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ESDU DATA ITEMS
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of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Aerodynamics Committee. This Committee
first met in 1942 and now has the following membership:

Chairman
Mr P.K. Jones — British Aerospace, Manchester Division

Vice-Chairman

ESDU Copyright material. For current status contact ESDU.

Mr J. Weir Salford University

Members

Mr D. Bonenfant Aérospatiale, Toulouse, France
Mr E.A. Boyd Cranfield Institute of Technology
Mr K. Burgin Southampton University

Mr E.C. Carter
Mr J.R.J. Dovey

Aircraft Research Association
British Aerospace, Warton Division

Dr J.W. Flower Bristol University

Mr H.C. Garner Royal Aircraft Establishment

Mr A. Hipp British Aerospace, Stevenage-Bristol Division
Dr B.L. Hunt" Northrop Aircraft Group, Hawthorne, Calif., USA
Mr J. Kloos” Saab-Scania, Link6ping, Sweden

Mr J.R.C. Pedersen

Independent

Mr I.H. Rettie” Boeing Aerospace Company, Seattle, Wash., USA
Mr F.W. Stanhope Rolls-Royce Ltd, Derby
Mr H. Vogel British Aerospace, Weybridge-Bristol Division.

Corresponding Member

The member of staff who undertook the technical work involved in the initial assessment of the available information
and the construction and subsequent development of the Item was

Mr L.K. Morris — Engineer.
Document Sharing Hub
Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 82005 A 1982


http://www.avadocuments.com/doc/esdu-82005-a-1982
http://www.avadocuments.com/doc/esdu-82005-a-1982

ESDU 82005

LINEARISED TWO-DIMENSIONAL OSCILLATORY AIRFORCE COEFFICIENTS
AND LOAD DISTRIBUTIONS ON THIN AEROFOILSIN SUPERSONIC FLOW

CONTENTS
1 NOTATION AND UNITS
2. INTRODUCTION
3. GENERALISED AIRFORCE COEFFICIENTS
4, CHORDWISE LOADING
5. DERIVATION AND REFERENCES
51 Derivation
52 References
6. TABLES

ESDU Copyright material. For current status contact ESDU.

Al

A2.

A3.

FIGURES1to4

APPENDIX A THE RELATIONSHIP BETWEEN AIRFORCE COEFFICIENTS
AND FLUTTER DERIVATIVES

ADDITIONAL NOTATION
CONVERSION EQUATIONS

EXAMPLE

FIGURESAland A2

Copyright Engineering Sciences Data Unit

Provided by IHS Markit under license with ESDU Licensee=/, User=,

No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 82005 A 1982

Page

5

11to 14

15
15
15

17

20 and 21

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-82005-a-1982
http://www.avadocuments.com/doc/esdu-82005-a-1982

ESDU 82005

LINEARISED TWO-DIMENSIONAL OSCILLATORY AIRFORCE COEFFICIENTS
AND LOAD DISTRIBUTIONS ON THIN AEROFOILSIN SUPERSONIC FLOW

1. NOTATION AND UNITS
S British
a speed of sound m/s ft/s
C aerofoil chord m ft
i J-1
>
- M free-stream Mach number, V/a
wl
g -Q’ aerodynamic stiffness matrix
c
8 -Q” aerodynamic damping matrix
>
E Q; j complex generalised airforce coefficient
§ Qi’j in-phase part of Qij , see Equation (3.2)
>
(8]
5 Qi’Jf in-qua_\drature (90° out of phase) part of Q; j/v , See
- Equation (3.2)
‘©
= \Y free-stream velocity m/s ft/s
©
E X, Z rectangular Cartesian coordinates relative to mean position of m ft
= aerofoil chord with origin at leading edge; x positive rearwards,
% Z positive upwards
S 2 upward displacement mode m ft
3
L vj(g) dimensionless chordwise loading, lift per unit area/(pV?2)
75 (8) in-phase part of 7,(&)
v j” (&) in-quadrature part of y J- (&)
e zlc
G (&) zlc
v frequency parameter, wc/V
4 x/c
p free-stream density kg/m3 slug/ft®
Issued March 1982
With Amendment A, September 1982 — 21 pages Documents
1 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 82005 A 1982


http://www.avadocuments.com/doc/esdu-82005-a-1982
http://www.avadocuments.com/doc/esdu-82005-a-1982

ESDU 82005

0 circular frequency rad/s rad/s
Subscripts

a denotes general pitching axis

h denotes hinge line

[ integer (1 for lift, 2 for pitching moment, 3 for trailing-edge
control hinge moment)

j integer (1 for heave, 2 for pitch, 3 for trailing-edge control
motion)

