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This paper was presented during the 42nd Meeting of the Stmctures and Materials Panel in
Ottawa n April 1976.

It deals with a serious difficulty in unsteady aerodynamics, that is the pradiction of th.
pressure field induced by the rotation of a control surface. Much work has already been
done on this subject in subsonic flow, but this is one of the first approaches to the super-
sonic problem. Predictions have been made by two methods developed separately by BAC
and MBB. They have been compared with windtunnel tests mads at NLR using more than
80 pressure tubes. Pressure distributions, hinge moments and lift have been meastred for
different sections of the wing. As the two theories that have been used are linearised, the
agreement between theory and experiments is not perfect but appears to be adequate for
flutter speed prediction.
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ﬁ This paper by Lodge and Schmid was presented (o the Sub-Committee on Aero- ;
3 clasticity ant Unsteady Acrodynamics on 5 Aprit 1976 during the 42nd Mecting of the ;
E Structures and Materialy Panel in Ottawa, .
= it deals wsith one of the mn~st serious dititculties in unsteady acrodynasmics. that is 4

Y
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the prediction of the pressure field incucsd by the rotation of a control surface. Much

E: work has already been done on this subject in stbsonic flow but this publication presents i
2 i one of the first approaches to the supersonic probiem. i
: . i
; §i Predictions have been made by two distinct methods develeped separately by BAC t ]
: i and MBB. They have been compared with windtunnel tests made at NLR using more ;A
= N than 80 pressure tubes. Pressure distributions, hinge moments and lift have becn measured ;
4 %’ for different sections of the wing. o
§; As the "wo theorics that have been used are lincarised. the agreemert between theory 2
M and cexperiment is not perfect but appears to be adequate for flutter specd orediction. . %
S i ,
% This paper is of great interest to the acroelasticians of the NATO community and -
% will “elp both flutter prediction and active control design. T A
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Unstnrady Pressures due to Control Surface
kotation at Low Supersonic Speeds -
Comparison between Theory and Experiment

oy
C.G. Lodge K. Schmid
British Adrcraft Corporation Limitec desserscheitt-Bolkow-Bloha GmbH
¥ilitary Alrcratt Division Unternehaensbereich Fiugzeuge -
Yarton Aerodrome J, Munchen 80
Preston PR4 1AX Postfach 801160
Lancashire Toderal Republic o Germany

United Kingdca

Summary:

Most aircraft flutter problems have featured control surfaces, and it is necessary that
unsteady a¢rodynamic forces geuerated bty their mdtions should be asccurately predicted.
Theretfore, theoresical and experimental studies on a planfora with part-span control
surface oscillating in the coatrol surface rotation mode st low supersonic Mach numsbers
have been effected ano the results of these are presented and discussed. It is shown
that these studiez sust be of & high accuracy so that the more critical serodynasic
cosfficients, such as hinge moment damping, might be determined wit: confidence.

1. NOTATIOX

Syabols

2(y) local chord of aerofoil (including control surface)
c mean chord

f frequency

|} Kach number

P prsssure

s seni-#pan

v fres-streas velonrity

v non~dimensional upwasd amplitude

x,Y,2 non-dimensional rectangulas co-ord‘nates referred to s
s density of air b

$ o« «~dimensional amp!itude of velocity potentiol

Subscripts

h.1l. hing2 line
l.e. leading edge
t.e, tralling rndge
r., rudder

1.8, loser surface
u.s. vgper surface
Definiti-uns

k = we/ . teduced frequency parameter
q, = bou’ stagnation pressure
r? = (x-£3)2 « 82(y-n)? - 87 z¢ hypsrbolic distance

rired«ar frequency
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sectioual 14t

1(y) = x P dx = q_ cly).c, (positive upwards)
h.l.
ol R
2 ‘ - 2 . sectional hinge mouent
biy) = = x ! Ay (x=xy 1) 9% =6, cly)t.ey (positive nose downwards)
h.l.
s “t.e
. .e. - total 111t
L = s g x Ap dx dy = q, c"‘cL (positive uvpwards)
l.e.
y x
r. "r.e.
3 . - -3 total hinge moment
H ~ g - I Ap (x *x l.) éx dy . € "'cu (positive vose downwards)
“h.1.

