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CHARACTERISTICS OF PLAIN AND BALANCED ELEVATORS

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

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

SUMIARY

Lift and elevator hinge-moment characteristice of o
horigontal tail, provIded with various plain and balanced
elevetore and mounted on a typical pursuit fuaselage, werse
measured in the NACA 7- by lO0=foot wind tunnel at atti-
tudes simulating normal~flight and spin condltions.

The 1lift effectivenees of the elevator was prectica.e~
ly independent of the size of the asrodynamlc balance.
The elevator with a large overhang was overbalanced
throughout some range of deflections arnd would therefore
require the use of an unbalancing tad for satiasfactory op-
eration. Because, at angles of attack above the alirfoil
stall, t:e elevator nalintalined about half of 1ts 1lift ef=-
fectivensess, increments of 1ift can be obtained to upset
the spin equilibrium and effect a recovery 1f the elevator
can be noved. The plain unbalanced elevator generally
floeted at lower negative deflections than did the balanced
elevator under spin oondition. 4L trimming tad, defleoted
in the scme direction as the elevator, presents a feasible
mears of reducing the stick forces 1in a spin to a magnitude
the pilot 1s capable of exerting.

ITTRODUCTION

Because the trend of design of modern alrcraft 1is
toward alrplanes of high speed and large slgze, 1t hes be-
cone increaslngly necessary to reduce the hinge moments
of the control surfeces so that, for all conditions of
fligzht, the control-stick forces are of a magnitude the
pilot 1s capable of applying. The reduotion of control-
surface hinge moments must be accomplished in such a man-
ner as to improve and not to Impair the flying qualities
of the eirplane, In an effort to solve this problem, the
NACA 13 conducting an extensive investigation of the
aerodynamlio characteristics of control surfaces. The meln
obJectives of thie ilnvestigation are to arrive at a ra-
tional method for designing airplane control surfaces, to



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

The fundamental part of the HAOA investigation is be-
ing made in two~dimensional flow. BReference 1l presents
some theoretical consideration for airfoils with flaps
aepd some experimentally determined design parameters for
plein flaeps of any chord, The effect of gap at the nose
of a plain flap is glven in reference 2. Bection charac-~
teristics of a flap with a large, a cmell, and a medium
aerodynanic balance of various nose shapes are reported
in references &, 4, and 5, respectively.

Oertaln modern airplanes have such excessive stick
forces in & spin that the pilot is unabdble to move the con-
trols to make & recovery. One purpose of the present in-
vestigetion was, therefore, to provide date on the amerow
dynamic characteristics of elevators at attitudes simulat-
ing spin conditions. This investigation was also under-
teken to provide exnerimental data on finite span, bal-
enced control surfaces. and to help establish a correla=
tion betiween the characteristics in two-dinensional and
three-dimensional flov.

SY:IBOLS AND DEFINWNITIONS

The symboles usecl 1z this paper are:
0q, 11ft coefficlent (L/qS)
Cp drag coefficient (D/qS)

On elevator hinge-moment coefficlent (H/qCe8,)

wvhere

L 1ift of fuselage-tall combination
D drag of fuselage~tall combination
H elevator hinge moment

q dynenlic pressure

horiszsontall tall area
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8e elevator area

° ‘mean geometric choré of tall .
Cg mean geonetric chord of elevator

o4 mean geometris chord of tab

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

. angle of attack of tail surface

angle of yaw

8e elevator deflectlon witih respect to stabllizer
(positive with trailing edge deflected downward)

8¢ tab defleotion with respect to elevator (positive
with trailing edge deflected downward)

A aspect ratio
also

30y,
o doa

Q
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n

aGL

8§ &

o 2
8

Lowerwcase letters are used to indicate section coeffi-
cients determined in the two-~dimenslional=-flow lanvestlga-
tions of references 1, 2, 3, 4, and 6., The subscript
indicetes the factor held constant in deternining the »na-
rameteoer, .
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Coertain terms as used in this paper cre defined or
explained as followatg . . .

1, The terms "flap,¥ ®control surface,® and
Belevator® are used synonymously.

2, The terms “OVerhang' and Sholance® are used
synonymously.

3. 4n "unbalanced® flap 1e a »laln flap with e
nose radius -approximately equal to the semlitialckness
of the alirfoll section at the ninge axis.

4, The elevator chord is. neasured from the
hinge axis to the tralling edge of the alirfoil.

5, The overhang 1s neasured from the hinge axis
to the nose of the movavle surface. .

- APPARATUS AID HODEL

The tests were made in the ITAOL 7~ by 10-~foot winad
tunnel described in references 6 and 7. The nodel was
mounted in the conventional mnanner on the balance fark
for force-~-test measurements. Le elevator hinge mouents
were measured electrically by a calibratec torque rod lo=-
cated insice the fuselnge of the model.