Dressings

prime (") asin Q’ denotesrea part
double prime (”) asin Q” denotesimaginary part

2. INTRODUCTION

This Item presents results, for use in flutter calculations, obtained from a recently developed FORTRAN
computer program (Derivation 2). The program embodies amethod for eval uating the forces, momentsand
pressure distributions on athin aerofoil oscillating harmonically with small amplitude in supersonic flow.
The calculations were made for three modes of oscillation, i.e. aerofoil heave and pitch, and motion of a
trailing-edge control surface with its hinge-line at 0.8 of the aerofoil chord. The results are presented in the
form of tabulated airforce coefficients (Section 3) over a frequency parameter range from 0 to 2.0 and a
Mach number range from 1.02 to 5.0. In addition, illustrative graphs are presented to show the effect of
frequency and Mach number on oscillatory load distribution in heave and pitch (Section 4).

Currently there are alternative forms in which data for flutter calculations are presented, i.e. airforce
coefficients and flutter derivatives. Appendix A provides a set of conversion equations to obtain flutter
derivativesfromairforcecoefficients. Also giveninthat Appendix isan exampl e of the use of theconversion
eguations to illustrate the effect of a variation in the location of the pitching axis.

ESDU Copyright material. For current status contact ESDU.

The data would typically be used in flutter calculations based on strip theory (See Appendix B of
Reference 3). Its deficiencies in accuracy are offset by certain advantages over three-dimensional
lifting-surface theory, such as the ease with which wind-tunnel data may be incorporated and the effects of
parametric variations may be studied.

The data given in this Item are strictly applicable to infinitesimal displacements of flat-plate aerofoils in
inviscid supersonic flow. Nevertheless, the data may be applied to aerofoils of moderate thickness and
camber, at incidence, in unseparated flow.

Documents
2 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 82005 A 1982


http://www.avadocuments.com/doc/esdu-82005-a-1982
http://www.avadocuments.com/doc/esdu-82005-a-1982

ESDU 82005

3. GENERALISED AIRFORCE COEFFICIENTS

Derivation 1 provides an analytical method for calculating the aerodynamic forces or the load distribution
on atwo-dimensional thin aerofoil oscillating harmonically, with small amplitude, in inviscid supersonic
flow. Derivation 2 has extended this analysis and in addition provides a computer program for calculating
the airforce coefficients and load distributions. The chordwise load distribution is expressed in terms of the
known upwash on the aerofoil for any mode of oscillation. The generalised airforce coefficients and the
chordwise load distributions are related by

Q) =[5 7 @k (3.1)

inwhich ¢;(€) and i (&) arethe dimensionlessdisplacement and | oading at the chordwise position x = &c.
The subscn ptsi and j define, respectively, the force and oscillatory motion considered. InthisItem, i takes
thevalues 1, 2 or 3 according to whether lift, pitching moment or control hinge-moment is considered, and
j takes the values 1, 2 or 3 according to whether the motion considered is heaving, pitching or control
oscillation. Thus Q.4 , for example, istheairforce coefficient for pitching moment dueto control oscillation.
For lift {; = 1; for pitching moment {, = £-E,, wheref, is the pitching axis location; and for
trailing-edge control hinge-moment £, = 0, for 0<E<E, and &5 = £-§,, for £, <E<1, where §, is
the hinge-line location.

In flutter calculations Qij issplitintoitsreal and imaginary parts, i.e.,

where the real part provides the aerodynamic stiffness matrix —Q’ and the imaginary part (without the
factor v ) providestheagrodynamic damping matrix—Q” . Theairforcecoefficients Q/; and Q7. presented
inthisltem relateto aerofoil oscillationsin heave and in pitch with the pitching axistaken at the half-chord
point (€, =0.50) and oscillations of atrailing-edge control with its hinge line at 0.8 of the aerofoil chord.
The calculations were for all combinations of Mach number and frequency parameter covering the values
M=1.02,1.05,1.1. 1.2, 1.4, 1.7, 2.0, 2.5, 3.0. 3.5, 4.0 and 5.0, and v = 0", 0.10, 0.20, and then in steps of
0.2 10 2.0. The results for ascending Mach number are tabulated in Tables 6.1 to 6.12.
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* Taken in the program to be avery small number close to zero, in order to obtain values of QIJ asVv—0.
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4. CHORDWISE LOADING
The results for the real and imaginary parts of the loading vj(i) , given by

-

T(8) = 7/ (©)+i7] (@) (4.)

have been calculated for oscillationsin heave and pitch for the following combinations of M and v :

