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COWPARTSON OF FIXED-STARTLIZER, ADJUSTABLA-STABILIZER

AND ALL-MOVARLE HCORTZONTAL TAILS

SUMMARY

An ensalysis 1s presanted to coupere longitudinal

st bility snd control charactzsristica cbtained with a

oaventionel fixed-stsbilizer, an adjustevle-stablilizer,
Pnd an sli-movable horizontel tail, The tell-zresa
reguirements, coentrol forces reoquired in the criticsal
lending condition, stetic mearglin, control-force gradients
in a dive recovery, and slevstor-freec stabllity are
invectigated., "The anislysis includes a compsrison for
trie verlous talls of the effsct of a pertisl-wing stall
en the control-force grzdient in s dive rescovsry. The
efizet of zn incresse In the tail adnect ratio 1s glso
Iinvestigated,

The results of the annlysis indicated that, with
regard to reguirements for longitudinsl static stability
end acdequate control in lending, the rll-movable end
adjusteble-stabilizer tells can grovide, with considerebly
sraller tall eress, tre seme range of permissible center-
of=gravity posicions as the conventiongl [ixed-stabllizer
tzil,

The compsaris son of the longitudinegl control character-~
istics on the H{ of a specified ronge ol pernissivle
center-ol-grevity positions indiceted tha%t the adjustable-

stabilizer teil ellows consilders bld sriellor control
belance for thz rasbte cof change of hinge-moment coefficlant
with elevator deflection thien the fixed-stebilizer teil,
The comtarison 180 indicated thet the increase in control-
force gradient as s result of a rervilsl-wing stall in s
dive rscovery will be sicnificartly smeller with the ell-
mcvable and edjustable-stabilizer talls then with the
conventionsl fixed-stebiliner teil,
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The present traond towsrd highsr spseds znd greater
size of alrzlanes 1s lncreasiag the Gemands on the hori-
zontal Gerl with regerd to obteining sdequste longitudinal
contrcl undsr scue irportent flight conditions. 1In gpar-
ticuler, the use of [lap devices that give increasingly
larvge incrsments in 1ift in order to wmeintain reasonsable
laading sreeds mey zad appreciably te the diving monents
whickh ust be belanced out by fthe longitudinal control
in ths thres-noint-landing sttitude, An enalysis of =a
typical fightar 2irplencz (reference 1) shows that a
fized-stehilizer horizontel tail of conventionnsl size
would provide uuP{ley irsdeqguste longitudinal control
in lsnding with 2 full-spen sletted or Towler flap. The

a31lts of reference 1 show that with g slotied flap, the
airplene would require an increass in tail volumas of
56 rercent in order to permii =z c2 teW~7 ~gravity travel

of 6.5 percent of the mesn asrodyinanic chord and that
tnls 50—;ckcdnh increese in teil vo lL.e wculd pernmit s
center-of-gravity trevsl of only 2.1 oercent with a
Fowler ['lap, Fur-her, roferavice 2 has shown that in the
case of high-speed purll-ouls a lerpge dlving moment mey

ozcur as s rasult of s partial-winﬂ gtall caused by
critical comrressibility eflfects ana the Inadecquazy of
the normel elevetor for counterscting thils diving mement
is regoorslibie In many cases for tiie sxtrems difficulty
recently exnerienced 1n recoveries from high-svesd dives,

A comron methed of cbtalning greater longitudinel

control heg heen to incresse the 1”“570-tr1-t a1l volume
by incrcesing the tell arce. It is evident, hcwever,

that es compared to ths conventional horizontsl tail
naving a fixed stahilizar, the sdjustahle stabilizer and
all-movahle control rwermit an Iincrecse in the tsil
el’Tsctiverness. The adjustsble-~stabilizer znd sll-nicvable
talls "e“@fhre should previde e sreciiled degrse of
longitudingl centrol with 2 sweller sres thean that required
with = ijbd—thuLJizer teil, A cowpsrison of the differ-
ent tynes of horlziontzl tell orn the basis of specified
stabllity end coatrol raoguirements would serve therefore

to indicete thie cowperative ierits of these teils In

ragard Yo obtaining ilmprovements in horlzental-tall
design.

»)

Azsvlts c~re presgsented of en asnelysis In which the
conventionel fixad-stebillizer, the adjusteble-stabllizer,
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md the all-movable hiorizontal tails are comparcd on the
basis of teil-aree reqguirerents and =irplsene static longi-
tvdinal stakility and control characteristics. The analy=-
2is 18 uwale for these tsil configu ations on a mcdern
fighter airplane, The dats for the horizontel talls are
presented, however, for a_wide rangs of stabllity and
conirol quuirﬂments so that the results of the present
investigation car be epplied to a number of sirplane

types The analysis of the horizontal talls includes a
COMDE rison of the longitudinal control charsacteristics
for rlight conditions in whiclh the wing is partially
stallsd., The elfect of an increcse in the tail aspect

retio on thie static longitudinal stability and control
chavacteristics 1s 2lso considered.

VLT [
-S._u'u"oLb

Cy meen eerodynamic chord of wing, fest
1 teil length msasurad from guerter-chord pvoint

of mean aerodynaric cherd of wing to quartar-
chord veint of tail, fraction of cy(sse r'ipg,

distance meesured from guarter-cherd point of
mean asrodynemic chord of wing in original
position to neutral point, fraction of cy;
rocitive when neutrel point is behind guarter-
cherd noint {see Tig. 1)

lcg dist=nce measured from quarter-chord point of
” mesri ssrodynamlc chord of wing in originsl
osltion to center of gravity of airplane,
fraction of c¢y; positive when center of
JPaVLtv is wehind quarter-chord point (see

Al distance center of grevity 1s noved, fractlion
of c¢w; positive when moved baCﬁ, nrimed to

indicate thst wing 1s moved uimultqncoufly

-
cg

X ststic margin with slevator fixed (distance
measuraed from s2irplanse center of grsvity to
neutral voint), fraction of cy; positive
when neutral Ooint 1s behind center of
grevity (see fig. 1)

