steady, or
mean, incidence

Definition of model incidence

Position of transition, if

free

Position and type of trip, if
transition fixed

For mixed flow, position of
sonic boundary in relation to
roof and floor

Flow instabilities during
tests

Additicnal remarks

References desc¢ribing tests

ARA 2-dimensional tunnel

Intermittent blow down

h = 457.2, b = 203,2, length = 1251 mm
Slotted, 3.2% open area ratio

Solid

Roof and floor each have é slots and 2 half
slots at corners. Plenum chambers 133 mm
deep cennected by large ducts. Top and
bottom walls diverge.

28%/b = 0.015
Not known

Static hole in slde wall 5 chords ahead of
model

Centre line distribution within #0.0015 in
region of model

No serious disturbances

No evidence

Ref 3.8

Pitching about 0.,25c, oscillatiocn or ramp.
No heave results

Oscillation +9.,59; ramp 0 to 30° (limit 44°)
0 to 60 Hz {limit 100 Hz)

Hydraulic actuator

See Intreduction

Lowest is bending at 600 Hz

No significant distortion

4,5

2.0

0.3 to 0.87
1%~4 bar

280 K approximately, uncontrolled

+11 deg (limit 44°)

On chordline: datum matched on chordwise
pressure distributions

Not known

because model Re
helicopter blade

No trips in presented data
consistent with full-scale

No simple answer: refer to ARA

Position of model 0.25c is

of start of slots
Refs 3.1, 3.2

3-3

6 chords downstream
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MEASUREMENTS AND OBSERVATIONS

6.1 Steady pressures for the mean conditions -]
6.2 Steady pressures for small changes from the mean conditions |
6.3 Quasi-steady pressures —7_
6.4 Unsteady pressures —7—
6.5 Steady forces for the mean conditions measured directly -
integrated pressures -
6.6 Steady forces for small changes from the measured directly ]
mean conditions —1
integrated pressures -
6.7 Quasi-steady forces measured directly -
integrated pressures _7—
6.8 Unsteady forces measured directly ]
integrated pressures _7~
6.9 Measurement of actual motion at peints on model —:d
6.10 Observation or measurement of boundary layer properties _:—
6,11 Visualization of surface flow -
6.12 visualization of shockwave movements -
6.13 hAadditional remarks ":—
INSTRUMENTATION
7.1 Steady pressures Pressures for quasi-steady conditions measured

with same system used for unsteady pressures

7.1.1 Position of orifices -
spanwise and chordwise

7.1.2 Type of measuring system -
7.2 Unsteady pressures

7.2.1 Position of orifices See Table 3.2
spanwise and chordwise
7.2,2 Diameter of corifices 0.25 mm
7.2.3 Type of measuring system 30 transducers in model {(see Ref 3.1)
7.2.4 Type of transducers Kulite XCQL absoclute
7.2.5 Principle and accuracy of Calibrated under steady conditions against
calibration Texas Quartz Pressure Test Set.

Accuracy: *2,7 mb

7.3 Model motion

7.3.1 Method of measurement Shaft encoder
7.3.2 Accuracy Resclution: *0,1 deg
7.4 Processing of unsteady
measurements
7.4.1 Method of acquiring and Signals sampled at known time intervals,
processing measurements same points in cycle
7.4.2 Type of analysis Instantanecus pressures reduced to non-
dimensional coefficients
7.4.3 Unsteady pressure Approximately 20,01 in Cp

guantities cbtained and
accuracies achieved

7.4.4 Method of integration to Standard curve fitting procedure
obtain forces
7.5 Additional remarks Tabulated C and Cm are corrected for wall
constraint

7.6 References on techniques Refs 3.1, 3.9, 3,10
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DATA PRESENTATION

8.1

8.10

Test cases for which data
could be made available

Test cases for which data are
included in this document

Steady pressures

Quasi-steady or steady
perturbation pressures

Unsteady pressures
Steady forces or moments

Quasi-steady or steady
perturbation forces

Unsteady forces and moments

Other forms in which data
could be made available 1if
required

References giving other
presentations of data

COMMENTS ON DATA

9.1 Accuracy
9.1.1 Mach number
9.1.2 Steady incidence
9.1,3 Reduced frequency
9.1.4 Steady pressure coefficients
9.1.5 Steady pressure derivatives
9.1.6 Unsteady pressure
coefficients
9.2 Sensitivity to small changes
of parameter
9.3 Spanwise variations
. Non-linearities
. Influence of tunnel total
pressure
9.6 Wall interference corrections
9.7 Other relevant tests on
same model
5.8 Relevant tests on other models
of nominally the same aercfoil
9.9 Any remarks relevant to com-
parison between experiment and
theory
9.10 Additional remarks
9.11 References on discussion of

data

35

Tables 3.4, 3.5, 3.6

See Introduction

Tables 3,14, 3,15, 3.16
Tables 3.7 to 3.13
Tables 3.14, 3.15, 3.16
Tables 3.7 to 3.13

None

Ref 3,1

+0.0015

Instantaneous incidence to 0.1 deg
Within about 1%

Instantaneocus C to $0.01 (see Ref 3.10)

P

Not serious for data presented here (for
other cases see Ref 3.,1)

Values of a, oy, ag, Cy and Cp have been
corrected on the basis of steady calibrations
(see para 12)., No corrections appear to he
necessary for M .

Ref 3.11 gives steady measurements on another
model of NACA 0012 in same tunnel

Ref 3.2

PERSONAL CONTACT FOR FURTHER INFORMATION

Mr R.H. Landon, Aircraft Research Association Ltd, Manton Lane, Bedford MK41 7PF,
England

LIST OF REFERENCES

R.H. Landon

Mrs M.E. Wood

A deseription of

the ARA 2-dimensional pitch and heave rig and

some results from the NACA 0012 wing.
ARA Memo 199, September 1977

blade section.

Results of oscillatory pitch and ramp tests on the NACA 0012

ARA Memo 220, December 1979
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3.3 A. Harris Calibration of ARA's 2-dimensional facility using 2.8% o¢pen
area liners.
April 1971, unpublished Memorandum
3.4 A. Harris Evidence on wall interference effects in the ARA 2-dimensional
A.B. Haines tunnel,
ARA Memo 147, 1972
3.5 A.B. Halnes An evaluation of wall interference effects in ARA's 2-dimensional
tunnel,
Item 5, Tech Comm., June 1973
3.6 Ed. S.R. Bland AGARD two-dimensicnal aercelastic configurations.
AGARD-AR-156, 1979
3.7 I.H. Abbott Theory of wing sections: including a summary of airfoil data.
A.E. von Doenhoff McGraw-Hill, New York, 1949
3.8 B.L.F., Hammond Some notes on model testing in the ARA 2-dimensional facllity.
ARA Memo 170, 1975
3.9 R.H. Landon Some sources of error with Kulite pressure transducers in the
Mrs M.E. Wood ARA pitch/heave rig.
ARA Memo 204, 1978
3.1 R.H, Landon The pitch/heave rig data selection and reduction program, and
Mrs M.E. Wood Corrigendum.
ARA Memo 182, 1976
3.11 Mrs J. Sawyer Results of tests on aercfoil M.102/9 (NACA 0012) in the ARA
2-dimensional tunnel,
ARA Model Test Note M.102/9, 1978
12 DEFINITIONS AND EXPLANATION QF DATA TABLES
alrfoil span and tunnel width
chord
Cy normal force coefficient
Ci plitching moment coefficient {about 0.25¢)
£ frequency (Hz)
h tunnel height
k reduced frequency, wc/2V
M Mach number
q dynamic pressure
R,Re Reynolds number
t time (seconds)
A velocity
X;¥,2 airfoll coordinates
a incidence
am mean incidence
ag pitch amplitude
&* displacement thickness of boundary layer
w frequency (rad/s)

For each chosen case, experimental data are presented as sets of instantaneous values

of the quantities C C C a and M for particular times t (in seconds) in Tables
P N m
3.7 to 3.16,
Uncorrected coefficients C& and C& are evaluated by a curve fitting procedure

from the integrals

1

' = -
= f(ch Cpy! & (x/2)
¢

1
f{ch = Cpy) (0.25 - (x/0)) dix/c)
0

(9}
o
I



[ECHNICAL LIBRARY
A 3-7

where Cp = (p -pP,) /@ 1s uncorrected and the suffices L and U denote lower and upper
surfaces respectively.

Oscillatory motion 1s defined by
a = a *+oag sin{ut + ¢}

where ¢ 1s a phase angle dependent on the time datum.

The quantities a ®n 9% CN and Cm (but not CP) have each been corrected for

tunnel constraint effects. The corrections, as derived for steady conditions in Refs 3.3,
3.4 and 3.5, are applied to each instantaneous condition as if it were steady.
Table 3.1

NACA 0012 SECTION ORDINATES

x/c z/c
¢] 0
0.0050 +0,01221
0.0125 +0,01894
0,0250 +0.02615
0.0500 +0,03555
0.0750 +0.04200
0.1000 +0.04683
0.1500 +0,05345
0.2000 +0,05738
0.2500 +0.05941
0.3000 +0,06002
0.3500 +0,05949
0.4000 +0,05803
0.4500 +0.05581
0.5000 +0,05294
0.5500 +0.04952
0.6000 0,04563
0.6500 0.04132
0.7000 0,03664
0,7500 $0.03160
0.8000 0.02623
0.8500 $0.02053
0.9000 10,01448
0.9500 £0.00807
1,0000 *0,.00126
Table 3.2

NACA 0012 WING PRESSURE LOCATIONS AND CHANNEL NUMBER IDENTITIES

Upper surface Lower surface
Channel Channel

No. x/c y/b No. x/c y/b
1 1.0 TE 0.52 21 0 LE 0.44
2 0.9 0.51 22 0.01 0.46
3 0.8 0.48 23 0.02 0.48
4 0.7 0.49 24 0.04 0.48
5 0.6 0.5 25 0.10 0.48
6 0.5 0.5 26 0.22 0.5
7 0.4 0.5 27 0.34 0.5
8 0.3 0.5 28 0,46 0.5
9 0.2 0.51 28 0.57 0.5
10 0.15 0,48 30 0.68 0.5
11 0.125 0.48 31 0.79 0.54
12 0.1 0.49 32 0.90 0.55
13 0.075 0.5

14 0.05 0.51

15 0,03 0.52

16 0.02 0.53

17 0.01 ¢.55

18 0.005 0.56
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Table 3.3
LAYQUT OF RESULTS IN TABLES 3.7 TO 3.16

Cpl sz Cp3 Cp4 Cp5 Cp6 Cp7 CpB Cp9 Cplo Data point

Cp11 %pr2 Cp1z Spia Spis Cpis Spa7 Cpis [ Cp21r Cp22 | M c

Co23 Cp2a  Cp2s  Spae  Cp27  Cp2s  Cp2s  Cpao  Cp3r Cp3a | F (second)

2
g (lb/£ft*) o (deg)

where, in the arrangement above, C is the instantanecus value of CP for channel n

n

(see Table 3.2). Corresponding x/c

locations can be identified from the following key:

Upper

1,00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.10 0.15
Upper Lower

0.125 0.10 0.075 0.05 0.03 0.02 0.01 0.005 0 0.01
Lower

0.02 0.04 0.10 0.22 0.34 0,46 0.57 0.68 0.79 0.90
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Table 3.4
PARAMETERS OF OSCILLATORY PITCH CASES
o [+§ a a
- (deg} (deg) (Hz) ’ (deg) (deg) (Hz)
152 |o.288]| 8.5 | 4,5,6 3¢ |0.099 2.7 178 [0.598 | 2.5 |3,4,5 30 [o.050] 4.9
153 |o0.286| 8.5 |7,8,9 30 |0.099 2.7 179 [0.593 4 2.5 |6,8,10 30 |0.050 4.9
183 0,287} 8.5 [10,11,12] 30 |o.101 2.7 180 [0.597 | 5.0 }3,4,5 30 ] 0.050( 4.9
184 |o0.286[ 7.5 |6 30 |o0.i02 2.7 202 10.600 | 5.0 [6,9,12 30 §0.049 5.0
156 10.2921 9.5 16 30 10,09 | 2.7 87 [o.600 | 2.5 [3,4,5 | 50 |o.081 | 4.9
185 [0.287| 9.5 {6 30 fo.102 2.7 88 loses | 25 |6’ 10 50 |0 082 4.9
. . 285 . .
186 {0.285| Max |6 30 |0.te2]| 2.7 89 |o0.508 | 5.0 |3°45 50 [o0.082| 4.9
. . by . .
157 |o0.290| 2.5 |o9,10,11 30 | 0.097 2.7 90 |o.s92 | 5.0 |69 12 50 [0.083] 4.9
158 | 0,286 | 2.5 [12,t4,16 | 30 o0.099 2.7 ’ . 27 : :
159 |o0.288) 5.0 |9,10,11 30 |o.098] 2.7 91 |o0.599 | 2.5 |3,4,5 70 | 0,115 4.9
160 |0.286 [ 5.0 {12,15,18] 30 }0.099 2.7 92 |0.594 | 2,5 [6,8,10 70 {0,116 | 4.9
199 |o.305| 2.5 {9,10,11 | 50 |o.155| 2.8 % ol I 2’3’?2 Al o .
200 |o0.298 )] 2.5 |9,10,11 50 |0.159 2.8 iy : P . :
188 |o0.285) 2.5 |12,14,16 | 50 |o.168]| 2.6 103 |0.699 | 2.5 |1,2,3 29 | 0.041 5.4
39 fo.290| 5.0 |o9,10,1¢ 50 |o.170] 2.7
50 o287 500 |120508 | 50 lociz2| 359 56 {0.688 | 2.5 |4,6,8 29 [0.042] 5.4
: . At y . 104 |0,697 | 5.0 }1,2,3 29 | 0,041 5.4
116 |o0.287 | 2.5 [9,10,11 70 |o0.238 2.7 98 |0.686 | 5.0 |[4,6,8 29 | 0.042 3.4
43 10.289 | 2.5 |12,14,16 { 70 {0.245 2.7 105 [o.699 | 2.5 |1,2,3 s | 0.081 5.5
117 }o.292] 5.0 |9,i0,11 70 ]0.231 2.7 100 |o.6se | 2.5 |a 6 8 s8 |oossl 5.4
0 - Py - °
44 [0.287 | 5.0 |12,15,18 | 70 |o0.245 2.7 106 |0.696 | 5.0 {1.2.3 58 [o0.082| 5.4
161 |o0.382 | 8.5 |2,3,4 30 |o.075 3.5 102 10.685 | 5.0 |4,6,8 58 |0.083 3.4
162 10.380 | 8.5 |5,6,7 30 |o.07s 3.5 122 10.700 | 2.5 |1,2,3 80 | 0.115 5.5
163 |0.379 | 8.5 |8,9,10 30 {0.076 3.5 123 10,691 | 2.5 |4,6,8 80 {0.116 5.4
164 |0.,380 ] 7.5 |4 . 30 |0.07¢ 3.5 124 |0.698 | 5,0 |1,2,3 70 |o.104 5.5
165 [0.380 ] 9.5 14 . 30 |o.,076| 3.5 125 10.691 | 5.0 |4,6,8 70 | 0.101 5.4
166 [0.380 | Max |4 30 |o0.076 a5 95 {0.699 | 2.5 ]o,1,2 29 | 0.041 5.4
201 |o,398| 2.5 |7,8,9 30 ]o.o73) 3.6 97 {0.696| 5.0 |o,1,2 29 | 0,041 5.4
168 {0.377 § 2,5 |10,12;14 | 30 lo.o977 3.4 99 T0.697 | 2.5 |0,4,2 58 | 0.082 5.4
169 |0.379 ] 5.0 |s,8,10 30 {0.076 3.4 101 }o0.693 1 5.0 |o0,1,2 58 | 0.082 5.4
170 [0.377 | 5.0 |9,12,15 | 30 [0.077[ 3.4 . - T
59 |0.,377 | 2.5 |7,8,9 50 |0.126 1.3 :;7 g';zz i‘g 2’4’5 gl g'gzg §°Z
60 |0.383 | 2.5 |10,12,14 ]| 50 |o0.128 3.3 * . i ) *
61 |o0.380| 5.0 |6,8,10 50 |o.127 3.4 128 |0.753 ] 2.5 |0,1,2 62 | 0.082 5.7
62 [0.380{ 5.0 |9,12,15 50 0.128] 3.4 129 |0.743 ] 2.5 |3,4,5 62 | 0.083| 5.6
63 lo.381| 2.5 |7,8,9 70 |o0.182 3.5 130 {0.753| 2.5 |o0,1,2 80 | 0.i08| 5.7
64 0,378 | 2.5 |10,12,14 | 70 {0,184 ]| 3.4 131 |o0,744 | 2.5 |3,4,5 80 | 0.109 5.6
65 |0.,378 | 5.0 |s,8,10 70 |0.184]| 3.4
66 [0.378| 5.0 |9,12,15 70 |0.184 3.4 138 |0.805 [ 2.5 |0,i,] 3 0041 s.9
203 lo.816| 2.5 |0,4,1 33 | 6.041 6.0
171 {0.483 | 8.5 [0,1,2 30 | 0.060 4.2 204 |0.802 [ 2.5 |0,4,1 33 | 0.041 6.0
172 |o0.482 | 8.5 |3,4,5 30 [0.060] 4.2 139 | 0.794 | 2,5 |2,24,3 33 | 0.041 5.8
173 |0.482 | 8.5 |6,7,8 30 {0.060| 4.2
i74 |0.483 | 2.5 |5,6,7 30 {0.060| 4.2 :gg g°;g§ g‘g g’%;'3 22 g'ggf g'g
175 |o0.481 | 2.5 |8,10,12 30 |o0.061 4.2 ) ' reEy ) '
176 |0.483 | 5.0 |5,6,7 30 |o,060 4,2 136 10.799 | 2.5 |0,4,l 80 | 0.101 5.9
177 |0.479 | 5.0 |9,12,15 30 |o0.061 4,2 137 10.794 | 2.5 [2,24,3 80 | 0.102 5.9
107 |0.484 | 2,5 |5,6,7 50 |0.100| 4.2
108 0.481 [ 2.5 }8,10,12 | 50 |0.101 ] 4.2 }if g:gé? ;:; 3':;3 gg g:égg g:g
119 10.489 | 5.0 |5,6,7 30 10.099 1 4.2 143 |o0.820 | 2.5 {0.1.2 80 | 0.098| 6.0
109 [0,479] 5.0 |[9,12,15 50 10.101 4,1 146 |o.ss0 | 2.5 |ooi2 80 | 0.097 5.9
78 |0.480 | 2.5 |5,6,7 70 {0,147 4,2 145 |o.866 ) 2.5 |0,1,2 80 | 0.09a 6.0
118 {0,488 | 2.5 ]8,10,12 70 0.14) 4,2 146 10.878 2.5 |0,1,2 80 | 0.093 6.0
80 |0.480 | 5.0 |s5,6,7 70 10,147 4.2 147 |o0.896 | 2.5 |o,1,2 80 | 0,092 6.0
81 |0.,476 | 5.0 }9,12,15 70 lo.1494 4.2
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Table 3.5

PARAMETERS OF RAMP PITCH CASES

da -6
ARA «® range dt Re x 10
run No.

n 8o (deg/s)

215 0,296 0-30 400 2,7

216 0.298 0-30 800 2.7

242 0.299 0=30 1200 2,7

218 0.294 0-30 1600 2.7

214 0.406 0-30 400 3.5

243 0.410 0=-30 800 3.5

222 0.410 0-30 1200 3.6

219 0,412 0-30 1600 3.6

223 0.504 0-30 400 4,2

224 0.501 0-30 800 4,2

225 0.503 0-30 1200 4.2

226 0.496 0=-30 1600 4.2

227 0.613 0-30 400 4.8

228 G.615 0-30 800 4.8

229 0.614 0-30 1200 4.8

230 0.611 0-30 1600 4,7

231 0.707 0=-30 800 5.2

232 0.706 0-30 1600 5.2

233 0.761 0-30 1600 5.3

234 0.760 0=-30 800 5.3

235 0.806 0=30 800 5.5

237 0.809 0-30 1600 5.5

239 0,834 0-30 800 5.7

238 0.838 0-30 1600 5.4

240 0,900 0-30 BOO 5.9

241 0.902 0-30 1600 5.9

236 0.812 0-30 800 5.5

Table 3.6
PARAMETERS OF QUASI-STEADY CASES
ARA 11 o ARA o a
M 0 m M 0 m
run No. (deq) (deg) run No. {(deq) (deg)

0.3 6 11 11 0.75 14 5 5
6.3 189 11 11 0.75 192 5 5
0.3 278 11 11 0.8 15 4 4
0.4 7 11 11 0.8 193 4 4
0.4 245 11 11 0.8 296 4 4
0.45 190 11 11
0.5 9 10 10 0.4 148 0 11
0.5 279 10 10 0.6 149 0 9
0.55 46 10 10 0.7 150 0 7
0.6 11 9 9 0.75 151 0 5
0.6 280 9 9 0.3 244 0 11
0,65 12 8 8 0.5 246 0 10
0.65 191 8 8 0.6 247 0 8
0.7 13 7 7 0.7 248 o 7
0.7 281 7 7 0.8 249 ¢ 4
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ARA RUN 87

M=0. &

. 1647 ~0. 0007
. 0117 ~1. 0hAo
. 3993 0. 1380
L1362 -0. 0024
. 0894 —1. 1494
. 4752 ©0.2254
. 1645 0.0044
13519 —-1. 2277
. 5455 0. .2%977
. 1697 0. 0078
.21l —1.3044
. 60346 0. 3558
_15%4 0. 0044
S 24446 -1, 4333
&£44% 0. 40035
L 1e32 0.0094
L1l -1, 4887
. &880 04540
L1537 -0. 0008
L4293 ~1 393
7186 0. 4782
L47% 0. 0043
B4y -2 03te
7342 0. 5001
L1359 0. 0111
L0255 ~2. 0678
7433 0. 5127
1533 O 0094
. 094% -2, 1233
74440 0. 5087
L1853 0. 0061
. 1234 -2. 1594
. 7400 0. 3034
L1352 0.0077
L9992 -2. 1144
, 7145 O 4755
L1494 0. 0009
. 4118 -2. 0548
. 6743 0. 43463
15397 0 0112
. 0B48 -1. 9657
L6382 04124
. 1583 0. 0077
L1991 -1, 3613
.&032 0. 3598
1601 0. 0094
L1923 ~1. 2431
. 5544 0.3107

R=4 g#10®
-0. 1408 -0,
-1.1383 -1
-0. 1897 -0.
-0 1493 -0
-1, 2615 -1,
-0. 1338 -0.
-0. 1439 =0
~1.3979 -1,
-0, 0731 -0
-0. 1416 -0
~-1. 9827 -1.
-0. 0312 -0
~0. 1473 -0
~1.7570 -1
0. 0094 -0
-G 1394 -G
-1, 9077 ~1.
0. 0529 -0
-0, 1571 -0
~2. 0835 -2
0. 0627 -0
~-0. 1495 -0
-2 1514 -2
0.0830 -0
-0. 1387 -G
-2 1881 -2
0. 1003 -0.
-0, 18429 -0
-2, 1994 -2
0. 0540 -0
-0. 1430 -0
-2, 2365 -2
0. 0833 -0
-0. 1381 -0
-2. 1924 -2
0. 0683 -0
~0. 1424 -0
-2 1338 -2
0 0313 -0
-0 1373 -0
-2 0898 -2.
O Q009% -0
-0.1328 -0
-1. %049 -1
-0. 0380 -0
-0. 1294 -0
-1, 6663 -1.
-0. 07B& -0

PSTEP 1

AGARD CASE 1
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we/iv=0. 0808

2437

L1316

2488

253%
2683
2131

2518
4097
1799

2519
sSea2e
1348

2586
7772
0968

2530
043
o641

2721
0577
(LT3

24739
1138
0321

2548
1130
036

2580
1571
0414

2943
1702
0322

2482
1351
0686

2523
1172

. 0936

2449
0784
1181

2411

. 9574

1446

2309
78644
1734

-0
~-1.
-0

=0.
-1.
=0.

]
-1

~0.

~0
-1.
-0

-0
7182
-0.

-0,
-1.
-0.

-0

-1
-Q.

-0.
~1.
-0.

-0.

=

-0.

-0

-2

-0.

-0
-2,
-0.

-0
-2
-a

~0.
-2.
-0

-2
-2
-0,

=0.
-1.
-Q.

=-0.
-1.
-0.

3383
1094
2434

3001
2582
2134

.a38n12

4148
1810

3371
9943
1568

34831

1389

34616
8024
1143

3871
7461
1193

3803
9976
1085

3659
0002
0949

3697
0471
1057

3642
0839
1207

3567
0534
1313

3403
Q275
1510

3524
0087
1698

3427
71324
1903

3342
8048
2106

(continued

-0
-0.
i)

=0.
-1.
-0

-Q.
-1
=0.

-0.
-1.
-0,

=0
L4772
-0

-0,
=-1.
-0

=0,
-1.
-0

—0.
-1.
~0Q.

-0.
-1.
-0,

-0
~1.
-0

-0
-1
=0.

-0.
-1.

-0

-0.
=1,
-0.

-0
-1.
-0,

-0
-1.
-0

-0.
-1
-0

Table 3.7

e%;?.

4337
9342
1948

471&
o928
1744

47640
2328
1473

4879
34689
1314

4994

1187

4954
5g17
0974

9211
7401
1038

3208
8078
0748

50035
8218
0781

5119
8643
100&

5065
87936
1122

4940
8419
1177

4934
8134
1392

4873
7472
1527

4747
6290
1649

45611
4953
17835

Qsc. PITCH
RY ol =2 41
[+]

~0. 5,712 ~-0. 7231
=0, 7231 -0. 5408
~0. 1860 ~0. 1070
~0. 3965 -0. 7535
-0. 8683 -0. £8&0
-0. 1391 -0. 0984
-0, 4057 ~0. 7760
-1. 0103 -0. 8316
-0, 1203 -0. 0815
-0. 4304 -0. BOTO
~1. 1%1& -0. 7697
-0. 1039 0. 0720
-0, 6445 —0. 8299
~-1. 2581 -1 0878
-0. 0984 0. 0647
-0 6441 -0 B29%6
-1.3328 -1 1940
-0. 0825 -0 0553
-0, 6807 -0. 8730
-1.4929 -1.3194
=0. 0953 ~0. 0643
-0. 6778 -0. 8710
-1. 9&16 —-1.3719
~0. 0880 -0 0640
-0. 6320 -0. 8389
~1. 57461 ~1.3707
-0. 0781 -0. 0945
-0. 6643 ~0. 8504
~1. 6223 -1.3971
-0. 0888 -0. D6BT
-0. 65%1 -0 8443
~1. 4484 -1 A40L5
-0, 09467 -0. 0710
~(¢. &432 -0. 8313
-1.6110 -1. 3296
-0. 102% -0 0770
~0. 6354 -0 8244
-1, 5437 -—-1.2784
-0. 118% -0 0903
-0. 62546 -0 B148
~1. 4945 -1. 2077
-0, 1271 ~0. 0947
-0. 4067 ~0. 7878
~1. 3647 -1.0B%91
-0. 1396 ~0. 1023
-0. 3898 -0. 7458
~1. 2279 -0. 7484
-0.1514 -0Q. 1091
overleaf)

Bamping +0Q

-0,
0
-0.

-0
0.
-0

-0
o]
-0

-1

-1.
. 74460
-0

-1

-1
. 6413
-0

-1.
. &010
~0.

-0
. 5750
-0

-0.
. 2648
~0.

-0
L9737
-0

-0
. 6027
-0.

-1
. 6237
. 0447

-0

-1.
. &889
-0

-0.
. 7338
. 0532

=0

-0
. 7714
-0.

8666
FTLE
0530

9172
9191
0497

I597 -

B&74
0343

0167 -
. 8158
-0

0261

0404

0260

0419 -
. 6830
-o.

0173

0771

0283

on%ée

(e}

887

0158

F72b

o2é1

7918

0333

P06

0364

0101

0216

o488

9892

75808

0549

=0,

i ! ! | i i i
oo (=Nl f=R=h [s Nl ol [=Rs By e o Q-

1
Q-

06708
92790 2
. 6306 0. 602
. 0263 0. 00000
1706 3
)] 4
. 7031 0. 602
02463 0. 00062
1706. 3
. 0507 [
. 7747 0. 602
.0348 0O 00124
1708. 7
. 1024 8
. 8g277 0. 600
. 0367 0. 00187
1696 &
. 1434 10
. 8a72 0. &02
0398 0. 00249
1708 7
L1271 ta
. 8934 Q. 603
L0378 0 00311
1723 1
- 1237 14
229 0. 594
0301 ©. 00373
1677 4
loia 1&
395 0. 597
0300 0. 00435
1684 &
. 0B&3 iB
. ®402 0. &03
. 0364 0O 00497
17111
1213 20
. 9369 0. &01
. 0297 0 00559
1701. 5
. 0792 22
L7389 0 597
L0301 0. 00421
i&79. 7
. 9923 24
L9128 0. &00
. 0247 0.00683
16921
. 0320 26
. 8785 0. 601
. 0194 0. 00745
1706. 4
. 1070 28
. B&ES 0. 598
0231 Q. 00807
1687. 0
. 0857 30
. 8201 0. 601
L0179 O 00869
1701. 9
. 0485 32
. 7794 0. &01
. 0179 0. 00931
1701. 5

. 3719
. Q014

2.97

. 287
. oo22

3.42

. 4777
. 0043

3. B4

=1=ic)-]
. 0070

4. 23

9731

. 0083

4. 56

. ©04%
L0124

183

. 6485
L0149

4,90

L &717

018%
911

. &a72%
. 0208

30w

L7356

. D23¢

2. 0%

-T-L
. 0254

4. 87

-T2
. 0262

4. 54

. 64037
. 0238

4.17

. 3738

0238
3. 80

. 3269
. 0220

3. 40

. 4748
. 0192

3 01



ARA RUN 87 PSTEP 1

3-12
M=0. &
0.1800 0.
-1, 1142 ~1.
0. 4969 ©
0.146%8 O
-1, 05%& =1.
Q.4432 0.
Q.1&622 ©
~1.0083&6 -1,
Q. 3761 O
Q. 162t 0O
~Q. B30 ~1.
0. 2994 0
O 1647 O
-0. 8784 -0
Q. 2889 0.
0. 1712 0O
-0. 8314 -0
0. 1678 -0.
0 1649 0.
-G 7748 -0.
G. 1007 -0.
G 1669 0O
-0. 7247 -0.
0. 0443 -0.
0. 1&&4 O
-0 7116 -0,
0. 0095 -0.
01672 0.
-0, &972 -0
0.0010 -0
Q. 1513 ©
~-0. 7094 -0
Q. 0094 -0,
C. 1647 O
-G, 7349 -Q.
0. 0432 -0
0.1382 O.
-0, 7731 -0
0. 1024 -0.
0.1&89 O
~0D. 8079 -0
Q. 1773 -0,
0. 1877 0.
-0. ge22 -0
0. 2487 ©
0. 1603 0O
-0 2314 -0
G. 3247 0.

0043
2482
2582

0162
1633
2632

o078
0973
1348

0060
0311
o671l

oQ74
2375
0044

o129
ag’7é
0552

0111
820%
1072

0144
7582
1532

oo7e
7404
1899

0128
71%0
1954

oo44
7243
1714

0061
7484
15644

0044
7884
1140

0095
8314
0439

0010
F159
0161

0010
9991
o837

R=4. 8#10%

-0. 1328 -0
-1. 4787 -1.
-0.1209 -0.
-0. 1203 0.
-1.3290 -1.
-0. 1993 -0.
-0. 1280 -0
-i.2178 -1
-0.2112 -0
-0. 1281 -C.
-1.1177 -1,
-0, 2639 0.
-0, 1188 -0,
-0. 9982 -0
~-0. 3045 -0
«~0 1182 -0
-0. 9285 -0
-0.34%7 -0
-0. 1123 -0
-0. 8492 -G
—~0. 3893 -0,
-0. 1079 -0
-0. 7750 -0
-0 4144 ~0
~-0. 1183 ~0
-0. 7525 -0
-0. 4422 -0
-0 1131 -0
-0, 7240 -0.
-0 4387 -0
~-0. 1222 -0
-0, 7299 -0
-0. 4382 -0
~0. 120% -0
~-0. 753% -0
-0. 41%%9 -0
-0. 12592 -0.
«~0. 7948 -0
~0. 3810 -0.
-0. 1231 -0
-0. 8449 -0
=0, 329& -0
-0. 135% -0
-0. 9432 -0
-0. 2872 -0
~0. 1397 -0
-1. 0381 ~1
~-0. 23%7 -0

AGARD CASE 1
re/2v=0. 0808

2360
5715
2089

2167
3881
2336

2231
2317
2740

2181
1245
3148

2083
F7?E
3450

2016
8910
A749

1951
BO3&
3994

1700
7197
41463

2019
874
4354

1954
6617
4303

20656

-1-X 51

4277

2083
6944
4125

2171
7427
3844

2154
BO12
3480

2282
075
3193

2380

. 0177

2821

[ECHNICAL LIBRARY

~Q.
~1.
-Q

-0.
=-1.
-0.

-0
. 2193
-0

-1

-0.
~1.
~-0.

~0.
-0
-0

-0.
-0,
~Q.

-0
-0.
-0.

=0
-0
-0

-0.
~Q.
-0

-0
=0.
-Q

~-0.
-0,
-=0.

-0
-0
-0

-G
~-Q.
-0.

-0
-0
-0

-0
. 8485
=0.

-0

-0
-0
-0.

Table 3.7 (concluded)

33086
&47 &
2326

3079
3949
2488

3097

2808

2995
0718
3131

2876
088
3281

2799
8127
3480

2711
7089
3590

. 2621

&174
3474

2732
5871
3826

2679
55794
3783

2809
5544
3737

2842
5963
3670

2731
6565
3421

2943
7290
3161

3159
27923
3279

771
2719

-0

-0,
-1.
-0.

-0
-1.
-0

-0.
-0.
-0.

-0.
-0
-0

-0.
-0.
-0

=0,
-0
-0

-0

-0

~0.
-0
-0.

-0
-0.
. 2944

-0

-0.
-0
-0

-0
-0.
-0.

-0.
-0.
-0.

-0
-0,
-0.

-0.
-0
-0

-0,
-0.

-0

0%32.

. 4493
-1
-0

3464
1986

4243
1467
2100

4251
0175
2330

4133
871é&
2588

3973
7147
2657

3854
&084
2782

3743
9078
28?7

3593

. 4094

2923

3687
3843
2990

3582
34135

3720
J&87
2927

asz21
4108
2809

3928
4807
2610

3967
9543
2473

43238
&81&
231é

4397
B076&
2143

0sC. PITCH

a9 =2, 41

—0. 3699 —-0. 7370
~1. 0840 -0 B132
-0. 1649 -0. 1209
~Q. 3476 ~-0. 7028
~0. 7020 -0. £421
~0. 1678 -0. 1222
~0. 3403 ~0 4848
-0. 7663 -0. 5167
-0. 1908 —0. 1348
-0. 5185 -0 6611
-0, 6271 -0. 3861
-0. 2113 =0 1502
-0, 4969 ~0Q. 4252
~0. 4716 -0 2333
~0. 2100 -0. 1475
~Q. 4808 -0. 5982
-0. 36186 -0. 1216
~0. 2237 ~0.15%0
=0. 4605 -0. 5703
-0 2&&41 -0. 0311
-0. 2272 -0. 1613
-0 4448 -0 %470
-0. 1499 0. 0429
-0 2302 -0. 16146
-0. 4593 -0 5530
-0 13%34 0O 0658
-0. 2325 -0 1609
~0. 4454 -0 35411
-0.1131 0Q.0917
-0. 2306 -0 13584
—0. 4&61% -0, 3560
~Q. 1172 (. 0887
~0. 2d86 -0. 1574
-0 4682 -0. 5729
-0. 1427 0.0263
-0. 2201 -0, 1543
-0. 4892 —-0. &024
~=0. 2357 -0. 0447
-0. 2103 -0, 1444
~0. 4974 -0 &£19%
-0. 3229 -0. 1298
~Q. 19386 -0. 1315
-0. 5266 -0, 6547
-0. 4375 -0 2687
-0. 16844 -0. 1254
-0. 5482 -0, 49046
-0. 3855 -0. 4092
~-0. 1719 -0. 1211

Damping

-0Q.
o]
-0.

-a.
o
-0

-0

-0.
0.

...O

-0,
1
-0

-0.
1.
Q.

-0
1.
-0

-0

-0

-0.
. 0835
-0

-0

-0

-0,

-0Q.

-0
L0711
=-0.

-0.
. 0875
-0.

-0.
. 0602
-0

-0.
. 0325
-0

-0.
. 01863

-0

131
B472
0634

8449
192
0&14

. 8342
0.
-0.

7400
0686

7867
972

. 08357

7383
0340
0783

7106
05&4
o858

&6B4
0641
ai=107

6357

. 0670
. 0845

6347

0876

. 6233
. 0668
. 0829

&387
0711
0851
&H623

0817

&920

Q0783

7173

0660

7726

0648

8177

04634

+0,

| 1 I | i | |
o000 QoQ =Nl Qoo [aRele] Q00 [=N=Ne

|
aQoQ

! i 1 !
QoQ jeR=Rel o0 jeReRe)

]
OO0

06708

. 9943
. 7287
. 0145

. ?307
-
. 0213

. 8933
. 6138
L Q1463

. B410
. D4A4d
. 0043

. 7855
L4753
L0128

. 75485
L4129
L0129

S 7224
. 3925
.o1z28

. 4878
. 2960
L0141

5860
2384
Qize?

. 6703
. 2410

01s61

&80

. 2323
0111

. &910
. 2829
. o128

L7174
. 3390
L Q145

. 7423
. 4123
- 02463

. 8080
. 4830
. 0195

. 8720
. 2603
. 0213

24
0 601 O
0.00994 Q.
1701. 5
34
0.402 O
0.0108& 0.
1706. 3
ae
0.600 0
©. 01118 Q
1696, &
40
0 899 O
0.01180 ©
164946. 8
az
0.602 0O
¢ 01282 O
1704, 3
44
0 599 0
0.01304 O
1691. B
45
0 &01 0.
0.01366 0.
1703. 9
48
0.4&04 0.
0.01428 O
1718. 3
50
0. .8%% D
0.014%0 0.
1689, 4
s2
0. &D4 (8]
0.01552 @
1715 9
54
0.&02 O
0.01&14 ©
1706, 3
56
0.402 O
0 01676 O
1706, 3
sa
0.601 ©
¢ 01738 -0
1703. 9
&0
0.604 0.
0. 01800 -~0O
1715. 8
&2
0.602 0
0. 01862 -0,
1708. 7
o4
0.400 O

0. 01925 0.

