!
}

| W s

ﬂw», Zoma z;” |

v
)
\ ;
\ i
N\ < A

B

TECHNICAL NOTES

WATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

NOTES ON THE CALCULATION OF THE MINIMNUM
HORIZONTAL TAIL SURFACE FOR AIRPLANES
EQUIPPED WITH WING FLAPS

By Bartley A. Soulé
Langley Memoriagl Aerongutical Laborafory

Washington
April 1937



http://www.abbottaerospace.com/technical-library

. o

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

— e e e et et

TECHNICAL NOTE NQ¢ 597 .
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HORIZONTAL TAIL SURFACE FOR AIRPLANES
EQUIPPED WITH WING FLAPS . s

By Hartley A. Soulé
SUMMARY

A method of calculating the horizontal tail area for
an alirplane egulpped with wing flaps is presented. The
general problem of tall design, the affects of flaps on
the factors involved, and the manner in which the flaps
change the requirements upon which the minimum horizontal .
tall area 1ls based are discussed, S L

INTRCDUCTION -

In connection with a flight investigation of different
types of wing flaps it was observed that, where flaps had
been installed on an airplane not designed for them, longi-
tudinal instability in the form of a reversal of &levator
control forces at low angles of attack usually occurred
when the flaps weére lowered. An increase in the horizontal
tail area was generally required to make the airplane sta-
ble. A preliminary study to determine the amount that the
horizontal tail surfaces should be increased to insure sta-
bility with the flapped wings indicated that existing
methods of %tail design, which had beenr formulated prior to
the time wing flaps had come into general use, wére not
adequate for the purpose. A further study was therefore
nads to evolve a method of tail design applicable to air-
planes with wing flaps. As a result of this study the
method for the calculation of the minimum horizontal tail
eares discussed in this paper was developed. It combines
and extends the two methods gives by Diehl in reference 1
to obtain the tail area necessary for a statically stable
airplane. In addition to the area required for stability,
that required for longitudinal trim is considered. The
method 1s applicable to any btype of wing or high lift de-
vice, ' A
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GENERAL . MOUENT EQUATIONS

The completée equations of the.moments acting on an
alrplane in flight are too involved for deslign use. Also,
the informgtion on some of the facters is so inadequate
that the use of the complete equationg is not justified at
the present time, The use of the simplifying assumptions
made in reference 1 has, therefore, been continued. So
little ‘is known of the effects of propeller thrust and
slipstream that the discussion has been confined to the
condition of vpower-~off, or gliding, flight.

The moment M about the center of gravity of an alr-
rlane equals the sum of the wing moment My, the tail mo=
meni My, and the residual moment M, attritutadle to
the fuselage, the landing gear, and the exposed structural
members, The residual monent is generally small relative
to wing and t=il moments and may be neglected. The tetal
moment then becomes T

M = M, + My (1)
By definition
M =0y 85 caq . (2)
so that
' R (a)

The two tcrms on the right .become (see fig. 1)

Y z ' N
E%E =0y +(Cp cos a~Cy sin a); +(Cy, cos a+Cp sin a) =
My Sgerqy \ Sgziqg ( - -
= [ QO SO it 4 — - i - 4
Soa Soq Cmot/ Soe LGDt cos{a—~c¢) CLt gin(a-c¢) ->( )
- _ch I:GL.t cos (a = €) + GDt gin {a ~ c)] )

where x - ig the distance of the center of gravity back of -
the gerodynamic center of the wing measured par-
allel to the thrust axlis.. :

z, the digtance of the center of gravity belew the
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aerodynamic center of the wlng measured perpen-
dicular to the thrust axis. )
1, the distance, measured parallel to the thrust
axis, of the center of gravity ferward of the
aerodynamic. center of the horizontal tail sur-
faces usually taken ag the slevator hinge axis.

zy, the distance, measured perpendicular to the
thrust axis, of the center of gravity below the
aerodynamic center of the tail surfacess

The angle of atteck o is measured relative to the thrust
axis, in radians, the subscript t refers to the horizon-
tal tail surfaces, and the other terms have thelr usual
significance, v

In order to gimplify the equations the following ag-
sumptionsg are made:

(a) All terms in the tail-moment equation are neg-
lected except )

Sglag | .
Srve LGLt cos (o - e)]

(b) 1In the wing-moment equation the term Op sin o X
ig neglected. .

