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ADVANCE CONFIDENTTAL REPORT

EXPERIMENTAL VERIFICATION OF A SIMPLIFIED VEE-TAIL THEORY

AND ANALYSIS OF AVAILALBLE DATA ON GOMELETE °
MODELS WITH VEE TAILS
By Paul E. Purser and John P. Campbell

SUMHMARY

An analysls has been made of avallatle data on
vee-tall surfaeces. Prevlously published theoretical
studles of vee talls have been extended to 1lnclude the
control effectiveness and control forces in addition
to the stablllity. Tests of two lsolated tall surfaces
wlith varlous amounte of dlhedral provided a check of the
theory. Methods for designing vee talls were also
developed and are given in the present peper.

The analysils indicated that a vee tall deslpgned
to provide valves of stability and controsl parameters
equal to those provided by a conventlonal tall would
probably provide no reductlon 1n area unless tre con-
ventional vertical tall 1= in s bad canopy wake or
unless the vee tall has a higher offective aspect ratilo
than the conventlonal vertical end horizontal talls.

The analysis also 1ndlicated that a possitle
reduction in control forces (or in the amount of control
balance requlired) can be made by the use of a vee taill,
provided large deflectlons of the control surface do
not cause & large decrease 1ln the effectiveness and
increase in hinge-moment coefficlent per degree deflec-
tion of the control surface. If large-chord control
surfaces must be used In order to keep the control
deflections small, the control forces (or the amount of
control balance required) on the vee tail are likely to
be equal to or greater than those for the conventional
tall assembly.

The analysls further indicated that the vee tall
could have the following advantages over the conventional
tall assembly:
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(1) Less drag beceuase the vee tall has fewer
fuselage-tall Junctures

(2) Less tendency toward rudder lock

(3) Higher locatlon of tall surfaces, which tends
to reduce elevator delflection required for teke-off and
landing, to keep the tall out of spray in flying-boat
take~off, ané to reduce possibllities of tall buffeting
from the wing and canopy wakes in hlgh-speed fllght

(4) Fewer tall surfaces to manufacture

On the other hand, the analysls lndlicated the fol=-
lowlng dilsadvantages tkat a vee tall might have when
compared with conventlornal tails:

(1) Psssible interaction of elevator and rudder
control forces

(2) Possible interaction of elevator and rudder
trimming when tabs are at falrly large deflectlons

(3) More complicated operating mechanlsm

(4) Greater loads orn tail and fuselage, which would
tend to requlire increaced welght

The tests of the lcolated vee taill indicated that
the simplifled theory developed for vee talls waes valld
for dlhedral angles up to about 40°,

The relative merlts of the vee tall and conventlonal
talls for spin recovery have not been establicshed, but
it appears that the vee tall should be at least as good
as the conventlional tall assembly in thile respect, excert
possibly in cases 1n which simultaneous full deflectlon
of both rudder and elevator 1ls requlred for recovery
from the spin.

INTRODTICTIOW

Barly investigations of vee-tall surfaces were
reported in 1932 and 1926 (references 1 and 2). The
principal advantage claimed for the vee tall was a
reduction in drag whlch, when compared with the total
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elrplene drag, was fairly small. As the values of total
alrplane drag coefficient have decreased, however, a
glven reduction 1in tall-surface drag coefflclent has

=== --pecome more lmportant.  In the last. few years more atten-
tion has therefore been given to vee-tall surfaces and
three investigations have been maede by the NACA. One

of these investigatlons lncluded both theoretical and
experimental results and was reported in reference 3; the
other two investigations were wind-tunnel tests of com-
plete models with various tall-surface arrangements.

The present paper extends the theory of reference 3
to Include control effectiveness and control forces as
well as staebllity, summarizes the results of the two
complete-model investigatlons, and reports tests of two
isolated tall surfaces with various smounts of dlhedral.
A method for designling vee talle 1s also glven.

COZFFICIENTS AND SYIECLS

The coefficlents and symbols used herein are deflned
as follows:

Cr, 11ft coefficlent (Z/qS)

Cpg resultant-drag coefficient (%/qS)

Cy lateral-force coefficlent (Y/qS)

Cy rolling-monent coefficient (L/éSb)

Cpm pltching-moment coefficilent (il/gSc)
Cn vawing-moment coefficlent (N/qSb)

Ch hinge-moment coefficient (H/qbc?)

T effective thrust coefficient (T./pVeD?)
where

X,Y,2 forces along axes defined in figure 1
L,M,N moments about axes defined in figure 1
H hinge moment of control surface
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effective thrust
dynemic pressure (%pvz)

actual (not projected) area

]

-~

meanagfometric chord

" ——
e

root-mean-square chord of control surface
tehind hinge line

actuel (not projectedi span
eirspeed
propeller dlameter

mass density of alr

engle of attack of thrust llne for corplete
models &and of chord lire at plane of symmetry
for lsoleted talls measured in plene of
symretry, degrees

angle of yaw, degrees

angle of =ideslip, degrees (-¥)

angle of stabllizer w!th reespect to fuecelare
center line measured ln plane of symmetry,
degrees; posltive when tralling edpe 13
down :

control-zurface cdeflectlon meazured 1n plane
normal to chord plane of tall rurfaces,
. degrees

tall length; distance from center of gravity
to hinge llne of control surface

engle of downwash, degrces
angle of sidewash, degrees

rate of change of downwash angle at tall with
angle of attack

E—
N |
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rate of change of sidewash angle at tall with

‘angleé "of" sideslip

" aspect ratio bz/S)

taper ratio; ratio of tip chord to root chord

, 8tlck or pedal force

The - syrbcls used in the developmeht of the theory
of vee tails are defined as follows-

th

Ct

1ift coefficient of tall measured in plane of
symmetry .