1699, 1

4294
0leé
2. 62

3774
0152
2. 24

3342
o121
1.87

2803
0128
1. 48

2361
0020
1. 14

1265
O0Bé
0. 895

1606
0068
0. 62

1309
0051
Q. 50

1245
0019
0. 44

1146
001%
0. 53

1284
0000
0. 70

1479
0002
0. 9&

1846
0010
1. a9

2205
0005
1.48

2720
0004
2 12

3211
0011
2. 57
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3-13
Table 3.8
ARA RUN 89 PSTEP 1 AGARD CASE 2 - OSC. PITCH
M=0Q. &0 R=4. 8#10° ¢ /2v=0 0B11 o =3. 16 =4 99 Damping +0. 2455
. 1427 0. 00&1 —0. 1305 ~0. 2646 ~0. 3838 -0. 3182 ~0. &697 -0. 8723 -1. 0902 -1i. 1BAT a
. 3283 —-1. 36531 —1. B937 -1 8920 -1 7677 -1, 5430 ~1.3200 -1.1434 0O.7517 0.918% 0.599 0. 6384
. 7057 0. 4725 0. 0622 0. 0301 —-0. 0978 —-0. 0773 —0. 0&%4 -0 0348 -0. 0024 0.0520 0. 00000 O. 0049
1691. 9 5. 32
. 1378 -0. Q078 -0. 1567 =-0. 2800 ~0. 4019 =-0. 5419 -0Q. 6754 -0 9353 -1. &769 -2 5089 16
.5R77 -2, 4832 -2. 5465 -2 4917 -2, 3959 -2. 2264 -1.9491 -1.7933 0.3312 1.063% 0.5%9& 0. 9280
. 9047 0.6958 0.26%6 0. 1018 0.0145 0.0008 -0.0112 -0. 0026 0.0128 0.0470 0©.00248 {. 0258
1682. 3 7. 36
.0B12 =0. 0198 —0. 1444 -=0. 2560 —0. 3570 —0. 4922 —~0. 4138 ~0. 7935 -1 4529 -2. 308& 24
L6732 -2. 6578 -2. 6800 -2. 63%% 2. 5499 -2. 3770 ~2. 1117 -1. 9662 0. 2113 1.0484 0.59& O 8720
.B910 ©0. 6821 0. 2490 0. 0727 -0 02846 -0. 0523 ~0. 0426 -0 0557 -0, 0352 —0. 0009 O 00496 0. 0457
1682 4 & 00
. 1562 0. 0094 —0. 1287 -0. 2323 -0. 3359 -0. 4741 —-0. 5122 -0. 8091 —-0. 9956 ~0. 9921 az
. 5208 -2 2389 -2. 3028 -2 2873 -2 2113 —1. 9357 -1. 6950 ~1. 3294 0. &0%2 O.8935 0.594 0. 5878
L6811 04359 00180 —0. 1218 -0. 1823 -0. 1719 --0. 1529 -0 1132 -0. 0648 0.0042 0.00745 0. 0373
1447. 8 3. 88
L1677 0.0196 -0. 1081 -0. 1932 -0 2749 -0. 3804 -0. 4774 -0. 6102 -0. 7396 0. 7804 30
. 8860 ~0. 9711 —-1. Q&30 -1. Q304 —-0. 9728 0. 7631 ~0. 3370 -0 2498 1. 00B& 0. 5098 Q. 599 Q. 2327
. 2596 0.036&6 -0, 2902 -0 34i3 -0 3276 -0 2698 -0. 2221 -0.1506 -0.0825 ©. 0111 0 Q0993 0 0150
1691. 9 0 B
1786 0. 0349 -0 OBOZ -0. 1462 -G. 2072 —0. 2833 ~0. 3310 -0 428% -0 4478 -0. 4949 48
. 5149 =0. 51469 —0. 4949 -0. 3764 -0 2275 —0. 0040 0 23583 0 4310 1 0877 -0. 0430 0. &0t 0. 0%25
2833 ~0. 4374 —0 &£134 -0 S559 -0 4645 -0 IT27 ~0 2&98 -0 1835 -0 0955 0 0146 0© 0124t O 0047
1701. 4 -1, 30
1680 0.0144 -0 1054 -0. 1763 -0. 2421 -0. 3164 -0 38546 —-0 45398 -0 4835 0. 4902 56
4987 -0 4750 -0 4328 -C. 32135 -0 1821 O 019% Q. 2&76 0.4931% 1 0676 0. 1426 0. 401 -G 0374
. 3738 -0.50%4 -0. £489 -0 5594 -0. 4565 --0. 3333 ~0. 2573 -0. 1712 ~0. 0885 0 0178 0 01490 -0 0073
1706, 4 Q5T
1687 0. 0129 -0 1272 -0 2218 -0. 3078 -0. 4159 0. 5154 -0 6454 -0. 7484 -0 7A55 &4
. 8444 -0 BLPF ~0 8834 -0, 837B 0. 7703 —0. 6049 0. 3838 ~(. 1764 1. 0644 Q. 4787 Q. 602 O 2486
2374 0 0117 -0, 5642 -0 095 -0 2758 ~0 211& -0. 1410 -G Q70 -0 0479 0 0348 © 01738 -0 0034
1704 3 2 32
Table 3.9
ARA  RUN 87 PSTEP 2 ACARD CASE 3 -  0O8C  PITCH
= = 6 = = == 1 - 2647
M= &0 R=4. g+10 cug/iv G 0810 e =4 (16 04 =2 44 Damping +0. 2a63%7
0. 1458 -0. 0008 -0 i55% -0. 2735 -0 3894 -0. 5377 ~0. 4929 -0 BASS -1. 0492 ~1. 4651 =]
21452 -2 14623 -2 2748 -2 2049 -2 0993 -1 91&% ~1. 6748 ~1 A941 Q. 5072 0. 9844 0.598 G 7508
0. 7953 0. 5649 0O 1A/75 0.0112 ~0. 0553 ~-0. 6553 ~0 0519 -0 Q149 -0 00959 Q. 0436 <. 00000 Q. 01468
168% 4 > W5
© 1243 -0. 0077 -0 1620 -0. 2786 -0 3900 -0. 5272 ~0. 672% -0 89083 -1 &87% -2. 5365 16
-2 B&£40 -2 5434 -2 5491 -2 D160 -2 4320 -2, 2622 ~1. 9965 -1. 8130 O 2821 1. 0450 0.596 0. 9064
©.8873 0.46747 0 2512 0 0849 -0 0008 -0. 0180 -0 0265 -0. 0180 0O G043 §. 0420 O 00248 O 0297
1679 B8 6. 97
1163 -0 0110 -0 1485 ~-0. 2588 —0. 3637 -0 5032 =0 6373 ~0. 7731 —1. 5573 —-1. 9307 24
5893 ~2. 5893 -2 4012 -2 SS$37 -2 4824 -2 3109 -2.0410 -1. 8238 0 2708 1 0329 O 400 ¢ 8430
8768 0. 6412 0. 2318 0. 0654 -0. 0262 -0. 0415 --0. 0517 -0 0449 -0 0212 0.0213 0 0049& 0 0378
1696. 7 & 57
0. 1428 -0, 0085 -0. 1427 ~0 253% -0 3564 -0 S017 -0. 6453 ~0. 9265 -0 %274 -1. 2044 3z
2 3378 -2 4062 -2. 436% -2 3925 -2, 3241 -2. 1070 -1.8796 -1.5360 0. 4761 Q. 9430 0.597  0.4698%
0. 7616 O 5274 O 1103 -0 0402 -0 1085 -0 1068 -0 1017 -0 0812 -0 0402 0.0197 © 00745 6. 03313
1484, 7 5011
1600 0.0112 -0. 1278 -0 2346 -0, 3295 -0. 4434 -0. 5990 -0. 7004 ~0 990& ~1 0957 40
.2279 -1 9917 -1.9331 ~1. P37 ~1 9300 ~1. 4402 ~1 3940 -1.1110 0O.7197 0 8384 0. 601 0. 5402
0. 64248 0 3807 -0.0126 -0 1241 —0.1702 —-0. 1516 ~0. 1278 -C. 0903 —-0. 0397 0.02%8 0. 00993 0. 0215
1699, 3 3. 4%
L1715 0.0129 -0. 1286 -0 2291 -0 3195 -0. 4456 -0. 5616 ~0. 7184 -0 B90& —0. 9&05 49
_0781 ~1. 1793 -1.3304 -1 3918 ~1 4071 -1.1787 ~0. 9281 -0. 6775 0.9131 0. 4932 0.59%  0.4013
L4613 02175 -0 1473 -0 2223 -0.2377 -0 1947 -0.15%92 -0 1098 -0 0535 0.0300 0. 01241 0.0111
1489. 4 > 43
. 1704  G. 0078 —0. 1310 -0.2325 -0. 3205 -0. 4424 ~0. 5626 -0. 7114 0. B673 —0. 9316 5&

0332 -1, 1077 -1 2075 ~1.2312 -1. 2312 -1. 0518 -0. B131 -0 5998 0.9524 0 &&97 0. 401 Q. 3874
L4395 0. 1940 -0 1580 -0 241 -0 2308 -0. 1834 -0. 1496 —0. 1022 -0. 0463 (. 0349 O. 01490 0 Q090

1701 4 2047
- 1667 Q0045 -0 1443 -0 23525 -Q. 3534 0. 4908 -0. £343 ~-0. 80846 -1 . 00B1 -1.1078 &4
L2177 -1, 3036 -1 8893 -1. 46064 -1 6267 -1.4019 ~1.1855 —-1. 0030 0.7888 0 8327 0. 602 0. 5433

L6164 0 3679 -0, G141 -0. 1105 -0. 1440 -0. 1189 —0. 0970 -0. 0432 -0. 0226 0.04&47 0.01738 0. 0048
1703 @& 4. 28



ARA RUN 128 PSTEP, 1
R=3. 41

3-14
M=0D_ 733

C. 2036 ©O. 0453
=0, 7376 -0, 6636
~0. 0003 —0. 22684
0. 2089 0.0531
=0. 9639 -0.68741
0. 272% 0. 0341
G. 1996 0.0807
=-1. 0303 ~0. 9&1&
0.3357 0.1015
0.2072 0.07%3
-0. 9688 -0. 7093
0. 182% -0. 0399
Q. 2139 0. 0&13
-0. 7412 -0. &982
-0. 0764 ~0Q. 2821
0, 2037 0. 0589
=0, 4606 -0, 3989
—-G. 3382 -C. 5088
C. 2138 0.05634
~0. 3793 —-0. 3072
-0. 4307 ~0. 3504
0.2183 0. 0362
=0, 9072 -0. 4237
-0. 2924 0. 4503

-0
-0
=0.

=0.
-0.
=0,

—0.
-0.
-0,

=
-0
=0.

=0,
-0
-0

-0
-0
-0,

-0
=0,
-0.

-0
-0.
~0.

QP30
3773
&316

0803
763
3424

0370
89467
2786

o450
8280
4263

os18
&108
&502

0621
3187
B&79

0363
2301
7321

0763
3464
8239

-0.
-0.
-0.

-0.
-0.
=0,

-0.
-0.
-0,

-0.
-G.
-a.

-0.
-0
=0

-0.
-~
=-1.

=0.
=0.
-1.

-0,
-0.
-1.

AGARD CASE §
W 2v=0 0814

2630
8466
7290

1751
6698
4249

1204
7470
3779

1152
7057
B167

1480
4434
7412

1410
1472
0357

1408
0711
QBs2

1709
1234
D154
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-0.
-0.
-0.

-Q.
~0.
-0

-0.
-0.
-0.

~
-0.
-0,

-0
=0.
-0.

-0.
0.
-1.

~0.
0.
~-1.

=0.
-0
-1

2999
2851
2183

2600
5904
3818

3322
L3863
3INTS

1794
5344
4697

2243
2403
&083

2064
0513
o739

2093
1148
1594

2519
0174
0645

-0
. D&B1
-0.

-0

-0.
-0,
-0.

=0.
-0.
—~0.

=0,
=0.
=0,

-0
. 0010
-0,

~0.
. 2933
-0.

-0,
. 3422
=0.

-0.
. 1937
=0.

Table 3.10

iﬁg;o

4138
35817
4778

3326
273%

3938
4184
2713

4018
2807
3586
3154

4394

2953

4668

2839

5648

3480

3364

08¢, PITCH

Olé6 “o=2. 51

-0 39236 -0 8831
0 1784 0©.3&634
~0. 2535 -0. 1394
-1. 1719 —1. 1811
~0. 086% O. 0944
-0 2071 -0. 1293
-1. 2910 ~1. 1995
-0. 160% 0. 0247
-0. 2124 -0. 13688
=~1. 2010 -1 1442
-0. 0127 0. 1899
=0 2744 =0D. 1831
~0. 3400 -0. 8619
0. 2730 0. 4749
~0.3178 -0, 2033
-0. 3792 -0. 4742
0.5303 0.4&981
-0. 3076 —-0. 2040
~0. 3634 -0. 4417
0. 5854 ©.7410
~0. 2813 -0.1494
-0. 4458 -0, 3624
0. 4478 0.6111
-0. 2187 -0. 1453

Damping

-0,
1.
-0

-1

-0

-1
. 1426
=0,

-1

-0
. 14617
=0.

=0,
. 1251
-0.

-0.
. 1086
=0.

-0
. 1413
-0.

8399
16232
e71e

Q837
1565
os32

1272

0547

0602

L1547
-G

o831

8471

0F2&

4903

0771

4283

Q589

5600

G567

+0.

|
300

1
QO -

1
jel=R=]

-0
-0
. 0371

-0
-0
. 0573

-0.
-0
. Q338

07770

. 8003
. 2413

0416

. oz24e
. 3129

0514

. 0794
. 5700
. 0488

. 9784
. 4308
. 0330

. 7695
. 1758
. 0404

4915
1065

4258
1788

5428
0371

C. 754
0. 00000
2336. 0

G. 799
0. 00200
23240 2

12

o 737
0. 00397
2348. &

146

0. 7532
0. 00599
2331. 5

20

G. 755
0. 00799
233%. 8

24

0. 753
0. 00999
2333. 9

28

0. 758
C. 01199
23354. 8

32

Q. 737
0. 01399
234&. 3

0. 1008
-0. 0074
1.09

Q. 34364
-0. 0036
2. 39

0. 4001
-0.0013
2.01

Q. 2592
0.0126
0. 52

-0. 0021
Q. 0138
~-1. 25

-0, 2425
0. 0044
-2. 41

-G. 2911
-0. 0017
-2. 00

-0. 1525
-0. 0108
=Q. 549



ARA RUN 218

o110
4750
3524

. 0037

4002
2001

0056
£800
04350

. 0148
. 8279
. 1043

. 0057
. 628
. 2814

. 0333
. 1342
. 3702

. 0054

1437
4824

0112
3146
57986

. 0229
. 5605
. 7259

. 0343
L7205

8060

. 0378
- Bé&d7
. BIZ7

L0339
. 0129

9103

oc4&0
2070

. 9828

Q392
3158

. R7E9

aos12
S241

. 0403

0935
8810

M=0.3
0. 1542 0O,
-0. 4515 -0
-0. 2478 -0
0. 1486 ©
-0. 5716 -0
~0. 0629 -0.
0. 1406 -0.
~0. 355 -0
0.1125 -0
0. 1454 -0
~0, 7644 -0
0 2833 0
©. 1494 ~0
-0.913% -0
0 4943 ©
0 1352 -0
-1. 0637 -1
. 53994 O
C. 1462 -0
-1, 0&24 -1
G 6830 O
0. 1510 -0.
~-1. 1971 ~1.
0.7832 ©
0. 1258 -0
-1 4119 -1
0. 7087 O
0 1086 -0
-1.5319 -1
o w431 0O
G. OY65 ~0
-1, 6543 -1
0. 9664 0
C. 0BAg -0
-1. 7698 -2
n.9725 0
0. 0747 -0
-1 9312 -2
1. 0460 0O
¢ 06135 -0
-2.013B -2
0.9342 0©
0. 0455 —0.
~2. 1830 -2
0.9437 1
-0 0234 -0
~2 4603 -2.
© 8707 1

0674

R=2. 7#10°
-0, 1266 -0
-0, 4680 -0
~0. 4450 -0
-0. 1484 -0
-0. 4116 -0.
-0. 3544 -0
-0. 1319 -0.
-0, 7086 -0
~-0. 2475 -0
~0. 1790 ~0
~0. 8671 -0.
~0. 1454 -0,
~0. 1839 -0.
-1.0748 -1,
-0. 0287 ~C
-0, 2057 -0
-1.2635 -1.
O 0353 ~C
-0. 1843 -0
-1 2%01 -1
0.1409 0
-0 1758 -0
-1 4768 ~1
0 2394 ©
-0. 2058 -0.
-1 7949 -2
0. 3215 o0,
-0 Z172 -0
-1, 9835 -2
G 4058 o]
-0. 2388 ~0
-2 1602 -2
0.4718 0
-0, 2205 -0
~2. 3382 -2
0 5428 O©.
-0. 2414 -0.
~2 5749 -3
0. &322 0
-0. 2238 -0
2. 7242 -3
0. 6713 O
-0. 2445 -0,
-2 9675 -3
0.7618 ©
-0, 2630 ~0.
-3 4595 -4
0.8532 ©

AGARD CASE &

[ECHNICAL LIBRARY

Table 3.11

o c/v=0.02945 Rad

1432
4129
3799

1772
5659
3087

1836
6974
2418

2126
8930
1844

2499
1495
a?20

2703
3575
osen

. 2331
. 4201
L0325

L2573
. &H&T0
. 0951

-0
-0.
~0.

-0.
-0.
-0.

-0

-0
-0.
-0,

-0
~1.
=0

—-Q,
-1.

-0

-0.
~1.
-G

-0

~1

-0
-2
. 04BS

«0.
. 7265

9]

-0.
. Os42
1478

-3

-0.
-3
L2072

-0
-3
L2701

-0
-4
. 2909

-0
-4
. 3638

-0
-3.
. 4324

1927
2973
3469

2344
4744
2918

. 2362
-0.
-0.

L4468
2473

2741
B8%74
1790

2989
2012
1264

3526
47351
1058

3252
3970
0217

ahz4

. Rl44
0224

3944
4236

AR70

1086

4377

4523
agiz

4770
8278

4699
0947

4832
5423

5610
2419

-0.
-0,
. 2698

-0

=0
=0,
-G

=0,
-0
-0

-0
~0.
-0.

-0,
-1.
=0

-0
. 5519
-Q

-1

-0
L T3I9R
-0.

-1

-0
-2,
4]

-0,
-2
[+]

-0

-3
(o]

-0.
-3
0.

-0
=3
0

-0.
-4,
o.

-0
-4
. 2349

-0,
-3
. 3137

-0
. 2938
. 35685

-}

2973
1397

3430
34658
2286

365é&
5680
1856

4084
B&1S
1343

4541
21835
o977

5172

0744

a77o

Q054

5203
1313
o224

773
Taoah
o872

&11é
1152
o857

6424
5076
1194

&615
Fi84
1640

65934
4558
2184

&34
8610

RI7
4291

8240

RaAMP

-0.
-0.
-0.

-0
-0
-0

=0,
~0.
=0.

~0.
=Q.
-0.

=Q.
=1
-0.

-0
. 6338

=1
-0

-0
=1
=0.

=a.
~a.
. 0336

-0
-3
. 0572

-0,
-3
. 0743

-0
-4,

-0
-4,

=0.
-9
. 1782

-0
-.5.
. 2014

-0
-&
. 2338

-1
~-8.
. 2863

3414
0165
1982

4001
2401
1&01%

41562
4724
1350

48467
8279
1007

3403
25987
0&32

&£0583
529
S&37

8917
QGO0

&20T
3495

7145
1437

7&02
6725

7959
2323
Q%66

8199

8004 -

1357

8736
4486

89350
9374

F380
6286

Q577
0937

-0

-0

~0

=0.

-0.

=0

-0.

-0
=Q.
-0

-0.
-1,
-0

~Q

=1

-0

-0.
-1
-0

-0

-2

-0
-3

-0,

-3
O

-1.
-5.

—~f.
=&.

-1.
-7.

~1.
-8

. 4184 -0,
. 1982 1.
L1542 -0,
. 5087 -0
. 0229 1.
1315 ~0
9230 -0.
. 2643 1,
1012 -0
9984 -0
&263 0.
0893 -0
&782 -0.
o803 O
04560 O
7640 0.
. 4868 ©
0411 ©
7alg -o
762 C
aocC 0.
B03& -0
. R&00 0.
. 0200 0.
2089 -1
1324 O
. 0400 O
717 -1,
. &%¥83 0.
on72 0.
. 0347 1.
. 33746 -0
- QuR2 0
.0743 -1
. 95331 -0
. 1019 O
15532 -1
7302 -0,
L1322 0.
1803 -1,
3042 -0
1510 0
2307 -1
6235 -1,
. 1874 O
3voe --1.
7015 -1,
- 2la2 0.

44035
0186
0661

5430
0632
0437

9741
0348
0394

&£825
7845

L0112

7932
G139
0172

7050
84463
a1i8

a781
6938
o488

7844
s81ie
0615

13795

3087

. QéeRs

2347
0913
0743

3189
1231
0710

I9sé
34735
1131

2058
[-¥=1%)
1322

3551

. Ba38

1510

&771
1995
1703

8700
7008
1928

-Q.
. 0330
-0.

—0.
. 2458
-0.

-0
. 4218
-0.

F
000

|
[oR o]

i
Q0 =

1
=R =\

4330

0163

5316

0114

5849

005&

L6937
. 9986
. D054

. B27a
L7932
. 0230

- 9436
. B33
.o118

. 9486

7377
0434

1. 0685
. 0797
. 0303

. 2404
. 0841
. 0457

3604

L G975
. 0457

. 4583

0574

. 0512

- 5493
. 0404
. Q&a22

. 6783

9543

. 0747

. 7563

8726
0783

. B788
, 7959

0%1C

. 1272

6194
0935

O

136
0. 304

. 00000

5231

143
0. 298

. 00332

903. 8

148
0. 300

. 00469

5121

151
0. 301
Q02846
514.8

154
0 297

. 00703

201, 1

156
0 274

00782

490 1

138
0. 30

. 00Es0

5313

140
0. 301
Q0e38
5i4. 8

163
0. 298

- Q1055

50328

145
0. 298
01133
503. 8

147
(. 298

.01212

904 &

1569
0. 299

. 01290

30%. 4

171
0. 297

. 0136%9

G011

173
0. 301

. 01447

514. 9

175
Q. 298
01529
506, &

178
0. 294

. 01642

492 8

3-15

0. 0232
0. 000%
-0. 03

0. 1331
-0. 0028
1.08

G. 2097
=0. 0024
1. .86

0. 3253
-0. 0058
= 94

0. 4500
-0. 0051
4 14

Q. 5494
~0. 00&1
1. 97

0. 5959
-0. 0048
B 84

0. 7064
-0. 0045
&, 72

Q. 8497
G 0005
g o2

0. 9454
0. 0013
g8 91

i.0353
0. 0018
9.85

1. 1270
G. 0G4
10. 80

1. 2331
0. 0020
11. 78

1. 3044
0. 00&&
12 83

1.4453
0. 00&6°7
13. 88

1. 6368
0. 0036
19 54
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3-16
Table 3-12
ARA RUN 227 AGARD CASE 7 -  RAMP
M=0, 37 A=4. &#10%  g¢ c/v=0, 0044 Rad

0.189% 0.042% ~0.Q776 -0, 1332 -0, 2279 -0, 3072 ~0. 3881 -0, 4822 ~0. %430 0. 3334 191
~0. 5979 —0. 5648 -0. 8599 -0. 4804 -0.3301 -0. 1394 0. 04661 0.2874 1.1082 0 1107 0. 413 Q. oz2az
-0, 1433 -0. 3194 -0 5202 -0 490% -0. 4129 0. 3033 ~Q. 2343 -0.13392 -0. 0694 0.0347 0. 00000 0. 0018
1743. B =0.01

Q. 1933 0.0413 0. 083% -0. 1791 -0.2%44 -0. 3370 -0. 4294 -0. 5418 -0, £343 -0. 4420 149
-0, 7238 -0. 4871 ~0. 7069 -0. £337 —-0. 3434 -0, 35931 -0.1333 0.0611 1.1133 0. 03136 0. &13 Q. 1343
0. 0512 —-0.14%4 -0. 3931 -0. 3981 -0. 34346 -0, 2993 ~-0. 196& -0. 1272 —0. 0529 0.042% 0.0046%8 0. 0014

1743. & 0. 78

0.1919 ©.0410 ~0. 6935 -0. 1894 -0. 2723 -0. 3707 -0. 4790 —0. 6184 —0. 7382 -0. 7693 180
-0. B743 ~0. 8514 ~0.9088 -0. 924 -0. B251 -0. 6496 -0. 4708 ~0.2264 1.0826 0. 5216 0.61%  0.2540
0 2681 0.0377 —0. 2375 -0. 3033 -0. 2789 -0. 2116 ~0. 1624 ~0. 1066 ~0.0344 0.0476 0.01126  C. 0043
17537 1.97

0.1BBS 0.0347 =-0. 1058 -0, 2084 -0. 3074 -0. 4134 -0. 5391 —0.70i2 ~0. 8333 -0. 7178 189
-1.0468 -1.0%01 -1.1327 —t. 1725 -1. 1510 -0. 9823 -0. 6136 -0. 3689 1.0286 O &944 0.&12 0.3798
0. 4332 0. 2067 -0 1408 ~0. 2166 -0. 2130 -0. 1703 -0. 1306 -0. 0827 ~0. 0213 0.0496 0.01475 0. 0059
1741, 8 2.93

0. 1921 0.0331 ~0. 1143 -0 2219 —0. 3295 -0. 4488 -0. 5745 -0. 7733 —0. 9737 —1. 0664 197
~1.2871 -1.2486 ~1. 4722 ~1. 4788 -1 %450 -1. 3016 ~1.15079 -0.9141 0. 93% 0. 8330 0.&12 G 5050
0. 9942 0.3311 -0.025% -0. 1292 -0. 1307 -0. 1225 -0. 0927 -0. 0346 -0. 0050 0. 03980 0.01786 O 0083
1739. 2 3. 94

0. 1805 0.0331 —-0. 1159 -0 2318 -0 3444 -0, 4720 -0. 6276 —0. 8230 -1. 0317 ~1.1128 203
-1 3496 -1.7586 ~1. 8216 -1 B&7& -1.7901 -1. 5699 -1. 3993 -1.1724 0.B462 0. 9191 0.612  0.6105
0.-6988 0. 4587 O.0&%& -0. 0530 -0, 0977 —0. 0B28 -0. 0629 -0.0348 0.0083 © 04613 0.0201%  0.0129
1739 2 4.79

o. 1755 0.0315 -0. 1174 —0. 2335 -0, 3544 —0. 4852 -0. 4376 ~0. 8214 —1. 1377 -1, 7603 210
~2.1528 -2.1114 -2 1561 -2, 1213 -2 0234 —1. B4F7 ~1. 6692 —1.4341 ©.7203 0.9952 0.612 0 7425
0.7949 ©0.5746 O 1656 0. 0199 ~0. 0364 -0 0381 -0.0315 -0.011& 0.0232 0.0&62 0. 02291 0 0212
1739 2 5. 79

G. 1448 0. 0250 —0. 1232 -0 2398 -0. 3580 -0. 4845 -0. 6211 ~0. 8925 -1 5152 -2 32u8 216
~2. 4027 -2. 3544 —2. 3544 -2 3128 -2 2412 —2.0514 —1.869% ~1. 6184 0O &093 1.0840 0.610 0 Béz8
0.B792 0.6694 O 2914 0.089% 0.0117 0.0017 —0.0017 0 0083 0 G366 00699 0. 02523 0 0243
1729 7 6. 70

0. 0747 ~0. 0000 —0. 1279 -0. 2408 -0. 3753 -0. 4027 -0. ¥OB3 -1. 254 —1. 557% -t 6854 223
-1.7983 -2. 5272 -2. 9237 -2 4873 —2. 41539 -2. 2482 -2 0324 -1.9245 0. 4666 1.0843 0.&10 0.9373
0.931% 0. 7356 ©.32%4 0 1461 0.0598 0.0349 0.0183 0.019% 0.0313 0. 04585 0 02795 0 0153
: 1734. 5 7.75

-0. 0616 0. 1082 -0, 2644 -0 3912 -0. 4026 -0.7075 ~0. 8224 -1, 0421 1. 3784 ~1. 5898 229
~1.7397 ~2. 0410 -2. 4353 ~2. 6054 -2. 5404 -2. 3873 -2. 1958 -2. 1492 0. 3446 1. 1037 0.409 0.9878
0.970&6 0.7774 0.34&2 0.1798 0.0749 0.0383 0.0163 0. 0017 O 0033 —0. 0030 0.03028 -0.0102
1730. 0 8.73

-0. 0789 -0. 1527 -0, 2467 ~0. 3294 —0. 4163 -0, £143 -0, 8325 -1. 1749 -1 4704 -1. 5912 235
-1. 6263 ~1. 7893 -2. 1182 -2. 6117 -2. 4470 -2. 5060 -2. 3331 -2.3079 0.2383 L. 1229 0 606 O 9587
0.9%70 ©.8107 0 3978 © 2031 ©.0839 0.0435 0.0117 -0.0117 -0.0201 -0.0420 0.03261 0.0026
1715.8 9. 68

-0. 1892 -0.2250 —-0. 2048 -0. 388& ~0. 5642 ~0.7159 -0 9443 ~1 1932 -1. 4247 ~1.4727 241
-1.98512 —1. 6483 —1.7847 -2 2671 -2 40463 -2. 5243 -2 47146 ~2. 4343 0.1398 1.1386 0. 601 0. 9823
1.0176& 0.8404 O0.4261 0. 2131 0.0938 0.0426 -0. 0034 -0. 0358 -0.0563 —0. 0972 (. 03493 -0. 0147
168%. & 10. 63

~0. 2864 =0. 3000 -0. 4330 -0. 4892 -0. 3435 -0, 63279 —-0. 7634 ~1. 0446 —1. 3018 —-1. 3744 248
-1. 95103 —-1. 69&1 -2 0694 ~2. 7410 -2. 8075 -2. 6846 -2. 4444 —2.58%9 0.0324 1. 1455 Q. 601 1. 0020
1.0483 0©.B847 0. 4739 0.2306 0.1210 0.0%43% 0.0034 -0. 0409 -0. 0733 -0. 1381 0. 03743 -0 0170

1689. 5 11.74

-0 4212 -0. 4303 -0. 5644 -0. 5304 -0. 5783 -0. 7388 -0. 8389 -1 0132 -1.1030 ~1. 2221 254
-1. 4275 -1. 6830 -1. 9988 —-2. 3044 -2 8464 -2. 8333 -2. 6997 -2. 4910 ~0. 0742 1. 1479 0. 595 0. 9920
1.0581 O©0.895% 0. 479% 0.2537 0.1093 0.0328 -0.0242 -0. 0829 -0. 1329 -0.2138 0.0399% -0 0340
1668 5 12. 70

~0. 378% -0. 4944 -0. 5791 —-0. 6050 =0. 4455 ~0. 7917 -0. 8418 -1. 0440 —1. 1391 -1. 2443 260

~1. 5989 -1 7431 -1. 9342 -2 2471 -2.8434 ~2. 8227 -2. 7725 -2 5012 -0. 1590 1. 1443 Q. 595 1. 0459
1.0665 0.9282 0.5237 0. 2904 0.1383 0. 0622 -0. 0069 -0. 0674 -0. 1210 -0. 2109 0. 04232 -0 0446
16b4. 2 13. 72

—0. 5407 -0. 8507 -0. 6710 -0 6682 -0. 6349 -0 7822 -~0. 7837 -0. 8910 -1 1909 -i. 1347 244
-1.2014 -1, 4747 ~1. &06% ~1.B433 -2. 2344 -2 4043 -2, 8710 -2. 4063 -0. 2378 1.1410 Q. 590 1.019=2
1.0979 0.9734 0.5482 0.3227 0. 1649 0.0772 —0.00168 -0. 0754 -0. 1368 -0 2420 0O.044464 -0.0725
1642, 1 14. 80



ARA  RUN 230

M=0, 5&

0. 17932 0. 0444
-D. BB14 -0 90H33
=0. 1470 -0. 3122

0. 1894 0. 0314
=0.7018 -0 &&6&8

0. 02146 —0Q 1480

0. 18035 0. 0248
-0. B0&D Q. 7747

Q. 1755 —0. 0397

0.1832 0 0266
=-0. 9758 -0 24609

G 3747 0 1345

G 1850 0 0330
-1. 0824 -1 0884

0. 5054 0. 2626

0 1794 0O 0246
-1 2422 -1. 2638

¢G. 6277 0. 3833

0. 1730 0. 0246
~1. 45618 1. 6348

O . 7434 0 5106

C.o 1871 0. 0278
-2 0281 -1 9380

C. 8130 0 6074

01413 G 000
-2, 3088 -2 2234

0. 90463 0. 7048

G 1478 O 0183
-2 4244 -2, 4030

0.271% €. 7805

0. 0743 -0. 0000
-1. 7240 -2 2390

1 0089 o6 8356
-0 0764 ~0. 2198
—-1. 3370 —-1. 5435

1. 03Cas 0. 8924
-0 2721 -0. 2838
-1. 7013 ~1. 6228

1.0802 0 9333
~0. 2457 ~0. 3117
-1. 3803 -1 5820

1.071% 0 2385
~0. 5488 -~0Q. 5842
-1, 5235 ~1. 4700

1.1111 0. 9831
~0. 4878 ~0. 3232
—-1. 3972 —1. 4709

1.123% 1. 00&3

R=4 5%10€
-0. 0710 -0
-0, 9933 -0
-Q. 5170 -0
-0. 0931 -0
-0. £88% -0.
-0, 4137 =0Q.
-0. 1076 -0
~-0. 2131 -0
-0. 3179 -0,
-0, 1132 -0
-1. 0208 -1.
~0. 1865 -0
-0 114G -0
-1. 1776 ~1.
-0. 0741 -0.
-0, 1229 -0
-1.409% -1
0 0017 ~0
-0, 1281 -0
-1.7213 -1.
© 1081 -0
-0 1245 0
-1. 9839 -2
01933 0
-0 1314 -0
-2 2284 -2
0.2827 ©
-0.129% -0
-2.4014 -2
O 342G 0
-Q. 1602 -0
-2 3993 -2
0.4316 0
~0. 4194 -0
-1. &933 -2
0. 4912 0
-0. 3272 -0
-1 6211 -1
0 5309 0
-0, 4418 -0
-1.5732 -1
0. 5418 0
-0. 7003 -0
-1.&111 -1
0 5924 0
-0. 6578 -0
—1. &760 -1
0 &13& O
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Table 3.13

AGARD CASE 8 -
& € /v=0. 01492 Rad

1484
4471
4703

1829
6253
4174

1987
7717
3426

2148
0058
2498

2213
1825
1767

2391
4548
0998

2478
B510
0233

pa7a
o232
0475

. 2961
. 2484
. 1214

. 2408

4279

1877

. 3220
. 5478
. 2444

. 5345
. 0846
. 2947

. A140
.6Jl12
L3172

. &231
. 5537
L3217

. 6885
. 5993
. 3636

N-Y£-E0
. &5%0
. 3773

-0

-0

-0.
~0.
~0.

~0.
. 6804
=-0.

-0

-0.
=0.
-0.

=0
-1.
-0.

~0.
-1.
-0

-0

~1.
-0

-0,
-1.

-0

-0

—r}

=

L0499

. 224k
-0.
.&3113

3333

25611
5103
3492

2848

29%7

3147
FL23
2331

3270
1774
1784

3504
4797
1229

3675
7346
ChaS

3702
7167
0023

3825
1586

. 3504

3316

. 1030

. S&31
. 4948
. 1453

. 8209
L2195
L1819

. BET76
. 4@z
. 1833

. 7689
. 6454
- 1834

L7121
. &582
L2172

. 7071
. 6947
. 2227

-0,
-0
. 2973

-0

=0.
=0.
=0,

-0.
-0.
=0,

~0.
=0.
-0

=0,
-1.
-0.

-0
-1.
~0

-0
-1.

-0

-0,
-1.
-0.

-0
-1.
. 0382

-0,
-2.
. 0830

-0
-2.
L1123

-1.
-2
. 1349

-0
-2
L1219

-0.
-2.
. 1167

-0.
-2
. 1448

-0
-2
. 1343

2973
1136

3474
3z2s
2627

3774
=084
2236

4196
777
1732

4373
0223
1321

471&
2704
0913

w00&
5417

el r-t.

3029 -

7512
o1&

Stz2
9823

9219
1722

7049
3515

Q123
w208

8414
6629

8435
7373

7643
7541

7581
5837

RAMP

=0Q.
. 0826
=0,

-o.
~0.
-0.

-0.
-0
=0,

-0.
-0.
~0.

=0,
-0
-0.

-0
~1.
=0

~0
-1
-0

-1,

-2

%5

. 0859

~=1.
-2,
. 0932

-1

-2

.

. 0648

=0.
-2

=0.
-2.
. 0758

=0.
-2,
. 0544

aATLA

2244

1390
1231
1979

4769
3213
1722

5345
6228
1349

5731
B&21
Q974

6161
1127
0&81

L5469
3404
0333

-1-30:]
. 5914
. 0633

. &549
LTI
. 0333

. 8752
. ®313
. @481

2319 -

1546

2105
3410

1136
3110

8602
60356
0&17

8249
7070

8703
&380

-0.

~-0.

~0.

-0.

=0.

=G,

~0

-0.
-0.

-0

-0.
-0

-0

-0,
-0,

~0.

-1

-0.

-1.
-1

—1

-1.

-2

o=

. 0185

. 0135

. 2E93

L7978
. 0201

-0.
. 1099
-0.

-0
L1128
-0.

=0.
- 1045
-0

-0
. 0924
-0

-0
L0353
-0

)
QO O Q= =Rl

i
0OQ =

H
QO

-1.
. B47&
-0,

-1.
B -T-15)
—0.

-1,
. 4040
-0.

-1.
. 3230
-0.

3351

0&29

6338

0332

7088

0431

8293

Q200

017

G050

- 0064
. 0230
. 0083

. 0727
. ?7e2
. 0249

. 1746 -~
. 9092
L0426

. 8782
. 8498
. Q5963

. &740 -
. 78035
L0731

. 5508
. &9P52
. Q740

. 3437
. 62460

0518

5827

0100

5637

0300

4478

0438

1524

o884

1 { ! | i |
(ol OO0 Q [sR =N [a Rl v Q00 000

1
QO

I
Q-

~1.
. 1 &37
-0

-1.
. 14346
-0.