(e) Sin o is considered equal to o and . cos o and
- cos (o = €) equal to 1. '

(d) The ratio qiz/g is treated as a censtant.
cr2 .
(e) Op ig rewritten GDO + ;Lz where A 1is the

effective aspect ratie of the wing.

On the tasis of these assumptions, equation (3) may
be rawritten . ’

: ' ;2 '] z x S¢1 a4
= — - = —— =Y
Gm = GmO + [GDO + T A GL GJ,C + GL Py th S c a (5)

The slope of the pitching-moment—coefficient curve ob-
tained by differentiating eguaticn (5) is
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40y _[20g a6y _ a6y . Jz, 80p x _ 204 doy 841 gy (6)
Qo A  da dao Lite da ¢ dat do St q

Eguation {(6) shows that, where =z 13 other than zero, the
gslope varies with the angle of attack. The most coanven-
ient way to deal with this veriation of glope in by means
of the gecond derivative

aCp .

a ) 2 8
da /o &0 [ 2 801y | 20z (7)
da do2 - T A \Ndo da c

which 1s indevendent of angle of attack.

The values for the widg and tail characterigticas used
in the equations should include the interference effects
caused by the presence of the fugelage. Reference 2 glves
the most complete wing-~fuselage-interference data available
that would be useful in making an allowance for the inter-
ference effectg. in the case of biplanes the characterig-
tice of the complete cellule are used. Before being used
for moment computations, the tail-surface characteristlcs
are geonerally muliiplied by a tail-efficiency factor TNy,
usually 0.8, to account for fuselage interference. The
tail-surface coefficients Cp, and 4Cr,/da, may be either

for the elevator-free or the elevator-fized condition, de-
pending on which type of stability is being investigated.
As the elevator-free stability determines the minlmum hor-
lzontal tail area, the following discussion is confined to
this type of stabllity and the tall ccefficients refer to
the elevator-~-free conditisgn unless otherwise noted. It
should te appreciated that the elevator-free tail-surface
characteristics depend tv some extent on the welght moment
of the elevator-control system about the elevator hinge.
This moment is a variable dependent on the attitude of the
airplane, and its inclusion greatly complicates the prob-
lem of design. Further, it generally tends to increase
the stabllity of the airplane over that obtained “with a
weightless elevator, TFor these reasons the effects of el-
evator weight are neglected.
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APPLIGATION OF THE GENERAL MOMENT EQUATIONS TO

THE DETERMINATION OF THE MINIMUM HORIZONTAL TAIL AREA

The primary function of the horlgzontal tail surf@ces
1s to provide a means by which the vilot can control the
angle of attack and the speed of the airplane. Thé de~
sign problem, therefore, consists of the determination of
the t8il area and the corresponding center—of-gravity po-
sition by which, with a reasonable tail length, the de~
sired control will be obtained and the airplane will be
stable, As the requirements for control and stability are
different, they must be separately considered and the con-
51deratlon that gives the larger tail area defines the
minimum that may be used on the airplane. Although the
control is the primary function of the tail surfaces, it
is more convenient to deal first with the stadbility re-
quirements.

Stabillity Requirements e oA

‘It is generally conceded that airplanes should be
statlcally stable. The need for complete dynamic stabil~
ity is somewhat open to question for, as shown in refer—
ence &, dynamic instability in several airplanes with
which stability tests were made was not noted by the pi-
lots until the phenomenon wgs specificelly looked for. It
is believed, however, that dynamic sbtability is desIrabdle
throughout the range of gpeeds in which airplanes may be
flown with elevator free. Dynamic stability at speeds
that must be held by the pilot is not considered important.

