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TECHNICAL NOTE 3617

THEORETTCAL ANALYSIS OF LINKED LEADING-EDGE AND
TRATLING-EDGE FLAP-TYPE CONTROLS
AT SUPERSONIC SPEEDS

By E. Carson Yates, Jr.
SUMMARY

The use of linked leading-edge and trailing-edge flap-type controls
for the purpose of reducing hinge moments at supersonic speeds has been
anglytically investigated. A series of linked controls with supersonic
leading and trailing edges on swept and unswept wings has been studied
for Mach numbers of 1.414 and 1.960 by use of the linearized theory of
supergsonic flows. Varlations of 1ift, rolling moment, and hinge moment
with control deflection for these control combinations have been calcu-
lated, and the effect of finite wing thickness on these quentities has .
been estimated. Control characteristics have been tabulated for the
condition of equal leading-edge and tralling-edge flap deflection, and :
the deflection ratios necessary for zero resultant hinge moment have also
been listed.

INTRODUCTION

The problem of reducing the excessive hinge moments which accompany
deflection of flap-type controls at supersonic speeds has not yet been
satisfactorily solved. Available theoretical information (ref. 1) can
be used to estimate for a glven wing or tail the flap-type controls
yielding minimum hinge moments due to deflection for a given rolling
moment or 1lift, but the need for a method of reducing hinge moments and
stick forces still exists.- One possible solution to the problem may be
obtained by mechanically linking a leading-edge flap and a tralling-edge
flap so that the hinge moment of one cancels part or all of the hinge
moment of the other while both produce 1lift or rolling moment or both.

A control arrangement of this kind may also yleld reduced pitching moments
and hence a reduction in the tendency toward wing twist and aileron rever-
sel. An early theoretical Investigation of two-dimensionsl linked leading-
and trailing-edge flaps by means of linearized subsonic flow theory has
been given in reference 2. Reference 3 contalns results of some two-
dimensional subsonic tests. Some supersonic tests have been made on
three-dimensional configurations (see, for example, refs. %, 5, and 6),

but these experiments were very limited in scope and the results are

faer from conclusive.
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The desirability of the linked-flep control system would depend
primarily on the following factors:

(1) The ability of the system to cancel a large portion of the
hinge moment by use of reasonably smsll deflection ratio (ratio of
leading-edge flap deflection to trailing-edge flap deflection)

(2) The variation of system characteristics with Mach number

(3) The magnitude of nonlinearities in the variation of control
characteristics with flap deflection or angle of attack (nonlinearities
caused, for example, by interference between the control surfaces by
viscous effects, or by detached shocks)

In order to obtain information regarding some of these properties, an
enalytical investigation has been made to determine the variation of
aerodynamic forces and moments with control deflection and Mach number
for several flaep combingtions on two wing plan forms. These configura-
tions include seven combinations of partial-span leading- and traeiling-
edge controls on an unswept tapered wing at Mach numbers of l.414 and
1.960 and two combinations of partial-span controls od a 45° sweptback
tapered wing at a Mach nmuber of .1.960. The ‘calculations are based on
the linearized theory of supersonic flows as presented in references T

and 8, and the method of reference 8 is used also to estimate the effect

of finite wing thickness.

SYMBOLS
M free-stream Mach number
B =M -1
A . angle of sweep, positive for sweepback
b wing span
bf flap span
c local wing chord
ey local flap chord

. c
A taper ratio of wing (EE)
r

-
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Cr,t
Ap taper ratio of flap
Cf,r
S area of complete wing
S¢ area of deflected flap or flaps (on one semispan of wing)

2(1 - M) 6 ¢ b/2\\e 2
A aspect ratio of complete wing
My area moment of control surface about hinge line

M, - B2bed(a - A)2(1 - Ap)) _ L(cf)e be Lehe + M2 1 fo

6( - %f)3dl + pea® SW\e '/ /2 Kfe Jl + B2a2<§

c

¥ thickness correction factor for lift and rolling moment
Fo thickness correction factor for hinge moment

t local airfoil thickness

b4 streamwise coordinate measured from leading edge rearward
o] control-gsurface deflection angle measured in free-stream

direction, deg (positive when flap trailing edge is
deflected downward relative to flap leading edge)

q free-gstream dynsmic pressure
L
Cr = ——
L qS/2
= _L
Cr,r = =5~

Q.Sf
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LI
Cz =
qbs/2
Ci,t = =
> gbgSp
Cp T, Pitching moment about hinge axis induced by control deflection
$4
2gM,
H
C, =
h
QM
L total 1lift on semispan wing
Le portion of 1ift carried by flap or fleps
L'PL rolling moment about control parting line induced by control

deflection on semispan wing

L’f,PL rolling moment about control parting line due to Le

L' total rolling moment sbout wing-root chord induced by control
deflection on semispan wing, L'pr, +'L(g-- tﬁa

H hinge moment

tanAm
B

tan Aqg
B

ACh increment of hinge-moment coefficient of trailing-edge flap
caused by deflection of leading-edge flap

Subscripts:
IE leading edge
TE trailing edge

o] partial derivative with respect to control-deflection angle
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c/2 midchord line

c/b quarter-chord line

t tip

r root

HL hinge line

PL parting line (flap root)

FLAP DESIGNATIONS

For convenlence, the -linked-control configurations are designated
by a combination of decimal numbers indicative of the flap dimensions.
For configurations with leading- and tralling-edge flaps of equal span,
a three-number designation 1s used, the first number of which represents

