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CHARACTERISTICS OF PLAIN AND BALANWNCED ELEVATORS

O A TYPIOAL PURSUIT TUSELAGE AT ATTITUDES
SIHULATING NORMAL-FLIGAT AND SPIM OONDITIONS

By Richard I. Bears aﬁd H, Page Hoggard, Jr.

SUMIARY

Lift and elevator hinge-moment characteristics of o
horizontal tall, provIded with various plain and balanced
elevetors and mounted on a typieal pursuit fuselage, were
measured in the NACA 7- by l0~foot wind tunnel at atti-
tudes simulating normal~flight and spln condltions.

The 1i1ft effectivenees of the elevator was prectica.~
ly independent of the slze of the aesrodynamic balance,
The elevator with a large overhang was overbalanced
throughout some range of deflectlions and would therefore
require the use of an unbalancing tad for satisfastory op-
eration. Because, at angles of attack sbove the airfoll
stall, t:e elevator nalntained about half of its 11ft ef-
fectiveness, increments of 1ift can be obtained to upset
the spin equilibrium and effect a recovery 1f the elevator
can be noved. The plain unbelanced elevator gensrally
flooted at lower negative deflectlions than did the balanced
elevator under spin condition. A4 trimming tad, deflected
in the same direction as the elevator, presents a feasible
mears of reducing the stick forces 1in a splin to a magnitude
the pllot is capable of exerting.

ITTRODUCTION

Because the trend of design of modern aircraft 1s
toward alrplanes of high speed and large slgze, 1t has be-
cone increaslngly necessary to reduce the hinge moments
of the control surfemces so that, for all conditions of
flizht, the control-stick forces are of a magnlitude the
pilot 1s capadble of epplying. The reduction of control-
surface hinge moments must be accomplished 1n such a man-
ner as to improve and not to iImpair the flylng qualities
of the eirplane. In an effort to solve this prodlem, the
NACA 1g conducting en extensive investligatlion of the
aerodynamic charscteristics of control surfaces. The maln
obJectives of thisg investigation are to arrive at a ra-
tional method for designing ailrplane control surfaces, to



deternine the type of flap arrahgements best sulted for
use as a control surface, and to aupply experinental data
for design purposes,

The fundamental part of the HAOA investigation is be-
ing nade in two-dimensional flow. BReference 1 presents
some theoretical consideration for airfoils with flaps
and sone experimentally determined deslgn parameters for
plain flaps. of any chord, The effect of gap ot the nose
of a plaln flap 1s given in reference 2. Bection charac-
teristiocs of a flap with a large, a emall, and a medium
aerodynanic balance of various nose shapes are reported
in references 3, 4, and 5, respectively.

Oertaln modern airplanes have such excessive stick
forces in a spin that the pllot i1s unable to move the con-
troles to nalke a recovery. One purpose of the present in-
vestigation was, therefore, to provide data on the amero~
dynemlc characteristics of elevators et attltudes simulet-
ing spin condiltlions, This investigntion was 2lso under-
taken to provide exnerlimental dete on finite span, bal-
anced control surfaces. and to help establlish & correla-
tion betwveen the characteristics in two-~dinensional and
three-dinensional flow,

SY:IBOLS AND DEFINWNITIONS

The symbols usec in this paper are:
Oy, 11ft coefficient (L/qS)
Op drag coefficlent (D/qS)

On elevator hinge-moment coefficlent (H/q0,5,)

where

L 11£ft of fuselage-tall combinatlion
D éraz of fuselage-tail combination
H elevator hinge monent

(.1 dynanlc pressure

horizontall tell area
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8, elevator area o

o ‘mean geometric chord of tail .
Cg mean geonetric chord of elevator

o4 mean geometrio chord of tabd

Te root~mean~square chord of elev;tor
and

o angle of attack of tall surface

angle of yaw

8o elevator deflection witih respect to stablillger
(positive with treiling edge deflected downward)

8y tab deflection with respect to elevator (positive
with trailing edge deflected downwvard)

A aspect ratio
also

30y,
o da

G
8 o
- (2%
o 3
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Lower~case letters are used to indicate section coeffi-
clents determined in the two-dimensional=flow investiga-
tions of references 1, 2, 3, 4, and 6., The subscript
indicetes the factor held constant in deternining the na-
rameter,

Q Q Q

B B E
O

1 n n

Q
B
O
n

ete,



Certain terms as used in this paper cre defined or
explained as followsag . . .

1, The terms "flep,® Ycontrol surface," and
"elevator® arse used synonymously.

2, The terms “OVerhang' and 8holance® are used
synonynmously.

3. 4n "unbalanced® flap 1s a »laln flap with a
nose radius -approxinately equal to the semltiickness
of the airfoll section at the hinge axis.

4, The elevator chord 1s. measured from the
hinge axie to the tralling edge of the airfoll.

5, The overhang is mneasured from the Lhinge ‘axls
to the nose of the movavle surface. .

- APPARATUS AID HODEL

The tests were made in the I'TAGL 7~ by 10-foot wind
tunnel described in references 6 and 7. The nodel was
mounted in the conventional nianner on the balance faork
for force-~test messurements, ke elevator hinge monents
wore measured electrically by a callbratec torque rod lo=-
cated inside the fuselagze of the model.