2. INTRODUCTION

The accurac, of the control surface unsteady aerodynanics is »~rticularly important
on modara combat »ircraft st lov supersonic Marh number/high frequcuwcy paraseter
combinatioans.

'n order to assess the accurscy of current theories for cuntrol surface uzsteady
serodynasics, a nominelly rigid sodel has been designeéd, built and tested at NLR,
Amsterdas, at Mach nuxbers up to 1.3 and reduced frequency parcaeters, based on se .-
span, up o 1.6. Unstenly pressure distributions induced over the sain and control
surfaces by rotutional cHoatrol surface oscillations havo been measured and compared with
predictions. Since dyars. c¢ally scaled control] surface aode)s can anvolve a combinatioxn
of rigid rotation and torsion, which both ,enerare dbasicully similar unsteady aerodynamic
effects, model data fus a 1:tation mcde car b wsed Lo quantify the accuracy of flutter
calcalations avoiving the :"eal aircraft vitrution modes.

Fredicted a..d seasured results are prerested hure for ¥ = 1.1, 1.3, and values of
k from 0.7 up to 1.4,

3. KODEL DETAILS

The model under consideration is & swept main surface with part-span control surface,
of aspect retio 2.0, as described @u ligure 1la. lir profile 13 syasetric with a maxisum
thi: kness 1o chord ratio of 5.5%. ape batween .he¢ m2in and conirol surfaces have been
kept Gown to the order of G.1 am.

In the model construction, botih in and control surfacus were aade as stiff as
possible, to minimise any vibratton o. "% ef{fects. fhe maain surface is of steel]l and tae
control su) face o7 D ral, tc reduce the inwnrtia forces.

Resuits were obtained from measuremeuts at presgure holes 2.t :!a.2d along 3 sirecar-
wise siations (Figure la) These are rore closely spaced nenr *thae hkinee 1in. and thv
contrri surfsce tip.

During the model desisn stagv, research work 2Re¢ferences 1 and 2) revealed
inadequacies in the calibration factors hitherto applied by NLR to the 3easured
pressures, to account for tube systes dynamics witn wind-on. Therefore, special
measures were taxed during trese model tests, to establish the cor-ect caltvration,
by itnstalliing soee aircct measuring pressurce transducrr> (Refercuce 3).

In addition, acceleroasdters wore installed to deteraine the traue sodel]l vibration
mode during oscillatory contro! surface excitation.

4. WIND TUNNEL TESTS

Under contract with B.A.C., ¥arton, oscillatory pressur. mcasursents were madc on
the model described above tn the litgh Sreed Tunncl at the NL7, Assterdas In this
closed circutlt tunpnal, with a rectangulsr test-scction of 2,00 metres wide by
1.60 xetreos high, the values of the Re,nolds nuasber, btased on =+an chord varted within
the range of 3.5 x 10° and 4.7 x 10* (Figur2 1b).

The mode]l wa3 aounted .nto the tunnel wall, with the matn surface rigidly claaped.
The control surface excitat.on cquipment was outside the Sunncl wall Further tests
cexhibited that the repeatability of the results was within 10%. The boundary layer
transsition was fixed by installing strips of carborundua grainé oi no=inal size 74, on
both stdus of the model. These strips were placed forward of the regton of shock onset
(Reforence 4).
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5. AERODYNAMIC THEORIES

=
2
4
-

5.1 Outlires of B.A.C. Method

N

The supersonic lifting surface theory of Sadler and Allen (Reference 5) is a
3 linearised theory solving the doublet basvd integral equation. This iavolves tha
solving of an integral equation vhich relates the down-wash at wuny given point ¢o
the § rrturbation velocity potential.

e

integration has to be performed over that portion of the wing and the wing wake
lying in the Mach fore-cone of that point. As the poteptial /s rero forward of the
plazZorms leading edge and outside the wing waky the intugrations requires less
storage and are speedier than those of the more popular integrated downwash methods.

