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by
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Similarity rules have been used at supcrsonic and éransonicispeeds to
obtain a correlation of available experimental data on hinge mament curve
slope, (dCH/ﬁn), and to compare the experimental values with theoretical

estimates.

The effects ol varying control aspect ratio, thickness chord ratio,
tody interference, hings line location, and trailing edge thickness are
examined, suitable theoretical or empirical methods for predicting these

effects are indicated, and their range of wvalidity and accuracy determined,
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1 INTRODUCTION

A large amount of experimental data on trailing edge control hinge
moments at supersonic and transonic speeds has accumulated during recent
years, Although in several cases the individual experimental data have been
compared with theoretical estimates, a much better understanding can often
be obtained by a more comprehensive analysis covering a wider range of

experimental configurations,

Using similarity parameters a correlation of the available experimental
data is attempted here, and the effects of control aspect ratio, thickness
chord ratio, body interference, hinge line location, and trailing edge thick-

ness are examined,

At transonic speeds an approximate theory is developed for dCH/an of a
rectangular control, based on the transonic small perturbation theory solution
for the flow over a two dimensional wing of double-wedge profile., A comparison
is made betwecn the cxperimental data and this theory at transonic spceds, and
with existing lincar thecory at supérsonic spceds, in order to detcrminc the
range of applicability of thcoretical mothods, and to obtain a mcthod of
extrapolating the data to configuraﬁions outside the range of cxisting

measurcments,

2 CHOICE OF DATA

A complete 1list of a2ll configurations analysed in this report is given
in Table 41, This shows in somc detail all relovant geometrical properties of
the wings and controls, in addition to giving the refercnce number of the
data, the Reynolds number o. the tests, and bricf details of the experimental
technique used,

Although some hinge moment measurcments mede on a froe flight model have
been included in the analysis, most of the data is of wind tunnel origin and
includes measurements made using most of the stardard tcsting techniques,
viz, sting mounted models and half medels mounted on reflection plates over
the entire speed range, with the addition of the "transonic bump" tcchnique1

at transonic speeds,

. In all cases the hinge moments have been measurced directly using
internal strain gauge balances located cithzr in the wing along the hinge
line; or alternatively, within the body of a wing-body cowbination, or

beneath a reflection plate or bump surface,

Measurements of control hinge moments on a two-dimensional wing of

. . 2 .
circular-arc section by Czarnecki and Mueller , have shown the importance
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of fixing boundary layer transition at low Reynolds nunbers at supersonic
speeds, At a Reynolds nunmber of 106 based on wing chord, transition did not
occur naturally, and measured wvalues of dCH/an at zero m were much lower

than those measured with transition artificially fixed, In view of this
result, it would have been logicel to select data for analysis where either
boundary-layer transition had been artificially fixed, or alternatively,.
where the Reynolds number was sufficiently large for natural transition to
have taken place ahead of the control., However, due to the small amount of
data available, it has been necessary to include in the present analysis data
which had been obtained undcr conditions of natural transition, with no
reéord of where transitibn had occurred, Although some of these measurenments
with natural transition were obtained at Reynolds numbers (baéed on wing root
chord) as low as 2,2 x 106, the majority of the results were obiained at

Reynolds numbers of 5 x 10~ and above,

Not all the available data has been included in the following analysis,
Some showed large amounts of scatier between répeat tests on the same
configuration, and was rejected on grounds of accuracy, 4lthough controls of
near rectanguler planform have been included in the analeis, Cy L
rectangular controls with raked tips, in some cases controls were considercd
to deviate too nuch from a rectangular shape and the data were not used,
Similerly, data for controls having discontinuitics in their profile shape
(other than double-wedge profile) have becn ignored, In some cascs of
rectangular controls the control ceometry was so complicated that the data
could not be convenicntly analysed, e.g., the individual eiffects of aspect
ratio, hinge line location, hinge line thickness, and trailing cdge thici:-
ness could not be identified, In the case of outboard, part gpan controls
on reflection plate mounted wings at transonic speeds, it was often difficult
to determine the effcct the reflcction plate had on the control hinge moments,
i.e; the contfpl was neither so far away from the reflcction platé that its
effect could be ignorced, nor was it so closc to the reflection plate that the
control aspect ratio was effectively doubled, In cascs like this the data

were rejected,

3 METHOD O ANALYSIS QF DATA

The analysis was restricted to rectangular and necar rectangular controls,
with less then 10° of leading ard treiling edge swecp (Fig,1), and with the

hinge line parallel or nearly parallel to the control leading edge,

The aspect ratio of the control was delined as

“
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where b is the control span and S is the control area, In the case of a
control mounted on a reflection plane or on an axis. of symmetry of a circular
cross section body, the aspect ratio of the control was assumed to be twice

that of the exposed panel,

Fig.2 illustrates the definition of control span (b) used in the
analysis, In the case of a control mounted on a body, & gross semi-span (s)

which includes the body radius was defined,

A control whose span is identical to the wing has 'free' tips or side edges,
whereas a control whose span is less than that of the wing can have either

'free' tips or tips which are 'bounded' by the wing (Fig.2),

Details of wing and control section shape were given in the original
data in most cases, However, additional information Wwas required in the case
of some NASA type acrofoils and this was obtained from reference 3, The
majority of controls had a lincar variation of thickness with chordwise loca-~
tion (Fig.3a and b), and the thickness chord ratio of the control did not
vary across its span, In thesc cases the control thickncss psrameter T was

defincd as
t
T = =
c
where t is the conirol thickness at its leading edge and ¢ is the choid.

TFor controls with plane upper and lowsr suffaccs, the trailing edge included

angle was defincd as

= P -
$ = 2 tan 3 (v 11) s
or'
g = 2 tan %‘T s
where Ty = C.
Here T, is a paramcter defining the trailing cdge thickness of the control
(Fige 3b),
e . 4
1 7 ¢ ?

where t1 is the control thickness at the trailing edge,



In a few cases with raked tip controls on delta wings (see Nos, 3 and k4 in
Table 1), the control profile was a continuation of the wing prolile )
(NACA 0005-63), so that inevitably the thickness-chord ratio of the control
varied across its span, Initially, v was defined at an arbitrary spénwise

station, This value was later checked by determining a mean value of T

L
- [

where tmax is the maximum thickness of the control at a spanwise distance y

across the span,

measured from the root, The agréement between the two- values was found to be

good, In these cases ¢ was again defined as

In the analysis of the effect of hinge line location some of the data uscd was

for controls of double-wedge cross section, In all cases, the rear wedge of
the control was a continuation of the wing scction (Fig,3c), and ¢ was talken

to be the included angle at the trailing cdge.

The hinge moment coefficicnt C

H was delined as

C_ = -———*_ s
H. gSc

where H is the hinge moment measured about the hinge line (positive when it
terds to deflect the trailing edge downwards), q is the free siream kinetic

pressure and ¢ is the control serodynamic mecan chord.

b [ b b
i.e. ¢ = [ czdy [ cdy = g—/ czdy .
o s o]

Hinge moment data of NASA origin for controls both with and without leading
edge - sweepback usually has 2M' as the reference volune, where L' is defined
as the first moment of area of the control behind the hinge linc about‘; the
hinge line, In all casecs the data has becn corrected to the standard form

of tnis analysis, viz,

&

@
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For tapered controls with swept leading edges, with the hinge line a line of -

constant percentage chord (¥igs,1b and 1d), we have

b

2
= 2 -
3¢ = j‘ czdy = bcil A+ ngbl‘i] s
o A
and
2 2
r -
2t = (1 -8Y v s L2 Jooe ,
(o] TL. 3 HoLo
i.e.
o N2 .
1 _ - oF 1
o= S (1 c> cos Ay,

where c,, is the control root chord, A is the control taper ratio, and h/c

and AH. L.

respectively, .For tapered controls with unswept leading.edges'(Figs.1é and
1c), and with the hinge line at the leading edge, it follows that,

are the chordwise location and sweepback angle of the hinge line

2M' = Sa

For rectangilar controls with raked tips (Fig,1e),

Sc
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where ¢ i1s the consvant chord of the inboard part of the control and.AT is
the sweepback angle of the tip, In the above expresgion for 3¢ and 2M! for
both tapered controls and rectangular controls with raked tips, b should be
replaced by b/2 when the control is nounted on a reflection plane or body.

