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NATIONAL. ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

PRELIMINARY TINVESTIGATION AT TRANSONIC SPEEDS OF THE
EFFECT OF BALANCING TABS ON THE HINGE-MOMENT
AND OTHER AERODYNAMIC CHARACTERISTICS OF A
FULL-SPAN FLAP ON A TAPERED L5C SWEPTBACK

WING OF ASPECT RATIO 3

By Vernard E. Lockwood and Joseph E. Fikes
SUMMARY

An investigation was made at transonic speeds of the conmtrol
balancing characteristics of three tabs on a full-span flap on an
aspect-ratio-3, 45° sweptback wing. The investigation was made in the
Langley hlgh-speed T« by 10-foot tunnel utilizing the high-velocity
flow field generated over a reflection plane on the side wall of the
tunnel.

The results indicated that all the tsbs tested, inset, attached, or
detached, would balance the flap hinge momernts throughout the speed
range. The inset tab showed the greatest loss in 11ft and the detached
tab generslly showed the least loss in 1ift and would have the most
constant ratio of tsb deflection to flap deflection throughout the

apeed range.
INTRODUCTION

The lack of informstion on the serodynamic balencing of controls
in the transonic-speed range has led to the installation of powerful
boosts in the control system of alrplanes to enable the performance
requirements to be met. The power-boosted control, although gquite
successful from the standpoint of effectiveness, has some disadvantages:
The requlred mechanism occupies conslderable space which with the
thinmmer wings could become critical, considerable power 1s required to
operste the control system, and a manually operated control system must
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often be provided in addition to the power boost for positive control
in the event of boost failure. It is quite possible that the size of
the boost might be materially reduced or even eliminated entirely if
more information were avallable on methods of aerodynamically bsalancing
controls at transonic speeds. The National Advisory Committee for
Aeronautics 1is engaged, at the present time, in s research program
designed to provide more informstion on this- subject. One method of
balance which has been successful gt low speeds and which might be
adapted to present-day high-speed alrcreft is the balancing tab. It
was the purpose of this investigation to determine whether a balancing
tab would maintain its effectiveness through the transonic-speed range.
No attempt has been made to provide design informstion by varying the
tab geometry other than to change the chordwise location of the +&b.

The three tabs used in the investigation had the same plan form
which consisted of a rectangulaer lifting surface attached to or near
the flap trailing edge. The half-span tabs were centered 'along the
flap span. The chordwise positions in which the tabs were tested are
indicated by thelr respective names: inset tab, one which lies within
the plan form of the main control; attached tab, one attached to the
contrel trailing edge; and détached tab, one which is located behind
the control and supported by booms.

Lift, rolling-moment, and hinge-moment characteristics were

obtained over a limited angle-of-attack and deflection range at Mach
numbers from 0.7 to 1.1.

COEFFICIENTS AND SYMBOIS

C1, 1ift coefficient (Twice semispan 1ift/qS)
Cy flap hinge-moment coefficient
£ (Flep hinge moment about hinge line of flap/q2M')
CZ rolling-moment coefficlient about axls parallel to relative
wind and in plane of symmetry
(Rolling moment of semispan model/qu)
S twice wing area of basic semlspan model, 0.202 square foot

twice span of basic semispan model, 0.T78 foot

b/2
mean serodynamic chord of basic wihg, 0.269 foot é?b[‘ c2d9
0
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M area moment of flap (within the basic-wing contour) behind
hinge line sbout hinge line for serispen wing,
0.000692 foct cubed.

q effective dynamlic pressure over span of model, pounds per
square foot (%pva

c local wing chord parallel to plane of symmetry, feet

Y spanwise distance from plane of symmetry, feet

mess density of air, slugs per cublc foot
v free-stream velocity, feet per second
A b/2
M effective Mach number over span of model T cM, dy
0

Mg average chordwlse local Mach number

M3 local Mach number

R Reynolds number of wing based on <¢C

o angle of attack, degrees

8p flap deflection relative to wing-chord plane, measured in
a plane perpendicular to flap hinge axis (positive when
flap trailing edge 1s down), degrees

St teb deflection relative to flap-chord plane measured in a
plane perpendiculsr to flap trailing edge (positive when
tab treiling edge is down), degrees

Parameters

Xng
Che = \—55— (based on the increment between o = O° and 4°)
a . 5f=5t=00

c o
Bfer ~ \3b;