angle of attack of tail measured ln plane of
symretry, degrees

lateral-force coefficient of tall measured
normal to plane of symmetry

angle of sldesllip of plene of symmetry

elevator deflection or elerudder deflectlon
when elerudder surfaces are deflected
upward or downward together, degress

rudder ‘deflection or elerudder deflectlon when
elerudder surfaces are deflected equal and
oppo«ite amounts on the two siues, degrees

deflection of single elerudder surface, degrees;
subscripts R and I denote right and :
left elerudder surfaces, reespectively

dihedral angle of tell surface measured from
XY-plane of vee tall to each tall panel,
degrees

tall 11ft coefficient measured in plane normal
to chord plane of eaeh tall panel

sum of changes 1in tall 11ft coefficient normal.
to each tall panel when tall 1ls yawed;
equal and opposlite span load dlstributions
overlap so that CLN' = KCLN- where values

for K are presented in figure 2
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K ratio of sum of 1lifts obtalned by equal and
opposite changes 1n angle of attack of two
semlspans of tail to 1ift obtalned by an
equal change In angle of attack for com-
plete tall (ses flg. 2)

k constant of proportlonality

angle of attack measured in plane normal to

a
N chord plane of each tall panel, degrees
CIu slope of tall 1ift curve 1n pltch measured
N in plene no gé to chord plane of each
L
tall panel "6 N
oay
Cr, ' slope of vee-tail 1ift curve when 1lift and
N engles of attack are measured in planes
normal to chord planes of two tall panels
while angle of sattack of tall at 1s held
oCr,
constant and tail 1s sideslipped baNN )
Cvy slope of tall lateral-force curve measured
Bt : 6CYt
normal to plane of symmetry
' st/
: 6cL ACry
T control-effectiveness parameter Sa
. N
Subscripts:
w wing
t tall
h horlzontal tail
v vertlcal tall
vee vee tall
e elevator
r rudder
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"qrm_. o elerudder

£ . flap o

B,V,0,a denote partial derivatives of coeffilclents
: ' with reespect to angle of sideslip, angle
‘of yaw, control-surface deflection, and

angle of attack, regpectively; for example,

30y
®vp < 35

STIMPLIFIFD THFEORY OF VEE TAIL

Baslc Assumptlons

As 1ndicated 1In reference 3, an lsolated vee tall
may be conslidered a wing having a large amount of
dihedral. The basic assumptions usually made for a wing
with dihedral are used to derlve felrly simple expres-
slons for the stabllity, control, and control-force
parameters for vee tails. The sran load distributlions
computed by use cf l1liftlng-line theory for wings wlth
no dihedral and no sweepback are assumed to be vslld for
wings with dlhedral and are assumed to be unafifected by
Interference at the point where the dlhedral changes.
The assumpntion is al=o made that, when the effective
angles of attack of the two panels of a wing with
dlhedrel are changed equal and opposite amounts by
sideslipping, the changes in 1ift coefficlent normal to
each panel are equal anrd opposlite in eign ard are equal
In magnlitude to the changes resulting from equal and
opposite changes 1n angle of attack of the tws panels
of a wing wlth zero dlhedral. The assumptions of course
become less valid as the dihedral increases.

In order to simplify the analysls further, the
longitudinal and dirsctional characteristics are con- N
sldered independently and the 1ift and hinge-moment
characteristics are assumed to be linear ‘ln spite of the
large control-surface deflections that are requlred with
vee talls when full elevator and rudder control are
epplied simultaneously. Consldering the longitudinal
end directlonal characteristlcs independently and not
accounting for the nonlinearity in the various coeffl-
clent curves results 1n ideallzed solutlions that must
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be modifled in practlcal applications. The degree of
modificatlion will of course depenc on the characterlstics
of the control surfaces and saslrplere under consilderation.
The solutlions derived hereln are presented only to indl-
cate the general approach to the problem and to present
some 1dea of the comparative characteristics of vee and
conventional talla In the 1deallzed cacse.

With these assumptions as a basis, the following
relationchips were developed and are lllustrated 1n
figure 3:

(1) For small snglec of attack, the angle of sattack
measured 1n the plane normal to each panel of a vee
tall 1s equal to the angle of attack measured in the
plane of symmetry rmultiplied by the cosire of the tall
dihedral angle (fig. 3(a)); thus

ay = ag cos T - (1)

. (2) For small engler of sideglip, thLe chunpes 1in
angle of attack measured ir the plcnes normal to euch
panel of the vee.tall are e&3ual and opnoslte in sign
and are equal to .the anpgle of sideslip multiplied by the
sine of the tall dlhedrsl angle (fig. 3(b)); thus

(IN = at gin T (2) _'

(2) The 1ift coefficient measured in the planc of
gymmetry ls equal to the 1l1ft coefficlient measured In
the plane normal to each panel of the vee taill multiplied
by the cosine of the tall dlhedral angle (fig. 3(c));
thus

CLt = CLH coe I (2)

(4) When the vee tall 1s sideslipped, the changses
in 11ft coefficlent normal to esach panel are equal and
opposite 1n sign and the lateral-forcc coeffilcient of
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- +the- vee tall 1s. equal to the sum of the changes in 1lift
coefficient normal to each panel of the vee taill multi-’
plied bty the sine of the tall dihedral angle (fig. 3(d));
thus

CYt = CL,N' gin T ("1)

Stablllity and Control Parameters

The stebllity and control parameters for an lsolsted
vee tall correspond to the 1ift ané lateral-force
parameters for a wing with dlhedral and can be developed
from equations (1) to (4) as follows:

(1) Longltudinal stabllity as measured by CLut=

3Cr, &(Cry cos T')
o] = = -
Lag oayg 5 cy

cos I

CIuN cos<n (5)

(2) Longitudinal controal as mearured by CL53=
. _ éth ) é(CLN cos.P)f
I‘be 666 ban‘

= CLuNT cos T (8)

(3) Directional s=tabllity as measured by CY3t=

oC 8(Cr..' sin I
B¢ 08¢ N ay L“N
gln T
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(4) Directlonal control as measured by Cys_ ¢
r

(‘;CYt _ b(CLN' sin P)

= = T =C tt gin T
Y5, = 365 day Lay "

= [=]
KCLGNT sin T ()

The relstion between the stabllity parameters Cr, and
t

Cy, for vee talls may be obtalned as
Bt

Oy, Korg sin®m

c
Loy o

= -X tan®p g (9)
The reletion between the controi perameters CLG and
. e
CYbr mey be obtained <irmllarly as

