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EFFECTS OF ELEVATOR NOSE SHAPE, GAP, BALANCE, AND TABS ON THE
AERODYNAMIC CHARACTERISTICS OF A HORIZONTAL TAIL SURFACE

By HARRY J. GOETTand J. P. REEDER

SUhlMAR1’

Results are pr~ented showing the eJects of gap, elevator
no8eshape, balance, cut-out, and tabs on the aerodynamic
characteristics of a horisanfai tail surface tested in the
N. A. (?.A.~1-8cai2 tunnel.

2!%epre8enceof a gap caued an 18 percent reduction in
the rariutwn of normal force with el.water de$ection but
the size of the gap (between 0.006; and O.OIOE)was an
unimportant factor. At small ekwator de$ectiona, the
electiveness oj aerodynamic balance of the elaabrb in
reducing hinge moments was much lamer with & tapered
nose than uith the blunt no8e. Th.ctapered nose, Fwwtwer,
maintained it8 eJectivenes8to much greaterdejation8 and
gagea greater maximum normal-jorce increnwnt than did
the blunt no8e, With the blunt nose, the hinge moments
were reduced 30 and 40percent m“th 10- and 2?0-perceni
bafunces, respectitiely. This reduction is fairly uniform
up to the stai?tof the ekutor. The decrease in normal
~orceand hinge moment caused by a cut-out w propor-
tional to the area remomd. The variation in tab e$ectice-
ne8s uith a change in tab span was jbund to be appro+
mately proportional to the area-moment of tlw tab about
the eleratorhinge line. A comparison of the narious exper-
imental aerodynamic charmteristics with those computed
from Qlauert’8thin-airjoil theoryjor hinged $aps i8 also
gicen.

~TRCIDUCTION

The taikmrface invmtigation being carried on in the
N. A. C. A. full-scale wind tunnel includes the deter-
mirmtion of iscdatd tad-surface characteristics and
the variation in these characteristics caused by wing,
fuselage, and slipstream interference. The subject
report deala with certain factors influencing the char-
acteristics of the isolated tail surface.

Examination of existing data shows a lack of informa-
tion in regard to the eflect of eIevator nose shape and
gap upon tad-surface characteristics, pmticukrly with
reference to aerod~amic bikmce of the elevator.
Data are aIso lacking concerning the effects of elevator
cut-out and of trading-edge tabs on large-chord flaps.
The importance of some of these variables is indicated
in referencw I and 2. The tests reported herein were
therefore carried out to clehrmine the effects of these

factors on a taiI surface of reprwentative design. In
the anaIysis, the differemc~ between the experimental
results and those obtained from the thin-airfoil theory
have been indicated so that the conclusions may be
readily generalized.

SYMBOLS

The symbols used in the report nre cldined as foHows:
A,aspect ratio.
R, Reynolds Number.

CN, normal-force coefficient (CL cos a+ C. sin a).
Cc, chord-force coefficient (CD cos a– CL sin a).
H,, eIevator hinge moment.

--
C,e,

Acne,
%
86)

a:,

s,
b,

5
c,

z
ao,

al,

He
elevator hinge-moment caeffkient ~ ●

q c~be
change in C~6with 6;.

angle of attack of the tail, deg.
elevator angle (downward deflection positive).
tab angle (downward deflection positive).
area.
Bpan.
chord.
average chord.
mean square of eIevator chords. “

slope of section lift or normal-force curve
(per deg.).

alope of W or normal-force curve, elevator
fl-.-ed (per deg.).

Subscripts:
e, elevator.
b, balance.
t,tab.

Symbols with no subscripts refer to the entire horizontal
tail surface.

APPARATUS

The tests were conductd in the full~cale wind tunnel
described in reference 3. The tail surface is shown
mounted in the tunnel jet in figure 1.