The control deflcction (n) was always mcasured normal to the hinge line,
and was defined as being positive when the, trailing edge was deflected dovmn-
wards, In general, the variation of’ CH with 7 was non lincar, and the present
analysis has been restricted to the initial hinge moment curve slope, dGH/Hn

at zero ne.

Full details of the analysis are given in Table 2,



C b ch/dn AT SUPFRSONIC SPEEDS

4o Linear theory for rectangular controls

Two dimensional

For a rectangular control of infinite aspect ratio, the expressions for

1ift coefficient C. and aerodynamic centre position X , are:-

L

ac x
L 1
S = ét ard _;3; = 'E ’ (1)

|
where B = VM -1,

If h/c is the chordwise location of the hinge line,

ac., ,
_H _ 2 _4 &
then - dn = B B . c ° V (2)
For h/c = 0, this becomes
ac
H 2
-= = = . (3)
dm g

Rectengular control with two "frec" tips

This solution is identical to that of an isoclated rectangular w:ingl*.
From
O oaf, L )
dn ~ B A
nd !
a b (&)
oAl
c T 2| 7 3(ame-1) | !

we have for h/c # O,

il 1 1 1+ h -
& - 50 o) (71 - sy -5 2

N L ——

L

which is valid for BA > 1 (Fig.lLa).

Equation (5) can be written as,

dCy 2(288-1) [(348-2) &
Tam T T2 EBTZAS-O'E:\ ’ ©

(2

v
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which for h/c = O becomes

dc
B2 k1
@ T P37 (7)

AB

For 1/2 < PA < 1, the expressions for ch/an and xa/b given in Ref,l are
considerably more complex, and are not reproduced here, Por most. controls of
practical size and thickness, linear theory is not likely to be accurate over

this range of BA, since the flow will be transonic in nature,

Rectangular control with two 'bounded' tips

The expression for dCHﬂin has been obtained by Tucker and Nelson5 for a
control on a rectangular planform wing, and for h/c = 0 it is

t
1
™

8 1
oX TS . (8)
I A62

The range of validity of this expression depends upon control and wing plan-
forms, The limit due to control planform is identical to that for a control

with 'free' tips, viz,

BA > 1 . (Fig, 4a)

The two limits due to wing planform are

b .
PA > T o (rig,1b)
w “c
and
b .
BA > §§: s _ (Fig.4c)

where bW is the wing span and Vo is the distaﬂce from a rcflection plane to
the inboard edge of the control, In the case of a control situated next to a
ref'lection plane, only the first of these two limits applies., Putting Vo = 0
in the expression and writing b/2 for b and 4/2 for A we obtain

2=, (Fig, kd)
w

BA »

The above expression for dCH/an applies to.controls with ‘bouniedf tips on any

wing; in cach case, however, the first of the two limits due to wing planform
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shape is different, In the case of a delta wing or any wing with a raked tip,

this limit is

(1+BcotALE;l)b

BA 2 ~ - - . (fig'h'e)
(bW 2y, 2b)
For BA ¢ 1, the expression for dCH/an can be obtained from Ref,5.
Rectangular control with one 'free! tip and one 'bounded! tip
From reference 5 we have for h/c = 0
_dCH__z__g_/2+7: 1 : (9)
dn ~ B 3\ = J Aﬁz ? ’
where the limits are
BA > 1, (Fig.4a)
and
b .
BL > 5= (Fig, 4f)
w
For
b
PA < % s
W
and
BA > 1 ,

the expression for dCH/an is given in Ref, 5.

4.2 Comparison of theoretical and experimental hinge moments coerficients

4e 2,1 Controls with hinge line at leading edse

Available experimental data for controls with the hinge line at the
leading edge is shown in Fig.5. The data heve becn plotted in the form of
the usual supersonic similarity parsmeters (-1/A dCHAin against A\f;2~1).
Linear theory cstimates for a two dimensional control, a rectangular control
with 'free' tips, and a rectangular control with 'bounded' tips, are also
shown in this figure. The cxperimental data collapse fairly well onto a
single curve for 2 < A M?-1 < 20, the widest scatter (80% of the data within
+10% of the mean curve) occurring at low valuus of Avif -1, No significant
differences are prescnt between the data for difforent typec of planform, and
although at smalil values of AJJN?-1, the results for controls having ‘'bounded!

tips fall slightly below those for controls having 'free! tips (the opposite

(3]

w»
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effect to that predicted by theory), the differences are not marked. At all
valués of ANM -1 the experimental points are some 20% less than the theoretical

estimates,

There are several possible reasons for the discrepancy between experlﬂent
and linear theory: the finite thickness of the controls, interference erfects
from bodies, and the effect of gaps between control and reflecction plane or
body. - )

Tucker and Nelson5 have estimated the characteristics of rectangular
trailing edge controls having finite thickness with plane upper and lower
surfaces, Their method was to assume that the use of third order approxima-
tions to the pressure coefficients, altered only the mognitude of fhe pressures
on the control, the shape of the pressure distribution remaining unaltcred;
i,e, if the ratio of the third order approximation to the linear approximation
for dCH/dn of a two dimensional control with thickness is calculeted, this
factor can then be applied to thc lincar theory estimate for a rectangular
control, For small control deflection the thickness factor depends oniy on

the trailing cdge included anglc ¢, and is given by, -

Q

C :
% =1-%¢ ~%f , ) - (10)

$*k~

where 01, 02 and C3 are constants in the Busemann third order ampproximation

for the pressure coefficicnt in two dimensional, iscntropic, supersonic {low,
viz,

\
N

C_ = 0,6 +0C0°+08° |, (11)

where 6 is the flow deflection angle, positive for a compression and negative

for an cxpansion, and

0, = —2—
Toafen)E
(g1) M - 4(F-1) o
c, = i (12)
2 2(M?—1)2 .>

C; = ""“;;i%i. Cr+1) w4 (2y ~7r-5) 1+ 104r+1) hﬁ:42M2+§] .

o
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Values of C,, C, and C3 are tabulated in several sources, e,g, Ref,5 and 6,
Shock expan51on theory has been used7 to obtain a thickness factor for linear
theory, however, it is cumbersome, as the factor is dependent upon the wing
profile shead of the control, and it requires a separate calculation for each
deflection angle, Similarly, the use of the Busemarnn third order approxima=-
tion with the additional constant D included in the case of oblique shock

COHIPI‘GSSiOl'lS s ) viz.
he = C,0 4 Cze t (C 'U) 6 ’ (13)
1 y 3 !

where

(Y'*':; 3 1 *[: (5'1'5“) 3w (y-3) 1 4 2]
M —— , (1)
(1‘.42-_-1 )7/2 .

is complicated in that the wing shape ahead:of.thexccntrol hes to he included
in the calculation, Moreover, the magnitude of D is quite small, say 10/ of
03’ so that only a small gain in accurscy results from its inclusion, Ko
calculated from equation number 10, is plotted in Pig, 6 for pozitive values
of ¢ (T1 < 1) at several lach munbers, It is always less than unity for
positive ¢, and in general it decreases with increasing Mach number, The
limit of applicability was obtained in Reflerence 5 by couparing the third
order approximation with an exact calculation using shock-cxpansion theory
on a double wedge aerofoil., A4 discrepancy of 40, between the two values of
K¢ was regarded as the limit to which third order thecory could accurately be

applied,

VWhere a trailing edge control is situated next to a circular cross scction
body, in theory.a further reduction.of dCU/&n occurs, because. the pody does not
act as & perfect rexlcctlon plane, The prianciples ol Wlpg body interference
are explained in some d@tall by Pitts, Mielscn, and Xaasttari in Reference 8,
and it is from this source that the relcevant factor, k%(B , is reproduced in
Fig,7, 'In the present context, k. 7(B) is defined as the ratio of the 1ift on
a control in the presence of a c1rcular section bedy to the 1lift on an isolated
control (of aspcct ratio twice that of the exposed panel, c.f, Section 3).