The plan form of the horlizontal tall testec 1s shown
in figure 1. It had the following payelcol caaracteris-
tics:

TACA 0009 airfoill section

8,/8 = 0.27

8 = 257 square inches {(including the area
projected through the fuselsge)

L = 3,7

Taper ratlo = 1.77:1 .

c .= 8,245 inches
Cq = 2,27 4hches
Tq = 2.39 inches
cy a2 0,20 Cq
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The tail surface was. provided with interchangenble
?looks go "Eive the foilowing five arrangements of balanoe
figy ij)s g .

L]

Unbalanoed flap with blunt nose - R
2. ° 350e balence with blunt nose

ffs. 0.350 balanoe vith sharp nose ter ol

. . .7
. -

4?- 0. 5oa balanoe vith b1unt hbse Lo e

- B 0 500 baiance vith sharp nose {

The horizontal tail gurface 'was nounted on 2 foddl of
a typioal pursuit fugélage (fig. 2) at an angle of inci-
deticd of 2,3°, The fuselage Juhcture was filleted. The
model had no’ wing. propeller, or vertical tail. fhe tut-
out for the wing through the fuse;qge was feired 1in,

. The elevator deflections vere held by e friction

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

the stiffhese of bant braes wireé hingss. 411 deflestions
woere set by témplets,’ .

’ i . ,- . . TESTS

4 - - H "

The tests were made at a dynamio pressure of 16,37
pounde Per square foot, ﬁhich corresponds to6 & velécity of
80 mfies per hour under standard sea-level conditions.
Based on the average chord of the hbarlgdntal tall, the
test Reynolds number was.502,000, The effeotive Reynolds
number of the tests was 803,000, the turbulence factor of
the 7- by 10-foot atmospheric tunnel being 1.6,

ta order ts ‘eimulate spin as vell as pérmal- flight

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

gttack range’ from about -I10° te 47° and th¥ouzh & yaw
renge from about ~10% to 45°, Two gap variations, sealed
and 0.9056 gap. vere 1nveet15ated,

At 0° qnglq of’ ya#, the ‘model veBs feeted throughout

'the angle-of-attack ranﬁe at elevator defleotions of 8°

0°, «10° Yy -20°6 and =30 for’ tge tinbalgnoced élevator and
at 5%, 0°, €108, 215°, &nd «20° for thé balanced elevators.
¥ith an uneealed 28D, tests were ‘made at each elevator de-




flection with the tad neutral; but, with a sealed gap, the
tad was deflected -10°, 0°, 10°°for each elevator deflec-
tion. BReadings were taken at 4 norements of engle of até
tack in the unstalled range, at 1 increments during the
translition from the unstalled to the stalled state, and at
5% 1ncrements in the range where the tall surface was Goml
Pletely stalled.

Al)l tests throughout the yaw range were made with a
sealed gap and with tad neutral., In order to sloulate
yawed flight at unseimlled attitudes, all elevatorsg were
tegted throughout the yav range at 2.3°°and 14.3" angle of
attack of the tall with 56 ,.0 , and «10 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 sattack wlth large elevatqr de-
flegtions. The unbalanced elevatorowaa deflegted «20 and
=30~ and the balenced elevators -18 and ‘=20~ for thes ge
tests. Readings were taken at 59 increments of angle of
yaw throughout the yaw range.

The zap between the stabilizer and the elevator was
0,005¢c when unsealed, B8ealing the gesp was accomplished
by filling it with a light grease. 4ll tests were made
with the tadb gap sealed.

Teste were made of thg fuselage alone throughout the
angle-of-agtackorangg et 0° yaw and throughout the yaw
range at 0 , 127, 25 , and 45° angle of attack of the fuse-
lage, Because of the 2.3° angle of incldence, the angle
of attack of the fgselage equals the angle of attack of
the tall minus 2.3 .

PRECISION

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

The angles of attack were set to within $0.1° and the
surface deflectione to within *0.2°. TValues of 1ift and
draz coefficlents were measured to within X0,002 and val-
"ues of elevator hinge-moment coefficients to within %0,003,
The differences in drag of the various elevatore when neu-

tral wers not measurable; %t was less than 0,002.
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Because a primary purpose of these tebts 15 to furnish
data on finite balanoed control purfaces, 11ft and hinge-
nomenit characteristlcs as affeoted by gngle -4f attack, an-
£le of “yaw, '‘éldvator deflection, tad deflections, and el-
evetor gap are presénted for each of the five elevators
tested. Because the various tafils were mounted on'a fuse-
. lage, all the characterigtics presented include the mutual-
. 1nterferenoe effects of the funelage and the horLzontal
tall ™ . .