Cr,1E Cr, TR

; the thirg,

b
“the quanti £, the second For confil a-
q ty WE} ) gur

tions with leading- and trailing-edge flaps of unequal span, a four-
nunber designatlon is used - the first and second numbers representing

b b
£,LE t£,TE
and , respectively, and the third and fourth denoting
b/2 b/2
Cf,IE Ce, TR
—2— and 2. TFor example, configurations and their associated
c c

dimension ratios are illustrated as follows:

. b ko) c c
Configuration £,LE £,TE f,LE £,TE
b/2 b/2 ¢ c
.50.05.15 0.50 0.50 0.05 0.15
.22, .50.10.15 .22 .50 .10 .15

SCOPE AND LIMITATIONS

The investigation is limited to consideration of wings and controls
with supersonic leading and trailing edges and streamwise root and tip
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chords. The conflgurations investigated include seven combinations of
partial-span leading- and trailing-edge controls on a wing unswept at

the midchord line, for which calculations were made at Mach numbers of
1.41%4 and 1.960, and two combinations of partial-span controls on a wing
sweptback h5° at the quarter-chord line, for which calculations were made
at a Mach number of 1.960. Both wings have aspect ratios of 4 and taper
ratios of 0.5. These configurations are shown in figure 1. All controls
conslidered are located at the wing tip, and the ratio of local control
chord to local wing chord for each control is constant along the control
gpan. Reference 1 indicates that the trailing-edge-flap configurations
investigated should in themselves yleld relatively low hinge moments.

The calculations are simplified by choosing configurations such that no
Mach line crosses wing or control root or tip chords and such that the
wing-tip Mach line does not extend inboard of the trailing-edge flap.

Although this investigation is primarily concerned with lateral-
control devices, consideration of the 11ft properties of the various
configurations should give some indication of usefulness as a longitudinal
control. However,, pitching-moment coefficients for the flap combinations
have not been evaluated.

Inasmuch as the present anglysis does not constitute an exhaustive
investigation, mention should be made of some of the agpects which are
not treated. Nonlinearities in the variation of control. characteristics
with deflection or angle of attack cannot be evaluated by the linearized
theory. However, nonlinearities caused by viscosity or detached shocks
might not be serious if leading-edge flap deflections are kept small.
Unlike the analysis of reference 1, the present work does not indicate
an "optimum" configuration, since the net hinge moment depends on the
flap deflection ratio SLE/STE' The effect of angle of attack on hinge

moment is not determined, since emphasis herein is placed on lateral
control. The dynamic effect of time lag (time required for flow to
travel from leading-edge flap to trailing-edge flap) is not investigated.

Structural problems are beyond the scope of this paper, but they
should not be overlooked in any consideration of this type of control
system. The thinness of wings required for supersonlic speed will aggra-
vate problems of weight, rigidity of flaps end linkage, and the necessity
.of changing deflection ratios for satisfactory subsonic performence.

THEORETICAL. CONSIDERATIONS

Calculations of 1ift, rolling moment, end hinge moment are based on
charts presented in-reference 8, which were obtained from the linearized
theory of two-dimensional and conical supersonic flows given in refer-
ence 7. Also, some unpublished equations obtained in connection with
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reference 8 have been used to adapt the results of that investigation
for use in determining the interference loads. All equations and detalls
of the calculation procedure are given in appendix A.

Figure 2 shows positive directions of force, moment, and flap deflec-
tions, and figure 3 illustrates the superposition of deflections which

yields slimultaneous deflection of the linked controls according to line-

arized theory. TFigure 3 also shows the Mach lines which separate two-
dimensional and conicel flow regions.

Bases Used in Comparison of Linked
Controls - Deflection Ratios

In general, the net hinge moment of the linked system is

o, Fp Bty (g
5ym  295rp ASpm Oqm

where the second term on the right represents the increment of trailing-

a5 m

edge-flap hinge moment due to leading-edge-flap deflection, and Fr is

the gearing ratio. Most of the calculations for the linked-control con-
figurations are not compared on the basis of H = O because, for piloted
aircraft, the desirability of mainteining some control feel would make
complete cancellation of hinge moments unnecessary. Values of forces and
moments for linked and single controls are calculated on the basis of

equal deflection of leading- and trailing-edge controls (ELE = %). In
TE

addition to comparison of the controls on the basis of %EE = 1, equa-

TE
tion (1) is solved (see uappendix A) for the deflection ratio oE for

the case of H = 0 with constant gearing ratio. The resulting deflec-
tion ratios yield H = O for all deflections. Equation (1) is also
solved for the deflection ratieo for H = 0 with nonconstant gearing
ratio. It should be observed that the case of nonconstant gearing ratio
is of interest only if the leading- and trailing-edge flaps are connected
by & nonlinegr linksge. With nonconstant gearing ratio, hinge moment may
be completely canceled only at a finite number of deflection conditions.
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Correction for Finite Thickness

In addition to the linearized-theory results, some calculations are
made by use of the method of reference 8 to obtain an approximate correc-
tion of the linearized-theory results for the effect of finite wing thick-
ness. The correction is epplied for a h-percent-thick symmetrical wedge

airfoil section perpendicular to the 0.50c line with (g at the

)max
0.50c line. Application of this correction is discussed in appendix B.

PRESENTATION OF RESULTS

Results of the calculations of hinge moment, 1lift, and rolling
moment are presented in table I for trailing-edge flaps deflected singly
(columns 2, 3, 6, 8, 10, 12, 14, 16) and in combination with leading-edge
Tlaps. Linked-control hinge-moment, 1ift, and rolling-moment character-

o}
istics are presented for unit deflection ratio (ELE = 1) (columns 5, 7,
TE
S}
9, 11, 13, 15, 17, 18, 19, 20, 21). In addition, deflection ratios ELE
TE
are given for the conditions of zero net hinge moment with constant (col-
um 22) and nonconstant (column 23) gearing ratio. Also presented are
results which include corrections for the effect of finite wing thickness
(columns 24 to 30).