The body is considercd to be at zero incidence, ard the 1ift is produced by
deflection of the control, Fig,8 shows the interference cff'ects on aero-
dynamic.centre (again obtaincd from Ref,8). A factor Kx‘is defined as

*

@
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<_’§g> _h
€ /control + body C
x - x ’ (15)
<_a.> _h
¢ Jeontrol ©

where X, is the chordwise location of the aerodynamic centre. Fig.9 shows

values of K calculated for controls with the hinge line at the leading edge,

In Ref,8 it was recommended that the linear theory estimates lor k (B\ and
X /b should be used for Ay N2-1 > 2, and the slender body value for AJ.“ -1 <

No attempt has been made in this analysis to correct the hinge moment

coefficients for the effect of gaps between controls and bodies or reflection

planes, due principally to.the limited amount of information on gaps available

in the present data, However, slender body uheory9 does indicate that the
component 1lift on wing body combinations is significantly reduced by the
presence of gaps., Measurements have been made by Dugan1o of the component
1ift on a 60° delta wing-body combination at M = 1,4 for various gap widths.

His results, in the form of,a gap factor Kg (ratio of 1ift on wing with gap

present to 1if't on wing with no gap), are shown in I'ig, 10, together vrith a
theoretical curve again taken Irom Refl,10 but originally derived using the
theory of Ref,9. The experimental results, although for a wing-body combina-
tion having a body radius to semi-span ratio (r/éw) of 0,216, should be
applicable to a control-body combination having the same value of r/s, The
measured values of Kg are conmpared with thcory only for values of g/'sW
greater than 0,03, Here, the measured valucs excced theory by about 104 for
values of gap to semi-span ratio (g/sw) above 0,03, probably duc to viscous
effects in the gap. Obviously for large gaps (g/s > 0.004 say), the effect
on control 1lift ard hinge moment is likely to be important, but for most
practical sizes of gap to scmi-span ratio (g/s < 0.004), it is unlikely that
the effcets will be too significant, This is confirmed by the expcerimental

correlation in Pig, 11, Here the basic data have been factored to allow for

both control thickness and body interfcrence, viz,

N

B L et »
|_dn K gx kﬁ(B) dm

The introduction of these factors gives a much better correlation than that
shown in Fig,5, Although ths differcnces between the theorctical solutions
for a control with 'free' and 'bounded! tips are¢ not very.large, the 'freec'
tip solution scoms to_indicatc better the trend of the cxperimental results

at low values of A\JM? 1.

2.
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4, 2,2 Effect of hinge line location

Fig,12 shows hinge moment derivatives measured on controls with various
hinge line locations, The values of ch/aﬁ have been corrected for control
thickness and body radius in the mamner described in Section 4.2.1, and are
plotted as 1/A {dCH/an]? against A‘;M?-1. The trend of the results with hinge
line location is sensible, but in order to make an accurate comparison with
theory the data has @ggg.feplotted in I'ig,13 against hinge line location for
various values of A~;M2-1. The agreemcnt betweeﬁ.experiment.ani theory is

shown in Fig,13 to be reasonably good.

L2.3 Effect of.trailingAe@ge thickness

‘An increase in the trailing wedge thickness of the control gives a.
correspording increase in dCH/in (Fig, 14a), Fowever, if the values of dCH/&n
are corrected for trailing edge angle ¢ and body interference cffects using
the method described in Section 4, 2,1, then the data for all trailing edge
thicknesses collapse onto the lincar theory estimate for a rectangular control
with free tips (Fig.i4b). This result means that dCHﬁin for a control whose
upper and lower surfaces are parallel (11 = T), is identical to that on a
control with zero thickness, Tor negative values of ¢(T1 > 1), K, is always

¢

greater than unity which indicates that (de/aﬂ) continues to increase as Ty
is increased above T, Although Fig, 6 gives values.of,Kg for positive ¢ only,
valucs of K¢ for negative ¢ can easily he obtained from the cxpression given
in Scction 4.2,1, .

5 dCH/dn AT TRANSONIC SP.EDS

2

5.1 Theoretical considerations

Similarity paramcters for use at transénic specds have bceh‘developed
by several authors, e,g, Von Kérman11, Spreiter12’13, Busemannﬂh and Harder15.
McDevitt16 showed that the pérametcrs for the initial 1ift curve slope of
uncambered wings of finite aspect ratio, as originally mut forward by

. 12 . . o . .
Spreiter can be written in the following manner:
b

(y+1) (%):W/B (\%%%a:.o‘ = £ {Gf/;’[z:ﬂ )2/% s Ay <_§_>:/3 (Y+1)I'/3} . (17)

w

Similarly it can be shown that,

[33]

»
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bre) <_°t>::/3 (ii;“ﬂ)a:o i (< >2/§i2-1. N A <§>;/3 (ren)1/ 3} , (18)

(r+1

W

where I and g are some unspecified functions of the parameters in the brackets,
Y is the ratio of specific heats (if only one fluid medium is being considered,
functions of y can be left out of the equation), (t/c)W and & are the thick-

ness chord ratio ard aspect ratio of the wing respectively,

The analysis of Busemann14 and Harder15 produced an alternative form for

the similarity parameters,

1/5 /5 (N2 (A% r 124
+1 = T R
brat) G VIR /;_)273
’ ; \c

w

W \C
N /W

A (3\1/3 (y+“|)1/3 Mz/j} s (19)

and similarly for dC /aa. Spreiter13 has shovm that this second form of the
similarity parameters improved the correlation between esperiment and transonic
flow tneory in certain cases, e,g. the drag of a two dimensional single wedge
section, However, MbDevitt16, using the simpler parameters put forward by
Spreiter originally, obtained a good correlation of the experimental
characteristics of a family of rectangular wings, In view of this result,

and because of the incrsased complexity of the modificd parameters, it was
decided to use the simpler parameters in an attempt to correlatc hinge moments

at transonic speeds,

Although at subsonic spceds control hinge moments depend on the wing
shape and the relative proportions of control amnl wing, the development of
regions of supersonic flow over the wing surfacc at high subsonic Mach numhers
would probably decrease the influcnce of the wing on dCH/an. At M =1,0
dCH/Hn should be independent of the Yring planform, There is some reason,
therefore, to expect a corrcletion of dOH/an both at high subsonic speeds as

well as sonic and low supersonic speeds based solely on control parameters.

In Appendix A, using shock-c¢xpansion theory, an apbroximate expression
is devcloped for dCH/in of a rectangular control on an infinite double wedge
wing at Mach numbers of 1,0 and above, The numerical values obtaincd arec

reproduced below,
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dn
A,51/3

1=

575 = 0 0.5 1.0 2.0

T

Ocdilily | 0,186 0.179 | 0,173 | 0.165
0.887 | 0,726 0,699 | 0,672 | 0,643
.77 | 1.012 0.974 | 0,937 | 0,856
3.549 | 1.161 1,117 | 1.07% | 1,027
5.323 | 1,208 1,162 | 1.118 1| 1,069

o 1. 304 1,255 11,207

5,2 Correlation of experimental datz

5.2,1 Controls witn hinre line at leading edge

Fig,15 shows a plot of — 1/3 [QC"/an] agalnst M.z--l/"rz/3 for controls
with the hinge line at the leading edge, [dCF/an] ig the hinge moment
derivative corrected for body interference effects on lift only (slender body
theory) in the manner described in 4.2.1, i.e,

C !
’ .d H] R o
- b
dT] kW (B ) d’l‘]

. 1
where kw(B) is the slender body value (Fig,7). Because 11/3 [dCH/ﬁn] is also

a function of the other transonic- similarity parameter 1‘{:1 5 , the only deduc-

tion possible from Fig,15 is that there is a marked increase in ~dCH/in

/3 - '
between subsonic and supsrsonic speeds, Using the data in ¥ig. 15, 11’3 LdCH/in]

1/3

has been replotted against At for various values of M?~1/%2

(Pig.16).