COOFIDENTTIAL
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distance measursd from aerodyrnamic center of
all-moveble tail to pivot of main surfece,
feet; vositive when rivot is behind aero-~
lynamic center

distance wing is moved, fraction of cy;
poaitivse when wing 1s moved back, primed to
indicate that center of gravity is rnoved
gsimultsneously

clienge in neutrasl-polnt position due to change
in horizontal-tail area, fraction of cy

in neutral-point p

o3ition due to freeing
the elevavor control, fracti

on of cy

chisnge in neutral-point position that results
from pasrtlial-wing stall, fraction of cy

rearward movement cof acrodynsmic center of wing
that results frem a partisl-wing stsell,
fraction of cy

v
recot-meen~square teil chord, fee
root-meen-squere elevator chord, fect

hed 3

sven (of wing unless otherwise indicsated), Teet

ares (of wing unless otherwvice Indicated),
squsre fest

chenge in tall area 3¢ reguired with rodlrfied
tail to maintalin ss;c1fiod static margin

weight «f ailrplsnce

weizht of horizontel tall per unlt ares, pounds
squs i

cor
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air deneity, slugs per cubic foot

elevator gearing retio, radiasns per Toot stick

travel

dyramic pressure, pcuwids per square foot

angle of attack of elrplane measured as angle
between the thrust axis and wina direction
st infinity, degreess; primed to indicate
that a is corrscted for ground interference
effects
engular deflection of coantrol surface, degrees
meximum snguler deflection of stabilizer
measured with reference to thrust axis,
degrees
maximum negative angular deflectlion of elevator,
degrees

degrees; primed
grouhd inter-

downwash engle at teil;
that € is corrected for
ferer.ce effects

clevetor-effectiveness parsmeter equel to the
change in angls of attack of the tail
reguired to give the ssame totsl 1lilt ovser
ths teil as that contribuated by 1° of
elevator deflsction

slove of lilt-coafficient curve ner degree,
(for alrplans uniless indicated otherwise):
primsd to indicste nerameter is corrected

for pround effccts
rate of change of downwash aungle at tail with

eangle of attsck of wing
angle at tail with

rate of change of downwash
alfter beginning of

anzle of attack of wing
wing stall

rate of chenge of sngle of attack at section
of the tall with tab deflection for
constant 1ift ab section

CONFIDENTIAL
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rete of chenge of nitching-moment cocefflclent
of teil sbout guarter-chord point of tail
with slevator deflection for constant 1ift
over tsil

rete of change of pitching-moment coefficient
about qusarter-chord point of section of
telil with tab derlection for constant 1lift
at section

1lift coefficient of tail

meximur negetive 1lift coefficient of teil that
can be obteined in the three-point attitude
with ground=-effect corrections )

maximum 1ift coefficient of wing with flans
fully deflected
of tall

section 117t coefficiant

pitching-moment cecefficient ebout center of
: : M\
gravity of sairplane (——|
a3Cy/

pitching moment about center of [revity of
airplane, foot-pounds

rete of change of G, wish &5
rate of 2arnges of G, with  ag
fl I
clevavor ninga-uoment coeliiciant |~
\‘,7_ ;Obe
elevater ninge morment, [ooU-pounds
retz of cnungs of C, with 04
rety of chernge of G with ayg
contr'bvtion to C, per -mit chenge in a of

cowbinzid effects of ell fectorse otlier than
wing aad tal

3

4.

ct
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A Cm 2
Cmg !
de.g, !

.ﬂt

d5
J
Et
Fp
g
Fp,

-
(A‘n/st
B, D
K
Subzeripts
t
e
st

comolined contefbutionie to C.qu cf factors other

then those representesd by term O 1
: max €&

and tall

contribution to Cp of the tall pitching
moment atout taill guerber~crord point thet
results frowm the rmaximum nzgative elsvator
deflectlicn

contribution to C, per unit change in &g
of ths %Lsail pitching mowient sboutbt tail
gquerter-chora noint

fsctor usaed to determine cortribvution of tab
to tall 1lift

Tfactor used to detzrmins totel pitchaing-moment
contribution of tib about querter-chord
voint of tsail

change in elevstor control force per unilt change
in noriiel secelerction, vounds rer g

erstlon of grevity, 52.2 fcet per sernond
3o c

contrel force rasgul
with certsr of i

red to lend at minimum spead
gre
nosition, pounds

'y

vity in most forwsrd

-

chenge iIn T  thet resulbe from pevitisl-wing

stell, pounds per g

constants usad to determine Fn

) (“:ztSt\
H + i e - = 7 v “ ] v r——— s o
constant used to detormine (Azofst’ \ aqul)
teil

elevator
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w wing

Ty teb for ali-movable tail

KETHOD OF ANALY3IS

Basls for Comparison

The fixsd-stebilizer, adjustable-stabilizer, and
ell-movable hnorizontel talls on a modern fighter airplene
are ccmpared In the present anzlysic. Beceuse the present
trend in teil design is towsrd higher aspect ratios,
aspect ratios of .2l and 5.82 were treated for the fixed-
stsbilizer tell in order to give data showing the effects
of Increaeses in asvect ratio. The areas required for the
three types of tall hsving equel sspect ratios (5.82)
were compared for an equal range of permissible center-
of=gravivy position. With the resvective areas deter-
mined in this mennsr, the three types of tall were zlso
compared on the bssis of the following lactors:

(1) The effect on the stetic marglin of the airplane
of replacing the fixed-stabilizer tall with other teil
designsa

(2) The contrcl-balence required to obtain a
specified contrel-force gradient =snd veristion of controle
force grsdlent with center-of-gravity position

(2) The effect on stetic longitudinsl stability of
freelng the slevator control

(1) The mrximum control forces in a three-noint
landing at minimum speed

(5) The effect of a partiesl-wing stsll on the
control-force gredient in & dive rcecovery
Data for Celculstions
The basic asta, which are representative of data for
g modern fighter zirplanc, that were usced in calculating

the stability and control characteristics of the sslected
glrplane are shown in table T,