Cys, KOp, T sinT

CLﬁe CLGNT cos

= K tan T (10C)
Cr, ' '
Values of K (or = N for various aspect ratios
I'aw . . Car

and taper ratlos are prerented In flgure 2. The valuss
were obtalned from extrapolation of values of K deter-.
mined from figure 2 of reference 4 by graphicglly'
integrating the complete load curves for 1.0 % inte=-

grating the right-hend half of the load curve minuc the
left-hand Lalf, and takirng the ratlo of the two valvues.
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Comparison of Stabilitv and Control of
Vee and Conventional Tails.
The relation between the total areas of an isolated
vee tall and an 1lsolated conventional tall assembly that
provide equal stablllity can be obtalned as follows:

For equal values of (Cma)t for the vee tall and

the conventlonal horlzontal tall,

Q -
SKCL.. = Syeelr
Tth Ctyee

SveecLuN cos?T (11)

For equal values of (cnﬁ)t for the vee tail and the

conventlonal vertlicel tall,

Cv = C
Sy lﬁtv Svee YStvee

SveeKCLqy sin<p (12)

If the horizontal tall ard the vee tall ars assumed to
have the seme aspect ratlo,

c =C
La th LC"N

If the effectlve aspect ratio of the vee tail, which
for lateral-force computatlons 1s lower than 1its
geometric aspect ratlio because of the factor K, 1is
assumed to be equal to the effectlve aspect ratio of
the vertical tall, vhich is higher than 1ts geometric
aspect ratio because of the end-plate effect of the
horizontal tall,



12 SRS NACA ACR No. LSAC3

C+ o= EC
Pty Lay

The esamption of equal iift-curve slopes simplifies
equations (11) and (12) to .

Sh = Svee 603211 : (13)

and

Sy = Syes 8infr (14)

When equations (13) and (14) are combined,

S}l + S‘V = 8vee<0052P + Singp) (15)
But
casgP + sin®p = i
so that

 h * Sy T Syee (1€)

An 1solated vee~tell surface producing stablllty
parameters equal to those produced by an Zsclated con-
ventional tell ussembly (and having equal etfective
aspect ratios) must trerefore have an area equal t> thet
of the conventlonal tcll assembly.

Tf the areas of a vee tall erd a convertisnal tail
aasemtiy a¢ as~ured tc be rads ecjqual to glve acual
stabil.liiy wnc 17 equal values »>I the contrel-<Irectiveness
feckbr»» T oare assumad, the coarnirol pcrameier: Tour che
1e01la%cd vec tall are greater thun for the ieolited con-
ventlonsl tell assenmbly by tkhe following ratilos:

8
_E_EXEE S (17a)
Mbexn cos T
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Cn
6r )
= vee _ 1 .o (17b)
narv sinT : )

For equal total areas and equal values of (Cma)t ‘and |

Cmse- for the vee“tail and the conventiqné; tall .assembly,

the requlred control-effectiveness factor ¢ 13 smaller
for the vee tall than for the conventlonal tails because

T .
:ee = coe I (18a)
h
and
Tvee . '
= gin D (1€b)
Ty .

The foregoing analysis ls based on the assumptlons
that ths control characterlstics are linear over the
entire range of control deflectlons and that a vee tall
having values of the control parameters Cm56 and Cnbr

equal to those for the conventlional tall could produce
the same meximum control as the conventlonal control
surfaces by having a mraxirmum elerudder dellection equal
to the sum of the maximum rudder and elevator deflectlons
wlth the conventlional tails. In many practical cases,
however, thess assumptlons will not be valld because
control effectliveness per unit deflection decreases at
large deflectlons, and the vee tall will consequently
compare less favorably wlth the conventional talls than
equations (18) indicate. . In fact, 1f the conventional
elevator and rudder are already using the maximum
practicable control-deflection range, the vee-tall
elerudder deflectlon will also be restricted to this
range and the vee tall will consequently require a much
greater control-effectiveness factor T (and therefore
a control surface of larger chord ratlo) than the con-

ventlonal talls.
J

11 N e —
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Comparison of Control-Force Characteristics of
Vee and Conventional Talls

A general solutlon relating the control-force char-
acterlstics of vee-tall and conventlonal tall surfaces
cannot easlly be obtained since, in the design of equi-
valent surfaces of the two types, equal values of the
longltudinal or directional stablllity and control
parameters may be obtalned by several varlations of the
geometrical relationship between the two types of tail.
"Usually 1t will be 1lmpossible to obtain equal values of
all the parameters (Cma)t, Cmﬁe’ (Cnp)t, and Cnbr

for the two types of tall. By consldering the longi-
tudinal and directionai characteristices independently
eand by making certaln simplifylng assumptions, however,
expresslons can be derived that relate the longltudinal
or directional control forces for vee talls and con-
ventlonal talls.

Elevator forces.- The elevator control forces of a
vee tall and a conventional horizontal tall can be
related by neglecting the directional stability and
control characteristics and by assuming equal values of
Cmat, Cmbe, tall length, aspect ratlo, and gearing of

elevator to control stick for the two talls.

For equivalent longlitudinal stablllity and control
and with the same aspect ratlo of the conventional and
vee talls, 1t has been shown (equations (13) and (1Sa))
that the area of the vee tall 1s related to the area
of the conventlonal tall by cos®l* and that the
control~effectiveness parameters of the two typses of
tall are related by cos I's For the horlzontal tall and
a vee tall having the same aspect ratio, the followlng
expressions may be derived from equation (13):

_ bn
byee = oos T - (13)

and

Ch

Cvee © (20)

cos T
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- Equatlion (18a) indicates that, for a given value of
Cmae, theé vee tall requires a control surface of smaller

chord ratio than the conventlional horizontal tail but,
since the over-all tall chord 1s greater, the actual
control-surface chord may be greater or less. An analysis
of the deta of reference 5 lndlcated that the requilred
control-surface chord ratlo 1s prcportlonal to some

power n of -the effectiveness. A logarlithmic plot of
the effectiveness data in figure 1l(a) of reference 5 and
figure 1(b) of reference 6 indicates that an average
value of the exponent n 1s 1.7 for plein sealed flaps
having chord ratlos between 0,10 and 0.60. Thus

Ce _ n
Y
and
fer . n
= kT
cvee vee
Then
—_ n
Cer _ °e<:vee)
Cvee Sn\Th
or
c-
h n n
Cor _cos D Tvee) _ _1 (Tvee®
e cn \'n cos T\.7p, /
Therefore

n-lP

1
- = cos™ ' = cos
Ce coe I
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or