(o % 5t=oo
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A8y, 3

t
oCy,
CL = —
Br  \08¢/q,5,=0°

X,
C = ——
La-t a&t)a, 8f=50

c - (c
Cp = (achf) [( be Joab deflected ( hf)tab undeflected
PR
St @,8f=5o

l:(CL)ta'b deflected (CL) tab undeflected:{

B¢

5]

t
c = C + (—)(C ) net 1ift parameter for zero-flap
[Lg(chff-—o) op B2 /\ oy ( hinge moment)

o,
15, = \S8¢

c - (c
_ <a° z) R z)tab deflected ( Z)tab undeflected
&,5f=50

(2 9% 5t=oo

C Zat

3y, B

o)

t
c =C, + (—-—)(Cz ) (net roll persmeter for zero-flap
[ZS:I (Chﬁf.:O) o5 S¢ o1, hinge moment)

where

_ B _htee
EE chf

The subscripts outside the paremtheses indicate the factors hold
constant during the measurement of the parameters.

MODEL AND APPARATUS

The semispan steel model used in the investigetion had a gquarter-
chord sweep angle of 45.58%, an aspect ratio of 3, a taper ratio of 0.5,
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and an NACA 64A010 airfoil section measured in a plane at 45° to the
plane of symmetry. The pertinent dimensions of the basic wing are
glven in figure 1. The wing was equipped with 2 full-span plain flap-
type control of 25.4 percent of the chord measured parallel with the
plane of symmetry. The flap was supported by four hinges along its
span, two of which were within the reflection-plaene falring. The gap
between the nose of the flap and the rearmost part of the wing was
approximately 0.15 percent of the wing chord.

The three tabs which were used in the investigation had the same
plan form and were centered along ‘the span of the flap as shown in
figure 2. The inset tab was formed by milling a 0.031l-inch slot in
the bottom surface of the flap. The groove was fllled with & cement
to eliminate the break in flap contour when the tab was deflected. The
attached tab was made from 0.005=inch brass sheet bent double and
attached in the same location as the inset tab. Deflection of the tab
was assumed 0 be gbout the flap tralling edge. The detached tab was
e 0.031-inch~thick plece of steel rounded on the leading edge and
mounted on booms at a distance of sbout 63 percent of the local flap
chord &t midspan behind the flap trailing edge. The hinge line of
this tab was slightly ehead of 1ts leading edge. The chords of the
tebs were approximately 30 percent of the flap chord at its midspan.
The tab area was sbout 15 percent of the flap area for all taba.

The investigetlon was conducted in the Langley high-speed 7- by
10-foot tunnel by using a small reflection-plane setup on the side wall
which gives local supersonic flow when the tumnel was near maximum
velocitles. The reflection plane is mounted a few inches from the side
wall as shown 1n figure 1. The model was mounted through a turntable
in the reflection plane as shown in figure 3. A gap of sbout 1/16 inch
was maintained between the wing root-chord section and the reflection-
plane turntable. A sponge seal was fastened to the wing butt to minimize
Plow through the gap.

The model was mounted on an electrical strain-gage bslance attached
to the side of the tunnel and the moments and forces were indicated by
self-balancing potentiometers. A strain-gage beam which was attached
to the end of the flap along the hinge line was used for measuring flap
hinge moments.

TESTS

The tests were conducted over a Mach number range from 0.70 to 1.10.
For Mach numbers below 0.95, there was practicelly no greadient in the
vicinity of the reflection plene. At higher Mach numbers, however, the
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presence of the reflection plane createé a high-local-~velocity field
which allowed testing the model up to M = 1.10 before choklng occurred
in the tunnel. The variations of local Mach numbers are shown in

figure 4. Effective test Mach numbers were obtained from contour charts
similar to those shown in figure 4 by the relationship

/2
Jﬂb cMg &y
0]

For the investigation, a Mach number gradient of generally less
than 0.02 was obtained between Mach numbers of 0.95 and 1.0L4 and
increased to about 0.06 at the highest test Mach number of 1.10. It
will be noted that the Mach number gredilent 1s principally chordwise.
The estimated boundary-layer thickness on the reflection plene was
0.16 inch based on a value of 95 percent of the free-—stream velocity.
This velue corresponds to about 3.4 percent of the wing semispan. A
typlcal Reynolds number variatlon with Mach number is shown in figure 5.

M=

[©211)b]

CORRECTIONS

A reflection=plane correction, which accounts for the carry-over
of load to the other wing, has been applied to the parameters CIBf

and CZa throughout the Mach number range tested. (No corrections
t

have been applied to the measured rolling moments of the wing.) The
correctlon factor K which is applied as given in the following equa-
tion is 0.67 for the full-span control and 0.74 for both the inset tab
and the attached tab.