-1.
L1717
-0

-1.
L1711
-0

O~

. 9285
. 1090
. 0380

. 6432
. 2877
. 0349

. 7336
4373
. 0348

. 8859
6328
el 271

. qea7
. 7481
. 05&2

L1127
. B&02
. 0648

. 2124

7346

. beB2

L4873
. 0073
L0754

L 3l1é
L O0F7e
. 0B1G

L1705

1143

. 0880

- 5753
L1290
Q710

. 2754
. 1a72

0117

&745

o002

3770

1050

415

1565

2391

2159

&4

0. 613
g. 00000
1743. 7

74

0. 610
Q. 00388
1731 %9

77

0. 612
0. 00303
173%. 1

B8O

0. &10
0. 00421
1729 5

82

0. 613

0 00499
1743

24

0. 611
C. 00774
1734 . 2

B6

G &1t
300854
17317

[213]

0. 616
0. 00931
1738. 0
20

0 411
0. 01009
1731. 8

g2

C. a11
0. 01086
1734 2

4
0. 412
0.01164
1744. 1

&

0. 609
0. 01241
1729. 7

78

0. &08
0. 01319
1723 0

100

0. 408
0. 013948
1727 &

102

0. 405
0.01474
1710. 8

104

0. 6062
0.015%2
1674 3

3-17

0. 0230
Q. 0014
~Q. 01

0.1303
-0. 0007
1.08

0. 2184
-0.0013
1. 20

0. 3458
-0. 0606
2 %8

0. 4342
0 0005
183

0 5422
G Goi1t
4. 70

Q. &55%2
Q. 0049
5. 67

Q. 7628
0.0104
660

0. 9000
Q. 0135
7. 57

1. 033%
G 0126
[=

1.1289%

1. 1367
-0. 0758
10. 534

1. 09332
-0. 0403
11 &3

1. 1169
-0. 0397
12. &9

1.1387
-0.0%17
13 77

1. 0878
-0.077%
1497



3-18
ARA  RUN &
M=0. 3 R=2. &#10€
0. 1349 -0. 00646 ~0. 1337 ~0.
-0. 4933 ~0. 3046 ~0. 4877 -0.
~0. 2783 -0. 3838 -0. 9103 -0.
0. 1233 -0. 0304 —-0. 1942 -0
-0. 6221 -0. 6317 -0. 4576 -0
-0. 0779 -0. 2435 -0. 4328 ~0
0. 1092 -0. 0412 -0 2031 -0
-0. 7699 -0 8335 ~0. 740 -0
0. 1901 -0. 0007 -0. 2841 -0.
0. 1232 -0 0344 -0. 197& -G
-0 8391 -0 9179 -0 9486 -1,
0. 3258 0 1232 -0. 1807 ~0O.
C. 1259 -0. 0351 -0. 2077 -0
~0. 9438 ~1. 0704 —1. 1634 -1
0. 4767 0.2%82 -0. 086% -0
0 0977 -0 0%8%9 —-0. 2377 -0
-1.0763 ~1.1572 -1 3654 -1
0 606& 0. 3793 -0. 0064 -G
G. 102% -0. 0405 -0. 2349 -0
~1. 1937 -1 2158 -1 4417 -1
0. 7259 ©. S0BS O 1025 -0.
0 0881 -0 0714 -0. 2609 -0
~-1. 3964 —-1. 5560 ~1. 7512 -1
0. 8392 0. 4381 O 1896 O
0. 1066 ~0.053% -0. 2501 -0
-1. 5346 —1. 7427 ~1. 784S ~2
0. 9273 0.7548 0.3029 O
0. 0820 -0. 0650 —~0. 2707 -0
-1. 6758 -1, 9051 -2. 1932 -2
G. 9580 0.81&% ©0.3877 0.
0. 08%% -0. 0394 -0. 2307 -0
~1. 7269 -t. 9687 -2 2837 -2.
0.9337 0.8%49 0. 4612 ©
0. 0582 -0. 0581 -0. 2441 ~0
-1. 9295 -2 2143 -2. 5921 -3
0.9590 0.9358 0. 5464 O
0. 0624 -0. 0430 -0. 2147 -0.
-1. 9957 -2 3123 -2.7138 -3
0. 9301 0.9614 0. 4108 ©
~-0. 0508 ~0. 1412 -0 2600 -0
-2. 1486 -2. 3048 -2 9572 -3
0.8539 0. 9337 0 &&417 O
~Q. 0764 -0. 2586 -0. 4114 -0
-2. 1687 -2. 5037 -2. 9449 -3
0.8934 1.0168 0.7053 O
-0. 2278 ~0. 3739 -0. 4077 -0
-1. %252 -1. 6070 ~1.8349 -2
0.9235 0.993& 0 &8%97 O

GUASI-STATIC
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O\'.r“=10. 73 oco=11. 14

1877
a43&7
4480

2317
6340
4032

2610
029
3015

2578
0361
2201

2824
2602
1417

3245
4985
1163

3093
7905
011°

L3614
. 878
. 0526

. 3o12
. 2957
. 1364

. 3764
. BB71

1994

3488
T450Q

. 2643

3719
1442

. 3313

3391
3188

. 4016

3305
6357

. 4458

4386
&0B7

. 4761

B835&
372é

. 4501

=0,
-0.
=0.

-Q.
-G.
-0

=0,
-Q.
-0.

-0.
=1.
-0.

-0
-1.
~=Q

-0,
-1

-0

-0,
—~1.

~0.

=~Q.
—a.
-0

-0.
-2
3]

-0
-3,
o]

=0.
-3,
O.

-0
-3
0.

-0

-4
Q.

-0.
-4
a

-0
-4
0.

-0.
-3
0

2443 -0
3179 -0
3714 -0,
2708 -0
9334 -0
38539 -0
3304 -0,
8798 -0
2899 -0
3270 -0.
0473 -1.
2370 -0
3515 -0
3292 -1.
1904 ~0
39%7 -0
6488 ~1.
162h -0
4065 -0.
7567 -2
o877 -0
4519 -¢
4491 -2
0420 -0
4702 -0.
7833 -3
0234 -0
5000 -0
06492 -3
o702 0
4413 -0.
3131 -3,
1237 0
B05& -0
8371 -4,
1860 O
. 4804 -0
1330 -4,
2433 0
4218 -0,
3404 -35.
24639 0
4819 -0.
4903 -35.
2880 O
7934 -1.
1337 -3
2573 0.

Table 3-14
1.8 Hz
3403 -0. 3801
1764 Q. 01460
3065 -0 2B0O0
3973 ~0. 4447
42328 -0, 2334
27468 -0 2354
4460 -0. 5097
. 8220 -0. 4747
2436 -0. 2147
43464 ~0. 5127
0473 -0 9373
2088 -0 1&74
. 4952 -0. 5758
34694 -1. 34564
1302 -0. 1387
9385 -0 &368
7413 -1. 7924
1510 -0 1452
5532 —Q. 6639
1222 -2 2938
0977 -0. 08462
. 6334 ~0. 7576
. 86975 2. 9918
. 0598 -0. 0775
&545 -0 7794
2412 ~3. 5841
0063 ~0. 0301
&764 ~0. B2%3
8217 4. 2391
. 03530 O 00534
45925 -0. 8100
8924 ~4 7738
L0787 0. 0306
7090 —0. 8g92
4984 -5 7771
L1221 0. 0872
&894 —0. 8918
B&BO —&. 66460
L1735 0. 1246
7180 -0, 9216
3094 -8. 4364
. 1811 0. 1302
7923 -0, 9932
2073 ~-b6. 7411
. 1940 0. 1293
2505 -1 3834
7810 —4. 3420
1626 0.0878

=0,
. 2234
—0.

-0.
-0,
-0

~Q.
-Q.
-0.

-0.
-0
-0

~0.
-1.
-0

-0
L6719
-0.

-0
-2

=0

=Q.
-
=Q.

-0.
~3.
=-0.

-1.
. 4133

-3

-1,
-5,
. 0449

-1.
~&
. 0640

-1,
-7.
. 1076

-1
-9.
. 0962

-1,
-8
. D741

-1
-5.
. 0469

4424

1764

5275
0483
1784

6138
4981
1569

&365
7941
L0705

7023
2026
o984

7756

1047

8240

1851
0576

F410
9577
0539

9934
6634
0063
o527
0056

0519
0512

1449
2062

1532
3445

23&7
1262

3a74
1577

2271
1427

-0
. 0008
-0

-0
. 0461
-0

-0.
. 7247
-0

-0.
. 7929
-Q

~0.
-T ok
-0.

-0
. 3348
-Q

-0

4394

1198

5371

1252

&7146

1164

7153

0794

7943

0674

?028

o7se

7784

-0. 0062

-0

-1
-0
e

-1.
~1
~Q,

-1.
~1.
-0

=1
-2.
. o281

-1.
-3.
. 0349

_.1.
3.
. 0737

-1
-4
. 0567

-1,
-3,
. 0294

-1.
-4
-0.

24035

1361
°388
0539

2254
1243
0123

3231
7523
Q062

3388
4017

4878
2721

5131
7011

&114
9871

7044
3660

3382
8271
0408

-0,
-0
-0,

-0.
. 2002
-0

-0.
. 4851
=0.

-0.
. 6128
-0,

~0.

~0.

-0
. 8668
~0.

~-1.
. 9546
-0

-1.
. 0284
-0

=1,
. 6877
-Q.

=i.
. 7540
-0

4707
o292
o292
9926

0424

7121

0470

7547
o2a7
BBO&
7643
o179
B3

0353

0814

Q119

2663

0243

. 3740
. 0878

ROG&

. 4936
. Q462
. 0056

. a18e

7843

L0229

L6271
. 7474
L0173

. 7469
. 8709
. Q398

L8772
. 6673
. 0001

7101

0411

5836

1109

o]

80
0. 299

. 00000

308. 9

a4
0. 293

. 01110

484 8

a8
0. 2946

. 02220

478. 0

70
0 300

. 02775

511 8

a2
0. 297

L 03330

500. 8

%4
0. 296
03865
a%g. 0

Q4
0. 298

. Q4441

503 &

a8
0.293

. 04995

487, 0

100
Q. 292

- 09951

484 3

102
0. 294
06106
489. 9

104
0. 301

. 08662

512. 0

106
0. 98

. 07216

433. 5

108
0. 300

Q7772

309. 4

111
0. 300

. 0B&0OS

209 3

113
0. 294

. 07159

430. 0

115
0. 293

. 09715

492. 8

0. 0140
=0. 0013
-0. 12

0. 1123
~0. 0012
0. 69

0. 2514
G. 0016
2. 04

0. 3288
0. 0010
2. 84

0. 4340
0. 0011
d.65

0. U2sB8
0. 0034
4. &2

0. 6326
0. 0040
5 &1

G. 7745
0. 0051
b 57

0. BBBS
0. o772
7. 67

Q. 9937
0. 00735
B8 72

1. 0381
0. 0124
9 79

1. 1814
0. 0148
10. 83

1.2479
0. 0172
11. 93

1. 3487
0. 0214
13. 54

1. 4063
0. 0008
14. 95

1.3783
-0. 0971
15. 59



ARA RUN 11

M=0, 58
Q.1774 Q. 0287
—0. 3680 -0. 3680
-0. 1443 —0. 3431
0. 1730 0.01%4
~0.6413 ~0. 4396
-0 0632 —0. 2589
0. 1804 0. 0301
-0 6932 -0.705%4
0. 0686 ~Q. 14463
0. 1733 0.01%97
~0. 7905 ~0.8188
¢ 1804 -0. 0509
0. 1814 0. 0268
-0 8941 -0 9398
¢ 3238 0.0830
0. 1740 0 0196
~1.0140 -1 0874
O 4440 0 13933
01710 G 01°7
-1.1085% -1 2634
Q. 5740 O 3206
01712 0.0179
~1. 2424 -1 2335
0. 48046 O 4374
Q. i583 0 0214
-1 1&27 -2 1019
0. 7725 0. 5371
G. 1332 ©. 0149
-2. 3847 -2. 5110
0. 8973 0. 5316
0. 1342 0 00%1
~2. &742 -2 7457
G 9345 0 7184
G 09&2 -0 0123
-2, 7262 ~2 7884
0. 9552 0 73064
0. 0393 -0 0499
-2. 18846 —2. 8343
0. 9811 0 7849
=0, 13462 -0 2046
-1. 9381 -2 0907
3. 9957 0O BOS7
~-0Q. 2378 -0 2412
—-1.7983 -1. 8991
1. 0059 0O B2%95
-0. 3974 -0 4787
-1.15%7 ~1.1358
1.0134 O 8447

R=4. &#10°
~0. 093% -0
-0. 5303 =0
-0. 3220 -0.
-0. 105% ~C
-0. 6308 -0
-0. 4686 -0
-0. 1027 -0
-0. 7106 -G
-0, 3892 -0
-0, 1162 ~0
-0, 8382 -0
-0. 3157 -0
-0 1121 ~0
-0, 9838 -0
-0, 2193 -0.
-8, 1243 -0
-1. 1631 -1
-0. 1333 -0
-0. 1317 ~0
~1.3313 -1
-0, 0419 -0
-0. 1354 -G
-1 7077 -1
0. 0461 —0
-0, 1313 —0.
-2 2195 -2
0. 1320 -0
~0. 1403 -0
-2. 5626 ~2
0 2137 o©
~0. 1427 -0
-2. 7743 -2,
0.2932 ©
-0. 1475 -0
-2. 8898 -2
0.3363 0
=0, 1765 ~0
-2. 5092 -2
0. 3493 O
-0. 2638 -0
-2.3850 -2
0.3911 ©
-0, 3242 -0
-1, 979% -1,
0. 4138 0
~-0. 5509 -0.
-1.0%43 —1.
0.4336 0

QUASI-STATIC
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cm=8. 97
1643 -0. 2298
4741 -0. 3394
2812 -0. 4069
1795 -0. 2300
5743 -0. 4345
4510 ~0. 3910
1778 ~0. 2494

. 6687 -0 5671
3962 -0. 3420

. 2009 ~0. 2751
8188 -0. 74464

. a380 0. 3174
2617 -0. 2843

. 9873 -0. 9521
2878 ~0. 2414
173 -0, 2085

2017 -1 2070
2313 -0 2243
2285 -¢. 3271

L4622 -1 5291
1599 -0. 1739
2393 -0 3470
Bg@75 -1. 9227
0720 -0. 1178
2418 -0 3559
2405 -2 1416
0014 ~0. 0628
2559 -0 3713
5128 -2 4541
0554 -0 0173

. 2517 -0. 3804
7350 ~2. 4707

. 1199 0 0288
2613 —-0. 3787
8487 —-2. 7848

1389 0. 0499
2782 ~0. 3870
9377 -2 8878

1440 0. 0607
3053 -0. 3895
7833 -2. 9430
1812 0. 0681
34746 -0. 4322
9837 -2 2015

. 1942 0. 0682
5491 -0. 5906
1792 -2. 5892

2110 0.0792

=%,

-0.
-0,
-0,

-0
-0
-0

-0
-0
-0.

-0
-0
-0.

-0.
-0
-0.

-0,
-1.
-Q.

-0

-1,
-0.

-0

-1
-0,

-0.
-1.
-0

=0,
-2.
=0,

-0
-2.

-0
—-2.

-0
-2

-0
-2.

-G
-2.

-0.
-2

Table 3.15
b2 1.8 Hz
3183 -0, 3892
14489 0. 09460
3113 -0 2387
33464 -0.4173
2389 -0. Q15&
3012 -0. 2342
3455 -0. 4311
3927 -0, 1481
2631 -0. 2009
d757 0. 4745
3822 ~0. 3474
2488 -0 1921
3915 —~0. 4949
8045 ~0. 5795
2052 -0. 1613
4244 ~Q. 5384
0578 -0. 8332
1769 -0, 14012
. 4303 ~0. 5787
3707 ~-1.1472
1440 -0 1141
L4809 -0 4184
&200 -1 4713
0947 -0, 0808
4994 =0 &402
9878 ~1. 7457
0523 -0. 0505
S2ARE 0. &771
2673 —2. 0413
0254 -0 0264
5286 -0 6733
4734 —-2. 2223 -
. Q073 ~0. Q034
9191 -0. 6650
6198 -2. 3989
L0233 0. 0037
5350 =0. 6740
7235 -2 5221
. 0230 ~0. 0017
2474 -0 7179
8390 -2. 4449
. Q=87 =0. 00%0
5870 -0, 7868
8764 -2. 7720
. Q214 -0 Q0200
&b646 0. 8307
ah8s -2. 77135
. 0160 ~0. 03464

-0.

-Q.
Y-y
-0.
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NLR 7301 SUPERCRITICAL AIRFOIL OSCILLATORY PITCHING AND OSCILLATING FLAP

by
R.J. Zwaan, NLR

TNTRODUCTION

The supercritical airfoil NLR 7301 has & maximum thickness of 16.5 per cent of the chord. In the set
of two-dimensicnal asercelastic configurations this airfoil represents the category of thick and blunt-
nosed airfeils.

The airfoil was investigated in two wind-tunnel tests with different models, In the first test the
model could be driven harmonically in a pitching motion about an axis at 40 per cent of the chord,
Information about this configuration is designated with the letter "A". In the second test harmonic
rotation of & trailing-edge flap was considered. The flap axis was located at T5 per cent of the chord; the
flap had no aerodynamic balance. Information about this configuration is designated with the letter "B",

In transonic flow the contribution of the shock to the amercdynamic loading can of course be very
different. As an illustration, pressure distributions on the upper surface are compared for a flow with
a strong shock and a shock-free flow. Also results of thin-airfoil theory have been added. In the strong
shock cases (A: Fig. 4.1, B: Fig. L.5) the pressure peak due to the moving shock dominates in the pressure
distribution, with a strength which diminishes with frequency. Although the flow conditions are the same
for both configurations, the mean pressure distributions differ slightly. The cause of these differences
could not be traced. In the shock-free cases (A: Fig. 4.2, B: Fig. 4.6) the pressure distribution shows a
wide bulge. The pressure distributions of configuration A show very clearly that with inereasing frequency
the bulge decreases while at the same time a weak shock develops. Alsc here the mean pressure distributions
should be the same. For unexplained reasons, however, shock-free flow could only be realized at slightly
different Mach numbers.

Lift and moment ccefficients are presented in figures 4.3 and 4.4 for configuration A and in
figures 4.7 and 4.8 for configuration B. The influence of fixing boundary layer transition is remarkable,
Configuration A shows only minor differences. Farced transition at 0.3 ¢ is obviously not so effective in
this case. The differences are larger for configuration B, which includes slso fixed tramsition at 0,07 c.
Cheracteristic changes occur in particular in the lift coefficient at low frequencies. Transition fixing
has obviously the effect of reducing both the 1ift magnitude and the phase lag.

An aspect that emerges especially in the present case of a supercritical airfoil is the difference
in the specification of theoretical and experimental shock-free flow. In the General Review it was pointed
out that this difference is mainly due to viscous effects and tunnel interference. It was further proposed
to choose the CT specification such that theory would produce s flow similar to that observed in the
experiment. This is illustrated in figure 4.9 where the thecretical design pressure distribution calculated
with a hodograph theory is compared with a shock-free pressure distribution measured at free transition.

1 AIRFOIL
1.1 Designation NLR 7301 (also NLR HT 731081Q)
1.2  Type of airfoil Thick, aft-loaded, sheck—free supercritical;

designed by means of Boerstoel hodograph methed

1.3 Geometry See Table L1
Nose redius 0.05 ¢
Maximum thickness t/e = 16,5 %
Bage thickness Zero
1.4  Design condition
Design condition Potential flow (hodograph theory):
M= 0,721
) Cpg= 0.595
Design pressure distribution Steady experiment (free transition, NLR Pilot Tunnel):
M = 0.7ThT, Cy= 0.455; see Fig, L.9
1.5 Additionsl remarks "Shock-free" pressure distributions for configuration
A shown in Fig, 4.2 and for configuration B shown in
Fig. 4.6
1.6 References on airfoil
2 MODEL GEOMETRY
2.1 Chord length 0.8 m
2.2 Span 0,42 m
2.3 Actual model coordinates and See Table 4.2
accuracy of measurements
2.k Flap: hinge and gap details A: not applicable

B: hinge axis at 0.75 c; gap width 0.35 mm
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2.5 Additional remarks

2.6 References on model

WIND TUNNEL

3.1 Designaticn

3.2 Type of tunnel

3.3 Test section dimensions

3.4 Type cf rcof and floor

3.5 Type of side walls

3.6 Ventilation geometry

3.7 Thickness of side wall boundary
layer

3.8 Thickness of boundary layers at
roof and floor

3.9 Method of measuring Mach number

3.10 Uniformity of Mach number over
test seetion

3.11 Scurces and levels of noise or
turbulence in empty tunnel

3.12 Tunhel resonances

3.13 Additional remarks

3.1% References on tunnel

MODEL MOTION

4.1 Mode of applied motion

4.2 Range of amplitude

4,3 Range of frequency

4.4 Method of application

4.5 Purity of applied motion

4.6 HNatural freguencies and normal
modes of model

L.7 Static or dynamic elastic distortion
during tests

4,8 Additional remarks

[ECHNICAL LIBRARY

TEST CONDITIONS

5.1
5.2
5.3

5.4
9.5
5.6

5.7

5.8
5.9

5.10

Tunnel height/model chord ratio
Tunnel width/model chord ratio

Range of Mach number

Range of tunnel total pressure
Range of tunnel total temperature

Range of model steady mean
incidence

Definition of model incidence
Position of treansition, if free
Position and type of trip, if

transition fixed

For mixed flow, position of sonic

boundary in reletion to reof and floor

Flow instabilities during tests

NLR Pilot Tunnel
Continucus, closed circuit

Rectangular; see Fig. 4.10
height 0.55 m, width G.42 m

10 % slotted top and bottom walls, separate top and
bottom plenums

Solid side walls
See Fig., L4.10

Thickness 10 % of test section semi-width, no special
treatment

Not measured; probably comparable with side wall
boundary layers

Derived from static pressure measured upstream of
model and from tetal pressure measured in settling
chamber

See Fig. 4.11 (empty test secticn)
Turbulence/noise level, see Fig. 4.12

No evidence
For two-dimensionality of the flow see Ref. 4.3
Ref., L.2

A: pitching oscillation of airfeil
B: oscillation of trailing-edge flap
A: a,= 0.1° to 1,5°

B: 8,= 0.1° to 2.0°

A: f =0 to 80 Hz; k =0 to 0,26

B: £ =0 to 200 Hzy; k = 0 to 0.65

Al hydraulic excitation at one side
B of the medel

Checked by spectrel analysis; no data stored

No interference with natural vibration modes

Negligible

3.1

2.3

A: M =0.5 to 0.8

B: M = 0.5 to 0.82
Atmospheric

313 21 K

A ay= 0° to 3°

B: o = 0% to 3°; § = 0°

Incidence datum line @ = 0 relates to the x-axis as
used in Tables 4.1 and 4.2. Datum line is parallel
to test section centre line for ap= 0

Al part of the test performed with natural
Bf transition; position of transition not measured

A: strip of carborundum grains at 0.3 ¢
B: strip of carborundum grains at 0.07 ¢ or 0.3 ¢

Not measured

Yo evidence
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5.12 Additional remarks -
5.13 References describing tests A: Ref, L4
B: not available
MEASUREMENTS AND OBSERVATIONS
6.1 Steady pressures for the mean conditions v
6.2 Steady pressures for small changes from the mean conditions v
6.3 Quasi-steady pressures
6.4  Unsteady pressures v
6.5 Steady forces for the mean conditions measured directly
integrated press. v
6.6 Steady forces for small changes from the mean conditions measured directly
integrated press., v
6.7 Quasi-steady forces measured directly
integrated press,
6.8 Unsteady forces measured directly
integrated press. v
6.9 Measurement of actual motion at points on model v
6.10 Observation or measurement of boundary layer properties
6.11 Visualization of surface flow
6.12 Visualization of shockwave movements v
6.13 Additional remarks
INSTRUMENTATION
T.1 Steady pressures
T.1.1 Positien of orifices See T.2.1
spanwise mnd chordwise
T7.1.2 Type of measuring system See T7.2.3
T.2 Unstesdy pressures
7.2.1 Position of orifices A: see Figs 4.13 and 4.1k
spenwise and chordwise B: see Figs 4.15 and L.16
T.2.2 Diameter of orifices 0.8 mm
7.2.3 Type of measuring system A: L0 pressure tubes + 13 in situ pressure transducers
B: L6 pressure tubes + 12 in situ pressure transducers
T.2.4% Type of transducers +T.5 psl Statham differential pressure transducers,
and 5 psi Kulite miniature pressure transducers
7.2.5 Principle and sccuracy of Calibration uses transfer functions of pressure
calibration tubes, see Ref. 4.U; for accuracy see 9.10

7.3 Model motion

T.3.17 Method of measurement A: with accelercmeters, see Fig. 4.13
B: with accelerometers, see Fig. 4.15
T.3.2 Accuracy See 9.10
Tolt Processing of unsteady
measurements
T.4.1 Method of acquiring and See Fig. 4.17

processing measurements

T.4.2 Type of analysis A: signal analysis of TFA over 20 cycles for
f = 30, 80 Hz and 60 cycles for f = 200 Hz
B: signal length during TFA analysis was 1 s

7.4.3 Unsteady pressure quantities A: Fundamental harmonics
cbtained and accuracies B: Fundamental harmonics and occasionally second and
achieved third harmonics
For accuracy see 9.10

T.4.4% Method of integration to Trepezoidal rule
cbtain forces

7.5 Additional remarks -

7.6 References on techniques A: Refs L.4, k4.5
B: Ref. L.6
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DATA PRESENTATICN

8.1 Test cases for which data could A: see Tgble 4,3
be made available B: not available

8.2 Test cases for which date are

A
included in this document B} © see Table b.b

8.3 Steady pressures Mean pressures for:
A: Tables 4.5 to h.14
B: Tables 4,15 to 4.23

8.4 Quasi-steady or steady Steady pressure derivatives for:
perturbation pressures A: Tables 4,5, U.B, 4,12
B: Tables h,15, 4,17, L.19
8.5 Unsteady pressures A: Tables L.6, L,7, ¥.9 to 4,11, 4,13, L1k
B: Tables 4,16, 4,18, 4.20 to k.23
8.6 Steady forces or moments See 8,3
8.7 Quasi-steady or steady See B8.L

perturbation forces
8.8 Unsteady forces and moments See 8.5

8.9 Other forms in which data could -
be made available if required

. eferences giving other -
8.10 Ref giving oth
presentations of data

COMMENTS ON DATA

9.1  Accuracy

9.1.1 Mach number +0,002, No corrections made for Mach number
nenuniformity
9.1.2 Steady incidence +0.02°
9.1.3 Reduced frequency *0,0005
9.1.k Steady pressure coefficients Not known
9.1.5 BSteady pressure derivatives Not applicable
9.1.6 Unsteady pressure coefficients Not known
g,2 Sensitivity to small changes of No evidence
parameter
9.3 Spanwise varistions No evidence
.4  Non-linearities Part of analysis of experimental results; see Ref. 4.k

G.5 Influence of tunnel total pressure -

9.6 Wall interference corrections No corrections included, but under steady conditions
it is normal to make the following corrections to
measurements made in this tunnel:
steady corrections:
dag= ~1.4 Gy + 0.56 (cm + 0.25 cz)/ YI-ME,

(deg) (215 h)
ACg= -0.015 Cq/(1-M7), (x30 %)
ACL= -0.25 AC,, (#3C %)

9.7 Other relevant tests on -
same model

9.8 Relevant tests cn other models See Data Set 5
of nominally the same airfoil

9.9 Any remarks relevant to -
comparison between experiment

and theory
9.10 Additional remarks Nc systematic investigations of separate accuracies
have been performed; accuracy of 1lift and moment
coefficients is estimated to be 5 %0 10 per cent in
magnitude and 3 to 6 degrees in phase angle
8.11 References on discussion of data A: Ref. 4.4

PERSONAL CONTACT FCR FURTHER INFORMATION

E.J. Zwaan, National Aerospace Labcratory (NLR), Anthony Fokkerweg 2, 1059 CM Amsterdam,
The Netherlands
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1 LIST OF REFERENCES
L1 J. Barche c.s. Experimental data base for computer program assessment
AGARD-AR-138, 1979
h.2  J. Zwaaneveld Principal data of the NLL Pilot Tunnel
NLL Report MP 185, 1959
4.3 H.A. Dambrink Investigation of the 2-dimensionality of the flow around a prefile in the
NLR 0.55x0.42 m® transonic wind tunnel
NLR Memorandum AC-T2-018, 1972
k.4 H. Tijdeman Investigations of the transonic flow around oscillating airfoils
NLE TR T770%0 U, 1877
k.5 P.H. Fuykschot DYDRA-Data logger for dynamic measurements
L.J.M. Joosten NLR MP 69012 U, 1969
4.6 P.H. Fuykschot PHARGS, processor for harmonic analysis of the response of oscillating
surfaces
NLR MP 77012 U, 1977
4.7 S.R. Bland AGARD Two—dimensional aeroelsstic configurations

AGARD-AR-156, 1979

12 NOTATION AND LIST OF SYMBOLS

DATA SET STANDARD

ALPHA mean wing incidence, ap, deg

AMPL, flap amplitude, 60, deg; see Note 2 below

cz2 pitch amplitude, a,, deg; see Note 2 below

CL mean wing lift coefficient, C,

CLIM ky in Tables 4,5 to L.1h; k7 in Tables 4,15 to 4.23

CLRE ky in Tables 4.5 to L.4; k¢ in Tables L.15 to L.23

CcM meen wing moment coefficient (about 0.25 ¢}, Cy

CMIM m; in Tables 4.5 to L.1k; mg in Tables 4,15 to k.23

CMRE m} in Tables 4.5 to L.1b; m! in Tables 4.15 to 4.23

cp mean pressure coefficient, Cp

CPIM imeginary component of oscillatory pressure coefficient, rad~!, In Tables 4.5 to L. 1k
it representsCp/ag, in Tables 4,15 to 4.23 it represents CB/GO

CPRE real component of oscillatory pressure coefficient, rad™'. In Tables L.5 to h.1l it
represents Cé/ao, in Tables 4.15 to 4.23 it represents Cy/8,. If k = 0, then
CPRE = [Cp{+a,) - Cp(-uy)]/2a, and CPRE = [Cp(+6,) - cp(—ao?lfaéo, resp.

DELTA mean flap angle, §,, deg

FREQ. frequency, f, Hz

HARM order of harmonic

k, oscillatory wing 1ift coefficient, EL/wao, rad”"

k, oscillatory wing lift coefficient, &p/mé,, rad~!

M mean local Mach number, Mp

MACH free-stream Mach number, M

m, oscillatory wing moment coefficient, -2 Em/"“o! rad™"

o, oseillatory wing moment coefficient, -2 Cp/né, raa !

MEETRUNNR. run number

NCRE, NCIM resl and imeginary components of oscillatory flap moment coefficient,
-2 Cp/néy, rad-

PO total pressure, py, Pa

Q dynamic pressure, ¢, Pa ]

RCRE, RCIM real and imaginary components of oscillatory flap lift coefficient,
ng/vﬁo, rad”?

RE Reynolds number based on wing chord, Re

RFREQ reduced frequency, k = wfc/V

+ (suffix) upper side

- (suffix) lower side

* {superscript) critical value

Note 1: Symbols not mentioned here conform to the notation in the General Review,

Note 2: The oscillatory motions are defined as & = &, sin wt and § = §, sin wt. The equation for s

corresponding oscillatory pressure {including higher harmonics, if available) reads:
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p(t) =p_+ p'sin wt + p'cos wt + pisin 2ut + p
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1

'cos 2wt - ete,

Similar expressions hold for the aerodynamic coefficients.
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~«028%b¥4
- 0266371
= 0294030
=s02%l T
0229494
=s0p17422
~2020%elu
-+3L91 398
~a0) FBILw
=.0lbband
0152405
~«0138661
=.012%201
“,01]2058
= 00Y60GY
=2 0000674
=,0085919
~.00516%a
-.0035977
=.0021230
=-.0p0717
++0004ut
+2001]1232%
+.0021265%
. gp29712
+.0036605
+a 004848
+a 0045505
vaD0kTuld
+,0067965
+ 0045921
+,0042600
+.0038900
+.00329%4
+.002965¢
+.Q025307
+.00215%1
+.00081Ts
+.00l5787?
s400l023]
«. 001007
+. 0005168
+,0001129
+.000000C



TABLE 4.2

Actual contour data of the
NLR 7301 airfoil {(conf. B}
(measures in mm)

X Z Z

upper lower
000,000 000.000 -000.000
000.500 003.250 -002.820
001.000 004,595 -003.780
002.000 0Q06.36C -005.025
003,000 007.750 -005.880
00k.000 008.415 -006.525
005.000 009.030 -007.065
006.000 009.520 -00T7.520
007,000 009.940 -007.930
008.000 010.315 -008,290
009.000 010,640 -00B.620
010.000 ©10.935 -008.920
015,000 Q12.045 -010.710
020.000 012,880 -010.990
025,000 013,545 -011.695
030,000 014.105 -012.275
obc.000 014,945 -013,125
050,000 015.50¢ -013.620
060.000 015.815 -013.795
070.000 015.910 -013.665
080.000 015.800 -013,150
090.000 015.480 -012.245
100,000 Q14,910 -010.810
110.000 014.055 -009,030
120,000 012.835 -006.9L5
130.000 011.240 -004,T760
134,500 010.410 -003.785
137.500 009.940 -003.165
140,000 £09.450 -002.645
150,000 0QO0T7.335 -00C,780
160,000 005,135  000.495
170.000 002,935 000,975
175,000 001.855 000,860
180.000 000.775  D00.465
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TABLE 4.3
Test program for the NWLR 7301 airfoil (conf. A)
Basic program: amplitude of oscillation: ag= 0.5 degree
frequencies: 0, 10 and 80 Hz
transition strip at x/c= 0.3
. MACH NUMBER
Ineldence | € 85 675 .10 725 .1h .75 .76 775 .60
= 0°l x X x
0.85 X X % x x x x X x x x
1.50 b4 X %
3.00 X X X x bs X X
Influence of amplitude and frequency transition strip at x/ec= 0.3
Incidence amplitude o freq. MACH NUMBER
.2 T .75
ap= 0.85° [ C.1; 0.25; 0.75; 1.0; 1.5° 10; 80 Hz X X x
3.00 | G.1; 0.25; 0.75; 1.0 103 80 x
0.85° 0.5; 1.0° 10; 303 60; BOHz | x x x
3.00 0.5; 1.0 10; 30; 603 BoO x
Additional tests with natural transition
Incidence amplitude a, freq. ?gCH-$UM?$E
o= 0.85° 0.5; 1.0° 10 Hz X x X
0.5; 0.75 80 X X X
3.00 0.5; 1.0 10 x
G.5; 0,75 80 x
0.85 0.5 30; 60 x x

Mote regarding Tables 4.1 and 4.2: In Ref. 4.7 the contour coordinates have been transformed to unit
chord. The model was designed to shape given by Table L.1, but the trailing édge was cut off at x/c= 1.0.
The actusl measured shape of the model is given in the table above.
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RUN 12201

M 499
ALPHA +«85
PO 10376,
RE 1,.70E6
Q 1524,
X/C CP+
01 ~.068
+05 =1.148
10 -.8%9
«15 -.,683
20 =647
25 -.626
+30 «.635
«35 - 59%
40 -.587
45 -579
+50 -+570
l55 . 556
+60 '.539
65 - 491
70 -,408
75 -.307
.80 -+193
+ 85 -, 086
«90 012
+95 089
RUN 1501

M 499
ALPHA .85
PO 10398,
RE 1.T0E6
] 1529,
X/C CP+
«01 -,070
+05 -1,163
«10 -, 846
«15 -. 707
20 -.654
+25 -.633
«30 - 642
235 =-.599
+40 - 994
+45 -.582
+50 =571
55 ~.562
60 -.542
«65 - 434
«70 ~o410
« 15 ..307
80 -, 195
«85 -,085
«90 011
«95 086
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TABLE 4,5

c2 .50 STAT. QUASI-INSTAT,

FREQ@ 0, RE Im

K 0,000 cL  .303 1.835 0.000

CM .068 -.076 0,000
UPPERSIDE LOWERSIDE
M+ CPRE+ CPIM+ cP- M- CPRE~ CPIM-
516 ~12.204 0.000 284 J420 11,230 0,000
«T71 -12.834 0,000 ~.359 591 9,511 0D.000
705 =9,22% 0,000 -,372 ,591 6.417 0,000
665  =5,214 0,000 =-,386 .595 5,099 0,000
657 -5,099 0,000 =~,403 ,599 4,469 0,000
652  =4,183 0,000 -,u421 603 3,953 0,000
654  =3,495% 0,000 =-,417 602 3.1%51 6.000
BHY  =2,979 0,000 ~-,429 L&D5 2,922 0.000
JE43 =2.636 0,000 ~,444 609 2.693 0.000
BUl =2,235 0.000 ~.445 609 2.177 0.000
639  -2.063 0,000 -,397 597 1.833 0.000
635 =1.776 0,000 ~-,300 +ST4 1,318 0,000
631 -1,261 0,000 ~,203 550 1.089 0.000
+620 -.859 0,000 -.086 .521 +688 0,000
.600 - 458 0,000 029 491 +630 0,000
576 -.286 0.000 .129 464 L458 0,000
548 -.115 0,000 208 442 L8401 6.000
.521 057 0.000 269 425 458 0,000
496 -.057 0,000 298 418 L2086 0,000
TS -.516 0,000 +301 415 .115 0.000
TABLE L.6

o .95 STAT. INSTAT,

FREG 30. RE IM

K .098 cL  .311 1,481 ~a170

cM L0869 -,028 .151

UPPERSIDE LOWERSINE
M+ CPRE+ CPIM+ cP- M- CPRE- CPIM~
+518 =10.,560 2.296 +296 L4127 6.804 -3.146
776 =11.456 2.389 -,351 +5R6 7.090 «2.048
.703  =B.108 1.833% -,373 .592 4,808 -1.920
672 =3,.138 952 -,383 594 4,104 -1,096
659  =4.080 «853  ~,400 598 Z.403 -.864
655 =3,339 514 ~,418 602 2,854 ~.738
657 =2,972 «213  -,413 601 2.725 ~.614
647 =2,920 004  -,426 604 2.671 .011
JBUS  =2,418 «0208  -.440 608 2.356 164
643 =2,089 -.054  =,440 +60B 1.963 .091
640 =1.804 -.181 «.393 597 1.688 237
638 =1,398 -4139  -,.297 <573 1.492 258
633 -1,045 ~:155 =,201 .550 1.089 RTY"
622 -,705 - 200 -,084 +520 +852 296
602 - 412 ~.227 030 491 259 ~ 067
577 -,191 -.277 .130 JHBH 547 422
549 054 -4 279 212 JH41 «571 457
522 .091 -,256 «269 425 +562 533
497 -.090 -.152 «300 416 Y 431
JHTT - 466 -. 092 302 415 .250 284

4-9
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RUN 1301
M ~498
ALPHA «85
Pa 10398,
RE 1.70E6
Q 1524,
X/C CP+
01 - 014
+05 =1.106
10 =806
-15 ‘0693
20 =637
2% =620
«30 =635
+«35 -394
40 =-,588
045 '-576
«50 ~+5T0
+55 =562
260 -, 544
«65 - 499
«70 =415
« 75 -.313
+80 =.200
+85 =-.091
+ 90 2007
+35 «085
RUNM 144n%
M «E96
ALPHA  3.00
PO 10220,
RF 2.11Fk
[} 2509,
X/C CP+
.01 NoL
«05 =1.661
«10 ~1.671
«15 =1.607
«20 =1.5A2
+25 =1.534
« 50 -1.50A
<35 =1.51A
40 ~1.406
45 - 58%
50 ~-.87R
55 -.63
+60 -. 645
«65 -.589
+ 70 -, 471
« T8 -.337
«A0 -.200
« 8% -, 075
90 W N32
95 LA10

[ECHNICAL LIBRARY

2015
«310

CPIM-

~5,002
~-2.356
-1.596
-1.041
=636
~-e359
-317
124
43
503
«TJ27
«807
«821
1,079
«151

1 -2““
1.202
1.166
.836
450

AQUAST=TMSTAT,

TABLE 4.7
c2 1) STAT. INSTAT,
FREQ 80, RE
K 262 cL  .290 1,35%
CM  ,071 096
UPPERSIDE LOWERSIDE
M+ CPRE+ CPIM+ cP= M- CPRE~-
502 «9,118 4,392 248 431 5,363
+ 760 -8,.298 2,528 -,u4n00 +598 S5.7Tu2
+692 -6,065 1,829 =-,402 +598 3.3490
+666 -2,099 -.165 -,408 600 3.630
+653 =3.772 LTHR =418 +602 3,043
E49 -3.161 +289 -,436 +606 2.558
«653 =2.8686 =023 =,431 «605 2.217
«6u3 -2,839 =a250 ~-,u441 «608 2.911
642 =2.,251 -+ 357 ~,u52 «610 2.8279
«+63% =1,996 LYY -,451 «5810 2.216
638 -1,819 =356 ~,402 598 2.062
636 -1.352 =s610 ~.304 «575 1.573
+631 ~1.,034 643 ~,206 +551 1,132
621 -, 663 -~ 64% =,089 521 1.0058
«601 =.526 =.690 026 491 «177
577 -.321 - THE 128 JHBU .999
«549 -.102 -s T49 .209 LY 1.125
521 - 057 = T1l4 266 425 1.367
496 =,158 =561 «299 1416 .932
TS ~. 481 - 048 301 1S 488
TABLE 4,8
ro 50 <TAT.
FREQ n. RF
X D.nno el .715 3,250
cM .074 .373
UPPERSTIDE LOWERSTDE
M+ CPRE+ CPTM+ cP- M- CPRE -
J59% -5,500 o,00n 601 449 6.4T4
1.398 -7.219 0.00n «.092 TR 7.907
1,403 =7.850 n.onn -.201 «T7A 6.704
1.364 -g.021 n.onp  .,258 . 794 LT
1344 -8.308 0,000 -.312 810 5,388
1,331 -9.989 .00 <.355 831 5.042
1.316 =11.803 n,ann <, 173 837 4.813
1.321 =22.74& n,ann -, up% « 851 4.183
1.266 =-57.64n 0,000 -.u53 568 3.8%6
.918 -u4.790 n,onn -,ugs 872 3.323
915 1.31r8 0,000 =,412 «8%2 2.922
936 Q.R2A f.600  -,29Q .806 2.177
941 ALRBD q.000 -.19 760 1.604
.920 5.21u 0.0N0  ~.004 713 1.261
+875 2.693% 0.000 079 +666 1.08%
A2 1.318 o000 180 625 974
772 458 f.00n 267 .592 .917
775 -. 087 0.00n 324 .569 .859
.GAY -.286 0.0nn 356 556 JT45
5653 -.286 0.00n 110 .557 630

™
n.ann
fa,o00n

(PTM-

n.onn
n.onn
n.onn
n.ann
0.ann
n.o6n
n.oon
0,000
0.000
n.onn
n.econ
n.oon
n.0nn
o.onn
n,.o00n
a,0nn
0,060
n.oen
n.oon
a.00n0



JUN 3H05

“ 696
ALPHA 3.00
(4] o220,
RE 2,114
W 2505,
X/C CP+
«01 «0Ul
«05 ~1ls66Y
« 10 =1,582
«15 -1.622
220 ~1.572
.25 -1,534
<30 1,478
« 59 -1,463
a9 -1.122
L - 720
«50 =624
«55 =622
«60 -a531
65 -5T9
« 70 - 464
|75 ‘1535
«RO -.134
« A5 -~ 073
- 1] -03%
«95 112
ARUN 3905

M « 696
aLPHA 5,00
2] 1n22n.,
HE 2.11E¢
o 2509,
xX/C CP+
01 013
« 05 ~1+665
.10 ~1,685
«15 -1.622
«20 -1,554
«25 -1,51%2
« 30 =1.453
«35 -1.,229
40 =1.%10
45 -e931
+50 -y 746
«55 ~e6h9
«60 =.610
65 -.552
«T0 “ 446
+ 75 -.320
<80 -+190
« 45 -.070
<90 «0351
« 95 107

|ECHNICAL LIBRARY
TABLE 4.9
cez 42 STAT,
FREY 30, R
K 072 cL .70% 2.
cM  .072 .