DISCUSSION

Hinge Moment and Hinge-Maoment Reduction

Deflection ratio of unity.- Attention is directed to column 19 of

B
table I, where the ratio —Linked 44 presented for the purpose of com-
alone
paring the hinge-moment characteristics of the various linked flaps with
those of the tralling-edge flaps alone. These comparisons are made on
the basis of equal deflection of leading~ and trailing-edge flaps.

For leading- and trailing-edge flaps of equel span, the addition of
a 0.10c leading-edge flap to the unswept wing with a 0.15c trailing-edge
flap (configuration .50.10.15 or .40.10.15) at Mach numbers of 1.414 and
1.960 results in hinge-moment reductions of approximately 0.5. (The

Hlinked
quantity 1 - —————— indicates the amount of hinge-moment reduction.

alone
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The other flap configurations on the unswept wing give less hinge-moment
reduction. For example, the addition of 0.05c leading-edge flaeps to the
unswept wing with 0.15c trailing-e€dge flaps (configuration .50.05.15 or
.40.05.15) gives hinge-moment reductions of only about 0.2 at M = 1.4k1h
and 0.15 at M = 1.960. The reduction of hinge moment due to 0.05¢
leading-edge flaps thus compares more favorably with that due to 0.10c
flaps at the lower Mach number than at the higher Mach number. This
result occurs because the 0.05c flaps produce appreclebly larger moment-
relieving interference losds on the tralling-edge flap at the lower Mach
number than at the higher Mach number. Primarily because of the large
area moment of the 0.20c¢ trailing-edge flap, the .50.10.20 configuration
shows & larger percentage of unbalanced hinge moment than the

.50.10.15 configuration. The two configurations with flaps of unequal
span show small hinge-moment-reducing effectiveness.

On the 45° swept wing at M = 1.960 the 0.10c leading-edge flap
(configuration .50.10.15) leaves only about 0.2 of the hinge moment
unbalenced (column 19), compared with 0.8 for the 0.05c¢c flap (configura-
tion .50.05.15). The large difference between the interference load
due to the 0.10c and 0.05c¢ flaps contributes to the large difference in
balancing effectiveness.

25 \b
of table I are indicative of ChB’ For the unswept-wing combinations

The values of the parameter —E—C%)3 given in columns 3, 4, and 5

the values of [K—E—>G3>3J decrease 1n magnitude with an increase
295/\P/ |rinked

in Mach number from 1.41% to 1.960, the greatest decrease being about 0.5

for the .50.10.15 configuration and the least decrease being about 0.3 for

the .40.05.15 configuration. This decrease may be compared with a decrease

of 0.4 for each of the trailing-edge flaps alone.

As M increases from 1l.414 to 1.960, the percentage of hinge moment
remaining unbalanced (column 19) becomes more for the .50.05.15 and
A10.05.15 configurations, less for the .50.10.15 and .50.10.20 configura-
tions, and is relatively constent for the .40.10.15 configuration. It
may be seen that, for combinations with bfLE = bfTE’ the configurations

having 0.10c leading-edge flaps not only give the greater hinge-moment

By inked

reductions < - ) but also show the smaller percentage variation

alone
of this quantity with Mach number.

Unbalanced hinge moment required to produce unit rolling moment is
indicated for the linked controls by the values of H/L' in column 18.
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Compared on this basis the configurations employing 0.10c leading-edge

flaps and 0.15c¢c trailing-edge flaps require least hinge moment for unit
rolling moment. Since addition of a leading-edge flap gives increased

rolling moment (column 21 of teble I) as well as decreased hinge moment
(column 19), comparison of linked flaps with trailing-edge flaps alone

on the basis of equal rolling moment is more favorable to the linked

H
system than comparison on the basis of hinge moment only (——14959§i>.
. alone/-

It may be noted that, for the equal rolling-moment comparison,
(5/L")Linkea

may be obtained by dividing column 19 by column 21.
<H/L')TE alone

For leading- and trailing-edge flaps deflected singly, the hinge
moments &t M = 1.960 can be obtained approximately from the values at
= 1.414% Dby multiplying by the two-dimensional transformation factor

BM=1.h1k 3

Byl .gg0 L1-685T

correct values by less than 2.5 percent since the aspect ratios of the
flaps are feirly large.

Hinge moments obtained in this way underestimate the

Deflection ratio for zero hinge moment with constant geering ratio.-

The deflection ratios necessary for the cancellation of all hinge moments
with constant gearing ratio are given in column 22 of table I. These
ratios reflect the trends of hinge-moment reducing effectiveness of

O

leading-edge flaps shown by column 19 for EEE = 1. The 0.05¢c leading-

edge-flap combinations on both swept and unswept wings require the larger
deflection ratios. The short-span leading-edge flaps on the unswept
wing also require large deflection ratios.

Variation with Mach number of the maximum deflection for which
attached shock waves can be maintained (ref. 9) indicates that leading-
~ edge angles must be less than 9% at M = 1.41Lk and less than 22° at

M = 1.960. Low deflection ratios are, therefore, mandatory if detached
shock waves are to be avoided. Also, in application large leading-edge
deflections would result in separation and the early occurrence of non-
linear control characteristics. For total cancellation of hinge moments
of 0.15¢ or 0.20c trailing-edge flaps, therefore, the use of at least a
0.10c leading-edge flap having the same span as the trailing-edge flap
is strongly indicated.

