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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Army Air Forces, Materiel: Command
WIND-TUNNEL TESTS OF THE )/9-SCALE *ODXL
OF THE C'TRTISS XP-62 AIRPLANZE “ITH
VARTOUS VERTICAL TAIL ARRANGEMENTS ' °
Ey I. G. Recant and Arthur R. Wallace
INTRODUCTION
At thre requecst of the Army Alr Forces tests were macde
of the.1/9-scale model of the Curtiss X?-62 airmlane in the
LMAL 7- by 10-foot tunnel.

Yaw tests were made of the 1/0-scele model with power

and with nronellerF windmilling. Enough variations of the
vertical tail were tested to determine the following effects
with rudder free or firxed:
1. Effect of vertical tail area, asneet ratio, and
plan form
Effect of increasing vertical tall length
. Effect of a varliety of dorsal fins
. Effect: of end nlates on horizontal tnil
« affect of rudder chord
Effect of rudder balance
« Effect of a hevel tralling edge

Effect of a balancing tab
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The purpose of the tests was to determine tiwo directional
stability and rudder control charaocteristics with the above
vertical tail variations.

MODEL

The 1/9-scale model of the Curtiss XP-62 atirplane was
furnished by the Curtlss company. It is shownin figures 1,
2(a), and 2(b). The model was not checked for accuracy
but all surfaces were found to be fair end finished in a
satisfactory manner.

The dual-rotatinn power nlant was bullt and installed in
the model at the Laboratory. The power plent consisted of
a framo sunporting two water-conled induction motors, one for
each nropeller since the two nropellers were.not geared
together. The front provneller was driven directly by an
extension of nne motor shaft, snd the rear propeller was
driven bv two sour gears which can be seen in figures 2(a)
and 2(b). The three-blade metal propellers and hubs were
furnished with the riodel. The diameter of these propellers

was nnt to scale, being 1.555 feet az compared to the scaled

value of 1.,462 feet. Both propellers were set at a 150

blade angle at 0.75 radius for all tests. lotor speed
was measured by a cathode-ray nscillograph which indi-
cated the output of a small alternator bullt into each

motor.
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Three additional vertical tall surfaces were supplied
with the model, each nf which has interchangeable rudder
nose nleces and mating fin blocks sn that the rudder
balance could be changed. A bevel trailing edge was bullt
un on one nf the rudders. Aftér.tssting, the bevel trailing
edge was re%oved and a tab installed. One of the talls was
testéd in conjunction with end pintes on the horizontal
tall and also with the fuselage extended L inches on the
model. Descrivtions and other'data vertaining to the
various vertical talls testedrare givén in table I.

Several dorsal fins were made at the Laborétor& and are

shown in figure 16. Soib'bf the dorsal fins are shown in

place in saveral of tho photogravhs. The dorsal fins are

sﬁnwn as attached to tail VR. Vhen attached fo other verti-
cal taiis tﬁe dorsal fins were cut so that they could be bent
to f1t ths angle between fuselage ond fins. The o;or-all
length of the dorsals for tails otﬁer thﬁﬁ VR thus departs
from the length given in figuro 16 5ut the area and shape
were not materially changed. For some of the tests,

antispin fillets vere installed as shown in figures 17(a)

and 17(b), The antisvin fillets also appear on filgures 13
and 15. ' '

Rudder hinge moments wero measured by an electrically

Indicating strain gage supplied by the Laboratory.
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TISTS AND PESULTS

Test conditions. - The tests were made in the

LYAL 7~ by 10-foot tunnel at dynamic pressures of 16.37
and 9.21 pounds per square {oot, correspsnéing to 80 and
697 riles per honf for standard sea-level conditions. The
test Reynolds numbers were about 710,000 and 530,000
based on the wing n2an aerodynamic chord of 11,63 inches.
Because of the turbulence factor of i.6 for the wind
tunnel, the effective Reynolds numbers were about

1,100,007 and 850,0C0.