JPPLRSIUE LOWERSIDE

4 CPRE+ CPIM+ cp- M-

L6995 -4, 68 1.563 605 L4u7
1,398 -6,156 1.863 -,084 .7248
1.405 -9,320 1.586 =-.200 772
1.572 -9,.811 1.036 =-.2%9 794
1.346 -9,3516 2.170 -,315 .815
1.376 -8.71% 2.920 -,.564 833
1.298 <10.091 5,812 =,385 841
1.290 =19.29% 8,129 =,413 .B52
1.134%  =~74,u21 40,662 -,444 +B869

L9693 =34,.136 3,267 =,466 .872

930 - 667 “E.649 ~.410 .851

L,931 10,303 -6,919 -,289 .805

L34 8.852 =5.,420 =-.170 L7600

,914 5.066 =3.002 ~-.044 713

a71 2,834 -1,691 079 686

WA21 1.974 ~1,062 .183 «625

L 770 1.026 - 487 . 264 .593

123 435 -¢3632 323 . 569

633 022 - 473 . 354 556

852 -.369 -.596 353 .557

TABLE L.10
c2 .98 STAT.
FREw 3U. R
a 072 cL .702 2.
cM  ,D72 .

URPPERSINE LOWERSIDE

M+ CPRE+ CPIM+ cp- M=

.h91 -4,0n% 1,351 604 JHUT
1.3%99 -5.628 1+316 -.084 724
1,411 +8,.972 1,172 -,202 .773
1.375 ~7.5u3 1.655 -.263 . 796
1.339 -6.761 2.275% =.319 817
1.317 -B.630 2.748 -,367 2535
1,288 -9,328 3.526 =.384 841
1.18% =31,991 17.920 =416 854
1,130 ~34.780 18,621 =,452 867
1.0 =23,733 10,022 -.468 873

.981 -7.737 =t.004 -,u413 853

L9950 2.002 -3.133 -,292 807

L9277 6.394% =4,290 =-,172 «762

405 5.U93 =2.,865 =, 046 .71

865 3,157 =1.R10 077 +667

817 1.579 -.900 182 626

.7h8B 796 - 447 262 594

.723 LS | -,279 320 571

684 -, 086 -.333 351 .558

.655 ~a119 -.558 351 .558

INSTAT.
€
82
296

CPRE~

4,478
65.187
4,633
4,308
3,680
3,468
2,353
3,845
4,448
3,831
3,454
2.530
2.305
1,458

. 353
1,675
1,795
1.526
1.565
1.153

INSTAT,
£
853
306

CPRE-

3. 721
5.863
4,267
4,323
3,697
3,240
5,033
3,633
3.728
3,395
3,030
2.511
1,798
1,468

312
1,271
1,531
1,568
1,191
1.02%

M
-.90
106

CPIM~

-2.328
-2.665
2,476
=2.07H
-2.034%
=1,999
-2,017
~1.367
=-1,226
=1.196
=-+855
-~ 647
=552
-.322
-+333
+ 065
192
«310
068
=-+261

M
-.288
003

CPIM-

-2.10%9
=2.194
-2.,127
=1.770
-1,785
~1.,686
=1,784
=-1.288
-1.081
-1.059
- 792
=.956
=410
=248
- 349
-,002
+»130
171

« 037
=-.280
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RUN 22705

M 1595
ALRHA 3,00
Ly 10265.

HE 2.12E6
8] 2511,
X0 CP+
01 #0310
15 ~1+657
10 =1l.h67
15 ~1l.604
«20 -1.557
+25 -1,520
« 30 =1.458
« 45 -1.454
I -1.0%3
L] =.bAT
« 50 =608
«5% -s62b
B0 -39
« 69 =545
« 70 =463
« 75 - e384
« A0 =-.+199
aHY - 07%
« 90 «032
eYh s112
RUN 1gynhp

" L TUY

ALPHA A5
PO 10332,

RE 2.22€6
Q 2772.
X/C cP+
.01 .32%
.05 -1.1n1
18 -+, 160
15 =1.113
.20 -1,079
25 -1.060
230 21,047
<35 -1._na7
40 21,039
A5 21,046
G50 .1.062
«55  =1.045
.60 -1.0m1
+E65 -.788
.70 -.443
W T6 -.3n7
-1 -.178
+85 -.N54
.90 .Ne3
.95 162
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TABLE 4,11
o 5%
FREw &0,
I3 192
UPHERSINE
M CPRE+ CPIM+
69l -2.639 l.667
1.389 4,196 24194
1,395 -3.5680 1,892
1,361 -6.755 3,486
1,336 =5.544 3,449
1,317 -5,148 3,809
1,291 =3.917 54595
1.2A4 -h, 493 12,094
1.122 =18.141 42,5695
L9593 ~12,998 9,450
924 -2.708 -5.711
L9351 1.511 =7.352
T 1,749 -5,694
916 1.457 ~3.256
A71 B74 =-2,002
021 7359 -1.362
JT70 690 -.849
L7235 1.1 -+510
«hB2 .125 -. 354
652 -. 284 -.290
TABLE &4.12
02 .50
FREQ N.
K 6.000
UBPFRCTNF
M+ CPRE+ CPIM+
607 -5.214 n, 000
1,229 =11,.23¢ n.oon
1.259 ~8.652 n.oen
1.2358 =10.943% n.0nn
1.217 =14 ,897 n,nnn
1.208 -19.022 n.onn
1.201  -21,9u4y a.0nn
1,197 <1g.335 n.0nn
1.197 -18.3%92 a.0nn
1.201  .19.194 0,000
1.209 -17.762 a,.90n
1.2011  -16.157 n.0nn
1,179 «12.777 n,oan
1.078 ~14.510 n,onn
927 2.349 n,onn
.871 1.375 a,unn
817 -.286 0,000
766 =-.516 g.0nn
.718 401 n,o0an
677 2.005 n.onon

STAT, INSTAT,
RE M
CL 694 1,541 -.989
c1 .0r2 «210 «087
LOWERSIUE
Cp= M- CPRE=- CPIM-

« 399 «44d 2,724 =l.662
-4 095 730 3,438 =1.706
-,206 $ 772 2,436 -.985
=267 « 795 2,347 -,805
-,323 «81l6 2.223 =693
~+368 <833 1.997 =502
~.390 « 241 1.267 «136
- #17 852 2.171 -.180
=453 «86%9 2.¢66 =572
'0473 .372 2-020 '0199
-, 415 851 1.879 =-,002
=294 «B05 1,507 «163
173 760 1.210 254
s Iy W T11 1.104 L4418

«078 +665 «225 087

«182 «6H2Y% 1.358 U411

« 264 +592 1,582 « 293

« 324 567 1.870 s2u7

« 355 +355 1.404% 036

« 354 « 555 «TBA =166

STAT. QUAET -INSTAT.
RE ™
clL 481 3.522 D.000
cM  .108 1,239 n.ooo
LOWFRSTNE
cP- M- CPRE - CPIM-

LAR2 60U 8.193 n.onn
~.438 « 924 t1.001 n.ean
- 484 U5 2.6083 g.00n
-5tk +9RG 7.965% n.onn
-.564 «379 7.735 n,o0nn
~«612 1,000 8.652 n.ean
-.624 1.0Nn5 T.047 n,onn
=-.651 1,nm17 7.907 n,00n
-.RTH 1,028 T.047 n,uon
-.660 1.n21 5,157 r.onn
~.587 977 u.125 n,ann
-.358 892 2.235 n,o0nn
-.184 <820 2.005% n.0nn
=.N34 » 754 1.662 n.onn

099 703 1.662 o,o0n

. 205 .658 2.605 0,000

281 +626 1.8 0,000

342 600 1.891 n.onn

- 389 «581 2.120 a.00n

395 «+57% 2.177 n,onn
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TABLE 4.13

RIIN 96048
™M o TUY ca 46 STAT. INSTAT.
ALPHA «h5 FREQ 30. RE
PO 10380, K .068 cL  .463 2.710
RE 2.,23Ea cM  .105 157
] 2785,

UPPERSIDE LOWERSIDE
XsC CP+ M4 CPHE + CPIM+ cp- M~ CPRE~-
.01 +329  ,605  =3,4845 1.210 .332 LE04 4,500
.05 ~1,093 1,225 ~8.934 2.739 -.435 924 7.494
.10 -1,153 1.257 -B.638 1.809 =,486 . 945 6.085%
W15 1,111 1,234 -8,.954 1,699 «,517 . 959 6,092
W20 =1,062 1.210 =7,623 3,184 -,566  ,980 5,631
«25  =1.041 1,199  -8,752 3,917 =,619 1,005 5,684
W30 +1.023  3.190 =10.687 4,692 =.627 1.006 6,345
o35 =1,007 1.138% =12,728 fel138 ~-.652 1,017 6.361
+40 -1.012 1,185 -12,752 7,085 -,687 1,032 5,064
45  -1,011 1,18% =14.213 B8.315 =.665 1,023 3,797
.50  -1,007 1,182 =18,586 11,621 =.564 .979 2,687
5% =1,030 1,194 =13,956 5,802 =-,360 892 LB16
W60 =1.030 1.19%  ~9,447 1.031 -,187 .821 .393
+65 -.722 1,049 20,134 =12.,438 ~-,035 .758 049
<70 —rt ,931 6.371  =4,040 096 704 L111
.75 -,297 JBET 3,078  =1,59%  .200 66D 1,217
.80 -.168 L8113 1.813 -.455% .276 628 1,495
.85 .04l LTau4 563 -.076 337 602 1.636
+90 061 LT19 - .6M6 -.127 ,375 589 1,032
. 9% W180 JBAZ =1,429 -.302  .387 . 580 319
TABLE %.14

AUN 6708

M o T4 c2 +61 STAT. INSTAT.
ALPHA «85 FREQ 80, RE

PO 10333, K 181 cL 471 1.498

KE 2.22E8 CM  .10% 238

Q 2770,

UPPERSIDE LOWERSIDE

X/C CP+ M+ CPRE+ CPIM+ cP- M- CPRE-
.01 +323 ,608  -2.483 1.472 ,338 .601 2,747
«05 =1.107 1.231 -6.763 3.710 ~.428 921 3,509
«10 =1.,167 1.263  -3,525 1,841 -, 48% TN 3,170
.18  =1,125 1,240 ~5.456 2,970 -.511 + 956 3,285
20 =1.077 1,216  =4,065 3,026 =-.563 ,978 3,051
W25 =1.0%% 1.207  -4,067 3.493 -,607 997 2,954
«30  =1,041 1,198  -4,510 4,794 =-,622 1,003 3,645
3% =1,032 1.193% -4,300 6,034 -.642 1,012 3.599
+40  =1,032 1,193 =3,802 6.416 =-.677 1,028 2,839
45 =1.031 1,193 -3.531 7,356 =.657 1,019 2,138
.50 =1,015 1,185 =2,966 10,747 ~,558 976 1,38%
W55 =1,014% 1.18% =S5.064 9,904 ~-,359 892 557
+60 -.99% 1,175 -6.75% 1.791 -.187 820 239
65 =675 1,027 -4.213 =-1%,659 -,035 ,758 135
+70 -.450 .930 572 =6,041 096 704 .092
.75 ~.303 L8589 1,383 =2,949 202 659 1.319
.80 -.171 814 1.351 =1,.849 .278 627 1.716
.85 -, 050 .TB4 .889  ~-1,202 339 601 1,907
.90 +080 719 -.004% -.405  .380 «583 1.053
+95 149 682 -.771 330 .588 579 302

M

=914

+074

CPIM-

=-2.394
=2.975
-2.661
-2.,130
=2,170
2,346
-1.730
=1.423
=1,614%
=-1.090
-.537
.038
.102
«119
-, 043
+5352
433
497
«167
~s168

IM
-+586
«25%

CPIM-

=1.772
-2.291
-1.587
'10“59
-1.256
=1.079
~.T63
252
183
H471
1.238
1,266
1,13%
1,316
v222

« 44
483
«359
«295
.269

413
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TABLE L.15

Pressure distributions for NLR 7301 with control surface and transition strip at x/c = .07
ZERD FREGQUENCY TEST DATA NLR 7301 WITH OSCILLATIKG FLAP

X/c CP+
010 <121
<030 -.940
.050 -.873
<100 -.627
.150 -.568
.200 -.544
.250 -.5313
<300 -.523
350 -.511
<400 -.509
<450 -.504
+500 -.500
550 -.489
600 -.469
. 650 -.421
2700 -.340
.725 -.286
£760 -.271
775 -.235
.800 -.171
850 -.067
900 .020
950 097
TEST DATA
MEETRUNNR. 250
HACH .503
Q [PA] 15004
RE 1.69E6
HARM 1
IDENTNR. 10

UPPERSIDE LOWERSIDE
M+ CPRE+ CPIM+ CP~ M~
<470 -2.B1l6 +000 067 485
«730 ~4.084 L0000 =-.467 619
« 715 ~3.457 .000 =.535 <636
657 -2.129 000 ~.45635 619
vbh4 -1.839 -000 =.468 <620
+638 ~1.718 -000 -.474 «621
1635 =1.670 000 =-.481 2623
«633 -1.622 +000  ~.489 +625
2630 =1.397 000 =-.485 <624
+630 -l.621 000 -.496 +626
628 -1.597 <000 -.483 +623
» 627 -1.693 000 -.430 611
«625 ~1.766 .000 =-.328 +586
«620 ~1.958 000 =-.222 « 360
«608 -2.102 «000 -.109 +531
« 589 -2.389 000 008 501
«5376 -2.509 000 «053 4B
«572 =3.496 000 115 472
«563 -2.580 000 .138 4565
5347 -1.761 000 174 +455
520 -1.013 «000 227 <440
«498 -+361 » 000 +259 431
<477 -+408 000 «269 428
HOLEL DATA OVERALL DATA
ALPHA «00 DEG.
DELTA «02 DEG. NORMAL FORCE CL
AMPL. «95 DEG. MOMENT(1/4C) CM
FREQ. «0 HZ FLAP FORCE RC
RFREQ 000 HIBGE MOWMENT NC
TABLE 4.16

CPRE-

3.157
3.189
2.607
2,207
1.846
1.706
1.646
1.645
1.645
1.685
L.786
1.807
1.768
1.770
1.812
1.854
14854
1.975
1.635
1.355

<955
1.016

+575

STEADY

«173
-058
0625
.0059

FUNDAMENTAL FREQUEKCY TEST DATA NLR 7301 WITH OSCILLATING FLAP

x/c CP+
.010 . 126
«030 -2 935
.050 -.867
.100 -.629
«150 - 570
+200 -.545
250 -2 534
. 300 -.522
+350 =512
« 400 ~.509
+450 503
+500 -.501
«550 -. 487
«600 -.470
+650 =421
.700 -.340
. 125 -.283
.760 -.269
.775 -.233
+800 -u172
« B850 -.067
«900 .022
« 550 .097
TEST DATA
MEETRUNNR. 253
MACH . 502
Q [PA] 15024
RE L. 69E6
HARM 1
IDENTHNR. 10

UPPERSIDE
M+ CPRE+
+469 ~-2.159
728 -3.015
.713 -.B883
658  =1,950
+ 643 -1.384
«.638 -1.238
-635 =1.237
«632 ~14363
.630 =1.362
«629  -1,290
+628 1425
«627  =1.551
624 -1.550
«620 -1.820
608 ~-1.954
388  =2.347
«574 =-2.416
W57F ~3.494
W562  =2,728
«547 =1,711
«520 -.301
«497 -.568
«476 - 425
MODEL DATA
ALPHA .00
DELTA .02
AMPL. .97
FREQ. 30.0
RFREQ .09

LOWERSIDE

CPIM+ CP- M- CPRE-
1.234 «069 «GB4 2,243
1.557 -—.464 .618 2.675
l-411 =,531 «634 +973
987 =.4712 «620 1.500
«755 =.471 . 620 1.389
«629 =.474 621 1.321
+629 -.483 +623 1.201
«483 -.4B8 624 <976
«484 - 488 « 624 1.306
+421 -.497 626 1.419
411 =,483 . 623 1.418
«266 ~.431 610 1.521
.266 =-.328 +585 1.622
«247 =.222 »559 1.776
«23% =,107 «530 1.929
«078 009 «500 1.970
144 057 W4B7 1.875
072 117 471 2,123
-u215 140 <465 1.788
-.213 «174 «455 1.565
-.159 228 Y] 1.119
-. 069 »261 430 955
-.194 270 428 517

OVERALL DATA
STEADY
DEG.

DEG. NORMAL FORCE CL 172

DEG. MOMENT(1/4C) CM .058
HZ FLAP FORCE RC «0625
g HINGE MOMENT NC . 0059

CPIM=-

000
» 000
000
» 000
- 000
- QUO
- 000
. 000
000
. 000
000
. 000
.000
000
000
<000
-000
=000
000
- 000
000
000
»000

UNSTEADY

RE
1.090
+393
«1634
«0248

CPIM~

-1.519
-1.422
-1.323
-+B60
-«839
-.673
-+568
~«384
- 447
-. 439
- 439
-+ 320
=-.201
~e024
o152
319

« 205
492
<471
456

« 429
»362

. 225

M

000
000
<0000
« 0000

UNSTEADY

RE

927
« 418
«1705
«0255

IM

-.197

«065
-0376
-0077



ZERO FREQUENCY

[ECHNICAL LIBRARY

TABLE 4.17

TEST DATA KLR 7301 WITH OSCILLATING FLAP

UPPERSIDE
x/c CP+ M+ c
.010 .009  .699 -
«030 ~1.467 1.312 -
-050  ~1.597 1.381 -1
J100 -1.562 1.361 -1
+150 =1.501 1.329 =1
«200  -1.459 1.367 =1
<250 =1.430 1.293 -2
£300 =1.302 1.230 =-10
350 ~.8%7 1.035 =23
.600 =633 .945 =3
-450 -0 616 .939
.500 -.641 . 949
.550 - 638  .947 -
.600 -, 605  .934 -1
.650 ~.506 896 -1l
.700 - 381 .848 -1
L725 2307 4819 =2
+760 -e252 .799 =2
.775 =217 .785 -1
800 -.152 .760 -1
850 ~.042  .718 -
.900 -044  .68S -
+950 106 .661 -1
TEST DATA MODEL
MEETRUNNR. 129 ALFHA
MACH .702 DELTA
qQ [PA) 25035 AMPL.
RE 2. 14E6 FREQ.
HARM 1 RFREQ
IDENTNR. 5

PRE+ CPIN+
<832 +000
<984 «000
214 +000
L078 « 000
345 <600
522 . 000
W411 «000
«641 . 000
.19% . 000
2794 «000
o741 000
.823 000
2449 000
+202 .000
+ 699 «000
<984 . 000
«121 <000
+488 . 000
.B13 000
.168 . 000
« 743 . 000
. 785 . 000
. 093 «000
DATA
3.00 DEG.
=208 DEG.

+95 DEG.

«0 HZ

« 000

TABLE 4,18

LOWERSIDE
CP~- M-
2583 .46l
C055  .681
- 107 .743
-.208  .782
-.259 .80l
-.312 .82l
-.356  .838
-.380  .847
-~ 424 864
- 466 .880
-+ 476 L8B4
-.423  .864
-.304  .818
- 188 .774
-.062  .726
063 «678
L7 L6557
178 .33
£205  .622
<245 606
.305  .582
L338  .568
.337  .568
OVERALL DATA

NORMAL FORCE
MOMENT (1/4C)
FLAP FORCE

HINGE MOMENT

CL
CM
RC
NC

FUNDAMENTAL FREQUENCY TEST DATA NLR 7301 WITE OSCILLATING FLAP

X/c CP+
010 006
030 ~l.472
050 -1.6006
100 -1.559
. 150 -1.500
+200 ~1a457
V250 ~la426
« 300 -1.272
2350 -.880
<400 -+ 652
450 -.622
.500 -e 640
+550 -.636
<600 -+599
650 -+503
« 700 ~.379
725 ~-.307
«760 ~a255
775 ~a217
2 BOD -.151
. 850 - 042
900 040
+950 .098
TEST DATA
MEETRUNNR. 120
MACH 701
Q [PA] 25006
RE 2, 14E6
HARM 1

IDENTHNR. 5

UPPERSIDE
M+ CPRE+ CPIM+
. 699 -.709 .568
1.312 -.982 2945
1,380  =i.121 835
1.358 -.887 2765
1.326 =1.11%6 .992
1,305 ~1.220 1.009%
1,289  ~1.726 1,507
1.215  =5.784 4,585
1.043 =17.495 104740
1952 <5.238 4628
=940 -.373  -1.670
$947 -.030 -1.932
. 946 -.898  =1.355
.931  -1.503 -2 841
.894  ~1.768 -.536
<846 ~2,052 -.540
$Bl9  -2.146 -.419
£799  -2.621 -.252
.786  -1.908 - 640
+759  -1.138 -e595
.718 -.629 -4342
.686 -.824 -.189
$663 -1.304 -.159
MODEL DATA
ALPHA  3.00 DEG.
DELTA «03 DEG.
AMPL. =97 DEG.
FREQ. 30.0 Rz
RFREQ <071

LOWERSIDE
CP=- M~
« 584 460
«G5% +679
- 105 L 742
-.207 781
-.258 « 800
=-.310 «+H20
=356 837
-+379 846
-~ 422 863
-+ 462 .878
- b T4 .883
- 422 «863
-.3401 516
-.181 F71
-.058 « 724
«066 «676
118 « 656
«173 «634
202 «B22
w243 «606
. 304 =582
337 568
» 334 569

COVERALL DATA

NORMAL FORCE
MOMERT (1l /4C)
FLAP FORCE

HINGE MOMENT

CL
cM
RC
NC

415
CPRE=- CPIM-

1,305 - 000

1.750¢ < 000G

1.7715 - 000

1.574 . 000

1.550 . 000

1.614 «000

L.644 «000

1.683 -000

1.890 « 000

2,258 « 000

24263 000

2.263 000

1.914 « 000

1.957 <00

1.971 - 000

2.034 000

2.063 . 000

2.235 <G00

1.847 - 000

1.503 « 000

1.110 . 000

<874 000

<421 . 000
STEADY UNSTEADY

RE IM
»593 l.410 000
052 <484 000
«0745 1615 0000
0073 «0282 0000
CPRE- CPIM~

« 940 -+829
1.855 -+ 894

«G46 -1.057

«762 -.933

985 -. 926
l1.000 -.B86
1.097 ~554
1.193 =853
1.421 -+861
1.519 -+ 885
1. 744 -+ 846
1.871 -+679
1.933 =.495
1.990 -.339
2,068 -. 186
2.186 -+ 0630
2,181 ~-.U70
2.488 + 089
1.1506 w254
l.7063 289
1.381 » 254
1.025 219

<451 .G78
STEADY UNSTEADY
RE IM

=395 1.213 -+ 350
-053 - 516 «069
0746 «1783 0384
0073 +0316 + 0068



416

ZERC FREQUENCY

X/c CP+
.010 «329
+030 -.958

- 050 -1.016
«100 =-1.092
.150 =-1.034
«200 -1.008
+250 -.976
L300 -.956
+350 -a937
<400 -.918
450 =872
«500 =748
«550 -+762
«600 =-.626
«650 -.519

. 700 -.380

W 725 -+299
«760 -.249

« 775 =-2214
800 -s143
«850 -+024

- 900 073
+950 142
TEST DATA
MEETRUBNNR. 160
MACH 754
q [PA]) 27504
RE 2.23E6
HARM 1
IDENTKR . 6

[ECHNICAL LIBRARY

TAELE %.19

TEST DATA NLR 7301 WITH OSCILLATING FLAP

UPPE
M+

<613
1.178
1.207
Le246
1.216
l.203
1.186
1.177
1.167
1.158
1.136
l.077
1.083
1.022
974
914
. 880
- 859
844
«814
764
-723
694

RSIDE
CPRE+ CPIM+
-.993 . 000
-1.801 . 000
~1.983 L0060
-1.542 . 000
-2.036 .000
~2.465 .000
-3.181 000
~4,652 .000
-8.831 L000
-8.427 £000
-8.701 «G00
-9.521 + 000
-7.920 £ 000
-5.886 . 000
-1.835 +000
-2.003 .000
“2.145 . 00C
-2.340 .000
-1.779 000
-1.193 . 000

-.710 000
-.917 . 000
-1.268 . 000

MODEL DATA

ALPHA +85 DEG.

DELTA +01 DEG.

AMPL. .96 DEG.

FREQ. .0 Hz

RFREQ L0006

TABLE L4.20

cp=-

312
-.287
-e451
-.512
-+531
-+582
~-623
=671
-.6%0
-e732
-.701
-.384
-.376
~.204
-.058

«077

.132

201

+228

<268

+ 330

369

<372

OVERALL

NORMAL
MOMERT (
FLAP FO

LOWERSIDE

M=

621
- 874
« 945
=971
+979
1.002
1.020
1.042
1.051
1.070
1,055
1.003
912
+839
778
<721
+698
«669
657
+640
613
«596
«594

DATA

FORCE
1/4C)
RCE

HINGE MOUMENT

CL

RC
NC

CPRE~

1.591
2-148
2.308
2.319
2.167
2,383
2.458
3.4
3.920
4.483
7.333
3.770
24504
2,268
2.313
2.401
24607
2.467
2.142
1.850
1.482
1.169

<670

STEADY

<352
076
0761
0073

FUNDAMENTAL FREQUENCY TEST DATA NLR 7301 WITH OSCILLATING FLAP

X/c CP+
.010 » 329
«030 =956
050 -1.017
» 100 -1.090
150 -1.033
.200 -1.001
.250 -.975
« 300 =,951
350 -.928
400 -.871
450 - 834
+ 500 -+ 800
»550 -.763
«600 -.679
650 =e512
+700 -.371
2725 ~.295
760 -.238
<175 -.205
+ 800 -.137
. 850 -.022
500 068
+950 .136
TEST DATA
MEETRUNNR. 148
MACH 755
Q [PA] 27538
RE 2., 23E6
HARM 1

IDENTNR. 6

UPPERSIDE
M+ CPRE+ CPIM+
614 - 452 .624

1.178 -.579 1.044

1.209 -.284 .625

1.247 -+ 330 «919

1.217 479 1.215

1.201 ~.534 1,459

1.188 -.699 1.853

1.178 ~eB77 2.524

1-165 =1.392 4.194

1,137 =3.247 B.476

1119 =4.806 9,156

1.103 =7.826 6.778

1.085 =10.508 1.371

1,047 =B.004 =3.403
2972 2,002  -1.180
W11 -2.063 - 648
<879 -2.294 -.385
.855  -2.377 -.176
+841 =1.704 —+615
.812 -.909 -.563
o764 -.514 =296
«726  -1.028 -.251
.698  =1,804 -.264

MODEL DATA

ALPHA -85 DEG.
DELTA .01 DEG.
AMPL. .95 DEG.
FREG. 30.0 HZ
RFREQ .067

LOWERSIDE
cp- M- CPRE~
314 L8621 + 938
-.287 +875 le420
-.452 %46 265
-.512 972 404
-.530 980 586
-+575 1.000 . 680
-.621 1,020 .858
-«672 1.044 .939
-.689 1.051 1.909
-.728 1.069 2414
=720 1.U65 5.145
-.583 1.004 3.172
-«377 <914 2,132
-+207 . 842 1.983
=.059 .77% 2.122
.078 .722 2.323
+131 . 700 24299
+201 669 2.342
.227 658 2.177
+267 b4l 1.921
330 Bl4 1.551
369 . 596 l1.122
<372 595 447

OVERALL DATA

STEADY
HORMAL FORCE CL . 350
MOMENT (1/4C) CM 076
FLAP FORCE RC 0759
HINGE MOMENT NC L0074

CPIk~-

- 000
+000
»000
000
000
000
000
000
« 000
+ 000
<000
«0G0
. 000
000
2000
000
. 000
000
- Uou
- 000
0G0
« 000
+000

UNSTEADY

RE
2.043
«Bld
1870
«0345

CPIM=-

-1.128
-1.568
-1.187
-1.290
-1.325
-1.378
~l.467
-1.819
-2.222
-2.168
-2.934
~1.336
- 490
~.359
-.282
-.229
-.277
-.176
-. 028
-.000

+ 0286
-.G73
-, 195

IM

- 600
«000
- 0000
0000

UNSTEADY

RE
14325
+ 781
1877
+ 0362

IM
-+ 826
=+120

-0195

» 0032



FIRST HARMONIC
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TABLE L4.21

TEST DATA NLR 7301 WITH

LIBRARY

OSCILLATING FLAP

UPPERSIDE LOWERSIDE
x/c CP+ M+ CPRE+ CPIM+ cP- M- CPRE- CPIM-
010 .329 .614 ~.015 -015  .313 .62l -.047 -.066
.030 ~.956 1.178 -.048 042 =-,288 875 -.045 -.018
+050  -1.014 1.207 -.007 -.005 =.452  .946 .016 .011
£100  -1.090 1.247 .008 +005 -.512  .972 -.043 .001
«150 =1.033 1.217 -.027 o026 ~.531 +980 -.033 -.010
+200 -.999 1.199 -.030 «063 =.574 999 -.058 -.012
.250 ~.974 1.186 -.105 <153 -.621 1.020 -.111 -.015
-300 -.954 1.177 -.139 2242 =.674 1.044 -.039 -+ 088
.350 -+930 1.165 -.507 -848 -.690 1.051 -.149 ~.191
»400 -.873 1.137 -2.026 2.922 -.727 1.068 -.182 -.189
«450 ~.830 1.117  =2.427 -.632 -.719 1.064 .968 -.052
<500 =795 1.100 =-1.356 =4.594 -.582 1.003 +159 .015
.550 -.761 1.084 2.920 =3.489 -.374 .912 .012 044
.600 ~674 1.044 2,237 2.641 =-,202 <839 .031 .001
+650 =510 .971 <267 «514 =~.056 .778 067 <029
«700 -.371 .911 -.110 «211 078 .721 -105 012
725 -.295  .879 -.182 029 .131 +699 -.016 -.010
+760 -.23%  .855 -.202 -.082 .202 “669 .092 +003
775 -.206 »B41 ~4+339 -.126  ,227 $658 .076 -.015
800 -.137  .812 -.250 -.159 267 .64] -058 -.009
-850 -.021 «763 -.062 -.020 .330 .613 . 008 . 000
-900 «06%  .725 .162 .196 -369  .596 -.001 -020
.950 +135 .697 «237 .257 «372 .595 .040 014
TEST DATA MODEL DATA OVERALL DATA
STEADY
MEETRUNNR. L[49 ALPHA .85 DEG. RE
MACH « 754 DELTA .02 DEG.  NORMAL FORCE CL  .350 <037
Q (PA} 27528 AMPL., «95 DEG.  MOMENT(1/4C) CM  .076 -. 004
RE 2.23E6 FREQ. 30.0 HZ FLAP FORCE RC  .0759 .0033
HARM 2 RFREQ + 067 HINGE MOMENT NC  .0074 -,0013
IDENTNR. 6
TABLE 4,22
SECOND HARMONIC TEST DATA NLR 7301 WITH OSCILLATING FLAP
UPPERSIDE LOWERSIDE
X/c CP+ M+ CPRE+ CPIM+ CP- M- CPRE~ CPIM-
.0l0 2329 .6l4 .022 026 £313 .621 025 -.057
.030 -.955 1.178 -.032 <091 =-.286 .875 +068 -.051
.050 =-1.014 1.207 -.008 046 =.452 946 025 -.030
100 -1.091 1.247 -.000 «024 =.511 .972 -025 +005
W150 ~1.034 1.217 -.017 «030 -.530 .980 .038 -.003
2200 ~=1.001 1.201 .001 .062 =-.575 1.000 -023 - 001
.250 -.972 1.186 -.007 043 =.620 }.020 «026 -0LB
300 ~e951 1.175 -.005 +118 -.671 1.043 .031 .007
«350 -.928 1.164 -.139 +317 -.689 1.051 L087 «060
400 -.870 1.136 =1.110 1.159 =.727 1.068 .152 -107
.450 -.829 1.116 +502 =2.189 =-.719 1.065 . 338 -.033
+500 -.805 1.105 1.07% ~+719 -.582 1.003 L047 .135
.550 -.755 1.082 -.963 2.435 =.373 $912 004 -108
.600 -.671 1.043 -.322 ~-1.877 -.201 «839 .021 .106
L650 -.511 .972 - il7 -489 -.057 .779 .006 <111
.700 - 371 .911 «001 211 078 L722 .020 <112
<725 -.295 .879 -.004 -.119  .132 +699 017 -113
+760 -.239  .B55 «060 -.062 .20l <669 .011 «102
.775 -.206  .841 «043 =015 .228  .6S8 .011 S114
.B00 -.136 812 .054 -.009  .268  .641 .026 -100
-850 -.022  .764 .022 -.056 .330 .613 .011 .093
.900 .069  .725 -013 155 .369  .596 -.006 <054
+950 +136  .697 ~.078 -.150  .372  .595 -.028 .037
TEST DATA MODEL DATA OVERALL DATA
STEADY

MEETRUNNR. 150 ALPHA +85 DEG. RE

MACH «755 DELTA .02 DEG. NORMAL FORCE CL «350 +031

Q [PA) 27537 AMPL. -+ .95 DEG. MOMENT(1/4C) CM  .076 <011

RE 2.23E6 FREQ. 30.0 BHZ FLAP FORCE RC  .0759 =.0005
HARM 3 RFREQ +067 HINGE MOMENT NC  .0074 .0001

IDENTNR.

6

UNSTEADY

UNSTEADY

4-17

-.0034
-.0021

043
+044
0117
«0029
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TABLE 4,23

FUNDAMENTAL FREQUENCY TEST DATA NLR 7301 WITH OSCILLATING FLAP

UPPERSIDE LOWERSIDE
X/c CP+ M+ CPRE+ CPIM+ CP=- M= CPRE~ CPIM-
010 334 «613 » 156 -.688 «316 «621 =1.050 1.042
«030 =+946 1.177 465 -1.072 =-,285 877 =1.841 1.397
« 050 -1.006 1.207 =150 --692 =-.452 « 348 -e922 «636
-100 -1.083 1.247 «l22 =+ 703 <-.511 974 =1.242 +505
+ 150 ~1.026 1.217 «099 -«809 =.530 982 -1.559 244
200 =993 1.200 -» 103 -+925 =~=.573 1.001 -1.835 =147
+250 -.966 1.187 -.332 ~1.0%4 «,616 1.021 =2.146 -. 784
«300 =945 1.176 -:560 =-l.161 =-.670 1.045 -2.018 =l.425
+350 -+925 1.166 ~+959 -1.320 ~-.680 1.050 ~1.886 =3.774
+400 -+896 1.152 -1.049 -1.833 =,712 1.065 w422 -5.230
«450 -.788 1.100 -+505 ~5.948 =-.733 1.074 5.262 ~6.610
«500 -+.695 1.057 7.227 ~1.821 =.572 1.001 6.297 ~1.647
+550 ~+687 1.053 7.596 3.866 -.365 911 4.839 2422
+600 -.661 1.041 + 002 10.300 -.199 840 3.657 +954
«650 ~e545 «989 ~7.826 7.013 =-.057 781 3.378 856
« 700 -.369 913 -6.432 +319 2070 727 3.207 «975
«725 -.299 + 883 ~5.431 -+581 «122 «705 2.887 1.038
+ 760 -.229 853 =5.075 =1.452 «196 673 2.809 1.223
« 775 -.198 -840 -4.991 ~1:792 «222 «662 2,675 1.415
800 -.132 812 -3.286 -2.022 +263 644 2.336 1.535
-850 -.020 765 ~l.446 -1.301 +326 617 1.657 1.782
» 900 070 727 -1.047 -+B4AS «364 «600 1.301 L.543
«950 135 «699 -1.397 =-.102 367 «598 «711 1.049
TEST DATA MODEL DATA OVERALL DATA

STEADY UNSTEADY

MEETRUNNR. 162 ALPHA -85 DEG. RE M
MACH « 756 DELTA ~+01 DEG. NORMAL FORCE CL «339 611 =-.102
Q [PA) 27637 AMPL . «90 DEG. MOMENT(1/4C) CM 073 « 740 -.024
RE 2.23E6 FREQ. 200.0 HZ FLAP FORCE RC «0743 2801 «»1832
HARM 1 RFREQ 445 HINGE MOMENT NC «+0073 «0443 « 0340

IDENTNR. 6
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Fig., 4.1 Effect of shock wave on the unsteady pressure distributions; pitching oscillation
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NLR 7301 AIRFOIL, UFPER SURFACE
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NLR 7301 AIRFOIL UPPER SURFACE
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Cl = 0.595
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Fig. 4.10 Transonic test section of the

Fig. 4.9 Theoretical and experimental "shock- NLR Pilot Tunnel
free" pressure distributions of the
NLR 7301 airfoil (free transition)
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Tunnel test section
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Pig. 4.13 Test set-up and instrumentation
of the NIR 7301 airfoil (Conf. A)
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DATA SET 5

NLR 7301 SUPERCRITICAL AIRFOIL OSCILLATORY PITCHING

by

Sanford 8. Davis, NASA Ames

INTRODIICTION AND DISCUSSION

Test data on the NLR 7301 supercritical airfoil were acquired concurrently with the NACA 64A010
data previously described in Data Set 2. The purpese of this Data Set is to tabulate numerical data from
those tests that can be associated with the AGARD CT Cases and to present an overview of certain para-
metric data trends. The test arrangement for this airfoil is the same as that described in Data Set 2
and is reproduced in Fig. 5-1.

Users of these data sould be aware of some differences in the methods of specifying the geometry
of the NLR supercritical airfoil whose general properties are described in Ref. 5.1. The differences be-
tween the original coordinates which, as given by Table 4.1 of Data Set 4, locate the sharp trailing edge
at X/C = 1.015, and the transformed coordinates given by Table 5 of Ref. 5,2 are explained in Data Set 4.
However, the coordinates usged to construct the model of the present tests were derived from the original
specification in yet another manner. As for the model of Data Set 4, the physical model of the present
tests was obtained by truncating the trailing edge of the original design at X/C = 1.0. But unlike the
model of Data Set 4, the chord was redefined as the line connecting the nose of the airfoil with the
bisection point of the truncated trailing edge. In effect, the design shape of the present model is the
game as that of the NLR model of Data Set 4 and, apart from the trailing-edge truncation, is the same
shape, as that defined in“Ref. 5.2 for the AGARD Computation Tests. However, because of the method of
defining the chord line, there is a slight difference in the definitions of incidence. The sensitivity
of the computed flow to the minor variations listed above is not expected to be a major problem, but the
analyst should be aware of their existence.