Deflection ratio for zero hinge moment with nonconstant gearing
ratio.- For the condition of zero hinge moment with nonconstant gearing
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ratio, the necessary deflection ratios (column 23 of table I) are appre-
clably larger and show more variation with Mach number than do the values
for the condition of constant gearing ratio. Therefore, the choice of a

. as
leading-edge flap for the reduction of hinge moment with nonconstant _LE

daTE
appears to be more critical than for the reduction of hinge moment with

as
constant ——.

TE

Effect of finite thickness.- The linearized-theory results have been

corrected in accordance with appendix B for the effect of a L-percent-thick
symmetrical wedge airfoil section perpendicular to the 0.50c line with
maximum thickness at the 0.50c line (columns 26 to 30 of table I). The
effect of introducing finite wing thickness 1s to increase leading-edge-
flap hinge moments and to decrease trailing-edge-flap hinge moments (see
also ref. 10). For 5,r = &dyr the unbalanced hinge moments are reduced,

H
the decrease in _lipked ranging from 4 percent to 20 percent for the

HTE alone

unswept wing configurations. For B&rp = Ly the .50.10.15 configuration

on the swept wing becomes glightly overbalanced with the addition of
thickness (column 26). The deflection ratios for H = O with constant
and noncongtant gearing ratio calculated from linearized theory are also
reduced by the addition of thickness.

Lift and Rolling Moment

For B8y = Opy on the unswept wing the O.hOb/e flap configurations

show values of rolling moment per unit hinge moment L'/H wvhich are
slightly higher than the values for the corresponding O.50b/2 configura-
tions at both M = 1.414 and M = 1.960 (column 17 of table I). On the
basis of 1lift per unit hinge moment L/H, there is little difference between
values for corresponding O.hOb/2 and O.50b/2 configurations at either Mach
number (column 15). This latter result is also obtained for trailing-edge
fleps alone (columns 1% and 16). The values of L'/H and L/H again
reflect the superiority of 0.10c leading-edge flaps as compared with the
0.05c flaps. For either 0.05c or 0.10c leading-edge flaps the swept-wing
combinations produce highest values of IL'/HE and L/H. The leading- and
trailing-edge flap configurations of unequal span on the unswept wing
yield low values of L'/H and L/H.

Lift and rolling moments per unit deflected area are indicated by
CL,fa and Cz6 é% values (columns 6 and 7 of table I). The deflection of
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a leading-edge flap (SLE = STE) causeg a loss in CL’fS and CZS é%, the

loss becoming greater as the leading-edge-flap chord is increased. A
comparison of values of CL’fB for the .50.10.15 and the

.22, .50.10.15 configurations shows that the addition of the short-span
leading-edge flep has a more detrimental effect on lift per unit area
than the addition of the leading-edge flap having the same span as the
trailing-edge flap. The swept-wing combinations give the highest CL,f5

values at M = 1.960.

For the leading- and tralling-edge flaps deflected singly, 1lift and
rolling-moment coefficients at M = 1.960 can be obtained approximately
from the values at M = 1.414F by multiplying by the two-dimensional

Eﬂf&i&i&. Values obtained in this way underesti-
PuM=1.960 :

- mate the correct values by less than 2.5 percent. Since this sort of
variation has been indicated previously for hinge-moment coefficients,
the values of L/H and L'/H for the trailing-edge flap alone change

- little with Mach number.

transformation factor

For OByp = Bqp, application of the two-dimensional factor %ﬁfl:ﬁl&

: =1.960

results in underestimation of CL,fB by 5 to 8 percent and underestima-
S

tion of Cla & by 8 to 13 percent. The smaller errors are obtained for
T

combinations employing large-span and small-chord leading-edge flaps.
Thus even though the two-dimensional factor would at best glve only a
rough approximation to the linked control Cp r  and Cp -SS? it does

indicate that the addition of leading-edge flaps does not involve great
changes in the variation of 1ift and rolling moment with Mach number.

Effect of finite thickness.- A comparison of columns 27 and 28 with
columms 20 and 21 of table I indicates that including the effect of a

- t
Y4-percent-thick wedge ailrfoil increases -EZEEEEQ— and 45—229599— by
L7E alone L'1E alone
5 to 7 percent for the leading- and trailing-edge flaps of equal span and
by 2 to 3 percent for the flaps of umequal span.
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SWMMARY OF RESULTS

Linearized-theory analysis for a series of nine linked leading- and
trailing-edge-flap combinations at Mach numbers of 1.414 and 1.960 and
comparigson of the results on the basis of equal deflection of leading-
and trailing-edge flaps (except as noted) indicate the following:

1. For the cases of equal-span leading- and trailing-edge flaps, the
addition of 0.10-chord leading-edge flaps to an unswept wing with
0.15-chord trailing-edge flaps at Mach numbers of 1.414 and 1.960 results
in hinge-moment reductions of about 0.50. These hinge-moment reductions
are accompanied by rolling mament increases of up to about 0.50.

2. For leading- and trailing-edge flaps of equal span, the addition
of 0.05~chord leading-edge flaps to an unswept wing with 0.15-chord
trailing-edge flaps results in hinge-moment reductions of about 0.2 at a
Mach number of 1.41% and about 0.15 at a Mach number of 1.960.

3. Of the control combinations employing 0.10-chord leading-edge
flaps the greatest hinge-moment reducing effectiveness is obtained on the
h5 swept wing, and the least effectiveness is obtained on the unswept
wing with leading-edge flaps of span shorter than that of the trailing-
edge flep.

4. Hinge-moment reducing effectiveness for configurations with 0.4~
semispan and 0.5-semispan flaps on the unswept wing are about the same at
a Mach number of 1.414, but the O0.5-semispan combinaetions are scmewhat
more effective than the O.l4-semispan combinations at a Mach number of
1.960. In general, the configurations having 0.10-chord leading-edge
flaps not only give the greater hinge-moment reductions but also show the
smaller percentage variation of hinge-moment-reducing effectiveness with
Mach number.