The dimensions of the tail surface m-e given in figure
2. The taper ratio was 2:1 and the locus of the 0.55?
stations (the hinge Iine) was perpendicular to the line
Dfsymmetry. The SJS ratio was 0.41 and the aspect
ratio was 4.7. The cut-out area was equal to 3 percent
Df the tail area.
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Removable elmmtor-nos~ ggd stabilizer-tgil blocks
(see fig. 3) were provided so that the elevatm balance,
the nose shape, and the gap could be varied. Provisiou
was made for minimum, 10-percent, and 20-percent

UIG=E L-Tail Surfe.cemouottih tilefllww.tetunnel

balances with the balance dis@ibuted aIong the span of
the elevator in proportion to the local chord. With the
mimmum-bahtnce nose, 4 percent of the elevator area
projected forward of the hing% l&e but, since this over-
hang was less than the section .tiic@3ss at the higge

.- —

Pro.tion was made on aH the arrangements for %i-
inch ‘&d %-inch gaps, eqmd to 0.0057 and O.O1OE
Zero gap was obtained for tho minimum bahmco by
sealing the gap.

The tmiling-edge tab, equal to 18 pe~cont of the
elevator area, w-as divided into inbonr~j middle, and
outboard sections of approximately equnl arms th~t
could be individually deflected.

The device for the measurement of the elevator hinge
moment was housed in the center section of the tail and
consisted of a calibrated torsion rod to wj~ich the hinge
moment was transmitted. The deflection o! this rod
caused the rotation of a self-synchronous motor in the
tail, which in turn controlled a simihtr motor in tho
scale house where the deflection was nle~ured,

TESTS

Preliminary tests were macle to determine the ttire,
the blocking, and the tunnel corrections according to
the procedure outlined in reference 4.

Lti, drag, and hinge moments were measured on the
fo~owing tail arrangemmts for elevator deflections .
from 0“0to 30° and for angks of attack from – 12°
to 20”.

(1) hfin.imum balance, zero gap (no hiuge morncnts
measured).

(2)-Minimum balance, 0.0056 and O.O1OZgaps.
(31 ~Minimum balance, 0.005G gap, cut-out covwwl.

Locue “bf.65cpbinfand elevafw

.F*QC=....:.

“.~
h

I

____ -—..——
-.=..-. -...--—

J

G

Sechbn .4-.4
FIQUEE.Z-HorIzonW taff snrfaee. Total are%27sq. R.; stabilker area,15.9sq. ft.; fievator me% 11.1sq. ft.; tqw ratio,2G asmctrat!o, 4.7;dIfOfl S?CtiOn,~. A. 0. A. m.

line, this arrangement was used for comparison with (4) Minimum bala,nc.e, 0.005z gap, tab Mcctions
mro-bahmce results computed from thin-airfoil them-y. from 0° to –30°, with:
The blunt and the tapered nose shapes are show~~ in (a) Full-span tabs.
figure 3. The blunt nose was formed .by making the (b) Inboard and middkt tabs,
leading-edge radius equal to one-half the section thick- (c) Inboard t~bs.
ness. Only one nose shape w& provided for ilki niini- (d) Middle tabs.

mum balance; it has been used for comparison with both (e) Outboard tabs.
the blunt and the tapered noses of the 10- and the..2O, (5) 10-percent brtlmwo, tapered nose, 0,005Z twd
percent balances. O.oloz gttps.
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(6) 10-pwcent balance, blunt nose, 0.0053 and 0.0107
gaps.

(7) 20-percent balance, tapered nose, 0.0057 and
O.O1OZgaps.

(8) 20-percent balance, blunt nose, 0.0057 and O.O1OZ
gaps.

MI the foregoing tests vwre conducted at a tunnel
air speed of 65 miles per hour corresponding to a
Reynolds Number of 1,460,000 based on the average
chord. Further teds between speeds of 25 and 80 miles
per hour were made to determine the scale effect on
elevator hinge moments.

RESULTS AND DISCUSSION

f+oEhiwFoRcE CEfAItACTEIUSmcS

The variation of normal-force coefllcient and chord-
force coefficient with angle of attack for various ar-
rangements of elevatm balance, nose shape, and gap
and for e~evator deflections from 0°. to 30° is given in
figures 4 b 9. The Cc curvw for the O.O1OZgap ar-
rangements are omitted because they are the same as
those for the 0.005z gap ascept in the region of the
std.