Cor = Cg cost-ip (21)

The stick force les proportional to some factor multil-
plied by the product of the hlnge-moment coefflclent, the
control-surlface span, and the square of the control-
surface chord.  Since the factor 1ls the same for equi-
valent convenitlional and vee tails,

. C -_—2
Fvee hyee DPveeCer

Fh np  vnte
_ “hyee cos T (Ce co=
Cbh by 522

cos T Chy,
Cy,
-z !
= cog®B-3p —6239 (22)
by

F Tea
vee _ 0'4; e aQ (234)

Since the value of the cosine 1s less than 1 for all
values of the dihedral angle except 0° (for example,

cos %450 = 0.87), the stick foxrce for a vee tall
Vi

— |
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T -

--—-8hould be less..than for an equivalent conventlonal tall’
1f the hinge-moment coefficients are squal. ‘Similarly, -
1f the stick forces are equal, the vee-tail control
surfeces generally do not need to be so closely balanced
as the conventlional surfaces.

Different assumptlons in the analyels will neturally
lead to different results, some ot which will be more
favorable to the vee tall and some of which will be more
favorable to the conventional tall. The present analysis,-
however, indicates that some reduction in control force
or amount of balance requlred can be obtalned by use of
the vee tall.

Rudder forces.- In a simllar asnalysis of rudder
forces, 1t wag assumed that the mean chords of the two
types of tall are equal and thst, for the average case,
the resulting lncreased aspect ratio of the vee tall
offsets the end-plate effect of the horlzontal tail on
the vertical tall and causes CLGH to be equal to

(CY ) » The result of thls 2nalysis was
P/ty

F Cr
_.Y.e_e_ = sin1‘41" _-m (25b)
Fy Chy

which agaln 1ndicates that the vee tall can have lower
control forces or can requlre less balarnce for the same
forces than the conventional tall.

Limitations of Present Analysls

In the previously developed formulas relating the
control forces of vee and conventional talls, the ele-
vator ancd rudder forces are cornsidered separately and no
account 1ls taken of the fact that the 11ft and hinge-~
moment curvesz of actual control surfaces are linear func-
tlons of angle of attack and control-surface deflection
for only small ranges of these angles. In practicsal
applications of vee talls, the slmultaneous use of full
rudder and full elevator control will usually place ons
of the surfaces at a deflectlon outzide the linear range
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of 11ft and hinge-moment -characteristices. Thils condl-
tion may be avoided by using eontrol surfaces of larger
chord ratio and smaller cdeflections. The use of control
surfaces of larger chord retlo tends to counteract the
decrease in control forces previously shown possible tut
the smaller deflections required male nosslihle the use
of & more favorabple control-ztick gearing, which might
result in a net decrease 1n control force. The flral
reault wlll of cource depend on the amownt >f elevator
and rudder cortrosl required ln the specific case and on
the degree oif linenrit;y of bthe various cheracteristics
of the particular control surfaces telng cons!dered.
In maeny ceses these practlcal aspects of the spplication
not cnly will cancel the galn in control force shown
possible by use of the vee teall but also ray even
inereasse the control force.

The precedling analyesli=s, hcwever, indicates that,
since 1n the icdeallzed cas=se the vse tall provides a
reduction in cortrol force >r bealance, the cholce oI a
tall for any gilven salrplane can be made only &after a
thorougn eanalysis of the regulrements of caeh applicatlon.

DESIGN IBTHODS FCR VEI TAILS
Design Formvlas
The followlng formulas for the vee-tell stability
and control paremeters were derived by modlfylng equa-

tions (5) to (8) for the isolated vee tall to arply to
a vee tall lnstalled con an ailrplans:

_ 9t d¢ Syee < o
(Cm‘I )t T 1l - -6—a-)cw L(I.N —',.s—w— co=<l (24)

[
—5— gin“r

o _ 60 Lt ' Syee
(%ny ), b /e Clay TSy
=3, d0) Rop Y€€ £1n®T (25)
q ep bw Lay S¢ °
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. LS - Syee e v
Cmse = --a- 'I' — LGN Sw '-GOB I - e . (._,6) -
Cpn = -LEolt o 4 Sves o4
n5r q bw L(IN )
- Qg _ by Syee

-— T == KC “— gin' T e (27
q Dby La.L‘I Sw ) . )

When equations (24) and (2E) are combined, the expres-
sion for finding the dihedral required for the vee tail

is
de

b-v( i —)< np)t

tanem = - : \ (2€)
(o}
K(l + &9 (‘"na )

Equatlons (24) and (2E) may be rearranged to give the
followling expressions for the area required for the
vee tall:

' c

Svee _ _ Cra), (29)
S 3t e c 1 - 2€Y ¢oe2p

q cy loy da
and

. C

Svee _ Cro) (30)
SW Qg 14 i

Equations (26) and (27) may be rearranged to give the
following expressions for the control-effectiveness
factor T required for the ves tall:
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. Omg
T = - 4 (1)
EE EE c Svee cos T
q oy Tay Sy
and
Cc
ng
T =-q 7 r (32)
xt KCLu Ve gin T
q by N

Deslan Procedure

The steps 1n deslgning a vee tall to produce
deslired values of the stebllity and control parameters
may be outlined as followa:

(1) Decide on regquired values of (gma)t'(pnﬁ)t’

Cmbe, and Cnbr' Tre vee tall probably should be

designed to produce hlgher values of Cm6 . and .Gn5
e r

than the conventlional tails in crder that the elerudder
deflectlons can be kept iIn the linear range of control
effectliveness agalnat deflection. This point ls diz-
cusced more fully in the section sntitled “General

Kemarks,"

(2) Determinre values of II from figure 2 of the
present paper and values of 'CLUN from figure 3 of
reference 7.

(3) Estimate values of 30/03 and 0¢/dq for an
average vee-tall_arrangement. sssume T = Z5°,
Ay = 4.5, end —$== = 0.25. Refererces 7 to 9 will be
Sw
helpful in deslgning for the power-off and windmilling
condltlons.