Gt 1 R TR By 0 B % o

The basic integral equation is;-

[

Ll b st Bt o el

"t . ’
¥(x,y) = o if $(E,n) K(x-£,y-n} &7 dn (H :
20 -2-
Mach B
fore-cone

3

o

|
M i
A

PRIV T AT

By splittting the above ecquation into i1ts rexl and imaginary parts, and assuming
certain vartztions of the real and imaginary parts of ¢ along lines of constant ¢

5 ) 1 T T Cux »Y 1

o where. K(x,y) 1 - = exp - —= cos —x— ~ (2)

= SRR TR, SRRy R
;% “narscteriitic co-ordinates * znd 2, with their origin at the pivotal point §
b= tthe point at ~hich the potentiul 1s being calculated) and their axys pairallel to E
E the twe forward poin-ing Mach lines, are intro.cced, the lines of integer 4 and - :
% forming 2 charactertstic sezh (figure 2). §

LY
DI’

= and -, known functions of the upeash w st the pivotrtsl point sre founld as evighted :
f sums Of the potentials at the mesh points, from rhich the potential at the pivotal E
E 3 point can e deteramined. :
= ? ]
'g 1 When the trailing cdge ts subsonic, the piteatial over the wake region is needed g
=2 4 and this may be calculated fros the condition that no j10sd can be sustained across &
- .*¢ wake. Thus we find.- E
= . e a - - )

= ‘wake frie. SXPLOIK(E e e M 3 H
e ¥here a box ts cut by the leading cdge, sperial weighting has to dbe introduced %
3 for that particular box, to prevent auy leading edge inaccuracies. H
“ The integral equation ‘s s>rlved in 3 “marching” technique such that every z
? potenttal tn the ptvotal -otnts forwsrd pointing Mach cone is known. Thus, the E
K potenttals at cvery mcsh point cat be calculated ﬂC» and the acrodynasic wvork

i3 aatrices are then derivsd from these polentials.

2 As programmed this theory cannot des)] with the singulartity associated with the

= control surface hinge line incidence discontinuity. Tnis probles has been overcose

E by treating the whole planforx as a single surface «nd smcothing out the hinge line

9 discontinuity by a cubic interpolation.

; 5 2 Outlires of X.B B Theory

3 The unsteady progras used by ¥ B.B. 1o an cxtension of the characteristic box

- method first proposcd by V J E Stark (Reference 6) The assumed aaall perturdbation

= of the flow field 1maplies a tull lincartsation of the potential equation The

= procecdurc was amended and programacd by C Bohm (Reference 7) and H Schaid H
= (Reference B) Primarily. the velocity potential of the harsontically varying flow £
3 i1s evaluated by mcans of a source distridution The basic equation reads as follows - %
? : = :; w(x",y") K(x=-x",y-y ' .¥,k) dx'dy"’ (4) i
g Mach F
= fore-cone H
= The cquation rclates the velociyy potential to the normsal velocity », K f
'% reprvscnts the contribution to the potential of a harmonically pulsating unit

3 source and is delfined in Eq (2)

3 The tntegration region ia listted by the Xach fore-cone cannating fros the

E collocation , ,int and by the Mach rays, casnating froa the wing »r control surface

9 apex Withict this region, v ¢ O generally (figure 2)




The surface in‘egral taken over Mach fore-cone is suvdivided by the progranm
into a number of surface integrals over rhombic or characteristic boxes, the edges
of which are parallel to the Mach lines of the fore - and aft cones, respectively.
¥ithin each box, the downwash distridution w i3 assumed to be constant.

1f thne planfors has a sudbsopic leading or tratling edge, or strecaswise paralle?
side edges, then the concept of diaphragms according to Evvard is introduced into
the R.B.B. procedure.

WYhereas the source distridution or normal velocity distribution on the lifting
surfacoe is koown, the source disiritutiond placed on the dtaphrags is unkhown and
has to be determined first by = step-by-step procedure

The msthod is applicable for wings with arbitr.ry sudbsonic leading or tratling
edges and for wings with control surfaces. fn ths case of a sukzonic leading edge.
the upwash field of boxes cut Ly and lyiog in front of the leadiry cdge are presumed
to have a square root singularity,

The forsulation of preseat M. B.B. lifting surface theory prizsarily supplies
the velocity potential values Sectional or total loads are easily derived from
these values by applying partial integration techaigues

It the calculation of pressure coefficicents is santed, this caun be achieved by
using the formsuia.-

&C9 o 4(:x * 1k3$) (3
This mesns ihat & nuserically-given function has to be differen 1ated For
this treason, the funaction msust de smoothed first Caution ts desanded where the

potential offers % Nigk, i1 .e. where the function cannot dbe differentiated.