Coefficients and symbols. - The results of the tests

are vresented in standard NACA coefficients of forces

and mnments based nn the model wing area, wing svan,

and wing mean serodynamic chord. Rolling, yawing, and
nitching-momeﬁt coefficlients are given about the normd
center-of-gravity location shown in figure 1 (26.7 per-
cent of the mean aerodynamiz chord)., The data are
referred to a system of axes in vhich the Z axis 1s'

in t{e rlane ~f syrmetry and perpendicular to the relative
wind, the X ax's !s in the plane of syrmmeotry and per-
pendicular to the Z axis, and the Y axis is perpendicular

to the plane of symmetry (fig. 10).




The coefficients and symbols are defined as follows

C;, 1lift coefficient (2/qS)

Cp;, resultant-drag ccefficieat (X/qS)
o Cy lateral-force coefficient (Y/3S)
% C; rolling-moment coefficient (L/qSt)
i Cm pitching-moment coefficlent (M/qSc)

C, yawing-moment coefficient (ii/qSbt)

2
C, hinge-moment cocfficient (H/qbec )
T.' effective thrust coefficlent (T/q3)

V/nD propéller advance-diamster ratio

where
X
Y forces along X, Y, and 72 axes, resvectively
Z
L
M moments about ¥, ¥, and Z axes, respsctively
N
H control-surfac2 hinze moments
T effective thrust
1 42
q dynamic pressure (E pVT)
S wing area (5.18 sq ft)
c mean aerodynamic chord of wing (11.63 in.)

b wing span (£.96 ft)
-2 ,
be product of the span and the square of the chord of a

control surface, in which € is the root mean square

chord back of the hinee 1line




propaller diameter

revolutions ner secor

yect to thrust line,
dr-e down
o} control~surfeace ong, darrens

Bp  Tfront propeller blade argle at 0,75 radius (15°)

| . o)
ﬁq rear nropaller blade angle at 0.75 radius (157)

I.n.S. Indicated alrspeed, miles per hour

Suhcripts
e elevator
r ruddsy
flap
horizontal tail (tab whsn wsed with 8)
Corrsctions. - Yo corrections have been anplied to the

data for tare d by thes model sunport strut. o jet-
boundary correcticasc have bzan applised to any of the data
given exczpt anglzs of nd drag cosfficients, which

were corrected as




where

6, 0.113

L4

S wing area (5.12 sq ft)
€ wind-tunnal crosa-section area (59.59 sq ft)

Test procedure. - Propeller calibratlons were made by

measvring the resultant drag with the model at zero angle of
attack for a rance of prooeller sneeds. Bacause there was a
smzl)l difference tetween the speeds of the front and rear pro-
pellers, all the data were arbitrarily based on thz spead of the
rear propellar. The effective thrust coelflclents were then
computed from

Tet = CpOpy

whers CD is

the drag coefficlent of the model with propeller

removeod. The cropeller celibration is shown in figure 19.

The thrust coefficlsnts required at any 1ift coefficient
for various amounts of pocwer were furnislied by the Curtlss
company and have been reproduced on figure 20, Since all the
tests mads In the nresent investigation were yaw tests, theywere
riade at constant propeller rpm. No allowance was made for any
variation of Cy with yaw or T,' with yaw and pitch. (Any
reference to militarvy nower in thils repert msans military power
at 20,000 feet as given on fig, 30.)

The first tests were made to determine the most severe con-

ditions for rudder-free directional stability. Various dorsal




fins were then tested at the determined critical conditicn;
that 1s, take-off power, &y = 456° and a high-1ift coefficient.
In pensral, subsequont tests wers made with the smallest and
best shaped dorsal fin which met requirement II-F-3 of
reference 1. This requirement spacifies that the yawing
moment dus to sideslip (rudder free) should be such that the
airplane will always tend to return to zero sideslip regarde
lesz of the angle of =ideslip to which it has heen forced.

The rudder tests for tail VR were made at conditlons requested
by the Curtiss comrany. Al)l other rudder tests were made at
the worst condition (determined from the tests) for rudder-
free stabllity, A few additioral tests wers mads to deter-
mine the directional stability in the high-speed condition for
each tail. Tail-off tests were made for miscellanequs flight
conditions so that the stabllity contrituted by the vertical
taill msey be isolated.