CONFIDENTIAL
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The besic cdesign data end gerodynamic parameters for
the hOLlZOOtﬂl teils are given in table II. The calcu-
lations for the tails were made for a plan form having
an aSDth retio of 5,82 and a teper ratio of 2.16, which

rresvonds to the wing plan form of the cirnlcne. The
calculetions for the fixed-stabilizer tall were glso made
for a plen form having an espect ratio of .2l end a taper
ratio of 1.71, which corresponds to the plan form of thsa
original tsil of the subject sirplane,

Tne stabilizer setting, the ratio of elevetor chord
to taill chord, snd 6¢ for the fixed-stabilizer

tall were assumed to bz the same as for the original
horizontal tall on the subject zirplane. For the
edjustaple~-stabilizer tail, the maximum engulsr travel

of the stabilizer was limited by the condition thst, with
the wing flsos fully deflectzd at 120 percent of tqe
minirum speed, the negative angle of attack of the tsail
was ebout 2,5° below its negative stelling angle. It was
farther specified that with the stabilizer f@lly deflected,
the alrplane could be trimmed at &1l times in & normal
1=anding meneuver by use of the elevator. In order for
tiie t=il to operatc within the linear rarnge of the
elsvetor effectiveness, the veluss for the rstic of the
e¢levator chord to tril chord and for 5emax were assuned

to be smsllsr for the adjustable-stabilizer tsll then
for the Tixed-stabilizer tell - thaot is, dgfcy wes
reduced from 0.%2 to 0.20 and 6emay wae reduced

from =25° to -15°. These assumptions were based on the
data of figure % of reference %Z and were necessary because
of the large increase In the negative 1Incid:znce of the
tail when the stabilizer is fully deflected.

The all-movable horizontel tail considered in the
present enelysls is similer fto the esll-movable vertical
tail surface reported in references !t and 5. For this
tyoe of teil, the »ivot is loceted at the serodynamic
center of the tsil or at some point behind 1t end a tab,
linked to the mein surface, moves in the same dirsction
as end in a predetermined ratio to the main scurface,

The proportions of the tsb and ths tsb-linkage

ratio or /6e ware so determined trat the control-force
charecteristics for the azll-moveble horizontal tall, when
used on the subject eirplsne, would be comparsble to
thoge obtsined with the other tyoes of horizontal teail,
The maximum negetive deflection of the all-movable tail

CONFIDENTTIAL
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was so determined thet the negative stalling esngle for
the teil cculd be obteined In a three-point landing &t
minimum speed. In contrast with the allowence of 2.5°
gssumed in the cese of the adjustable-stabilizer tall,
which was set for the approach cendition, no allowance
was essumed for the sll-movable tail In the landlng
condition becruse the edjustable-stabilizer tail wes
believed to be generslly more difficult to unsteall then
the ell-mcvsble tall, The effecct of other considerstions
thet may limit the rmaximum engular trsvel of the sta-
bilizer and of the all-movsasble contrcl 1s discussed
harein in the section entitlsd "Results and Discussion.”

The valuss for the 2erodynemic perameters ay end T
used in the calculations for the horlzontel tslls were
based on the dste of reference 2, In the case of an
all-moveble t~ll with 2 teb,

T=1-0.1J (5 —=
Lre Cltﬁe

where J 1s = function of the sgnan snd location of the
tab end of the tell tsever rstio., Values for J wcre
obtained from figure 2 of raference 6, The factor 0.1
revrcsents the slope for the section 1ift curve per
AdBIrCe,

Procsedure for Cslculations

The symbols that refer to the pesiticon of the various
points along the longitudinal axls of the sirplene are
identifiad 1n figure 1l. The gquarter-chord point of the
mean gerodynamic wing chord of the subject alrplans is
taken 28 the refercnce chord, and distances along the
longitudinel &avls are measured In frsctions of the mesen
acerodynamlc chord of the wing,

The renge of the permissible center-of-gravity
positions wes limited In the rcerwsrd directlon by the
glevator-fixed neutral peoint egs dstermined for the.
cruising condition and in the forwsrd direction by the
reguirement for adequete control In & three-point
landing ot minimun speed.

CONI'IDIWTTAL
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The rmost resgrward vosition for the centar of grevity
or tha neutral pcint for th2 crulsing concditlion with
elevator fixed was deteruiined from the equstion

6Cimy thlt-‘r‘--t(l - d%)( - Zo)

Bwlo + ~Fg7 - ' a3 =0 (1)

where 1, corresponds to the limiting recrwsrd posltion

for the center of gravisy. The parcmeter de€¢/da in
egquetion (1) wes eveiuated as G.4 from the data of

4=

reference 7. The term le/da in equation (1)
rapresencs the combined contributlon to ¢ of factors

m
other thar the wins end teil, such ss powcr snd laselsge
effects, This term wes evelucted by means of unpublished
flight-tcst date for ths cubject sirrlsone from whiclh the
posrtion of the nsutrel noint for the crulzing condition
with elev;tor fixed wes obtained. The solution of
equetion (1) with the vslue of 1, cbtained from the
flight-tzet dats then dastermines the velae for de1/da.
The term dcml/da wrg thne evealuated 223 0.01 and wes

asgumed in the ccomputstions to be indepzndent of the
center-of-gravity vosition. The differences in the
effect of powsr &t crulsing specd for ths verious tails
wzre neglected, so thst the veius Lfor dcml/da weas

gssumed to be indevpendent of the sire end type of hori-
zonval tail,

The most forwerd center-of-zravity position for &
thrs goi nt landing &t minimum specd wss celeuleted from
ths fornuls

a3ty (g - ch>

Clyaxteg * 80mp =~ oS ooy, ' =0 (2)
o %]

where lgg corresponds to the limiting forwsrd center-
of=zreovity positlion. In ecuatior (2), the term AJM2
refers to the lending condition and reprczcents the
combined contrikution to Cp of fastors other then the
tall and the factor Cr, .- lege The term wes evaluated
by mesns of unpublished flight-lest deta Tor the subject
eirplsre from which the most forwerd perminsible center-
of-grevity cosition In landing vies obteined. The