The characterintica of the fuselage alone are pre-
sented in figure 3 as a function of angle of attack at 0°
yaw and as a function of engle of yaw at four angles of
attack,

The 1ift coefflolents of the wvarlous fusmelage-tall
conbinations and the corresponding elevator. hinge-noment
coefficlents sare presented in figures 4 to 8 as a functionan
of anzlo of atteck of the tall for several elevetor de-
flections with zero tab deflection. Part (r) of each fig-
ure presants theme characteristics with the elavator gap
genled with greane, and pert (b) presents the data with
this gap equal to 0,005¢c.

“The 1ncraaentu of 11ft coefficient Ao of the' .tail
. surloce. alone plun interferenoe rnd the correnuonding in-
cremont of elevator hinge-moment coefficient A0, caused
by angle of yav are presented as a function of angle of
yav in figures ¢ to 15 for eaoh of the tails, These in-
crenents twere found by deducttng the characteristlioa of
the tail plus interforoenoe in the unyawed .condition from
the charactarinttcs of the yawed dondition, all other
factors being oonstant, The 1lift of the tell alone plue
interference was found by deducting the 1lift .of the fuse-
lage alone from that of "the fuselage-tail combination at
.the sane sttitude., Parts (&), (bv), (c¢), and (4) of fiz-
ures 9 to 13 give the data plaotted as -8 functlion of angle
of yaw for a different angle of ettack -and for mevereal
‘elevator deflections., The elevator-stabilizer gap uas
sealed and the tad was neutral for tne deta presented in
these flgureasa.,

The inecrenent of 1lift coeffioient of the fuselage-
tail comblnations and the correspohding 1ncgement of ele-
vator hinge~nonent ' coeffliolent caused by 10  end «10° tabd




deflections are presented as a funotion of doth angle of
attack and elevator deflection in figures 14 to 18 for each
of the five talls. These increments were found dy deduct-
ing characteristlcs of the model with tab neutral from
characteristices with the tadb deflected, all other factors
_being constant. Part (a) of figures 14 to. 18 gives the
coefficient incrementp due to tab deflection as a functlion
of angle of attack at zero elevator deflec#ion and szero
yawe, Parts (b) and (c) of these figures gilve the coeffi-
clent increments due to tadb deflection as o function of
elevator deflectlon at several angles of attack and mero
yaw,. The data presented in these figures were obtalned
with the elevator gep sealed with grease.

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

1, 4 small ungtalled angle of attack, 2.3?
2. & large ungtalled angie of ettack, 14.3°
3. A4n 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 snall
elevator deflections at the unstalled angles of attack and
for large elevator deflections at the stalled angles of
attack in order to approxinate flight condltions,

DISCUSSION

Fuselage alone and Fuselage Interference

r~

The 1ift of -the fuselage alone is shown in figure &
to be negliglble; cLa = 0,0003 at.angles of attack be=

low that at which the tall stalls. 4Lt an angle of attack
of 20°, Gy, becomes 0.005 and the'1ift coefficlent O,

based on tall-surface dimensions, increases gradually and
steadlly to a maximum value of 0,009, at the largest an-
gle of attack tested,

Because of fuselage interference, the angle of at-
tack of zero 1ift for.-all the taills (fizs. 4 to 8) was



about- 1° .This intsrference.affect agrees qualitatively
with pravioua experimental data. .

The wlopes of all the curves of figures.4 to & are
affectod somevhat Dy an unknown interference factor. The
slope of ‘the 1lift purves in the unstalled range 1is very
nearly that of the tail alone plus interference because
the contribution to 1lif{ dy the fuselage alone has al-
-ready been shown to be negligible in thlie range. Above
the stall, however, some of the inoregse in 1lift with an-
gle of attack may be attributed to the fuselage (fig. 3).

As the fusela g is yaved at small angles of attack
(f1g. 3(v), o = 2 § ), the 1ift of the fuselage increases
positively. At larger angles of attack, however, the lif%t
. decreases with angle of yew. Oonsequently, a large part
of the increment of 1ift of the fusclage-tall combination
due to yaw 18 caused by the fuselage itself.

Lift Oharacteristics of Muselage-Tall Combinations

¥ith a aealed gap, all elevators teeted showed the
slope of the lift curve Oy  to be 0.053 (figes. 4-to 8).

With en unsealed gap of 0. 005c. this slove wase generally
slightly less, being about 0.051 or 0,050, A4bove the
stall, the GL of ‘the combinatlion increased slightly with
increasing angle of attack. In the rance of angles of at-
tack from 53° to 47°, the increment of 1lift coefficient

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

of the tall alone plus interference did inerease slightly,
a8 18 nornally characteristliec of thin alrfolils,

The effectiveness of the various elevators in producw
ing 11ft 18 practically independent of the slze and the
shape of the aerodynamic balance. With the gap sealed,
the slove OLB was 0,029 for all blumt-nose slevators end

