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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO., 1113

COLLECTION AND AMALYSIS OF HINGE~MOMENT DATA
ON CONTROL-SURFACE TABS
By Paul E. Purser and Charles B, Cook

SUMMARY

Varlous wind-tunnel dats on the hinge~moment charac-
teristics of control-surface tabs have been colleclted and
analyzed. The data, all of which are for plaln unbalanced
tabs, were obtalined from force tests of models in two-
and three-~dimensional flow and from prasssure~distribution
measurements on models in two-dimensional flow, Some data
that show the effects of Mash number on tab hinge moments
for representative conventional and NACA é-series airfoil
sections are presented.

The analysis indicated that nresent methods ol esti-
mating the ssctlon valucs of the slcpe of the curves »of
control-surface hinge moment plotted against angls of
attack chfa and against control-surface deflection Ohfﬁ

£
over gmall ranges of angle of attack and deflectlon could
be extended to chord ratios small enocugh to include the
slope of ths curve of tab hinge moment plotted against
angle of attack Chy, ¢ Sufficient data were not avallables

to extend the analysis to include the slope of the curvs
of tab hinge moment against tab deflectlion Chig, * but
17

guch an extenslon should Ye possible wran more tadb data
are avallable, Theo values of fthe slops of the curve cf
tab hirge moment plot*ocd sgainst control-surface deflec=
tion chtgn were found to depend uron the ratic of tab

f - '
chord to centrol-surfacs chord cg/cp, upon the ratio of
control~surface chord to airfoll chord cp/c, upon ths

control-surface tralling-edge angle @, and upon the
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condition of the gaps at the tab and control~surface hinge
lines. An analysis of approximate saspect-ratio correc-
tions (derived from lifting-line theory) for correcting
the section values of Chigp to finite-span values indl-

cated that the correction depenied upon c¢f/c and cy/cp
as well as upon aspect ratio.

The data avallable were not sufficient to allow &ccu-
rate determinations of all the various factors affecting
the differences between section and finite-span values of
the tab hinge-moment parameters; thus the desirability of
obtaining more tab hinge-moment data on finite-span models
at larger values of Mach number and of obtalning more
complete aspect-ratio corrections to tab hinge-moment
characteristics is 1ndicated.

INTRODICTION

In an effort to provide satisfactory methods for
predicting control-surface characteristics, the NaCa has
undertaken a program of summarizing, analyzing, and corre-
lating the results of various experimental investigations
of airplane control surfaces. This prozgram has provided
collections of aileron and tall-surface test data (refer-
ences 1 and 2), analyses and correlations of the hinge-
moment characteristics of contrcl surfaces with Internal
balances, plain-overhang and Frise balances, beveled
trailing edres, shielded and unshieldaed horn bealances and
tabs (references 3 to 8), snd an analysis of the 1lift
effectiveness of control surfaces (reference 9).

A8 airplane sizes and speeds increase and &s more
reliance is placed upon tabs (particularly spring-linked
tabs) to provide the final adjustwment of control forces,
the hinge mnment ¢f the tab about its own hi=zge axis

becomes increasingly important. (Sec reler:nces 1L and 11.)

The pre¢sent report therefore prescents an snaiysis and
corveletion of the available data on tab hinge-moment
characterisvics,
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COEFFICIENTS AND SYMBOLS

¢y airfcil section 1lift coefficient (1/qe)
V/bhf flap szection hinge-moment coefficient (hf/QCf2>
«Chy flap hinge-moment coefficient (Hf/qbefZ)
“’cht tab section hinge-moment coefficient (ht/qcta)
< Cny, tab hinge-moment coefficient (Hy/qbyct?)

Pp . resultant pressure coefficient (Eé—é;5%>

where

A eirfoll section 1lift

he flap section hinge moment

He flap hinge moment

hy tab section hinge moment

Hy tab hinge moment

a free-~-stream dynamic pressure

¢ airfoil section chord
/Ef flap section chord behind hinge line

G root-mean-square f£lap chord behind hinge line
‘/zi tab section chord behind hinge line