(4) Determine I' from equation (28).
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. e . .45) Determine Syeq from squetion (29) or (20).
(6) Determine T from equations (Z1) and (5éf:'ﬂw

. (7) Substitute the larger of the values of T
obtained from step (6) in equetions (26) and (27) to
determlne final values of Cing and Cng » One of

e r

these two values probably will be larger than necessary
since the two values of T determined from equations (31
and (32) will:usnally not be identical.

(8) Use the value of T from step (7) with fig-
ure 1l(e) of reference 5 to determlne the required valuse

of c

Cer/Cvoe"

TEST DAT4

Presentatlon »f Lata

In order to provide a check of the precedlng
developrent of a slimplified theaory for vee talla, force
tests of two isolated tall surfaces (tail curfaces A and
B of flg. 4) wlth various amounta of dihedrel were made
in the Langley free-flight tunnel. A test vias also mode
of tall surface B witli one tall nanel removcd to rlnu-
late an isoleted vertical tall or the condition approached
by a vee tall with a dihedral ancle of 90°. These data
are pregented In figures 5 to 9. A complete 1list of
figures 1s presented in table I.

Some of the data cbtained in force tests of a con-
plete airplane model (figs. 10 and 11l) 1in the ILangley
7= by 10-foot tunnel and in force and flight testes of a
complete model of a fighter airplene (fig. 12) in the
Lengley free-flight tunnel are presented in flgures 13
tO 20' )

The results of the tests are presented in standard
' NACA coefficlients of forces arnd morents. The data are
, referred to a system of axes in whlch the Z-axias 1s in
the plane of symmetry and perpendlcular to the relative
wind, the X-axils is in the plane of symmetry and per-
pendicular to the Z-axls, and the Y-axls 1s perpendicular
to the plane of symmetry. (See fig. 1.)
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Test ‘Condltlions

The force tests. of the two isclated tall surfeces A
and B were made in the Langley free-fllght tunnel at a
dynemic pressure of 4.09 pounds per square foct, wlich
corresponds to an alrsneed of about 40 miles per hour.
The test Reynolds nuvmobers were abont 199,000 for tell
surface A based on the tall mean geometric chord of
6.23 Inches and 256,000 for tell surface B based on the
tail mesan geometric chord of 8.01 Inchese. The effec-
tive Reynolds numbers, based on a turbulencs factor of
1.6 for the TLargley free-flight tunr.el, were sbout
319,000 for tall surface A and 410,000 for tall surface B.

The complete-model tests 1n the Langley 7- by
10-foot tunnel were made at a dynamic pressure of
16,27 pounds per s=qusre foot, which corresponds to an
alrspeed of about L0 mlles ner hour: The tsst Reynolds
number was about 732,000 based on the wing meen geanetric
chord of 12.04 inches. Zecause of tlie turbulerce factor
of 1.6 for the tunnel, the sffective Reynolds number was
ebout 1,17Z,000.

The force tests of the Iighter-airplanes model were
made in tre Langlsy trree-flight tunmnel at o dynamic
pressvrs of 1.9 pounds - per squere Ioct, wilch correnponds
to an airspsed of about 27 m*leg mer hnir. Thc test
Reynolds number wa: sbout 145,050 noze? on the wias mean
geometric crord otv 7.76 iniisa. The e€effectl-c Nayrolds
number, besed con tn~ turbul.uze factor of woout 1.& for
tha tunnel, was ubout 2¢%.,C00,

All coefficiente for.the deta ottalned in thke
complete-model tesets ars Lraszed cn the ares, s»Har, and
maan chord of the .nrui:il winge [f11 coefflicleanls for the
1aslated-tall date are paved on the erea, sran. snil mean
clord of the comrlzuc tall surfecce. The coe ‘T .cieats for
trs siangle psneld ct il surfact B are als=so 92 “¢d on the
erea. 8span, &ad cporl of the c¢-: plete tall csr’roe In
crier that thz faeta n2y be conz-dered to epply to a vee
tail with a dihedral angls of U(C.

Corrections
None of the céaba have been corrected for the tares

caused by the molel gunport strut. Jet-boundary correc-
tions have been applied to the engles of attack, the
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 dreg coefficients, and the tail-on pitching-moment coef-
‘ficlente from tesis in the Langley 7- by 10-foot tunnel.
These corrections were computed as follcws:

Ba = 57.3(8y + 0.017¢)3Cr, (deg)
S, 2
6. oC
T S m
ACp = =57.3(—===— ~ 6,,)-@-——01-_,
<\)qt/q Oly
where
Bw Jet-boundary correction factor at wing (0.119) .
O total jet-houndary correction at tall
S model wing area (8.025 ft)
c model mean geometric chord (1.003 ft)
o] tunnel cross-sectional area (€9.59 sq It)
oC,
— change 1n pltching-moment coefficient per degree
0l change 1n stabllizer settlng as determined in

present tests

qt/q ratlio of effectlive dynamlc pressure over horl-
zontal tall to free-stream dynamic pressure
(assumed to equal 1.0 for thils model).

A1l correctlons were added to the test data. No
correctlons have been applied to the force-test. data
obtalined 1n the Langley free-~fllght tunnel, because the
tunnel cross-sectlonal area C 13 large 1ln comparison
with the wing area of the models S and.the corrections
are negligible.
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Tests of Isolated Vee Tails

_ Results of tests of lsolated vee tells are shown in

figures 5 and 6, in which 1ift and lateral-force parame-
“ters are plotted against dihedral angle for tail sur-
faces A and B. The results are generallzed as variations
of 11ft and lateral-force parsmeter ratios with dlhedral
angle as showvn in figure 7., The data in figures 5 to 7
Indicate that the simplifled theory cdeveloped 1n pre-
ceding sectlons of tre present paver 1s adejquate. The
princlpal discrepancies betwecen the theoretical and
experimental results occur for the lateral-force-curve
slopes at dihecral angles greater than 4C°, ESuch a
result 1s to be expected since, as the dihedral angle
approazhes 90°, the two panels graduvually approach the
condition of one panel of one-half the area and aspect
ratio. This condliticn is 1llustrated In flgures 6 gnd 7
by the test polnt ut T = 90° for one panel of tall
surfece B.

The data presented in figures & and ¢ chow that the
angles at which the 1ift and iateral-force curves for
the vee tall depart from llinearlty are considerably
larger than the angles at which the curves for the _
normal tall depart from linearity. This result 1s to be
expected, because for vee talls tns rectlon angle of
attack (or angle of sideslip) is enaller than the angle
measured in (or normal to) the plane of symmetry by the
cosine (or sine) of the dihedral anrle.

