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NATIONAL ADVISORY CCHMITINE FOR AEROHAUTICS
TECHYICAL ROTE NO. 1359

EFFECT OF GEOMETRIC DINEIRAL ON TET ARRCDYIAMIC
CHARACTERISTICS OF TWO ISOLATRD VEE-TAIL SURFACHS
By Robert 0. Schado

SUMVARY

Force tests of two iaolated vee=tail swrfacos with various
amounts of dihedral were made to provide on oxporiuentel verificatica
of a simplified vee=-tail thoory and the rosults ars nresonted which
were found to be in pood agreorant with calcuwlations of NAC.A ACR
No. L5A03., The taills had aspoct ratios of 3.70 and 5.%5 and wero
tested with dihedral anglos of O° to 50° and 0° to 599, ruspactively.
Plots of the basic test data snd swmaries of the data in tho form
of plots of the varietion of ctatic-stebility derivatives and control-
offoctivenoss parametors with dihedrrl angle are included.

INTRODUCTION

In reference 1 a simplified voo=-tail theory was presented which
included a correlaticn with erparirventel date for two lscloted tail
surfacos having various amounte of dibedral., Thono experloontal data
conslated of 1ift and laternl-forco parsmstors which woro based on
slones and increronts obtalnud from plots off forco=test results.
Bocause of the rocently increased interest in ves talls, tho complote
force=-test results including moment date which were not previouely
given are presentod horein. Theso results include plotu ol ell the
tasic force=-test data and swzrarios of tho data in the form of plota
of tho variation of different force and momsnt varazetera with
dihedral anglo. Tho experimontal data are correleted with calculations
based on thu simplifiod voe-taill theory of reforence 1.

SYMBOLS

The relntion of the anglon and forco coofficiants for the oo
tail in pitch and sideslip ers shown in figuwre 1.

CL, 1ift coefficient (Lift/ys)

Cy lateral-force coefficiont (Y/g3)
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rolling-moment coefficient (L/qSDH)
pitching-moment coefficient (M/cSC)
yewing-moment coefficient (N/3Sb)

lateral force

rolling mcment

pitching moment

yaving morent

dynamic preseure (%pva), pounds per cquare foot

actual arca (not projected), square feet

meen gecmetric chord, feet

actual span (not projected), feet

airspeed, foet per second

mass density of alr, slugs per cublc foot

angle of attack of chord line at plare of syrmetry, degreos

angle of yaw, degreos

angle of sideallp, degrees (=\)

elevator dofloction or olerudder deflection when elerudder
surfaces are déflocted upwsrd or downwerd together,
positive whon both surfecos are down, degrees

ruddor deflecticn or eleruddor deflocticn whon eleruddor
surfaces are deflocted equzl and opposite amounts on the
two sides, positive vhen right suwrface iz up und left
surfece iz down, degrees

dihodral angle of tall curface measured from XY-plune of veo
tail to each tail panel, degree

x
control-effoctiveness nercmeter I ﬁ

[ o
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angle of attack Zeaswed in plene normal to chord plzne
of each tail ‘benel, degrees
tell 11£t coefficient for wniforn engle of attack cn tail
at B = 0° (sum of lifts measured in planes normel to
chord planes of each tei} ranel es shewn in fig. 1(c))

sum of changes in tai}l ULt ccefficient vithout regerd to
oign vhen tail 1e yawed st g = 0° (cne-helf of 1ift 1s

ratio of eum of 1ifia obtained by equzl ang cpposite changes
in engle of attack of two saddepans of tail to 1irt
obtained by an equal change in engle of ettnck for cazplete
tail

rate of chanpe of 11ft coefficient with angle cf ettack,

C
por dogree ( _L)
o

rate of chenge of 1ift coeflicient with elevator deflecticn,

Tor dogree [ __ L

35

°
rate of change of lateral-force coefficient with engle of

nideslip, per degree (;!
B

rate of change of leterel-force coeflicient with rudder i

deflection, per degree ﬁ.
a'f’r

rate of change of pliching-moment coefficient with angle
of attack, per degree (%)

rate of change of DPitching-mowent 'coefficient with elevutor

<C,
dofloction, per degroe (__m)

Bse
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+ rate of. chengo or'rolling‘mc_mer;t coefficient with engle oz
sideslip, per degree (a—l.)

rate of chenge of - yewing -moment ccefficiont with angle of

eideslip, per dogree ;EE)
B

clope of taii 1ift cwrve 'n pitch measured in Plane normal
to chord plane of each tail

rate of change of Yawing-mement ccefficient with rudder

¢
defloction, per degrec gl‘.