Tt root-mean-square tab chord behind hinge line

be flap span

bt teb span
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Py static pressure on upper surface of airfoil
DT static pressure on lower surface of airfoil
cp! root-mean-square chord of portion of flap spanaed
by tab
Uy angle of attacx for infinite asvect ratio, degrees
a angzle of attack, degrees
Op deflection of flap with respect to alrfoil, degrees
b6t ceflection of tab wilth respect to flap, degreea
s g trailing-edge angle, anpgle inclucded between upper
and lower surifsaces at ailrfoil trailling edge, “a
degrees
VA aspect ratio (b2/s) ”
VE Jones' edge-veloclty factor (reference 12)
Tip chorad
A taper ratlo (’ 2
\Root chord
/
k section tab hinge-moment conatant
K finite-span tab hinge-nioment constant
x chordwise location of pressure vent measuvrsd from

girfoll nose

T turbulence factor for tunnel
R Reynolds number
4 Mach nunber
b wing span
vy spanwise location of tab measured from wing root
to 1lnboard end of tab .
Yo spanwise location of tab measured from wing root

to outboard end of tab “
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Derivatives:

The subscripts outside of the parentheses denote the
factors held constant when the derivative was taken.

deny
Ve ={ —
Bty éaf>a .

Ohtét B 6545
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7oa,

— o)
agp =( ==
o8

cy,0¢
dag
aat = .:......,
\Oﬁt ¢y ,6p
AGhaLS lifting-surface theory correction to Chta
or Chfa
Subscripts

(ﬁ = 0) value of the parameter at zero tralling-edge
angle

The terms "flap" ani%conbtrol surface' are used syn-

onymmously as a genersl expression for any movable control
surface such as a rudder, elevator, or alleron.

DATA AND SCOPE

The data upon which the analysis is based were
obtained from references 7 and 12 to 23, as well as from
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unpublished resulfs of tests made at the Langley and

Ames laboratories. The test conditions covered were for
models in two- and three-~dimensional flow for a range of
angles of attack and flap qr tab deflection of about #°
or 50, The geometry and other pertinent data for the
various models are summarized in tables T, II, and III.
The ranges of the various geometric parameters covered by
the models are listed in the following table:

See jf Airfoil
Type test table A A (deg) cf/c ct/cf thickness
Section 9.5 [0,1010.10 0.09¢
pressure I mwmm fmemw | £0O to to to
distribution 30.5 (0,50 {1.00 0.16¢
. 7., 10.18 j0.20 0.09¢
?gggéon IT e {mmm— | O te | to- |. .. BO
25.0 |0.40}0.75 0.18¢
- 2.41141.0011.5 {0.17 0.20-| ©.08¢c.
o3 —
%é?ége SPER 1 1711 | to | to | to to."| to koL
6.86|0.39 {16.7 10.4170.41 | 0.18¢c

METHODS OF ANALYSIS

General Apprqach”

Derivation of chta and chﬁst.- In'order'to detef;

mine some logical approgch to the problem of eorrelating
tab hinge-moment characteristics, a study was made of &a.
previously derived anslysis of Chfd and chf&f (refer-

ence 2&). It was found possible to extepnd the analysis
of reference 2L to chord ratios small enough to lnclude
tab hinge-moment characteristics (chta and: chtbt)'

The results of the analysis of reference 2l (which super-
sedes that of reference 5) indicated that chord ratio cg/c

(or cg/c) and trailing-edge angle ¢ were the primary
geometric parameters affecting chfa (or chta) and Chf g

(or chtﬁt)° The results can be expressed by the following

formulas:
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dcl,,_,,
chy = che = g
e ¢(g=0) ag
or
dchta
chy, = Ch + ¢ (1)
Po © ag=o) T of
and
dchfﬁf
Ches, = Chr L
ot Tig=o) o
or
Clcht
5¢
c =c + — 2
Btoy = Btog, g e (2)

Derivation of Chtgp = The analysis of cns: began

or
with a study of values of Chtaf derived from the experi-

mental data of references 1% to 16 (corrected for tunnel-
wall effect) and similar date derived from Glauertt!s thin
airfoil theory (reference 25) as extended by Perring
(reference 26). The derivations were made by personnel
of the Langley Stability Tunnel Section for use in pre-
paring reference 2£7. The study indicated that a series
of straight lines would result if Chtgp WETS plotted

. Cg - . St
agalnst ot with Chtaf = chféf &t EE = 1.0 as.the
end point. Such plots permitted derivation of the formula

_ : ot
Chtge = Chrge t K < i (3)

where k was a constant for a given value of cf/c and
was about 10 percent lower for the experimental NaCA 0009
airfoil data than for the thin-airfoil-theory dats.
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Specific Approach