The correlation of the experimental duq/aq is only fair at subsonic

gpeeds (Pig.16a,b,c), and there is appreciable scatter., In general for
1/'1:2 3 -2 and ~1, the cxperimental data approaches the lincar theory17

estimate for dC_/da about the leading edge of an isolated wing at small
values of Ax1/?? Yor large values of Ax1/3, he experimental valucs are
at about 50% of the linear theory value, It is possiblc that the corrclation
at subsonic speeds is forituitous, since the range of wing planforms in the
data is rather restricted (mainly 60° deltas), and the ratios of control

chord to wing root chord are all cbout the same value (0e1)e

tn

&
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At supersonic speeds the correlation is fairly good (Fig;16d,e,f,g>.
At M = 1,0 the experimental hinge moments are in good agreement with the
experimental values of 4dC /aa measured by LcDevitt 16 on isolated rectangular
/3 ¢ 2, 4t 18-1/62/3 - 0.5 and 1.0 the pitching moment data

falls sllghtly below the hlnge 7pment data, The thcory of Appendix A agrees
3

wings for At

well w1th experiment at M -1/% 2,0, but terds to overestimate at lower

values of X --1/5r2 3. This theory gives the acrodynamic centre position of
the two dimensiomal control at 5@% ¢ for all positive values of M?-1/%2/3.
However, it is shown in Section 5,2.2 that in practice18 the aerodynamis centre
position of a control with Ax1/3 = 51 1is located up to 0,085 ¢ forwafd of
this point, for M > 1,0, The results of Rel.,16 showed that for an isolated
rectangular wing, the acrodynamic centre position was identical to the two

1/3 1/3 > 2.5 at

subsonic speeds, If it can be assumed that a 81m11ar rysalt holds for

dimensional value for At > 1 at supersonic speeds and At

rectangular controls, then the aerodynamic centre position of the control
with Acr1/3
to (xa/b) theory) which can then be applied to the theory,

= De1 can be used to obtain a factor (ratio of (xa/b)experlmcnt

2 () ©)
2573 c/gxperiment ¢ theory Factor
at!3 2 5006 | 4! e
0 0.415 0. 500 0.830
0.5 0.443 0. 500 0.886 |
1.0 0. 460 0. 500 0. 920
2.0 0,475 0. 500 0. 950 :

/
The modified theory (valid for w3

with experiment especially at M = 1,0 (Fig,16d,e,T,g).

> 1) is in much better agreement

An attempt was made to allow for the effects of the boundary layer thicke-
ness on the control thickness-chord ratio., The e¢ffective value of T was assumed
to be

%" .
2<6turb)mean (20)

T effective = T + p s

where (8 is the mean value across the control span of the disunlacement

turb)mcan )
thickness of a flat plate boundary layer, with transition at the wing leading
cdge, The use of this modified value of 7 did not result in any improvement

in the corrclation of the éxperiment data,
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The c’tl.,cusmon in Section 4. 2,1 on gap effects at supersonic speeds will
apply eq;ally here, but as in that case no further analysis is possible because

of the lack of information on gaps in the present data.

5.2.2 ILffect of hinge line location

Because dC /dn is dependent upon such a large number of parametc,rs at ’

transonic spceds, it was not possible to determine the variation of k

1/ 3 [d"H/dn] with h/c by plotting data for different controls on the same
figure, However, I'ig,17 shows the effect on 11/ 3 {o.bH/dn] of varying the’ .
lnnge ‘1ine location (from n/c = 0. 065 to O, 507) for one particular cou‘tro'.!.:3 of

1/3 = 5,096, TFor M < 1,0 dCH/dn varies linearly with h/c for h/c < 0,50,
whereas for M > 4,0 the range of linearity is restricted to h/c < 0,30, The
location of the control acrodynamic centre position as obtained from the
linear portion of the curve in Fig,17 is shown in Fig, 13, together with the -

19 V3 . 14y 17

experimental values ” for a control of A% 201 , the linear theory
estimate for an isolated rcetangular wing with A'r = 5, 096, and the
experimental values for an isolated rectangular wing1 6. The agrcement between
the measured values for the two controls is good, the dlscrepancv at positive
values of M?-1 /'52_/3 is probably duc to a non lincarity in the curves of

1/3 [ac /d:r]] against h/c for the confrol 19 with. A'r1/3 = 4,201, similaxr to
that observed in Fig,17. {(Only two hinge line loco.tlons were tested on this

control, h/c = 0,07 and 0,50.)

P

5.2.3 Effect of trailing edge thickness

In general - an increase of —dCH/dn results from incrcasing the trailing
edge thickness of the cohtrol (f"“ig.19). The factor Kt, is defined as the

1
ratio of (aC. /dn)c *oto (ac /dn) ard is shown in Figs,20 and 21.

O,
Although at subsonlc speeds the varlatlon of Ko with 1 1/12/ 3 for the two
conflguratlons appears inconsistert (Fig, 20), valucs of ;{71 do show good
agreement at M = 1,0 with the two dimensional shock-cxpansion theory of

Appendix A (l‘ ig.21 Yo
6 CONCLUSIONS

Similarity rules have beenlused at supersonic and transonic speeds to
obtain a correlation of e;qaeriﬁxentai values of c’lCH/dn and to compare thesc
values with theory, ’

1

At supersonic, spceds for controls with the hinge linq at the leading
edge, dCH,

I
+4074) within the range, 2 < A+ 1 1~.’=.2-1 < 20, using the supersonic linear theory

dn can be predicted with rcasonable accuracy (80,5 of @ ta within

Gy

w

(M
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solution for a control with 'free' tips, and applying corrections to allow for

the effects of body interference and control thickness, i,e.

4ac
o= _ 2 _k
el K¢ x K x k w(B) X { BAB-Z} ’ (21)

(see Figs.6, 7, 9 and 1),

For controls with the hinge line not at the leading edge the accuracy is
about the same (#1044 of value for h/c = O) within the range, 6 <.AJI» -1 < 14

In this case,

i 2(248-1)) ((348-2) h -
- an = K¢ X KX X kW(B) x { ABZ ‘ }{3(21&,8—1) - E‘} ’ - (22)

(see Migs.6, 7, 8, 9 and 13).

At transonic speeds for controls with the hinge line at the leading edge
and with 7 < C,13, dC /ﬁn can be predicted, again with reasonable accuracy
(#107%), above M = 1 (O < ¥ 1/’52/3 < 2), using shock expansion theory with an
empirical correction factor applied ‘4o the aerodynamic centre position and a
slender body factor to allow for body interference on 1lift (sce Figs;7 and 16
ard Appendix A), Below M = 1 the expcrimental correlation is only fair (a
scatter of *20% on the mean value), and even this may be fortuitous since the
range of wing planform in the data is restricted to 60° delta, and the ratios

of control chord to wing root chord are all very similar (around Oe1)e

The effect of trailing edge thickness on qu/an can be estimated at
supersonic speeds by merely adjusting the factor K,, ani at M = 1 there is -

some evidence that it can be predicted using the two dimensional shock-expansion

theory of Appendix A.
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Appendix A

dCHﬁin FOR A RECTANGULAR CONTROL ON AN INFINITE VING OF

DOUBLE TEDGE CROSS SECTION AT TRANSONIC 3MACH NUMBERS

The theoretical solution for the inviscid transonic flow past a double

20,2 .
’ 1. For free stream Mach numbers

wedge profile has been known for some time
between unity and the value aporopriate to bow shock attachment, theory
predicts subsonic flow over the Forward facing wedge with the local Mach

number increasing from zero at the leading edge to a value of unity at the
shoulder (Figs,22 and 23), The flow then undergoes a supersonic expansion
around the shoulder, For a given value of (t/c)w the local Mach nunber
immediately behind the shoulder, identical to the value given by a Prandtl-lMeyer
expansion, is independent of free strcam lMach nuber, Because some of the
expansion waves from the shoulder are reflected from the sonic line as
compression waves, the local lMach number decrease slightly between the shoulder
and the t?ailing edge, At the trailing edge the flow then returns to the

free stream direction by means of an oblique shock compression.