Unleas othsrwise ncted, the landing gear was extended
when flaps wsre daflacted, and was retracted when flaps were
neutral. The stabilizer setting (1t) was 2° and the elsvator
setting (Ge) was 0° for all tail-on tests. In all cases the
propeller Llade angle was 15°.

Methods of comparing the. characteristics of the various

vertical talls. - The pedal forces and rudder deflections re-

quired to maintaln a given angle of steady yaw were determined




from the curves of Chr and C,. ‘Pedal-force computations
were first based on the assumption of il inches of pedal
travel for #3707 of rudder deflection, the rudder deflec-
tion being assumed to be linearly’'proportional to the
pedal movement, and a wing loading of 35 pounds per
square foot. Any pedal force resulting u«t zero yaw was
assumed to ha trimmed to zero.

In order to compare the vsrious tails on a more

equ! teble basis the rudider deflection for each tall was

assurmed to he limited to the angle vhich trirmed the

model at 18° angzle of yaw. Toe mechanical advantaze for
eack ta;llWﬁS then based on s pedal movement of l. inches
to obtain the rudder deflcction for trim at 16° of yaw.
This angle of yavr was chosen because it was the angle
held by the least effective rudder with 30° deflectlon.

A third basis for cormpsarison of the varlous talls ie
the rudder angles and pedal ferces required to overcome
the adverse aileron yawing moments. The possibility of
this requirement becoming critical is imminent inasmuch
as the requirement for trim at zero vaw is no »roblem
with a dual-rotation proneller The yawing moment due
to full alleron deflection was o™tainad Irom unpullshed
results of tests of a2 0.27-scile mﬂdni o f t’e'ﬂirnlann ia
the Langley 1%9-foot pressure tunnel. The yawing roment

due to rolling was evaluataed by vse of the theoretical
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charts of reference 2 for a wing-tip helix angle, pb/2V,

of 0.09. HMost of the tests were made with take-off power
at a moderate angle of attack. The critical condition for

rudder deflection, however, will be at a high angle of

attac!s with the propeller windmilling, because the yawing

moment due to rolling will be greater at the hig¢lh angle and

the rudder effectiveness lower with the proreller windmilling.
The rwider effectiveness for each tall was therefore estimated
from the povwer-on data for the widmilling condition by assuming
that the chonge in effectivencss between the two concditions

was a function only of the dynamic pressure st the tail. The

rudder hinge-moment coefficients for the windmlilling condlition

were estimated in a similar manner.

The rudder deflectiors required to overcome the adverse
alleron yawing moment were commuted from the estimated yawing
moment and the rudder effect!{veness. In computing the nedal
forces, the mechantcal advantae for each conf{iguration was
obtained bv assuming !! inches of vedal travel for the rudder
deflection required to overcome the aileron yawing moment in
the windmllling condition; that is, *he mechanical advartage
varied with easli tail confizuration vut, for a given tail, vas
the same with propeller windmilling or with »Hower on.

Surmary of tests. - For convenience, an outline of the

tests with the figures on which the results anpear is given~

below: (The landing gear was u»n when = 0 and dovn when

5¢ = 45° except as noted. fp =

6 = 0. ¥o ailerons.)
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Type of tests

45°  tale-ofl
45"
(end plates)
45 take-off
(extended)

~

VIITI Tab deflsction

IX Computation of rudder cdeflection
pedal forces for trim
(%3
. Erfect of end plates and tail ex- 5
tension V13RS p
C. Zffect of talance v14pl4 v16Rr1S
v18p1le
D. Balancing tab and bevel trailing 0
edre yvl4gl4 p
. ZIffect of balence V19R19,V2°ﬁ“0