For static stability certain conditions relative to
elevator travel and stick force are required. The trail-
ing edge of the elevator should be moved progressively
downward as the angle of attack is decreased; at all an-
gles of attack above that at which the airplane is trimmed
gles below that for trim a push should be required. The
first condition imposes the requirement that, with the el-
evator fixed, dCp/da be negative at all angles of attack,

whereas the requirements regarding stick force imply that
with the elevator free Cp be negative at all aagles of
attack above that for trim and positive at all angles be-
low it. The requirements for dynamic stability with ele-
vator free are that, within the range of the trimming an-
gleg of ettack, dGm/da with the elevator free be nega-
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tive and have a value that fallg ocutside a limited range

of values, which are defined by the amount of damping in -
pitching obtained from the horizontal tail surfaces and by

physical dimensions and aerodynamic characterlstics of the

complete airplane not directly related to the taill length

or- area.

It can be shown that if 40p/de with the elevator
free is negative, &s 18 required for dynamic stability,
dCp/da will also be negative with the elevator fixed so
that it-1is possible to bage the design of the tall gur-
face on the slevator-free requirements with only inciden- __
tal reference to the elevator-fixed condition. ZExamina-
tion of equation (6) shows that the d&ifference between
the values of dCp/da for the elevator-fixed and eleva-
tor-free conditions depends only on the values of
dGLt/dmt for the two conditions and their influence on

the last term of the equation. 4s this term is esseontial-
ly negative and the value of dGLt/d“t is always less

with the elevator free than fixed, the static stability
will always be greater for the elevator-fixed condition.
Therefore, if the airplane is designed with a negative
value of d4Cp/da for the elevator—free condition, static ’ .
stability for the elevator-fixed condltion will be insured,

Because in the development of the following deslgn crite-

rions ~the values of d4Cp/da with the elevator free are

consldered only for the range of stick-free trimming an-

gles, however, two checkg are required to insure stabili-

ty with the elevator fixed over the entire flight range.

These checks will be noted as the development proceeds.

The gelection of the degree of static atability de-
gsired, that is, a suitadble value of 'de/dm for the el-

evator free to be used in design, is beyond the province
of this paper., . It might be first takén as the minimum

that would ingsure dynamic stability with the elevator free.
A compronmise conld be made if a preliminary design of the
tail surfaces showed the stick forces to be objectionadly
large. ’ .

Data on the dynamic stabllity of airplsnes for the
elevator—-free condition not being available, it seems best. o .
that an empirical value of dCp/da based on some existing
satigfactory sirplanes be used for the present, Diehl
(reference 1) sives such data for the elevator-fixed con- .
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dition. From an inspection of the data with an al;owance
for the difference. between the fixed- and free-slevgior
conditions, 1t would anpear that a value of aCp/da =. -0,1

for the elevator-free condition at an angle of attack cor-
respondlng to a 1ift coefficient of 0.5 would probably
give satisfactory stability characteristics. A rough
check of the dynamic stability may be made by tase of the
charts of reference 4, which were, however, prepared for
the elevator<-fixed condition and therefore do Ao more than
approximate the elevatbr-free condition,

The value of dC0p/da abt angles of attack other than
that corresponding to a 1ift coefficient of 0.5 will de-
pend on the vertical position of the center of gravity,
z/es If /e is zero, the value of dOm/de will, of
course, be constant over the entire range of angle of at-
tacke In thisspaper it will be assumed that the value of
z/ec is based on other than stability considerations and
is known prior to the designing of the tail., This assump~
tion is in accordance with usual practice. The low-wing
monoplane, for example, has come into widesprezd use on
account of its adaptability to relatively gimple wheel-
retracting mechgnisms, although the arrangement makes it
difficult to obtain adequate stability at high angles of
attack without making the airplane unduly stiff a% low an-
gles. As the change of dCp/da with angle is indepena-h

ent of the tail-surface design (equatlon (7)), the value
of dCp/da at any angle of attack o may be computed im-

mediately by means of the following equation:

2

EEE) - EEE) + 0 (g, - @) ~(8)

da 7/, do da? .
where o 'is the angle of attack corresponding to 2 1ift

coefficient of 0,5.