I,

rate of chanpe of rolling-moment ccefficicnt with ruddes
doflection, per degrec (_aﬁ..)
a8

™

AFPARATUS, MOIELS, AND TESTS

Tho force tests of two icolated voe teile were - made on the
Lengley freo-flight tunnel six-component balance doescribed in
reference 2. The balance rotates vith the model in 2w s that all
forces and moments are rearured with respoct to the stabllity axes.
A eketch of the stablility cxes showving the boritive dlrecticn of
mements end forcos ig alven as figure 2. .

The two inoleted ~tall -surtace models are shcwn 1n figure 3.
Tail A hed an zgpect ratio of 2:35 and taper ratio of C.39 end
tail B had en eepect ratio of 3.70 cnd taper railo of 0.56. The
tails werc hinged ot the rcot chord to vermit veriation of the dihedral
angle, end streardine Telrings were cdded to olmlate the roay pert
of & fuselage. The dihedrnl fngles vere sot et 09, 19.5°, 38.8° 51.5%,
and 59.1° for tail A and were set 09, 30.0% 39.8°, ema 50.3° for
tail B. g

-Force tests were mado-of the iwo 'tai.la with various ~mounts of
dihedral, with elevator deflections cf 0%, 10°, ana 105 end with
rudder defloctions of ° and 10%  The toots were mrde at a dynamic
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preseure of 4.1 pounds per couwere foot, vhich corresncads to an
airspeed of about L0 miles per hour ard to test Reynolde nurbers
of 199,000 for tail A end 256,000 for tail B bused on the mean
geometric chords of the tails.

The coefficlents are based on true area, span, ond mean
geometric chord of the tail swfaces. The rclling and yawling
mcments are referred to ares intersecting at a point 25 percent of
the root chord for each tail. The pitching moments cre referred
to tho 25-percent point of the meen zgeometric chord For each teil
and for each dihedral angle to permit correlation cof the experimentel
results with calculations besed on simple trigonometric relations.

CAT.CULATIONS

Calculations were made of the verlation of some of the otubility
and control parametors with dlhedrel angle. The formulas used for
celculating Cp , CLG , Cy ,end Cy ccrrespond to formlas (5),

a e B 51‘
(6), (7), and (8), reepectively, of reference L. In using thece
formulas C was aseumed to be equal to (CL and Cr, T
I‘GN ' !1 =0° UN
equal to (CL . 'The constants X cf 0.7 for teil A and 0.67
%/ro°
for tail B were obtoined from fisure 2 of referenco 1.
The formulas for end " are brsed on the forrules
Crg *™ Cog
for ¢ and C; , rerpectively. The variaticn of C with
b Loe lp

dihedral angle waz ostimetod by the ompirical forrule

015 \
Cl = "i_nl" !‘/
B I

T

=OO

Tho control-cfiectivenoss percmoter T was obtained frcem tho ratio
of cI’b to C; for the 0° Aihedrel condition. DNc simnle empirical
® (o3

relaticnchip could be formlated {or the varlation of cnB and cnsr

with dihedral, therefore, no calculations werc medo for theee porameters.
It vas aspuzed that 07'51. would nct vary with diLodral engle except

in cases of interference betwoen tho two sides of the tail.
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RESULTS AND DISCUSSION

The basic force-teet data aro presented in figwres & to 6 for
tail A and in figures 7 to 9 for tail B. Figures 10 end 11 show a
campariscn of calculated end measured velver of stability end control
peremeters for beth tails. The measured values ef the atability
perameters were obtained from the slopes of the curves in figures 4
to 9 end tho velues of the centrol parameters were token as tho
incremonte between the cuxrves for difforent control deflectiens in
these figures.

In general, the agreement beotween tho calculated and exporimental
data of figures 10 end 11 is fairly good except et the high dlhedral
angles whero interference between the two panels cf the vec tail
occurs. A comparison ef the drta of C;, end CYB shows that at

o

the high dihedral angles the vee tail is nore efféctivo in pitch and
less effective in sideslip then the calculations indicate. The cl
g

data zlse show lower moasured effectiveness in sidenlip than the

calculaticns indicete at the high dihedral englen. The valuos

ef C, eand C increase with increasing dihodral engle dut there
B 6y

is ne conoistent variation of clbr vith dihedrel.

Langloy Memcrinl Aeronautical Laberatery
National Advicory Committee for Aeronesutice
Langley Fiold, Ve., May 20, 1947
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(@) Vee toil in prich; 8 = O°  /f oc 1s small, acy=x cosl.

(b) Vee tal m .s/a'eshp,oc-O-' i B 15 small, ey Bsml”
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@) Vee tail in pitch (d) Vee tall in sideslip

Figure |~ Relahons of angles and foree co¢ fficierts for

vee teul mpilchi at ¥y sideslip.
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