The experlimental data of figures 8 and 9 give
results simllar to those obtained in the analysis, which
indicated that a vee-tall surface producing stabllity
parameters equal to those produced by a conventional tail
assembly would have an area equal to the area of the con-
ventional tail assembly. Thls result can be 1lllustrated
by the slopes of the curves as follows: o

‘Slope {Conventional tall 40° vee tail

CLy . 0.061 0.040 (from fig. 8)
Cy, -.024 -.016 (from fig. 9)

where all coefficlents are based on the area of two
tall panels. These values of cLu and CYB for the
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conventlional talls are about 1l.5.times as large as the
. values_for the vee tall, but.the conventional tail
assembly glsq had 7.5 times ‘as much area.-as--the.vee .
tall because 1t-1s made .up of three panels.ildentical
with the two panels of the vee tall. It therefore. .
follows that, if this vee tall 1s scaled up so that 1ts
ares 1is. equal to the total area of the conventional taill
agssembly, the stabllilfy parameters produced by the vee
tall will be approximately equal to those produced by
the horizontal and vertical tails. -

Fl

The experimental “data- of figures 8 and 9 indicate
thet, since UYB = 0.048 (based on area of vertical tall)

and KCI& = 0.87 x 0.061 = 0.041, .the effective aspect

ratlio of the vertical tall was greater than the effective
aspect ratlo of the vee tall in siceslip, even though the
vertical tall was tested 1in the isolated condition and
d!ld not Lave the beneficlal end-plate effec: of the hori-
zontal tall. This resilt 1s attributed to the fact that
the geometric aspsct rntio of the vertical tell was rela-
tlvely higher thar usual (one-half that of the vee taill)
and to the fact tliat tlie effectlve aspect ratio of the
vertical taill was righer than 1ts geometrlc aspect ratio,
pcselbly because of an end-plate effect of the streamline
faelring. 1In preactical cases, the vertical tail and vee
tall probably will have approximately the same effective
aspect ratlo because the vertlical tall willl usually have
an aspect ratio less than one~half that of the vee taill
although 1t willl benefit from the end-plate effect of

the horizontal tall. '

' For the .isoleted tail, no reduction in total area
appears to result friom the use of a vee tall unless a
higher effective aspect ratio ls used for the vee-tall
surfaces than for the conventlohal tall surfaces. For
the two complete models tested to date, the vee-tall-
surfaces have had much highoer geometric aspect ratlos
and probably higher effective aspsct ratios. For the
fighter-alrplane model tested 1n the ILerigley free-flight
tunnel, for example; the values of -geometric aspect
retio were 5.1, 3. 9, and 1.1 for the vee, horizontal,
and wvertical’ tail surfaces, respsctively. A higher
aspect ratlo appears to be the principal factor con--
tributing to 'the reduction in totdl tail area found
possible for a vee tail and 1s of course not an inherent
characterlistic of a‘'vee tall. Part of the reduction,
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however, might have been caused by the higher location
of the vee tall, which places 1t In a reglon of less
downwash particularly for high power conditlions, or by
the shape of the vee tall, which plaeces 1t away from
the wake of the cockplt canopy.

Teats of Complete Models

Data from tests of complete models in the Langley
7= by 10-foot tumnel and 1n the Langley free-flight
tunnel are presented in flgures 13 to 20.

Tests I1n Langley 7- by 1lO0-foot tunnel.~ A three-
view drawing of the complete model and detaills of the
tall surfaces tested 1n the Langley 7- by 1lO-foot
tunnel are shown 1n figures 10 and 11. In these tests
the only unusual recsult to be noted 1s that the longl-
tudlnal stabllity contributed by the vee tail, which
from equation (24) should have beern ejqual to that
contributed by the conventional tail, was about 10 per-
cent greater (figs. 13 to 16). The increased effective-
ness was probebly caused by Improved tall-fuselage
Junctures. Simllarly, the ves tail was about 10 percent
more effective 1n yaw than a theoretlcal comparlson of
the two talls 1indicated.

The effects of rudder deflectlion on the model with
the vee tall and with the conventional tail at high and
low angles of attack (a = 0.1° and 8.7°) are presented
in figure 15. Some asymmetry of the plitching moments
due to the vee tall 1ln yaw was noted when the elerudders
were deflected differentially as rudders. The asymmetry,
particulerly at o = 8.7° (fig. 15(b)), occurs because
in the positive angle-of-attack range the slope of the
curve of 11ft coefflcilent agalnst angle of attack 1s
greater when a plain flap is at a large negatlive deflec-
tion than when the same flap 1s at a posltive deflection.
Thus, since the effective angle of attack of the vee
tall varies with yaw and since the tall was already at
a positive angle of attack, the left-hand half of the
tall, which had a negatlive deflection, was operating 1n
a range 1n which the slore of the 1ift .curve was higher
than that for the right-hand half, which had a positive
deflection. The change in pltching moment with rudder
deflection at zero yaw was a result of simple nonlinearity
in the curve of 1lift against deflectlon.
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The Cata of flgure 15 also show that the ratio of
. .= adverse rolling moments to favorable yawing moments .
produced by riddér ‘deflection 1s greater for the vee.
tail than for the conventional vertical tail.

" Addltionsal probtlems involved in simultaneous opera-
tlon of the controls are the change 1n elevator stick
force when a large rudder deflection carries one surface
out of the linear range, and vice versa, and the possible
change in trim about one axis when large taeb deflections
are reguired for trim ebout the otheér axis. The magni-
tude of all these effects will of course depend on :
individual alrplane characteristics such as the amount
of control or trim required, the length of the linear
range of control-surface and tab characteristics, and
the relative magnitude cf a given change in hinge-moment
coefficlent when trenslated into stick or pedal force.

The curves for resvlts of tests of the vee tall 1in
general are niore regular and are smoother than the curves
for results of teﬂte »f the conventional tall, partlcu-
larly at a = 0.1° For a = 0,1° the conventional
fin stalls rather abruptly at angles of yaw of +15° and
thien regains effectiveness whereas the yawing-moment
curves for the vee tall form a relatively stralght 1llne
for values-of V¥ up to +40°, This characteristic
results probably because the sectlon angle of attack of
the vee tall 1s a function of the sine of the angle of
vaw and thus the vee tall would be expected to steall at
greater angles of yaw than the conventional tail. The
Inherent tendency of the vee tall toward later stalling
1s also illustrated in figures 8 and 9.