Since both the free strecam and the local flow over the rcar half of the
acrofoil are supcrsonic, it is possible to distort or dcflect part of the
profile near the trailing edge without.alffecting the flow over the rest of the
profile, providing that no dctached shock waves are produced By these local

changes of slope,. .

In order to calculatc the hinge momcnt on a coantrol some simplifying
assumptions have been mede, For the majority of the caleculations the above
mentioned variation of local Mach number over the rcar wedge has vocn ignored,
The Mach nunber was taken to be constant at the Prandtl-lieyer expansion value
(Fig.23).

With the {low model shown in FPigs,22 and 23, and with v arbitrarily
taken to be 10, the hinge moment derivative, dcq dn, of a two dimensional
control was calculated using shock-expansion theory, The results at M = 1.0

arc summarized in the Pfollowing tablc:~
WP-1/:3 = o

TN I B O BV e
’ dn dn

5 {0.,0873 | 2,939 14 304
10 10,1750 12,280 1.275

(12}

%)
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2
The use of the transonic similarity parameter, T1/b dCH/an,16 was found to
give an adequate although not perfect collapse of the theoretical estimates
for different values of T, All lurther calculations have been performed
. o N
Wlth¢=5.

Under the assumptions of the theory, the lMach number over the rear
wedge of the aerofoil is indeperdent of free stream Maéh number; and dependent
only ong¢. It follows that the nondimensional parameter,

pressure differcnce between control upper and lower surfaces,

local total pressure

is also independent of frec stream Mach number, If wé assume that the loss

of total pressure through shock waves can be ignored, (for ¢ = 5° and
M2-1/%2/3 = 2.0, then M = 1,104, and the loss in total pressure through the
bow shock wave amounts to %%), then the variation of dCH/&n with frece stream
Mach nunber arises through the variation of the ratio of {otal pressure to
kinetic pressure with Mach muiber,. Calculated values, in transonic similarity

form, are shown below,

$ .= 5°

21 dCy 1/3 dCy

T2/3 T Tam i an

0 {2,939 14 304
0.5 |2.,830. 14255
1,0 | 2,722 1,207
| 2.0 .2.601 1e 154

The effect of trailing cdge thickness for a control with a lincer thickness
distribution, is independent of Mach number and is shown in the following
table:-

T = OQ0873
T
1
T ‘KT1
0 1.000
0.5 1. 124
1,0 {1.325

The effect of finitc aspect ratio has been obtained by multiplying the two

dimensional values calculated from transonic theory by the ratio of the



22 Appendix A

supersonic linear theories for finite and infinite aspect ratio. The super-
sonic linear theories were based on the wing local Mach number just ahead of
the control, and the finite aspect ratio value was calculated for a control
with '"free'! tips, since this gave the best agreement between theory and
experiment at supersonic speedé. The effect of finite aspect ratio is shown

in the following table:
¢=50 7::0.0873 ’L'/'L’:O

A AT1/3

—573 =0 Os 5 1,0 2,0

1.0 | Ooldd 0, 186 0.179 | Q.173 | 0.165
2,0 | 0,887 0. 726 0,699 | 0,672 | 0,643
LWO | 1.774 1.012 0,974 | 0.937 |0.896

8.0 | 3.549 1,161 1117 | 1.074 | 1,027
12,0 | 5,323 1, 208 1,162 | 1,118 | 1,069
© ., ™ 1. 304 1.255 1 1.207 11,154

The above values are strictly valid, only within the range

I\.’{2—1 7
2/3 (£N/2
)

W

< 1,26

(r+1

The upper 1limit* is the value predicted by transonic small perturbation
theor:y'21 for an attached shock wave at the leading edge of the wing vith
uniform 'sonic flow behind it over the front wedge, If, instead of the wing
thickness chord ratio (t/b)w, we use the control thickness parameter T in

the similarity parameter, we arrive at the following limits of wvalidity

22
™1 . 1. 26
0 < = < = QOa79
(Y+1)2/3 T2/3 2273 ?

or
M1
0 < 1‘—7" < 1,423 .
T2 3

However, an exact calculation performed using shock expansion theory over
b} ) 3
the entire wing (¢ = 5°) at 1o-1/423 = 2.0, 02=1/(y+1)2/3 2/3 . 1.120),

*The exact value of the transonic similarity parameter, M2-1/Q{+1)‘/3 (t/b)é/s,

at this condition for a wedge of 50 included angle is 1,451,
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again arbitrarily teking the control deflection to be 10, gave a value of
~1,161 for 71/ 5 ch/dn compared with -1, 154 using the aspproximate method, It
is clear, therefore, that the approximate theory compares favourably with
exact theory at velues of M2-1/r2/3 Well‘above the limit for bow shock
attachment, The assumption of constant Mach number over the rear wedge of
the wing means that the estimated two dimensiomal values of dCH/an are too
small, due to the mean Mach number over the undeflected control being too
high, The error is worst for a control of vanishingly small chord at

M = 1.0, where the correct value of 11/3 dCH/Bn is 1,433 compated with the
approximate value of 1,304, The correct value was calculated assuming that
the Mach nunber over the rear wedge of the wing is given by M2—1/(Y+1)
(1:/(:)‘5/3 = 1,72 instead of the Prandtl-Meyer expansion value of 2.07 (see
Fig.23), Because the assumed Mach number over the control is too high, the
factor applied to the two dimensional dCH/Hﬂ for the effect of aspect ratio
is also in error, in the opposite sense to the error in the two dimensional
dCH/Hn. For most practical sizes of control the two errors either wholly or
partially offset one another, The valucs shoim in the table below are for a
control with vanishingly small chord, for a control with finitc chord the

errors are slightly less,

1\4.2-1/’52/3 = 0 ¢ = 50 c—=0

A A¢1/3 -11/5 <§E§> _¢1/3 <§E§> "> errar
dn approX, dn cxact

1.0 10, Ly 0. 186 0.143 +30, 1

2,0 0,887 0, 726 0.725 0

4,0 1e 77k 1,012 1,072 -5.6

8.0 | 3.549 1,167 1.252 -7.3

oo oo 1e 304 1o 33 -9.0

The effect of finitc span on the pressure distribution over double wedge
cross section wings at transonic spccds above M = 4,0, has becn investigated
experimentally by Vinccntizz. His results shcewed that for wings of finite
aspect ratio, the locus of the intcrscction of the sonic linc with the wing
surface is a curve, which Jjoins the two wing tip lecading edges and is furthest
aft at the centre of the wing span. This furthest aft distance of the sonic
line is always ahead of the profilc shouldeA for finite aspect ratios, and
moves forward as the aspect ratio decreascs. Although this means that there
is a large arca of supcrsonic flow over the fore wedge of the wing, the

pressurc cocfficient ard hence the local Mach number immediatcly bcehird the
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shoulder, are almost identical to the two dimensional value over the entire
wing span, There is, however, an increasé‘of pressure betweén theAshoﬁldef
and the trailing edge, consistent in e%tent with that produced by a Mach line
from the shoulder at the tip,. A trailing edge‘COntrol situated in the tip
region of a rectangular wing would therefore experience a slightly lower Mach
nunber than one situated imboard of the tip. As in the case of the chordwise
Mach number variation, however, the overall effect on ch/an may not be €;o~