The slope of the normal-force coefficient, dCN/da,
for an N. A. C. A. 0009 airfoil of 4.7 aspect ratio and
2:1 taper, as computed from the aspect-ratio correction
formula (see the append..), is 0.069. This value is to
be compared with the experimental. s~ope of 0.063
obtained for the zero-gap condition (fig. 4), which was
reduced to 0.060 when a gap was introduced (fig. 5).
It wiU be noted that, for elevator deflections up to 10°,
the deflections, the nose shape, and the gap size had a
negligible eflect on the slope, causing not more than a
&0.002 variation from the average value of 0.060; at a
& of 20°, the average slope decreased to about 0.056.
Teete with the elevator cut-out covered showed no
change in slope when the coe.flicients were based on the
increased twea.

The effect of the gap uppeme on the CN curv= mainly
M a shift in the angle of zero lift for elevator deflections
other thtm zero. This shift causes a decrease in the
dCN/d6. slope for the arrangements with gap, which
wfl be noted in figure 10 (a). The zero-gap arrange-.
ment has a slope of 0.043 (up to & of 150), which is
decreased to apprcminmtely 0.032 when 8 gap is introd-
uced. These slopes are, respectively, 93 percent rmd
75 percent of the corresponding slopes computed from
thin-airfoil theory. (See equation (1), appendix.)
The dillerence in slope batween the 0.0057 and the

O.O1OEarrangements is small at rmgles below the stall.
For sQme nose shapes, the larger gap camses an earlier
staIL (See ~,=20° and 30°, fig. 8.)

The addition of aerodynamic balance incre.as~ the
dCNJd&slope (figs. 10 (b) and (c)). The tapered nose
gives a slightly lower slope at small elevator deflections
than do the blunt noses, probably bemuse of t-he more
marked shielding effect of the stabilizer. The tapered

1 \ z

*
Minim bafance K

i- og~04g”~26k -———T—~=”
20-percenf balance 1

FIGURE &-Elevator-now and stsbfllzer+ifbbxke 04 the horimntsl.tafl surface.
NM-Sordfnatesgken In h’octiooeof lucalclmrrf.

nose, however, permits the maintenance of elevator
effectiveness to much larger deflections and gives a
greder maximum increment of normal-force coeffi-
cient. For instance, the 20-pert.ent-balance blunt nose

gives a maximum increment of only 0.75, as commrecl
&ith a value of 1.05 obtainable with the tapered nose
of equal bakmce.

.—
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The remdts shown in figure 10 are for an angle ~
attack of zero, but they are characteristic of t]
results obtained within an angle-of-attack range (
* go.
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f%uEE 12.-Vedatlon of CA,with=.

The elevator-free Lift-curve slopes for all the tail
mrangementa with the 0.005Z gap are shown in figure
11, The experimental slope for the minimum balance
is 0.037; the dope computed from thin-airfoti theory is

0.03.5. (See equation (2) in rqpdix.) An i~lvcsti-

gation of a number of other unbuhmced tails, for which
data are given in reference 2, shows that this C1OSC
correspondence between the esperimcmtal and thu
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omputed slopee is not general. Exporimcnhd slupcs
~mputed from th~ results in reference 2 vttriod from
5 percent to 40 percent in exc~ of the computct] ‘“
ope.
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HINGE-MOMENT CHARACTERISTICS

The vmiation of binge-moment coefficient with angle
of attack for the various tail arrangements is shown in
figure 12. These curves are applicable to both the
0.005Z and the O.O1OZgap arrangements because the
size of these gaps caused negligible variations. The
dC#a elope computed from thin-airfoil theory is

Ch,

(a) Ttw=ed nose.
(b) Blunt now.

FIGUEE15.—Variatwn of stk!+hwm criterion C4C6.with Cx fOr~nriw tab =anSl
ruents. a-~.

—0.t)073, which compares with an average expeti
mental wdue of — 0.0045:’ There appears to be no sys

tematic variation of slope with nose shape, balance, o
elevator deflection, these factors causing a spread of u
more than &0.0005 from the average value.

A cross plot of elevator hinge-moment coefficient
against elevator deflection is given in figure 13 for each
of the balance and nose-shape arrangements. These

curves are for an a.ngle of attack of 0° but are oharao-
teridic of the values obtained over a range of angles

~m +“8°. It WW be noted that dchef~~. Vari= from

55 to 0.75 of the value computed from thin-airfoil
wn-g for an unbalanced elevator. The effect of the
Lt-out on this slope is proportional to the area re-
,oved; the scale effect between speeds of 25 and 80
iles per hour (ReynoIds Number equal h 560,000 to
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F1OLU?E16.–Variat1on of CA’ with a for mcious deflections 0[ the full-span tab.