DISCUSSION OF RESULTS

g
o

6.1 Comparison of Pressure Distritutions

Theory and czaperiasnt sere compacsed for four gsircamwise stattions, naszscly
stations 1, 3, 5 ana 6 (frigures 3, 3, 5, 6. The twvc theoriecs agree sell both 1ina
their real and imaginary parts At M = 1 3, the B A C theory predicts pressures
forvard of the nearly sonic hinge line, this detng due to the smoo0thing technique
tised in computing preasurry {rox Tontrol surface modes Although 13 all cases,
both supersonic theosies predict pressure maxiza in the proxisity of the control
surface hinge line, the maxi=za ohtatned frozm wind tunnel tests are, o gene al,

such greater This 13 probably due to the fact that neither theory accounts for
the pressure singuiarity in the case of a sudsonic hinge ltne (.0 all cases, the
hinge line 18 subdbsonic) Along ststion 6, there occur the grecalest deviations

between *est and theory, with a shif, of the test press ire saxisus aft

In soan test zeasurcments (c.€ stations 3 ana b, figure 6). there szppears s
secondary saxisua of pressure, ssaller and aft of the hinge linc peak
This i1s perhaps cvidence of shocka, wmhich arc not cuastdercd bty etther
theory,

6 2 Comparison of local Lift ang Moment Distributions

Irn figure 7, loral 11ft and moment dertvatives plotted veirsus span asre shosn
The paramacters are ¥ = 1 1 and ¢ - 13% Hz correspondiag to k -~ O 80

The supersonic theortes agree fatrly well, but the coaparison betwscen theor)
and cxpecriscnt does not shos satisfactory corrclation in all casex, eapecially for
the out-of{-phasec derivatives The centre of pressure ts3 further outdoard tn the
tests than predicted by theory and, shen tnrsion effectls ave pregent in an atreraft
flutter analysis, this could possibly leac to larger deviations

Fi{gure B precasents scctional 1311t and somcht distributions for M 1 1 and
{f « 260 Hz cHrresponding to k * 1 30

In tnis came, there 13 good agrecacnt betseen the tee theories But both
predicttons overestiaate the real parts of 11t and hinge moment at the i1nboard
stations and undercstizate thes near the outboiard control stue edge For the

1saginary parts of l1tft and aocszcnt, there are constderable deviations cspecially
outboard

The data for ¥ = 1 3 and = 148 Mz, corresponding tc k - O 70, are given in
figure 9 ¥ith this paramcter .onfiguration, se have devtating predictions for the
local 131t dintridution shereas M H B and 3 A C predictions for the local hinge
zoment distribution agree sell




The experimental ¢y distribution is well predicted by B.A.C. theory wherecas the
distribution ¢” 1is well predicted by N.B.B. The in-phase hinge soment 1s over-
estimated in all cases., The out-of-phase momecnt coefficients are in good agreesmont
with test values

Figure 10 presents data for ¥ = 1.3, f = 260 Mz and k = 1.,24. As tn the g.evious
graph, the agreeaent of the experimental spanvisc 11ft with theory depernas orn the

procedure considered. For the imaginsry coefficients of c) and cp, we <an observe
sinor differences at the jaboard stations and greater discrepancics st the outboard
station

It scoexs 2 foature of the sectionmal l1ift that theoory (s groater tham 2gost aecar
the root chord and vice-versc at the tip. 1f the planfuors 1s not mirrored exactly
which is probable, due to the presence of a boundary layer near to the tunanel wali.
then there will be dilferences in results hetween test and theory, becoaing less
significant as the planform tip 18 approached, since the theories both assume a
perfect mirror ismage. On station 1, it can therofore be expected that theory will
produce results of larger magnitude thas tost, and this 1s shown to be so at least
for real parts. Imaginary parts of local dertvatives are, unfortunately, such
harder to predict cousistently. This 1s fundamentally due to their betng the
diffoerence between two relatively large opposing effects,

W

oy

k)

6.2 Comparison of Totsl Lift and Tots]l Kinge Mome.. Cocfficients

Figures 11, 12, 13 present the variation of tke total 11ft and total hinge
aowentl coefficient with reduced frequency. Correlation detveen the results froms
both :hecretical metheods 1s good. This is not contradictory to the results obtatned
from cosparisons of local loads, since sectional over-estimations and under-
cestimations will partially cencel each other when integrated to obtain total
coef{ficlents.