The data base for this airfoil is presented in Table 5.1 and consists of 95 parametric combinations.
The data subset corresponding to a pitching axis at 0.40c i3 listed in Table 5.2. The AGARD CT Cases
advocated in Ref. 5.2 do not precisely match the current data set. In Table 5.3 tests from the current
series are correlated with the AGARD CT Cases by matching similar mean flow conditions. The three flow
regimes selected are: ({1} a subcritical Mach number, (2) an off-degign flow condition with a strong shock
wave, and {3) the supercritical design point.

In these tests lower surface unsteady pressure data were sacrificed for the sake of increased upper
surface resolution. For this reason lift and moment data are not available. In Tables 5.4 to 5.23
first harmonic upper surface and steady pressure data for the 20 runs identified in Table 5.3 are repro-
duced from Ref. 5.3. Complete instantaneous pressure distributions are presented in Tables 5.24 and 5.25
for the high Reynolds number data associated with AGARD CT Cases 6 and 8.

In Figs, 5.2 to 5.10 the steady pressure distributions are shown, and certain parametric trends
are presented concerning the upper surface fundamental frequency pressure distribution. The picture that
emerges is one of a complex dynamic flow pattern that is sensitive to many parameters. More coordinated
research needs to be done before definitive data suitable for aercelastic applications become available.
Other supercritical airfoil data may bhe found in Data Set 4 and the references cited herein.

The effect of varying the frequency parameter alone is shown in Figs. 5.2 to 5.4, Figure 5.2
depicts a subsonic flow condition where the classical thin airfoil theory should remain valid. The
general trend confirms the flat plate theory ~- decreasing real portion and increasing imaginary portion
as frequency increases -- except for the curious dip just upstream of the 0.2¢ station. This phenomenon
is consistent with the full time-histories and comparison with other data {see Fig. 5.8) will show that
it is actually a viscous effect. (The dip in the mean pressure distribution at approximately 0.4c was
traced to a surface wave in the airfoil contour.} 1In Figq. 5.3 the Mach number and mean angle of attack
were increased enough to induce a strong shock wave with possible separation at the trailing edge. The
presgure distributions are dramatically different at the two frequencies shown. An especially important
point, one that cannot he stressed too strongly, is that the variation of unsteady lift and moment (not
gshown) may show erratic trends with frequency because of the balancing of positive and negative lobes in
the pressure distributions. More examples of this phenomenon are described in Refs. 5.4, 5.5 and 5.6.
Figure 5.4 completes this series by showing the variation of unsteady pressure distributions with frequency
at the supercritical design point. Unlike conventional airfeils, a broad, high level of unsteady loading
persists over the forward portion of the airfoil at low frequencies. The net effect is larger unsteady
loads on supercritical airfoils than that usuwally found on conventional airfoils.

The next series of three figures shows data trends with varying oscillation amplitude. Figure 5.5
indicates that the normalized oscillatory pressure distribution remains relatively invariant in subsonic
flow. This is a good indication of a linear response over the range indicated. Figure 5.6 shows only
minor departures from linearity up to o, = 1°, even with a strong shock wave present. Figure 5.7 shows
progressive changes with amplitude o, at the supercritical design point that cast doubt on the linearity
assumption. Whether or not the response curves are "sufficiently linear" must await aercelastic sensi-
tivity calculations.
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The next series of fiqures shows the scale effect on the steady and oscillatory pressures. In this
connection, it should be noted that the model did not have a boundary layer transition trip. The trends
on the unsteady pressures are disconcerting because the Reynolds number seems to be an important parameter,
especially at and near the supercritical design point. In Fig. 5.8 the major effect of increasing Reynolds
number is to induce the leading edge dip in the unsteady pressure distribution. In Fig. 5.9 the first
harmonic pressures aft of the shock wave seem to be most affected. This may cause major changes in the

unsteady moment as well as the 1ift.

In Fig. 5.10 the unsteady loading at the design point seems to be

significantly affected by changing the Reynolds number. At this stage it is impossible to trace the reoot
causes of the relatively severe scale effects on a supercritical airfoil (see Ref. 5.3 for other data}.
A computational model that includes all of the significant physical effects is surely necessary.

The higher harmonic content of the unsteady pressure distributions is also significantly affected

by flow condition.

Figure 5.11 shows the complete space-time pressure distributions at the supercritical

design point (CT Cases 6 and 8) when Re = 11,5 x 10%. The harmonic distortion is significantly affected
by the frequency parameter, but is concentrated near the end of the region where the steady flow is super-
sonic. General trends should not be deduced from this special choice of parameters, just as harmonic
distortion in the overall loads cannot be inferred from the harmonic content of the pressure distributions

themselves

(Ref. 5.4).

1 AIRFOIL

1.1 Designation NLR
1.2 Type of airfoil Supercritical - t/c = 16.5%
1.3 Geometry Table 2 of Ref. 5.3
1.4 Design condition M = 0.721, ay = -0.19° (theoretical, quoted in
Ref. '5.2)
Additional remarks
References on airfoil See Introducticon of this Data Set.
2 MODEL GEQOMETRY
2.1 Chord length 0.50 m (19.685 in.}
2.2 Span 1.35 m (53.2 in.)
2.3 Actual model coordinates and Ref. 5.3
accuracy of measurement
2. Flap: hinge and gap details None
2. Additicnal remarks Model mounted between splitter plates - see Fig. 5.1
2. References on model Ref. 5.3

3 WIND TUNNEL

3.1 Designation NASA Ames 11- X 1ll-Foot Transonic Wind Tunnel

3.2 Type of tunnel Closed return, variable density

3.3 Test section dimensions 3.35 X 3.35 X 6.7m (11 X 11 X 22 £t.)

3.4 Type of roof and floor Baffled slat

3.5 Type of side walls Same as 3.4

3.6 Ventilation geometry 1.78 cm (0.7 in.) slots, 24.4 cm (9.63 in.) slats.
Open area ratio ~ 8% between splitters.

3.7 Thickness of side wall boundary layer Very thin due to splitters

3.8 Thickness of boundary layers at roof Approx. 7.6 ¢m (3 in.)

and floor

3.9 Method or measuring Mach number Static taps and splitters, see Ref. 5.6.

3.10 Uniformity of Mach number over +0.002
test section

3.11 Sources and levels of noise or Not investigated

turbulence in empty tunnel

3,12 Tunnel resonances None noted
3.13 Additional remarks
3.14 References on tunnel Ref. 5.3

4 MODEL MOTION
Pitching about nominal 0.40¢, also plunging
$0-2 deg; #1 cm

4,1 Mode of applied motion
4.2 Range of amplitude
4.3 Range of fregquency 0-60 Hz

Four graphite epoxy push-pull rods with differential
motion of forward and aft pajr, zee Fig. 5.1.

4.4 Method of application
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MODEL MOTION (Continued)

4.5
4.6

4.8

Purity of applied motion

Natural frequencies and normal
modes of model

Static or dynamic elastic distortion
during tests

hdditicnal remarks

TEST CONDITIONS

5.1
5.2
5.3
5.4
5.5
5.6

5.7
5.8

5.10

5.11
5.12
5.13

Tunnel height/model chord ratio
Tunnel width/mcdel chord ratio
Range of Mach number

Range of tunnel total pressure
Range of tunnel total temperature

Range of model steady, or mean,
incidence

Definition of model incidence

Position of transition, if free

Position and type of trip, if
transition fixed

For mixed flow, pogition of sonic
boundary in relation to roof and
floor

Flow instabilities during tests
Additional remarks

References describing tests

MEASUREMENTS AND OBSERVATIONS

Pure sinusoids

Lowest mode: torsion at 60 Hz

Not measured

3,35 m/0.50 m 6.7

1.35 m/0.50 m = 2.7 {between splitter plates)
0.40 - 0.85

50 kN/MZ - 225 kN/m? (0.5-2,25 ATM)

290 K - 320 K

0 - 2.5 deg.

Chord line relative to wind tunnel.

Transition was observed using a sublimating material
at two flow conditions. At M = 0.453, ap = 0.57°,
Re = 4.5 x 10° a definite transition point was not
observed. At M = 0.708, ay = 0.58°, Re = 6.2 x 10f,
transition occurred at x/c ~ 0.10,

Not measured

6.1 Steady pressures for the mean conditions v

6.2 Steady pressures for small changes from the mean conditions -

6.3 Quasi-steady pressures -

6.4 Unsteady pressures v

6.5 Steady forces for the mean conditions measured directly -
integrated pressures v

6.6 Steady forces for small changes from the mean conditions measured directly -
integrated pressures -

6.7 Quasi-steady forces measured directly -—
integrated pressures -

6.8 Unsteady forces measured directly -
integrated pressure -

6.9 Measurement of actual motion at points on model v

6.10 Observation or measurement of boundary layer properties v

6.11 Visualization of surface flow 4

6.12 Visualization of shockwave movements -

6.13 Additional remarks -

INSTRUMENTATION

7.1 Steady pressures

7.1.1 Position of orifices spanwise Mid~gpan 29 upper, 12 lower. (May vary with data,
and chordwise see Table 5.4 for locations.)
7.1.2 Type of measuring system Pneumatic
7.2 Unsteady pressures

7.2.1 Position of orifices spanwise
and chordwise

7.,2.2 Diameter of orifices

Mid-span, 29 upper, none on lower. (May vary with
data, see Table 5.4 for locations.)

0.102 cm (0.040 in.)



7 INSTRUMENTATION (Continued)
7.2.3 Type of measuring system

7.2.4 Type of transducers

7.2.5 Principle and accuracy of
calibration

7.3 Model motion

7.3.1 Method of measurement

7.3.2 Accuracy
7.4 Processing of unsteady measurements

7.4.1 Method of acquiring and pro-
cessing measurements

7.4.2 Type of analysis

7.4.3 Unsteady pressure quantities
obtained and accuracies
achieved

7.4.4 Method of integration to
obtain forces

7.5 Additional remarks

7.6 References on techniques

8 DATA PRESENTATION

8.1 Test cases for which data could be
made available

8.2 Test cases for which data are
included in this document

8.3 Steady pressures

8.4 Quasi-steady or steady perturbation
pressures

8.5 Unsteady pressures
B.6 Steady forces or moments

8.7 puasi~steady or steady perturbation
forces

Unsteady forces and moments

8.9 Other forms in which data could be
made available if required

8.10 References giving other presentations
of data

9 COMMENTS ON DATA
9.1 Accuracy

9.1.1 Mach number
9.1.2 Steady incidence
9,1.3 Reduced frequency
9.1.4 Steady pressure coefficients
9.1.5 Steady pressure derivatives
9,1.6 Unsteady pressure coefficients

9.2 Sensitivity to small changes of
parameter

Spanwise variations
Nonlinearities

9.5 Influence of tunnel total pressure

Wall interference corrections

9.7 Other relevant tests on same model
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Strain-gauge-type miniature pressure transducers
installed close to orifice with minimum cavities.

Kulite model XCQL-7A-093.

On~line calibrations. Up to 2% change in static
sensitivity before and after run allowed.

Motion of four push-pull rods with LVDT
{reactive-type} transducers. Phase synchronism
checked with wing-mounted accelerometers.

=~ 1%

Real-time digitization with on-line calibration and

diagnostics. Signal averaging over approx. 100 cycles
to suppress random noise (if present)., Variable sam-
pling time adjusted to yield 60 data points per cycle.

On-line processing for frequency content of pressure
distributions and comparisons with linear theory and
other data.

Signal averaged (essentially instantaneocus} preasured
distributions. Harmenic analysis of pressure dis-
tributions.

Numerical gquadratures (see Appendix A of Ref. 5.3).

Ref. 5.6

Table 5.1
Table 5.3

Tables 5.4 to 5.23
¥ot available

Tables 5.4 to 5.25
Not available

Not availahle

Not available

Magnetic tape

Refs. 5.3 to 5.5

10.002
$0.05 deg
+0.005

1%

N/A

2%

No evidence of undue sensitivity

Probably small
Depends on parametric conditions

Minimal on model distortion, probably all Reynolds
number effect.

No corrections made

None



190

11
5.1

5.2

5.3

5.4
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COMMENTS ON DATA ({Continued)

9.8 Relevant tests on other models of See Data Set 4 of this Compendium
nominally the same aerofoil.

9.9 Any remarks relevant to comparison
between experiment and theory

9.10 Additional remarks

9.11 References on discussion of data Refa. 5.4 and 5.5

PERSONAL CONTACT FOR FURTHER INFORMATION

Sanford Davis, Aerodynamics Division, NASA Ames Research Center, Moffett Field, CA 94035
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NOTATION AND EXPLANATION OF TABLES*

GENERAL NOTATION

c,c
DI

£,FREQ frequency, Hz

kK
M
Re,RE

TABLE

ALPHA

PTOT
PINF
QINF
CPU{C
CPU,A

TABLES 5.24 and 5.25

PHASE
ALPHA
CP

chord of airfoil, m

dynamic index, data identification number

reduced (nondimensional) frequency, g

ac
v

free-stream Mach number
Reynolds number (based on chord)

time, s

free-stream velocity, m/s

distance alohg airfoil, m

pitch axis position relative to leading edge

instantaneous incidence, deg(um + @, cos wt)

mean incidence, deg

oscillatory pitch amplitude, deg

radian frequency, rad/s (=2nf)

S 5.4 to 5.23

mean incidence, deg [oy]

total pressure, N/m? [P:]

static pressure, N/m2 [P,]

dynamic pressure, N/m? [g]

PL) steady upper (lower) surface pressure coefficient [cp]

normalized complex amplitude of upper surface fundamental frequency pressure coefficient,
per radian [cé/&o+ic;/uo]

phase angle re alE) o [wt]

oscillatory incidence [ao cos (wt)]

instantaneous pressure coefficient [cp(t)]

*
Square-bracketed quantities indicate standard AGARD notation
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TABLE 5.1. DATA BASE FOR NLR 7301 AIRFCIL

h
-

DI M %me  pex1076 Motion k
deg Hz

115 0.453 0.57 4.47 Pitching 0.52 deg about xu/c = 0,394 2.7 D.028
116 .453 .57 4.47 Pitching .50 deg about x,/c = .404 5.4 .055
117 .453 .57 4,47 Pitching .48 deg about xu/c = .400 10.7 .110
118 .453 .57 4.47 Pitching .49 deg about x,/c = .391 21.5 .221
119 .453 .57 4.47 Pitching .49 deg about xu/c = .394 32.2 331
120 .453 .57 4.47 Pitching 1.04 deg about x,/c = .384 5.4 .055
121 .453 .57 4.47 Pitching 1. deg about xz/c = .389 21.5 .221
122 .453 .57 4.47 Pitching 2. deg about xy/c = .393 5.4 .055
123 .453 .57 4.47 Pitching 2.00 deg about xg/c = .403 21.5 .221
124 .708 .58 6.15 Pitching .52 deg about xy/c = .394 3.7 .025
125 .708 .58 6.15 Pitching .50 deg about xyz/c = .401 7.5 .050
126 . 708 .58 6.15 Pitching .49 deg about xg/c = .402 29.9 . 200
127 .708 .58 6.15 Pitching 1.01 deg about xa/c = ,397 7.5 .050
128 .708 .58 6.15 Pitching 1.00 deg about x,/c¢ = .398 22.9 .200
129 .708 .58 6.15 Pitching 2.02 deg about xy/c = .401 7.5 . 050
130 . 708 .58 6.15 Pitching 2.00 deg about x,/c = .399 29.9 .200
131 .752 .37 6.21 Pitching .51 deg about xy/c = .401 4.0 .025
132 752 .37 6.21 Pitching .50 deg about x,/c = .401 8.0 .050
133 . 752 .37 6.21 Pitching 0.50 deg about x=5/¢c = .402 16.0 0.100
134 .752 .37 6.21 Pitching .49 deg about x,/c = .403 32.0 .200
135 .752 .37 6.21 Pitching .50 deg about xg/c = .403 48.0 . 300
136 .752 .37 6.21 Pitching 1.01 deg about xg/c = .398 8.0 .030
137 .752 .37 6.21 Pitching 1.00 deg about xg/c = .397 32.0 . 200
138 .752 .37 6.21 Pitching 2.02 deg about x,/c = .400 8.0 . 050
139 .752 .37 6.21 Pitching 2.01 deg about x,/c¢ = .399 32.0 . 200
140 .808 .36 6.26 Pitching .50 deg about xa/c = .402 8.5 L0850
141 .808 .36 6.26 Pitching .50 deg about x/c = .407 34.0 .199
142 807 .36 11.78 Pitching .49 deg about x,/c = .404 B.7 . 050
143 .B07 .36 11.78 Pitching .49 deg about x,/c = .398 35.0 . 200
144 .751 .37 11.48 Pitching .50 deg about x,/c = .403 8.2 .050
145 751 .37 11.48 Pitching .51 deg about x,/c = .399 4.1 .025
146 751 .37 11.48 Pitching .49 deg about x%,/c = .400 16.5 .100
147 751 .37 11.48 Pitching .49 deg about x,/c = .401 24.7 .150
l48 751 .37 11.48 Pitching .50 deg about xa/c = ,403 33.0 .201
149 .751 .37 11.48 Pitching .50 deg about x,/c = .400 49.5 .301
150 . 751 .37 11.48 Pitching 1.00 deg about x,/c = .398 8.2 .050
151 . 751 .37 11.48 Pitching 1.00 deg about xg /c = .400 32.8 . 200
152 .751 .37 11.48 Fitching 2.02 deg about xa/c = .399 8.2 . 050
153 . 751 .37 11.48 Pitching 2.00 deg about xu/c = .402 32.8 . 200
154 751 .37 11.48 Plunging 1.00 cm {(0.395 in.) 8.2 .050
155 .751 .37 11.48 Plunging .98 cm (0.386 in.) 32.8 .200
156 . 706 .59 11.22 Pitching .51 deg about xu/c = ,400 3.9 .025
157 . 706 .59 11.22 Pitching .50 deg about x,/c = ,402 7.7 .050
158 .706 .59 11.22 Pitching .50 deg about x,/c = .399 15.4 .099
159 . 706 .59 11.22 Pitching .49 deg about x,/c = .401 30.8 .199
160 L7086 .59 11.22 Pitching .49 deg about x,/c = .404 46.2 .298
161 . 706 .59 11.22 Pitching 1.01 deg about xa/c = ,398 7.7 .050
162 . 706 .59 11.22 Pitching 1.00 deg about x,/c = .398 30.8 .199
163 . 706 .59 11.22 Pitching 2.01 deg about xu/¢ = .401 7.7 .050
164 . 706 .59 11.22 Pitching 2.00 deg about Xg/c = .402 30.8 .199
165 . 706 .59 11.22 Plunging 1.00 cm (0.393 in.) 7.7 .050
166 .706 .59 11,22 Plunging 1.00 cm (0.392 in.) 30.8 0.199
167 .505 58 9.34 Pitching .53 deg about x,/c = .396 2.8 .025
168 .505 .58 9.34 Pitching .51 deg about x,/c = .401 5.5 .049
169 . 505 .58 9,34 Pitching .50 deg about xy/c = .403 11.0 .099
170 . 505 .58 9.34 Pitching .50 deg about x /¢ = .404 22.0 .198
171 .505 .58 9.34 Pitching .50 deg about xa/c = .404 33.0 .297
172 .5085 .58 9.34 Pitching 1.02 deg about x,/¢ = .399 5.5 .049
173 .505 .58 9.34 Pitching 1.0l deg about x,/c = .399 22.0 .198
174 .505 .28 2.34 Pitching 2.04 deg about x,/c = .400 5.5 .049
175 .505 .58 9.34 Pitching 2.0l deg about x,/c = .402 22.0 .198
176 .505 .58 9.34 Plunging 1.C1 cm (0,396 in.) 5.5 .049
177 . 505 .58 9.34 Plunging .99 cm (0.389 in.) 22.0 .198
178 .712 .58 3.09 Pitching .50 deg about xa/c = .403 7.4 .049
179 .712 .58 3.09 Pitching .49 deg about x /c = .403 29.7 .197
180 712 .58 3.09 Pitching 2.02 deg akout x,/c = .402 7.4 .049
181 .712 .58 3.09 Pitching 2.00 deg about x,/¢c = .402 29,7 .197
182 L7712 .58 3.09 Plunging 1.00 cm (0.394 in.) 7.4 . 049
183 .712 .58 3.09 Plunging .98 cm (0.388 in.} 29.7 .197
184 .508 .58 2.54 Pitching .50 deg about xu/c = .402 5.4 . 050
185 .508 .58 2.54 Pitching .50 deg about xa/c = .405 21.4 .197
186 . 508 .58 2.54 Pitching 2.03 deg about xu/c = .400 5.4 .050
187 .508 .58 2.54 Pitching 2.00 deg about x,/c = .40l 21.4 .197
188 .508 .58 2.54 Plunging 1.01 em {(0.396 in.) 5.4 .050
189 . 508 .58 2.54 Plunging .99 cm {0.389 in.} 21.4 .197
190 .752 .37 3.25 Pitching .50 deg about xG/c = ,403 7.8 .050
191 752 .37 3.25 Pitching .50 deg about xa/c = .401 31.4 . 200
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5-7
TABLE 5.1. CONCLUDED
DI M %m’  Rex10~6 Motion £, x
deg Hz
192 0.752 0.37 3.25 Pitching 2.02 deg about Xu/c = 0.401 7.8 0.050
193 .752 .37 3.25 Pitching 2.00 deg about x4/c = .401 31.4 .200
194 .752 .37 3,25 Plunging 1.00 ¢m {(0.394 in.) 7.8 .050
195 .812 L35 3.29 Pitching .50 deg about x,/c = ,403 B.4 .050
196 .812 .35 3.29 Pitching .50 deg about xg/c = .404 33.4 .198
197 .700  2.53 11.80 Pitching .49 deg about x,/c = .406 7.5 .050
198 .700 2.53 11.80 Pitching .49 deg about x,/c = .405 30.2 .201
199 .700 2.53 11.80 Pitching 1.01 deg about xa/c = (.398 7.5 0.050
200 . 700 2.53 11.80 Pitching 1.00 deg about x4/c = .399 30.2 .201
201 .700  2.53 11.80 Pitching 1.31 deg about x4/c = .403 7.5 .050
202 . 700 2.54 11.69 Plunging 1.00 cm {(0.395 in,) 7.5 050
203 .700 2.54 11.69 Plunging .86 cm {0.339 in.) 30.2 .201
204 .710 2.53 3.15 Pitching .50 deg about x,/c = .403 7.4 .050
205 .710 2.53 3.15 Pitching .50 deg about x4/c = .403 29.5 .199
206 .710  2.53 3.15 Pitching 1.01 deg about x,/c = .400 1.4 .05¢
207 L 710 2.53 3.1% Pitching 1.00 deg about x,/c = .399 29.5 .199
208 710 2.53 3.15 Plunging 1.01 em (0.398 in,} 7.4 .05¢Q
209 .70 2.53 3.15 Plunging .87 om (90.341 in.} 29.5 .199
TABLE 5.2. DATA BASE FOR NLR 7301 AIRFCIL, PITCHING OSCILLATION ABOUT
0.40¢, ARRANGED IN FREQUENCY SWEEPS
M Gm» Rex10~6 %o k = 0.025 k = 0.05 k = 0.10 k = 0.15 k= 0.20 k = 0.25 k = 0.30
deg deg
0.75 0.37 3.3 +0.50 190 191
.75 .37 6.2 +0.50 131 132 133 134 135
.75 .37 11.5 +0.50 145 144 146 147 148 149
.75 » 37 6,2 +1 136 137
.75 .37 11.5 *1 150 151
.75 .37 3.3 2 192 193
.75 .37 6.2 2 138 139
.75 .37 11.5 +2 152 153
.80 .37 3.3 +0.50 195 196
.80 .37 6.3 +0.50 140 141
.B0O .37 11.7 +3.50 142 143
.50 .57 2.5 +0.50 184 185
.45 .57 4.5 +0Q.50 115 116 117 118 119
.50 .57 9.3 +0.50 167 168 169 170 171
.45 .57 4.5 +1 120 121
.50 .57 9.5 +1 172 173
.50 .57 2.5 +2 186 187
.45 .57 4.5 +2 122 123
.50 .57 9.3 +2 174 175
.71 .57 3.1 +0.50 178 179
.70 .57 6.2 +0.50 124 125 126
.70 .57 11.2 +0.50 156 157 158 159 160
.70 .57 6.2 *1 127 128
.70 .57 11.2 +1 161 lez
.71 .57 3.1 +2 180 181
.70 .57 6.2 +2 129 130
.70 .57 11.2 +2 163 164
.70 2.5 3.2 +0.5 204 205
.70 2.5 11.8 +0.5 197 198
.70 2.5 3.2 +1 206 207
.70 2.5 11.8 +1 199 200
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TABLE 5.3. NASA AMES TEST DATA ASSOCIATED WITH AGARD CT CASES
CT case Data set 5
Flow
No. M a a k pI M a o k  Rex10 ® Data
m o] no. m o] table no.
184 0.508 0.58 0.50 0.050 2.53 5.4
. . . .098 '
1 0.500 0.40 0.5 0.09 168 0.505 0.58 0.51 0.049 9,33 5.5
Subsonic
185 0.508 0.58 0.50 0.197 2.53 5.6
2 0.500 0.40 0.5 0.263 4,4 4 505 0.58 0.50 0.198 9,33 5.7
204 0.710 2.53 ©0.50 0.050 3.14 5.8
3 0700 2.00 0.5 0.072 145 5950 2.53 0.49 0.050 12.0 5.9
Transonic with 206 0,710 2.53 1,01 0.0580 3.14 5.10
shock 4 0.700  2.00 1.0 0.072 .55 4 709 2.53 1.01 0,050 12.0 5.11
205 ©0.7i0 2.53 0.58 0.199 3.14 5.12
5 0.700  2.00 0.5 0.1%2 g4 5 700 2.53 0.49 0.201 12.0 5.13
190 ©.752 0.37 0.50 0.050 3.30 5.14
6 0.721 -0.1% 0.5 0.068 132 0.752 0.37 0.50 0.050 6.20 5.15
144 ©0.751 0.37 0.50 0.050 11.4 5.16 & 5.24
136 0.752 ©.37 1.01 0.050 6.20 5,17
s 7 ©0.721 -0.13 1.0 0.068 150 0.751 ©0.37 1.00 0.050 11.4 5.18
Supercritical
design . _ 191 0.752 0.37 0.50 0.200  3.30 5.19
8" 0.721 -0.19 0.% 0.181 134 0.752 0.37 0.49 0.200 6.20 5.20
148 0.751 ©0.37 0,50 0.201 11.4 5.21 & 5.25
135 0,752 0.37 0.50 0.300 6.20 5.22
9 0.721 -0.19 0.5 0.453 1,5 45 951 0.37 0.50 0.301 11.4 5.23

* denotes priority case.

TABLE S

.4.

MEA. AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 1; DYNAMIC INDEX 184

WING MODEL. MLA 7301 SUPERCRITICAL. CHORO- 500 HETERS

WING MOTION. PITCHING S0 DEC ADOUT X/C- 402

DYNAMIC 1MDEX 184

] 50 PTGT 50864 K

ALPHA 8 QINF 1639 FREQ

RE 2 %3E 05 PINF 42656
----------------------- UPPER SURFACE

STEADY DATA UNSTEADY DATA
N T T i Dot CPU, Ammne-ann
b7 oy e FEA HHAG MAG
045 -} 148 o 17T AT 270 1T N
o - 06 ohr -17 2 res  F
a4 -« 626 09z -5 14 593 5 X0
122 - 704 A7 -3 3|0 T 209 8 338
t47 - 676 142 -6 941 1 07 T M5
1] - 663 19E -5 657 83 s.m
195 - 812 245 -4 194 527 4227
249 + 565 M -4 227 ar¢ & 153
! . BN My -4 e &2} + 0
b7 1 - Gat 3y -3 644 512 3 690
us - 554 s -2 %0 544 29N
69 - S0 393 -3072 584 3 058
% - 524 A28 -2 B55 25 286
20 - 5% 448 -2 X4 27 27
#50 - 560 470 -2 414 00 248)
413 - 579 497 -2 26 184 2 234
-9 - 572 547 -2 0«47 160 2 053
524 -9 558 -1 698 09 t T
550 - 560 595 -1 444 ot 1 447
578 - 548 618 -t 372 063 1.373
.600 - %19 647 -1 139 042 1140
524 - A57 97 - M0 o 708
652 - 806 746 - I95 - 043 2197
i~ ~. 353 706 - 227 - 075 23
149 - 260 -2 1] - 0|2 - 07 108
797 -. 183 9s - 292 - 050 296
842 - OB
914 > 3

STATIC INDEX 80

STEAQY DATA
cenalPLemacs
we oL
o5} - e
106 -t
209 -3
309 -~ 418
I - 3N
460 -.385
532 -.316
L0 - 122
ok Q44
1”79 218
74 L334
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WING MODEL . NLR 7301 SUPERCRITICAL. CHORD» 500 KETERS

WING HOTION. PITCHING

DYNAMIC INDEX 168

H 505
ALPHA 58
RE  9.3% 05
STEADY DATA
PR Y
xC cPy
Q23 -1.200
045 =117
070 -5
o9 - 869
122 -.75)
t47 - 715
=) - €82
.19 - B4
249 - B35
.a57 -.B19
321 -.622
el - 816
369 -.608
39 -.550
420 - 535
450 - 584
4T3 ~. 593
439 - 597
524 - %87
S50 - 598
578 -.579
600 - 545
624 - 458
652 - 432
700 -.79
749 -.281
197 - T
842 - 005
914 .078

TABLE 5.6.

WING MODEL . NLR 7301 SUPERCRITICAL. CHORD« %00 METERS

WING MOTION PITCHING 50 DEG ABQUT X/C»

DYNAMIC INDEX 185

.51 DEG ABOUT X/C= 401
STATIC 1NOEX 78
rioT 203067 K 043
QINF 30419 FREG 55
PiNF 170663,

—-enn LPPER SURFACE- -~ --c-cmcmmconcnns .e—-
UNSTEADY DATA
----------------- CPU A--rrr-vru-wreacan
x/C REAL IMAG MAG PHASE
016 -18 059 3167 18 335 170 07
067 -16 240 2569 16 a2 1702
092 -8B 348 1623 8505 169 0%
117 -2 568 a2 00 ™ 10
42 -2 074 347 2103 170 50
_HG4 =2 154 /3 2178 172 01
L1911 -6 073 -1 ] 6 132 172 0%
245 -8 D4 €59 4 096 170 81
294 a1}t 58 & 163 172 &
.39 -3 786 484 3817 172 72
343 -3 631 460 3 660 172 79
3B6 -2 959 a7 2 597 177 63
393 -2.554 a4 2 590 170 3%
424 -3.012 304 3 027 174 25
448 -1 784 243 1 802 72 o6
ATD -2 438 268 2 45t 173 73
497 -2.093 . 266 2 109 172 18
847 -2.075 -1 2 054 172 0
569 -1 B47 207 1 658 173 683
895 -1.511 173 1 521 £73 49
818 -1.789 154 | 776 175 D4
647 -1.196 107 t 20t 174 B9
697 - 563 0s7? 566 174 23
746 -.736 637 737 17717
96 - 386 - 000 38 -t79.99
841 - 281 - Q5 281  -177 01
N6 1 483 - 081 | 485 -313

405
STATIC tNDEX 80

n 508 PTQT S0B64 K 197

ALPHA .58 GINF 7692 FREG 27 4

RE 253 06 PIN 42656
----------------------- UPPER SURFACE==cs-=ssacnacamranarens

STEADY DATA UNSTEADY DATA
B CPY A--mnns [STTTTRTYe
xXsC Py xC REAM 1MAG MAG PHASE
45 -1 4B DIE -13 32 5910 14 565 158 07
Reri] - Be5 067 -13 205 5623 143 158 95
094 - 826 092 -4 40 1 3ar 4 €609 163 09
122 - 704 117 -6 363 2 28! 5 759 160 47
147 - E7E 142 -5 276 1787 S5 873 18 21
1588 -+ 663 191 -4 270 1 263 4 450 163 68
195 - 612 245 -3 3% .Ta 3470 16% 16
249 - BES 294 -3 054 676 3128 167 54
297 - 590 g -3 056 S26 3 m 170.25
21 - 801 (343 -2 567 88 2 634 162 34
348 - 594 366 -t 878 792 20X 157 14
369 - 580 393 -2 0i9 877 2 201 188 55
3% - 824 424 -2177 095 2179 177 51
420 -.5I5 448 -1 619 397 1 657 166 2%
450 - .560 470 -1 185 044 1 786 178 £2
473 - 579 437 -1 B3 004 1 638 179 B6
ag9 - 872 547 -1 423 - 072 1425 177 1)
524 - 539 569 -1 126 - 180 1140 170 94
550 -.560 595 - 907 637 908 177 68
.578 - 548 &1 - 910 - 22 937  -166 43
800 - 519 647 - 780 - 246 Blg  -162 49
624 - 457 697 - 483 - 347 5§79 -143 21
B52 - d0& 746 - 212 - 364 422 12026
700 - X3 796 - 147 - 199 425 -0
749 - 260 B4l - 26B - 831 B74  -107 20
797 ~ 165 §15 - 274 - 238 363 13900
842 - D6l

9 084

PO
XL AL
053 - 284
106 - M3
209 -.317
09 -
m - 0
. 460 - 190
532 - 35
.B14 - 117
584 059
779 230
.B74 339

----------------------- LOWER SURFACE---=--

- 418

-.316
- 122
22
216
.3

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 1; DYNAMIC INDEX 168

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 2; DYNAMIC INDEX 185

UNSTEADY DATA
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TABLE 5.7. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 2; DYNAMIC INDEX 170
WING MODEL . W.R 7301 SUPERCRITICAL. CHORD= 500 METERS

WING MOTION. PITCHING 50 DEG ABOUT X/Cu 404

DYNABIC INDEXK 170 STATIC INDEX 1B

M .50% PTOT 203067 K 198
ALPHA 56 QiNF 419 FRED 220
RE 93X 06 BINF 170663
----------------------- UPPER SURFACE -« ev+rm-ioomemomenen ot mmeeeceaeecccecccca e OWER SURFACE-~-csememrrrmsaacananas
STEADY OATA UNSTEADY DATA STEADY DATA UNSTEADY DATA
meealPYeasss cmecrecemamcmicans CPU Reecmmoccacrrnany memalPlass-s cmeicneciceroenen CPL A---mcmmcmmamnoaas
xAC Py x/C REAL IMAG MAG MHASE we P xsC REAL 1HAG HAG PHASE
g23 -1 201 016 -13 384 6 528 a8 154 D01 053 - 284
045 -1 178 067 -11.267 S 092 12 350 153 73 105 -3
070 - 953 092 -6 923 3157 7 608 155 50 209 - 3y
.0%a - 853 117 -1 933 55 2075 158 67 acy - 339
122 - 753 142 -1 531 615 1 T08 158 87 kL1 - 370
147 - 71% 164 -1 512 502 I 533 154 83 460 - 330
168 -.682 A9 A 265 1383 4 L4 162 al 532 - 15
(195 - 645 245 -3 217 97 3 382 163 12 6i4 =117
249 - 635 284 -3 078 872 3 151 167 69 €84 0539
7 - Bl9 319 -2 Eia seT 2 B7% 168 22 1719 230
EFY - 622 343 -2 669 517 2719 169 04 B4 339
348 - 616 366 -1 720 456 t 789 165 15
. 369 - 608 393 -1 935 478 2 054 1686 55
96 - 550 424 -2 100 226 2112 173 B6
420 - 53 443 -1.279 164 1293 171 84
450 - BB4 470 -1 764 133 1 769 s n
473 -.593 497 -1 852 135 1 857 175 05
499 - 597 547 -1 480 o079 1 462 176 91
524 - 587 569 -1 215 - 038 12186 -178 20
580 - 598 £95 - 984 -.028 .984  -178 35
578 - 579 €18 -1 002 - 103 t o8 -174 14
. 600 - 545 €47 -.778 - 148 792 -189 22
624 - 495 697 - 461 - 303 5§53 -145 G4
£52 - 432 746 - 372 - 232 438 -147 98
00 -.379 796 - 229 - 273 361 -129 44
(749 -. 281 .8at - 129 - 333 3B/ -1 24
797 - 170 .98 32 - 255 418 =37 &3
842 - 065
g14 a78

TABLE 5.8. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 3; DYNAMIC INDEX 204
WING MODEL . MLA 7301 SUPERCRITICAL, CWOMD- $00 WETERS

WING BOTION. PITCHING 50 OEG ABOUT X/C= 403

DYNAMIC INDEX 204  STATIC INDEX B5

" 710 PTOT 50966 X 050
ALPHA 2 53 QINF 12840 FREQ 7 4
RE 3 14€ 06 PIN 36427

----------------------- UPPER SURFACE-+evrvrrssrsmsssanarene cmreereseeneiaseaa s LOMER SURFACE-==s-r-mrosuvamnsssasan
STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY OATA

B T T s —— CPU, Avveamemrrvemanrans N o T R

xrC (1] K/C  REAL tHAG i PHASE e, cPL x/C REAL 1MAG HaG PHASE

023 -1 006 016 573 10 SIS 168 61 053 - 1p2

™5 -1 550 067 -7 294 139 T X% 169 1@ 106 - 154

070  -1.324 17 6342 1219 & 458 169 13 209 - 272

094 -1 667 142 -6 D009 1181 & i24  EB @9 k. S

122 -1 6M 191 -6 836 1 ¥/ 6 265 168 9% ® - 3%

147 +1.593 245 -6 TAD 1 463 6 ES? 187 77 460 - 427

168 -1.588 29¢ -7C0M 135 T 195 169 48 532 - 358

195 -1 819 39 .7 499 1 497 7 66 168 T2 g4 - 02

248 - 454 36E -4 759 2 347 5307 152 75 694 101

297 -1 501 393 -6 543 3 147 T 260 154 33 e 287

321 -1 504 424 -1 206 1957 2298  121.66 074 419

M8 -1 .58 448 -5532 1808 5620 16191

363 -1 554 470 -7 992 1626 6156 168 52

396 -1 546 497 -25 934 31731 26 201 171 @3

420 1512 S47 <19 277 1 973 19377 174 18

450 -1.496 669 <16 171 1 432 1623 174 95

473 -1 518 §% .5 789 - S6C B 80T -176 37

499 -1 409 618 -2 478 -1 924 3118 -142 189

524 -t 021 647 2733 2222 3513 -39 12

ss0 - 772 697 5340 -2.175 5766  -22 16

578 - 648 Y46 4 367 -1529 462 .19 32

50 - 565 I 1 L2244 1098 | 572 a4 33

624 - 476 841 179 - 509 £33 .70 63

652 - 395 916 -4.166 - 409 4 1BE 174 Al

700  -.334

749 - 248

797 - 152

Be2 . 047

94 {38



[ECHNICAL LIBRARY

TABLE 5.9. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 3; DYNAMIC INDEX 197
WING MODEL . MLR 7301 SUPERCRITICAL. CHORD: 500 METERS