The plan form of the horlzontal tall testec is shown
in figure 1. It had the following payeicol caaracterlis-
tics:

TACA 0008 airfoll section

8,/8 = 0,27

5 = 257 square inches (including the area
projected through the fuselsge)

L = 3,7

Taver ratio = 1,77:1 .

c .= 8,245 inches
Ce = 2,27 ihches
Ce = 2.39 inches
cy a 0,20 G
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The tail surface was. provided with interchangenble
?locks go ‘Eive the foIlowing five srrangsments of bslance
fig, i) . .

L]

Unbalanusd flap with blunt nohs A
2. 0 350e balence with blunt nose

ffs. 0.350 balance vith sharp noue sare ol

. . .7
’ .

4.-*0 505 balance with blunt hose ST e

- B 0 500 baiance vith sharp nose {

The horizontal tsil gurface 'was nountsd on a foddl of
a typical pursuit fupélage (fig. 2) at an 'angle of inci-
deficd of 2,3°, The fuselage Juhcture wae filleted. The
model had no’ wing. propeller, or vertical tail. fhe tute-
out for the wing through ths fuse;qge was falred 1in,

. The elevafor deflections vere held by s friection

"elamp on the torque rod,” Tud deflections were held. by

the stiffhess of bant brass wireé hingss. 411 deflestions
were set by témplets,’ .

. . . ,- . . TESTS

4 - - H "

The tests wsre madd at a dynamio pressure of 16,37
pounds Per square foot, ﬁhich corresponds to6_ a velocity of
80 miiea per hour under stendard sea~level conditions.
Based on the average chord of the harlgdntal tail, the
test Reynolds numdber was.B502,000, The effective Reynolds
nunber of the tests was 803,000, the turbulence factor of
the 7- by 1l0-foot atmospheric tunnel being 1.6,

ta order tu ‘simulate spin as wvell as pérmal- flight

'coﬁditions. the model was tested ﬁhroughout an sngle =0of~

gttack Pange’ from about ~10° to 47° and th¥ough a& yaw
renge from about =102 $o0 45°, Two gap variationds, sealed
and 0.9056 gaD, .Were 1nvest15ated,

‘Lt. 0° gnele of’ yaw. “the model was éeataa throughout

'the angle-of-attack rangs at elevator deflaotions of 6°

09, «10° Yy -20°6 and =30 for’ tge tinbalgnoed élevator and
at 5%, 0°, €108, 215°, and '«20° for thé balanced elevators.
With an unsealsd &ap, tests were ‘made at each elevator dew




flection wlith the tad neutral; but, with a sealed gap, the
tad was deflected -10°, 0°, 10°°er each elevator deflec-
tion, Readings were taken at 4 %ncrements of angle of até
tack in the unstalled range, at 1 increments during the
transition from the unstalled to the stalled state, and at
5% incremente in the range where the tall surface was con-
pletely stalled.

All tests throughout the yav range were made with a
sealed gap and with tad neutral, In order to sloulate
yawed flight at unsimlled attitudes, all elevatorsg were
tegted throughout the yav range at 2.3°°and 14.3% angle of
attack of the tall with 5 ,.0 , and «1l0 elevator deflec-
tions, In order to simulate conditions encountered in a
spin, a%l eleVatoga were tested throughout the yaw range
at 27,3 and 47.3° angle of attack with large elevatqr de-
flegctions. The unbalanced elevatorowas deflegted «20  and
=30~ and the balenced elevatore -18 and ‘=20~ for the se
tests, ZReadings were taken at 5  ilncrements of angle of
yaw throughout the yaw range.

The zap between the stabllizer and the elevator was
0,005¢ when unsealed, B8ealing the gap was accomplished
by filllng 1% with a light grease. 4l1ll tests were made
with the tad gap sealed.

Teats were made of thg fuselage alone throughout the
angle-of-agtackorangg et 0° yaw and throughout the yaw
range at 0 , 12, 25 , and 45° angle of attack of the fuse-
lage, Because of the 2.3° angle of inocldence, the angle
of attack of the fgselage equals the angle of attack of
the tall minus 2.3 .

PRECISION

Because of the small size of the tall surface tested,
no corrections were necessary for the effect of the tun-
nel walls. Strut-interference effects have also been neg-
lected,

The angles of attack were set to within ¥0,1° and the
surface deflections to within 0,2, Values of 1ift and
draz coefficlents were measured to within *0,002 and vel-
"ues of elevator hinge-moment coefficients to within *0,003,
The differences in drag of the various elevatorse when neu-
tral wers not measurable; %t was less than 0,002.



- . ... . PRESZUTADION or, mrz;‘ o

Because a primary purpose of theee tebte ie to furnish
data on finite balanced control surfaces, 11ft and hinge-
noment charmcteristlics as affected by angle -6f attaeck, an-
gle ofyaw, 'éldvator deflection, tad deflections, gnd el-
evetor gap are presénted for esach of the five elevators
tested., Because the various taile were mounted on'a fupew
. lege,-all the characteristics presented include the mutuale
. 1nterference effects of the fuselage and the horLzontel
tall ™ . .