CONFIDNTIAL
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solution of equation (2) with the wvaluve of lor Obtoined
o

from the flight-test data then detsrmiines the wvalue
for ACmp The term ACm2 thas obtained wss evaluated

as =0,063, This value of ACpp was essumed to be

independsnt of the size and type of tail and also of the
center-of-gravity position. The factor CLt! in

cgquation (2) 1s the maximum negative teil 1lift coef-
ficient that can be obtalned in the thrse-volint-lsnding
attitude and was determined from the equation

» ' = g l( ' - ¢! + + T ) Z
Cr¢ t'{at 1t ax e ax (3)
whaere ap', a¢', and €' are the velues for these

nerameters in the landing at minimum speed with ground-
effect corrections apnplied in accordsarice with the method
of reference 8. Ths term cmtI in equation (2) 1s the

contribution to Cp of the tall pitching moment about

tha tail querter-chord point that results from the maxi-
mun negative elevator defllsction in the lsnding condition,

end bc’lﬁt ) 5 3 210
08, /C1y erax3tCt °t
_ -
Mt qScy

The offect on the static margin x of the airplans
of replacing the fixed-stablilizer horizoantal tall with
other teil designs having different tsll arcas wes deter-
mined on the basis of the neutrsl-point nositions, which
wers obtsined from equetion (1) for & lsrge range of
values of SE/S. The means considered for meintsining a
glvan stetic msrgin with a nodified tail of different
srza included sn appropriate shif't of the center of
Fgravity Alcg or sn &ppropriste shift of the wing Alys.
The value of Alcg 1s equal to the shift of the neutrsel-

point position essocieted with the use of the modifled
tail minus the shift irn the center-of-gravity pcsition
thet recults from the chsnge in the tail welght. In the
computetions for Aly, the quarter-chiord point of the
tell wes assumed to be moved an equal dilstence in the
same diraction as the wing so thet the tall length 1y
is unchsnged., If ths eflfect on the alrplane center of

2

CONFTDENTIAL
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gravity of the wing and teil welghts are included, the
formulss for Al, and Aly become

g
W
- t a
Blog = Blg = by A3% (L)
Wi
Al - ‘vﬁ-_?’t ASy¢
Aly = Wy Wy (5)

oW ot w st

where the tail welght ver unit area w; was taken as

2.1 pouads per square foot, and W, Wwas teken eas

2860 rounds. The term ASy represents the cheange in
required Sy due to the teil modificstion, as determined
by equations (1) and (2) on the basis of the original
renge of permissible center-of-graovity positions.

If the static margin of the airplsne with the modified
tail is maintained constant by moving the center-of-gravity
end wing positions simultancously, equations (L) and (5)
can be written

St St
Blog' = Ay = G122 85 + MWv(o.éB - 0.055u—s—> (6)

vnere the primes for AZCg and Al, 1Indicate that the

center-of-gravity and wing positlons were moved
simultansously.

The chenge in control-force gradient in steady
turning flight was obtained from the formula

’ - 2
Fp, = kchéeB + Chat§> QtKeCe De (7)
wnere
B = - (3)
AS0ms, thmge

CONFIDENTIAL
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end
’V(l _ de 28.5p¢cc (z - 1, + X)
AN da TRejercy w\‘t 0
D = + (9)
Sqa g
In equstions (7) to (9),
o ~ -qtSgTa (g = 1o + %) “omy 10
Mg ~ gs TR (10)

where dcwt/dée i1s the contribution to C, per unit

change in &5z &nd results from the tsall pitching moment

ebout its own quarter-chord nolnt. This terin usually

contributes a smell amount to the value of Crg In the
e

cese of the all-movable tgll
/dc.. \ 57 2
| m | -t -
E 1 cy b
dem,, \_55f;/61',t B 1t°t e

' = 11
ddg gScy (L)

where E!' 1z a function of the span snd location of the
tab snd of the teill taper restio. Values for E' are

given in figure 7 of reference 6, JIn equation (8),
-q.3eaplly - 1o + X) ]
Cmat = a3 (12)

7 i y Ak s
Values for Cn5e’ Chat’ and Sy thet were used

to determine P, are discussed In the present paper in

the section entitled "Longitudinel Control Characteristice.”

The effsct on the static longitudinal stability of
froeing the elevator control wes obteincd from the

formula de
Cmg g0 (2 - Ga)

-— z
blop = &no. (1%)

where AZOF ic the shift in the ncutral-point position
that results from fresing the e¢levator control. In
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equation (13%) Al,, 1s assumed to be negliglibhle In com-

perison with the term 14 - 1, + X. The expression

g de\
~Cy 1 - —
ﬂat< da’

/
Oy
be
in equetion (13%) represents the chsange in floating sangle
of the elevator per unit changpe in «a.

The contrel force for the landing condlition a2t the
minimum speed with the center of gravity in the most
forward positicn was cobteinad from the formuls
| [ o= 2 |
FL = Lchéeeema}{ + Chat(at' - ¢! + itl’ua‘{ﬂ dt (e e be (1)

where  agt!  is ths geometrice angle of e'teclt of the tall
that corresponds to the minimum lsuciry opns21 corrected
for ground 3712t a3 messured with ths sviiclilzer in the
neutrel vosition,

Tae eff~cte of p rtiel-wing stell on the control-
forece gradisnt in a ve recovery for the three horizontsl
talls were correored LY considering the cherges duc to the
stall in the LUiniCn of the centar of presaure of the
wing 1ift, in ths slope of the 1lift curve of the wing,
end in the downwesh angle et the tail., In this comparison
tiie effect of the wing stell on factors other than the
wing and teil werc neglacted.