WING MOTION. PITCHING 49 DEG ABOUT X/Cs 406

OYNAMIC INDEX 197 STATIC INDEX 83

M 700 PTOT 202138, K D50
ALPHA 253 QN S0262 FREQ 7 5
& 1 20€ 07 PINF 146205
B L LT P L e UPPER SURFACE--«-remv-nammasnses veve  eememeceseecceeeieeaaes LOWER SURFACE---===ssassrersranzzaas
STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA
emwelPU-=rne mmeeemcasiceceaes CPU Aemmccmcceemnannae ceeefPL-v--- sesmeeseseraaore- CPL Remmmmcemcmmmcenee
X/T Py X/t REAL MAG e PHASE X/C CPL X/C REAL 1HAG HAG PHASE
Q23 -1.08 016 -5 B8 1.840 6.013 166 16 053 - 070
045 -1 823 087 -7.653 1 768 T 854 167 0 106 - 170
o -1 418 17 -6 752 1598 & 939 166 70 209 - 0
094 -1 6 142 -6 220 1588 686 185 91 09 - 402
122 -1 &% 19 -7 &3 1 B3¢ 7 652 166 48 1 - 302
147 -1 806 245 -7 30 2 004 7 68 166 7 259 - 423
168 -1 601 2040 -7 813 1949 B 053 166 0O £32 - 354
195 -1 554 319 -8 195 2 DE3 6 456 165 75 &i4 -1
249 -1 485 386 -3.526 1 A48 380 15771 684 .0B2
297 -1 489 393 -2§ 396 8 238 22 927 58 9% 179 263
S321 -1 491 424 -44 £33 11 985 46 244 165 16 874 376
348 -1 497 428 -20 83 4 302 21 278 168 35
I -1 528 470 - 1B €32 o7 8 8% 170 82
396 -1 432 497 -9 312 N 8 345 t75 16
420 -1 236 847 2855 -2 514 3 eos -al 37
450 -. 908 569 5088 -2 7O 5 g0z -28 12
473 - 758 595 5 650 -2 784 6 239 -26 24
299 - 688 648 5 465 -2 440 5 985 -24 08
524 - 643 (BAT 13 730 -5 900 14 944 -23 26
550 - 827 697 11 433 -5 013 12 454 -23 68
578 - 801 746 2 514 -1 086 2 739 -23 38
600 - 561 T96 1 243 - 542 1 399 -2
624 - 506 -1} 650 -1 683 -15 02
652 - 436 916 -.216 869 g95 103 98
L7090 - 365
749 - 54
97 - 139
B42 .03
g4 096

TABLE 5.10. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 4; DYNAMIC INDEX 206
WING MCOEL. MR 7301 SUPERCRITICAL, CHORD. 500 METERS

WING HOTION: PITCHING t .01 DEG ABOUT X/Cx 400

DYNAMIC INDEX 206 STATIC MDEX @S

L} 710 pTOT 50966 X 050
ALPHA 253 QINF 12840 FREG 7 4
RE 3 14E 06 PINF 27

P R T LT P PR LOMER SURFACE -=======-= B et

GTLADY DAYA UNSTEADY DATA
erverlPLo-n- cemeticiemnmesans CPL A=reanacocns PRET
b ¥ P x/C REAL INAL HAG PHASE

02 -1 006 {16 -5 260 1 Hag S 04 167 &g 53 E 4]

045 -1.550 067 -7 522 1556 7 68t %8 32 106 - 194

o7 =132 17 -6 520 t P 6 658 158 13 X209 - 72

M -1 BGY 142 -8 0 137 € AnT 1wy 52 Mg . A4

122 -1 &34 91 -7 0% 12 T M2 £ 84 nl - 96

147 -1.592 243 -8 877 1 562 T.07% 168 42 A80 - 427

(168 -1 .58 24 -7 35 t &7} 7 534 187 15 €32 - 355

195 .1 S)¢ ate -7 796 1 Bs2 e 013 166 65 614 - 08B0

249 -1 454 38 -4 B 2 623 5 55% \S1 83 624 101

2937 -1.5Q1 393 -6 162 3 £38 7 679 151 73 719 287

3z =1.504 428 -1 T50 2 938 34 20 99 874 419

.348 -1 516 443 =11 7% S 972 13 168 153 04

369 +1.354 _ATQ -24 279 B 480 25 TiB 1650 78

396 -1.548 497 -29 460 7.867 30 adi 165 43

420 -1.512 547 -10 767 817 10 779 117.26

450 -1 49 .569 -6.861 -2 66866 -177T9

473 +1.518 598 -3.263 -1 752 I -5t

499 -1 449 &1 -1 039 -272%6 2917 -110p 8

524 =102t 647 1 143 =3 118 3 -69 87

550 772 897 3 443 -2 054 4009 -30 92

578 - 848 746 2.240 -2 126 3 089 -43 %1

600 - . 565 796 11X -.968 1,487 <40 %9

624 - &76 .ad 920 -.318 994 22 %

652 -.395 96 622 i24 634 e

700 -.334

749 -, 248

797 - 182

842 - 047

94 098



[ECHNICAL LIBRARY

TABLE 5.11. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 5; DYNAMIC INDEX 199
WING MOODEL. MLR 7301 SUPERCRITICAL. (HCRDs SO0 METERS
WING MOTIDN PITCHING 1 1 DEG ABOUT %/L+ 398

DYNAMIC tNDEX 199 STATIC IMDEX B3

L} 700 PTGT 2031385 K 050
ALPHA 2 53 ril 3 50262 FREQ 78
RE 1 206 07 PINF 145405
------------ rmvemmeaae-UPPER SURFACE-------cmveroromoeonnen memmmemmmeceracos s — s OWER SURFALE=vvrererromccararoaaann
STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA
cealPUsmen memmeeeeeas wree[PU Araneammmmrmanaann [ T Y < Y LT T LT TT PO
xT CPu | 744 REAL 1HAG HAC PHASE | Fil L xsC REAL IMAG MAG PHASE
023 <) 052 0l -5 541 1 319 5 695 166 &2 033 -.078
045 -1 623 08? -7.513 (Al ] 707 87 13 106 - 170
oro -1 419 1? -6.739 1.555 6 918 1586 94 200 - 250
oM -1 682 142 -6 736 1 648 6 935 165 26 . 309 - 402
122 -1 659 191 -7 533 1.8952 7 757 166 19 »m -
147 -1 EDS 245 -7 737 2 09 g 017 164 83 460 - 433
168 =1 &01 254 -B 129 2 7 B 407 16% 50 532 - 5
195 -1 554 iy -8.813 2.306 8§17 165 Q2 514 = 114
249 -1 485 366 -9 969 4 602 10 982 185 20 624 083
297 -1 489 ,393 -28.255 1} 958 30 691 157 07 179 263
321 -1 481 424 -2B 498 8 377 29 704 163 83 874 J76
348 -1 #4897 448 =12 Tid 1 556 12 809 173 03
269 -1.528 470 =10 39 429 i0 328 177 63
I96 -1 432 457 -4 491 - B47 4 57 -169 23
420 -1 236 547 2280 -2 753 3 574 -50 37
450 - .95 569 3473 -2 604 4 34% -36 67
473 - 758 595 23.75B -2 32% 4 £2! -3 80
499 - 689 618 38 -1 960 4 294 -27 16
524 - E49 647 10 247 -4 805 1) 3B -25 12
550 - 827 637 9098 -4 155 10 002 -4 55
578 - €0l 746 2. 212 - ar7 2 394 -22 51
600 - 561 796 1 003 - 502 1.321 -26 61
624 - 506 B41 75 - 158 775 -1 77
€52 - 436 916 t 022 492 1 134 25 74
700 -.365
749 - 254
797 - 139
842 - 036
94 096

TABLE 5.12. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 5; DYNAMIC INDEX 205
WING MODEL . MR 7301 SUPERCRITICAL, CHORD= 500 METERS

WING MOTiON. PITCHING 50 DEG ABOUT X/Ca 403

OYNAMIC INDEX 205  STATIC 1WDEX BS

L} 710 PTOT 50966 L))
ALPHA 2 53 GINF 12840 FREQ 29 5
AL 3 14E D6 PINF 36427
----------------------- UPPER SURFALE-----mvom-ccacsacacnaan Sememmeemccccmeccnc oo LOWER SURFACE-+emrom sttt annann
STEADY DATA UNSTEADY DATA STEADY DATA UNSTEAQY DATA
meeelPY=rene eeersreracareroes EPU A-vrma--maroes LEER ===sCPL-=---  ceececaeicmcccno. CPL A----rrmecmranaaas
x/C cPY xC REAL IMAG MAG PHASE XC CPL xsC REAL 11AG rAG PHASE
023 -1 006 ot -3.%557 1 B20 3 996 152 92 053 - 1o
D& -1 550 067 -4 982 28 5 669 1St %) 106 - 19&
07 -1 A 1My -4 2133 7 465 4 €% 149 80 209 - 272
03 ) 667 .142 -3 926 2 473 4 54D 147 »1 309 - Al4
122 -1 624 A9 -4 3 2 824 5 209 147 19 m) -.396
147 -1 ©93 24% -3 Bt 3 18$ 4 959 140 05 450 - 427
68 -1 588 .294 -4 082 305 5 097 142 49 k2r) -
es -1 519 319 -4 202 3473 5 4% 140 44 614 - 080
249 -1 454 L3386 - 369 2 807 2 833 98 06 654 101
297 -1 503 393 - 312 3 656 A 679 g4 87 7 287
) «F S04 24 104 L% L5940 42 70 ar 410
38 -1 B16 428 - 729 2 609 lare 100 g4
69 -1 554 ATQ -4 163 4 990 & 490 129 B3
3% -t B4E 497 -i9 466 27 930 34 044 124 B8
420 -1 512 547 14 788 15 B 21 764 132 81
450 -1 496 569 -12 090 12 636 17 489 133 M
473 -1 G4 595 -8 7T 6 %0 10 220 14] 44
499 - a9 &8 -6 060 t 569 6 260 16% 50
524 -1.02! 647 -3 094 -3 000 4310 -135 89
550 - 772 697 - 026 -5 790 S 790 -90 27
578 - 648 746 -1 892 -3 420 3773 -4 97
600 - 565 1% - 219 - 991 b 352 -132 88
€24 - 476 8a 075 -2 299 2 300 -B8 13
€652 - 395 g6 - 162 - 300 42 118 33
700 = 334
749 - 248
297 - 182
Ba2 - .0a7

gid .098



- ) A IRARY
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TABLE 5.13. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 5; DYNAMIC INDEX 198
WING MODEL. MLR 7301 SUPERCAITICAL, CHORD= S0C METERS
WING MOTION. PITCHING 49 DEG ABDUT X/Cv 405

DYNAMIC INDEX 198  STATIC INDEX 83

H 700 PTOT 203135 [l
ALPHA 2 53 QINF 50262, FPEQ 30 2
RE  1.20€ 07 I 146405

----------------------- UPPER SURFACE--errresasanessacumssnn memmtmmemeeorecvececar L OWER SURFALE=---acecmreasmnaanannas
STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA

wemefPUmccee semecremeeceeeas CPU. Assmmmameeccnnan cessfPLe-ess emeemeeseesseaoa. [ S [

x/C cPy X/C PEAL 1HAG HAG PHASE X/t P %/C  REAL 5 MAG PHASE

023 .1 052 016 -3%55 20% 4077 150 033 - 0%

M5 -1 62 D67 -4 083 2905 SE7 48w W0e - 170

070 -1 418 117 -4130 2703 4938 146 80 209 - 20

054 -1 BE2 M2 <3726 2717 a8 AW 09 - 402

12 -1 659 191 -4 4B9 3O SEN I m I )

147 -1 606 245 -3BB1 3829 S 746 127 72 #H0 - a3

168 -1 601 294 -4 144 3737 5580 137 97 512 - 354

195 -1 554 M9 4309 4130 5969 1% 23 4 - 14

249 -1 485 366 - BSY 2205 2462 11t 19 664 083

X7 -1 @9 393 -3946 19845 20233 10 25 779 263

321 -1 49 A24 -16 477 39 796 43072 112 %0 874 376

M8 ) 497 448 -9 232 20 423 224M 4 n

369 -1 528 470 13026 15224 20036 130 56

396 -1 42 497 .B 117 5943 10061 143 80

420 -1.2% 547 -2929 -5039 5629 -120 47

450 - 905 569 -1.182 -6552 6658 -100 24

473 - 753 595 - 411 6717 £729 -91 81

499 - e8d €19 1M1 -5 1€2 6 168 -39 98

524 - 849 647 863 -15 701 15725  -95 8%

S50 - 627 637 375 -12892 12897 .58 34

578 - 601 746 073 -2909 2910 -8B 38

B0 - 561 796 -.155 <1696 1 70F  -95 22

€24 - 506 81 085 -1196 1 199 -BS 96

652 - 436 916 850 - 209 875 13182

0 - X5

749 - 254

97 - 139

B42 - 035

914 0%

TABLE 5.14. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 6; DYNAMIC INDEX 190
WING MODEL: NLR 7301 SUPERCRITICAL, CHORDs 500 METERS

WING BOTION. PITCHING SO DEG ABQUT X/C- 403

DYNAMIC INDEZ 190  STATIC INDEX 81

M 752 PTOT 50966 K 050
ALPHA 37 QINF 12865, FREG 71 8
RE 3 30E 06 PINF 35026
mememmeaas cammmaeneae UPPER SURFACE-----c-oocmmoommemen * eereemcressasrcrcassaes LOWER SURFACE-=vesresavecmnsaacnenes
STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA
cemefPUR==as eeemeesinenesanon CPU A-r-msrrrmraanneen essalPLles--e  ascessccisensenas CPL Acevecsonsrancnacn
xC cPy X< REAL 1HAG HAG PHASE XsC =8 X/C REAL VHAG MAG PHASE
o - 565 .06 -5 397 2 088 5 787 158 66 o5 - 528
045  -1.029 067 -8 955 304 9 504 153 14 106 - 565
fezii] - 987 117 -8 380 3I2W6 9 001 158 §0 0% - 51
094 -1 152 142 -B 406 3 44 9 073 157 91 309 - 753
122 -1 12 191 -8 408 3520 9 117 157 23 38) - 734
147 -1 072 245 -9 057 4 i1 9 956 155 62 460 - &h
168 =1 077 294 -9 823 4718 10 go7 154,35 532 - 442
195 -1 015 319 -10 473 B 21 11 NG 153 28 614 - 133
249 - 959 343 -6 951 B 782 1F 1E4 128 44 £34 059
297 -1 0i3 366 -7 184 6 403 9 B2 138 30 779 231
321 -1 019 393 -4 182 () 173 1S 607 135 03 874 kTT]
348 -1 Q29 424 -15 B44 9 968 18 561 147 46
J3e -1 072 448 -10 411 B 540 13 465 140 65
396 -1 047 470 -13 646 B B52 16 183 147 61
420 - 9 497 -13 296 830 15 147 82
450 - 988 47 -14 752 9636 17 820 146 85
473 -1 Q22 569 -11 791 B 495 14 532 44 24
439 -1 026 595 12 638 -7 262 14 576 -29 89
524 -} 072 618 S5 aat -5 464 T M2 -45 12
550 -t 118 647 -2 498 555 2 559 167 49
578 -1 .13 697 -t B64 339 1 698 158 50
600 - 869 746 -t 427 647 1 567 155 &0
624 - 597 795 -1 945 | 068 228 15} 28
852 - 487 Ba1 -2 199 1 252 2 530 180 ¥
700 - 156 916 -1 182 040 L 183 178 06
749 - 242
_rey - 132
B2 - 028

94 62



TABLE 5.15.

[ECHNICAL LIBRARY

WING MDDEL. KLR 7301 SUPERCRITICAL. CHORDa 500 METERS

WING MOTION. PIICHING 50 DEG ABOUT X/Cx 4

DYNAMIC INDEX 132

" 752
ALPHA 37
FE 6 20E 06
STEADY DATA

CER R o -V EE
X(C CcPY
623 - S64
D45 -1 095
o7 =1 D64
094 -1 1M
122 -1 108
147 -1 .0B2
1&68 -1 DES
195 =1 028
49 - 97
297 -1 004
@ 1507
348 =1 ;s
%9 -1 052
356 -1 Oda
420 - 991
450 - 550
&73 -1 0I5
499 -1 D16
524 =1 045
§50 -1 085
&7 -1 003
600 - BOB
624 - 639
.652 - 492
700 - %5
749 - 243
ri 7 -.128
o2 - 023
ob¢ 109
TABLE 5.16.

STATIC INDEX 73

MEAN AND FUNDAMENTAL FREQUENCY

FTOT 101561 050
GINF FL A FREU B O
PINF 69850,

- UPBER SURFACE -----ocoomamommme oo
UNSTEADY DATA
----------------- CPU A---rememrorcnone
X/C REAL MAG MAG PRASE
06 -5 217 1.972 5 577 1EQ 30
£67 -3 618 3 247 g 273 TR 7
032 -6 RA3B 2 755 7 37 ine ne
11y -7 952 3 046 8 LG 159 A
M2 -B 21 3 5% 9 407 156 00
164 -B 639 3 487 9 372 158 .17
181 =B 007 3 337 B EM 157 39
285 -8 859 4 GoB 9 723 1£E 67
254 -9 900 4 553 10 E97 me M
319 -9 363 2 405 10 B 154 B2
353 -9 897 4 984 11 00t 153 07
393 -11.767 9 664 15 227 140 61
424 -15 BSE 9 452 I5 459 149 21
470 -14 543 B.621 16 %06 143 35
497 -14 &E6 9133 17 2°8 148 12
547 -17.807 12.269 21 454 145 13
595 5 924 -0 688 12 220 .61 Ci1
618 5193 -9932 11 208 -62 40
&47 -3.277 - S0 3 32t =173 €5
697 -1 904 a5 1 906 177 02
745 - 92t ~.0n g2 -179 22
796 -1.033 205 1054 153 B1
B41 - &b 057 420 T2 27
916 .592 - 655 8ii -43 14

WING MODEL- NLR 7301 SUPERCRITICAL. CHORD:= 500 METERS

WING MOTION: PITOHING 50 DEG ABOUT X/C»

DYNAMIT INDEX 144
M 751

ALPHA 37
RE 1.14E Q7

STEADY DATA

P TR

x/C cPu
023 - 562
.OFS -1 O#B
070 -1.03%
084 -1
122 -1 097
4T -1 043
%3 -1.059
195 -1 021
249 - 95
237 -.gNn
321 -1 000
X8 -1 0C%®
.39 -1.052
.39 -1.052
400 - 973
450 - 920
473 - B&8
499 -.905
824 - 949
. E50 - 999
sre - 784
620 -.633
624 - 525
652 - 440
700 -. 353
749 - 234
797 - 110
B42 - 006
914 122

STATIC INDEX 76

PTOT 203236

QINF 55173

PINF 139846

UNSTEADY

----------------- CPU,A
X/C REAL g
016 -5 222 1939
067 -8.583 J.183
092 -7.428 2 963
nr -7.958 Ins
142 -9 410 3 793
154 -8 922 3 =680
191 -5 103 3 400
245 -10.687 4 973
294 -13 807 7 932
319 -14 0B F 466
343 -6 577 9 24
333 -15 377 10 391
424 <17 606  § @85
470 <1B OV 8 911
497 -17 658 € Gdd
547 -18 346 7 972
595 17 B24 -8 372
618 18 269 -14 417
647  S5.023 -2 957
697 1 726 - 687
746 1.010 - 328
796 392 - 293
B4l 218 - 320
916 998 =510

403
X 050
FREQ @ 2
DATA
HAG PHASE
S N 159 &5
918 159 59
7 997 158 27
8 sio 159 26
10 145 1€8 D&
9 €06 158 26
< 188 157 25
t1 787 iE5 06
1S 924 150 12
16437 143 03
1e 320 149 10
12 559 145 28
12 298 51 70
20 09¢ 153 69
-l %418
18 186 154 Ot
2 597 ~45 B7
23 273 -38 28
5 g34 -30 57
1 BS8# =21 71
L. 4 -16 Ot
490 +36 7
346 -55 %0
1121 -27 08

STEADY DATA
P o - P T
xsC cPL
£33 258
£s? - B892
106 - o
209 - 498
a3 - 720
1] - €67
460 - BC2
512 - 423
€54 - 128
604 088
9 el
874 57

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 6; DYNAMIC INDEX 132

PRESSURE FOR AGARD CT CASE NO. 6; DYNAMIC INDEX 144

cteearrmramerrereas ~-LOMEA SURFASE-—-<omm==ecmmomamomn

STEADY

512
64
624
779
874

DATA

- 133

.238
58

UNST|

REAL '

EAQY DATA

CPL Ame=asrasnnrannsns
HAG HAG PHASE



TABLE 5.17.

[ECHNICAL LIBRARY

WING MODEL - MLR 7301 SUPERCRITICAL, CHORD+ %00 MLCTERS

WING MOTION PITCHING 1 CF DEG ABOUT X/C= 378

DYNAMIC 1NDEX 136

STATIC INDEX 73

" %2 PTOT 1841681 K 050

ALPHa 37 Q1w 27671 FREG B 0

R & 20 D6 PN 59850
---------------- mremn e JPPER SURFACE-----oomm e v raraaa

STEADY DATA UNSTEADT DATA
-meelPU-2e-r eeaeeaans sessceeelPU Aemmeremccarnneran
XL oy nC REAL 1MAG MAL PHASE
023 - 554 016 -5 250 ¥ B2Y9 5 5hg 160 B0
45 -1 095 OE7 -8 951 3233 9 517 160 15
o270 -1 D64 092 -7 a4z 2 983 B L0 158 2
oo -1 1% M7 - Sab A 91n 159 28
122 -1 08 (142 -9 309 3747 10 035 159 09
147 -1 052 164 -B 939 3 879 § 529 156 19
158 -1 065 19t =11 19 535 12 3% ™ T7
195 -1 0% 245 =12 s 7028 142493 150 47
249 - 270 294 -11 £22 6325 13 £7Q 152 00
297 -' 004 3y -tto82 5 757 32 577 182 27
321 -1 007 343 =10 BYF G o444 12 ) 153 &7
M8 -1 OIS 393 -B 422 8 536 10 080 146 68
¥3 -1 052 424 =10 100 4 298 0 977 156 96
IH -1 044 470 -9 429 3 637 10 107 158 92
420 - 991 497 -7 073 2 419 7 475 161 r4
450 - 980 .54 3399 -3 401 4 8% -4% 36
473 -1.Q15 595 8073 -8B TI0 1t B -47 18
49 -1 016 618 6052 -39 ¥ 26 -33 00
524 =1 Q45 647 109 - g92 099 -8) 05
S50 -1.oes 697 -1.603 - 262 1624 -170 74
57 -1.003 8 -2 275 239 2 308 174 10
600 - 828 796 -3 069 722 3 1S5 165 80
624 - 639 B41 -2 B34 1031 J 806 162 7z
.652 - 492 816 -4 023 | 453 a 291 158 65
700 - 35
749 - 243
a7 -. 128
B2 -.023
914 109

TABLE 5.18. MEAN AND FUNDAMENTAL

FREQUENCY PRESSURE FOR AGARD CT CASE NO. 7; DYNAMIC INDEX 150

WING HODEL - NLR 7201 SUPERCRITICAL. CHORD: SO0 FETERS

WING MOTION. PITCHING 1.00 DEG ABOUT X/Ls 398

DYNAMIC INDEX 150

N .751
ALPHA 37
RE 1 .14E Q7
STEADY DATA
cemalPllenana
xC [=1)
.023 - 562
DS -1.048
o7 -1 036
Do -1 131
22 -1.097
T47  -1.043
168 -1.05%
125 -1 02!
249 - 956
237 - 991
g -1 D00
348 -) 009
389 -t 052
36 -1 052
420 -.972
450 - 920
473 - B66
479 - %05
524 - 949
550 - 999
T8 - 764
800 - 623
€24 -.525
652 - 440
700 - 353
749 - 234
797 =110
842 - . 006

914 22

STATIC MDEX T6&

PTOT 203236 K 050

QIN 55173 FREG @2

PIN 139846
-~ aUPPER SURFALE-~+n-=--vsrrms-memrrms

UNSTEADY DATA

—r—aaea wewnmraneaCPY Avrwrmn rr—mwawa .
XL FEAL 1%AG MAG © PMASE
016 -5 240 t 653 5 437 152 41
067 -5.03) 289 92%5i16. 151 89
052 -8B Dao 2 951 8 6 153 8%
117 -B 847 3 080 9 38 160 82
142 -10 254 3eps 1099 %9 83
154 <10 601 IBIT 11 265 160 24
191 13624 6011 14 BN 156 20
245 -12 E6! 5.248 14 298 154 10
294 -11 470 5284 12 628 15% 28
317 - 10 284 4 583 11 259 15 99
347 -10 195 4350 1100 155 7
393 -B 545 4 016 9 442 154 84
424 -9 878 2894 10293 153 68
470 -10 645 2 A6 10 915 167 23
497 -10 522 2 459 10 BOB 166 66
_B4T -9 497 6§30 9 518 176 22
5% B453 -BE&EA 12 112 -45 70
&8 7T 797 ) Bl4 B o0s =13 10
647 1 358 - 433 1425 -17 88
697 - 778 - 4G4 906 -30 82
. T4G 673 - 349 ™8 -27 44
796 175 - 2% 293 -53 %
g4} - 062 -. 143 156 =113 27
916 - 3:2 -.298 433 -137.19

LU

&4

e
Ll

721

20
z8
o]
240
sy

STEADY DATA
meealPL-vran
X/t cPL
.03 - AM
053 - 474
106 - 53t
209 - 516
X9 - 750
.36 - 627
. 460 - 626
532 - &40
614 - 133
€84 066
e 218
ar4 348

UNSTEADY

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 7; DYNAMIC INDEX 136

LOWER SURFACE = ~=cmmncaaas PP s

DATA

LOWER SURFACE--—- ===~ ——
UNSTEADY DATA

------- D it " B ELE T

X/t REAL MAG ) PrASE
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TABLE 5.19. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 8; DYNAMIC INDEX 191
WiING MODEL. MLR 7301 SUPERCRITICAL, CHORD: 500 METERS

WING MOTION PITCHING S50 OEG ABOUT X/C» 401

DYNAMIC INDEX 191 STATIC INDEX 81

L} T FTOT S0966. K X0
ALPHA 37 ainNF 12866 . FREQ 31 a
RE 3 30E 06 PINF Isozs
----------------------- WPPER SURFALE--------omrsancciaanmas memmcmreerere-rnssnanr o BWER SURFACE-+<sncasermnmmmmrenaaan
STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA
e lPUm cvemmm———— censaslPY Amnemmranan ramennn e lPLrer-- P T CPL. Am---sscrssommnnnn
XL cPy x/C AEAL IMAG MAG PHASE L Vi oL X0 REAL IMAG MAG PHASE
023 - .56% 06 -2 89 1 629 3 38 150 &0 53 - 526
oas -1 029 087 -4 ¥R 2 994 s M 128 1 106 - %65
020 -.987 17 -4 200 2 872 5172 146 29 209 - 53
094 -1.152 142 -4 159 3.130 5 206 143 04 .09 - TSY
122 -1 112 191 -3 908 3193 5. 046 140 76 .381 - 734
47 -1 077 245 -3 B89 3 Baa 5 452 135 28 4EQ - 811
168 -1 077 294 -3 610 3970 3 %6 132 29 532 - A2
95 a1 s MY -3 442 4 435 5.614 127 82 &4 - 133
249 - 959 .42 999 2 8 2.582 &7 24 GB4 059
297 -1 93 66 k= 3 003 J 024 E3 29 179 F£1
-1 019 393 1 6N 3 976 4 102 %75 874 349
48 -1 023 424 -2 23 7 N5 7 553 107 23
369 -1 072 448 1 €66 6 464 6 675 75 56
296 . -1.047 470 -1.130 1y 3B 11 432 95 68
£20 - 994 497 -.9% 1T B2 11 193 9 69
450 ~. 589 547 -1.044 7 947 g 0% 97 49
473 -t 022 563 - BS? 5 515 % 5A1 98 04
499 -% 026 595 -6 M| -10.238 12042 -I21 7B
524 -t Q72 618 -3 BTl -1 146 4.055 -154 57
550 -1 ng 647 -2 290 135 2 413 162 27
578  -f 113 697 -1 104 - 442 1189 -158 20
600 - 889 746 - 382 - 420 §72 -13 30
624 - 8397 796 - 293 283 497 13€ 06
652 - 467 841 - 503 -.393 628 -141 98
700 - 356 916 - 452 713 Bad 122 #0
749 - 242
797 -. 132
642 - 028
914 102

TABLE 5.20. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 8; DYNAMIC INDEX 134
WING MODEL - NLR 7301 SUPERCRITICAL, CHORD: S00 METERS

WING MOTION- PITCHING .49 DEG ABOUT X/T- 403

DYNAMIC INDEX 134 STATIC INOEX 73

H 752 P1OY 101661 x 200
ALPHA 37 QINF 27671, FREG 32 0
RE 6 20E 06 PIN 69650
----------------------- UPPER SURFACE-==-rsrsnremsonanommcns cererrevrrrrraneaanacs s QUER SURFACE:=-sn=o==srosssassarans
STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA
wrw=fPUmmme= ssamsrswmswececao CPU A-eneen BT cvealPLeb--~ awtrresecemcaer. CPL Arrwerrrrcmncemenn
x/C cru X/ REAL  IMAG MG PHASE e o WC REAL 1HAG MAG  PHMASE
s -.564 016 265 1.470 30M 15108 032 258
oas -1 095 067 -4819 286> 5349 w7 86 053 - 562
D70 +1.0G4 092 -3B4D 2S1F 4568 16 @ 106 - 532
038 -1.1% 117 -3945 2735 4B S5W 208 - 498
2 1108 142 -4 125 3248 5250 4180 308 - N
uar 1052 164 -£ 179 3299 S T2 3 - 667
168 -1.066 191 -3373 2914 4457 139 19 60 - .602
1% -1 026 245 3575 3609 5080 13474 532 - 430
2439 - 970 294 -3390 40B1 5305 12973 14 - 128
297 -1 0D M9 -3004 3959 4970 127 20 604 053
I -1007 343 -2 534 3802 4 567 122 69 179 248
M 1015 293 268 4 431 4 442 3554 874 357
%9 -1 052 424 -2176  6.940 7 273 10T 42
396 -1.084 470 - 90 11189 11 232 95 06
420 - 99 497 - 462 11 4BA 1) 4T4 42.32
450 - 990 547 - 353 B 298 B 306 92 51
413 -1 0I5 595 -11 982 929 12018 175 58
499 -1 016 618 -4 737 2650 Sam 15079
524 -1 45 647 -2681 2613 3 MI 1568
S50 -1.085 697 -1.302 012 1302 179 47
576 -1.003 746 - 633 - 693 39 -132 43
600 - .80 796 - 451 - 02 542 14622
624 - 639 B4t -5S56 - 974 1122 -11973
852 -.492 916 - 392 - &89 194 113 72
700 -.3865
Td9 243
9t -.123
842 -.023

gt4 Rl
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TABLE 5.21. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 8; DYNAMIC INDEX 148

WING MOOEL - WA 730! SUPERCRITICAL, CHORD= SO METERS

WING MOTION. PITCHING 50 DEG ABOUT X/C» 403

OYNaMIC IHDEX 148  STATIC INDEX 78

M ™1 PTOT 202236 K 2m

ALPHA a7 QINF 85173 FREQ 330

RE 1.14€ O7 PINF 139846
---------- ------------«LPPER' SURFALE-r-a--r-r-sccrereanrans

STEADY DATA UNSTEADY DATA
e CPYanaan O, R CPY Acmmmmnmnnnan annaa
L% (=) X REAL NAC MAG PHASE
w3 - 552 016 -2 693 1 646 3 158 148 57
o4 =1 Qa8 D57 ~4.533 3. 206 5 552 144 74
o -1 U3 po2 -3 694 2 %0 i 684 142 0B
s -1 13 1?7 -3 ™ 2 920 4 777 ta2 33
122 -1 097 142 -4 270 3 Ba3 S 748 13?7 g8
187 =1.043 168 -4 1QF 3 709 5 £2% 137 g8
158 -1.05% 1M -3 204 3157 4 498 135 43
195 -1.02t 245 -3 93 4 851 6 322 128 46
249 - 956 294 -3 251 4 Tda 5 °51 124 42
297 - 99 _319 -2 725 4 542 5 296 120 97
n -1 000 L343 -2 449 5 455 6 007 14 o7
3a8 -1 009 393 1 52 11.958 1 162 82 18
L9 -1 052 424 -§.157 14 t4 837 94 48
L¥%6 -1 o2 470 46) 13193 13 20t 88 01
. 420 - 973 497 2 004 12 S64 12 722 BO 94
450 -.920 547 1 023 14689 14725 86 02
473 - 866 695 -15 984 -168 220 22 772 -t34 59
493 -.9%05 .618 -10 B568 -17 5C4 20 557 -#21 @2
BV - 949 (647 -1 345  -% 369 553 -104 Q7
50 - 999 697 802 -2 949 2 291 -80 3%
578 - T84 746 628 -1 586 1 706 -68 40
600 - 633 736 141 - 826 838 ~BG 30
624 - 826 .84t - 135 - 677 630  -101 27
.652 - 440 916 -« 617 - 460 769  -143 31
.700 - 353
749 -.234
797 - 110
B42 - 0068
914 122

TABLE 5.22.

WING HOJEL. NLR 7201 SUPERCRITICAL. CHCRD: 500 METERS

MING MDTION. PITCHMING .50 DEG ABOUT X/Cs 403

DYNAMIC INDEX 135  STATIC INDEX 73

[} 52 PTOT 101661 K 0

ALPHA 37 QiIN 28T FREQ 48 0D

RE 6 20C 06 PING 65350
fateacaacasaasscsceenas UPPER SURFACE---sssssauasemssman- aee
STEADY DATA UNSTEADY DATA
aeaelPU--eee acesassesamecans CPY Avvure- wrmvaneeaa -
XsC cPY X/C AEAL HMAG MAG PHASE
023 - 564 aré -2 p4aB 783 2 954 184 &4
055 -1 095 067 +4.842 2041 5255 157 18
070 -1.084 P92 -4.359 2089 & B3} 154 43
o -113 117 -4 169 1 8BB4 4 §75 155 .69
122 -1 105 142 -4 219 23|3 & 92 151 37
187 -1 OS2 164 -4 332 2 299 4 904 152 0%
(17 I W 121 -3 426 1 839 3 und 151 79
195 -1 026 245 -3 633 2 414 & 404 146 78
249 - 970 34 -3 40 2 623 4 29 142 86
297 -1 004 Y -2 74t 2 260 3552 140 S0
21 -1 gov 343 -2 366 1972 3030 146 21
48 -1 Q1% 393 - 013 2178 2175 90 A4
389 -1 0%2 424 -1 350 3648 3 920 1o 3
396 -1 044 470 -.025 4 548 4 S4B 2 13
420 - 497 2 392 T 452 7 B27 72 2%
450 - 980 547 2 404 4 561 5 512 6¢ 15
473 -1 015 695 5338 3118 6 182 0 29
493 -1 0i6 618 ) 768 2768 3 28B4 57 46
£24 -1 0485 .647  1.058 2 248 2 455 64 B1
S50 -1 085 E97 - 157 374 406 "2 72
478 -1 003 746 - 23 -192 304 -140 B9
600 - 808 .79 - 03B - 183 163 -103 52
624 - 639 Ba1 . 580 . 992 1548 2120 3
652 232 916 - 201 - 423 469  -115 46
700 - 365
749 - 243
797 - 128
842 - 023
914 1ce

e -
09 -
381 -
460 -

>

&4
684

779
.87

m
450
532
B4
684
7™
87

133

- I

- 602
- 430
- 1ZE
o11:]
245
37

MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 9; DYNAMIC INDEX 135
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TABLE 5.23, MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 9; DYNAMIC INDEX 149
WING MODEL . NLR 7301 SUPERCRITICAL. CHORD= 500 MCTEARS
WING MOTION PITCHING 50 DEG ABOUY X/Cv 400

DYNAMIC INDLX 149 STATIC INDEX 76

H 751 PTOT 20323 L -]
ALPrA 37 QINF 55173 FREG 49 5
RE 1.14E O7 PINF 139346
---------- wmmmmemeee e UPPER SURFACE-----~-----momormmmwan tacccmsrsnssinnncsnnae OWER SURFACE=v=smverrsrronarrocncan
STEADY DATA UNSTEADY DATA STEADY DATA LNSTEADY DATA
wmasfPifecmmn eesve--eaee wmmme CPU Aoomemmomom oo seeefPL---te  smesssscavesveess CPL. Aremrrseessnaccacs
x/c 1) ¥4 REAL 1AL HAC PHASE %x/T CPL x/C REAL 11AG HAG PHASE
023 - 562 06 -2.473 B z 638 159.65 .03 - &34
045 -1.048 057 -4 268 2 %0 4 877 151 07 053 - A74
A7¢ -1.026 092 -3 4% 2 4 9% 148 25 106 -.8n
o4 -1 1M 17 -3423 207 4 D01 148 77 208 - 51§
122 -1 097 142 -3 770 2 s 475 143 26 209 - 750
147 -1 043 164 -3 841 2 704 4 535 143 4 281 - 827
e -1 059 9 -2 727 2 056 345 143 00 450 - 626
95 1.0 245 -3 196 3397 40" 133 27 532 - d40
249 - 956 294 -2.a4 2 774 3 695 13l 36 6id - £33
297 - 991 319 -1 B6? 2 535 3148 125 3% &84 086
321 -1 000 (363 <149 2 ey 3 145 156 85 779 238
346 -) 009 393 ) 182 3927 4110 73 29 ] 348
B -1 052 44 3 147 0 268 B ] 72 97
396 -1 052 470 3 626 7 643 & <60 64 52
a4x -.973 L4397 1 94 s 3 723 =8 52
A5 - 920 547 5 093 2 708 5 T 28 00
473 - BGE 595 -B.a 062 B 222 179 5%
a9 -.905 618 -4 36T -2 72 4970 -151 5)
524 -~ 949 €47 2027 -2 O5) 2 oY <124 70
550 - 999 697 -1.318 -2 142 2547 <1276
578 - 784 746 - 2BB -1 095 1132 -154 75
600 - 833 796 - 085 - 575 578 -36 49
£24 - 525 841 - 1720 - £48 659 104 €9
652 - 440 916 - 355 - 173 396 -154 12
706 - 33
149 B
797 - 110
Baz - 008
gt4 122
TABLE 5.24. INSTANTANEOUS PRESSURES AT THE UPPER SURFACE, HIGH REYNQLDS NUMBER
DATA; CT CASE 6; DYNAMIC INDEX 144
J= 1 2 3 Ll L] L] 7 ] 9 ¢ i1 12 13
PMASE,DEGx 38,7 44,7 50,7 58,7 62,7 68,7 4.7 80,7 86,7 2.7 8.1 104,7 110.7
ALPHA,DEGS » 398 1} 327 282 «235 2181 129 078 024 =029 =, 082 =134 . 184
I x/C * N » N . - - " * - . N » “ CP » 2 . " " - " . . . . N » *
«016 -.261 =-,266 =-.263 .2ty -,25T ~.254 -.249 =.246 =, 242 -.237 ~o 228 =222

«067 =1.104 =1,102 =1.098 =1.094 1,089 =1.085% =1.079 1,073 1,068 =1.0%8
09 =1.1%0 1,188 =1,186 =1,183 =1,179 1,175 1,170 *1.168 =1.158 -1,1%51
«117 =1,1712 =1,170 1,367 1,163 =1.1%9 =1.154 =1.,148 =1.1a2 =l.136 =1.128
eld2 -1.128 -1,125 1,12 =l.118 =1.11% =1.107 =1.100 1,093 =1.086 =1.077
albd +1.137 =l.134 «1,13] =l,1e7 =l.122 =1.116 =1.10% *1.103 "l.094 =1,08b
191 =1.,102 1,084 ~1,096 *1,0% =1.087 =1.081 =1,074 *1,069 1,062 =1.0%6
243 =1,041 =1.045 =1.043 =-1,038 =1,03a 1,028 1,021 =1.015 =1.007 . 99%
294 =1.10} =},099 1,096 =1.,491 =1.086 =1.0890 =1.073 =l.085 =1.05%¢6 =1.047
319 1,111 =l.l08 *1.106 =l.101 =1.0%¢ =1,0%1 =1.085 =1.017 =1.010 1,062
« 343 =1.131 =l.,1a8 =l.l2s =l.121 =l.dle =l.111 =1.40% =l.098 =-1,0%2 1,084
+ 393 =-l.188 =1.187 =l. 184 =l.182 =1.178 =l.114 =1, 169 »l,163 “1,1%7 1,150
i =l.113 =l.111 =l.108 =1.105 =1,1lu0 ~1,09% =1,087 =1.080 =1.,071 =1.060
W7 =1,030 =l,027 =i,02% =-1,02¢ *l.0in =1.009 =1,00% =.992 =981 =.971
497 1,073 =1,07¢ =)L 087 =1.082 1,058 *1.050 =l.041 =1.030 =1.01% =1.002
547 -1.187 =l,.182 =l.178 =L i74 *l.164 =l.152 =l.128 =1.09¢ =-1.,038 =1.012
« 595 ~.519 518 *.5l6 =513 = 50% -, 499 - 489 =480 =.480 -.879
618 . ded =,423 =. 422 =o4i? 412 =806 . 403 =, 398 -, 39% =, 398

- - -
DO R AW © 0 D O U L U

N T .42y =420 = d17 =elis =412 >, 408 -, 408 - 407 - 407 =, 209 -, 814 - 419
20 »097 =s Jud -, Ja2 =, 342 =. 540 =340 =340 = 3ad =.343 =347 =389 -, 358 =, 38
21 Ll =229 - 230 =230 =231 - 250 =, 232 =23 ~. 234 -,235% =, 236 -, E41 .43
22 + 798 109 .08 . 108 =107 =, 107 =107 =108 =.108 =.10% =.109 =110 =110
23 841 -, 007 =006 =, 006 =000 =.005 =, 006 . 006 ey ] =006 =.005 =008 =, 005

24 .16 139 137 129 .138 -133 +137 24 Tl 132 +100 138 40
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P RE et e e
COBNCP P E WA= OOD =G AL M-

Jz
PHASE, DEGE

ALFPHA;UEGE
| ¥4

2018
+087
092
»117
«142
«1b8
+191
245
294
+ 315
+ 343
+393
424
«470
097
2347
2595
+618
2047
697
«Tae
198
841
+918

Jz
PHASE,DEG=

ALPHA,DEGS
XAC

+0le
«0B7
092
W17
sl
184
191
+245
«29a
319
443
393
424
+470
<497
-1}
+59%
618
«H4T
«b9T
Tae
796
84
318

JE
PHASE ,,UEE=
ALPHA, LGS

x/C

.0186
T
092
117
Wlde
BT
.19
L2449
L2949
319
L343
393
424
470
497
ET
59y
618
L647
647
.T46
W196
.84l
916

14
118,17

-.232

* *

=217
=1.023
=1.123
=1.098
=1.045
=1.052
=1.027
=961
=l.ull
=1.03¢
*1.043
=1.118
=1.006
-, 854
=.857
=1.005
~.485
-,414
=. 425
=.Jb0d
e, 248
=.112
=.008

+129

21
194,7
-, 473

L] L]
=173
- 351

=1.058
=1.02%

“y

aTe.T
su2Y

~.208

=-1.,008
=1.109
=1.080
=1.,024
=l,04¢
=1.008
=.924

-9/

-, Y94

-,995

=91

=, 849

=771

=, T67

~.473

=-,474

=.Tai

= 476

=, 363

-.d43

=.1149

=.U11

wlla

15
l122.7

~+276

" .

