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TECHNICAL KOTO NO. 13a? 

EFFECT OF GEOMETRIC DIHOr.AL ON TE'3 iMDWO 

CHARACTERISTICS OF TWO ISOLATED VEE-TAIL SURFACES 

By Botoort C. Schade 

BOMB 

Force toots of two Isolated, vee-tail surfaces with various 
amounts of dihedral wore laado to provide an oxporl^ient&l verification 
of a simplified vee-tall theory end the rosulto ara presontod which 
were found to 1» in c>o*d apreoisjnt with calculations of HACA ACH 
No. L5A03.    Tho taila had. aspect ration of 3.70 and 5."fj end were 
tested with dihedral ancloa of 0° to 50° and 0° to ?9'-, roo^jctlvoly. 
Ploto of the basic test data end euanaaries of the data in tho f om 
of plots of the variation of etatic-stability dorivativec and controi- 
offoctivenesa paraaetora with dilieorrJ. an/le are included. 

nroawanoB 

In roforence 1 a simplified voo-tall tteory was presented which 
included a correlation with oy.i/iri:-en!-*l data for two isolated tail 
surfaces havin& varioun amounts of dihodral.    Thaao oxporljxxjnfcal dat-i 
consisted of lift and literal-force paraEotors which woro Mood on 
slopes and UwniMiiln obtained fron plots of forco-toat results. 
Because of tho recently increased interest in voa tails,  tho coi.iploto 
force-teat roaulto including •SBIBlfc data which were not previously 
givon are preoeniod herein.    Theoa results includo plot« of all the 
basic force-test dtita and svnmarioa of tho data in tho fom of plots 
of tho variation of different force and moaent pam^tora with 
dihodral anfjlc.    Tho oxperi. »ntal dita are correlated with calculations 
baaed on tho ulrrnllflod voo-tail theory of reference 1. 

SYMBOLS 

The relation of the an, lor; and forco coefficients for the TOO 
tail in pitch and sideslip era shown in ficure 1. 

Cj, lift coefficient   (Lift/gß) 

Cy lateral-force coefficient    (Y/qS) 

• 

• 

• 
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Cx rolling-moment coefficient (L/qjSl>) 

Ca pitching-moment coefficient (M/cSc) 

C_ yawing-monent coefficient (K/qSo) 

T lateral force 

L rolling moment 

M pitching moment 

R yawing moment 

0. dynamic pressure f-pv j, pounds per square foot 

8 actual area (not projected), square feet 

c mean geometric chord feet 

t actual span (not projected), feet 

V airspeed, feet per second 

p mass density of air, clu^s per cubic foot 

a angle of attack of chord line at plane of symmetry, degrees 

ty angle of yaw, degrees 

0 angle of side<.ilip; degrees (-\J.) 

o     elevator deflection or olerudder deflection when elerudder 
surfaces are deflected upward or downward together, 
positive when T>oth surface? are down, deepen 

Br    rudder deflection or elerudder deflection when eleruddor 
surfaces are deflected equal and opposite amounts on the 
two sides, positive vhen right surface Iz  up wid left 
surface is down, degrees 

dihedral angle of tall surface measured from XY-plane of vce 
tail to each tall panel, depjreea 

control-effactlvene:-' Tvcrnmeter l_ 
\ 05 

2i/!SLI 
06/ oaj,/ 

• 
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1  . 

V 

%. 

^ 

•*„ 

angle of attack measured in plane normal to chord plane 
of each tail panel, degrees 

tell lift coefficient for uniform angle of attack on tail 
at 0-0° (sun of lifts aeasured in planes normal to 
chord planes of each tail panel as shewn In ftf< 1(c)) 

sum of changes in tail lift coefficient vJ.thout record tc 
sign when tall is yawed at a - 0° (one-h&lf of lift ic 
measured in plane normal to each tell panel as ihown in 
fig. 1(d); equal and opposite span load distributions 
overlap so that CT • • KCT ^ 

ratio of cum of lifts obtained by equal and opposite changes 
in angle of attack of two rjiiiapans of tall tu lift 
obtained by an equal change in angle of p.ttack for complete tail 

rate of chance of lift coefficient with angle cf cttack, 

per degree I  ±1.1 

rate of change of lift coefficient with elevator deflection, 

rer degree 

ft) 
rate of change of latercl-force coefficient with angle of 

sideslip, per decree  ffifl 

rate of change of l*ter,I-force coefficient with rudder 

deflection, per degree 

& 
rate of change of pitching•^ coefficient with angle 

of attack, per degree     fflü 

rate of change of pitching-•*»* coefficient with elevator 

deflection, per degree   H$j\ 

• • 
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i rete cf change of rolling"moment coefficient vlth ..:.-x of 

sideslip, per degree [—i-) 
\ap/ 

rate of change of yawing-Bonent coefficient with angle of 

eldesllp. per degree (  n) 

•lope of tail lift curve .*n pitch measured in plane normal 
to chord plane of each tail 

rate of change of yawing-moment coefficient with rudder 

deflection, per deip"eo 

lbr       rate of chan^ of rolling nscment coefficient with rudder 

deflection, per decree (—I 
la-o 

AH'ARATUS, VEEEIZ.  ATCD EFSTS 

Tho force te.it3 of two it.olfited vee teile .were made on the 
Longley froe-flight tunnel six-component balance described in 
reference 2. The balance rotates with the modo1, in jnsw an  that ell 
forces and moments are nearurod with respoct to the stability -aces. 
A sketch of the stability cjcev showing the positive direotioi of 
moments and forces is given as figure 2. 