0,028 for sharp-nose elevators regardless of the sime of
overhang (figs. 4 to 8). Unsealing the gep dld not. change
the effectiveness DLB for elevators with a blunt-nose

balence. Xor a plaln elevator and elevators with a sharpw
nose valance. Of wag about 10 percent less with an open

gap than with a sealed gap. Thoge results are in agree=
ment with the section data of references .8 to 6.
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At angles of attack beyond the stall, the 1l1ft effec-
tiveness of all elevators 1g about half as great as be-
fore the stall, Xlevator deflectlons that are ineffective
in produclng increments of lift below the .stall becoue ef-
fective when the alrfoll has completely stalled. (See
8g = =30 1in fig. 4(a) =and 84 = =20 in figs. 5(d),
6(bv), 7(a), and 7(b).) Thus, 1f the elevator can be moved
vhen the alrplane 1s in epln attltudes, increments of 117t
can be obtelned to upeet the s%in equlilibrlum and effect =
recovery.

The spproximate maximum deflection to whlch the ele-
vator was effective in producing an increnent of 11ft be-
low the alrfoll stall, when deflected in opposlition t
the mngle of attanck, was 30° for a plain elevator, 20 for
a 0.35c balanced elevator, and 15° for a 0.50cy balanced
elevator, - These linits for the bdalanced elevators rnre
closely assocleted wita the unporting angle of the eleva-
tor, the sngle at wilca the nose of the balance protrudes
above the stabllizer.

The plaln elevator with open gzap (fig 4()) and the
0.50¢cqg eharp-noee, balanced elevator wilith sealed zap
(fig. 8(2)) showed anearly linear effectiveness throughout
the unstalled engle-of-attack range for deflections to the
linits glven. With sealed zap the plain elevator (fig.
4(a)) showed rearly linear effectiveness to about. 25° de-
flectlon but, at 30 deflection although the elevator had
not stalled, vliolent senaratlon had occurred resulting in
a large loss in lift .effectiveness tkroughkout "the un-
stalled angle-oi-attack range. The 0.35cy sharp-nose,
balanced clevator wilth sesled gap (fig S(a)). the 0,50¢
blunt-nose, balanced elevator with sealed gap (fig. 7(ag).
and the .0,50c, sharp-nose balanced elevebtor with sealed
gap (fig. B(a?) all gave approximately linear character-
istics wlth elevator deflections for values below the un-
porting angle stated, when deflected 1n oppositlon to the
angle of attack, When deflected 1n conjungtion with the
angle of attaclk, however, these elevators showed large
losses 1n 1li1ft effectlveness at the limltlng deflectlon,
indicrting a severe separatlon of flow. The 0.55¢y sharn-
nose, balanced elevator with open gap (fig. S(b)). the
0.35¢c4 blunt-nose, balanced elevator witl:: both sealed and
open gap (figs. 5(a) and 5(b)), and the 0.50c, sharp-nose,
balanced olevator with open gap (fig. 8(b)) also showed
linear 11ft effectiveness to the deflectlon limits gliven
vhen deflected in opposition to the angle of attack. The
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elevators of thls 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. }

Thug, 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 .deslgn of a control surface employlng a

large amount of overhang.,

The Variation with angle of yaw of 11ft of the tall
alone plus interferemce (fige. 9 to 13) 3 such that, at
small unstalled anglee of attack (o = 2,3 the incre=-
ment of 1i1ft coefficlent AO; cgused by yaw was poeitive
and increased in magnitude to 4Q~ yaw. As the angle of
yow vwes increased further to 44, - AG; decressed. The in-
crement of 1ift due to yaw ¢t a given angle of yaw geneore
2lly became slightly more positive asothe elevator was de-
flected upvard (negatively). At 14,3  angle of attack
the increnent of tail 11ft coefficlent due to yaw was neg-
ative nnd increased in magnitude but not linearly, as the
angle of yaw was lncreased. A4t 2%.3° and 47.3° angle of
attack, hovever, the increment of tail 11f% coefficlent
recnined neerly zero up to about 20° angle of yaw. As the
tall was yawed farther, the incremnent becaue negative and
increased in magnitude. Boyond about 399 angle of yaw,
tke negatlve increment of 11ft coefflcient generally showed
a tendency to remain constant or even to decrease. in magnle
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 sligh{ extent depenfient on elevator deflection,

The abovermentlioned considerations apply generally
to all five elevators tested. The degree to which each
elevator fits these generalities 1s indicated in the curves
for each elevator. (See figs. 9 to 13.) ZFigure 3 3indi~-
cates the part of the total change in 1ift of the fuselage-
tall combination caused by the fuselage alone as the model
1s yawed.