If the resulting value of dCp/da is positive at any

angle within the elevator~free trimming range, the value
of 4G /dm at ay should be increased until only nega-
tive values are obtained.

The horizontal t2il area, as will be shown, depends
on the range of angles of attack through which the gir-
plane is to be flown and the angles of attack at which
the airplane may be trimmed . elevator free._ Both the com-
plete flying range and the trimming range depend on the
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purpose of the airplane and will be set by the deslgner.
It may be desirable for an acrobatic asirplane fo be capa-
ble of flight a2t any angle between the nositive and nege-
.tive gstalls, whereas a transvort might be limited to an
angle slightly less than that correspondln to the maxlmum
spneed, . ; o

For the elevagtor-fixed cundlition, the slope of the
curve. of pitching-moment coefficient 1s independent of the
vosition of the elevator, stabiligzer, or trimming tab. So
long as the tail plane is not stalled, a readjustment of
either of these surfaces results in a constant change of .
ordingte over the entire length of the curve. For the el-
evator-free condition, however, this situation does not
necessarily haold. The airplane may be designed to have
curves of pitching-moment coefficients of elther of tho
types represented in figure 2. The case illugtrated 1in
figure 2(b), where the angle at which the curves change
slope depends on the getting of the trimming device, will
give the smaller tsail area.

In elther case a problem in tail design i1s to deter-
mine the value of the minimum tail area that will give the
conditions desired. For the type of pitching-moment curve
shown in figure 2(a), the tail. should be of sufficient area
that when the trimming device is set for the tall-heavy
trimming angle (dTl) and the airplane is rotated in

pitch to the minimum flying angle ag, the negative angle
of attack of the tall surface is not greater than that at
which dGLt/dat becomes gzero. - If this angle is exceeded

by a limited amount, the second type of curve will be ob-
tained. Similarly with the stabilizer or trimming tad set
for nose-~heavy trim, the positive angle of gttack of the
tail gurface should not be exceeded when the airplane is
rotated to its stalling angle., If this type of Op curve
is chosen, the coefficient with tail~heavy trim at the min-
imum angle of attack will bde

ac : a?o (a )
c = -—§> - e et (9)
Mg da /g, (a2 T, ) da® _

TYith nose-heavy trim, the moment coefficlent at the maxi~
mum angle of attack will be . e

a (a. - & '
i
QO

oy = (%) (ay - ag )+
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Usually Cmaa is larger than Gmal’ so that only pmma

will Be considered. The treatment of Op,~ 1is identical
. 1

with that given for Cmy = It should be sppreciated that

o -

equations (9) and (10) may be evaluated without consider-
ation of the horizontal tsil surface on the basis of the
preceding discussion. '

The value of Omg, given by equation (9) is then gub-
2
stituted into equation (5) giving

A0 d®0p (ay = ap )2 A
hsid - - m a2 1 = C
3% g, (g = o, ) ToE 5 mg
GL 2 . ’ .
- %z z x Sgl 44
+ [QDO *rp— " Olg, “a] E*'CLGE s < 0Ly 54 T (11)