&
di

The chonge in the control-force gradient due to the
partisl stell in a dive recovery was obizined by means

of the formula r- R
[T /a2 de |
— :'\_ K. ) ~ : T { sy 1 -
V\J _"K: "'v'“' NI ' -i‘ - O 58 .;-;."1.\"("‘9 L e W '!‘ ja >
ATt e RS (USSR AR IS S A P,
(ﬁbn)st c Cis ] B3t a Chat
g L
- (15)

where a

t 1s the slone of the liftecoefficient curve
for the sail

rolane during the wing stall and

o
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'd€>
atqtst[l - {da OJ

fst T Awgy T as

Alsc (ALO)St is the shift in the neutral-vcint position

due to the wing stell and, from equation (1),

E da’ g1, w dCl/
(a1,)_, = i J . - 1%)
C/lst 8y \ q \
-2kl - () 1+ K:< - =
aw, dCL st
where
_ 2ty
T 2,93

The guantitative results presented in the compsrison
of the effect of the wing stall on the control-force
gredient in a2 dive recovery were cbtained for s partial-
wirg stell for which it wes assumed, for convenlence,
thet

’de) aWSt de
\.E_C: &y da

and
/ 8“’st
at - O. badl
Adgt 1041 By
On the bssis of these assumptions, equations (15) end (16)
bzceme, raspectively,

-2 1
W3 KeCebe [(Alo)gChip, 1 1
(87g) gt = — + (\ - t>ch“t (17)

gS Cm<5 st & ,
Qwgt de\ o, Bw st Bwgt de)
(al ) ) ¥ < P +C.10 1l - e Kzt - e
o/st ™ . } de
fug g < f___g_i; _@_g\ 1+K (l - —)
+ X - - . da
By Sy dq/

- (18)
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RESULTS AND DISCUSSION

Renge of Permissible Center-of-Grevity Positions

The rearwsrd and forwerd boundaries for the permiss-
ible range of center-of-gravity positions for the fixed-
stabilizer, adjustable-stebilizer, and all-movable
horizontal tails are shown in figure 2, The results are
shown for values of Si/S ranging to 0.30. The limiting
rearward center-of-gravity position in figure 2 is deter-
mined by the requirement for static longitudinsl stab-
ility iIn the cruising condition with elevator fixed.

This boundary was obteined by solving equation (1) for 14
with specified values of S;/S. It will be noted from

equation (1) thst the parameters which affect this
boundary generally do not chanige with the type of hori-
zorital tail, This boundary will be affected, however,
by & change in the tsil =spect ratio because the term a
in equation (1) is a2 function of the tail asnect ratio.

: S
Figure 2 indicstes thet for 5 = 0,175, which corresponds
to the horizontsl-tsil area of the subject airplane, an
increase in the tail aspect ratio from L.2L to 5.82
incresscs the static margin by 0.026cw.

The forwasrd boundary for the permissible range of
center-of-gravity position given In figure 2 is determined
by the reguirement for adequate control in the critical
leanding condition. This boundary wes cbteained by solving
equation (2) for 1., for specified velues of St/S.

Pisure 2 shows that the boundsry for adequate control in
the critical landing condition will be shifted considerably
forward by replacing the fixed-stabilizer tall with either
the sdjustable-stabilizer or the all-movable tail. For

S
?5 = 0.155, the forward bounderiss for the adjustable=~

stabilizer and sll-movsble tails are 0.18cy and 0.21cy,
réespectively, ahead of that for the fixed-stabilizer
tail (A4 = 5.82). Figure 2 shows that in the case of
the fixed-stabilizer tail, the effect of aspect ratio on
the forward center-of-grevity boundsry is smeall.

The large forwerd extension of the range of permiss-

ible center-of-gravity positions, which results from the
use of the adjustable-stabilizer and all-movable tails,is

CONFIDENTIAL
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caused by the lerge incresse 1In Cr,' that can be

obtained with these types of horizontal tsll as compared
with the fixed-stablilizer tail, The calculated value

for Cri' for the fixed-stabilizer tell was -0.029 as
compsered with -1.05 and -1.25 for the sdjustable-stabilizer
and £l1l-rmovable talls, respectively. The nunericsalliy
larger value for CLt' obtsined with the zdjustable-
stabilizer teil 1s due to the influenice of the term itmax
in equeticn (3), and for the all-moveble tail, the
nuerically larger value for Cr.' 1s due to the term 7

in equation (3). (See table II.)

Thz results shown in figure 2 indicate that as
comperad with the fixed-stsbilizer tell of Ay = 5.82,
the adjustable~stablilizer sad sll-movable talls permit a
reduction in horizontsl-tsil ares of sbout L0 vercent for
a glven center-of-grevity range. In the case of the fixed-
stabilizer tail, the incrcsse in aspect ratio from l.2L
to 5.82 permits a reduction 1in horizontal-tsil area that
varies from about 10 to 12.5 percent.

In connection with the comparison shown in figure 2,
it should be noted that the tall ares required to provide
adequate control in the criticel landing condition will
denmend to & significent extent on the conditions specified
in regard to limiting the maximum sngulsr travel of the
various centrol surfaces. Thus, in the csse of the
adjustsble-stabilizer tail, the criterion for the maxlimum
stebilizer deflection is likely to be based on the
placarded svecd for the airplene with fleops down.

In this conn=zction, 1t 1s noted iIn reference 9 that
longlitudinal Instability hes occurred on severel airplanes
at small winz angles of ettack wilth flaps down. This
instebility anpesirs to be caused by stalling of the tall
surface due to the comperstively large negetive incideance
of the tril sssceliated with a smell wing angle of attack
gnd a large downwash angle with the flaps deflectad. On
this basls, i the plecerded speasd is taken at a value
greater than 120 percent of the minimum spsed, with
sultable sllowsnce for limiting the stslLilizer deflection
to svert teill stslling, the results Iindicatzsd in flgure 2
for the sdjusteble stabilizer would be unduly optimistic,
Similerly, the results shewn in figure £ for the all-
movable tsil would be optimistic if the maxlmum control
deflection wore so limited theat the incldence of the tall
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In ths ecritical lacding condition 1s 2 few degrees helow
the nesative stalling ﬁng]e, For examnle, tlie maximum
angular fﬁev91 of the all-movsable Lall night be limited
by the condition trhsat In & wave-ofr, the sudden aprli-

ation of power shouid not increaze the downiwesh to Lh
extent of stalling the tril. On this breis, if it were
specified for the all-movable tail thet 1ts nieximum
incidence in thes criticsl thres-point lending condition
should niet =sxceed 2 value of 2° bsleow its nzgetive
stelling enzle, thon the boundary fcr mdeguate control
in the lending condition shown in p;gudo 2 would bg

St
shifted reerwerd by e vslus of ths ordesr of C.Zle, 3
c V
v, - t i
or gbout 0,02<%c, when -7 = (.155.
; 3 ;

3ietic wmergin

Figurs 2 indicebtecz that & raduction In horizontal-
t=il arees results in a forward snift of the neutral point
Consequently, in ordsr to maintain &n eqguel stetic msrgin
in conjunction with a reducad horizcontal-tsil erca, the
center of zgravity should noriirlly be moved chead s
distance equzl to the forwsrd shift of the nsutral roint.
In the preiininesry stages of desliin, the rsquired center-~
of=gravity shift mﬂy be sccorplished by moving the engine
forwerd. A1 elternative mathod for obtaining an equel
statlic nmerzin in Pongxnction with & reduction in -
horizontal-teil sree is to move the nsutrel nolnt bsck
by sn appronriste resrward movamant cf the wing.