=s213
=1.01%
"l.117
1,091
=1,037
=1.044
=1.020

=.95¢

~l.0ud
=1.022
=1l.084
=1.101
- 984

- 808

=880

=997

=499

- 412

.35

.31

=. 249

=.113

=.00b

«108

28
200,7

~.4bi

=.l/s
=940
=1.05¢
~1.028
=+95b
=+970
*.950
- 848
-840
=.758
789
=. 8813
=. 189
*.bb0
=.723
. 909
=498
Y- 1L
=-,534
=572
. 248
i17
=013

<115

41
278.7

su7h

=.213

=1.018
=l.11%
-1,093
=1.033
"l.042
=1.01b
=.93b

-, 990

-1.007
=1.017
r.952

~.857

=.793

~, 802

~.bbl

-, 855

=.h87

=.4b5

. 565

=243

=113

=.010

+114

18
128,7
=313

" -

=.208
=1.008
=1l,.111
1.085
=-1,028
=1.035
=1.013

=.939

=992
~1.013
=1.033
=1.087
-.95%

29
2Ve.?

-.448

=.17e
=949
=1,055
~1.027
=955
=975
=949
- 804
=79
-, 781
w172
=891
=807
693
-, 731
905
898
w812
-.552
=359
-, 245
=117
bl

o125

ag
204,17

R EL]

. g1Y
=1.02%
=1,1¢2
=1 .u9y
=1.043
=1,051
=1,024

-, 949
=1.002
=1.019
=1.043
=1.009

=.Bb4

=-.80%

-.B50

=.B53

=.81]
~.b2}

= 453

=563

=243
=.112
=.008

124

17
134,7

- ug
" L]

~.2Ud
=l.001
=1.105
=1.079
=1.018
=1.028
=1,007
=929
.83
1,008
=1.021
*1.089
-. 894
=796
-, 859
=948
». 552
. A%9
=450
=.3Te
=251
=113
=008

119

E 2]
a1a.7

-, 420

=.173
=950
*1.055
=1.027
=954
=975
.49
- b4l
-, 759
=776
~. 784
=901
-.a429
~ T4t
=.7b2
~. 499
-, 892
- 795
-.51%
=, 368
=246
=117
=013

Wl14

u3
290,17

o181

-.224
=1.03%8
=1.13%
=l.1u7
=1.0%3
=1.081
=1,932

.98}
=1.911
=1,029
=1.04u7
=l.U52

~, %09

~. 814

=808

=402

. T49

=, 529

"auk3

=, 30%

~.2ud

=112

-, 008

.128
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TABLE 5.24. CONTINUED.

18 14 20 21
140.7 las.7 152.7 158,7
-.382 =,013 ~.439 LI 11

* " . - CP . .

=199 =190 =, 187

. 99% - 982 =97
=1.099 =1,084
=1.074 -1,059
=1,010 -, 991
=1.0el =1.0071
=1.001 =.987
=919 -, 899
%70 .95
=997 976
=l.011 =980
=1.,050 972
=, 846 =, 809
=192 =119
=-.854 =815
=.8%8 -, 798
=.bu8 =. 75k
=879 =, 585
=460 =.870
=381 =, 378
. 252 . 254
=s113 =.lla
=kl =007
120 +139 089

31 32 33 3u
218,7 224,7 230.7 2867
-, 397 =362 ~-.321 =-.278

- £l ] cpP * * .
AR =178 =.178 -s182
=902 - 955 .. 9359 . 985
=1.056  *1,0%% ~1,062 ~i.06b
*1.029 3032 =1,035 =l,04}
-, 958 =904 =.970
=978 -, 982 -, 987
=949 -, 954 =962
B4 -, 450 =, 8560
-, Tis -, 751 =709
=776 - 779 =793
=192 =.798 =199
=912 =924 =-,927
- B4 =. 854 ~.B853
=772 791 =793
-.805 .84t -, 450
=.891 =920 =. 938
=441 =.878 - 815
=790 . 729 =714
=508 = 480 =479
=369 -, 3568 -, 369
=,245 =, 245 = 2db
=.l1lb MR =115
.13 ~,013 =011
124 113 2123

4y a5 [T 47
29¢6,7 30e.T 508.7 314,77

rrs +274 +315 355
L] - " L] [+ * *
=230 -,234 L2358 -, 248
=] audl =1.0%4 =1,063 =1.070
-1,138 =1.145 =1.152 1,159
=l.l18 =1,123 =1.15 -1.139
=l.082 =1.079 =1.079 =1.087
1,074 =1.079 -1.088 =1,097
-1, 0u0 =l.048 =1.0%8 =1.0063
=973 =944 -, 994 1,003
=l.021 =1,032 =1.0q1 =1.u050
“l.038 =l,046 =1.0%8 =1.064
=l.058 1,069 =1.078 =1.084
LT “l.101 =l.117 =1.129
.07 =i .008 =l.43e =1.048
=«Bil =419 =876 -.927
=873 =, 876 875 -,093
=979 ~1.02% =1.u3% =1.04}
= bbs -, 594 =.558
- 4t2 -, d4d =, 42%
-oldu =434 =, 425
=567 .o ~,358
= 244 . 204 =~ 240
=.111 = b1 =111
L LY =.0u7 =008

128 130 133

22
16e,7

~.d74

*, 184
=97
=1.073
=1,047
=980
- 998
=-97%
=. 884
=434
=954
LSl
=.906
-.433
=710
=B85
819
-.83%
=.758
=496
=. 576
=, 251
+. 115
=.008

o110

3%
242,7

- 278

. 184
=972
=1.071
=1,086
977
=993
=908
810
=811
=803
=, 7T9h
923
-, 852
=790
-. 849
=948
=.876
=705
- 475
=. 3t
. 245
-y 115
=015

118

48
320.7

« 388

=247

=1.07&
=1.16%
=1.185
=l.098
-1.104
1,069
=1.011
=1.059
=1.072
=1.091
=1.140
1,062
=.961

=-,952

=1.082
-, 548

=.820

=.421

~+158

=239

=.112

-, 008

137

23
170.7

=.475

=181
=954
=1.067
=081
973
=.99¢
= %0
-.87h

=.922
=937
=907
= %00
=-.815
=682
*.663
=841
=.857
-, 793
=511
~. 574
- 248
=115
=010

118

b1
248,17

=183

=. 189
=979
-1,078
=1.054
-, %849
1,090
,97h
=.B78
=878
=.851
=799
=919
=841
~. 783
=.844
. 939
=.879
=, 705
- 417
=, 3865
=-.24%
=115
=-.011

123

49
326,17

ldle

=,251

L V82
=1.171
-1.151
=1.102
=1.111
=1,07%
-1.014
«1,068
-1,080
=1.09%
=1.150
=1,075
~.981

-.999

=1,043
=534

-.418

=.419

~.352

=-,236

=.110

=+007

128

24
178,7

=, 487
. .

~ulT8
-.9%9
~l.064
-1.,037
=, 968
=986
=963
.. 869
=.918
=922
-, 852
=901
=190
..459
“,611
. 860
=, 867
=-.808
=551
- 312
-.2408
=.118
=010

124

3r
254.7
134

=94
4986
1,083
=1.002
=.993
1007
=. 984

332.7
L

* -

~e259
~t.088
=1.47%
=1.15%
=1.107
=1.117
=1.080
=1.024
1,076
1,088
=1.10%
=1.157
~1.08%
=992
=1.016
=1.042
=.535
417
=417
=350
=237
=111
-, uy?
-131

2%
182.7

=. 087

=178
-, 957
=1.061
=1.034
=964
-.983
- 95%
=. 8640
=901
=902
=811
=. 897
=780
=650
. 687
=893
-.092
-.788
=.525
=370
. 247
=.11%
=.011
085

3s
280.7

=.08a

. 199
- 993
-1.094
1.0
1,003
=1,01%
=992
=900
=, 947
-. 952
=897
=900
022
=, Tal
=811
-. 906
-, 882
-. 738
=.481
+.30686
=-.248
-.115
=.012

+127

52

Jia,7

it

=251

~1,09%
=1.183
L P L]
1,118
=1.128
=i 096
=1.03%
-1.087
-1.,097
*1.418
~1.189
=1.098
=1,009
=1,043
=1.117
-,533

=823

. 819

=, Jub

~.234

110

=. 008

118



5-20
J= CF]
PHASE  DEG=  34v,7
ALPrA, UELE Judd
H x/C * N
1 “Ule =.2bH
2 Ue7 =1.049
3 092 =1.18b
& £117 =1,1b8
5 w42 =l.122
b 164 =Y.13
7 191 =1.495
.} 2245 1,089
9 «294 =1.092
10 $5t9 =1.101
11 1 =1.120
12 393 =L.174
13 424 =L.i04
14 W4T0 =1.01l8
15 «997 =1.053
i6 «5a7 =1,147
17 L] =531
18 «618 =.422
19 +H47 -, 417
20 697 =.3aq
21 + TG =.23d
22 790 - 10%
3l <841 =,008&
2u 910 124
TABLE
= 1
PHASE ) VEGS [ -1
ALPHA,LEGE 49y
I %/C * *
1 016 =.2db
2 087 =l.07d
3 049 T
L) -1117 =loldv
5 142 =l.us?
) 164 =l.U%8
7 +191 =l.uel
8 +245 -, 495
9 294 =l.021
10 «3519 1,027
11 + 343 =1.034
12 3594 -l.u1%
13 R =1.914
1s 4ty =.825
1% L4997 =.864
ié 11 =1,uld
17 2598 =809
18 b1l =973
14 -ba4? - 49
20 77 -, 35
21 WTdb e234
ee «7%6 ~ 108
23 +Hal . kw7
24 «9le 118
Jx 14
PHASE,UELT 9.5
ALPHA,DEG= 101
1 AsC - *
1 «Ulh =.240
2 067 =l.0p8
3 092 =1.,158
“ T EE =1.13%
F] 12 ~l.va7
& 11 ~1.097
7 «191 “1.0862
8 Ll =i, bus
9 2% =1.u3%
10 319 =l.bal
11 a3ul =l.049
12 +393 *l.134
13 424 =1.0T4
14 470 -, 989
1S 497 =1.U33
s 547 =1.1ue
A7 «59% =.554
18 «5i8 E
1% PB47
20 697
21 2 Tag -, 230
22 196 =.108
25 +B84) =.003
24 e9lb +130

54
356.7

»486

=.¢bb
=l.lue
=1.188
=1.171
=1.12%
=1.134
=1.098
rl.043
=1.09%6
=1.10%
=1.12%
=k, 178
=1.107
=l.021
=~l.0861
=lulbs
=59
=~ d2d
=.4gl
~.343
-.230
=109
.07
olin

5.25.

Tas

LT

= 247
=1, 07%
~l.i0d
T3 T
=1.090
=l,l0y
=1.064

. 998
=1.02%
b FY LT
=1.038
=l.088
=-1,032

~. 8386

=889
=l.lup

=773
=+534

-, 4u3

=o 349

=g 5e

=108
=.lue
«118

5.9

049

=250
=l.VbB4
=1,15%
=1,144
=1.04%
=1l.0%4
1.0V
=l.u00
=-1.031
=1.03s
*l.046
=l.134
=1.012
=.989
~1,034
1,103
-.9%2
-.438
=417
=u33%
=227
=.109
=01
-131

55
LLT Y

sl

~e2b7
=l.104
1.190
=1.17e
=l.127
=1.1386
*1.101
=1.045
=1.099
=1.108
=1,128
=1.18]
=1.110
~1.02b
=1l,088
=l.174
=.532
e l28
- g3
=iy
-.232
-, 109
-, 00k
«len

INSTANTANECUS PRESSURES AT THE UPPER SURFACE, HIGH REYNOLDS

EL]
ELLIFS

483

=.dbd
*lilue
=l.i91
=1.174
1,129
1,138
=1.103
=1,047
=l.101
=1.110
~1.130
=1.184
"1.113
=1.029
=1,07v
=1.180
~s%30
=. 434
- u2b

~.233
=.110
- uie

117

DATA;

. 249
*1.078
"l.1b6
=1,14%
«~1.094
=1,10%
=l.9867
=1,00%
=1.08)
~1.037
=1 ,042
1,404
=1,ua0

.92

.89
=l.0%8

092

97,5
- vl

. "

=254
~1.0%97
~le.liub
=1.126
=1.078
=1.08¢
=1.U54

=994

=h.u24
1,052
=l.ud2
=1,132
=l,068%
".988
1,031
=1.097
=, 542
-, 430
=410
3534
. 287
=.lub
= uu0

+131

TABLE 5.24.

57 58
3T4.7 380.7
dTh L

* L] L] [
=,do9 =269
~l.lva *1.108
1,192 =1.193
=1.11% ~1,175
*1,13%0 =1.131
-1,139 1,140
1,104 =1.105
=1,048 ~1.049
=1,102 =1,103
*1.112 =1.113
=1,132 -1.133
~1.180 =1,188
=l.114 =1.114
=1,U3] =1.032
=1.073 =1.074
=1.184 1,186
=. 949 -, 929
- 430 - 429
=-.4e% - 42%
= 349 =, 344
=-.23] =-.232
=110 109
=.dve -_007
2152 +137

[ECHNICAL LIBRARY

CONCLUDED
&9 (1)
38¢.7 92,7
ad8 A2
. (4 " " -

-, 270 -.68
=1.108 1,107
=1,193 =1.192
=1.174 =1,174
~1.1480 =1.150
=1.139 »1,138
=1,108 =1.1903
=1.049 1,048
=l.1va =1.102
=1.113 =1.112
=1,133 *1.132
=1,188 =1.189
=1.118 =1.113
=1.032 =1,032
=1.07% =1,07%
cl. 189 =1.187
=.%24 =582

-, 429
- 42% = 4E4
- 343 -y 345
=230 =.232
=. 108 -, 108
=007 -, 008
b3t T4 ]

CT CASE 8; DYNAMIC INDEX 148

5.5

+u37

. 2uY
=1,078
*1.187
=1.14%
=1.0%95
=1.108
=1,068
=1.007
=1.084
=-1,%u40
l.048
-1.11v
=l.u37

=934

=53
=1,04%2

.57

=468

LY ET)

=, 3u7

-, 2352

.10t

=.vi3

123

1v3.5

= llb

.24l
~l.v3e
=1.14%
=l.1e2
=l.072
=l.082
*l.U3

=940
=1.VE1
=i.029
=l,u39
=l.131
~1.064

=981
=l.027
=1,099
=.53h
war
40
=334
-, 229
s lUG
=.U00

132

31.5

2414

=.2u49
-1.074
=1,167
*l.148
=1.098
=1.107
=1.068
=1,008
=1,038
*}. 042
=l 0ul
*l.11l8%
*1,062
- 554
A LE)
=1.102
=-.629
-,461
-.429
=.345
.22y
=.105
~.004
124

109.5

=.l64

=-.227
*1.04b
=1,140
~1.117
=l.Ua7
“1.078
1,046
=984
1,018
=l.uda
=1.,034
=1.129
=1.060
-.978
=1,024
=1,090
=927
s 426
=.alt
=, 337
. 229
=.108
=002

+«131

3r.s
+ 388
CP =

- 250
=1.078
=1.1867
=1.14%
1,097
-1.107
=1.089
=1,009
“1.,038
M LI
b 111
=l,120¢
-1.067

-. 966

~.955
=1,108

=612
=887

- 428

~.3u]

-.228

=108

-, 008

126

a0
115,95

-.213

+ CP

-, 224
=l uud
~1.135
=1,1412
=1.062
=1.072
=1.042

- 950

"l.0ie
=l,021
=1.032
*1.127
=~1.0%86
973
~1.017
=1,088
=523
LT 1]
=pdll
. 336
-2}
=107
=001

132

43,5

+358

~. 249
=1.078
=1.187
=1.148
=1.09%
*1.107
=1.v69
=1.,009
=1.u59
1,044
-1.051
~l.h24
=l.471

=979

-. 983
=1,.10%

=598

=.45]
relal

=. 341

-, 229

=,10b

= 0u%
27

L3}
3987

403

=.267
=1.10%
=1.191
=1.173
=1,3128
~1.137
=1,101
=1,048
1,100
*1.110
=1.130
=1.188
=1,113
=1,030
=1.074
=1,188
=523
-, 425
-, 420
=. 342
-,231
=109
- 007

=138

49,5

523

=.248
+1.078
=l.187
~1.146
~1.098
=1,107
~1.089
=1.010
=1.04)
b 046
=1.053
=l.127
~1.074
-.983
=l.001
=1.103
~.584
., 445
-.420
=341
=.229
=. 100
=. 005
.129

22
127.5

=307

=~.219
=l.028
=1.127
1,102
=1.0%52
~l.082
. 034
969
=1.002
=l.012
=1.025
-l.121
=1.048
=, 964
=1.003
=1.,4977
=512
=421
=«R10
*. 336
=231
=.107
~,003

+132

62
aga,T

372

=+265
=1.102
*1.190
+1.171
=l.126
=1.135
=1.099
=1,084
*1.098
=1.108
=1.129
=1.187
=l.112
=l.028
=1.071
*1.183
=-.519
=424
k20
=. 543
=230
=107
=Ulb

«138

63 L1}
410.T 416,7
+33% 291
* . » ]
=.2b4 .282
=1.099 =}.096
*1.187 *1.185
*1.1068 -1.145
=1.123 =l.120
=1.132 =1.128
=1,097 1,093
=1.0u} =1.039
=1.095 =1.091
=1.108 =1.101
=1.126 =l.121
=1,185 -1.182
=1.108 =1,10%
=1.025 =1.021
~L.068 “}1.,063
*l.1890 =1.17%
=.514 =508
+ lt20 =415
=ubi? =.a12
=540 ~.5359
-, 228 .29
=106 - 107
=000 -, 00%
133 o137
NUMBER
11 12
41,5 67,5
244 2199
" » " .
T 1] =, 244
1,979 =1.072
=1.18% *1.163
*il,145 =1.141
“l.094 =1.092
=l.10% -1,103
=l.067 =l.Gob
=-1,008 -1.007
-1.039 =1.038
~1.04% =1.,044
=1.0%2 =1.051
*lul3e =1.133
=1.078 1,077
=.989 =,990
=1.023 =1,029
=1.097 "1.,085
=582
=438
- 417 = e
- 330 . 538
-.228 =-.229
-.108 =107
Ul =008
128 128
24 es
139.5 145,53
=.387 “y k29
- . ) .
=.21a =.211
=1,017 =1.012
“1.117 =1.113
=1.092 =1.088
=1.082 =1,037
=1.051 =1,048b
=l.028 =-1,022
=. 959 =,953
-, 995 - 947
L] -. 998
-1.014 =1.013
=l.1149 =l.111
1. u34 =i.028
=950 =.941
- 479 =.962
*1.070 =1.072
=.50% =L 498
=. 422 =.N2e
=413 PRI L]
-.340 - 304
~.254 ., 236
=7 =110
=.006 =, 007
«125 «132

&5
42a,7

Tl

-.258
-1.091
-1.181
=1.181
*1,115
“1.123
-1.088
=1.034
-1,088
-1,097
=1.117
1,179
-1.101
-1,017
-1.058
-1.18%
-, 499
-a08
-, 410
=340
-, 229
=106
-. 605
140

13,5

a151

-y 242
=1,07¢
“l.l8)
~1.139
=1,090
=1.100
=1.004
=1.00%
=1.037
=1.043
=1,0%0
=1.13%4
=1.078

-,991
=1.033
=1,098

=. 557

U338

-, 418

- 540

-, 230

- 167

=.00%

129

26
151,5
- 448

~.207
=1.007
=1.110
=1,08%
=1.05
=1.04t
1,018
947
WG
-, 9%
=1,009
=1,1086
=l.021
931
- 937
-1,072
-, 495
=423
LIy
=345
=240
=110
- 007

133
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DENFEE WA= COE AT U E e

LIV TR T 7Y
EW— o

F- X RTE RV IRy W

LW~ D -

PHASE DL
ALPHA,UE
AlC

sUle
Ly
092
2117
142
+1bu
191
+245
+294
+319
+ 343
PELE]
WH24
+470
+ 497
«2a7
289y
.bls
+bu?
+b97
THY
T
+Bul
¥ie

PHASE,DE
ALPHA,GE
X/C

0ie
067
092
17
b2
o lbd
191
245
294
«319
343
593
ok
240G
«A97
o SU7
+59%
sbly
NIy
b7
P The
T
841
He

PHASE, DE
ALPHA,DE

XL

«Uie
ale?
062
o117
«lae
169
«19]
245
294
P 314
343
353
L]
4T
2497
-1 2
<9493
N-1L]
abu?
b7
T
798
LT}
a2le

J= er
GE  1u/,Y
LE =4l

L L

. 4U3
=1.0u3
=1.107
~l,vBe
~l.02s
=1.037
=1,ul4

=-.9u1

=.97b
=,991
=1.00%
=l.10¢
=1.013
=918
=.908
=l.ule
=.d49p
=424
el
=.553
=.2ul
=.110
~.bUT?
127

J= 40

Gz 235.%

Gz =,cHl
- -

=197

*.989

=1 088
=1.0867
=l .0ui
k.01
=993

- 902

-4y

=954

=.951

=l.ltue
-, 839

=807

=473

- Bb4

=079

=.257

L1 X}

=.d80

-.258

=120

a1l

129

J= 33
5= S13.>

bE LY

=27

=1.,047
-l.150
~l.lun
=l,U5UL
=1.u5%9
-1l.uvay
- 944

=960

-.987

=947

=34

=.8%0

“ullb

-T%7

=Wyl

-.a0y

-. 809

=.9¢l

=. 571

- 24%

L ii?

. Uel

117

]
16s.5

=,ulb

=edud
=l 000
=1.104
=1.080
=1.02¢
=1.04%
=1.011
=.937
~«974
. 960
=1.001
“1.u97
=1,008
=-.9u1
-.882
1,070
497
.31
=.42b
=.35%
.24l
=111
=.009

<1384

.
T aat.s

=,240

=y 199

=991

=1.090
1,068
=1.001
*1.018
=.993

=.Yul

=938

. 502

-4t

- 990

=802

= Bu7

“,gh2

-. 852

=712

= by

=. 485

-, 387

- 25

=all®

*.012

» 127

G4
319.%

383

=.d3U
=l.0du
1,139
~1.11&
ml.u%6
=1.06%
=1,034
-, 957
=985
=994
LA L]
-.4i5
.82
=780
-, 802
=.%dp
=840
-9
- 49y
=371
= 245
=s145
=18

117

29
169,54
=, 4%5

L]

=.dul
=.9497
“1.104
=l.uTt
=1,017
=1,029
=1,008
=.¥3l
=909
=-.983
“.997
“1.v92
=-,999
-.874
=807
“1.067
=.500
=.437
. 027
. 359
.244
=s111
=409

+133

42
247,%
=194

L]

=.efl

=.992

=1,093
=1.070
=1.003
=1.017
=99

. 903

=938

=951

- 43

=973

o847

+ 808

=-. 845

hL L1

= 747

—sbUg

=48y

=. 588

=298

=119

=013

«l2e

kL]
T

Y]
*

=234

=1,059
=la.lév
=1l,147
=l.ubl
=1.0T4
1,039
904

=491

- 499

=l.0u
=442

g8

=, fab

- 8lu

=eHll

-.tb]

- T84

LA L]

=369

=.243

.lle

=-ul?

T

3u
175.%

=48
. *

=+194%
- 994
=1.098
=1.073
1,013
=1,0¢6
=1.0ub
=.927
=.965
=.You
=.991
-1.udb
=, 969
=433
“.869
1,068
=50
=edug
=-.u33
=.463
=,245
=.114
“.009

«118

LT ]
2533.5
=147

=292
995
=1.09%
=l.u7e
=l.008

125

L1
351.9

Lu30
* -

.35
=1.u036
=1.144
=1.122
=l.087
=1.u77
=1.043

=,w7Tu

.99
=1.uvd
1.0/
=1.097

=478

=193

-.8éb

=920

=877

-, Tos

-, 489

=. 380

=,24]

".llh

=.014

+1ub

[ECHNICAL LIBRARY

TABLE 5.25.
F1) 3¢
181.5 167.5
.49 LT
* Li L]
=. 1% 197
., v92 =990
=l.t9 1,094
=l.u7e =1,070
=1.009 =1.0086
=1.0¢3 =1.021
=1.008  =1.001
=.92e . 919
=981 5
=977
- u7
“lelou  =1,078
=.917
., Bul
=-.B73
=l.052
=e5U%
=, 4s0
-.u39
=.dbb
= 249
=.11h
=.vus
125
ad 45
259,5 265,.5
=98 =, 044
" - *
.24 -, a07
=997 =1,001
~1.098  =1.101
=l,0l =1.078
=1.007 . =1.011
=l.022 ~1.02%
-, 949 ~1,.002
=408 =910
=943 -.984
=954 =955
- 945 =, 945
- e =.93b
=849 =.851
=193 w, T84
. 827 =407
=.4a3 =452
-,803 e, 82]
=.bbT .89
093 =498
=.Ju4 =. 384
=.235 =, 25%
~.119 =120
“.U13 - U4
122 123
37 58
137.5% ELEFY ]
R TY] LUTY
- * -«
=258 Ly -1
=1,u80 =y,064
=1,14a4 b 1%2
=l.128 =1.130
-1.071 =1.07%
=1,04] =1.4bs
=1.0a7 -1.0%52
=970 ~. 981
=l.uue =1.007
=1.U008 -1.013
=1.013  =1.020
=l.uu =1.0u40
+, 897 =, 32b
Uy =803
. 857 =849
=951 =949
~.873 ., 865
=.Tug MEA L]
P LT =473
=.dbc ~.360
. 240 =. 239
=.114 =.113
=.uig2 =010
.117 alis

CONCLUDED.
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Fig. 5.1. General arrangement of oscillating airfoil test apparatus
in NASA AMES 11- by 1ll1-Foot Transonic Wind Tunnel.
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Fig. 5.11.

[+

Unsteady pressure time-histories for supercritical design
M= 0.721, o

case.

= 0.19°,

AGARD CT CASE No. 8
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DATA SET 6

RAE WING A. OSCILLATING FLAP

by
D. G. Mabey, RAE Bedford

INTRODUCTION AND DISCUSSION

An extensive series of oscilllatory pressure measurements®:12 was made on a half
model of a swept wing with a part-span trailing-edge flap (Fig 6.1), to highlight the
uncertainties in linearised theory at transonic speeds and moderately high frequencies and
to provide evidence of the importance of boundary-layer thickness, The model thickness-to-
chord ratioc was selected to ensure that at zero incidence, even at transonic Mach numbers
up to M = 0.9, the local Mach number, Me , would be less than 1.2, so that boundary-layer

separations were avoided (Fig 6.2). The mean isomach contours are given in Figs 6.2 and
6.3 which illustrates some measurements made for angles of incidence other than zero.

The magnitude of the oscillatory pressures decreases significantly as the boundary-

layer displacement thickness, 61 . at the flap hinge line increases. consistent with the

reduced lift-curve slope of the flap, However, the phase lag of the oscillatory pressure
with respect to the flap motion decreases as the boundary-layer thickness increases

(Fig 6.4), This large change in phase angle, ¢ , 1is now attributed to the displacement
effect of the time-dependent turbulent boundary layer®:?,

The major uncertainty in the original experiment®'!»? was the absolute value of the
flap deflection, which could only be specified to about 5% accuracy because of aerocelastic
distortion (both static and dynamic). In the subsequent tests a stiff flap was used made
of carbon fibre®+3, together with a new form of optical transducer to measure the flap
amplitude®:*. There were also improvements in the measurement of pressures., None of
these measurements is included here, for other reasons discussed fully in Ref 6.3,

In the original experiment good comparisons with inviscid linearised theory were
obtained at subsonic speeds (Fig 6.4). The principle of superposition of flap freguencies
was valid at both subsonic and transonic speeds (Fig 6.5a&b). However, at transonic
speeds sinusoidal flap movements do develop significant pressures at harmonic frequencies
behind the shock waves, owing to the non-linearity of transonic flows®'! and small aero-
elastic distortions {Fig 6.6),

Ref 6.1 gives some details of the original experiment while Ref 6.2 reviews the
principal results. Ref 6.3 gives some preliminary measurements on the same model fitted
with a modified flap and drive system capable of much higher frequencies. Amongst other
results, these tests established that in the original experiments®:1:?2 the effects of the
unwanted wing motion on the oscillatory pressures were small.

The data presented correspond with gsome of the CT cases in Ref 6.9 chosen for RAE
Wing A with an oscillating flap and relate to both subsonic and transonic flows. Of the
CT cases, 4 and 5 are for subcritical flow and 11 is for supercritical flow. For CT
Cases 8 and 9 the unsteady flow is termed 'critical' because a local supersonic region is
present intermittently. (See Table 6.1 and discussion in Ref 6.1.)

No data for the CT Cases with heaving or pitching or for CT Cases 10, 12 and 13 are
yet available,

1 GENERAL DESCRIPTION OF MODEL
1.1 Designation RAE Wing A
1,2 Type Half model with part-span trailing-edge flap

1.3 Derivation -

1.4 Additional remarks -

1.5 References Ref 6.5
2 MODEL GEOMETRY
2.1 Planform Straight tapered
2.2 Aspect ratio 6
2.3 Leading-edge sweep 36.65°

2.4 Trailing-edge sweep 22.34°
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2.14
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2.16

WIND
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3.13

3.14

3.15

MODEL
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Taper ratio
Twist

Root chord

Span of model
Area of planform

Location of reference sections
and definition of profiles

Lofting procedure between
reference sections

Form of wing-body, or
wing-root junction

Form of wing tip

Control surface details

Additional remarks

References

TUNNEL
Designation
Type of tunnel

Test section dimensions

Type of roof and floor
Type cof side walls

Ventilation geometry

Thickness of side wall
boundary layer

Thickness of boundary layers
at roof and floor

Method of measuring Mach
number

Flow angularity

Uniformity of Mach number over
test section

Sources and levels of noise or
turbulence in empty tunnel

Tunnel resonances
Additional remarks
References on tunnel
MOTION

General description

Reference coordinate and
definition of motion

Range of amplitude

LIBRARY

1/3

0

240 mm

& = 480 mm
0.0768 m>

RAE 101 - 9% streamwise

Straight line generators

Ne body: 0.6 mm gap at reoot

Straight streamwise chord: no radius

Trailing-edge flap from n = 0,40 to 0,70.

Hinge line at x/¢ = 0.70 swept 27,059, Small
chordwise and spanwise gaps (see Ref 6,1)

RAE 3 ft x 3 ft

Ceontinuous and pressurised

Height = 640 mm, width = 910 mm,
length = 1370 mm

Slotted

Closed

Four complete slots and two corner half slots
in roeof and floor, covered with perforated
plates. Open area ratio of slots = 8%

*

§" = 7 mm

8* less than 7 mm
Plenum chamber pressure

About 0.1°

+0,002

Mixing region at ends of working section,
Typical levels at transonic speeds vnF(n) =

0.004 (Ref 6.6)

Tunnel resonance freguencies well above flap
frequencies

Ref 6.6

Sinusoidal pitching of flap about swept hinge
line

Flap deflection relative to wing chord at
n = 0.55 (mid-flap)

0 to 2°
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4.4 Range of freguency

4.5 Method of applying motion

4.6 Timewise purity of motion

4.7 Natural frequencies and normal
modes of model and support
system

4.8 Actual mode of applied motion
including any elastic

deformation

4.9 Additional remarks

TEST CONDITIONS

5.1 Model planform area/tunnel
area

5.2 Model span/tunnel width

5.3 Blockage

5.4 Position of model in tunnel
5.5 Range of Mach number

5.6 Range of tunnel total presgure

5.7 Range of tunnel total
temperature

5.8 Range of model steady, or
mean, incidence

5.9 Definition of model incidence
5.10 Position of transition, if
free

5.11 Position and type of trip,
if transition fixed

5.12 Flow instabilities during
tests

5.13 Changes to mean shape of model
due to steady aerocdynamic load

5.14 Additional remarks

5.15 References describing tests

MEASUREMENTS AND OBSERVATIONS

6.1 Steady pressures for the mean conditions /

6.2 S5teady pressures for small changes from the mean conditions -

6.3 Quasi~steady pressures

6.4 Unsteady pressures

6.5 Steady section forces for the mean conditions by integration

of pressures

6.6 Steady section forces for small changes from the mean conditions

by integration

6.7 Quasi-steady section forces by integration -
6.8 Unsteady section forces by integration -

6.9 Measurement of actual motion at points on model -

6-3

0, 1 Hz, 90 Hz and limited data available at
131 Hz

Semi-resonant motion

Good., First overtone 40 dB lower than
fundamental

First bending frequency at 60 Hz, second bend-
ing frequency at 143 Hz, minimum model motion
at 90 Hz

Elastic deformations were not measured but
were subsequently shown not to alter the
pressures at 1 and 90 Hz

Influence of wing motion discussed in Ref 6.3

685 mm from start of working section

0.40, 0.65, 0.80, 0.85, 0.90, 0.95

0.95 bar

278 K to 298 K

0 to 2°

Model set to zero gecmetric incidence

(NB up to 0.1° flow deflection)

Limited data with free transition in Ref 6,2
x/c = 0.05, roughness elements 0.13 mm high
and 2 mm apart

No periodic shock oscillation but some random
oscillation associated with unsteadiness in
tunnel flow

Negligible

Refs 6,1, 6,2
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could be made available

HORE

oscillatory

Average motion at n = 0.55

to remote

6-4
6,10 Observation or measurement of boundary layer properties
6.11 Visualization of surface flow
6.12 Visualization of shockwave movements
6.13 Additional remarks
7 INSTRUMENTATION
7.1 Steady pressures
7.1.1 Position of orifices See data tables
spanwise and chordwise
7.1.2 Type of measuring system Capsule manometers
7.2 Unsteady pressures
7.2.1 Position of crifices See data tables
spanwise and chordwise
7.2.2 Diameter of orifices 0,5 mm
7.2.3 Type of measuring system Individual in situ transducers
7.2.4 Type of transducers Kulite type XCQL 093 25A
7.2.5 Principle and accuracy of Steady calibration and tests with
calibration pressure generator (see Ref €.7)
7.3 Model motion
7.3.1 Method of measuring motion Foil strain gauges on steel flexures at
reference coordinates n = 0,52 and 0.66.
7.3.2 Method of determining Not measured
spatial mode of motion
7.3.3 Accuracy cof measured 5%
motions
7.4 Processing of unsteady
measurements
7.4.1 Method of acguiring and Serial logger to Digital Transfer Function
processing measurements Analyser (DTFA); paper tape input
computer; parallel magnetic tape
7.4.2 Type of analysis Harmonic
7.4.3 Unsteady pressure Fundamental only
gquantities obtained and
agcuracles achieved
7.4.4 Method of integration to Not integrated
obtain forces
7.5 Additional remarks -
7.6 References on techniques Refs 6.1, 6.3 and 6.4
8 DATA PRESENTATION
8.1 Test cases for which data Table 6.1
could be made available
8.2 Test cases for which data are Table 6.1
included in this document
8.3 Steady pressures Tables 6.2 to 6.5
8.4 Quasi-steady or steady Tables 6.2 to 6.5
perturbation pressures
8.5 Unsteady pressures Tables 6.2 to 6.5
8.6 Steady forces or moments -
8.7 Quasi-steady or steady -
perturbation forces
8.8 Unsteady forces and moments -
8.9 Other forms in which data -
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8.10 References giving other Refs 6.1, 6.2, 6.3 and 6.8
presentations of data
COMMENTS ON DATA
9.1 Accuracy
9.1.1 Mach number +0.002
9.1.2 Steady incidence +0.1°
9.1.3 Reduced freguency Variations up to 2% from nominal values due
to temperature variations
9.1.4 sSteady pressure C_ better than £0.006
coefficients P
9.1,5 Steady pressure -
derivatives
9.1.6 Unsteady pressure Magnitude of Ep/ao to i(0.0SlE /60| + 0.02).
coefficients Phase to #3° P
9.2 Sensitivity to small changes -
of parameter
9.3 Non-linearities Small (discussed in Refs 6.1 and 6.2}
9.4 Influence of tunnel total Not known
pressure
9.5 Effects on data of See Introduction
uncertainty, or variation,
in mode of model motion
9.6 Wall interference None
corrections
9.7 Other relevant tests on Ref 6,3
same model
9.8 Relevant tests on other Ref 6.5 for relevant steady tests
models of nominally the
same shape
2.9 Any remarks relevant to Some interesting comparisons with subsonic
comparison between inviscid linearised theory in Ref 6.2
experiment and theory
9,10 Additional remarks -
9.11 References on discussion Refs 6.1, 6.2 and 6.3
of data
PERSONAL CONTACT FOR FURTHER D.G. Mabey
INFORMATION Dynamics Laboratory
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6.6 D.G. Mabey Flow unsteadiness of model vibration in wind tunnels at subsonic
and transonic speeds.
CP 1155 (1971)

6.7 B.L., Welsh Some notes on the measurement of oscillatory pressures.
RAE Technical Memorandum Structures 869 (1975)

6.8 D.M. McOwat Dynamics Lab Memo 1 (1982)

6.9 S.R. Bland AGARD three-dimensional aeroelastic configurations.

AGARD-AR-167 (1982)

12 NOTATION

€ root chord

Cp steady pressure coefficient

Ep complex pressure coefficient

R(C ) real part of Ep

I(EP) imaginary part of Ep

f frequency (Hz)

k frequency parameter fncr/U

M free stream Mach number

Me local external Mach number

Re Reynolds number based on free stream conditions and root chord
U free stream velocity

o angle of incidence

60 flap amplitude in streamwise direction (see Note below)

61 boundary-layer displacement thickness at hinge line

8* boundary-layer displacement thickness at wall

n dimensiocnless spanwlse coordinate y/s

A sweepback angle

13 dimensionless chordwise coordinate (fraction of local chord)
¢ phase angle of pressure with respect to flap motion

NOTE: For consistency with the standard notation suggested by Bland, the symbol &
represents the flap deflection angle measured streamwise. In Refs 6.1 to 6.3, which give
other information about the tests, the symbol § represents the flap deflection measured
normal to the hinge line. Thus

{6, as used here) (6 of Refs) x cos AHL R where A = 27.05o

HL
{6 of Refs) x 0.891 .