5. No great change in the effect of Mach number on 1ift and rolling
moment is incurred by the addition of leading-edge flaps. For a given
rolling moment the O.4-semispan-flap configurations on the unswept wing
give slightly greater hinge-moment reduction than 0.5-semispan configu-
rations at Mach numbers of 1.414 and 1.960, but on the basis of a given
1lift the difference between them 1s small.

6. Since 1ift and rolling moment per unit deflected area are reduced
somewhat by the presence of a leading-edge flap or by increasing its size,
it follows that maintsining a desired 1ift or rolling moment while reducing
hinge moment by means of a leading-edge flap requires an increase in the
product of deflection angle and deflected area.
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7. Comparison of the configurations on the basis of complete hinge-
moment cancellation by use of a constant gearing ratio indicates that
the 0.10-chord leading-edge flaps having span equal to trailing-edge flap
span require smallest deflection ratios.

8. An approximate correction of the linearized-theory results for
the effect of finite-wing thickness increases the calculated 1ift, rolling
moment, and hinge mament for the leading-edge flap and reduces these quan-
tities for the trailing-edge flap. Including the effect of a L-percent-
thick wedge airfoil gives ratios of linked-flap hinge moment to trailing-
edge~-flap-alone hinge moment which are lower than those obtained from
linearized theory by as much as 19 percent.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., November 8, 1955.
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APPENDIX A
DETATLS OF THE LINEARIZED THEORY CALCULATIONS

The 1ift, rolling moment, and hinge moment caused by the deflections
gshown in figure 2 have been evaluated by superimposing the 1ift, rolling
moment, and hinge moment caused by deflection of single "flaps." The
superposition of these "flaps" used to obtain 1ift and rolling moment is
shown in figure 3, and the superposition used to obtain interference hinge
moment is shown in figure 4. Calculations of lift, rolling moment, and
hinge moment for the individual "flaps" were based on the charts presented
in reference 8, which were obtained from the linearized theory of two-
dimensional and conical supersonic flows given in reference 7. Also, some
unpublished equations obtained in connection with reference 8 have been
used to adapt the results of that investigation for use in determining the
interference loads. The charts of reference 8 presenting Bch5: BCL’fa’

BCl,fa’ ch’HLB (in the notation of the present report) for various com-

binations of the flap geometric parameters a, 4&, and %f were used to
evaluate these force and moment coefficients for the individual flaps.
For present use BChB’ BCL,fB’ BCZ’fB’ BCm,HLS values for the original

plots of reference 8 were plotted against the parameter a for the speci-
fic values of Ap &and d wused in this analysis.

Hinge Moment

The hinge moments of the leading-edge flap, the trailing-edge flap
alone, and the interference load on the trailing-edge flap may be com-
bined to give the total hinge moment of the system according to the
equation

H _ 5% ajone M, g AC b , Fie 9Ok SrE
2admy 245w sTE “vby Big  * 2adrg dbqg O

(A1)

Leading-edge and trailing-edge flaps deflected individually.- Values
of 1ift, rolling-moment, and hinge-moment coefficients for trailing-edge
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flap deflection alone (element C of fig. 3, shown below) were obtained
directly from the coefficient plots.

—4—1/—Hinge axis

Mach line

Values of these coefficients for the leading-edge flap were also obtained
directly from the plots by assuming the flap to be deflected about its
leading edge, as indicated in the following sketch:

Errors resulting from this-assumption were small because the leading edge
and the hinge line of the leading-edge flap were very nearly parallel for
the configurations investigated. The assumption was found to cause an
error of less than 0.4 percent in the leading-edge-flap hinge moment. The
aerodynamic coefficients CL:fB’ Cz’fB’ and Ch8 were converted into

1ift (L/qd), rolling moment (L’PL/q_B), and hinge moment (H/2q3) by multi-
plying each by the appropriate Sg, bpSe, or M.
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_Bbfe(a'd)(l+¥)_1°f bey b
o 2(L - r) 6 b/2<7\5+ l)( ) (42)

_BPog(a - 9B - AF)

60 - )3+ a2

The hinge line for the leading-edge flap was transferred to its
trailing edge by a simple transfer of moments. For this transfer the

H(about IE) ..

flap center of pressure was located a distance of
' Le 1E
L f,PL,IE

the leading edge and a distance of from the parting line.

~

Center of
pressure

Since the lift and rolling moment computed from the coefficients of ref-
erence 8 include the "overflow" loading on the wing surface due to flap
deflection, it was necessary to obtein Ly and L'f,PL from I and

L' by subtracting out the 1lift and rolling moment contributed by the
PL
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triangular area just inboard of the flap and bounded by the parting line,
the flap trailing edge extended, and the Mach line.

S

The 1ift and rolling moment for this area were obtained from the equa-
tions for average pressure ratio and center-of-pressure location given

in table II of reference 8.

. Trailing-edge-flap hinge moment due to interference from leading-
edge flap for bf,LE = bf,TE" The superposition of loadings used to

obtain the hinge moment of the trailing-edge flap due to leading-edge-
flep deflection is shown for be yp = be gy in figure h(a). The proce-
dure consisted essentially in determining the loads and moments on the
ares occupied by the trailing-edge flap caused by deflection of that
area sbout the wing leading edge (element IIT of fig. 4) ‘

[

ITY
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and by deflection about the leading-edge-flap hinge line (element VI of
fig. 4)

VI Iv v

and then combining these to form the interference loads and moments on
the trailing-edge flap.