M [105 12 12 12 12 12 20 40

v |10 —0 04 10 20 50 10 10

These examples, spanning the practical rangesof M and v, aregiventoillustrate the effects of Mach number :‘5
and oscillation frequency on the chordwise loading and to highlight particular features. '

Theresults of the calculations are presented graphically to show the effect of Mach number and frequency
parameter on the real and imaginary parts of the loading. Figures 1 and 2 show the effect of Mach number
in heaving and pitching respectively, while Figures 3 and 4 show the corresponding effects of frequency
parameter. Fluctuations are seen to develop as M decreases or v increases and are well illustrated with
M = 1.05 or the especially high value of v =5.0. At low supersonic speeds the dominant effect isacoustic,
in that the disturbances, which attempt to move upstream, travel slowly downstream. The oscillatory
pressures are characterised by undulations of approximate wave length 2nc(M—1)/v and it can be seen
from the Figuresthat the number of undul ations between theleading edge and trailing edgeis approximately
vI[2n(M—=1)]. For example, in Figures 1 and 2 (v = 1.0, M = 1.05), the number of undulations between
the leading edge and trailing edge is approximately 3.2.

5. DERIVATION AND REFERENCES
51 Derivation

The Derivation lists selected sources that have assisted in the preparation of this Item.
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1 TEMPLE, G Flutter at supersonic speeds. Derivative coefficients for a thin aerofoil
JAHN, H.A. at zeroincidence. ARC R & M 2140, 1949.
2. WATSON, M. Evauation of two-dimensional supersonic oscillatory airforce

coefficients and loading distributions. RAE tech. Rep. 82075, 1982.

52 References

The References list selected sources of information supplementary to that given in this Item.

3. ESDU Linearised two-dimensional oscillatory airforce coefficients and load
distributions on thin aerofoils in subsonic flow. Item No. 81034,
Engineering Sciences Data Unit, London, November 1981.
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6. TABLES

TABLE 6.1 Generalised Airforce Coefficients of an Oscillating Aerofoil with Trailing-edge Control (€,=0.5, §,,=0.80, M = 1.02)

M=102 |
v Qu an O 0% 0l oh o % O 0% ) 0% Qs % [ 0% 0% 0%

-0 0 -9.9504 (-9.9504  123.1482| -1.9901 4.7269 0 0 0 19.6955 | -0.7960 2.0483 0 ~-0.19901 | -0.19901 4.51129}-0.19901 0.63026
0.10 | ~0.3394  -3.4447 |-3.4712 32.8936| -1.8711 4.4703 | 0.0265 1.0430 | 0.9943 -3.4182 | -0.7426 1.9303 | 0.00018 -0.00448 | -0.01139 -0.08447 | -0.18124 0.58927
0.20 | -0.4667 -2.7956 |-2.8463 11,1866} -1.5654 3.7804 | 0.0506 0.4802 | 0.4208 -1.6874 | -0.6060 1.6141 | -0.00800 -0.00826 | -0.01311 0,14858 | -0.13642 0.48001
040 | -0.5362 -2,1688 |-2,2931 3.0890 | -0.8949 1.9565 | 0.1243 0.2621 0.1622 -1.0483 | -0.3155 0.7682 | -0.00034 -0.04187 | -0.05230 -0.01722 | -0.04704 0.20127
0.60 | -0.6047 -1.8542 |-2.0089 1.4562 | -0.6846 0.8032 | 0.1547 0.2236 | 0.1074 -0.6716 | -0.2424 0.2883 | -0.00237 -0.02129 | -0.03218 -0.01865 | -0.03705 0.04728
0.80 | -0.6238 -1.7843 |-1.9672 0.8215 | -0.7034 0.5007 | 0.1828 0.1532 | 0.0257 -0.4874 | -0.2650 0.1796 | -0.00249 -0.03072 | -0.04168 -0.01430 | -0.05400 0.02938
1.00 | -0.5788 -1.7047 |-1.9324 0.4508 | -0.6159 0.3916 | 0.2277 0.1280 | -0.0177 -0.4144 | -0.2285 0.1450 | 0.00554 -0.02957 | -0.04438 -0.02285 | -0.04375 0.02758
1.20 | -0.5662 -1.6653 |-1.9093 0.2869 | -0.5546 0.2474 | 0.2440 0.1062 |-0.0420 -0.3449 | -0.2046 0.0856 | 0.00262 -0.02875 | -0.04153 -0.01891 | -0.03820 0.01134
1.40 | -0.5019 -1.6671 [-1.9434 0.1792 | -0.5672 0.1796 | 0.2763 0.0769 |-0.0805 -0.3021 | -0.2153 0.0607 | 0.00741 -0.03312 | -0.04736 -0.01828 | -0.04513 0.00685
160 | -0.4320 -1.6489 |-1.9535 0.1022 | -0.5357 0.1526 | 0.3046 0.0666 |-0.0975 -0.2760 |-0.2025 0.0532 | 0.01188 -0.03150 | -0.04693 -0.01979 | -0.04181 0.00738
1.80 | -0.3801 -1.6597 |-1,9772 0.0692 | -0.5034 0.1074 | 0.3176 0.0481 |-0.1141 -0.2474 | -0.1893 0.0349 | 0.01030 -0.03389 | -0.04726 -0.01717 | -0.03826 0.00266
2.00 |-0.2846 -1.6721 (-2,0197 0.0381 | -0.5122 0.0802 | 0.3476 0.0330 |{-0.1356 -0.2304 | -0.1959 0.0247 | 0.01653 -0.03559 |-0.05071 -0.01736 | -0.04225 0.00068