The characteriatics of the fuselage alone are pre-
sented in figure 3 as a funection of angle of gttack at 0°
yav and as & funétion of engle of yaw at four angles of
attack,

The 1ift coefficlents of the various fuselage-tell
conblnations and the correspvonding elevator. hinge-moment
coefiliclentes £re presented in figures 4 to 8 as a function
of anzlo of atteack of the tall for several elevstor de-
flecttons with zero tab deflection. Part (r) of each fig-
ure presants these characteristics with the elavator gap
senled with grease, snd part (b) presents the data with
this gap equal to 0,005¢c.

"The ipcreuents of 1ift coeffiolent’ Ao of the .tail
. surfece. alone plue interference rnd the corresuonding in-
crement.of elevator hinge-moment coefficient ACy caused
by angle of yaw are presented as a function of angle of
yaw 1n figures ¢ to 15 for each of the teils, These in-
crements were found by deducting the characteristice of
the tall plus interforoence in the unyawed .condition from
the cheracterlstics of the yawed dondition, all other
factore being constant. The 1lift of the teil alone plus
ilnterference was found by deducting the 1l1ft .of the fuse-
lage alone from that of "the fuselage-taill combination at
.the sane sttitude, Parts (), (b), (c¢), and (4) of fig-
ures 9 to 13 glve the data platted as & function of angle
of yaw for a dlfferent angle of ettack -and for several
‘elevator defleotions. The elevator-stabillizer gap uas
sealed and the tad was neutral for the data presented in
these flgurea,

Phe incremnent of 1ift coefficient of the fuselage-
tall combinationa and the correspohding incsement of ele-
vator hinge-nonment coefficient caused by 10 end «10 tabd




deflections are presented as a function of both angle of
attack and elevator deflection in figures 14 to 18 for each
of the five talls. These increments were found by deduct-
ing characteristlcs of the model with tab neutral from
characteristice wijh the tad deflected, all other factors
_being constant. Part (a) of figuree 14 to. 18 gives the
coefficlent incrementp due to tab deflection as a funoction
of angle of attack at zero elevator defleotion and szero
yaw, Perts (b) and (c) of these figures give the coeffi-
clent increments due to tab deflection as o function of
elevetor deflection at several angles of attack and gero
yaw.,. The data presented in these figures were obtained
with the elevator gep sealed with grease.

The angle of-attack of the tall used for presenting
some of the data of figures 9 to 18 were chosen to repre-
sent:

1, 4 small unstalled angle of sttack, 2.3
2 4L large ungtalled angie of sttack, 14.3°
3. &n angle of attack slightly above the stall, 27.3°

4, An anglénof attack far above the stall, 47.3°

Characteristics are. presented in these figures for small
elevator deflections at the unstalled angles of attack and
for large elevator deflections at the stalled angles of
atteck in order to approxinate flight condltions,

DISCUSSION

Fuselage alone and Fuselage Interference

r~

The 1lift of -the fuselage alone 1g shown in figure 3
to be negligible: cLa = 0,0003 &at-angles of attack be-

low that at which the tall stalls. Lt an angle of attack
of 20°, Gy, becomes 0.005 and the1ift coeffiolent O,

based on tall-surface dimenslons, increases gradually and
gsteadlily to a mexinum value of 0,009, at the largest an-
gle of attack tested,

Because of fuselage interference, the zngle of at-
tack of zmero 1ift for.all the tails (figs. 4 to 8) was



about- 1%, This intsrference.effect agress qualitativaly
with pravioua experlimental data. .. .

The wlopes of all the curves of figures.4 to 8 are
affectod somevhat Dy an unknown interference factor. The
slope of -the 1ift gurves in the unstalled range is very
nearly that of the tail alone plus interference because
the contribution to 11ft¥ Dy the fumelage alone has al-
-ready been showvn to be mnegligidle in thle range. Above
the stall, however, some of the inocregse in 1ift with an-
gle of attack may be attributed to the fuselage (fig. 3).

As the fusela g is yawed at small angles of attack
(fig. 3(v), a = 2 § ), the 141ft of the fuselage increases
posltively. At larger angles of attack, however, the 1lif%
. decreases with angle of yew. Oonsequently, a large part
of the increment of 11ft of the fuselage-tall combination
due to yaw 18 caused by the fuselage 1ltself.

Lift Oharacteristics of FTuselage-Tall Combinations

¥ith a sealed gap, all elevators tested showed the
slope of the 1ift curve Op  to be 0.053 (figs. 4-to 8).

With en unsealed gap of O. 0050, this slope was generelly
slichtly less, being about 0,051 or 0,050. A4bove the
8tall, the GL of ‘the conblnation increased slightly with
incresasing angle of attack. In the ranse of angles of at-
tack from 53° to 47°, the increment of 1ift coefficlent

of the fuuelage alone wes about 0,04 and that of the combi-
nation was about 0,10. The results indicate that, as the
angle of attack was increased beyond the stall, the 1ift

of the tall alone plus interference did 1lncreasse slightly,
as 1s normally characteristlc of thin alrfolls,

The effectiveness of the various elevators in produce
ing 11ft 1s practically independent of the size and the
shepe of the merodynamlc balance. With the gap sealed,
the glove OLG was 0,029 for all bDlumt-nose slevators end