IIII v‘Il

Note that the hinge axes of elements III and VI have been transferred.
The 1ift, rolling-moment, and hinge-moment coefficients for the
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individual "fleps" (elements I, II, IV, V of fig. 4) were obtained from
the plots of achﬁ, BCL,fS’ and BCl,fs’ which were derived from refer-

ence 8 as described previously. Multiplication.of the CL'fG’ Cl’fﬁ,
Ch8 coefficients by Sg, beSe, and My, respectively, ylelded 1ift,

rolling moment, and hinge moment in the form L/g8, L'PL/AB, H/2g5. In

these calculations, as in the case of the leading-edge flap, it was nec-
essary to alter the 1ift and rolling moments of elements I, II, IV, V
(fig. 4(a)) by subtracting the 1lift and rolling moment contributed by the
crosshatched triangular areas ("overflow" loasding on the wing surface).

Thus, for example,

Lf!I _IT Loverfiow
ab ad

and

L's,pr,I _ L'pr, 1 L'pL,overflow
ad ad ad
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Then
Le,zrz _ e, Le,ax
gd ad ad
’ (Ak)
Levi_Le,ov Doy
ad qd 5 |
and

L'spr,zox _ L'e,pr,1 L'f,PL,:r_I1

ad ad ad
> (45)
L'eprvi _ L'epr,w  Dle,pr,v
ad ad a5 )
The hinge moments were found directly from -
HBrgr _ Br HIIW
2g5 295 29%
4 (46)

Hyy Hy Hy
25 295 2gb

/

The moment Hyyy 1s the moment of IT,III gbout the wing leading edge,
and Hyp 1s the moment of Lp yy about the leading-edge-flap hinge line.
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For the purpose of transferring the hinge axes to the hinge axis of
the trailing-edge flap (from element III to III' and from element VI to
" VI' in figure L4(a)), the centers of pressure of the interference loads

H
were located. For element ITI the center of pressure is i;lll— from the
,IIT

Ll
wing leading edge and ——%;E%§§EE from the parting line.
J

——
-—
——

Center of pressure

_)l L_L'f,PL,III
Le 111

H
For element VI the distances are T VI from the leading-edge-flap hinge
f,v1

L!
line and 2 5,PL, VL from the parting line.
Le vz

I

From the geometry of the system these centers of pressure were located
with respect to the trailing-edge-flap hinge line, and these distances
vere in turn multiplied by the appropriate LT,III or Lf,VI to obtain
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the interference contribution to trailing-edge-flap hinge moment. Thus,

_ Bpppe - B
298, 1

ACha

The subscript & refers to leading-edge-flap deflection.

Trailing-edge-~flap hinge moment due to interference from leading-
edge flap for be g £ be qg.- For leading- and trailing-edge flaps of

unequal span the superposition procedure (fig. 4(b)) was similar to that
for the flaps of equal span. However, the hinge moments Hrpr and Hyg

caused by interference on the trailing-edge flap were found by combining
the pitching moments (instead of the hinge moments) of elements I and IT,
and elements IV and V. In addition, for this case it was not necessary
to correct for the 1lift and rolling moment contributed by the "overflow"
loading on the wing surface (fig. 4(b)), since this loading is automati-
cally accounted for. Thus, the center of pressure for element III is

H L'

I from the wing leading edge and ——olIL

fram the parting line:
Ly1r Lyyz

pressure
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H
For the element VI the center of pressure is f%% from the leading-edge-

ST
Lipr, vz

flap hinge line and from the parting line.

Center of pressure

"Parting line" in this case refers to the parting line of elements I and
I7, and IV and V. The rest of the calculations were exactly the same as

for bf,LE = bf,TE°

Deflection ratios.- The relative proportions in which the 1lifts,

rolling moments, end hinge moments of leading-edge flap, trailing-edge flap
alone, and interference on trailing-edge flap are combined depend on the

deflection ratio éLE and geéring ratio dBLE. For example, in general,
Srm BB
the net hinge moment of the system as obtained from equation (Al) is

: B
# = BrE alone * 2%a,m8 “OngOrE + Prm g5

o
2, 1%y 1w g1one CIE t 2%a,1E SongLE + 2Ma, 15Ch; 15 T

(A7)
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OLE

For the condition -—— = 1, this general equation reduces to (see

column 5 of table I):

= = = 8
B = Brg linked * g = 2%Ma,Chy g 13pkea® * BIE = Flinkea (48)

and

¢ =C + AC (A9)
. Dy TE linked  D5,TE alone %

If it is required that H = O over a range of deflection, then
GLE ) dSLE~
—— must be constant and equal to ——, and the general equation for
STE gaTE
net hinge moment gives

2 H

My g A0 ()

JLE_ L 27 76,1 ( 8,1k h6) _ ), \2B/TE alone
2

w2 (X H \2 ()
2a5 <EEE)LE -\2a5 1E

(a10)

Values of gLE computed from equation (Al0) are given in column 22 of
T .

table I. It may be noted that this equation is also the condition for

zero deflection work.

a
If it is required that H = O  and the gearing ratio dZLE is not
TR
constant (and hence the deflection ratio ELE is not constant), the
TE
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general equation for net hinge mament gives

S1g _ 295/ 18 alone (A11)
(—H) ——-> + ME. TR ACh
29515 \3mR /g_o ’ °

as
or if (d—lE;> is arbitrarily taken to be unity, this equation becomes
H=0

(a12)

since

B H

(EEE)SLE=8TE ) (éag>TE alone * Ma,TE ACha * (—E_)

Values of ELE computed from equation (Al2) are given in column 23 of
TR
table I.