significant,
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Table 1 - DETAILS OF WINGS AND CONTROLS
Wing Control
s
No. | Ref, R x 10 o 0 Control o
A L5 EH.M. Va Wing section A A Pb.m. d\cﬂ m%a\vs rfs h/c section T .J\ﬂ é
H-n=-2 \\\\\\\AHA wi
_ Hexagonal . . ng o1 O.141 62
1a | 19 | 361 =~ 3.91 2,309 0 60,00 Aﬁ\OV = 0.040 8.233 1.0 0 0.616 0 0 ;mm 0.070 profile 0.133 7
— _ - -+ w
1b aw L] L] n " L] n " L] " " " L Oomoo " [ " "
H-n=2
Hexagonal . 1.0 Wing
2 | 23 \w\f 34 -4.7|0.705 | © 80.00 | (t/e), = 0,030 | b.717 | poa% s 0 | 1.000) 0O 0.28: | 0 | %, [0-100 | 0 5. 74
. - + to 0.048
S-n-2
\: ¢ ¢ ZPMM 1.0 6 Wing o
3a| 24 ‘ 5 2,000 0 Selik 0005-63 13.584 . 0 1.000 0 0.180 0 0.104 0 5.
—_ _ # stre ise AH.Q.WOQ. du.ﬁv profile
uv NP " L] n " " n m. Nmﬂ n ” " " 1] o. UUN " " " 1"
3c| 24 " " n n " " . " " " " " ' " UMMMMM - - n
ug NP ” " " " " n " " L] " " ) " " - - ”
S-n=~2 ,
La| 25 3e7 2.000 0 63.44 0005=-63 7.817 M 0 1,000 0 0.180 0 . 0.104 0 5e
S - streamwise, (raked tip) profile
_ Linear
#G Nm L] " L] n n " L] " ] " " " " *wuvogmmm " Oomoo WONw
. &Udao
H-f-2 .
Hexagonal 1 Wing
5a Nm L.9 3,088 [0.389| 23.00 ?\&1 = 0.045 2.6L4 0.676 0 0.149 | 0,702 0 profile 0.150 0 8458
H-f-2
5b| 26 " " " " n 2.587 0.682 0 0.215| 0,272 + 0 " 0.150 0 8.58
H=-f-2
5¢| 26 " " " " " 5,047 0.461 0 | 0.364| 0.272 : 0 " 0.150 | © 8.58
H-f-2
sa| 26 " " " " " 12,179 0.384 0 1.000 0 < 0 " 0.150 0 8.58
. Linear
Se 26 " " n " " " " " " " " - " thickness " 0.500 | 4.30
distn,
5¢f 26 " n n L " ] " n " n n L L Constant " 1,000 0

thickness
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Table 1 (Contd.) - DETAILS OF WINGS AND CONTROLS

Wing Control
z Ref R x S-m
o. |Ref, ) o . o Control
A wa A>H.m.va ¥ing section A A >H.m. w\da mwa\wa r/s h/c section T
S-£-1 Round L.E. g v
10b 32 12.5 1.9% | 0.073 60.00 Sharp T.E., 2.978 0.77% 9.70 | 0.481 0 0.266 0 ing 0.087
(t/c)_ = 0.04 profile
a [ ]
) H-n-2 p Double 1.0 Ving p
o ™ o\ A P N ® A.O o - o 0.0
11 | 33 8.0 2,000 © 3.y ?\&smmmm.omo 0.002 |\ ved tip) | © profile 3
. JI 7777777 W
F~n~2 5.8 to NACA Double
12 b 4 .o 1.889 { 0.101 59,92 mmboow 104341 1.0 0 1.0 0 0.246 | 0.400 wedze -
— N w Se streamwise | &

DETAILS OF CODE IN COLUMN 3 OF TABLE 1
~

~ 8§ = sting mounted model m
H « half model mounted on reflection plate-

B = half model mounted on transonic bump
F - free flight model

“
n = natural boundary layer transition :
f -~ boundary layer transition artificially fixed at wing leading edge

1 = hinge moment measured on hinge plates cantilavered from wing

2 - hinge moment measured on load cell in body etec. connected to control by circular shaft
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" Pable 2 (Contd.) - DETAILS OF HINGE MOMENT CORRELATION

ac

n

C

ac ac
- 1/3 H 2. 1w I M-t | /38| /3
No. | Ref. R x 10 A T At h/c M - I AV M I ws wiwv mx T Mw T T T T
3a 2k 5.6 9.257 0.332] 1.20 | 0,74 6.140 0,080 0.860| 0.980] 0.955 0.100
1.30 | 0.757 7.690 0.082 0.867| 0.987| 0.968 0,099
1,50 | 0,583 | 10.340 0.063 0.880| 0.995| 0.981 0.073
1,70 | 0.480 | 12.727 0.052 0.883| 1.,000| 0,993 0.059
“ 1.90 | 0,409 | 14,955 0,044 0.880| 1.000| 0.993 0.051
ha | 25 3.7 7.817 | 0.104 | 3.676 o | 0.60| 0.897 0.8 -2.568 0.421 O.lilihs
« o.mo a OVA N ~ o.g 3 -1 oﬁfm o.md ﬂ o.mmo
* 0.90 | 1.565 : 0.8 -0.762 0.736 0.776
w 1,30 | 1.956 6.4 0.250 0.867| 0.982]| 0.98: 0.300 2.769 0.920 0.937
| 1.53 | 1,326 9.000 0.171 0.880 | 0.990| 0.990 0.201
1,70 | 1,444 | 10.747 0.146 0.883| 0.99%| 0.992 0.169
o.mo .— OPON o. Q&.m l.‘_ .FW O.mmo o.mwm
0.90 | 1.709 0.8 -0,762 0.803 0.848
| 1.30 | 2,028 649 0.259 0.867| 0.982( 0.98: 0.29% 2.769 0.95 0.972
1.53 | 1.450 9,000 0.186 0.880| 0.990| 0.990 0,204
1,70 | 1.252 | 10,747, 0.160 [ 0.883| 0.99%6| 0.992( 0.172
5a 26 4,9 m.m,.ET 0.150 0 1.61 | 1.242 3,336 0.470 0.838] 1.000| 1.000 0.561
5b | 26 b9 2.587 | 0.150 0 | 1.61 | 1,079 | 3.264 0.417 | 0.838| 1.000] 1.000 0,498
_ 2,01 | 0.808 | &.511 0.312 0.822} 1.000] 4.000 0.380
5c 26 4e9 5,047 | 0.150 0 1.61 | 1.162 6.368 0.230 | 0.838| 1.000| 1,000 0.274
2.01 | 0.9u6 8.800. 0.188 0.822| 1.000| 1,000 0.229
5d 26 4.9 12,179 | 0.150 0 1.61 | 1.204 | 15.367 0.099 | 0.838] 1.000| 1.000 0.118
2,01 | 0.878 | 21.235 0.072 0.822| 1.,000] 1.000 0,088 _ .
5¢.| 26 4,9 12,179 | 0.150 0 1.61 | 1.528 | 15.367 0.125 0.838] 1.,000| 1.000 04137
5¢ 26 4e9 12,179 | 0.150 ) 1.61 | 1.528 | 15.367 0.125 0.838| 1.000| 1.000 0.125
6a 27 6.3 2,217 | 0.225 0 1.61 | 1,087 2.797 0.490 0.772] 1.000| 1.000 0.635
2.01 | 0.841 3,866 0.379 0.745] 1.000]| 1.000 0.509
6b | 27 6.3 4e909 | 0,225 0 | 1.61 | 1,063 | 6.49% | 0.212 | 0.772| 1.000] 1.000 | 0.275
6c 27 6.3 m.mwo 0.225 0. | 1.61 1 1.180 11.710 0.127 0.772| 1.000] 1.000 0.165
6d 27 6.3 m.mmo 0.225 0 1.61 | 1.358 :..\.8_, 0.147 0.772| 1.000| 0.160 0.168
6e. | 27 6.3 9.280 | 0.225 0 1.61 | 1.593 | 11.710 0.172 0.772| 1.000| 0.164 0.172
0.%0 | 1.09% 1,000| 1,000 -0.905 0.501 0. 501
OOWN a QA WN a .g d.§ .OONWN o. mmm o. mNm
0.9% | 1.283 | 1,000 1,000 -0.555 0.588 0.588
OOR d omg ' A080 JO§ lO.U.Nu OOVWW Otﬂum
0. Wm 1. Ww.. ,. Aog 1 Q§ =0.1 mm 0. mmw O.mwm
1.00 | 2,103 1,000 1,000 f o 0.963 0.963
1.03] 1.9%2 i 1,000 | 1.000 f 0.290 0.890 0.8%0
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Table 2 (Contd.