0,028 for sharp-nose elevators regardless of the size of
overhang (figs. 4 to0- 8)., Unsealing the gep did not change
the effectiveness ULB for elevators with a Dlunt-nose

balence. Xor a plain elevator and elevators with a sharp-
nose vealance. Og wes about 10 percent less wlth an open

gap than with a sealed gap. Thoese results are in agree=
nent with the section data of references .3 to 6,
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At angles of attack beyond the stall, the 1lift effec-
tiveness of all elevators 1s about half as great as be-
fore the stall, Ilevator deflectlons that are ineffective
in producling increments of 11ft below the .setall becoue ef-
fective when the airfoll has completely stalled. (See
8g = =30 1in fig. 4(a) =and 8¢ = =20 in figs. 5(d),
6(v), 7(a), and 7(b).) Thus, if the elevator can be moved
vhen the airplane is in epin attitudes, increments of 1iIt
can be obtelned to upeet the s»in equlilibrlum and effect =
recovery.

The ecpproximate maximum deflection to which the ele-
vator was effective in producing an inerenent of 1ift be-
low the airfoll stall, when deflected in opposition &
the mngle of attanck, was 30° for a plain elevator, 20 for
e 0.35c balanced elevator, and 15° for a 0.50cq balanced
elevator., - These linite for the bdalanced elevators nre
closely assocleted with the unporting angle of the eleva—
tor, the sngle at wilca the nose of the balance protrudes
above the stabllizer.

The plain elevator with open gap (fig 4(v)) and the
0.50¢q sharp-nose, balanced elevator wlth sealed zap
(fig. 8(2)) showed aearly linear effectlveness throughout
the unstaelled engle-of-attack range for deflectlons to the
1inits given. With sealed zap the plain elesvator (fig.
4(a)) showed rearly linear effectiveness to about. 25° de-
flectlion dut, at 30 deflection although the elevator had
not stalled, vliolent senaration had occurred resulting in
a larce loss in 1lift .effectiveness tkrougkout the un-
stalled angle-oi-attack range. The 0.35¢cy sharp-nose,
balenced clevator with seeled gap (fig S(a)). the 0.50¢
blunt-nose, balanced elevator with sealed gap (fig. 7(&3).
and the .0,50c, sharp-nose balanced elevator with sesled
gap (figz. B(a?) all gave approximately linear character-
istics with elevator deflectlions for values delow the un-
porting angle stated, when deflected 1n ovpposition to the
angle of attack. When deflected in conjungtlion with the
angle of attack, however, these elevators showed large
losses 1n 1lift effectiveness at the limitlng deflection,
indicrtling a severe sevaratlion of flow. The O. ooc sharon-
nose, balanced elevator with open gap (fig. G(b)). the
0.35cg blunt-nose, balanced elevator wiltl: both sealed and
open gap (figs. 5(a) and 5(b)), and the 0.50c, sharp-nose,
balanced olevator with open gap (fig. 8(D)) also showed
linear 11ft effectlveness to the deflectlon limits glven
wvhen deflected in oppoeition to the angle of attack. The
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elevators of this group, however, when deflected in con-
Junction with the angles of attack to the limits stated,
produced negative 11ft effectiveness, indicating a stalled
condition of the elevator. )

Thus, wvhen large amounts of aerodynamic balance are
enployed, the maximum angle to which the elevator may be
deflected in conJjunctlion with the angle of attack 1s less
then that for a pleln flap, This fact should be recog-

: niged in the .depglgn of a control surface employlng a

large amount of overhang,

The Variation with angle of yaw of 1l1ft of the tall
alone plus interferemce (fige. 9 to 13) wag such that, at
small unstalled anglee of attack (o = 2.3 the incre=-
ment of 1i1ft coefficlent AOC; cgused by yaw waag poseltive
and increased 1n magnitude to 4Q yaw. As the angle of
yow ves lncreased further to 447, . AOL decrepped., The in-
crement of 1i1ft due to yaw =t a glven angle of yaw gener-~
2lly became slightly more positive asothe elevator was de-—
flected upvard (negatively). At 14.3° angle of attack
the lncrenent of tall 1i1ft coefficilent due to yaw was neg-
ative nnd increased in magnitude but not linearly, as the
angle of yaw was increased. Lt 2%.3° and 47.3° angle of
attack, hovever, the increment of tail 11f% coefficlent
recained neerly zero up to about 20° angle of yaw. As the
tell was yawed farther, the incremnent becaue negative and
increased in magnitude. Boyond about 39° angle of yaw,
tke negative lnerement of 1lift coefflclent generally showed
a tendency to remaln constant or even to decrease. in magnie-
tude os _the tall was yawed to the maximum angle tested.

At 27.3° and 47.3° angle of attack, A0 due to yaw was
only %o a slight extent depeniient on elevator deflection,

The abover-mentioned considerations apply generally
to rll five elevators tested. The degree to which each
elevator fits these generalities 1s indicated in the ocurves
for each elevator. (See figs. 9 to 13.) Figure 3 3indi-
cates the part of the total change in 1ift of the fuselage-
tall combination caussed by the fuselage alone as the model
1s yawed.