Pressure~distribution data.~- The pressure-distribution
data of references 13 to 10 and unpuvlished data taken at
the Langley Laboratory were plotted in terms of the pres-
sure slopes Pq, Psp, and Pgy agalnst pressure vent

locations x/c. The plots of Py were integrated about
various chorcdawlise axes to give values of chr (or °hta)
and plots of ©Pg were integrated sbout the flap (or tab)
hinge axes to give values of °hf g (or Chtét) for

various values of c¢pf/c (or ect/c). The values of chr

(or chta) and Chrg e (or Chtbt} were then plotted
against trailing-edge angle ¢ for the given values
of c¢f/c (or cg/c) and the resulting curves extra-

polated to ¢ =0 to obtein °Bf o geo) G Chta(¢_o))

and chy or cht . The slopes of the curves
t5(g=0) ( 5(g=0)) 5
dCh_.n dCht Chfﬁf
were also measured to obtain 0P w0} and —————
ag ag

dcht5£ ag

(oX S Shwvannll I

Integration of plots of Pgp about axes other than
the flap hinge axis provided values of Chtéf for wvarious

values of ci/cr Ffor each value of cp/c for which data
were avallable. The resulting values of chtﬁf were

plotted against ct/cyr and values of k were obtained
from the slopes of these curves,

Section force-test dats.~ The values of Chrgqs Chtgo
Chfaf, Chtgy ¢ and Chtgp obtained from references 19

to 23 and some unpublished data from the Langley Laboratory
were used in the same way as the hinge-moment slopes
derived from the pressure-distribution data., Individual
values of k derived from the force-test deata were more
subject to error than those derived from pressure-
distribution data because with force-test data there were
only two test points through which to draw the line the
slope of which defines k; whereas with thé pressure-
distribution data, as many as ten test points were some-
times awvailable,
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Pinite-span data.- The finite-spnan data from refer-
ence 7 and some unpublished data were used to provide
measured values of -Chta and Chtat with which tc com-

pare calculuted values. The calculated values of Chg,
and Chtﬁt were obtualnrned from the follcwing emnirically

Zderived squations:

dchta A
ag A+ 2

g (L)

Ch~ = —— ch + AC]_.;.

and

N\
A A

Chtﬁt = Chtét(gfzo) + %t(¢=o.) chta(g-:O) 6‘ - LE + 2/’

dchtﬁt

- A !
' af A+ 2 4 (5)

where values of ACthLS can be obtained from refer-

ence 27; aat(ﬁ—O) can be obtained from reference G, and
the other factors can be obtained from the present regort.

The finite-span data were also used to obtaln values
of Chféf and Cht5f from which tc derive values of X

for use in the formula
Shtgy = Chrge * K (1 - s/3e) (6)

Tt should be noted that models 1%, 1, and 16 of
table TIT had balanced flaps. For these mcdels Chfﬁf

was computed by subtracting from the test data an incre-
ment in Chfﬁf caused by the balance as computed by use
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of reference L for models 1% and 1L and from measured
balance-chamber pressures for model 16.

So few finite-span data were available that, in an
sttempt to extend the usefulness of the datsa, aspect-ratio
corrections were derived by means of lifting-~line theory
to vermit conversion of the section k to finite-span K.
The formula for the conversion was

K=k +~——— agg (Chty - Chfg (T)

which indicates that K wvaries with aspect ratio and tab
chord; whereas k varied with flap. chcrd and trailing-
edge angle. This effect of tab chord means that the
curves of Chtaf plotted against Ct/Cf are not stralght

lines as,were the curves of Chtéf against ct/cy and

that K rather than being the slope of the curve (as
was k) is the slope of a straight line drawn from Chfﬁf

c
at 3% = 1,0 and intersecting the curve at the value

of ct/cr under consideration.

RESULTS AND DISCUSSION

Correlation of Section Data

Values of cht, é&nd Chigy * ™ The results of the

correlations of Chygg (or Ohfa) and  Chggy (or Chf6f>
are presented in figure 1 as plots of chg, O)’ dohta/aﬁ,

Cht gy, , and dchtSt/dg against chord ratio cy/c.
=0
The d;ta %rom which figure 1 was derived were obtained
under a variety of conditions; but 1n all cases the tsab
and flap gaps were sealed and in most cases the combina-
tion of Reynolds number, surface condition, and stream
turbulence was such that boundary-layer transition was
quite probably located at or ahead of 0.30c, The resultling