Iift and Rolling Moment

Total 1lift and rolling moment are obtained by the superposition pro-
cedure shown in figure 3. Thus
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Ldﬁ(za_) } (_L_) +(L)

= %KCL,fasf)A - (CL,fSSf>B] + (CL,:E'BS:E')C (a13)

and

o), 6] @)

_ _Z% (Cl’fabef)A - (Cl’fabfsf)B + |:(CL’f63f)A -

(CL,fSSf)J (2 - bf) + (Cl,fsbfsf)c + (CL,fBSf) cc?l - bf) (ALk)

vhere subscripts A, B, C refer to the elements identified in figﬁre 3.
Element C 1is, of course, the trailing-edge flap alone.

Lift and rolling-moment coefficients presented in table I for the
condition &y = dpy were obtained from (columns 7 and 9 in table I):

1 L
S¢ 1E + S¢ 1R 95TR

Cr,fg =

1 L

Cr = ——0
Ls s/2 adyg
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and (columns 11 and 13 in teble I):
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APPENDIX B
CORRECTION FOR FINITE THICKNESS

Estimation of the effect of finite thickness has been made by the’
method of reference 8. This method is based on the assumption that 1ift,
rolling moment, and hinge moment may be corrected by considering

L,L',H(3-dimensional, t # 0) _ L,L',H(2-dimensional, t # 0) PP LT
L,L',H(3-dimensional, t = 0) IL,L',H(2-dimensional, t = O) 171,72

The correction should give most accurate results for surfaces over which
the flow is largely two dimensional. Thus, the corrected results for

hinge moment of the leading-edge flap and for 1lift, hinge moment, and
rolling moment of the trailing-edge flap alone should be quite accurate.
The accuracy obtasined by applying this method to trailing-edge-flep hinge
moment caused by leading-edge flap deflection and to the leading-edge-flap
contribution to 1ift and rolling moment might be questionable. However,
since thege leading-edge-flap contributions form a relatively small portion
of the total values, the correction is considered to give at least approxi—
mately correct overall values.

The correction factors F; and F» have been determined by using

the Busemann second-order approximation to calculate L, and H for two-
dimensional sections with thickness. " For symmetrical airfoil sections
with trailing-edge flaps,

1 c t)
1 2 2c X
Fy = 14+ 22 a(x)
1o Jmm Gz e
C
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and

With leading-edge flaps,

and

2 X%IL XHL Co d('al)
F, = J; (—E——%)l+2q—&(?c§d(§)

<)
af &
In these equatiops, 2C/ ig the slope of the airfoil section in the

X
a(3)
direction perpendicular to the hinge line (for trailing-edge flaps) or

perpendicular to the leading edge (for leading-edge flaps). The fac-
tors C; and Cp, are functions only of the component of M din the

z6)
direction of —2SL. Values of C; and C, are given in table IV of

76)

reference 11.
Values of F; and F, (columns 24 and 25 of teble I) have been

calculated for a 4t-percent-thick symmetrical wedge airfoil section per-
pendicular to the 0.50c line with (t/c)p,, &t the 0.50c line. The
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" - L _ L' _
values of B’LE‘B’TE, S’LE'B’TE, and _T§LE§:§LEE for equal deflection
HTE alone L1E alone ’ L'7E alone
of leading- and tralling-edge flaps, SLE for zero hinge moment were cal-
TR

culated from the equations used above for the zero-thickness calculation.
For wings with finite thickness, however, each term in the equations for
L, L', and H was multiplied by the appropriate Fyp or Fgg. For

example, for &ym = O,

C =T C + F a'y;
(hB,‘JIE linked)tfgo Q:TE(hs,rm a.lone).t___o 2:”3( ha)t=0

3

The finite-thickness results are presented in columns 26 to 30 of table I.

Tt should be noted that, in general, thickmess corrections for
loadings caused by disturbances originating from the leading-edge-flap
hinge line are different from those for loadings caused by disturbances
originating at the leading edge. If the leading-edge-flap hinge line is
not parallel to the leading edge, the normsl component of M 1is different
for these two lines. Except for flat-sided airfoils, the surface slopes
are different at leading-edge and leading-edge-flap hinge line. TFor con-
figurations used in the present analysis, however, it has been assumed
that the same correction factors apply for leading-edge disturbances and
for leading-edge- flap hinge-line disturbances, since this assumption
results in less than 0.05 percent error in the final ratios (columns 26
to 30 of table I).
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TABLE I.- CHARACTERISTICS OF TRATLING-EDGE FLAPS DEFLECTED SIHOLY
ARD TN COMBIMATION WITH LEADING-EDGE FLAPB
- -
lfnvnluunmfor Brp = O axcept thoss in calwme z2, 23, 29,5.1:154

{a) Iinsarized Theory Results) A = 4; A = 0.5

i 2 3 i n 3 T | 9 10 n 1a 13
c 2 2\? c c 6., B ¢
Flap by aqxa(b)J . Eqb('b) ;‘%(%)3 Lty O, 2 Ts % e o B s o
configuration |  D.E. .2, L.E. TE | pied | TF | fames | TR Bt | pm B
@) alooo elons alons Linked alcoe alooe alope | Linked | alone
Ac/2 - 0] K= l.hlh-
=0.0%.1% -0.03%350 | -0.3293 x 0% 0.038% x 10+ -0.8919 x 1074 0.07542 | 0,06861 | 0.00471L | 0.005718 | 0.0%298 | 0.04579 | 0.00165% | 0.002906
.ﬁ.m.m -.05350 | -.%09% 1520 -.18%2 o732 | 06483 | .005TLL | 006756 | .05298 | .OMLlTE | 001655 | .ooelTR
40.05.15 -.03333 | -.2h06 .o -.1860 .o7hs0 | . 003555 | L0970 | .O04810 | .00135% | 001840
40.10.1% -.0333% | -,2h06 211 -.1%%5 o780 | . 003 JO0hoh8 | om0 | .ob®18 | .ooL LO0LT2T7
50.10,20 -.03273 | -.97%0 1520 -.5168 07313 | .06306 006& L008136 | .05)k8 | .oke63 | L0021 .002664