(EP/G, as used here) (EP/G of Refs) x 1,122 .
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Table 6.1
SUMMARY OF DATA GIVEN AND DATA AVAILABLE
Re x [ [ bl CT or Time-
0 Test
M -6 k data dependent
10 (deg) | (deg) 4 35 [ 0,45 | 0.60 | 0.75 | given £low No.
0.40 1.91 Steady - 0 1 1 1 1
0.0055 1.78 0 1 1 i 0 A 1
0.50 1.71 0 1 1 1 1 A
0.65 2,78 Steady - 0 1 1 1 1
0.0035 | 1.75 0 1 1 1 0 A 2
0.32 1.63 0 1 1 1 1 p\
0.80 3.14 | Steady - +2 1 1 1 1 4 9
+1 1 1 1 1 - 7
0 1 1 1 1 v 3
-1 1 0 1 0 - 8
-2 1 1 1 1 v 10
0,0029 1.75 +2 1 1 1 0 4 A 9
+1 0 1 0 0 - A 7
0 1 1 1 0 4 A 3
-1 ] 1 0 0 - A 8
-2 1 1 1 0 Y A 10
0.26 1.60 +2 1 1 1 1 5 A 9
+1 1 1 1 1 - A 7
0 1 1 1 1 4 A 3
-1 1 1 0 1 - A 8
-2 1 1 1 1 5 A 10
0.85 3.23 Steady - +2 1 1 1 1 13
+1 1 1 1 1 11
0 1 1 1 1 4
-1 1 1 1 1 12
-2 1 1 1 1 14
0.0028 | 1,75 +2 1 1 1 0 B 13
+1 0 1 1 0 A 11
0 1 1 1 0 A 4
-1 0 1 1 0 A 12
-2 1 1 1 0 A 14
0.25 1.58 +2 1 1 1 1 B 13
+1 1 1 1 1 A 11
0 1 1 1 1 A 4
-1 1 1 1 1 A 12
-2 1 1 1 1 A 14
0.90 3.32 | Steady - +1 1 1 1 1 v 15
0 1 1 1 1 v 5
-1 1 1 1 1 Y 16
0.0026 1.76 +1 0 1 1 0 Y c 15
0 1 1 1 0 8 B 5
-1 0 1 1 0 v A 16
0.24 1.58 +1 1 1 1 1 11 c 15
0 1 1 1 1 9 B 5
-1 1 1 1 1 11 A 16
0.95 3.38 Steady - +1 1 1 1 1 17
0 1 1 1 1 6
-1 1 1 1 1 18
0.0036 | 1.80 +1 0 1 1 0 C 17
0 1 1 1 0 C 6
-1 0 1 1 0 c 18
0.23 1.58 +1 1 1 1 1 ol 17
0 1 1 1 1 c 6
-1 1 1 1 1 C 18

Type cof flow: A Suberitical
B Critical
C Supercritical

Data available: 1
No data: 0
Data given: v

All tests made with fixed transition,
Results for lower surface are obtained from negative incidences,
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Flap .
Fig 6.2 Mean isomach contours: o =0

— — — Pressure measurement sections
—— Flap drive shaft

—-—=— Transition trips

Aspect ratio AR 6
Taper ratio A 13
Section RAE 1
Thickness/chord ratio| t/¢c | 0-09
Sweepback:

Leading edge | A{0)| 36-65°
Mid - chord AO-5) 30-00°

Flap LE AMO-7)| 27-05°
Trailing edge {A(1-0)| 22-33°
Semi- span s | 0-48m
Root chord r | 0-24m
First mean chord € | 0-16m
Wing area Si2 |0-o78m?
Flap - Span 0-Lsye07 Fig 6.3 Mean isomach contours: suction surface
Chord 07§10
Transition trips:
Position t |0-05
Height — | 0-127mm

Fig 6.1 Model geometry: RAE Wing A

M=080 20r
n =060 'y
4. TRANSITION 10% g, /cp 0
max|? © FREE 2-3
089 [Co | X FIXED 37
3 -20
2 LINEAR =40
/THEDRY————-
1 \X -60
0l 1 "l 1 | 1 | ~-gpl
0 02 04 06 08 § 10

Fig 6.4 Magnitude and phase of subsonic
pressure distribution
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DATA SET 7

NORA MODEL. OSCILLATION ABOUT A SWEPT AXIS
by

N. C. Lambourne (formerly with RAE)

INTRODUCTION

This Data Set relates to a low-aspect-ratio model oscillating as a rigid body about
a sweptback axis as shown in Fig 7.1. The data were obtained during an international
cooperatlve investigation of wind-tunnel interference on unsteady measurements®. Compara-
tive measurements were made in four different tunnels two of which, the NLR High Speed
Tunnel (HST) and the ONERA Modane S2 tunnel, were large in comparison with the model. The
results from those tunnels are considered to be free of large interference effects.

The numerical data included here correspond closely with the AGARD CT Cases and come
mainly from the HST in which the most extensive tests were made. Where nominally identical
conditions were tested in the $2 tunnel, the corresponding data from that source are also
included.

Fig 7.2 and Table 7.1 show the parametric combinations for which data could be made
available if required. The cases for which data are included here are detailed in
Table 7.2; they comprise not only all the CT Cases, but in addition a low-frequency (5 Hz)
set of data for every Mach number and mean incidence combination of the CT Cases.

Fig 7.1 and Table 7.3 show the positions at which the steady and unsteady pressures
were measured, Because no steady pressures were obtained at the two spanwise positions
at which the oscillatory pressures were measured, direct comparisons between unsteady and
zero-frequency (k = 0) equivalents are not possible. However, oscillatory pressures were
measured for an oscillation frequency of 5 Hz (k = 0.035) and it is considered that the
in-phase component of pressure for this frequency is sufficiently close to that which
would be obtained for a guasi-steady condition, k + 0.

For the unsteady measurements, attention was directed mainly to the upper surface
(the extrados, denoted throughout by E} whilst only a few measuring positions were
provided at the lower surface (the intrados dencoted by I).

It should be noted that the measured steady pressures are not expressed as pressure

coefficients CP . but as local Mach numbers ML . Also the oscillatory pressures have

not been converted from their original form of R and I , the real and imaginary compo-
nents non-dimensionalised using tunnel total pressure, and not dynamic pressure. Multiply-
ing factors for the conversion of these quantities to the more usual C'/B0 and C"/eO

are included in the tables. P P

Mode of oscillation

The oscillation imposed on the model was basically rigid-body rotation about the
axis shown in Fig 7.1. The motion was defined by the ocutput of a transducer attached to
the driving shaft rigidly fixed to the root of the model. The transducer output was
calibrated to read angular displacement 6 in a streamwise plane parallel to the plane
y = 0. The oscillatory signal, 6 = 8o sin wt , acted as a phase and amplitude reference

for all the other oscillatory quantities.

Due to model flexibility, there were slight departures from the design mode of rigid-
body motion, and these differences tended to increase with oscillaticon frequency. Informa-
tion about the actual motion was obtained from the six accelerometers installed within the
model as shown in Fig 7.1 and detailed in Table 7.4.

Because displacements deduced from accelerometers tend to be unrealiable for low
frequencies, no measurements were made for 5 Hz. However, for this frequency it can be
confidently concluded that the differences between the actual motion and the design mode
were negligible,

For the 40 Hz tests corresponding to the CT Cases, the complex amplitudes of the
normal displacements, 2z , at each of the accelerometer positions are given in Table 7.5.
The severity of the departures from the design mode is more readily appreciated from
Table 7.6 which gives, for the three gpanwise positions containing accelerometers, local
pitching and wing bending (Ze the rotation about, and the normal displacements of, the
design axis) as deduced on the basis that each chordwise section remains rigid, Not sur-
prisingly, the deformations in twist and bending tend to increase with spanwise position.

* The letters of the acronym NORA refer tc the names of the organisations involved:
NLR, ONERA, RAE and AVA (a branch of DFVLR).
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The bending deformation if it were exactly in phase with the pitching motion would
simply amount to a small change in the local position of the pitching axis. A few theore-
tical calculations made at the time of the experiments to examine the effect of changes
of axis poesition on the unsteady aerodynamics showed that the measured amount of super-
imposed bending motion for 40 Hz is not likely to produce significant contributions to the
oscillatory pressures.

With regard to the effects of the twisting deformation of the model, it can be
inferred from Table 7.6 that the actual pitching motion at the sections n = 0.524 and
0.712, where the unsteady pressures were measured, has (1) an amplitude rather larger
than the reference g and (2} a small phase lead, The phase lead is never larger than

4° and its effect is probably negligible within the general accuracy of the measurements.
Since no corrections for the model deformations have been applied to the tabulated data,

which are normalised using the reference BO ;, the increase in pitching amplitude at the

unsteady measuring sections suggests that a user of the 40 Hz data would be justified in
reducing the values of the normalised quantities R and I by a few percent.

No numerical data for 60 Hz are presented here but could be made available if
required. For this frequency the bending motion of the wing is larger than for 40 Hz,
and without an analysis it 1is not possible to conclude that its effect is insignificant.
In the absence of such analysis, the 60 Hz data should be regarded as only qualitatively
relating to the design mode of motion.

Steady flow

The steady flow at the upper surface can be inferred from the distributions of ML
shown in Figs 7.3 to 7.6,

Wwhen the incidence is near to zero, for all M , there is a small region of high
suction and a recompression situated close to the leading edge. With increase of incidence,
for each subsonic M the high suction region extends backwards over the chord and is ter-
minated by a steep pressure gradient - the forward recompression. For higher subsonic M
this is followed by another expansion region, which for M = 0.95 is terminated by a shock
wave - the rear shock, aft of mid-chord. The three-dimensional nature of the flow when the
model is at incidence can be seen in the isomachs of Fig 7.7.

Whereas there is no doubt about the existence of the rear shock, the exact nature of
the flow over the more forward part of the chord is not absolutely clear. Although for
some of the test conditions the local Mach numbers in this forward region are supersonic,
it is not obvious that the forward recompression involves a shock wave. Certainly there
is no pessibility of a shock wave for M = ¢.80 even at the highest incidence, It is there-
fore important to note that the general shape of the forward recompression remains
essentially the same as M 1is increased up to its highest subsonic value M = 0,95,
Furthermore, the high angle of sweepback of the isomachs in the forward recompression
region, as seen in Fig 7.7, suggests that a shock wave will not be present, Instead it is
probable that for much of the incidence range and for all subsonic Mach numbers, a leading-
edge separation vortex extends across the upper surface.

Influence of incidence on the oscillatory pressures

An example of the influence of mean incidence on the oscillatory pressures for
M = 0.90 is shown in Fig 7.8 which gives results for the upper surface (E) at sections 2
and 4 and for the lower surface (I) at section 2. Tt is the upper surface that is most
affected by increasing positive incidence, the lower surface tending to retain the pattern
it has for the non-lifting condition. Also, whereas for a non-lifting condition the dis-
tributions for the two spanwise positions are basically similar, with increase of incidence
the characteristics for the upper surface become more three-dimensional and the leading-
edge peaks in R(X) and I(X) move to the rear and broaden. These changes are doubtless
related to the rearward displacement with incidence of the steady-flow recompression region,
as already seen in Fig 7.4. For an = 3¢, R(X) and I{X) at section 2E each consists

of a leading-edge peak followed by several subsidiary peaks or 'crinkles', lying ahead of
the rear shock peak which is situated at about 55% chord. With further increase of inci-
dence to a = 50 , the crinkles have almost disappeared and have been replaced by a more

regular distribution of forward and rear peaks. It would seem that this evolution is
associated with successive stages in the development locally of high subsonic and eventually
supersonic flow,

At section 4E with increase of incidence, R(X) becomes negative over nearly all
of the rearward half of the chord., At the highest incidence, o, = 50 , the forward peak
extends over much of the fore-chord as a result of the fanning-out of the forward recom-
pression, possibly associated with the separated vortex flow suggested previously.
Influence of oscillation frequency

The effects of changing oscillation frequency are shown, at least gqualitatively, for
each of the CT combinations of M and L in Figs 7.9 to 7.15. For the non-lifting

cases, Figs 7.9 to 7,12, results are shown for section 2E only; for the lifting cases,
Figs 7.13 to 7.15, results are shown for both sections 2E and 4E .
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Changing frequency is generally expected to affect the imaginary component and phase
angle. For the non-1ifting cases the frequency effects on the real component are not
large when the flow is either completely subsonic (Fig 7.9 for M = 0.8) or completely
supersonic (Fig 7.12 for M = 1,10). Greater sensitivity to frequency appears in both real
and imaginary components where the local flow is close to sonic (Fig 7.10 for M = 0.9, near
mid chord) or in the vicinity of the rear shock wave (Fig 7.12 for M = 0,95).

For the lifting cases (Figs 7.13 to 7.15) the real and imaginary components show con-
siderable changes, not only at the rear shock wave, but also at the forward peaks.

Sensitivity to small changes in M and en

When comparisons between experimental and computational results are being made, it
is helpful to be aware of the sensitivity to small variations in the parameters and of the
uncertainties in the measurements. For the present model with sonic or near-sonic flow the
real and imaginary distributions R(X} and I(X) are sensitive not only to fregquency but
also to small changes of M and o

As shown in Fig 7.2 the tests for the mean conditions M = 0,90, an = 4° and M = 0,95,
an = 4,75% corresponding to CT Cases 5 and 7 or 8 are each surrounded by eight neighbouring
test cases with small differences in M and @ . It is from these matrices of tests that
information on sensitivity can be obtained.

Fig 7.16 shows for the initial condition M = 0.9%0, e = 4°

making changes of +0.2% in o and 20,01 in M . Whilst the forward peaks in R{X} and

I(X} show some sensitivity to the incidence c¢hange, it is the rear peaks that show most
sensitivity to the Mach number change. The increase from M = 0.8% toc M = 0.90 changes the
mid-chord crinkles to a distribution with well-defined peaks. A further increase to

M = 0.91 displaces the peaks to the rear,

; the separate effects of

For the initial condition M = 0,95, o, = 4.75° the distributions are relatively

insensitive to incidence changes of 0.25°, but guite sensitive to the Mach number changes
of $0.01 as shown in Fig 7.17. The distributions for section 2E demonstrate an important
point: when a peak has become very sharp, it may just be detectable from only a single
point, as for M = 0.95, or may even be 'lost' between measuring positions as we believe

has happened for M = 0,96, Section 4E shows a highly sensitive negative peak in R(X}

Figs 7.18 and 7.1% may be of special interest when assessing the significance of
any differences between computational and experimental data. They show the measurements
corresponding to the 40 Hz CT Cases for M = 0,90, @ = 4° and M = 0.95, @ = 4,75 within

envelopes that enclose all the data measured for the surrounding test matrices. It is

gugggsted the envelopes could be a help in deciding on the tolerances to be accepted when
judging the results of computations.

For CT Cases 1, 4 and 6, as seen in Table 7.2, numerical data obtained in the ONERA
52 tunnel are included for comparison with the data obtained from the main source, the
HST of NLR. For the conditions M = 0.90, Oy = 49 and M = 0.95, a, = 4.75° corresponding

to CT Cases 5 and 7 no measurements are avallable from the 52 tunnel. However compari=-
sons between the two tunnels are available for the two nearby conditions, M = 0,90,
a, = 5° and M = 0,95, @, = 50 and are shown in Figs 7.20 and 7.21. It must be emphasised

that the results from both tunnels were obtained using the same techniques and with the
same instrumentation, so that from these comparisons it is impossible toc draw conclusions
about any uncertainties arising from the instrumentation itself. The comparisons do how-
ever give some idea of the likely spread in the data from items such as tunnel inter-
ference, the character of the tunnel flow and the consistency of the parameter settings.

Since the results from the two tunnels are regarded as having equal ‘'‘weight', a
theoretical result which, when compared with the results from one tunnel, shows similar
discrepancies to those in Figs 7.20 and 7.21 could be regarded as belng in general agree-
ment with experiment.

1 GENERAL DESCRIPTION QF MODEL
1.1 Designation NORA model
1.2 Type Half model
1.3 Derivation Herizontal tail surface of Mirage Fl
1.4 Additional remarks -

1.5 References Ref 7.1
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MODEL GEOMETRY

2.1 Planform

2.2 Aspect ratio

2.3 Leading-edge sweep

2.4 Trailing-edge sweep

2.5 Taper ratio

2.6 Twist

2.7 Root chord

2.8 Span of model

2.9 Area of planform

2,10 Location of reference
sections and definition of
profiles

2,11 Leofting procedure between
reference sections

2,12 Form of wing-body, or wing-
root junction

2,13 Form of wing tip

2.14 Control surface details

2,15 Additional remarks

2.16 References

WIND TUNNELS

3.1 Designation

3.2 Type cf tunnel

3.3 Test section dimensions

3.4 Type of roof and floor

3.5 Type of side walls

3.6 ventilatiocn geometry

3.7 Thickness of side wall
boundary layer

3.8 Thickness of boundary
layers at roof and floor

3.9 Method of measuring Mach
number

3.10 Flow angularity

HST:
S2:

HST:
S2:

HST:

S2;

HST:

S2:

HST:
52:

HST:
s2:

HST:

For the actual model, see Fig 7,1. For the
computational model, see Ref 7.2 for modififed
planform with streamwise tip

2,01

0.3515 {for the computational model}
None
650 mm

442.5 mm

0.1944 m?

{(for the computational model}

The profile is based on the symmetric NACA
63006 modified to a thickness ratio of about
5% and with a small updroop near the nose.
For details of actual model, see Figs 45 and
46 of Ref 7.1, For the computational model,
see Ref 7.2

Clearance between recot and tunnel wall. Small
fillet attached to model to cover shaft aper-
ture, see Fig 4a of Ref 7.1

Actual model: sharp
Computational model: sguare cut
None

Refs 7.1, 7.2

NLR High Speed Tunnel (HST)
ONERA Modane S2

Continuous, variable pressure
Continuous, variable pressure

Height = 1.60 m, width = 2.00 m,

‘length = 2.50 m

Height = 1,77 m, width = 1.75 m,

length = 5.40 m (of perforated part}
Slotted, each having four whole slots and a

Y-slot at each corner

Perforated plates, with holes inclined 609 to
the normal. Each plate is backed by a per-
forated sheet which can be slid to vary
porosity

Solid
Solid

Rocf and floor are 12% open

Porosity of roof and floor chosen according to
Mach number., 1% open for M = 0.80 and

M =1,10; 6% open for M = 0.9 and M = 0.95

7 mm approximately
90 to 170 mm

Derived from settling chamber stagnation and
plenum chamber static pressures
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4,1

4.8

4.9
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Uniformity of Mach number
over test section

Sources and levels of
noise or turbulence in
empty tunnel

Tunnel resonances

Additional remarks

References on tunnel

MOTION
General description

Reference coordinate and
definition of motion

Range of amplitude

Range of frequency

Method of applying motion
Timewise purity of motion
Natural frequencies and

normal modes of model and
support system

HST:
82:

HST:
S2:
HST:
S52:

HST:

S2:

HST:
S2:

Actual mode of applied motion

including any elastic
deformation

Additional remarks

TEST CONDITIONS

5.1

Model planform area/
tunnel area

Model span/tunnel width
Blockage

Position of model in
tunnel

Range of Mach number
Range of tunnel total
pressure

Range of tunnel total
temperature

Range of model steady,
or mean, incidence

Definition of model
incidence

Position of transition,
if free

HST:
S2:

HST:
s2:

HST:
S2:

HST:
S2:

HST:
S2:

75

AM/Ax = 371

+3 x 107 m ~ for 0.70 <M < 0,92

Less than 1% in rms p/q for M = 0.8

Velocity turbulence: 0.2%

} No evidence of resonance in present tests

Information about flow angularity and Mach
number uniformity available only along test
section centre-line

Accuracy of Mach number, AM = 10,001
Ref 7.3
Refs 7.4, 7.5, 7.6

Rigid-body oscillation about swept axis shown

in Fig 7.1. Sinusoidal in time
Rotation 8 = 80 sin wt measured in
streamwise plane y = 0 at the root
0.25° < e, <1,00°

Standard frequencies for main data: 5, 40 and
60 Hz. A few special tests at other frequen-
¢ies up to 95 Hz, see Ref 7.1

Forced by hydraulic rotary actuator

Purity of sinusoid considered to be adequate
Lowest natural frequency of system: torsion

of drive shaft at 100 Hz approximately

See Introduction and Tables 7.5 and 7.6

0.06

0¢.06

0.22

0.25

}0.3% for zero incidence
Standard side-wall position
Standard wall mounting position
0.60 « M < 1.10, see Table 7.1
0.80 <M < 0,95

0.46 = P < 0.9 bar, see Table 7.1
30%c < T, < 38%

18°%C < Ty < 20°%C

0,59 € a_<5.0°

-1.0° < o < 5,0°

Chord line of basic symmetrical section was
datum for incidence
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5.11 Position and type of trip, if
transition fixed

5.12 Flow instabilities during
tests

5.13 Changes to mean shape of
model due to steady aeroc-
dynamic load

5.14 Additional remarks

LIBRARY
Metal tapes with 'coronets' about 0.09 mm
high fixed at 5% local chord on both surfaces

None encountered

Not measured, but considered negligible

5.15 References describing tests Ref 7.1
MEASUREMENTS AND OBSERVATIONS
6.1 Steady pressures for the mean conditions v
6.2 Steady pressures for small changes from the mean conditions -
6.3 Quasi-steady pressures (Séz)
6.4 Unsteady pressures ¥
6.5 Steady section forces for the mean conditions by integration v
of pressures
6.6 Steady section forces for small changes from the mean conditions
by integration -
6.7 Quasi-steady section forces by integration (5;2)
6.8 Unsteady section forces by integration Y
6.9 Measurement of actual motion at points on model v
6.10 Observaticon or measurement of boundary layer properties -
6.11 Visualization of surface flow -
6.12 Visualization of shock wave movements -
6,13 Additional remarks -

INSTRUMENTATION

7.1 Steady pressure

7.1.1 Position of orifices
spanwise and chordwise

7.1,2 Type of measuring system

7.2 Unsteady pressures

7.2.1 Position of orifices
spanwise and chordwise

7.2.2 Diameter of orifices
7.2.3 Type of measuring system

7.2.4 Type of transducers

7.2.5 Principle and accuracy of
calibration

7.3 Model motion

7.3.1 Method of measuring motion
reference coordinate

7.3.2 Method of determining
spatial mode of motion

7.3.3 Accuracy of measured
motions

See Fig 7.1 and Table 7.3

Orifices connected by tubes to conventional
tunnel-based system

See Fig 7.1 and Table 7.3

0.8 mm

Each orifice closely connected to its own
transducer installed within model

Kulite XCOL 093

Daily calibration using portable oscillatory
pressure generator. Accuracy probably a few
percent

Rotary potentiometer attached to drive shaft,
calibrated to give deflection &

S5ix accelerometers installed within model;
see Fig 7.1 and Table 7.4

Resclution of 9, about 0.01°, Accelerometers
readings, accurate to a few percent
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7.4 Processing of unsteady
measurements
7.4.1 Method of acguiring and
processing measurements
7.4.2 Type of analysis
7.4.3 Unsteady pressure guanti-
ties obtained and
accuracies achieved
7.4.4 Method of integration to
obtain forces
7.5 Additional remarks
7.6 References on techniques

DATA PRESENTATION

8.1

Test cases for which data
could be made available

Test cases for which data are

included in this document
Steady pressures

Cuasi-steady or steady
perturbation pressures

Unsteady pressures
Steady forces or moments

Quasi-steady or steady
perturbation forces

Unsteady forces and moments

Other forms in which data
could be made availahle

References giving other
presentations of data

COMMENTS ON DATA

9.1 Accuracy
9.1,1 Mach number
9.1.2 Steady incidence
9.1.3 Reduced frequency
9.1.4 Steady pressure
coefficients
9.1.5 Steady pressure derivatives
9.1.6 Unsteady pressure
coefficients
9.2 Sensitivity to small changes
of parameter
9.3 Non-linearities
9.4 Influence of tunnel total

pressure

7-7

Pressure and accelerometer signals processed
sequentially in groups by ten parallel
channels, Each channel consisted of analogue
circuitry giving output voltages proportional
to Fourier fundamental components. Output
voltages digitized and fed to computer for
conversion to coefficients, display and
disc-storage

Components in phase and in gquadrature with 9,
averaged over 8 seconds

Fundamental harmonic coefficients of pressure,
accurate to a few percent. Chordwise integra-
tion to give section lift and moment contribu-
tions from upper and lower surfaces, but
accuracy low because of wide spacing

Polygonal summation, see Appendix C of Ref 7.1

Table 7,1
Table 7.2

Tables 7.7 to 7.13

Data for 5 Hz in Tables 7.14 to 7.27

Tables 7.14 to 7.30
Not included

Not included

Not included

Unsteady pressures measured at tunnel roof

Ref 7.1

+0.005
+0,01°

Better than :2% of nominal values due to
temperature variations

ML to +0.005

The uncertainties in the coefficients R and I
arelprobably +{0.02 + 0.04Q), where Q = |R]|
or |I|

See Introduction and Figs 7.15 to 7.19
Normalised pressure coefficients not sensitive
to oscillation amplitude except for positions

near the leading edge or a shock wave

Effects of Reynolds number not examined
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9.5 Effects on data of Not large for 5 Hz and 40 Hz. See Introduction
uncertainty, or variation, in and Tables 7.5 and 7.6
mode of model motion

9.6 Wall interference corrections No corrections applied to any data. Values of
M and o, are tunnel settings
9.7 Other relevant tests on -
same model

5.8 Relevant tests on other models -
of nominally the same shape

9.9 Any remarks relevant to -
comparison between experiment
and theory

9.10 Additional remarks -

9.11 References on discussion of Ref 7.1
data
10 PERSONAL CONTACT FOR FURTHER INFORMATION

Mr B.L. Welsh, Royal Aircraft Establishment, Bedford MK4l1 6AE, England (or, if
convenient, any of the authors of Ref 7.1}.

11 LIST OF REFERENCES

7.1 N. Lambourne Comparative measurements in four European wind tunnels of the
R, Destuynder unsteady pressures on an oscillating model (the NORA experiments).
K. Kienappel (1980) Issued in each of the following forms:
R. Roos RAE Technical Report 80016

ONERA 1589/0R; Note Technique 10/5115 RY

DFVLR-FB 80-30

NLR TR 80066 U

Also published as AGARD-R-673, but this does not contain the
Appendices giving full details of the model and tests.

7.2 S.R. Bland AGARD three-dimensional aeroelastic configurations.
AGARD-AR-167
7.3 - Users guide to the high speed wind tunnel,
HST of NLR (revised editicn) (1977)
7.4 M, Pierre The aerodynamic test center of Modane Avrieux.
G. Fasso ONERA Technical Note 166E {1972)
7.5 M. Pierre Exploitation du centre d'essal aerothermodynamique de Modane Avrieux.
G, Fasso ONERA Note Technique 181 (1971)
7.6 V. Schmitt Experimental data base for computer program assessment.
F, Charpin AGARD AR 138, pp.Bl-1 to Bl-44 (1979)
12 NOTATION
General
c local chord
c, root chord
C'/BO, C"/e0 normalised fundamental in-phase and in-guadrature components of oscilla-
P P tory pressure, respectively p'/qeo and p“/qe0 (rad™1)
E as in 2E, 4E, denotes extrados, or upper surface
bl oscillation frequency (Hz), w/27
I as in 21, 41, denotes intrados, or lower surface
I norma}ised fundamental in-quadrature component of pressure, -p“/pte0
(rad™")
I(X) chordwise distribution of I
k reduced frequency, mcr/ZV

M stream Mach number
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79
_ -2/7 -1/2

M local Mach number at surface of model, M = ;5[(p/pt) - l]t

P pressure

P, stream total pressure

P'sy P" fundamental components of pressure respectively in phase and in guadrature
with oscillateory motion 6

q stream dynamic pressure

R normalised fundamental in-phase component of pressure -p'/pteo {rad~!)

R{X) chordwise distribution of R

s span of model

t time

T0 stream total temperature

v stream velocity

X, Y coordinates in plane cof model, see Fig 7.1

xLE(y) coordinate of local leading edge

xa(y) local chordwlse position of oscillation axis

X local chordwise position, £

Z upward displacement normal to plane cof model

o incidence of model (deg)

e steady, or mean, incidence (deg)

n non-dimensional spanwise position, vy/s

B coordinate for specifying angular c¢scillatory motion, positive nose up,
measured in planes parallel to plane y = 0 . Reference at drive shaft
& = 8, sin wt (deg)

60 reference amplitude of motion, identical to %y of Ref 7.2 (deg)

13 non-dimensional chordwise peosition, (x - xLE)/c

w oscillation frequency (rad~!l)

Chordwise sections are identified OE ... 6E and 0I ... 6I ; see Table 7.3 for positions.

Tables 7.7 to 7.13

MLOC local Mach number, ML
EXTR extrados = upper surface
INTR intrados = lower surface

Tables 7.14 to 7.30

PRESSURE stream total pressure, Py
The factor (Cﬁ/R) = (C;/I) ; whose value F 1is given at the head of each table can be
used to obtain Cé/eo and C;/e0 + but note that a change of sign is required, thus:
1 - -
CP/B0 = R x F
" - -
CP/BO = I xF .

Figures 7.8 to 7.12

(2 + 12)%

Modulus

tan ¢ = I/R .
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Table 7.2

DETAILS OF EXPERIMENTAL CASES FOR WHICH DATA ARE INCLUDED

Steady M, Oscillatory pressures
o a, =6 r Re
CcT i 0 0 f k t
Case M (deg) {(deg) {Hz) | nominal | (bar) x!0_6 HST HST 52
nominal
Test No. | Table | Test No. | Table | Test No, | Table
- 0,80 0 0.5 5 0,038 0.90 7.8 2010 7.7 2185 7.14 - -
l 0.80 0 0.5 40 0.31 0.90 7.8 2010 7.7 2010 7.15 80 7.28
- 0.80( 4.0 0.5 5 0.038 0.90 7.8 2014 7.8 2190 7.16 - -
2% | 0,80 4.0 0.5 40 .31 0.90 7.8 2014 7.8 2014 7.17 - -
3 0.90 0 0.5 5 0.035 0.60 5.5 2029 7.9 2124 7.18 - -
4 0.90 0 0.5 40 0.28 0.60 5.5 2029 7.9 2029 7.19 76 7.29
- 0.90 | 4.0 0.5 5 0.035 0.60 5.5 2035 7.10 2136 7.20 - -
5% | 0.90 | 4.0 0.5 40 0.28 0.60 5.5 2035 7.10 2035 7.21 - -
- 0.95 0 0.5 5 0.034 0.60 5.6 2046 7.11 2114 7.22 - -
6* 0,95 0 0.5 40 0,27 0.60 5.6 2046 7.11 2046 7.23 69 7.30
7 0.95 | 4.75 0.5 5 0.034 0.46 4,3 2083 7.12 2100 7.24 - -
8 0.95 | 4.75 0.5 40 0.27 0.46 4,3 2083 7.12 2083 7.25 - -
- 1.10 | 0.55 0.5 5 0.030 0.60 5.8 2045 7.13 2113 7.26 - -
9 1.10 | 0.55 0.5 40 0.24 0.60 5.8 2045 7.13 2045 7.27 - -
* Denotes CT priority case.
Table 7.3
POSITIONS OF PRESSURE HOLES
Section 0 1 2 3 4 5 6
v/s 0.133 0,389 0.524 0.612 0.712 0.786 0,895
Pressures Steady Steady Unsteady Steady Unsteady Steady Steady
E. Extrados (upper surface)
X = 0.0125 0,025 0.012 0.05 0.012 0,075 a.10
0.025 0.05 0.025 0.10 0.025 0.15 0,15
0.05 0.10 0,05 0.15 0.05 0.22 0.22
0.10 0,15 0.10 0.22 0.10 0,30 0.30
0.22 0,22 0.20 0.30 0,20 0.40 0.40
0,30 0.30 0.28 0.40 0.28 0.50 0.50
0.40 0.40 0,35 0.50 0.35 0.62 0.62
0.62 0,50 Q.40 0.62 0.40 0.75 0.75
0.75 0.62 0,45 0.75 0.45 0.88
0.90 0.75 0.50 0,90 0,50
0,90 0.55 0.55
0.60 0.60
0.65 0.65
0.70 0.70
0.80 0.80
0.87 0.87
I. Intrados (lower surface)
X = 0.0125 0.025 0.05 0.05 0.05 0.075 0.10
0.025 0,05 0,10 0.10 0.10 0.15 0.15
0.05 0.10 0.20 0.15 0.20 0,22 0.22
0.10 0.15 0,28 0,22 0.28 0.30 0.30
0,22 0.22 0.40 0.30 0.40 0.40 0.40
0.30 0.30 0,50 0,40 0.50 0.50 0.50
0.40 0.40 0.60 0.50 0.60 0.62 0.62
0.62 0.50 0,70 0.62 0.70 0.75 0.75
0.75 0.62 0.75 0.85
0.90 0.75 0,87
0.88
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Table 7.4

OF THE DESIGN AXIS OF OSCILLATION

Forward position (A) Rearward position (B)

v/s Accel, No. Ta T %A Accel. No, B %
(o) (m}
0.169 1 260 180
0.655 110 [ 90
0.931 55 48

Table 7.5
DISPLACEMENTS DEDUCED FROM ACCELEROMETERS. DISPLACEMENTS 2' AND 2"

THE CHORDWISE POSITION

¢ MEASURED IN mm,
ARE RESPECTIVELY IN-PHASE AND IN-QUADRATURE COMPONENTS PHASE REFERENCED
TO DATUM ANGULAR DISPLACEMENT 8

Note: These are taken from Ref 7.] but a change of gign has been applied throughout

n=0.169 n = 0,655 n = 0,931
Test | Accel, No.l Accel. No.2 Accel. Ko.3 Accel. No.4 Accel. No.5 Accel, No.b
No. (a) (B) (A) (8) (a) (B}
] 1t 1t " 1 L1} 1] n r n r n
vl % Zg Zy a1 s Zy Zy Iy | & 2y Zy
2010 | 2.322 {1 0.086 | -1.602 | 0,038 | 1,148 | 0.072 | -0.672{ 0.027]0.753{0.089 | -0.211 0.084
2084 | 2,305 | 0,125 -1,570{ -0.080 ] 1.184 | 0.083 | -0.598 | -0.009 | 0.847 | 0.077 - 0.056
2029 | 2,314 | 0.104 | ~1.614 { =0.058 | 1.116 | 0,073 | =0.708 | 0.009|0.709 { 0.086 | -0,271 0.056
20351 2.271 | 0.150 ] -1.567 | =0.100 | 1,138 | 0.089 | -0.639 | -0.023 | 0.769 | 0.080 | -0,153 | 0.053
2046 {2.297 | 0.079{ =1.,590 | =0.051 | 1,130 | 0.052 | ~0.661 0.009 | 0,743 | 0.061 | -0,209 | 0.044
2083 [ 2.282 | 0,113 | -1,584 | -0,092 | 1,124 | 0.040 | -0.653{ ~0.047 | 0.756 | 0.019 | -0.203 | -0.033
2045 | 2,323 | 0,046 1 -1.590 | -0.049 | 1.173 | 0,009 | =0,621 | =0.029 | 0.802 | 0.000] ~0.,143 | -0.016
Table 7.6

LOCAL DISPLACEMENTS IN PITCH (G,Ee)n AND NORMAL TRANSLATION OF DESIGN AXIS (Z,Ez)n

PHASE REFERENCED TO DATUM § = §

0

sin ot.

COMPLEX QUANTITIES

& AND
n

Z
n

ARE DERIVED

FROM TABLES 7.4 AND 7.5 ON THE BASIS THAT CHORDWISE SECTIONS DO NOT DEFORM, THUS

en = (ZA - ZB)/(xB - xA) . Zn = PA‘XB'-XA) + ZB(xa-xAﬂ//(xB - xA)
n=0.169 n = 0.655 n = 0,931
cT Test 8
rasel U o, | No. 0 8 €q z €, 8 €q z €, ¢l € z €,
' (deg) | (deg) | (mm) |(deg)| (deg)|{deg)| (mm) [ (deg)|{deg)|(deg)| (mm) |(deg)
110.80 0 2010 | 0.50] 0.51 2 0.01 76 0.52 1 0.15 18 | 0.54 0 0.25 20
210.80 |4,0 | 2014 ]|0,50] 0.50 3 0.01 14 0.51 2 0.21 9 - - - -
4 10.90 0 2029 | 0.50] 0.51 2 0.01 | -49 0,52 2 0,12 19 0.55 2 0.20 21
510,90 |4.0 | 2035]0.50|0.50 4 0.00| - 0.51 4 0.16 10 | 0.51 2 0,28 13
6 10,95 0 2046 | 0,50 | 0.51 2 .00 - 0.51 1 0.15 11 0.53 ] 0.24 12
8 [0.95 [4,75]| 2083 0.48}0.50 3 0,01 | =106 | 0.51 3 0.15 -3 0.54 3 0,24 =2
9 (1.10 {0,55] 2045 | 0.50 ] 0.51] 1 0.01 -43] 0.51 1 0.19 -4 0.53 1 0,30} -2
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Fig 7.3 Local Mach numbers at upper
surface, M = 0,80
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Fig 7.10 Oscillatory pressures, M = 0.90,
B = 0. Influence of frequency,
Section 2E
5 5t
Real Modulus
R | Mod
i o §0Hz
+ 40HZ
X o 5SHz(quasi-steady)
X
0] 0
\ 120° 1 e
Phase
0 X ¢ | /F/P
[ Imaginary j
| 0 W,N
=3 L _600 |
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Fig 7.17 Oscillatory pressures. Sensitivity
to small changes of Mach number.
M ~0.95, o, = 4,75%, f = 40 Hz
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Fig 7.18 0Oscillatory pressures for a matrix of cases
centred on M = 0,90, o = 4.09 f = 40 Hz

Section 2E

Sr M=0.95am=475"

Envelopes of
B surtounding cases

M

ns4[oaskas

450

475

500

_3-

-3

Section 4E

Fig 7.19 Oscillatory pressures for a matrix of cases
centred on M = 0,95, an = 4,759, f = 40 Hz
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Fig 7.20 Oscillatory pressures,

M=0.90, a = 50, f = 40 Hz
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Fig 7,21 Oscillatory pressures. Comparison

of data from 52 and HST.
M=0.95, o = 50, f = 40 Hz



	00FRONT
	01TOC
	02CHAP00
	03CHAP01
	04CHAP02
	05CHAP03
	06CHAP04
	07CHAP05
	08CHAP06
	09CHAP07