CZ = KCl
¢ 5fmeasured

These factors were obtained from an unpublished low-speed experimental
and theoretical investigation. The ailleron~effectiveness parameters
presented hereln represent the aserodynemic effects on a complete wing
produced by the deflectlion of the control on only one semispan of the
complete wing. Although the corrections are based on incompressible
conditions, it is believed that the results cbtalned by applying the
correctlons gives & better representation of the true conditions than
the uncorrected data. Application of the correction factors to the
data in tbe manner given results in the values of 018 being under-

corrected at subcritical Mach numbers and probably overcorrected in
the transonic Mach number (M > 0.95) range.
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No reflection-plane correction factor was applied to the data from
the detached tab as it was thought that the tab would not significently
affect the 1ift distribution over the model.

In view of the small size of the model relative to the tunnel test
section, Jet boundary and blockage corrections are belleved to be
Insignificant and were not applied to the data.

Flap deflections were corrected for angle changes due to strain-
gage beam deflections under load.

RESULTS AND DISCUSSION

Typical plots of hinge-moment, 1ift, and rolling-moment coefficlents
against flap deflection are given in figure 6 for a Mach number of 0.8
for various angles of sttack. Variations of the hinge-moment coefficient
with angle of attack for various Mach numbers are shown in figure T.

From these and similar deta the parameter values of the flap and teb,
figures 8 to 1k, were determined. The values of the slopes of the
coefficient curves are those existing between approximstely 0° and

10° flap deflection and 0° and 20° tsb deflection. These slopes may
differ from those which might exist if small deflectlons had been tested
near B¢ = 0°. The sbsolute value of the perameters, therefore, is

subject to this consideration but inasmuch as the date for all tabs
were secured under similer conditions, the comparison between tabs
should be velid.

The slopes of the hinge-moment-coefficient curves resulting from
flap deflection are greater the ferther to the rear the tab 1ls placed,
as the parameter Chf&f in figure 8 indicates, which 1s as expected,

because of the effective chord extension on the attached tab and the
longer moment arm on the detached tab.

ILikewise the tab effectiveness Chfat is increased as the tab
location is moved resrward. The ratio of C to C is an

Indication of the tab deflection required to balance out the hinge
moments per degree of flep deflection. The ratic of tab deflection to
flap deflection &y/8r (fig. 9) indicetes that 1t is possible with any
of the tab configurations to balance ocut the flap hinge moments through
the range of these tests. The inset tab, however, shows a very wide
renge of ratios required (1.5 to 5.0) for trim through the Mach number
and angle-of-attack range. These ratio variations meke the inset tab an
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imprectical balancing control for a geared balancing mechanism. The
atteched tab shows trends of &t/8f with Mach number and angle of
attach similar to that of the inset tab but the values of St/Sf are
of smeller magnitude. In contrast to these tebs the detached tab
indicates very little variation in &t/df with either Mach number or
angle of attack. The extreme values of &4/5r appear to be about
1.25 to 1.70, the average varlation with Mach number is less. A single
value of 5t/5f, perhaps 1.5, would come close to balancing the flap
hinge moments throughout the Mach number range for this flap-tab
confilguration.

The ratios of tab deflection to flap deflection presented in
figure 9 take no account of the effect of Chf on the control; there-~
a

fore these data may represent an overbalanced condition. In maneuvering
flight, the negative values of Cpe shown in figure ik would aid in
a

reducing the hinge moments of the combrols and therefore less tab
deflectlon would be required resulting in greater 1ift or roll effective-

ess than shown by the parameters C and .
nes y the [Ls:l c f=0) anj Chg
The sttached and detached tabs show greater negative values of Chf

than those of the inset ted (fig. 14) therefore the effect of meneus
vering flight would be more pronounced on the attached and detached
tebs than on the inset tabs. For steady flight the negative wvalues
of Ch_fOL might either reduce or increase the hinge moments depending

on the trim and stability characteristics.

The tab arrangement Iinvestigated represents & rather unusual tab-
linkage mechanism, that 1s, one In which no tab moments are transmitted
outside of the flap. An example of such an arrangement is one in which
an electric motor within the flap actuastes the tab proporticnal to flap
deflection. For the more conventlonal arrangements, a knowledge of the
tab hinge moments 1s necessary before anmy tab balancing system can be
evaluated. It is probable that the megnitude of the tab hinge mr~-nts
at transonic speeds mey be such that aerodynamic halancing of the tab
willl be required if the system is to be manually operated.