The plot of the lateral-stabllity and directional-
stabllity derivatives 1In figure 16 1ndicates that
neither the vee tall nor the conventional tail appreoiably
aeffects the variation of these slopes with 1lift coeffl-
cient. Ohe interesting point 1s that the vee tall con-

10
tributed about lg mOre-effective dihedral than the
conventional tall elthough the values of an and GYW

. were approximately equal for the two tails.

Tests in Langley free-flight tunnel.- A three-view-
drawing of the complete Tighter-alrplane model tested
in the Langley free- flight tunnel ls shown in figure 12.
Dimensions of the 36° vee tail and the conventional taill
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tested on the model ars also glven in figure 12. The
model was tested with vee-tall dlhedral angles varying
from 32.4° to 45°.

The results of force tests to determine the longl-
tudinal stability characteristics of the model wlth the
conventional tall and the 36° vee taill are shown in
figure 17. The data In figure 17 exhibit no unusual
characteristics, and the flight-test data presented 1n
flgure 18 providé another quantltatlive indicatlion that
the statlc longltudlnal stabllity characteristics were
essentially equal with the vee and conventional tails.
The vee-~tall arrangement showed less change of trim with
power and flap deflectlion, probably because of 1ts higher
location. During the flights of the model, the pllot
could detect no differences 1n the dynamlc stebllity and
handling characteristics with the two taills.,

A summary of the stebllity and control characterls-
tics measured in force tests of the varlous vee-tail
arrangements 1s presented in figure 19, The scatter of
the data in figure 19 is caused partly by the slight
variationes in area, aspect ratlo, and percentage of
movable area for the dlfferent vee talls as well as 1n
dihedral angle. These results indicate falrly good
agreement between experimental and theoretlcal results
except for the values of (Cnﬁ)t at dihedral angles

greater than %6°. Similar results were noted previously
for the 1solated-tall tests.

The fighter-airplane model was gslso tested 1n the
Langley free-flight tunnel on a test stand on which 1t
wvas free to yaw but was restralned in roll and pitch.

An 1ndication of the rudder-~force-reversal characteris-
tics of the model with conventional and 43° vee talls
was obtalned with thils esetup from the trim angles of
yaw produced by different flxed rudder deflectlons.

The results of these tésts are presented in figure 20,
The tests showed that with the vee tall the model would
trim only at fairly esmall angles of yaw even with full
rudder deflection. With the conventlional tall, however,
the model yawed to lasge angles with left rudder deflec-
tions greater than 13~ - an indlication that rudder-force
‘reversal or rudder lock probably exlsts for the alrplane
with the conventlonal tall. From these data, therefore,
rudder lock appears to be less likely to occur with a
vee tall than with a conventional vertical tall. The
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previously noted facte that the vee tall stalls at a
higher angle of sideslip and may require a control
surface of smaller chord ratio than the conventional
vertlcal tall also indicate less tendency toward
rudder lock with the vee taill, -

GENERAL REMARKS
Stabllity and Control .Chaeracteristics

The foregolng analysis of vee=-tall theory and test
data has indicated that a vee tall can have the followlng
characteristics relative to those of a conventlonal tall
producling the same values of stabllity and control
parameters:

(1) Approximately equal area unless the conventional
vertical tall 1s in a bed canopy wake, unless the usually
hlgher locatlion of the vee tall places it in a reglon of
greatly reduced downwash, or unless the vee tall has a
higher effective espect ratio than the conventional hori-
zontal and vertical talle.

(2) Poseible inadequacy of controls and interactilon
of control forces when simultaneous full deflection of
both controls 1s required. This difficulty 1is likely to
be encountered 1f the vee tall 1s desligned to glve values
of Cm6 and Cn6 equal to those provided by a con-

ventional tall asgembly. It 1s apparent that, 1f meximum
rudder and elevator deflectlons of 25° or 30° are used
wlth the convent*onal talls, elerudder deflectlons of at
least 50° or 60° would be required with the vee tall.

At such large deflectlons, the elerudder would be
operating In the nonlinear range of control effectliveness
ageinst deflectlon and might possibly be in the range
where the control effectlvenees per unit deflection
elther remained constant or decreased with increasing
deflection. One method of avolding this condition is to
uge a large balanced elerudder surfece that produces
larger values of Cmae and cn5r than the conventionale

tall control surfaces and. therefore produces the required
pitching or yawing moments with smaller deflections - not
over a total of 30° or 40° -with simultaneous full deflec-
tlon of both rudder and elevator controls.
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(3) Possible interactlon between longitudinal and
directional trimming when tabs are at fairly large
deflections.

(4) Less tendency toward rudder lock.

(5) Posslble reduction in control forces or in
amount of balence required.

(6) More dihedral effect due to tail.

(7) Larger adverse rolling moments with rudder
control.

(8) Less change in trim with application of flaps
or power because of the usually hlgher locatlon of the
vee taill.

Adéitilonal polints not previously consldered are
that the higher locatlon of the vee tall may decrease
the ground effect on the elevator control required for
take-off and landirng and should also make 1t simpler to
keep the tall out of the spray for take-off end landing
In flying boats. '

Trag Characteristics

The data from tests 1n the Langley 7- by 1l0-foot
tunnel shown in figure 1Z 1ndlcate a decrease of 0.0015
in drag coefficlent from use of the vee tall; tests of
the same model 1n the Langley two~dimensional low-
turbulence pressure tunnel indicated approximately the
same drag reduction. For the model tested, a large
part of the reductlon was probably caused by a decreased
fuselage-tail interference with the vee-tall installatlon.
L vee tall, however, has only two fuselage Junctures
instead of three and some reduction in drag thus 1is
usually obtained.