The variation of 11ft with yaw at 14.3° angle of at-
tack is such-as to increase negatively the 11ft on the
tall as the alrplane 18 yawed. Thisg effect wlll tend to
oppose the diving moment produced by the motion of. the
tall avay from the reglon of strong downwash. at the cen-
ter of the wing as the complete alrplane is yawed.
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Lift Bffectiveness of the Tabd

The effectiveness of the tab in producing inérements
of 112t was practically independent of the amount of ele-
vator balonce, (fige, 14 to 18)., The tad was slightly
less effective in changing tkhe 1lift of the horigontal tall
surfece with a sharp-~nose, balanced elevator than with a
plain elevator or a blunt-nose, balanced elevator, This
result 18 apparent fron a comparlson of pert (a) of fig-
ures 16 end 18 with part (a) of figures 14, 15, and 17,

The 11ft effectiveness of the tab for 10° and -10°
deflection at zero elevator deflection was practically
constant throughout the unstalled range of angles of at~
tack, At angles of attack beyond the stsll the tab on-
all elevatoras -bocane less effective in producing incre-
ments of lift, Quallitatively this le the same result as
wve.s found for the elevator effectivenecs at nngles of at-
. tack bewond the stall, TFor all 8levators°the 1ift effec=
tiveness of the tad deflected 10 end =10 wes necrly in-
dependent of elevator deflectlon,

Elevator Hinge louents

For all elevator Prrangementa the variation of elevay
tor hinge~moument coefficient 0y . vwith pngle of attack:

and elevator deflectlion, as indicated in fizures 4 to 8,
is linear at attitules where the =zir flow hag not separat-
oed over tie flap, Whon tho alr flow separated over the
elevator, the hinge-moment coefficilent curves became non
linear and tke magnitude of thoe coefficlent increased as
separation progressed, Wien the antire sirfoll stalled

at some vosltive angle of attack, the center of pressure
on the elevator moved to the rear, giving rise to large
negative increments of hinge moment.. : At angles of attack
heyond the stall, Ohm' is generally negative and the

curves of hinge-moment coefflciehnt as & funotion of an-~
gle of ettack (figs. 4 to 8) are fairly regular., A4t

large stalled angles of attack the elevator floats freely,
generally at some large negatlve deflection,

At unstalled angles of attack, the elevators having
e 0,35c, balance with either a blunt or a sharp nose (figs,
b and 6? gave avppreciable reductions in hinge-moment co=
efficlent over a plain elevator (fig, 4), The gharp-nose
..balance did not give quite as small a value of On; as
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- -d1d _the ..hlunt-nose dalance, bub iits_ balencling affective-
- ness- was: nailntained to higher deflections, This result 1is

in agreement with the results presented in reference b.
Although on this basis a sharp-nose shape appears slightly

;. bettar than-a blunt-nose ghave, reference B indlcates that

the bnpaL in the surface contour with a sharp nose ‘causes

,greater drag than 1t does with a Dblunt nose, Unsealing
- the .gap 'Teduced both Oh and Ohs. but with the blunt

"noae (£f1g. 5(b)) the. hinge monent s at =15° and -20 " de-

fleotion became-rathgr irregular. ‘With.the gep open,

'Ghm at gero elevator deflection bocame positive, which ig

a desiradle chara@#nristio from considerationa of free-

'control stability.

" At urntalled ahgles of nttack the’ elevatora having
a 0,560cg balance with elther A blunt-or a sharp-noae
shape (figs., 7 and 8) were overbalanced through gsome .range
of deflections., With a pealed gap, the blunt~nose elevaw-
tor was overbalanced at small deflections. (fig, 7(a));
with an open cap, overbalance did not occur until greater

thaz 5° deflectiony’ ‘end, at 15° deflection, the hinge mo=

ments beeame irregaler and unsatisfactory (figz. 7{v)).
The sharp-nose eleévator with the gap both sgnled and URe
sealed vas-overbalanced ot deflections groater than io0

‘(fige. 8(a) and 8{b}). Vith the gap sealed, Op ~for

both the blunt and sharp-nose shapes was zero but, with an
unuealed &ap; the slope became definitely positive. '

: Becauae ‘of 6verbalance, an elevator with a 0 EOc
overhang cannot be used without a leading (unbalancins)

. tad, '(Beé reference 5.) 3By .pfopei use of such a-tab,
hovavéx, desireble characteristiaa can be obtained., .For
‘éxample, it ls evident from'an jnepection of figures “8(1p)
" and 18 that o tab deflected ~10  when the elevator 1s de~
’ flectad ~15° yill prevent overbalance of the elevator.
] and alsaq increess the 1ift at this deflectlon, Thua._if a

tad 18 geared to deflect -in the sane direction as the el-
evator throughout the doflection range wherein the eleva~
tor is overbaleanced, the .overbalance can be prevented and

. the 11ft effectiveness of the elevator can be lncreased,

At angles of attack ‘above the stall, suoh a8 are enm
countered in éplns, Ohs for all elevators generally be-

came greater than wvhen the airfoll was unstelled, 4t an-
gles of ettack slightly above the stall, the slope ohu
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. vasg sdmetimeQ posltive but, at angles of attack'far abbve
the stall, it wae generally negative and of greater mag-
nitude than At angles of attack dbelow the stall.