- DETAILS OF HINGE MOMENT CORRELATION

il
ac — ac C 2 ac C
- 1 °H 1 H M1 1 H 1 H
No. [mef. | R x107¢ A v |4 | we | w - = A iy i | % | k) | Bx Mm:.;l‘” =73 -a\uuo.# /3 Fr
8e 18 2.2 to 2,7 10.192 [0.125 | 5.096 |0.507 | 0.60 |=0.504 1,0 1.0 -2.560 -0.252 -0,252
0.70 |-0.528 1.0 1.0 -2,040 ~0,284 -0, 264
0.80 |-0.612 1,0 1.0 -1.440 -0. 306 ~0,306
0.85 [-0.709 1.0 1.0 -1.110 ~0, 354 -0, 354
0.9 |-0.709 1,0 1,0 0,743 -0,354 =0, 354
0.95 |=0.49% 1.0 1.0 -0.390 -0.247 -0.247
1,00 |-0.021 1.0 1.0 0 -0.010 -0,010
1,05 | 0,021 1.0 1.0 0.410 0.010 0.010
1,10 | 0.042 1.0 1.0 0.840 0.021 0.021
1,18 | 0.065 1.0 1.0 1.570 0.032 0.032
9a 29 6.1 2,047 |0.128 | 1.033 |0 1.40 | 0,907 2.005 0.3 0.851 | 0,697 | 0.935 0.621
1.80 { 0,778 3,063 0.380 0.85% | 0.95%6 | 0.978 0475
2,20 | 0.640 4,011 0.313 0.839 | 0.974 | 0.983 0.390
9b 30 [10.5 to 13.5| 2.047 |0.128 | 1.033 |0 0.60 | 0.413 0.937 -2.510 0.209 0.241
0.90 | 0.498 0.937 ~0.746 0.252 0.291
0.9 | 0.556 0.937 ~0.456 0.281 0.326
OOR o.mNm OOmUN 'OOUO@ OOUAm o.gm
0.98 | 0,756 0.937 ~0.155 0.382 0,442
1,00 | 0.951 0.937 0 0.481 0.557
1,02 | 1.123 0.937 0.158 0.567 0.656
1.04 | 1,077 . 0.937 0.319 0.544 0.630
1,10 | 1,106 _ 0,937 0.821 0.558 0.646
1.19 | 1,129 _ 0.937 1.633 0.570 0.660
1,30 | 1.0M 0.937 2,710 0.541 0.626
10a 31 12,5 to 19.41 2.978 {0.087 | 1.318 | o 1.30 | 1.134 2.473 0.382 0.880 | 0.930 | 0.9%62 0.485
1.50 | 1.020 3,329 00343 0.898 | 0.960 | 0.979 0.407
1.65 | 0,974 3.908 0.328 0.902 | 0.970 | 0.982 0.382
1.80 | 0,905 b 56! 0. 304 0.901 | 0.977 | 0.984% 0.355
2.00 | 0.837 5.157 0.281 0.895 | 0.984 | 0.986 0.324
0.50 | 0.458 i 0.938 -3,828 0.203 0.216
0.70 | 0.484 0.938 -2,603 0.213 0.227
0.9 | 0.837 : 0.938 -0.970 | 0.370 0.3%
10b 32 12,5 2.978 | 0.087 | 1.318 |0 0.90 | 0.638 0.938 -0.970 0. 304 0.32%
0.9% | 1,215 0.938 -0.59% 0.538 0.574
0.9 | 1.432 0.938 -0.400 0.634 0.676
0.98 | 1.157 0.938 -0.202 0.512 0.546
1.00 | 1.392 , 0.938 0 0.616 0.657
1,02 | 1.432 ' 0.938 0.206 0.634 0.676
1.04 | 1.553 0.938 0417 0.687 0.732
1.10 | 1.616 0.938 1,072 0.715 0.762
11 33 8.0 10,002 | 0,063 | 2,970 | O 0.83 | 0.97% 1,000 =2,000 0.386 0.386
0.92 | 1.060 1,000 -1.000 0.r21 0.421
0.95 | 1.215 1.000 -0.619 0.482 0.482
12 3 5¢8 to 15,0 | 10.341 | 0.161 | 5,627 | 0.400} 1.10 | 0.525 ko739 0.051 0.818 | 0.978 | 0.902 0.070
1,20 | 0.453 6.859 0.044 0.820 { 0990 | 0.943 0.057
1.30 | 0.399 8.590 0.039 0823 | 0,99 | 0.9%7 0,050
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SYMBOLS

All symbols refer to ocomtrols unless stherwise specified,

L2
aspect ratio, = b /S

net control spanq

see Fig, 2

net wing span J
chord
root chord

b b

2

aerodynamic mean chord, = /. c dy j’ cdy

0 o

1ift coefficient, = 1ift/qS (positive upwards)

pitching moment coefficient, = pitching moment/qSC (positive
nose up) _
hinge moment coesficient, = hinge moment/qSE (positive when it

terds to deflect the trailing edge downwards)

derivative of CH with respect tomatn =0

1
R W T

kW (B) K . X, d't]

pressure coeificient =

constants in the Busemann third order approximation for the
pressure coeificient in two dimensional isentropic supersonic
flow

width of gap between wing and body of wing-body combinations
hinge moment (positive when it tends to deflect the trailing edge
dowrwards )

chordwise location of control hinge line, measured aft from
control leading edge

control hinge moment thiclkness factor at supersonic speeds

c
[;;ﬁ%] third order two dimensional approximation

- aC
1)
[EE%J linear theory two dimensional approximation
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SYMBOLS (Contd, )

the ratio of the 1ift on a control in the presence of a circular
cross-section body to the 1lif% on an isolated control (of aspcet
ratio twice that of the exposcd panel), 1ift produccd by control
deflection with the body at zcro incidence (sce Ref,8)

factor for body interfercnce on acerodynamic centre position of

rectangular controls at supersonic spceds

X
&) :
_ ¢ Jcontrol + body

(i‘g) _h
¢ Jcontrol c

control hinge moment gap factor

W

Lol i~

£}

[1ift or hince moment on wing or control] g # O
“l1ift or hinge moment on wing or controlj g = O

control hinge mament trailing edge thicliness factor at transonic

speeds
rdCy
l?iﬁ{]f1 £ 0 ¥
-rdCH
=
- Ty = 0

Mach number

first moment of arca of the control behind the hinge line sbout

* the hinge line

static pressure
kinetic pressure

Reynolds number based on wing root chord

h

body radius
plan area
gross scemi-span of control mounted on bedy (= b/2 + r) t

gross semi-span of wing (= h%j? + 1)
[
wing thickness

control thickness at leading cdge
control thickness at trailing cdge -
chordwise distance

chordwisc location of acrodynzmic centre

sparmwise distance
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B
Y

(sgurb)mean

[

H.L.
L.,

=

a4 A

D O

Suffices
w

o]