DISCUSSION

Critical ruddsr-rree condition. - an examination of varia-

tion of C, with ¥ on figures 21 and 22 shows that the worse

flight condition from the standroint of lack of restoring yawing

morments at large angles of vaw is the take-off power condition,

flaps down, and < high angle of attack. Placing rudder stops
at +25° improved the condition but still left the yawin;
morments rar from satisfactory. (‘‘hen no stons were present
the ruvdder dsflection wae limitsd by striking the stabilizer

at a few derrees ber-nd




It may be noted that the data for rropeller windmilling de

not -show the reversal of yawing momsnts showm by the ta%e-cff

rowar data, This fact does nct nzcessard e Ay

Y
-

rudder for the former case does not have a destadbilizing le:
in sandency at large angles of yaw. Exanination of the

tail-off curves (fig. 22) shaws that the adverse increwment in

.

vawing moment caused by powsr 15 also present when the tall i

-~

off. Thus the yawing-moroent reversal resgults largely from th

¢
=

3ffects of power on the wing-fuselage combination and it 1y he

expected that it willl be most severe when the power offects

sreatest (low-speed, high-power cenditioen)

Effect of dorsal fins. - All of the ¢ 10 ns imprcved

the rudder-free Cy, at large yaw anrcles. In the two longest

groups |{length 1 and 2, figs., 24(a) and 340‘3 any of the dorsal

fins eliminated the reversal of vawing roments for the yaw
range tested. In the shortest groups (length &, fig. 24(c))
the two despest dorsal fins provided 'the model with restoring
moments in vaw for angles of yaw to -40°, while the shallowest
two gave restoring moments in yaw up to about -35° of yaw. It
will be noted that the length of the fins along the fuselage 1is
of more importance than the area of the fin, Mus dorsal Dgj
has about ths samz effectiveness as Dyz in snite of th

that the area of the former is out half that of the latter.
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The dorsal fins produce a slight destabilizing tendency

around zero yaw, an effect which cannot be explained at

rec=-

ey

ent. The slopes of the yawingz-moment curves at v = =40°
indicate that many of the dorsal fins tested were nct suf-
ficisntly effective to maintain restoring moments beyond

.this angle. It is probable that a dorsal fin whiech is
effective up to 40° of vaw will be satisfactory since condi-
tions for which larger angles would be obtained will not very
often be enccuntered. Dorsal fins Dy3, Dsi, and D32 were
selascted as the smallest which would meet the requirement

that there be no revzrssl cf yawing moment regardless of angle
of yaw; hence, tlhiece doierl fing wers the ones used for subse-

quent tsste,

Effect of propellers. - Ths effact of adding siangle- and

—— ——

dual-rotation propellors on the vaw characteristics with power
off is shewn in figure 25, The addition of the propellers
progressively decreases the directional stability , which is
to be expected in view of the side force nroduced by a yawed
propeller, The changs in side force as measured, however, ia
not sufficient to account for the decrease in the slone of
yawing=-moment curves.

Charactaristics of various wvarticual tails with f{ree

rudder. - With all the tails a reversal of yawing moments

occurred at large angles of vaw (Ifig. 26). The additlon of
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tes or extensi
situation but was no

ciently effective dorsal fin eliminated. the reversal

d

moments for all tails (figs. 24,:27, 2%, 29, 30 and 31.)

The antispin  fins had a small adverse effect on Cp-at
large angle of yaw. (fig. 28). Comparissn of figures 2 nd
1] ‘ ‘ f '

[ )
29 indicate that an incrzase in balance from minimum produces

a small adverse increment in C, at large yaw angles,

The use of bhevel trailing edge. (fig. 31) vproduces a very

irregular rudder-free vawing-moment curve. This curve
reflects the marked effect of the bevel on the floating ten-
dencies of- the rudder. The large yawing nmoments at zero yaw
indicates that the rudder was floating at about 14° (see fig.43)
probably as a result of an asymmetric bevel.

At small angles of vaw all the tails tested give about
the same value of 8Cp/dY with rudder free as with rudder fixed.
This is an 1indication that the ruddser floating angles are
about zero in the yaw range of +5°.