In equation (11) the unknowns are x/ec, CLt, an@ the
term S¢l/Sc, which will be designated. the “téiL—Yolume
coefficient." Ag the ratio Stl/Sc will vary inversely
with th’ it is obvious that the smaller value of the

taill volume will be obtained when Cr, is placed equal to

t
C .
Ttpnax”.
From equation (6)
. | _

ac, GL“Tl acy, a0y, z 40p x

E———) = - G'T —r—— - GL _ e m -

& Jamp TA do 1 do T, | © da ¢

s i : | _
_ 80p, day 541 gy | C(12)

day da Se g _ . Lo

The unknowns are x/c¢, daiz/da, and Sil/Se. The value of
dat/dm depends on 1 but, on the assumption of a conven-

tional %tail length, the designer may assign an approximate

value, which may later be checked if the actual 1 varies

greaetly from the assumed values As both equations (11)

and (12) contain the same two unknowans, the required loca-—
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tion of the center of gravity and the tail-volume coeffi-
cient for the stated conditions may be obtailned dy simul- B
taneous solution, ' ' )

- For the elevator-free condition, no consideration
need be gliven to the valunes of de/da outside the ele~

vator-free trimming range. In order to meet the require-
ment for elevator~fixed stabllity, however, the values of
d0p/da with the elevator fixed should be negative at all

angles betwsen o3 and ap. As insgtability wlll appear
first at the limiting angles, the values of daCp/da at o1
and oaog for the elevator~fixed condition should be com-—
puted on the basisg of the values of StL/Sc and x/c,

obtained from the foregoing equations, to ascertain that
the requirement has been met.

If a smaller tail volume than that given by equations
(11) and (12) is employed, the setting of the stabilizer
required for trim at mTl will be sueh that, when the

airplane is rotated in pitch to «,, the angle of attack .

of the tail surfasce will increase negatively to an angle
greater than that at which dCp,/da Dbecomes zero., If the

tail-surface characteristics abruptly changed and dburbling
set in at the angle of attack at which dGLt/ﬁmt becomes

zero, a reduction of tail surface below that glven by
equations (1l1) and (12) would be undesirable. Some in-
formation on the subject of elevator—-free tail-surface
characteristics obtained from references 5 and 6 is given
in figure 3. The indications are that —with the elevator
free the tzail surface reaches its maximum 1ift cosffi-
clent at an angle of attack well below that of the unde-
formed section. The 1lift coefficient ig then maintained
practically constant, at least to the stalling angle of
the undeformed section. With tail surfaces having lift
curves of this type, illustrated by the sclid curve of
filgure 3, 1t ig possible to reduce with safety the tail
volume below that given by equations (11) and (12). When
the tail volume is thus reduced, a curve of pitching-
moment coefficient of the type illustrated In filgure 2(t)
will be obtained.

The limiting condition for this type of pitching-

.moment curve ig reached when Cma approaches zero. Refl-
2

erence to eguation (5) will show that this condition is
reached when the tail moment approaches the wing moment in
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value. This condition may, therefore, be represented by

2
Syl qy C

C, 2 s, +lop + e g a.]Z+ o1,
thax S Q Do Do T A Loag "8 ¢c

For the determination of the location of the center of
gravity and the tall-~volume cosfficient required for this
condition, the inequality sign may be replaced by an equal-
ity sign and the equation solved simultaneously with egua-
tion (12). The tail volume obtained should be arbitrarily
increased by a small amount in order to insure inequality
in equation (13). .o :

When equation (13) is used as a basie for the deter—
mingtion of the tail size, i1t is necessary to make an ad-
ditional computation to determine that with the airplane
trimmed at ap,  the tail surface will not be stdlled when
the alirplane is flown at e If the setting of the gta-
bilizer required for. trim =wt ap, is such that the sur-—

face will stall at «,, the value of dCp/da for the

elevator-fixed condition will not be negative as rqquired.
The computation is based on the following considerations,

The minimum angle of attack that the tail can have at
ag 1s the angle that corresponds to the angle where

40r,/day with the elevator free becomes zers. In this
case the airplane will have the pitching-moment curve il-
lugtrated by the dotted curve of figure 2(b), and will
trim at an angle of attack only slightly above az. 1In
order to obtain.a condition of trim at &, it is neces-
sary to adjust the stabilizer nose downward through an an-

gle great enough to cause a change in tail moment equal -
to the ordinate of ‘the dotted curve at g, . As the dotted

curve will have the same velue of . dCp/da at ap, as the
curve thet gives trim at that angle, the ordinagte will be
given by the following equation