1

SYMBOLS (Contd., )

distance from wing-body junction or wing centre line
(configuration without body) to inboard edge of control
(see Tig,2)

incidence

he

ratio of specific heats

mean value across the control span of the displacement thick-
ness of a flét plate boundary layer, with transition at the
wing leading edge

control deflection (radians), measured normal to the hinge
line, positive when the trailing edge is deflected downwards
taper ratio '

sweepback of hinge line (degrees)

leadipg edge sweepback {degrees)

tip sweepback of controls with raked tips (degrees)

control thickness parameter = t/c

control trailing edge thickness parameter = t1/c

trailing edge included angle, defined as 2 tan” 3= —11)
deflection angle in two dimensional supecrsonic flow, positive

for a compression and negative for an expansion

refers to the net wing
refers to frece stream corditions

refers to comlitions at control trailing edge
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Author

C.J. Donlan
B,C.I., Myers
A, T, Mattson

X.,R. Czarnecki
J. N, Maeller

I.H, Abbott

AE, von Doenhoff

P.A, Lagerstrom

M.z, Graham

W.A. -Tucker
R.L. Nelson

Le4he Bonney

e Ge Winter

C.S. Brown

VieCe Pitts
J. N, Nielsen

G.E, Kaattari

REITRENCE
Title, etc,

A comparison of the aerodynamic characteristics at
transonic speeds of four wing-fuselage configura-

tion as determined [rom different test techniques,

ARC 13956, April 1951

Investinzation at supersonic speeds of some of the
factors affecting.the [low over a rectangular wing
with symmetrical circular-arc section and 305
chord trailing edse flap.

NACA R LS0J18 (TI82599), January 1951

Theory of wing sections, including a sunmary of
airfoil data,
Revd, ed, Dover Publications 1959

Low aspect ratio rectangular wings in supersonic
flow,

Douglas Aircraft Rept, No,S¥W-13110, December 1947

Theoretical characteristics in supersonic flow of
constant-chord partial-span control surfaces on
rectangular wings having finite thickness,

NACA TN 1708, Septenber 1948

Enginecring Supersonic Acrodynamics,
WMeGrew ©ill 1950, op. 76, 77

Supersonic wini turmel tests on guided weapon
control surfaces mounted on a body,
3 teste of theee rectangular controls at lach

numhers of 1,61, 2,00 and 2,48,

Unpublished M,0.A, Report

Lift and centre of pressurc position of wing-body-
tail combinations at subsconic, transonic and
supeérsonic spueds,

KACA Ropt. 1307, 1957

by

“
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No,

10

11

12

13

10

15

17

Author

D.W. Dugan
{. Hikido

D.¥%, Dugan

T, Von Karman

J.R, Spreiter

J.R. Bpreiter

A. DBusemann

K.C, Harder

J«B. McDevitt

D. Kuchemann

57

RETERENCES (Contd. )

Title, etc,
Theoretical investigation of the effects upon 1iflt

of a gap betwcen wing and body of a slender wing-

- bedy conbination,

NACA TN 322i;, August 195L

Ixperimental investigation of some aerodynamic
effects of a gap between wing and body of a
moderately slender wing-body combination at a

Mach number of 1, 4.

MACA RM A55D08 (TIB L4687), May 1955

The similarity law of transonic flow,

Jour. Math, and Phys,, Vol,’XVI, No.3, October 197,
Dp. 182-190

Similarity laws for transonic flow about wings of

finite span,

ARC 13968, April 1951

On the application of transonic similarity rules
to wings of finite span,

NACA Rept, 1153, 1953

Avplication of transonic similarity,

MACA TW 2637, April 1952

Transonic similarity rules for lifting wings,
NACA T 272L, June 1952

A correlation by means of the transonic similarity

rules ol the experimentally determined characteristics

of 22 rectangular wings of symmetrical profile,

ARC 16048, July 1953

A simple method of calculating the span and chord-
wise loadings on straight and swept wings of any
given aspect ratio at subsonic speeds,

ARC R&M 2935, August 1952
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No,

18

19

20

21

22

2k

25

Muthor

R,F, Thompson

L.D, Guy

G, Guderley

H., Yoshihara

WeG., Vincenti

C.B. VWagoner

VI,G, Vincenti

L.D, Guy

J,i, Boyd
F.A, PPyl

J.¥. Boyd

REFERENCES (Contd. )

Title, etc,
Hinge-moment, 1if't, and pitching-moment
characteristics of a flap-type control surface having
various hinge line locatiomns on a 4 per cent thick
60° delta wing, Uransonic-bump method.
NACA RM L54BO8 (TIB 44G6), March 1954

Iffects of overhans balance on the hinge moment ard
effectiveness characteristics of an unswept trailing
edge control on a 60° delta wing at transonic and
supersonic speéds.

NACA R L54G12a (ID 4390), Septenber 195)

The flow over a wedge profile at Mach number 1,
Journal Aero, oci, Vol,17,

Ppe (23-735

Transonic flow past a wedge profile with detached
bow wave,

NACA Rept 1095, 1952

Measurements of the cffects of finite span on the
pressure distribution over double wedge wings at
Mach numbers near shock attachment,

HACA TN 3522, 3sptember 1955

Hinge moment and effectivensss of an unswvept constant-
chord control anl an overhani-balanced, swept hinge-
line control on an 00° giept pointed wing at Mach
nurbers Trom 0,75 to 1. 96,

NACA Rif L5614 (UTL 5211), August 1956

Experimental investigation of acrodynamically
balanced trailing edgc control surfaces on an aspect
ratio 2 triangular wing at subsonic and supersonic
speeds,

MACA Rt A52L04 (TIB 3610), February 1953

Aerodynamic characteristics of two 25 por cent area
trailing-edge "laps on an aspect ratio 2 triangular
wing at subsonic and supersonic specds,

NACA RI A52D01¢ (TIB 3260), July 1952
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No.

26

27

28

29

30

31
32

D.R.

X.R,

D.R.
KR,

Author

Lord

Czarnecki

Lord

Czarneclki

“hitcomb

Critzos

D. Isaacs

T, =,

&, T,

G F,

P.G,

Bateman

Downexr

Moss

hutton

D, Morton

J.D,
AR,

oI
e

-

Joiie

Stephenson

Armucdo

Martz

Goslec
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REFIRTNODS (Contd, )

Title, etc,

Aerodynamic characteristics of several lap-type
trailing-cdge controls on a trapezoidal ving at
Mach numbers of 1,61 and 2,01,

KACA 104 L5019 (TIB 4255), June 1954
Hinge-moment characteristics for a series of
controls ard balancing devices on a 50° delta
wing at Ilach nuubers of 1.6 and 2,01,

NACA T L57BOY {TTL 5489), April 1957

Transonic characteristics of outboard ailerons on
a L-per cent-thick 30° gweptback wing, including
some effects of aileron trailing-edge thickness and
aerodynamic balance,

WACA RY L58105 (TIL 8050), July 1958

Tests at subsonic and supersonic speeds on a
slender canbered wing with fin, undcrwing engine
nacelles and tra.iling edge controls,

Unpublished 11.0.A. Report

Porce and pressure measurements on a supersonic
transport model in the A A, {ransonic tumnel,
Unpublished A,R.A. Note

Unpubliished RAL wind btumnel tests,

Results ol pressure plotting and contrel hinge
mement tests on 1/91:".'1 scale model ol Pairy delta 2

in the A, A, traugounlce tunnel,

CAR,A, Model Test Tote J,12/1, May 1961

Tests ol a lrianzular wing o aspect ratio 2 in the
Xnes 12-foot pressure wind tummel,

TI - the cifectiveness and hinge wmoments of a
censtent-choird plain flap,

NACA R A8E03 (TIB 1916), Septenber 1948

Rocket rmodel investigation to determine the hinge-
moment and normal-<force properties of a full-span,
constant—chord, partially balanced trailing-edge
control on a 60° clipved delta wing between iiach
nubers of 0,50 and 1,26,

JACA R L53I04 (TIB 3943), October 1953
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a correlation of available experimental data on hinge moment curve slope,
(dCH/dn) , and to compare the experimental values with theoretical estimates,
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