The varlation of 11ft with yaw at 14.3° angle of at-
tack 18 such-as to increase negatively the 11ft on the
tall as the alrplane 18 yawed. This effect will 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 Bffeoctiveness of the Tad

The effectiveness of the tab in producing inérements
of 112t was practically independent of the amount of ele-
vator baleonece, (figs, 14 to 18). The tad was slightly
less effective in changing tkhe 11ft of the horigontal tail
surface with a sharp-nose, balanced elevator than with a
plein elevator or a dlunt-nose, balanced elevator., This
result is apparent fron a comparison of part (a) of fig-
ures 16 and 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 stall the tabd on:
all elevatorg ‘bocane less effective in produeing incre-
ments of lift, Qualitatively this ig the same result as
wvas found for the elevator effectiveness at angles of at-
. tack bewyond the stall., For all glevatore the lift effec=
tivenese of the tab deflected 10° and =10° wes necrly in-
denendent of elevator deflection,

Elevator Hinge louents

For all elevator errangenents the variation of elevay
tor hinge-moment coefficient 0p . with pngle of attack:

and elevator deflection, as indicated in fizures 4 to 8,
ig linear at attituldes where the =2ir flow has not separat-
ed over tie flap., UWhon tho air flow separated over the
elevator, the hinge-monent coefflelient curves beceme none
linear and the magnlitude of tho coefficient increased as
goparation progressed. Wien the sntire airfoll stalled

at sone vnosltive angle of attack, the center of pressure
on the elevator moved to the rear, glving rise to large
negative increments of hinge moment. : At angles of attack
beyond the atall, Ohm' is generally negative and the

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

large stelled angles of attack the elevator floats freely,
generally at some large negative deflection,

At unstalled angles of attack, the elevatore having
8 0,35¢c, balance with éither a blunt or a sharp nose (figs,
b and 6? gave appreciable reductions in hingo-moment co-
efficient over a plain elavator (fig, 4)., The sharp-nose
.balance did not give quite as small a value of On; as




I=3"79

13

- -dld _the.hlunt-nose dalance, dbub its_balancing affective-
- ness wWas. nalntained to hligher deflections, [This result 1s

in agreement with the results presented in reference 5.
Although on thls basis a sharp-nose shape appears slightly

- bettar than-a blunt-noee shaje, refersnce 5. indicates that

Yhe bnpah in the surface contour with a sharp nose causes

,greater drag than 1t does with a blunt nose, Unspallipng
- the . gap 'Teduded both Oh and oh&' but with the blunt

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

flection became-rathar ‘irregular. With.the gzap ogen,

'Ghm at gero elevator deflection became positive, which ig

a desiradle chara@#nr;stic from considerationa of free-

'control atability.

"Lt uratalled ahglés of nttack the elevatore having
a 0,50cg balance with elther A blunt-or a eharp-noae
shape (flgs., 7 and 8) were overbalanced through some .range
of deflections. With a pealed gap, the blunt~nose elevae
tor was overbalanced at small deflections. (£f1g. 7(a));
with an open gap, overbalance did not occur until greater

-thaz B6° déeflectiony “and;, at 15° deflection, the hinge mo=

ments became irregalar and unsatisfactory (fig. 7(v)).
The eharp-nose elévator with the gap both senled and UBe
sealed was-ovérbalanced ot deflections groater than 1o

‘(f1gs. 8(a) ana B(b)). With the gap dealed, Ghm for

both the blmnt nna sharp-nose ehapee wae zero but, with an
unuealed &ap; the slope became definitely poaitive. ’

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

. tab, (Bge reference 5,) By .pfopei use of such a- tab,
hovavér, desireble characteristias can be obtained. .For
‘éxample, 1t ls evident from an inspection of figures 8(b)
" and 18 that o2 tab deflected =10 . when the elevator is de~
’ flectad ~15° w11ll prevent overbalance of the elevator.
_and dlsq increese the 1ift at this deflection, Thus. if a

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

. the 11ft offectiveness of the elevator can be increased,

4t anglea of attack abova the stall, such &8 are 6nw
countered in spins, Ohs for all elevators generally be-~

came greater than when the airfoil was unstalled., A4t an-
gles of ettack sllghtly above the stall, the slope ohu
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. was sometimes poslitive but, at angles of attaok'far abbve
the stall, it wae generally negative and of greater mag-
nitude than At angles of attack below the. stall.

The free-floating angle of an elevafor et spin atti-
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 dbalanced elevator,
& plain elevator genersally trims at a smaller negetive
deflection than a balanced elevator. This result india-,
cates that 1t will require more push force to start moving
a balanced elevator off the stop to upset spin edullidrium
tharn 1t 11111 to start moving a plain elevator. The force
requlired to hold a Plain elevator at zero deflection in a
spin 1s, howvever, greater than that required to hold e
balanced elevator of the same chord, although for eithsr
elevator the force may be greater than the pilot 1s capa-
ble of exerting.