The frse-~floating angle of an elevator at spla attl-
tudes 1s dependent upon the ratio of ohm to .CJh’5 at

the angle of attack in question. Thus, because Ghs is

grecter for a plaln elevator than for a balanced elevator,
a plaln elevator genersally trims at a smaller negative
deflection than a balanced elevator. This result india-,
cates that 1t wlll requlire more push force to start moving
a balanced elevator off the stop to upset spin edulllidrium
thar it vill to start moving a plain elevator. The force
required to hold a plain elevator at zero deflection 1in a
spin 1s, however, greater than that required to hold e
balanced elevator of the same chord, although for either
elevator the force may bs greater than the pilot is capa-~
ble of exerting.

An examinagtion of figures 4 and 5 indicates that, at
the large angles of attack typlcally encountered in & spin,
there was at each angle of attack some negative deflectlon
-at whlch the hinge~moment coefficient was the -same for
both a plaln end a 0.35ce balanced elevator, At ‘more pos-

1tive deflections the balanced elevator geve smaller hinge
monents, but at more negative deflectlons 1t gave greater
hinge moments than di1d the plaln elevator. It 1s evident
thet there cen exlst a condition vwhere the stick forces of
a balenced elevator are greater than those of a plain ele-
vator of the same chord and plan form, Thils situatlon 1s
cauged by the relative free=floating tendencies of the
various elevators at the hizh anzles of attack encountered
in e spin. VWhen the dynamic pressure in the spin is such
that. the stick forces 1nvolved approach the maximum a pl-
lot 18 capable of exerting, it 1s entirely possible that
recovery can be mpde with a plein slevator when it cannot
be made wlth a balanced slevator., This situation exists
only when the deflection required to start recovery 1is
nore negative than the deflectlon at which each elevator
hes the same hinge-moment coefflcient. When 1t 1le more
positive than this value, exactly the opposlte slituation
can exiaty that 1s, recovery can e made with a balanced
but not an unbalanced elevgtor. The aanner in which these
generalities apply to any particular airplane can be comn-
puted from the data presented 1f the elevator deflection
required to upset the spln equilibrium is known.,
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The use. 0f 'a t¥immIri TV preésetits a convenient and
feasible means of reducing the stick forces encountered in
a spin to a magnitude the pilot is capable of applying.
Figures X4 ' to 18 Indicate e tab to be more effevtive in
changing hinge moments at angles df attack above the stall
than below the stall, Thus, at spin attitudes a trimming
tab deflected in the same direction as the elevator will
shift the free~floating angle of any elevator in such a
menner as to6 reduce the stick forcee. An inspevtion of
figure 15(¢) indlcates that a trinming-tad deflection of
about =10° made the 0.35c blunt=hose elevator ‘float’ at ‘
about the same anglq as dgd the plain elevator. at 47. 3°
gle of attack, * -

A comparison of bdlunt-nose and sharp-nose elevators
under spin conditioneg (figs. 4 to 9) indlcates that .sharpe
nose elevetors have better free-floating tendencies than
blunt~nose elevatore; that 1s, they float at smaller nega~
tive dellectione. The 0.60cg bBlunt<nose, balanced eleva-
tor .with sealed gap (fig. 7(e)) would apparently reach un-
stable ecuilidbrium et about 20 deflection at spin atti-
tud.e Se

Parametere

. The values of the hin e-noment cosfficient parameters

. pregented in figure 19(e) are for blunt-nose elevatorg and

ware resd from the ‘curves of fizures 4, 5, 2nd 7 at 0 an-

gle of attack or elevator deflections. In the interpreta-

tlions of these parameters 1+t should be remembered that sep-
aration phenomena ceuses nonlinearity of the curves of alr-
fo1l aharecteristics and, therefore, the slopes-quoted can

apply strlctly .only- OVer the linear renge at whioh the

alope. vag measured.

" Dhe ‘ctirrent eeriee of tests indicated (fig. 19(a))
tha following trends for blunt—noee balences on the finite
tall surfade tested. Both Ghm and ch& decrease in mag-

nitude es the size.of aerodvnamic balance is incressed.

- As lntervolgted -from the test data.by means of the curves

of figure 19, Ohm became zero with about 0.33cg overhang
vhen fthe gap was unsealed. Likewise. GhB became gzero

‘with approximetely 0.46c, overhang, when the gap was un-

sealeds. but, with open Zap, .the elevator ‘wa,8 not overbal-
anced at lov deflections with a 0.50c, overhang. Wilth

overhangs grsater than O 4004, hovever, the elevetor ves
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probably overbaslenced throughout some range of deflection
regardless of -gap.

Because the 1lift characteristics were practically un-
affected by unsealing the gap and the hinge-—moment paran-
eters were reduced, the test results lndicate that, for
blunt-nose, balanced elevators, a 0,005c gap is more
fevorable than a sealed gap. Tor a plain elevator, how=-
ever, thls result 1s not true because unsealing the gap
appreciably reduces the 1ift, .  These coaclusions are fure
ther substantliated by the test results presented in refer-
ences 2, 3, 4, and 5; a comparigon ¢f the measured parame-
ters with the parameters of these references is discussed
in a later section of this report.

Effect of Yaw on Zlevator Hinge lloments

Because the current series of tests were nade without
a wing on the model, the characterlstics of the horizontsal
tail cannot, of course, be affected by movement of the tail
avay from the region of strong downvash &t the center of
the wing as the complete airplane is yawed. 3Being inde-
pendent of thlis effect, the characterlstics presented as =&
function of =angle of yaw may be considered as zpplylng to
an alrnlane whose horizontal tall lles entlrely clear of
the wving dowawvash or as belng a component part of the to-
tal effect for a complete airplans. This fact should be
borne in uind when interpreting the data of figures 9 to
13.