- P -

30~ - a®cp (“a"“Tl)a ‘}
c = 0 - (2 - - 14
B, Dg, [ do )mml(“a %p,) T FaE 2 (12)
where Cj is the residual moment at a, after the con-

&g
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ditions imposed by equation (13) have been satisfied, In
order toc meet the requirement, the difference between the
stalling angle of the toil surfo and the angle at which
dGLt/d“t becomes gzero must Dde greater than the anguler

change of the stabilizer gsetting required to give this
change of moment. If the difference tetwecn the stalling
angle of the tall surface and the angle ot which a0p, /day

becomes zero lg designated by Aay, the requirement can
be reprogented by the following expression

dCLt S+l aqg . aCn d. C
8% Fay 5o 7 7 "Omg, 7 E‘&“LT (cgmap ) = g52°
1
(15)
2
EEE EEA) -
2 By -

This cquatlion mcy Dbe treated similarly to equation (13),
If the twil volume given by this equation is larger than _
that given by equation (13), it should be used as the ba- .
sls of further design., In this case the location of the
center of gravity obtained simultaneously should also be _
uSed.. . , [

Balance Reguirements

In the preceding discussion the minimum tail volume
has been determined on the basgig of stablllty. No smaller
volume than that given on thig basis may be used. In or-
der to abtainr the desired speed range, hewever, a larger
tall volumc may be required., . The volume requlred for bal-
ance at various speeds will now be congldered, For steady
flight at &y, the pitching~moment coefficient must be
zero. The elevator aust be deflected from its free-float—
ing position through a suf.ficient angle to reduce the tail
moment by an amount equal to the pitching moment of the
airplane with the elevator free. That ig,

5.1
_i_> 2% = 16
Acpt (Sc a Omaa (16)

?

where AGLt i1s the change of tail 1ift coefficient caused

by deflecting the elevator from itsgs free-floating position,
For the type of. stability curve ghown in figure 2(Dp) the
pitching moment is larger at other angles between aT;

L
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and o« than at . In this case it is essential that

equaticn (16) hold when the maximum pitchlng moment is
gsubstituted for the moment at ag.

The value of AGLt will be g maxinmum when the eleva-~

tor is deflected in the erder of 60° relative to the sta-
bilizer. For various practical reasons, the most impor-
tant of which is that the pilet will probably not be able
to exert sufficient force to deflect the elevator through
this angle, the elevator travel is usually limited to a
range from *20° ta *25°, The values of AGLt for one tail

‘plan form and section for different elevator-tail surface
ratios obtained from reference 6 are plotted in figure 4

for two different stabllizer angles. Particular note )
should be made of the fact that AGLt decregses with the

angle of attack of the stabilizer, From this fact arises
the necessity of checking the control between maximum Cp
and Gmma for the type of pitching-moment curve shown in

figure 2(b).

A comparison of the two bases for the determingtion
of the horizontal tail volume shows that the volume re-
quired to obtain the desired speed range with a given tail
arrangement depends only on the airplane pitching-—moment
coefficient at az. It 1s independent of the wing charac-
terigtics. The volume required for stability is also de—
pendent on ~Gmmz but is, in addition, dependent on sev-

eral factors (Cp,, OCp,, and Op ) that are functions
o ,

of the wing section used. If the summation of the terms _
involving these factors is zero, a condition readily ac-
complished with plain wings, teoth the balance and stabil-
ity requirements will depend on the same factor, Gm@a

A comparison of figures 3 gnd 4 indicates that for the

tall arrangements given for ce/ct ratios of the order of

0.45, GLt and ACg, are equal, For smaller ratios
max b . Cce

Cry 1s larger, becoming twice AGLt for gy = 0.25.

max
For ratios below 0.45, the tail volume would therefore be }
defined by equation (16) !