An examination of figures 4 and 5 indicates that, at
the large eangles of attack typically encountered in & spin,
there was at each angle of attack some negative deflection
‘et whlch the hinge-moment coefficlient was the ‘same for
both a plain end a 0,35¢c, balanced elevator. At more pos-

l1tive deflectlons the balanced elevator geve smaller hinge
monents, but at more negative deflectlons 1t gave greater
hinge momonts than 414 the plaln elevator. It 1s evident
thet there can exist a condition where the stlok forces of
e balenced elevetior are greater than those of a plaln ele-
vator of tie sama chord and plan form, This slituatlon 1s
cauged by the relative free~floating tendencles of the
various elevators at the hizh anzles of attack encountered
in a spin. ¥When the dynamic pressure in the spin is such
that. the stick forces involved approach the maxizum a pi-
lot 1s capable of exerting, 1t 1s entirely possidle that
recovery can be mepde with a plain slevator when it cannot
be made with a bPalanced elevator. This situation exists
only wvhen the deflection requlired to start recovery 1is
nore nezative than the deflection at which each elevator
has the same hinge-moment coefficient. When 1t 1s more
posltive then this value, exactly the opposite situation
can exlst; thot 1s, recovery can e made with a balanced
but not an unbalanoed elevagtor. The manner 1in whioh these
generallities epply to any partioular airplane can be cone-
puted from the data presented 1f the elevator deflection
required to upset the spln equilibrium is known,
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“"The use. of a t¥lEnYri Teb preédefits a convemient and
fensible means of reducing the stick forces encountered 1in
a spin tc a magnitude the pilot 1s capable of applying.

Tigures 14' to 18 indicate a tad to be more effevtive 1n

changing hinge’ ‘moments at angles df attack above the stall
thap below the stall, Thus, at spin attltudes a trimming
tab deflected in the same direction as the elevator will
shift the free~flcating angle of any elevator ia such a
manner as to reduce the stick forces. An inspecvtion of
figure 15 d)'indicatea that a trianing-tad deflectlion of
about ~10° made the 0.35¢ blunt=hose elevator ‘float at ‘
about the same anglq as &gd the Plain elevator. at 47. 3% a
gle of attaclk, -

A comparison of blunt-noae and aharp-noae elevators
under spin conditione (figs. 4 to 9) indlcates that .sharp-
nose elevators have better free-floating tendencles than
blunt-nose elevators; that is, they float at smaller nega-
tive deflections. The 0.60cg Blunt<nose, balanced eleva-
tor .wvith sealed zap (fig. 7(e)) would apparently reach un-
stable ecullibrium at about 20 deflection at apin atti-
tudea.

Parameteré

"Thé values of the hin e-nonent coefficlent parameters

.preaenteé in figure 19(a) ars for bdlunt-nose elevatorg and

wore resd from the ‘eurves of fizures 4, 5, 2and 7 at 0 an-
gle of fattack or elevator deflections. In the interpreta-
tions of these parameters 1t should be remembered that sep-
argtion phenomena causes nonlinearity of the curves of air-
foil oharecteristics and, therefore, the slopes-quoted can
apply strictly .only OVer the ‘linear range at which the

.alope waa measurad.

- Ehe current seriea of teats indicated (fig. 19(&))
tha following trends for blunt-noae balences on the finite
tall surfade tested. Both Ghm and chs decrease in mag-

nitude as the silze.of aerodvnamic balance 1s increased.

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

of figure 19, Ohm became zero with about 0,33cg overhang
vhen the gap was unsealed. Likewise. GhB became zero

‘with approximately 0.4éco overhang, when the gap was un~-

sealeds. but, with open 3ap, .the eleVator ‘was8 not overbal-
enced at low deflectlions with a 0.50c, overhang. With

overhangs greater than 0,400, howevér, the elevator was
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probably overbaslenced throughout some range of deflection
regardless of -gap.

Because the 1li1ft characteristics were practically une
affected by unsealing the gap and the hinge—moment paran-
eters were reduced, the test results lndicate that, for
blunt-nose, bDalanced elevators, a 0,005¢ gap 1s more
fevorable than a sealed gap. TYor a plain elevator, how-
ever, this result 1s not true because unsealing the gap
appreclably reduces the 1i1ft, These conclusiong are fure
ther substantiated by the test results presented in refer=~
ences 24 3, 4, and 5; a comparigon ¢f the measured parame-
ters with the parameters of these references 1s digcussed
in a later seotion of this report.