Characteristics of various vertical tails with rudder

fixed. = The results of the tests with vsrtical tail VR for
2 - - 1 (0]

several conditions are shown in figure Z2. For the 6p = O

ccndition, vower on or nropeller windmilling, the mecdel with

this tz1l is neutrally stable directionally near zaro yaw.

\*
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With 65 = 15°, the stabilitv is good for all power condi=-
tions, with 2Cp/V becoming greater negatively with an
increase in thrust. The sudden chenge in slope of Cp curve
for the T,' = 0.81, 6¢ = 159, a = 9,7° condition at about 15°
of yrw must be caused by the comrbined effects of the large
tajl=off instability for this condition, the vertical tail
being near the edse of the slinstream and probably a vertical
tail stall. A dorsal fin would he exosected to improve the
conditicn considerably. (This test was to have been run at
nilitary pover at ssa level, 3y nistzle the tunnel speed was
incorrecct, causing a hisher T,' which corres)anded to con-

siderably mors than take-off power.) “ith vertical tail

V13R13 thore is a similar redustion in directional stability,

around zern vaw with flaps neutral (fiz. 33%3(a)). The sta-
bility, however, does not reduvcs to zero as for tail VR.
Adding end plates or extending the fuselage increased the
stability as exvected. With O6p = 7°, the weathercock
stability is gnod for all the ~ther tails tested (fig. 3L).
Tail VR has good stability with O&p = 45°, military vower

end a = 2.7° (figs. 32 and 36). For 6, = L5°, .take-off
power, a = 7.5° directional stability is gond for all other
tails as shown on the rudder test figures (figs. 37 to L3).

It is ressonable to assume that all tails tested will give
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satisfactory stadbllity at small Yaw angles (rudder fixed)
with power on and 65 = 50, e odel is stable in roll
with 211 tatls testeq. Irffective dihedral varied from

0 1
about 1% for tave=-off nower, 60 = 45°, to aveut £°

or 79 for militury power, &y = 09, and winﬂwilling,

by = 0° or 50,

Comparison of vertical talls., - The following table

summarizes the 1atersl-stab11ity characteristics of the
model with the varinus tail arrangements for both rudder-

fixed and rudder-free cond! tione:
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It will be noted that tail VIOR1LY? has the same effec-
tiveness as V14Rl4 in spite of the fact that it has about
14 percent less area. Esfimites made of the effectiveness
of the two tails indicayemth{s rezvlt is due to the higher
aspect ratio of VIOR19,

Rudder requirements. - The rudder control requirements

of reference 1 state,ln general, that the rudder should bve
vowerful snough to overcome the adverse alleron yawing moments,
to provide trim at all conditions, and to provide the required
srin-r?covery characteristics. The pedal force to meet these
requirements should not excdéed 180 pounds, and should show no
overbalance. In addition te checking rudder control for the
foragoing requirements, the variation.of rudder angle and force
with yaw were also considered as an indication of the ability
with which cross-wind talke-offs and landings and other maneu-
vars requiring sideslip could be made (figs. 47 to 51).

Rudder ccntrol at zero yéw, - Because of the dual-rotation

propeller, there are no asymmetric moments at zero yaw in any
steady condition, and the provision of trim is therefore no

problem.

Rudder control to overcome adverse ailaron yewing. -

Estimated rudder anglss and psdal forces required to overcome

the advsrse allsron yawing rmoment are given in the following

table:
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All vertical tails easily meet the requirements for overcomin
adverse alleron yawing moments. Zven if the mechanical
sdvantare were basad on #30° rudder deflection instead of the
rudder deflection required to overcome advarse ailsron yawing
moments the pedal forces would still be well under 180 pounds.
The table indicatas that tail VIBR1B ang v19Rr1? give the
lovest pedal forces while VR and VI®R1Z with end nlates give
the highest.

The anglss to which the alrplane would yew due to adverse

aileron yawing moment with rudder fixed were not comnuted

because of insufficient data. The indications are, however,

that the angles will be well below the 20° maximum specified

by refarence 1.