L R Y

ke

The theorettcal values of l]1ft and hinge soment are greater in magnitude thau
those of experiseant, and for dboth (i ° and Cy’, the trends with Kk and M are correctly
represented Again, it 1s found that the imaginary parts are such morc¢ diffscult to
predict cons‘'stently. CH" ts particulariy critical since 1t should be kept positive,
to avoid one degree of freedos flulter. It can be seen fros figures 11-13 that this
ts so for all cases constdered

i

In this case, increasing k 1s favourable and increasing ¥ ts unfavouradble, bo.h
these effects betng pre.icted.

7 CONCLUS10XS

: Both theories in this report sre lincarised and purely supersonic. wkereas the tru-
flosw is nixed, #spectitally at the lower Ydach nusbder. The Stark theory tends to prod: e

. nighsr pressure magnitudes thanm Sa ler-Allen, and a better correlation with test rosults
This 13 presusably due to the adifferent hinge lipne treataents. In terss of overall
forces, hovever, the two theories, one deing an integrated doeneash method, the other an
trtegrated potential sethod, are 1o good agreement

In the context of ajrcraft flutter analysis, therefore, the differences between these
two theoreticsl treatsents are cot very siganificant Ino generwl, trends demonstrated oYy
experisent arc followed reasonably by both theortes, but it is of grecvt importance that
both theoretical and experimental studies are of very high accurascy, so that control
surface flutter status, can bDe established with confidence at los superscnic conditions

EEEET

-

8  REFERENCIS

b

1 N.C. Lasbdourne Interia note on experiments, concerning tue
B L Selsh scasuresent of osci.latory pressures on wind
tunnel »sodels
R A.E Tech Yesmo Aero 1355 (1971)
2 H. Tij)aeaan The influence of the main flow on the transfer

functton of tube-transducer used for unstesdy

Bergh
pressure sessiLrements
¥ LR %P 72023 U (1972)
3 R DestuyncCer An iaovestigation of different techniques for

unsteady pressure measureaents 12 coupressible 3
Tijdeman S
flov and cosmparison vith lifting surface theory :
AGARD Report No 617 (:973) H
%

2

zl

!\

%\

3

z

3

F3

E

H

i,

o




.

L.T Renirile Stztionary and instationary pressure measureaents
J.¥.G. Van Nunen on 8 vertical stabiliser with oscillating control
surface.

7. Schippers N.L.R. TR.73039 ¢ (1973)
H. Ttjdeman

R e |

D.J. Allen Oscillatory serodynamic forces in linearised i
D.S. Sadler supersonic flow for arbitrary frequencies,
plantora and Mach nusbers.

R. & E. No. 3415 (1963)

b

& Ave

V.J.E. Stark Calculattion of aerodynamic forces on tvo oscillating
finite wings at low supersonic Mach nuabers.

4 SAAB TX 53 (1964)

i
S

m
AR AR Y

= 7. G. Bohs Berechnung der generalisjerten Luftkrafte fur den
iz Uberschall schvingenden Tragflugel.

o

Prograambeschreibung cer VYeretinigten Flugtechnischen }
= Werke, Eantwicklungsabteilung Muachen (1966) £
= i
2 53
5 g
= 8. H. Schsatid Vergletich gemessener und gerechneter zeitabhangiger 3
E Luftkrafte is Uberschall. E
3 Rep. M.B.B. Nr. AN/1283 (1974) 3
= Acknowledgenent:

The authors wish to express their apprectaticn to M. Burt, B.A.C

., ¥arton, for his
technical contributions to this paper.