The two isolated -tail -surface mode.l3 aro ahcwn :in i'itjnre 3 • 
Tail A had an aspect ratio of 5.55 and taper ratio of O.39 and 
tail B had n aspect ratio of 3.70 «id taper ratio of O.56. The 
tails were hinged nt the rcot chord to permit variation of the dihedral 
angle, end otroaialJne i'airinge 'vere ..dded to simulate the roar part 
of a fuaeliGO. The dihedral »ingles 'ore eet at 0°, 19-5°, 3Ö-86, 51-5°, 
and 59.1° for tail A and were set 0°, ^.O0, y3.3°, end 50.3° for 
tail B. ' • 

Force tests were made of the two tsils with various -aacuntn of 
dihedral, with elevator deflections of 0°, 10°, and -10°, end with 
rudder deflections of 0° and 10°. The tests were made at a dynamic 

. 

• 
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pre:,.-';re of 'i.l pc\«de per ;.-nu&re foot, '.»hich eorres7>ondB to an 
airspeed of about UQ miles per how ni to test Scjncldr numbers 
of 199,000 for tail A end 256,000 for tail B based on the raean 
geometric chords of the tails. 

The coefficients are based on trie area, .par. and mean 
geometric chord of the tail surfaces- The rolling and yawing 
moments are referred to axes intersecting at a point 25 percent of 
the root chord for each tail. The pitching moments ere referred 
to the 25-percent point of the seen .jeoraetric chord for each tail 
and for each dihedral angle to permit correlation of the experimental 
results with calculations booed on simple trigonometric relations. 

CAICUW.TIOMS 

Calculations were made of the variation of some of the stability 
and control parameters with dihedral angle. The formulas used for 
calculating CL , CT , Cy , and Cy   correspond to formulas (5), 

a  ^>e   P      8j« 

(6). (7). and (9), respectively, of reference 1. In uning these 
formulas CT   was assumed to be equal to /c, \    and CT  T 

TT \ a/r=o° "N 
equal to /C^ \   • The constants K cf 0.7 for tail A and O.67 

V 6^r=0° 
for tall B wero obtained from figure 8 of reference 1. 

\ 

The formulas for C_  end C_ • •re based on the formula 

for C and CT •*«i'. w  , respectively  The variation of C,  with 

dihedral angle was; estimator by the empirical formulc 

;mr (V) 
V T /r=0o 

The control-effectiveness parameter T was obtained from the ratio 
of CT   to CT  for the 0° dihedral condition. Mo airmle empirical 

^e      <* 
relationship could be formulated i'or the variation of Cn  and Cn 

with dihedral, therefore, no calcvlations were medo for these paroinetors. 
It was a&euced that Ci   would net vary with dihedral an^le except 

^r 
In cases of interference betvroen the two sides of the tail. 

" 



HAC;. ra HO. 1309 

RESULTS AND DISCUSSION 

The hasic force -test data are presented In figure* U to 5 for 
tail A and in figures 7 to 9 for tail B. Figures 10 end 11 shov e 
comparison of calculated and measured values of stability end control 
parameters for tooth taile. The measured va3uo;- of the "taMlity 
parameters were obtained fron: the slopes of the curves in figures ^ 
to 9 end the values of 'the control parameters vere trJcen an the 
increments between the curves for different control deflections in 
these figures - 

In general, the agreement "between -the calculated and experimental 
data of figures 10 and 11 is fairly good except at the high dihedral 
angles where- Interference "between the two panels cf the vec tail 
occurs. A comparison of the data of C^  and Cy  shows that at 

a      0 
the high dihedral angles the voe tail 1B more effective in pitch and 
less effective in sideslip than the calculations indicate. The C, 

data s leo show lover measured effectiveness in oider.liTj than the 
calculations indicate at the high dihedral angles. The values 
of C„  and 4P 

Cß.  Increase v;.th increasing dihedral enele hut there 

is no consistent variation of Ci. vith dihedral. 
6r 

Langloy Memorial Aeronautical Laboratory 
National Advisory Committeo for Aeronautics 

Langley Field, Va., May 80, 19Vf 
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Fig. 1 

(a) Vee tail m pitch 
0.O:       lfoc,>«riall,ecm-cceosl 

(b)  Vee tail m uae*lip.<*'u     " f 

IMTKWU AOVISMV 
COMMTTU m «H0MUTIC» 

(d) Vee tail I» sideslip 

I iqur'e I     hVlatiatis nl aiiqles and force coffficie/its for 
Vee tail m pi It It and a/</fi/ifi. 
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Fig. 3 
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