1

As the terms depvending on the wing characteristics
increase from zero, the volume given by the stagbility
equations would first approach and then exceed that given
by the balancé egugtion. In the range below thaft in which
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the twe requirements glve the same value, the tail volume
would be constant regardless of the wing section employed.
In the range above, the tail velume would vary directly

- with the wing factors Cmg end Op,.

‘The Effect of Flaps on the Tall Volume

In addition to increasing the 1ift of a wing, wing
flaps increase the pltching-moment coefficient Gmo and

ugually, the profile-drag cvefficient Cpy+ 4&s with the

lift, the amounts by which the pitchlng~moment and drag
coefficients are increased depend on the size of the flav.
For effective flap installations the increases are large
and greatly influence the taill area required for statility.
As high control forces are asscclated with large tail sur-
faces, the increases caused by the use of flaps are un-—
desirable, A means of avoiding part of the increase has
already been suggested; that is, to design for a pitehing-
moment curve of the type illustrated in figure 2(b).

As flapped airplanes are not intended quninyerted
flight with flaps extended, a simple approximation of the
minimum txil volume may be obtained by choosing az to

correspond to the gngle of attack at which the 1lift ig
zero, For this angle equation (13) reduces to

CL -g- (17)

St‘) a4
Sec / q > Cmo * ODo

tnax
CONTROL-FORCE CONSIDERATIONS

An ailrplane may have adequate tail volume for stabil-
ity and balance and still not be satisfactory because the
stick forces required to aperate the elevators may be in
excess of the force that the pilot can comfortaebly apply.
The present knowledge of camfortable elevator forces, how-
ever, is not sufficient for design purposes. The elevator-
force requirements are therefore usually specified as an
arbitrary maximum that for static conditions should never
be exceeded. As the elevator force increases with speed,
it is usually necessary to investigate conditions only at
the high-speed end af-the flying range. Where ap in-
cludes the negative~lift-angles, the elevator forces .
should be investigated for diving conditions at zero 1lift,
For the statility and balance requirements, it is possidble
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to deal with ncndimensional equations, whereas with eleva~
tor fcrce it 1s necessary to make the equations dimen-
sional.

The elevator force, which is defined as the force ap-—
plied to the top of the control column, is first converted
to a moment about the elevator hinge. It shoulad be appre-
ciated that with the conventional limitations of the eleva-
tor deflection and the standardization of the movement of
the top of the control columns, all elevators have approx-—
imately the same mechanical advantage relative to the. con-
trol column. It is treated, therefere, as & constant.

The hinge moment may then be written

H = 0y K 5472 g4 ' (18)

where K = —%7z° Up %o a value of approximately 0.1, the
St o - S

a0 . S S
G = 258, An 19
h dGLt A Ly (_ )

where AGLt’ in this case, 1s equal to

ACyr, = . (20)
Lt St1> g9t

\Sec

where Cp 1is assigned the value of the pitching-moment
coefficient at the minimum angle of attack at which the
airplane is to be flown with a given setting of the trim-
ming device, unless the angle of attack is below that for
zero. 1ift,. In such a casse Cm 1is assigned the value fDr.:
zero 1lift. d.Gh/d.Gg-;,,b depends on ths e/ct ratie chosen.

Vhen the values from equatioms (19) and (20) arse sub-
stituted in equation (18), the hinge moment becomes L

aCn Sm__ ¢ St3/2 a _  (21)
dGLt (Stl .

where q 1is the dynamic pressure corresponding to the
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conditians for which $, was takon. The equatlion may be
solved for the required Si; to give the limiting hinge
moment b

.,SC./ | ) <22)

From the value of S, obtained and the tall volume

(St ), the tail length 1 may be compuled. If it is un-
c

daC
recsonably large, means of changing EE%— either by chaong-
t

c
ing the 'E% ratio or the aspect ratio (whieh would require

a complete recomputation of the tall volume and area) or by
aerodynamic balancing should be considered., It should be
appreciated that equation (22) holds good only up to Op =
O.1l. T