Acfo = 03 M = 1.960

.50.05.13 | -0.02a25 | -0.1090 x 10-% |0.0226 x 107 | -0.1720 x 10-*| 0.0usb5 | 0.04280 |0.002683 | 0.00 0.0%204 | 0. 0.001001 | 0.0012
S0.10.05 | -.cenzy -.]1.390 .0358 -.ogya .ok549 | ,0b120 | 00284 m@i .0320k4 oeban | iooro0t .oom%
:g%g -'02018 -.114-7? L0164 =135 LObsET | ,0M188 | LooRd .0026680 | .03470 | .0%L4% | .0008%3 | .001006
en 10 .50 ' N1ook ::1.217 g’]n. -'% 'ﬁ?.’! '9&2 99?%19 '(.‘?._31,2& 9?&7..9 -EES_._\_E_i '.D_C.UE.;; -001166
«20,10.20 LO1e99 <Gl LGS =250 ~a001 U0 +LART0 - US0oE L2018 L0189 LOOLTS
.22,,50.10,15 | -.0202% | -.1990 .0295 -6 .okl | .ohoog | .ooeSh3 | .00 .0320% | 02907 | .colooL | .oo11h
.30,.65.10.15 | -.Ce009 | -.2033 .ol -.E-hig 04360 | 04200 | .003008 | .colmoo [ .o27os | .026s3 | .oolzoh Cotkad
Ao/h- = 459 M = 1,960

:50.05.15 | -0.02108 | -0.162k x 107 | 0.0:17 x 107 | -0.2307 x 10| 0.09695 | 0.08929 | 0.003339 | 0.00M008 | 0.0%068 | 0.03430 | 0.001240 | 0.001433
50.10.15 | -.o02102 | -.1624 1226 - 0264 05655 | .ouso7 | .003359 | .oou696 | .0%968 | .031AB | .ooieko | .oo16L0

b [~ [+
870 the timee-nurber designatdons ths first mmeral danctes Ffé for both leading and tralling-adge flsp) ths mecond, -—f;—I‘E;'thoﬂ:er. L=
Q

b b
In four-nuber designation, the first numaral dpnotas _:5'?' and the geoond, —5—:?°

2 2=

LTo¢ ML VovM

44
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TARTE T.- CHARACTERTSTICES OF TRAILING-EDGE FLAPS IEFIECTED SIHOLY
AFD IN COMBINATION WITH IEADING-EDGE FLAPS - Concluded

Euvuhmnmfor Or» = 8qp except those in columns 22,

23, 29, a.ndjg

(b) Iinearized Theory Rasults Correctad for a h.percenmt-Thick

Symeatrical Wadgs Alrfoll; A = 4; A = 0.9

1 (repeated) 2k e 26 27 e8 2 30
) S5
Py =P ¥y =T L' i brs
Flep L= Ta 1= T2 Blagied Minkes inked Ewo0 for Em0 for
configuration L.E, 9.E. Bz glooe L2 alone L' alone dory e
= Coust ¥ Const
(a) a5 Sore
Apfo = 03 M = 1.1k
.50,0%.1% 1.1123 0.08902 o‘m 1.266 1.190 2.16 .41
.Zg.lO.lD 13225 %22 3 1.540 1.%92 L34 1.82
40,05, . . . 1.2 1.1 . .
4011615 Lines oo gér: 1570 1 15 23
.10,10.20 l.1123 8099 659 1.k2o 1.302 1.72 2.9%
Axfp = 0; M = 1.960
.50.04,13 1.0971 0.50m8 0.8 1.307 1,280 2.60 6,07
.Eg.lo.u 1.0971 5052 350 1.618 1.558 1.25 1.hg
J0.0%,15 1.0971 .qom2 879 1.280 1,252 2.83 9.58
0.10.15 1.097L 9058 478 1,566 1.&2 1.28 1.9
+50,10.20 1.0971 19038 .63 . 1.486 1. 1.68 2.59
.£2,.50.10.15 1.09T1 5052 ggg 1.164 1.167 2.26 k.61
30,.65.10.15 1.0971 5082 . 1.209 1.253 2.% 5.01
Agfy = h3%; K = 1.960
.50.05.15 1.1329 0.909% 0.775 1.188 1.19% 2.05 h.ls
+50,10.1% 1.1%9 5095 -.046 1.%97 1.h01 .98 96

®In three-muber designatlions unad‘.t.he first pumoral democtas b—l}fi; ths second,

nmber dasignations, the firet nuseral dapotes %7?- and the second 3:7?

[+]
—féE;thet.ma,

Q
_I;E, In four-
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Figure 1l.- Leading- and trailing-edge flap configurations. (Numbers under each wing
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Figure 2.- Signs and directions of force, moment, and deflection.
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Figure 3.- Superposition procedure used to obtain simltenecus deflection

of leeding- and trailing-edge flaps.
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Loaded flap area

Area of “overflow™ loading

Axis about which hinge -————
moaments are taken

System boundaries not - ~-—-----
influencing the elemsntal
calculation

(a) be,18 = be,TE-

Figure %.- Combination of loadings used to obtain AChg. (See appendix A
for details.)
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Kach lines

% Loaded flap area

m Area of “overflow™ loading
——~——Ax1s about which hinge

moments are taken

influencing the elemontal

——————-System boundaries not
caloulation

(b) be 1R # be gm-