12 FACL T To. 1117

scatter of data was such that, in reference 2&, the mean
curves from which figure 1 was derived were witnin +0.001
of the experimental values of Cheg and Chf g in most

cases., Although few data were available for the chord
ratios usual for tabs the data in fizure 1 should allow
gimilarly accurate estimations of Ciatg- For chtﬁt’

cwever, sufficient data were not availsble for such an
extension,but it is belleved that the method of refer-
ence 2l may be used as a guide for additional analysis
as more tab data become available,

Values of Chtgp = Values of X%k reguired in com-

puting Chtéf from equation (3) are presented in figure 2

as plots of k against c¢f/c for various trailing-edge
angles and flap and tab-gan ccnditions. These dubta show
a considerable amount of .scatter; conseguently, values

of k for given values of cf/c &and conditions of gads
were plotted against trailing-edge angle . From these
cross plots were obtained values of dk/df of 0.006008
for sealed gaps and 0.0C022 for open zaps. These values
of dk/d¥ were used to reduce the k-values of figure 2
to zero trailing-edge angle and the resulting data are
plotted in figure 3. The data indicate that as the geps
at the flap or tab hinges are opened and as the trailing-
edge angle 13 reduced, the values of k become snzller,
which indicates that the values of Chtaf and chfgp MOTE

nearly approach equality. The same trends are illustrated
in figure i which vresents plots of Chtgp against ct/cp
for sealed tabs on open and sealed plain 0.30c flaps.

The plots of figure [ also indicate that & straight line
(constant value of k) represents the data fairly well
for values of ct/cf as lew as 0.20 with gap sealed even
when the flap is equlipped with a pronounced bevel. This
result is typical of the plots derived from pressure-~
distribution data.

Correlation of Finite-Span Data

Values of Chtq and Cht5+.— The comparisons of
measured values of Chta and Chtét with values computed

from equations (L) and (5) are shown in figure 5. The
.availlable data indilcate generally satisfactory agreement
between measured and computed values of Chy,. For Chigy o
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however, no lifting-surface theory corrections are
available at present and consequently the computed values
are considerably more negative than the measured values
ané also show more scatter than do the values of Cutgy.

Values:of Chtaf'_ Values of K (equation(6))ﬁeasured

from the finite-span data are plotted sagainst Efyc in
figure 6. Strictly speaking, the faired line should not
appear on figure 6 since all the test vcinbts are not for
the same aspect-ratio. The line is shown however to
indicate more clearly the ranges of X and ¢r'/c for
which test data exist. Since values of X computed from
section data by lifting-line theory (equation(7)) show a
disagreement with the measured values (fig. 7(a)) there
is evidently an additional lifting-surface-theory correc-
tion, the value of which is as yet unknown. 1In the
absence of exact values for such corrections the differ-
ences between the computed and meéssured values of X were
plotted against aspect-ratio, and an empirical correction
of AK = 0.0025 (A - L.5) was derived. This AK should
be added to the wvalue of K computed by lifting-line
theory (equation (7)). The resulting equation 1is

K=k + (m—-_——%— G’@f (Ch'tq, - Chf(l) + 0.0025 (A - L}..S) (8)
1 - .

ol
ot
N

£.

Values of K computed from equation (8) are plotted
against measured values of X in figure 7(b). In this
case the agreement 1s improved and it is thus believed
that equation (8) presents a correction for K that is
acceptable until more complete 1lifting-surface-theory
computations are made or until more finite-span tab data
become aveailable for use in deriving a better empirical
correction. '

Effects of Mach Number

At present very few data are available to show the
effects of Mach number and Reynolds number on tab hinge~
moment characteristics. Some information, however, has
been obtained from pressure-distribution data presented
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"""i'

in reference 17. Increments in Chty caused by an

increase in Mach number from 0.197 to 0.472 for plain
sealed tabs on 0.20c open-gap balanced flaps on

NACA 566(215)-216 and NACA 2%012 airfoils are sioown in
figure 8. These data indicate slightly more negative
increments in cht, &s the tab chord is reduced &angd
considerably more negative increments as the traliling-
edge angle is reduced for this particular case where there
were open gaps through the airfoils some distance ahead
of the tab hinge lines. )

Values of the tab section hinge-moment constant k
derived from the pressure-distribution dats of refer-
ence 17 are presented in figure 9. These data indicate
a decrease in k &as the Mach number is increased wita
the greatest decrease in k occurring for the secled
internal-balance flap on the NAGCA 66(215)-216 airfoil.