.o 48 indicated in figures 9 to 13, angles of yaw up to
20 throughout the unstelled-flight range and angles of
yaw up to 10° throughout the stalled-flight range affected
only slightly the hinge—~moment coefficlents ofoall eleva~
tors tested., As the model was yawed beyond 20 , the incre-
ment of hinge-moment coefficlent caused by angle of yaw
generzlly was negative end lncressed rapidly 1ln magnltude
up to sone critical value of angle of yaw inversely depend-
ent on the angle of attack, As the model was yawed still
farther, the negative increments of hinge-moment coeffi-
clent decreased in magnitude and sonetimes at the hlghest
angles of yaw tested the increment became positive. Fig-~
-ures 9 to 13 clearly indicate the varlation of increment

of elevator hinge~moment coefficlent as a function of an~
gle of yaw for each elevator tested. At large unstalled
angles of attack, the negative increments of hinge moment
caused by angle of yaw tend to compensate for the lncreased
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" stick force due t§ the lafisr negative elevator. defleo-

tions required in order to malntein constant speed as the

~alrplane is sideslipped when landing,

" _-Bffect of Tab on Elevator Hinge Moments

. Hith the elevator neutral, the tad was most effecgive
in changing the elevetor hinge-moment coefficlent at O

‘angle of attack and beceamé less effectlve as the angle of
" attack incregdef elther positively or negatively in the

unstrlled range., At angles of attadk beyond the stall,
the tab often gave fncrements of hinge-moment coefficlent
approachling 1n magnitude the valiies below -the stall,

.Parts (a) of figures 14 to 18 present this variation for

all elevators tested. Figure 17(a) indicates that, for a
0.50¢, blunt-nosce elevator, the hinze-~monent effectiveness .
of the tab was greater bevond the stall than below the
.8tall but, bPelow the stall, the incremeants were much

smaller for this elevator than for the other elevators
tested, 3Because of the large amount of overheng on the
0.50c, balanced elevator this result night be expected.

The variatlon of increment of elevator hinge-moment
coefficient ceused by £10° teb deflection aes a function
of elevator deflectlion (parts (b) and (c) of figs. 14 to
18) was not consistent for the various elevators tested.
There exlsted a tendency, however, for the increment to be
falrly constant for elevator deflections loss than 10  for
all elevetors except the plain a2nd the 0.50cg balanced
blunt-nose elevator, which were quite erratic. At deflec~
tions greater than 10°, the increments generally became
smaller.,. .

Because the tad maintains its effectiveness in .chang-
ing the elevator hinge monents at angles of attack beyond
the stall, 1t can, as has been previemsly poianted out, de
used &8s a trimming device in a spin., By an upwvard (nega-
tive) deflection of the tab the fres~floating angle of an
elevator cen be reduced in a spin and, consequently, the
stick forces can be lowered, Thus, by proper use of a
trimning tad 1t should be possible to recover from a spin
vhen, wlthout the use of the tab, recovery might be im-
possldble.
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Drag

Because of the small slze of the tall surface tested,
the relative drag characterlstice of the varlous elevabtors
coitld not be measured with sufflclent preclsion to meke the
results conclusive. The dlfferences 1an drag coefflicient
of the varlous surfaces was less than the limits of experi-
mental accuracy previously discussed. Based an the tall
area, the mininpum drag coefficlent of the fuselage-tall
conblnation, however, was determined to be 0,0580 for all
elevators,

Profile-drag coefficients are .presented in references
2y 3, and 5 for elevators simllar to the ones tested in
the present investigzation. Thesgse two-dlmensional-flow
date indicated that the grofile-drag coeff%cient of &
blunt-nose elevator at 0° deflection and 0O angle of at-
tack was the same For 2l)l sliges of asrodynamlic balance.
Because of the abrupt break in the control surface, =a
sharp-nose balance gave an increment in minimum profilew
drag coefficlient of 0.0024 for the 0.35cg overhang and
0.?042 for the 0.50c, overhang. (See references 2, 3, and
5. .

Comparison with Two-Dimensional Data

Oharacteristics of the plain elevator were computed
from the two-dimenslonal-flow data of reference 1 modi-
fied to agree with later force-test measurements (refer-
ence 2), which are belleved to be a bit more accurate.
The 1i1ft correction for aspect ratlio was made 1n accord-
ance wlth the method presented in reference 8, and the
hinge moments were corrected in the manner discussed in
reference 1, The following table compares the computed
and measured values of certaln parameters for the plaln
sealed elevator:
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Paraneter Computed value ' Measured value
a0,

(a “) 0.067 0.053
Q‘a . -.54 ~.53
084y,

c , .

9Ch -.0035 -,0009
aa
ot

(—L -.0100 -.0086
38 . o .