T Bl o ) B @ o | o 0

e

Bl

SRR i ¥ o e

i)

B

Ny Ny N1

A e T et e

BRI o

By I b LR

)
A

w

¥
:

€ S A O o b i et




AR RO T R A

- 19qUWInNU YOD 'SA
SQOHLIW 3IVHHNS ONILAN JINOSH3ANS 914 (Pioyd ubs uc pasg) sequinu sploukay aibid

m -
* y ' ¥ W £l Al bl ol
(75 T)o= ™ ;
3 O—
wﬂ ¢ z ' ¢ .A/
i Apxp (AAx-x) Ty (Axy ¢ [[= <Ay m N .
IWIINIIOd Q3LVHOIINI b °d
J g0LX§ ﬁ
4 3| _l
Gy 0=
| AP XP (A-Kx-X) by GALX> 3: = k"X & sajoy ainssaid agn)
: 8y} Jo japow 3y} uo udeao] ayj ey -6y

HSVMNMOQ (Q31Vy93INI

—— 3|0
ainssaid aqnj

S3aX08 JlSIHILIVHEVHD Aﬁw

i St b R B L R

3 L A 20D i bt T, Sineneniaon Shter 1

2SR roun s LRI L bt 2 e




M = 1089 ACp Station 1
f = WUBHz L] ('/
(o]

0.800

v
"
i

[ »)
’I \J

% s
ol o ——o—sgoafsss
0 g5 10

Station 3

0
0
~ L )
3 0
'; 0

3 — MBB 8
: -—- BAC theory Station 6

5 o o experiment
3 (Lcy,Acy’)

2 Fig.3 Experimental and theoretical pressures at
3 test stations

it i b A e A e Rt e 1 B S




e r ke, e TR B vy, = = — i I i T
ST LA ey PE AT S T it ~ 2T TR R ek S W o D o = T

B A Ft

R

LAY Lo

TPhH oy

O L L T T

LRI T bt B

— MBB 8

% h
: —- Bac "o
- o a experiment ..
; (Ac,,Ac;)
Fig.4 Experimental and theoretical pressures at
test stations

s
RLd Len s JIN




8
1
1277 AC, Station 1
148 Hz .
0.703
/ o
3 00 e—o—o—o-éaso 010_,,-‘3-&0:5-010

k =

\\§
Y
© b o
o/ =

o}
0]

A 1
1
|
, 8 1 O
2 Station 3 Lo
A /6\-‘
A
i %0
3 0 e 0 .
0 R = el
E 1
2 8,
2 Station 5 JN\o
Yy
4 FhN\°
: j
5 | o
® 0 0 o —zoret

o
©
(¥,
/
{
_..‘.\.

— MBB 8-
5 --- BAC theory Station 6

E o a experiment - 0
g ’ " 4 / o

(ACP ’ACP ) /' \,Q
: o
: 0l-o———p-0-0000 82— —
: 0 05" .z 10

Fig.5 Experimental and theoretical pressures at
test stations

it i1 g }
e G A 8 PR L 08 W 0 0 e gl NN e e et o 1 ot L L U s b i




D e e Sy g eme A igigeaeragraghly T Sl W b Sl IR A, | .
oy et TR ORI o Sirs oty g S e R s e be PSS SCE N - e A_’

4

s s O A

% :.
: §
8 .
M = 1.281 ACp Station 1 X, :
i f = 260 Hz v

L. ! i
k = 1238 A oS :
,/ : O 2
/ a A'/O
0409 —0—-0-g 0 Q.R*—‘?‘—A o
0 Qs i 10
L0
8 ;
Station 3 :
{
41 /”' °
/: \\
,/ i o=
/! o
0 3 0 :}:ﬂ/“
0 05 o} ©
I a
]
8 -
Station 5 9
7 TA°C
L /I: W\ O
/1 N
/ ! O
/ I
/ i a
% 05 hﬁ_%:%n
N ” fey
\\\3”/
I o
— MBB theo 8
--- BAC ry Station 6
o a experiment L
(ACP‘ ‘Acp") ,,/"‘\9\0
Ve ==
0 Lo———o—o—e .\6,9 ? — 2
0 05 \\\ ,/; 10

s 5 x/c

Fig.6 Experimental and theoretical pressures at
test stations

4

"
ERiad

et oo e X o e R b




L AT e e T
BRIt L B e o

EEE R o=l P 3 )

pup

v
-~
>

uyods sns.iaA
=41

uaoije00 Juswow abuwy
aoDjuns josjuod jouonveg g By

700~

1
0
T-——=o
<
o

TR AT T TS
S AR IR Vo S iR a 108 % e - he

v
:\.\3, Y00

IR © SO 8.0

TR
<
P
“o
4
o]
»