An indication of the amount of useful control that can be accom~-
plished from these tab configurations is given in figure 10 by the
parameter CL8 . The inset tab appears to be an ineffectlve

Chf=0
device at angles of attack of 0°, 2°, and 4° as the 1lift retained after
balance has been achieved is small particularly at Mach numbers of 1.0
or above. This loss in 1lift effectiveness is in agreement with the
two-dimensional theory of reference 1 which shows that when an 1lnset
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tab is used to make Ch8 = 0 at supersonic speeds it also results
in CL6 = Q.

Because the 1lift effectiveness of the flap with the attaeched
tab CLSf is generally greater through the range of test conditions

than for the other two tab configurations, it might be expected that

this configuration would have the most 11ft retained for useful control.

The large ratios of 5t/5f required for trim, however, materially

reduce the value of the parameter (CIﬁJC . The detached tab because
hp=0

of its comparstively small values of St/Bf generally results in having

the maximum 1ift avalleble for control, particularly in the transonic-

speed range.
The efficiency of the conbtrols in 1ift which is given by the ratio
of [?Lé] to CL8 1s compared in figure 11. The detached
(ch5f=o £

tab shows the greatest efficlency which is about 80 percent for the
range of test condltione Investigated. Values of the efficiency for
the other two tabs are generally less and show considerable variation
with Mach number.

The rolling-moment parameters presented in figures 12 and 13
indicate gbout the same results as the 1lift parameters excepb perhaps
that the parameter (CZ ) is about equal for the attached and

f/Cne=0
detached tab.

CONCLUSIONS

An investigation at transonic speeds to determine the belancing
characteristics of an Inset, an attached, and a detached tab on a full-
span flap of a sweptback wing indicated the following conclusions:

1. A1l three tabs were capable of reducing to zero the flap hinge
moments resulting from deflections of the control.

2. The inset tab showed the greastest variation in tab-flap deflec-
tion retios and the greatest loss in 1ift for zero flap hinge moment;
whereas the detached tab showed the lowest velues of and the least varia-
tion in tab-flap ratios and also showed generally the least loss in 1lift
for zero flep hinge moment.
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3. The hinge~moment variations wilth angle of attack for the
attached and detached tab were much greater than those of the control
with the inset teb and the varistions were in the direction to reduce
the control forces in maneuvers.

Langley Aeronautical laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va.
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Figure l.~ Basic wing model mounted on the reflection plane in the
- Langley high-speed 7- by 10-foot tunnel.
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Figure 3.- View of typical model mounted on the reflection plane in the
Langley high~speed 7- by 10-foot tummel,
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Figure 6.— Continued.
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Figure 6.- Concluded.



Inset tab Attached fab
M M
0 b1 (100 P 1o
g = < ,’.aﬁg N I/gg
0 ——1 ] ~N196 0 \\\\ < 96
0 b N9T 0 - \\\\\ 93
0 — \\"\:\‘ a0 0 \\ \‘\\\ 90
0 _ﬁ\‘\\ \\150 0 ﬁ_\\:‘:\\\\\\\ 80
0 = ‘5"‘\‘\\\\ :T\f17 0 _“‘\“\\1\:\:>\\;\\>\ 70
EE=SENN ESNNONE
y NN NN\
NN
2] =2 A
r Chp
=3 +J
-t -4
o 4 &8 2 /6 o 4 8 [2 /6
2,y a, dbg

Defached rlab

DOV DHOOD

AT

JATAVANATD 9.V
A4 VA

BRSP4

275D

/A0, B

e //'/ -
e

-G
o

4

&
o J,{.th?g

Flgure 7.- Variation of flap hinge-moment coefficient with angle of

attack.

6g = by = 0.

12 16

e
105
100
96
93

80
70

ESVesT W VOV

6T




20 L NACA RM L52A23

Tab
Inset a

a
(deg) -————- Attached (deg)

/6 O ———— Detached /6 O

- 1 ) I
o
— e e > ag— e —
= ~J- — |
~L
M ~ e A
— ~ 7~

/2 0 /2 0

-1 1 "~ >,—.—:‘ N B e el
-~ =
8 OL——- B s I N 8 0
PR sy P

- ~

20 ===y 2

-0/ — -0/

Chf —————— ==l Ch B 3

8¢ BN
0Z ]

~<RACGE
=0, y -3 Ll

7z 8 9 [0 /Y 7z 8 89 [0 I
M M

Figure 8.— Variation of the flap hinge-moment parameters with Mach number.
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Mach mumber,
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Figure 13.—~ Ratio of the rolling-monlent paraz-neter of the flap with the
tab deflected to give Ch5f = 0 to that of the flap with the tab

undeflected.
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