TABLE 6.2 Generalised Airforce Coefficients of an Oscillating Aerofoil with Trailing-edge Control (&, =0.5, £, =0.80, M = 1.05)

M=105 |
v Q' Q' Q% Qv 0% oY Q% % Q% 0% 0% 0% o o Q% 0% Q5 0%

-0 0 -6.2470 | -6.2470 30,4729 | -1.2494 1.0940 0 0 0 4.5582 | -0.4998 0.4741 0 -0.12494 | -0.12494 1.08352 | -0.12494 0.14586
0.10 | -0.2405 -4.8517 | -4.8198 23,7188 | -1.2372 1.0832 | -0.0319% 0.3294 | 0.3243 2.6174 | -0.4943 0.4691 | -0.00733 -0.05743 | -0.05809 0.66802 | -0.12311 0.14413
0.20 | -0.4798 -2.7384 | -2.7368 11.3282 | -1.2015 1.0513 | -0.0016 0.6670 | 0.6200 -0.5140 | -0.4782 0.4544  -0.00423 -0.00303 | -0.00420 0.04934 | -0.11777 0.13904
0.40 | -0.5069 -2,2254 | -2.3212 2,9250 | ~1.0721 0.9324 | 0.0958 0.2432 | 0.1559 -0.8524 | -0.4203 0.3999 | -0.00945 -0.04384 | -0.04857 0.03924 | -0.09866 0.12015
0.60 | -0.5421 -1.7924 | -1.9452 1.2600 | -0.8987 0.7622 | 0.1528 0.2458 | 0.1268 -0.6681 | -0.3434 0.3221 | -0.00783 -0.02644 | -0,.04176 -0.04238 | -0.07377 0.09342
080 | -0.6202 -1.7146 | -1.8660 0.7900 | -0.7272 0.5736 | 0.1514 0.1790 | 0.0646 -0.4465 | -0.2687 0.2365 | -0.00717 ~0.01889 | -0.02735 ~0.01260 | -0.05054 0.06442
1.00 | -D,5557 -1.6985 | -1.9028 0.4395 | -0, 5953 0.3984 | 0.2043 0.1162 | -0.0187 ~0.3798 | -0.2134 0.1579 | 0.00181 -0.03750 | -0.04%94]1 -0.01445 | -0.03477 0.03839
120 | -0.5032 -1.6131 | -1.8567 0.2346 | -0.5202 0.2588 | 0.2436 0.1148 | -0.0350 -0.3435 | -0.1847 0.0965 | 0.01091 -0.02551 | -0.04202 -0.02528 | -0.02864 0.01886
1.40 -0.5039 -1.6097 | -1.8535 0.1685 | -0.4965 0.1637 | 0.2438 0.0885 | -0.0542 -0.2871 | -0.1795 0.0561 | 0.00114 -0.02918 | -0.03982 ~0.01642 | -0.03051 0.00697
1.60 -0.4086 -1.6299 | -1.9140 0.1021 | -0.5029 0.1094 | 0.2841 0.0575 { -0.0971 -0.2591 |-0.1871 0.0345 | 0.01078 -0.03490 | -0.04909 -N.01687 | -0.03623 0.00170
1.80 -0.3252 -1.6075 | -1.9224 0.0456 | -0.5147 0.0838 | 0.3149 0.0548 | -0.1077 -0.2455 | -0.1958 0.0258 | 0.01600 -0.03146 | -0.04727 -0.01929 | -0.04141 0,.00071
2.00 -0.2951 -1.6221 | -1.9349 0.0348 | -0.5149 0.0725 | 0.3129 0.0390 | -0.1139 -0.2208 | -0.1978 0.0232 | 0.01072 -0.03281 | -0.04464 -0.01657 | -0.04334 0.00140
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