NN e Ll

- — 1910

il
N

by

O,

mO S L]

|

] o]

|

1

STy

juswiiadxe v o

k109 avg —x
Y gaw —

X £U

:.,Ji,ﬂuu n e .,.u < _Avs. VL‘

ol - L7 = o
ZH 03¢
g0
1601

H

1
p

2 L PR Sap

It L MO A o o (1 ,H_

UewowW

abuly pupo

-yn

juawnadxe

L1094} Jve

adan
PO DN IR W SO TR

S
U

Lo

¢ 0

— -

——

G EACAY

unds SNSIaA

230j4NS

49
2o

N0

1U8131}}802
051U03  |DUOIIAS L 613
g0 st 70 20 0
« . N #Gl
[}
” x_U \\\t\]
g B e --10
A Sl ©
L W ~x
v
|
t . k)
t
!
o) 8D
) -II
| I/I o =3 }
: ll..V-!l.\fn.Qhﬂl.l.!l. o]
“ .Q . Nd
0o QO o)
]
! 1
gl - L7 = #Y¥
et = 4
0080 = A
680t = W
* , . W
S 1y 44 NIRRT LT LA A 0 ]




,,,,,

=

£ sw e 35 ek o

Fi
13

A

T e ey

iy N

o

juswow abuly PuD - 3ji) #3DJINS  0IIUOD

ubds sNEIAA

S

]

T

Piin s =
TG

PRI

=

F B gan I e eem

B TR

Aicayl

wawiladxe ¢ O
vg —x—
68N ——

Y00

1800

4y
20

T Y

1u8121}}80
JOLI1IS

oy Bi3

o0t - €
24 092
€21
18zt

»

upds SnSI2A  JU@iNNa0d juawows abuly ,ﬁ

puD -}}i] 29DJINS 10JJUOD

ot LA AT R AN N SR AR

Jouoyas 6614

NANNN

pwadxe v o

88W

NEUNRAR Y SRNNNR NN

RN NGNS SN A AN AR SN VMRV R R S s ks AN BRI Y bk AR M ST 0

sk s /A |
90 70 20 0 g0 70 20 0.
t 700- _/ - llﬂ. - =170~
lo v
v Y MR In!
~ ”» o l” (1] U
(] | il ™y
0 ~+ e VLﬂ,.o
~ 1
— ‘
700 | 70
|
|
800 |-t -
g _
. _
2o ;“
_
9(0 i 91

g0l - G€ = oY

ZHB7L =
€0L0 = A
Ler = N




by ity 8 TR B T AR A

) Aouanbaij padnpas snsiaa sjualIdLYB02 Aousnbaily paznipas SNSIBA  SIU3II14300
i juswow abuly 1oj0} pup -yiy 1ojoL Z| bt wawou: aBuly 0yo} puo -yi| ooy | By
gl A 4} 80 70 91 A 4l 80 70 91 s A 80 70 9l 1 Al 80 L
S 700- 1 70~ . - ! ‘ 700- . . . .Noq.o-
. xl||+x N :U -
] Q\M\I\o 1 _q , \\.\\m\\&“
=3 0 , , 0 . . o
0 - . ¢
M\u\\u "0 v
700 e e — 170
-
o0t —————1800 - —1g0 a5 o
XI!’I’ Io ) o] ! JU K\Y“""l‘d’
H) ./T . e 49
| e ~k (4 - :
L . i )