1,800,000bused on the average chord) wus found to be
negligible.

A criterion of balance effectiveness is tho reductitin,.
produced in Che fora given & Figure 14 shows this
characteristic. A dorm reduction in C., up to the

point at whkh the elevatorstallsisobtainedwith the

bhmt-nose balances;the balancingeffectof the tapered

noses,however, variesmarkedly with elevatordeflec-

tionbut remains effectiveto much highervaluesof I%

-,, ---



646 REPORT NO. 675--NATIONM ADVISORY tilMMITTEE FOR AERONAUTICS

til~ for the blunt noses. Table I summarizes th
balancing effect of the various balancea and nose shapea
The relatively close agrewnent of the experimental
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dCk/dC*@slope compwwd with tlmt computed by tJlin-

airfoil theory is due to tho fact thal a decrease in
dCN/d& caused by the gap is compensated by a corre-
sponding decrease in dCh,/d&
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TABLE I

REDUCTION IN Ck. PRODUCED BY VARIOUS BALANCE
AND NOSESHAPE ARRM!?GEMEIfTS; 0.0055 GAP

F
llmt ----------lo-------------- ~md--____ 0-%

2Q. . . . . . . . . . . . . . . . . &“t&” ----------. . . . . ..- -. 02

CM
o .! ..2 .3 .4 .5 .6 .7 .8

(a) Inboard tab.
(b) Inboard and mIddIe tabs.
(C) FdhsIIao tabs.

FIGUEEL?.—VariaHonof click-forceeriteriom Ci,8, with CMfor varioustab arrange-

mente. a-V.

Another criterion of balance sffectivaness is the vmia-
tion of C~e&tith CN. This criterion takes into account

the possible reduction in CMfor a given elevator deffeo-
tion that may be caused by the balancing device
(necessitating a change in the mechanical advantage of
the control system). The development of this crikion

isgiven in detailin reference& Fwe 15 shows a

comparisonon thisbasisofthevariousarrangements.

It should be noted that aII the hinge-moment rwults
prwnted herti are for either 0.005; or O.O1OZgap.
Further tests appear d&able to obtain comparative
results for arrangements with the gap sealed.
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FIGL!! ZL-Variatiin of & and Cmwith 61. Minimum-Mance elevator.

TAB CHARACTERISTICS

The vmintion in elevator hinge-moment coefficient
with nugle of attack for various fuI1-spnn tab nml ele-
vator deflections is show-n in figure 16. These results
are for minimum bakmce. There is a wide variation in
tab effectiveness with 6., the effectivenew being
greatest at small eIevator deflections. Figure 17,
which is a oross plot of AChe against St (for ct=OO)j

shows that the tab effectiveness (for &= 0°) decreases
with 61 to about 50 percent of the computed value at
6,=–30°. For elevator deflections of 10° and 20°,
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a largervariationfrom the computed valuesisohaerved

and the efktiveness decreasesstillfurtherat positive

anglesof attack: (See&. M.)

The relativeeffecthwnessof partial-spantabs com-

pared with full-spantabs isshown in figure18. The

change in hinge moment produced by a givgn.tab
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FIGUREXL—VOrhlIoD0[.31and C,Vw[th tf. X@rcent+ab.mw LIluuhrrao*vatOr.

deflectionis approximately proportionalto the mea-

moment of the tubs about the hinge line. PsTti~-

span tab charactel%ticsmay thus be deduced by

assuming the variationinAOhafora giventab deflection

to be proportionalto.the ratioof the area-moment of

the partial-spantab to that of the full-spantab. ln

this manner, partial-spantab cliaracterktica.similar

to thosegivenforthe full++pantabsin figure16 can be

obtained.

Figure 19 shows the balancing effwt of full-span,
inboard and middIe, and inboard tabs for vmious
8,/8, ratios. If the tendency of tabs to cwerlmlancc at
small elevatm deflections is overcome (for cxarnplo,
by delaying the tab deflection until the clevutor has
been slightly deflected), the tab becomes a very eflwtivc
balancing device. It also appca~ that still more dcsir-
Rble balancing characteristics can be ohtnincd by the
use of balance tabs in combination with. u tapered-nose
aerodynamic balance, which remains effective nt hwgc
elevator detlectione where the tab tiectiveness falls ofl.