Figurs %3 1is given In oxrder to indicete feor ti cire

ive
plene the movemsnte cof the conter-of-gravity or wing
osition that sre required with the redvctions in
horizontal-tsil sreg sisccisted with verions typss of
teils in crder to meintaln static mergin.
The srsas for ths medllied ere bessd on the
condition thst the ¥y givz ¢ iu~*ble center-
of=grevity pOnltL“hw equnl sd with the

fixgd-stebilizer tail (A, %. 1gsgective teil
srses were obteinasd from fl"ure 2, sni sre showa in

gure 3(c). The revesnents ol tihs centor-ol-gravity Al
or winz position ATy reguired with the flzed-stabilizer
(At = 4.2&), acjustetle-stanilizar, and rll-moveble tails
ace showm In fizure #(b). The resiults for Aleg ond AL
indicated 1In fizure %(b) were obbtzined by means of
equstions () end (5), rcepectivelv. The shift of the

JCYHIDETTAT,
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L)

rneutral-point pesition AZO for use in equstions

(
end (5), which results from the change In St/S associated
with the modified taill, wes determined from figure 2.

In figure %(b%) the values of Azcg and Al refer

to the csse in which either the center-of-gravity or the
wing mov.ment is made independent of the other. The
reqgquired movements of tne center-of-gravity and wing
pecsitions for the case of a simultaneous movement may be
obteined by meeans of the dsta of figure 3 on the basls of
equation (6).

Figure li shows a nlen visw of the subject airplzne
with a fixed-stsblllizer tail and with asn all-movable
horizontal teil of reduced arca. The sll-movable tail
with reduced area provides the seme reange of nermissible

anter-of=gravity pvositions as the fixed-stabllizer tail,
aqd the rescrward movement of the wing of 0.72 fcot indi-
cated in figure li, mainteins the originel static margin,
If trhe center cf grevity of the sirplene with the all-
movable tesil were moved forwerd O.Léf foot, the original
statlic margin could be maintained w1th a rearward move-
ment ¢f the wing of 0.%23%2 foot.

Longitudinal Control Charsctericstics

With a gilven horizontel t2il, the control-force
charscteristics may be varied over & wide range by
edjusting thes wvelues for the hinge-moment paresmetsrs Ch@

and Chat. The present anelysis of the control-force

characteristics 1s given, however, in order to comoare
some tynicsl vecluzs for Chc end Ch which are

regquired with the vsarious orwzontal t811° to provide
compareble control-force charact ristics witli sn equsal
permissible verietion in the center-cf-zravity positicn.
The analysis also compsres the effect of a pavtial wing
stall on the control-force gradient in a dive recovery.

The horizontel talls ere compared on the basis of
the originsl renge of permissible center-cf-gravity
positions of the subject eirplene of 0.103cy. The
respective arces for the fixed- stabllizor tails = L.2L
and 5.32) and for the edjustable-stabilizer and all-
moveble teils are then L1.Li, 36.6, 22.6, end 20.8 squsere
fect.
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The results of the calculatlions for the hinge-monent
parameters Ch@e and Chat’ and for Fp, 0.01 brn/6<

Als,, and Fp are given in table III. The deta for F,

and 0,01 8F,/0x were obtainsd by use cf eguations (7)
to (9) for a stetic margin x equal to C.05cy, and for

an sltituce of 2000 feet., The razsults I table III arc
given for the fixed-stabilizar tetl (As = 4. l) for values

of Ch6 end  Cpg, that were dzinrmia~d oy the basis of
t

unnublwbhed flight testa of tiie alrnlene, The rezults

are also presented for =11 the talls on the b=sis of the

values of Chb and Gy recuired to provide a control=-
e Gt

force gradient Fn equal to %2.27 rounds per g and a
valus of 0,01 &F,/0x ejquel to .52 pounds per g per
percent change in =x. The estimated control bvelence
required with the tszils In order to obta2in the foregoing
values of Cny and Chot are also compsred in btable IIT.
e X
The control-balence requirements for the fixed-stabilizer
and edjustsble-stanilizer tsils were estimsted con the
basis of the typlecsl hinge-moment deta ziven in figure 2
of rcfercrics 3; wheress the baleancs reguirements for the
all-mcvable teil were ohteinsd by use of thz formulas
given in the appendix of tho »resent raport.

The rssults glven in tebls IIT indicete thet In
order to cbtain - values of F, equal to 3.27 and values

of 0,01 éFn/bx equal to 0,52 with & static margin
of 0,05¢cy eitlisr of the fixad-stsbilizer tells would
cquire apcrscisble reducticns in the magnitudes of Chg
e

and Cha by use of bslencing dovices, These datsa 2lso

indicate thst if the sspect ratio of the fixed-stabllizer
tall 1s increased from L.2L to 5.82, the required control
balsncz for Chb would he roeducsd by about 12 wercent,

For the edjusteble-stesbilizer teil, 'ubl3 III shows thsat
in order to obtein the foregoing VOIH for ¥y

end 0.10 bFn/éx, a very small deazree of balance would

s

be required to obtsin the Indicsted value for Ché H
e

£

whereas sappreclable belence would be required to obtsin

CCHFIDENTIAL
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the velue Indicated for () . For the s&ll-movable tall,
Ot
the formulsasgliven in the eppendix of the vresent naper
indicate that the volue for Chg shown In table ITI could
C

be chtained »y us2 of a tsb, which ccvers the middle part
of the tall semispsan, and has a linkege ratio éft/ée

of U.6, a chord equzl to 0.08cg, and a spen of 0.25bg;

wnerees the tabulated value of Cha of zero could be
Tt

obtslined by loceting the pivot of the mein surfece gt its

sgarodynamic center.