; \

2 . juswpadxe v o
@ juswuadxa v o 2 K100 avg -
gm Kioayy ggi *— m ganW x—
{ Bll = N 601 = W

ks

Am ¥57

= Ny



VRl O T

Wi

g 0 0T WP o f Bl g St o0 AL g T T o 4

R W it TS

LAl

M =128

.—x MBB
kenr
— BAC e

o a experimert

12 < on+-— - - e
08}——— 20 0.08}— - -

0bt—— e —— 00— - - - -

Fig.13 Total lift- and total hinge moment
coefficients versus reduced frequency

KbV 2 o B et s P et i e b



i

gy

P

o

U e Ty

K

NN\

NATO 45 OTAN
7 DISTRIBUTION OF UNCLASSIFIED

7 RUE ANCELLE - ii?:NOCNEEUILLY-SUR-SEINE AGARD PUBLICATIONS -

Telephone 745.08.10 - Telex 610176

AGARD does NOT hold stocks of AGARD publications at the above address for general distribution. Initial distribu.ion of AGARD
publications is made to AGARD Member Nations through the following National Distribution Centres. Further copies are sometimes
available from these Centres, but 1 not may be purckased in Microfiche or Photocopy form from the Purchase Agencies listed below.

NATIONAL DISTRIBUTION CENTRES

BELGIUM
Coordonnateurt AGARD  VSL
Etat-Major de la Force Aériennc
Caserne Prince Baudouin
Place Dailly, 103G Bruxeiles

CANADA
D.fence Scientific Information Service
Depastment of National Defence
Otawa, Ontario K1A 072

DENMARK
Danish Defence Research Board
Qsterbrogades Kaserne
Copenhagen O

FRANCE
O.N.E.R.A. (Ditection)
29 Avenue de la Division Leclere
92 Chitillon sous Bagneux

GERMANY
Zentnalstelle fur Luft- und Raumfahst.
dokumentation und -information
D-8 Munchen 86
Postfach 860880

GREECE
Hellenic Armed Forces Command
D Branch, Athens

ICELAND
Director of Aviation
c/o Flugrad
Reykjavik

UNITED STATES

ITALY
Aernnautica Militare
Ufficio del Delegato Nazionale all’AGARD
3, Prazzale Adenauer
Roma/EUR

LUXEMBOURG
Sec Belgsm

NETHERLANDS
Netherlands Delegation to AGARD
National Aerospace Laboratory, NLR
PO Box 126
Delft

NORWAY
Norwegian Defence Research Establishment
Main Library
P.O. Box 25
N-2007 Kjeller
PORTUGAL
Diteccao do Servico de Matetial
da Forca Actea
Rua e Escola Politecnica 42
Lisbva
Attn AGARD Nationat Delegate
TURKEY
Department of Research and Development (ARGE)
Ministry of National Defence, Ankara
UNITED KINGDOM
Defence Rescarch iaformation Centre
Station Square House
St. Mary Cray
Orpington, Kent BRS 3RE

National Acronautics and Space Adminstration (NASA).
Langley Field. Virpinia 23365
Attn Report Distnbution and Storage Unit

THE UNITED STATES NATIONAL DISTRIBUTION CENTRE (NASA) DOES NOT HOLD
STOCKS OF AGARD PUBLICATIONS, AND s °PLICATIONS FOR COPIES SHOULD BE MADE
DIRECT TO THE NATIONAL TECHNICAL INFORMATION SERVICE (NTIS) AT THE ADDRESS BELOW

PURCHASE AGENCIES,

Microfiche or Photocopy Microfiche Microfiche
National Technical Space Documentation Service Technology Reports
Information Service (NTIS) Eutopean Space Agency Centre (DTI)

5285 Port Royal Road 114, Avenue Charles de Gaulle Station Squarc House
Springficld 92200 Neully sus Seine. France St. Mary Cray

Virgnia 22153, USA Orpington, Kent BRS 3RF

England

Requests for microfiche or photacopics of AGARD documents should include the AGARD senial number title. authos of editor and
publ.cation date  Requasts to NTIS should include the NASA accession report number  Full bibliographical references and abstracts
of AGARD pubhications are pyven in the following journals

Scienuific and Technical Aeruspace Reposts (STAR?,
published by NASA Scientific and Technical
Information Facility

Post Office Box 8757

Baltimme/Washington International Awpornt
Maryland 21230, USA

Government Reports Announcements (GRA).
published by the National Technical
Information Services. Springficld

Virpnia 22151, USA

&

Prnted by Technical Editing and Reproduction Lid
Harford House. 7 9 Charlotte St. London WIP [HD

PPN

&
)
Z
=
F]
=
=
A
£
P

=