Rudder contrecl for snin raccvery. - Spin recovery tests

were made on & 1/22-scale modsl of ths XP-62 airplane in the
NACA spin tunnel for certain vertical tails, The results,
which are unpublished, are summarized in the following

table:

Tail ‘ Sat isfactory |25t.pedal
force,lb

VR ~ 3
VR with end plates and reduced 1es 4

rudder chord <120

v11Rll,5 with area incre=sed
10 prercsnt
Same with antlispin fillets
21n2l
V1721
T T L L T Do
$11188s" “orsd. anc antispin 1 Yes




v1lRll,s with area increase 10 percent is practically identical
with V14R14, v16R16, anq v18R18,

v21p21 is the same as VI®R19 ang v20R20  gxcept that balanc
area is 2.63 square feet for V21321 full scale.,

Satisfactory recovery dspends on the pilot teing able to
quickly deflact the ruddar full against tho e»in. Three hundred
founds pedul force Ls, of course, too large; '180 wounds, or:loss 1is
acceptable., The dorsal fina are apt to have an advsrse eftect
on spin recovsry.

The indications are that the spin rsccvery requirementes
will be the critical requirsment with ragard to rudder control
characteristics on this alrplane,

Rudder control in sideslip. - The results of tests of

various tails w1th,rud4er dgflected to several angles are
shown in figures &5 to 48, The computed nedal forces and
rudder deflections for trim plotted against angle of steady
yaw are shown in figures47- to 51. . In general, 8C,/ow  is
zero or slightly rositive for small angles of yaw but bscomes
negative at large anzles of yaw.

The estimated pedal ferces for tail VR ars shown in

figure 47. Lack of stability with &, = 0° and zero &C, /dv

at small angles of yaw would result in a loss of control leel
under this condition (fig. 2£). Since tail VR was not tested
under the same conditions of nower and Cyp as were th: other

tails no direct comparison is »ossible.




Pail VIZR1S gave pedal forces up to 300 pounds.
(See fig. 48.) Thsse ferces incresased when the fuselage was
axtanded, and whsn end nlates were added to ths horizontal

+ b
-.1‘J

. When, however, the deflection of VI13R13 galone was
restricted seo that the maximum sideslip angle possible was

180 (the valus for the most ingffactive rudder at 30°
deflection) and the machaniecal advantage changed accordingly
the pedal force was reduced to about 130 pounds. Only minimum
balance was tasted with V15R13, 80 that the pedal forces for
this tall with extended fuselare or with end plates might be
reduced by uvsing a balanced rudder.

The effect of balance is shown in figures 40, 41, and 42

(vertical tails V14R14, v16R1€  anga v1B8Rr18), iith the large

balance (Vlaﬁle), 30° of rudder deflection will not trim the
model with the particular dorsal fin used (Dg3) in the yaw
range tested so thet it 1s not nown how far beyond 40° the
model will vaw. & reversal of pedal force also results for
this case at about 28° yaw. Limiting the rudder angle below
270 should remove the reversel of vedal force. The largs
balance (V18RIZ) was effsctive in reducing pedal forces.
The medium balance (V16g18), however, showed an increase 1n
pedsl force over that for the minimum balance at moderate
angles of yaw. o exrlanation {s forthcoming at present to

account for the failure of the medium balance to decrease hinge

moments. In this connection it may be pointed out that the




Reynolds number at wiich the tail was operating was very small
and ths effeact of scale on hinwe moments is known to be largs.
Thus,ths ninge momants measurad on the 1/9-scale model are
probably not very reliable as indications cof the exact magni-
tudes of the forces to b2 expacted on the airvlane. The
results of -tasts of O.45-scale models of tails V34rl4, v16pl6
and V1Enl2 (pefarence 7' indtente that the medium and large
overhangs ~ive the expected reductiosns in hinge moments. An
analysis of the airplane vedal forces, using these data, will
be made. When the maximum yaw (¥ ) is limited to 18°, the
pedal forces for all of the balances are substantially reduced.