CONCLUDING REMARKS

The analysis of availablse tab hinge-moment data
obtained in two- and three-dimensional fcrce tests and
in two-dimensional pressure-distribution teats indilcated
that presgent methods of estimating the rate of change of
flap section hinge-moment coefficient with angle of attack
and with flap deflection could be extended, over amall
ranges of angle of attack and flap deflection, to chord
ratics small enough to lnclude the rate of changse of tab
section hinge-moment coefficient with angle of attack.
Indications are that the method can be extended to include
the rate of change of tab section hinge-moment coefficient
with tab deflection when more tab data are available. The
analysis indlcated that available lifting-surfsace theory
corrections for the rate of change of tab hinge-moment
coefficient with angle of attack will allow reasonsble
accuracy in converting sectlon data to finite-span data.
With regard to the rates of change of tab hinge-moment
coefficient with tab deflection and with flap deflection,
however, elther lifting-surface computations sheould be
made or nore data should be obtained in order that cor-
rections (either theoretical or empirical) may be derived
for these derivatives. Some data are sasvailsble and have
been presented concerning Mach number effects on tab hinge
moments but they are so limited a3 to be practically use-
l1sss for design purposes; consequently, it appears quite
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desirable to obbtain more tab hinge-moment data at large
vaelues of Mach number,

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronuutlcs
Langley Field, Va.
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TABLE I.- INFORMATION REGARDING PRESSURE-DISTRIBUTION-TEST
MODELS IN TWO-DIMENSIONAL FLOW
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N Atirfoll 4 Tab Plap Alr-flow Published
Modsl|Symbol -Plan form ssction |(deg)] ot/e gap er/e gap characteristics |reference
R = 1,77 x 106
1 0} ggg; 11.6 {0 80 0.50 | 0 |0.10 to 0.50{ © ¥ =0.09 13 to 16
T=1.93
d 8 R =62.8 x 126
NACA and to 6.7 x 10
2 66(215)-216] 9+3 {0 te 0.20 | O 0.20 0.0055¢|M = 0.20 to 0.47 7
P S —— I T—-31.00
R =28 x 126
3 ho) ggg‘l‘z 15.5 |0 to 0.20 | 0 0.20 0.0055¢ §°=66?ag w0 0.1 17
—_— - T—% 1.00
NACA . R = 6.0 x 106
b (P G-sertes |11.0 to 0.225] 0 0.225 {0.0050¢f M = 0.1}  |eccmenaes
N R I . T—>1.00
5.k R = 2.76 x 106
NAGA 0 and
5 and to 0.30 | 0 0.30 M = 0.10
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(2) Angle-of-attack slopes.

Figure 1.~ Effect of tab or flap chord on the hinge-moment parampeters derived
Tfrom wvarious two-dimenslonal pressure-distribution and force-test data.
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(b) Tab or flap-deflection slopes.

Figure 1.~ CO_ncludod.
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Figure 2.~ Variation of tab section hinge-moment constant k with flap chord ratio %!-
Symbols refer to models listed in

for various combinations of flap and tab gap.

tables I and II.
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Pigure 3.- Variation of tab section hinge-moment constant at 0° tralling-edge angle
K(¢<0) With flap-chord ratio -.; for various combinations of flap and tab gap.
Symbols refer to models listed in tables I and II,
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Figure U4.- Effect of tralling-edge angle $ on the variation of Chtg with

for plain sealed- and open-gap 0.30¢c flaps on an NACA 0009 airfoll section,
Symbols refer to models listed in table I.
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Figure 5.- Comparison of measured and computed values of
Symbols refer to models in table III.
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Figure 6.- Measured values of finite-apan tab hinge-moment constant K plétted agalnst
Co!
flap-chord ratio —i-:—- for illustrative purposes only. Symbols refer to models in

table ITI.
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(a) Lifting-line theory (equation (7)), (b) Lifting-line theory plus empirical

correction (equation (8)).

Figure 7.~ Comparison of measured and computed values of the finite-span tab hinge-moment
constant K. B8ymbols refer to models in table III.
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Figure 8.- Effect of tab-chord ratio on the lncrement in Chiy resulting from an

inorease in Mach number for plain sealed tabs on 0.20¢ open-gap balanced flaps on
NACA 23012 and NACA 66(215)-2%6 airfolls. Derived from pressure-distribution data

of reference 17.

R, 2.8 X 10

for M = 0.197; R, 6.7 x 10° for M = 0.472.
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Figure 9.~ Variation of section tab hinge-moment constant k with Mach number and

Reynolds number for 0.20c¢ flaps on NACA 66(215)-216 and NACA 23012 airfoil sections.
Symbols refer to models listed in table I.
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