Effect of Yaw on Zlevator Hinge lloments

Because the current serles of tests were nade without
a wing on the model, the characteristice of the horizontal
taill cannot, of course, be affected by movement of the tail
avay from the reglon of strong downwvash a2t the center of
the wing as the complete airplane is yawed, Being inde-
pendent of this effect, the characteristlos presented as a
function of esngle o yaw may be oongidered as aprlylng to
an alrnlane whose horizontal tall lles entirely clear of
the wing downwash or as belng a comnonent part of the to-
tal effect for a complete airplane. This fact should be
borne in nind when interpreting the data of figures 9 to
13.

o Ag indicated in figures 9 to 13, angles of yaw up to
20 throughout the unstalled-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 negatlive and increased rapldly 1in magnltude
up to some eritical value of angle of yaw inversely depend=-
ent on the angle of attack, As the model was yawed still
farther, the negative lncrements of hinge-moment ooceffi-
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 variation of increment

of elevator hinge~moment coefficlent as a function of an~
gle of yaw for each elevator tested. At large unstalled
angles of attaok, the negative increments of hinge moment
caused Dy angle of yaw tend to compensate for the increased
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" etick force due t5 the lafier negative elevator deflec-

tions recuired 1in order to maintain constant speed as the

‘alrplane 1s sideslipped when landing.

'N-Effect of Tad on_Elevator Hinge Moments

¥ith the elevator neutral, the tab was most effeofive
in changing the elsvetor hinge-moment coefflolent at O

"engle of attaclkt and becamé les= effectivé as the angle of
" attaok increased elther positively or negatlvely in the

unstnlled range, At angles of attadk beyond the stall,
the tab often gave increments of hinge~moment coefficlent
approaching in magnitcde the valuies below -the stall,

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

all elevators tested. Figure 17(a) indicates that, for a
0.5Oce blunt~nose elevator, the hinge-~moment effectiveness .
of the tab was greater berond the stall than below the

.8tall but, below the stall, the 1norements were much

enaller for thls elevator than for the other elevators
tested, 3ecause of the large amount of overhang on the
0.50c, balanced elevator this result night be expected.

The varlation of increment of elevator hinge-moment
ooefflclent ceused by £10° tab deflection as a functlon
of elevator deflection (parts (b) and (c) of figs. 14 to
18) was not consistent for the varlous elevators tested.
There existed a tendency, however, for the increment %to be
falrly constant for elevator deflectlionsg loss than 10  for
all elevatore except the plain and the 0.500q balanced
blunt-nose elevator, vwhich were quite erratic., At deflec~
tlons greater than 10°, the increments generally became
smaller. .

Because the tab maintains 1ts effeotiveness in .chang-
ing the elevator hinge ‘momente at anglee of attack beyond
the s8tall, 1t can, as has been previeunsly polnted out, bde
used &8 a trimming devioce in a spin. By an upwvard (nega-
tive) deflection of the tab the fres-floating angle of an
elevator can be reduoced in a spin and, consequently, the
stlok foroes can be lowered. Thus, by proper use of a
trimning tad 1t should be possible to recover from a apln
vhen, without the use of the tab, recovery nlight be inm-
possldle.,
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Drag

Because of the small slze of the tall surface tested,
the relative drag charscterlstice of the varlous elevators
ootld not be measured with sufflcilent preclsion to make the
resultes conclusive. The dlfferences 1an drag coefficlent
of the varlous surfaces was less than the limits of experi-
mental accuracy previously discussed. Based an the tall
area, the mininum drag oocefficlent of the fuselage-taill
conbination, however, was determined to be 0,0580 for all
elevators.

Profile~drag coefficlents are .presented in references
2y 3, and 5 for elevators simllar to the ones %tested in
the present investigzation., These two-dlmensional-flow
data indlicated that the grofile-drag coeff%cient of e
blunt-nose elevator at 0° deflection and 0O angle of at-
tack was the same for all slges of aerodynamic balance.
Because of the abrupt break in the control surface, a
sharp-nose balance gave an increment in minimum profile-
drag coefficient of 0.0024 for the 0.35cy overhang and
0.?042 for the 0,50c, overhang. (See references 2, 3, and
5, .

Comparison with Two-~-Dimensional Data

Oharacteristice of the plain elevator were computed
from the two-dlmenslonal-flow data of reference 1 modi-
fled to agree with later force-test meeasurements (refer-
ence 2), which are belleved to be a blt more accurate.
The 11ft correction for aspect ratio was made 1n accord-
ance wlth the method presented iIn reference 8, and the
hinge moments were corrected in the manner discussed in
referenoe 1, The following table compares the computed
and measured velues of certaln parameters for the plaln
sealed elevator:
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Paraneter Oompntad Valug ' Measured value |
30, - - .
(a A) _ 0.057 0.053
'a_m‘l . . -.54 ) -.53
o . . .
2 : -.0035 - -.0009
o
ac
hZ . =<0100 -.0086

It 18 to be expected that fuselage interference will
affect the characteristics of the horizontal tall. The
manner of computing this effect, however, ls as yet un-
known and, therefore, the computed parameters apply to
the 1soleted tall surface rather than to the fuselage-
taill combination tested. If it 1s assumed that the fuse-
lege lnterferonce crnused the dlscrepesncy dYetween the cou-
puted and the measured valus of the slope of tle 11f%

curve then, when the measured ch 1s arbltrarily used

for computations of the hinge~moment coefflcient parame-
ters, ch becomes -0.0033 and Gh6 becomes =0.0099,