THE EFFECT OF THE Ge/ct RATIO ON THE REQUIRED TAIL AREA

The effect of the cg/ct ratic on the tail factors

dc
Cr, . 4Cy,, and X —B_ for a given plan form is 1l-
tmax w1t dCLt

lugtrated by figures 3, 4, and 5, respéctively, which phow

ac
that and X <€Eg—> decrease while AGLt increases
Lg

GLtmax

with increases in the ratio. As the tall area varies 1n-~
versely as the factors, it is evident that the retio should
be made a8 small as possibdple compatible with & AGLt large

enough to glve adequate control. If the elevator forces
work out too large for this combination, recourse should
be had to aerodynamic balancing,.

The possibility of using larger elevator deflections
to increase Ath naturally suggests itself., The proced-

ure, however, is not recommended because, as shown by fig-
ure 5, dch/dCLt rapidly increases in the neighborhood of

a 20° elevator deflection, so that the hinge moment will
rapldly increase for only slight increases in AGLt'
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Also, the mechanical advantage of the control column over
the elevator will glso decrease for larger elevator de- '
flections. i

COMPARISON BETWEEN ADJUSTABLE STABILIZER AND TRIMMING TABS

With an adjustable stabiliger a change of trim 1g ac—
complished by changing the orientation of the stabilizer
relative to the fuselage. No change of tail-plane charac-
teristice is involved and the surface may be directly de-
signed on the basis of the preceding discussion. Tqimming
tabs, however, change the trim by changing the angle at
which the elevator floats relative to the stabilizer. The

tail-plane characteristics Or, , ACr,, and dCh/d0ry-.

max

Both Of and ACq, are incregsed as the trimming tadb

tmax_ t -
ig deflected downward for tail-heavy trim and decreased
for the upward deflection corresponding to nose-~heavy trim.
For an airplane having a curve of pitching—~moment coeffi~
cient of the type illustrated in figure 2(a), the use of a
trimming tab instead of an adjustable stabilizer will re-
sult in a smaller tall surface because of the higher values
of AC and C© when the airplane is trimmed at

Ly Ltmax

op,« This consideration suggests the posslbility of build-

ing all elevators with trailing edges reflexed downward to

increase O, and ACLt' With the type of curve il-
max

lustrated in figure 2(b), it is desirable to check the sta-
bility with nose-heavy trim because the decrease in GLt
max
may be of sufficient magnitude to cause. the airplane to
become unstadble at «j,. .
&0y
The effect of the tad setting on a@ig, as indicated

by figure 6 (derived from the data of reference 7), is ap-

preciables A deflection of the tab from neutral in either

direction increases %%h~ gso that the variation of eleva-—
Lg .

tor force with speed will be greater at the extreme than

at the intermediate trimming angles.

The smount by which the tail 1ift ccefficient may be
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varied at a glven angle of attack of the stabllizer de-
pends on the size and deflection of the tab., A check of
the gufficiency of & proposed tab ingtallation may be ob-
tained by the following egquation

2 a
dcm d Gm (acrill - C!.TE)
<E_G—> <G'T1 - aTa) + a2 2
o
> 2

da
ACq, & (22)
5 (tab) Syl ay
¢ q
where is the amount by which the elevator—free

AC
L
¥ (tab) .
1ift. coefficient may be varied by means of the trimming
tabs at a constent angle of attack.

Lengley Memorial Aerongutical Laboratory,
National Advigory Committee for Aercnautics,
Langley Field, Va., March 15, 1937.
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Figure 3.- Typical tail-surface elevator-free 1lift curves
(references 5 and 6).
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Difference in tail 1ift coefficient between

elevator free and ~20°.
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Figure 4.- Effect of ratio of elevator chord to total
’ tail-surface chord on 1ift change possible

with elevator (reference 6).
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Figure 6.- Effect of trimming tab setting on elevator
hinge-moment coefficient (reference 7).
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