It is to be expected that fuselage interference will
affect the characteristics of the horizontal tall. The
manner of computing thls effeet, however, ls as yet un-
known and, therefore, the computed parameters apply to
the 1soleted tall surface rather than to the fuselage-
tall combination tested. If it 1s assumed that the fuse-
lege lnterferonce crnused the discrepency bVetween the cou-
puted and the measured valua of the slope of tle 11ft
curve then, wvhen the measured ch is arbltrarily used

" for conputatlions of the hinge-moment coefflclent parane-

ters, chm becomes -0.0033 and Gh6 becomes =0,0099,

The calculated 11t effectliveness (g% s agreoag
5L

vell with the neasured value, but 1t 1s apparent that a
fuselage~interference factor must be applled to correct
the calculated slope of the 1i1ft curve, which 1s slightly
greater then the measured value, The hinge-moment parame-
tors, however, in addition to requliring en interference
factor are probably-considerably affected by plan form

in e manner as yet unknown. Because of these unknown fao-
tors, finite-tall-surface characteristics computed from
two-dlmenslonal-flow data by the method descrlibed 1in ref-
erence 1l give no better agreement with messured values
than computations based on an average flap-chord ratlo for
the entire surface.




20

The values of the hinge~moment parsmeters es a funo-
tion of merodynamlc belance for a finlbte-asvect-ratio and
an iInfinlte-aspect-ratlio airfoll are given in figure 19.
The plain unbalenced elevator, because 1t 1s hinged at
the center of the nose radius, does have about a2 9-percent
elevator~chord overhang. Thile overkang, however, can conw
tribute no balancing effect becguse all Torces normeal to
the surfoce of the overhang act througzh the hinge axis.

The absolute magnitude of the parameters in two- and
three~dimensional flow, of course, should not be expected
to agree, The general trend of varlation of tie parame-
ters with balance and the effect of gap, howvever, 1s sim-
1lar. The point at which the curvaes of flgure 19 cross
zero 1s largely dependent upon the measured value of the
parcmeters for a 0.50c, balanced elevator. 4n inspectlon
of Tigsure 7 shows that the slgn and tha magnltvde of Gh8

depende largely upon what deflectlon range is under con-
sideration, Hence, all that can be sald with certalnty
1s that, in both two- and three-dimensional flow a 0.35¢,4
overkang d1ld not produce overbalance but s 0,50cy over-
hang did taroughout some range of defleection. With some
intermediate overhang, both section data and finite-
girfoll data indilcated thet the elevator becams ovarbel-
enced. In three~dlmenslonal flow, ohm became zero with

e smaller smount of balance then would be predicted fron
sectlon data.

COHCLUSIONS

The following general conclusions, based on the meas~-
ured aerodynamlc characterlstics of the varlious tall sur-
faces tosted 1n the current investlgetion, were drawn:

1, The 1ift effectiveness of the alevator was practi-
cally iadependent of the size and the shape of the aero-
dynaric balance, The effective deflection range was, how-
evor, decreased for the belanced elevators.

2. At gngles of attack below the airfoil stall the
maximum deflection to which an elevator was effectlve in
producing an ilncrement of 1lift when deflected in opposi-
tion to the angle of attack was approximately ecual to the
unportlng sngle of the elevator balance and was somewhat
affectod by the elevgtor nose shape and the gap.
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5., If, st.angles of attack far above the stall, the
elevator can be moved, increments of 11ft.can be obtalned
to effect a recovery from a spln, -

4., The effeot of asrodynamic balence was to reduce
the elevator hinge .moments so that, for a blunt nose shape,
the slope of elevetor hinge-moment coefficlent curve with
respect to angle of attack became zero with about 53 per-
cent elevator chord balance when the gap was open and with
about 50-percent elevator chord when the gap was sealed.
Regardless of gap or nose shape, the elevator with a 356~

.. percent elevator-chord overhang was not overbelanced bdut,

wlth a 0.50 elevatop-ohprd overhang, it was always over-
balanced throughou¥% wode ranZe of loflectlons.

5. It apvears posasidle that recovery from a spln can
be effected with a plain elevator and not with 'a balanced
elevator or, conversely, with a balanced ‘elevator and not
with a plein aslevator, depending upon the dynamic pressure
and the slevator deflectlion required to upset the spin
equilibriunm, .00 L. .. .

6. Under ®pin conditions, a trim tad deflected 1n the
same direction ms the elevator presents a convenient and
fecsible means of reducing the stick forces of an alevator
to 2 naznitude the pilot should bde capable of handling.

7. Ths aTfect of =ngle of yaw on the ciaracterlstics
of the 1solated fuselage-tall combination was generally
such a8 to oppose the effects.on a compmlets alrplane
canced br motlion of the tell awey from the region of
strong downwash as the airplane 1s yawed.

8., Although falrly close agreement was found between
fhe. mensured 1lift characteristics and those.computed fronm
two~dimerslonal-flow data, an interference factor for both
11ft and hinge moments 1s required. 4 plan form factor
for hinge~moment characteristics. {s also necessary before
they can be satisfaptorily computedl from sectlion data.

9, The data indicerte that, with a control surface
haviag a large overhang and an unbalancing tab, the con-
trol forces can be reiuced to any desliedmaggnitude, the
etick-free stadbllity can be made squal to or greater
then the stick-fixed stadility, and the control effective-
ness can be made equal to or greater than that of a plaln
flap of the same ochord,.

Langley llemorlal Aeronautlical Laboratory,
ilational Advisory Committee for Aeronautics,
Langley Field, Va.
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