The calculated lift effectiveness agrees

(88 01,
well with the neasured value, but it 1s apparent that a
fuselage~interference factor must be applied to correct
the calculated slope of the 1ift curve, which 1s slightly
greater than the measured value, The hinge-moment parame-
ters, however, in addition to requiring an interference
factor are probably consideradly affected by plan form

in & nanner as yet unknown. Because of these ynknown fac-
tors, finite-tall-surface characteristics computed from
two-dimensional-flow data by the method descridbed in ref-
erence 1 give no better agreement with measured values
than computations based on an average flap-chord ratio for
the entire surface.
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The valuss of the hinge-monment parameters 2 a funo-~
tion of merodynamic belance for a finite-asvect-ratio and
an infinite-aspect-ratlio airfoil are given in figure 1.9.
The plain unbalenced elevator, because it ie hinged at
the center of the noee radius, does have about a2 9-percent
elevator-chord overhang. Thils overkang, however, can con-
tribute no balancing effect because all forces normal to
the surfoce of the overheng act throuzh the hinge axls.

The absolute magnitude of the parameters in two- and
three-dinensional flow, of course, should not be expected
to agree, The general trend of varlation of tie parame-
toers with balance and tae effect of gap, however, is sim-
ilar. The point at which the curves of flgure 19 cross
zoero 1s largely dependent upon the measured value of the
parcmeters for a 0.50¢c, balanced elevator. 4n 1inspection
of Zlgure 7 shows that the slgn and tha magnitrde of Gh8

depende largely upon what deflection range is under con-
sideration, Hence, all that can be sald with certainty
is that, in both two- and three-dimensional flow a 0.35c,
overkang d1d not produce overbalance but a 0,50cy over-
hang did taroughout some range of defleetion. With some
intermediate overhang, both section data and finite-
airfoil data indicated thet the elevator became overbal-
enced. In three~dlmensional flow, ohm became zero with

a smaller smount of balance than would be predicted fronm
gection data.

COYCLUSIOHS

The following general conclusions, based on the meas-
ured asrodynamic characteristice of the varlious tall sur-~
faces tosted in the current investigation, were drawn:

1, The 1ift effectiveness of the elevator was practi-
cally iadependent of the size and the sha»e of the aero-
dynaric balance, The effective deflection range was, how-
evor, decreased for the belanced elevaiors.

2« At anglee of attack below the airfoil stall the
maxinmumn deflection to which arn elevator was effective in
producing an increment of lift when deflected 1n opposi-~
tion to the angle of attack was approximately ecual to the
unporting angle of the elevator balance and was somewhat
affectod by the elevator nose shape and the gap.
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5, If, at.angles of attack far above the stall, the
elevator can be Hovdd, inorements of 11ft -can be obtained
to eZfect a recovery fraon 8 spln. -

4. The effect of aerodynamio balenoe was to reduce
the elevator hinge .momeants so that, for a blunt nose shape,
the slope of elevator hinge-moment coeffiolent curve with
respect to angle of attack became szero with about 53 per-
cent elevator chord balance when the gap was opean and with
about 650-percent elevator chord when the gap was sealed.
Regardless of gap or nose shape, the eslevator with a 356-

.. percent elevator-ohord overhang was not overbalanoed bdut,

witk a 0,50 elevator-ohprd overhang, it was always over-
balenced throughoul weme range of doflections.

5. It apvearse poaaible that recovery from a splan can
be effected with a plaln elevator and not with 'a balanced
clevator or, conversely, with a balanced ‘elevator end not
with a plein slevator, depending upon the dynamic pressure
snll the elevator deflectlon required to upset the sPin
eqmuilibriunm, .

6. Under ®pin conditions, a trim tadb deflected in the
sane direction as the elevator presents a convenlent and
fecslbls means of reducing the stick forces of an a2levator
to a naznltude the pllot should be capable of hendling.

7. Ths sTfect of =ngle of yaw on the characteristics
of the isolated fuselage-tall combingtion was generally
such as to oppose the effects.on a comnlete alrplane
cauced br motlion of the tell awey from the reglon of
strong downwash as the alrplane 1s yawed.

B. Although failrly close agreement was found between
the. measured 1ift characteristics and those.computed from
two-dimersional-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 satisfeaptorily computed from section data.

9. The data 1indicete that, with a control surface
haviag a large overhang and sn unbalancing tab, the con-
trol forces ocan be reiuced to any desiredmaggnitude, the
stick-free stabllity oan be made equal to or greater
then the stick-fixed stabllity, and thé control effective—
ness can be made egual to or greater than that of a plailn
flap of the same chord,

Langley liemorial Aeronsutlioal Laboratory,
flational Advisory Committee for Aeronautics,
Langley Fleld, Va.
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