"{th the bavel-trailinc-edce rudder (V14R14.5) 3 reversal
of pedal foree occurs at small angles of yaw, and 6Cp/5¢' is
hightly nositive (fig. 43). This condition could probably
be graatly improved ty sealing the gap between the fin and
rudder. The hinge-momant coefficlient is quite larse at zero
rudder and zero yaw indicating soms asymmetrical condition.
Rough estimates indicate that a céiffsrence of about 7° between
the two sides of the bavel could give the asymmstry shown in
these rasults. Because of the small size of the model such
a diffsrence is possible.

For the tails V1O®R19, vEORZ0 (fips. 44 and 45) the

effect of a small change in rudder balance on hinge moments

was the same as for tails V14R14 and v16R16, poth v19r19




th

10‘
are somawh
Comparing fizures 49 and 51
V1Spl9) the reduction in pedal forces re
1le» chord cmewhat graater than would
~ugh most of the yaw Nnge. ¢t large angles of yaw

guction 1z smallzr than would be sxpected. The pedal

required cme the adverse alleron yvawing moments

19ide~al gc) ead using ths smaller choxrd rudder,
tive in reducing nedal forces when
lancing tab (figs. 16 and 50). Pedal forces
tails V14R14+5 ang v14pl4r are
of 18° vut only V14nlé4r
han 180 pounds for a &0°
fact that the »nedal forces
¥ while the -1/2:1 tab are
v is larglsv « wide ] scause tho results
diffrenc f large values of G,
e

resumably the addi-

wdders would rasult in

leflacted the modsel,

at large

The addition




of a nreper dorsal fin improved this corndition s
vartical talls were satisfactorw in this raspsc
Directional stability, with flaps neutral (rudde:
t small anrles of vew was obtainad fer all tails
the criziral tail (VR) which had vary low or
zero stability. On this vasis, tail VR was considered un-
satisfactory. When flaps were deflacted and with bowver all
tails gave satisfactorv stabilitv. Taill V19819 was the

smallest which wovld give satisfactory weathercock sta-

bility for all conditions considering a value of &C,/0Vv of

about -0.001 as bhsing the critsrinn for satisfactory dirsc-
tional stability.

3. a1l of the vertical tails tested had sutisfactory
ruddsr effectiveness fer the flight conditions for which they
wers tested, and it 1s tellsved the tails tested would have
satisfactory rudder effzctivensss for all normal flight condi-
tions.

This situation results partly from the fact that, hecuucse
of the cdual-rotation propeller, there are no asymmatric yawing
moments at mero yaw which necessitats larze rudder dsflsctions
for trim. Sufficisnt rudder control to overceome ths adverse
aileron vawing moments was surnplied bv 211 ths vertical tails.

Probahly the nmost sz2vers ruddsr requirement in the present case

i




1s the =pin recovery reqguirement and any requirement whi

.y be made as to croas-wind take-offs and landings.
4. Pedal forcea in sideslips were undesirably large for
som2 of the talls but may be easily reduced. ‘he rudder with
ha bavel tralling sdeze gave a rsversal in pedal forces at
smell angles of yaw. Yith flavs neutral tail VR would Tf~-
bably lack control feel at small angles of yaw.

5. The smallest pedal forces for overcomlng adverse

aileron vaw were piven by tails V18R18 ang v19r19,

Langley Memorial aAeronautical Laboratory,
Wational Advisory Committee for Aeronautlcs,
Langley Fleld, Va., July 1, 1943.
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FIGURE 3.- PLAN AND SECTION VIEWS OF TAIL VR ON %-scALE
¥P-62 AIRPLANE MODE!-.
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FIGURE D.- DLAN AND SECTION VIEWS OF Vv>R™ AND Vv *RPE VERTICAL TAILS ON
VoCSCALE  XP-62 AIRPLANE MODEL.
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Figure /7(a). -Anf/'s)o/'n fillets tested
on XP-62 model (Vo scale)




T'hree-quarter tof view
fillets and dorsal fin




e
wind. direction
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COMMITTEE FOR AERONAUTICS

Wind direction

Figure |8.-Notation of the system of axes used
and the control surface hinge moments and
deflections. (Arrows indicate positive values)
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