The cata given in tebls I1I for the effect of freesing
the elevator control Alog arid for the control forces

-
i
<

requirsd 1In the critical landing condition Ty were

obtainad by nce of egustions ) end {1li), respectively.
The results indlcate that the values of ALOP are emall

for 211 the tzils, The control forces required in the
critical lending condition src spproximstely the same for
the fixed~stebilizer and ths szll-moveble taills bult sare

lower for the adjustesble-stebllizer tail,

Effect of Pertial-Wing Stall on Control-Force Gradient
in a Dive Recovery

Uncer certain flight cornditions, such as in a high-
speed dive recovery, the wing is apt to become partlsaslly
stalled end the lack of adequste controllebility of the
resulting large dlving moment mey be very serious. A
carisidersation of fectors assoclated with the wing stell,
such as the reducticns In the slope of the wing 1ift
curve =nd in the downwash zngle at the tell, indicates
thst the diving moment that results from a wing stall
will be influenced to an importent extent by the heori-
zontal tell sree. The diving moment contributed by the
horizontal tail es ¢ result of the wing st2ll is esssumed
to increasse directly as the product Cmat dag o+ A€st)

whers Aatst + A€y 18 tho increase in angle of atteck

at the teil due to the wing stall. The derivetive Cma ’
t

however, numerlcslly increases directly &s the horizontel-

tall area; therefore for a given incrssse In ths engle of
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atteck at the tall, th2 resulting diving momsnt will
ee3e directly as the horlzontal-teil area. The
woment sbout the sirplsne ceater of gravity thet results
from ths reduction in the wing lift-curve slope in the
stall is elso affected by the horizontal-tell srea. 1In
e glven alirplane, sn increszz in the horizontal-tall area
gsults in a resrward movement of the neutral point, and
for & svecified static margin this movement of the neutral
noint in turn involves a corresronding resrward movement
of the center of gravity. For & specified static mergin,
the relation between the positlons of the wing and the
center of gravity 1s therefore such thet the reduction
in the wing lift-curve slope assoclated with the stall
tends to reduce the stslling moment or to increase the
diving moment as the horlzontal-tail area l1s increased.

On the bssils of the foregoeoing discussion, it appears.

that in 2 high-specd dive recovery in which the wing may
scoms pertislly stelled, the small horizontasl-tail areas
associeted with the sdjustable-stabilizer esnd sll-movable
teils should, in general, significently improve the
longitudinal control cherscteristics over those obtained
with ths conventionsl fixed-stsbilizer horizontsl tsail.
Figurs 5 1is pressnted in ordsr to glve a guantitative
compsrison of the effect of a partisl-wing stall on the
control-force gradient in e dive recovery ss obtained
with the conventionel fixed-stabilizer, =djusteblz-
stabilizer, and ell-movable horizontsl talls. The area
of each of the horizontal teils is given end is based on
g2 renge of permissible center-of-grevity positions

of 0,103%¢cy as dstermined from flgure 2 for the original

horizontel teil of the sirplans.

Figure 5 vresznts the results of the computetions
for th: incresse in control-force gradient duc to =
nartial-wing stall in = dive pull-out mede at constant
spcede The results for (AFn)st in this figure were

calculated by means of equetions (17) and (18) and are

shown for s range of values of awst/&w from 0.6 to 1.0,

These values of awou/aw may oceur in the cace of e high-
»a

spveed pull-out in which the thicker sections near the root
snd those close to the wing-fuselage . juncture tend to
stall due to criticsl compressibility effects., These data
for (AFp)gy for the tails are based on the same values

for Chng and  Ch thet are given in table IIT.
e Gt
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The results in figure 5 indicate that the wing stall
causes & greecter lncrease in the control-rorce gradient
withh the fired-stsbilizer tell then with the sdjustable-
stabilizer snd all-movable teils, Thus for awst/aw

equal to 0.8, the values for (AFn)st for the adjustable-

stabil*zer snd sll-movable tails sre, respectively, 21.8 per-
ent. and 25 percent smaller than the value obtained with the

moﬁ fied fized-ctebilizer tails The magnitude of these

redactions in (AFn)St ootained with the adjusteble-

stsebillzer and all-moveble teils &s compared with the fixed-
stabilizer tell s2lso become greater as the wling becomes
more stalled. Figure 5 indicztes that for the lebd-
stabilizer tall the increase in zspect ratio from q 2l

to 5.82 with an spnropriate reduction in tall arca has

r.o effect on (AFn)a

CONCLUSTIONS

An anslysis msdes in order to cowpsars a conventional
fixed~stebilizer, an adjusteble-stabilizer, and an ell-
movahle horizontsl tall indicatsd the following con-
clusions:

le The gll-movable and adjustable-stabilizer
horizontal teils have a large advantage over the con-
ventiongl fixed-stebilizer tzil in regard to tail-arza
requirements, For a =specified ringe of permlissible
ccntsr-of-gravitv positions, the gll-movable and adjusisble-
stebilizer teils vrermit reductions in tail crea of approxi-
mately L0 nercent, ss compsred with the fixed-stabilizer

teil.

2. A specified stetlic wargln cann be meintained with
lergs reductions in horizontel-tall area by edjustments
in the center-of-grsvity or ming

vositions, which are
feesinie in the preliminery stagsess of deslgn.

3. Tne compszrison of the longitudinal-control
chzracbeoristics obtsined with the horizontel talls, which
wzs made on thz basis of taill erssass thrt correspond to
tho same range ol permissible conver-cf-gravity positions
and on the bhesis of similer dive=~recovery cherscteristics
for conditions bzlow ths wing stall, indicated the
following:
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(a) For the sdjusteble-stebilizer tsil, the
rayulred velue for the rate of chauge of hinge~
moment coefficlient with elevator deflecticn can be
obte’nad witn sypreciavly smaller control bslance
than would be reguired with the fixed-stabilizer
tail.