Compreseslbllity Effects
For high-speed flight because the vee tall can be
installed with a better fuselage-tall Juncture, the

effects of compressibility on tall drag should be
reduced. This advantage, however, tends to be canceled



NACA ACR No. LSAC3  VEESSEENSSEWD 31

by the fact that, for vee tails, the Individual suriaces
'wlll probably be operating at higher 1i1ft coefficients
for trim and will almost certainly be canceled 1f the
tail is so installed on top of the fuselage that a

sharp vee 1s formed at the juncture, The location of

the vee~tail arrangement should place the surfaces
farther from the wake of the wing and canopy and thereby
should tend to reduce the possibilities of tail buffeting
or roughness at high speed.

Spin-Recovery Characteristics

Tests in the Langley 20«foot free-spinning tunnel

of a model of the same fighter alrplane that was tested

in the Langley free-flight tunnel indicated that the

\ vee-tall arrangement had slightly better spin character-~

! i1stics than the conventional tail assembly. The improved
gapin characteristics might have occurred because, with
the vee tall, there was no horizontal surface to blanket
the vertical tail. The data presented in referenge 2,

‘ although inconclusive, Indicated approximately the same

- spin characteristics for the two types of tall,

i At present no general conclusions can be drawn con-
i cerning the relative merits of the vee tall and conven-
] tional talls for spiln recovery. Although available test
data indicate that the vee tall may have better spin-
recovery characteristics than the conventional tail, it
is possivle that if simultenecus full deflection of both
rudder and elevator is required for spin recovery the
vee tall might have less desirable spin-recovery charac-
teristics than the conventional tail assembly.

Structural Considerations

Manufacture and maintenance should be simpler for
3 the vee-tall than for conventional surfaces, since no

& vertical tall surface must be manufactured, stored, or
repaired. The mechanism required to operate the control
. surfaces both as elevators and as rudders, however, 1is

i somewhat complicated and naturally tends to offset this
advantage.

The vee tall, because of its confilguration, must
carry loads that do not contribute to the stability and
control. This factor will result in higher tall and
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fuselage loads in both pitching and yawing maﬁeuvqrs,
and Increased structural welght will be required to
carry the greater loads.

CONCLUSIONS

The following conclusions were drawn from the
results of the analysis of available data on vee-taill
surfaces, from an extension of previously presented
vee-tall theory, and from general comparisons of various
characteristics of vee-tall and conventional tail
surfacess .

l. The "use of a vee tall will probably provide no
reduction in area unless the conventional vertical tail
1s In a bad canopy waeke, unless the usually higher
location of the vee tall places it 1n a region of greatly
reduced downwash, or unless the vee tall has a higher
effective aspect ratio than the conventional horizontal
and vertical taills.

2. A posslble reduction in control forces (or in
the amount of control balance required) was indicated
by the use of a vee tall, provided that large deflections
of the control surface do not cause a large nBecrease in
the effectiveness and increase in hinge-moment coeffi-
cilent per degree deflectlion of the control surface.

If large-chord control surfaces must be used in order to
keep the control deflectlions small, the control forces
(or the amount of control balance requlred) on the vee
tall are llkely to be equal to or greater than those for
the conventlonal tall assembly.

S5« The following adventages can be obtained with a
vee tall designed to provide the same values of stabllity
and control parameters as a conventional tall assembly:

(a) Less drag because vee tall has fewer fuselage-
tall Junctures

(b) Less tendency toward rudder lock

(¢) Higher location of tall surfaces, which tends
to reduce elevator deflectlion required for take-off
and landing, to keep the taill out of spray in flying-boat
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take-off, and to reduce posslbllities of tall buffeting
from thg_wing and canopy wakes in high-speed flight

(d) Fewer tail surfaces to menufacture e

4. The following disadvantages tend to counteract
the adventages of the vee tall:. .

(a) Possible interaction of elevator and rudder
control forces :

(b) Possible interaction of elevator and rudder
trimming when tabs are at fairly large deflections

(c) More compliceted operating mechanism

(d) Greater loads on tall and fuselage, which would
tend to require increacsed walght

5. The slmplified theory of the vee tail 13 valid
for dihedral sngles un to about 40°, For dihedral angles
greater thar 40%, reasured directional stability and
control paremeters were leas than indlcated by theory.

6. The .relative merits of the vee tall and conven-
tional talls for =pin recovery have .not been established
but 1t appeers that the vee tall shonlcd be at least as
good as the conventlonal tall assembly 1n thls respect,
except possibly 1in caces in which simultaneous full
deflectlon of both rudder and elevator 1s-required for
recovery from the spin.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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TABLE I.- PRESENTATION OF RESULTS

356

Model

- SubJect

Flgure

None

None

None

Isolated tall surfaces
A and B

Tsolated tall surface A

Isolated tall surface B

Isolatsd tail surfaces
4 ud B

Isolated tall surface B

Tsolated tall surface B

Complete model (Langley
7- by 10-foot tunnel)

Sign convention for
forces, moments, and
angles

Values of K for dif-
ferent aapect ratlos
and taper ratios

Relation of angles and
force coefficilents
for vee talls

Two-view drawing

Variatlion of 1ift and
leteral«force
parameters with
dikedral angle

Variation of 1lift and
latersl~force
parameters wilth
d?hedrai angle

Varlatlon of 1ift and
lateral-force parame-
ter ratlos with
dlhedral angle

Cr, eagalnst a for
I' = 0° (horizontal
tail) and T = 40°
Cy eagalnst ¥ for
' = 40° and T = 90°
(vertical taill)

Three-view drawing

Drawing of conven-
tional and vee tails

10

11
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angles wlth rudder
deflection

NACA ALCR No. L5SAO3 L 36
TABLE I.- PRESENTATION OF RESULTS - Concluded
Model Sub ject Figure
Complete fighter-airplane|Three-view drawiling 12
model (Langley free-
flight tunnel)
Complete model (Langle Stabilizer- 1 13
7= by 10-foot tunnel effectiveness tests
Do-vmmcmmancaa Elevator-effectiveness 14
tests
Dommmmrr e Rudder-effectiveness 15
tests
DO ------------ ch’ an’ and cz,w 16
agalnst Cg,
Complete fighter-alrplene, Longitudinel-stabllity 17
model (Langley free- force-tesat data
flight tunnel
Do=wmmmmmeme = Flight-test data 18
(6e against V)
Do~ 'Variation ol stebllity 19
and control parame-
ters with dlhedral
angle
DOmemmm—m——— e Variation of trim yaw| 20
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