Figure 20 showa the variation of the stick-force
criterion Cj#, with C~ for various tab arrangements.

The rapid decrease in tab effoctiveneas at-the largor
tab and elevator deflections limits the use of tabs as.
a servocontrol device. This effect is shown in figuro
21; tihich indicates the variation in elevator def.icction
& and normal-force coefficient CN with tmb deflection

L?,. On an unbalanced elevator, the masimum chango
in & of + 12° (measured from the tree-floating position
with tit equal to 0°) is obtainable with the fldhspan
tab and corresponds to a AcN of +0.30. Thcsc
characteristics can be considerably improved, as shown
in figure 22, if tabs are used on an elevator with aero-
dynamic bahmce. With the 20-percent Munt-noso
balance, a 6, of about +17° and a A(.?~ of +0.50 am
obtained.

CONCLUSIONS

1. The ssperimental variation of normal force with
angIg. of attack (dC@Y) for the various tail arrnngc-
mente was from 10 to 15 percent less than that tom-. . .
puted from the aspocbratio correction forrnulfi.

Z.”The presence of a gap caused a marked decrcaso
in the value of the variation of normal force with el~.
vator deflection (dcN/d&) but the size of the gap was
unimportant (between 0.005? and O,O1OZ).at .anglcs
below the stdI. With some nose shapes, however, the
larger gap c.a~d .rmearlier st@.

3. The effect of awodyuamic btih{nro varied &rcnll,y
with nose shape. Taporcd noses prt)(l urcd lilJlo
balance at small elevator deflections but mainhincd
the elevator effectiveness at much hwgcr clcvntor
deflections than did the blunt noses.

4. The decrease iIL nornud forco nm{ hitlgo nmmcnt
caused by the cut-out. was ~)rl}l}(}l’t,it}l]~~lto the nrrli
removed.

5. The oflecftive~ess of tho tds with .chauga in spnn
was approximatdy propol%ional to their area-mmncnts
about the elevator hinge line.

LANGLEY MEMOIUAL AERONAUTICAL JJABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LMJGLEY FIELD, VA., April $7,1999.



APPENDIX

The computation of the characteristics of the tail
surface, based on the thin-airfoil theory developed in
reference 6, is used throughout the report as a basis for
comparison. An outline of the computation follows.

The mfiin characteristics of a flapped airfoil may be
computed from the equations:

C.=(z,(a+x,b. +w,)
c,*= –uc.–r)l&+v,&,

where Xl, h2, u, Oil, and v12 are constants dependent
upon the flap-chord ratios ~ and %; their values have
been determined by the thin-airfoil theory (reference
6). The lift-curve slope al is dependent upon aspect
ratio and plan form.

The tail surface teated was designed so that the area
ratios of the elevator and the tab corresponded appro.ti-
mately to their chord ratios o-rer the span. The perti-
nent data and the necessary constants for the computa-
tion of the lift and the hinge-moment characteristics
about the elevator hinge line are:

For elevator: For tab:

+=0.41. +=0.08.

X1= 0.753. X*= O.357.
u=o.121.

u,I= O.0078. WIZ=O.0175.

The characteristics that can be determined (using
the measured value of al =0.060 except as

dC.()m= =A1al=0.045

=0.047 (for a,= O.063)

The elevator-free lift-curve sIope is
setting oh.= O. Then

noted) are:

(1)

obtained by

de.() al=— =0.035 (2)z Cha.b
()

I+al ~

doh,
()~ 6.= –ual= –0.0073 (3)

r%).=-”(%)-’’lool”l”“)

—-.
W,,(–)(L$, =

=—u&al-vti=-o.020 (6)

The sIope of ~e section lift curve for an IS. A. C. A.
0009 section is 0.095, as determined from the data
given in reference 4. By means of the aspecbratio
correction formula gi-ren in reference 7,

al=f %
~ : 5:yo (7)

(wherej=l for the plan form and the shape of the tail
surface tested) a slope of 0.069 is determined for a td”
surface of aspect ratio 4.7 and 2:1 taper.
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