(b) The contrcl forces required to effect a
three-noint landing at minimun spead will be smellest
with the sadjuste ble-stanilizer tail end will be
apnreximately the ssame with the fixed-stebillzer

and s#ll-movable horizontal tails,

(¢) The incrssse in conJrcl-;orce grediernt in
a dilve recovery, which results from s partizl-wing
stall, will be significsntly smeller with the all-
moveahle and adjustq}lﬁ-sf bilizar teils then with
the conventionsl fTived-steblliizer tail.

i« In the case of the fixed-ctebilizer tail, an
increesse 1n aspect retio fron L.2lf to 5.82 for e specified
range of pe*ri ssiole center-oi-zgravity positions permits
g2 reduction in taill sfr2a thest vearies from zpproximetely 1C
to 1245 percent. This ircrsase in teil espect ratio with
the eporopriaste rzduction in teil area will, in genersl,
have a s8lightly faverebls effsct on the longitudina1
control chearscteristics velow the wing stall, end will
have no effzct on the Incresse in the control-forces
gradient In s dive recovery dus to the stell,

Iangley Memorlal Asronsuticsl Leboratory
FKationazl Advisory fSommittee for A:ronsutics
Lengzley Mield, Va.
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DIX

BSTINATION OF EINGE-MOMENT DAPAMBTSRS I'OR
ALL-MOVABLE TAIL WITH A TAB

An estimation of the hingec-moment parameters

Q
o d -
2inle lh

t
for en all-movebls tell with a tab, may be
e

obtrined from the following approximeate formulas:

" Al
n (a1)
where P

1s the distance mezasured bsck from the tail
asrouynamic center to the plvot of the mein surface.

For a full-spen tsabh

5o

éJm
- £ Ty, _ ;
“ho, lg«eft te ~ O ”(*m) e (3)

where J s8and B! are functicns of
of the tab and of

the spen and location
and Etf

the tsall taper ratio. Velues for J
ars given in raferences 5 end 7, respectively.

If the »lvout ls located at the serodynamic center,

Cha = 0 end 5
Ccmt> Ty ,
ong, = (. e ()
8¢ Sopy de

t
C1y
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Equations (Al) to (i't) are based on stripn theory
nd neglect a small increment in hinge moment, which is
transmitted by the tsb to the fuselage Instead of to the
control column,
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TABLE I = BASIC DATA FOR SUBJECT AIRPLANE
Welight, | Wing ares, | ¥Wing epen, ow Aspeoct Taper Ple 1 Tell length,
) tio, t1 P bid 2 3 Ke
Jo) (ogrt) ma (re) r-‘ rc’ o, type span cI‘Ax {pear deg} (rrneblot':n of og) (redian per ft)
8g50 236 L14 6.64 5.82 2.4 Plein | 0.608 | 1,72 0.072 2.38 0.57

TABLE II ~ BASIC AZRODYNAMIC AND DESIGE DATA FOR HORIZOSTAL TAILS

[g; = 0.l _:1 = 0.95]

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Horirontel telil Aspect ; Taper B¢ Tt span, Sopax | ltmax ag
r-:ioy r-:;ie. ce/ty (f%) (£t) “‘ig) (deg) | {(dag) | {per dag) v
Flxzed stabillieer .2k 1.7 0.32 0.157\8¢ | 0.4928¢ | 2,06v8¢ -25 2,0 0.0635 0.59
Plxed etadbllleer 5.82 2.16 .32 1368, La5Sy | 2.8y =25 2.0 L0720 .59
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CONFIDENTIAL

k—— cg X -3
| Neutral pomnt
cg & e / posits
(——-AZWT 7 o @/em:for—f/xza/) F 17 oGl position
( (. __’__’__—_ N _—_‘_*_‘_\_‘)

'\Cl«/ Zl
- [ 778l oSrZ/0/77
T /0

Reference : %‘1 177 origrrral position

c— ¢ >

Y s/bve directron

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

CONFIDENTIAL

Flgure 1.~ Position of various points along longltudinal axis
of airplane, Distances measured in fractions of Cwe
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Figure 2,- Variation with horizontal-tall area of permissible

center-of-gravity posltions for fixed-stabilizer, adjustable-
stabilizer, and all-movable hcrizontal taile,



3a,b NACA ACR No.

CONFIDENTIAL

7—5// /‘}f L’
LE | —--- Fixed sbobrizer — #24 - ;
-— Adyustable stabilizer 582 L] g
E Py —~— Al trovable 582 / ,
b Y [ IER— - S ” ‘
Q 20} Fired stobitized’ N 11 |
S 0 [ A A O S O A Vi ~

Q 7
NV L] .

N J RN S OO R .,J,.: Adyestoble .4;/{_

N , Stobibrer }

“ J2 rd /A% S S /451‘

~ / L~ Al rroreble
oF - . | L Y T
W 08 L

< P
N Lz i
N
X L. -
§ o4
W r . 7

o
20 {a) Eguivalent tail arsa for modifled talil,
. | j
/6 I //}0%
/ -
Al rovable. e - i
SL Joac — // ‘//4"_/(/52‘0[),(2 Stabitizer
L

3 gl _| i

Y 08 L -
A7

Q Ca J S P

8]

w 04 . —

9
& | frred stabilizer =02, ;

N4 I ___'“j_",'_"ff_f’&'é*” 1
% -— ‘A rred stobilizer e i
N 04 S S S

: < H

‘ ‘ B _
R ; N Wheslobl statilzer |
™~
N Al mazxab/«z\\ S N J
-/2 , - .- ;} 4
lﬁ 2109
""" I L T NATIONAL ADVISORY
-6 CONFIDENTIAL | COMMITTEE FOR AERONAUTICS

S £ 5
S8 for fixed-statihizer tar (Ag« 5.582)

(b) Required movements of center-of-gravity or wing position,

Figure 3,- Movemente of center-of-gravity or wing poeltlon required to malntaln
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Figure 4,- Pian view of selected fighter airplane with reduced
horizontal-tall area obtained by use of all-movable tail,
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