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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

KEHORANDUM REPORT

far the
EE Army Alr Forces, Materiel Command
'
-4 WIND-TUNNEL TESTS OF THE 1/9-SCALE *.ODYL

OF THE CNRTISS XP-62 AIRPLANE “ITH
. VARTOUS VERTICAL TAIL ARRANGEMENTS ' * » '
Fy I. G. Recant and Arthur R. Wellace
INTRODUCTION

At thre requecst »f the Army Alr Forces tests weras mace
of the.1/9=-scale model of the Curtlss XP-62 airmlane in the
LMAL 7- by 10-foot tunnel.

Yaw tests were made of the 1/9«~secele model with power
and with nroneller windmilling. Enough variatlons of the
vertieal tail were tested to determine the followlng effects
with rudder free nr fixed:

l. Effect of vertical tail area, asnecet ratio, and

plan form

2. Effect of increasing vertienl tall length

5. Effect of s variety of dorsal fins -

li. Effest - of end slates on horizontal tull

5. Zffect of rudder chord

6. Zffect of rudder balance

7. Effect of e hevel trailing edge

3. Effect »f 2 balaneing tab
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The purpose of the tests was to determine tho directional

stability and rudder control charccteristlcs with the above g
vertical tail varlations. 5
MODEL

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

The dual=rotatinn power »lant was bullt and installed in
the. model at the Laboratory. The power plant consiated of
a frame sunporting two water-conled Induction motors, cne for
eagh propeller since the two nropellers were.not geared
together. The front propeller was driven directly by an
.extension of nne motor shaft, snd the rear propeller wa=
driven br tws sour gears which can be seen in i ures 2(a)
and 2(b), Tre three-blade metal propellers and hubs were
furnished with the rmodel. The diameter of these propellers
was nnt to scale, being 1.555 feet az comdared to the =caled
value of 1.462 feet. Both propellers were set at a 15°
blade angle at 9,75 radius for all tests. Iotor sneed
was measured by a cathode-ray nscillograph which indil=-

cated the output of a small alternator bullt into each

motor.
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Three additional vertical tail surfaces were supplied
with the model, each »f which has interchangeable ruddsr
nose nleces and mat'ng fin blocks s~ that the rudder
baiunce cmld be changed. A bavel tralling edge was bullt
un on one nf the rudders. After taattng, the bevel trailing
edre was re%oved and a tab installed. One of the talls was
testéd in econjunction with end piatea on the horizontal
tall end alao with the ruselape éxtehﬁud i itnches on the
model. Descrintions and other date nertaining to the
varinuq vertical talls tastod are given in table I.

Several dorsnl fins were made at the Lnboratory and are
shown in fiyure IFI éoﬁs“bf‘rha dorsal fins aere shown in
place in saveral of tho nhotogrqnhs. The dorsal fins are
shnwn as attached to tnil VR. ‘“hen attached to other verti-
cal talls tne dorsal fins were cut so that they could be bent
to £t the angle between fuselame mnd fins, The c*&r-all
length of the dorsals for tnila_other thaﬁ VR ﬁhus departs
from the length given in flgurﬁ 16 ﬁut the area and shape
were not materially changed. For some of the teata,.
antispin fillets were 1nata1l§d-us shown in figures 17(a)
and 17(v). Te antisnin fillets nlau“npnsar on figures 13
and 15, : _

Rudder hinge moments were mﬂﬁgu;ed by an electrically

indiceting strain game supplied by the Laboratory.
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TISTS AYD PISULTS

Tant concditions. -~ The tests were made in the

LVAL 7- by 10-foot tunnel at dynamic pressures of 16.37
an? 9,21 pounds per square foot, correspﬁndtn& to 30 and
60 rmiles per hour for standard sea-level conditions. The
test Reynolds numbera were about 710,000 and 530,000
based on the wing n2an merodynamic chord of 11,63 inches.
Because of the turbulence factor of i.6 for the wind
tunnel, the effective Reynolds numbers were about
1,100,000 and 850,0C0.

Coafflzients and syrbols. - The results of the tests

are oresented in standard NACA coefficients of forces

and mnmants based nn the model w!ng area, wing s»an,

and wing mean rerodynamic chord. Rolling, yawing, and
pitching-moment coefficients are given about the normd
center~-of-gravity location shown in figure 1 (26.7 per-
cemt nf the mean aerodynamic chord). The data are
referred to a systenm of axes in vhich the Z axis iz

in the plane »f syrmetry and perpendicular to the relative
vind, the X ax's s in the plane of syrmotry and per-
pendicular to the Z axis, and the Y axis 1s perpendicular

to the plane of symmetry (fig. 10).
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~ The coefficlents and symbols are defined as follows:
Cr, lift coefficient (2/a8)
Cp, resultant-drag ccefficlent (X/q8)
Cy lateral-force coefficlent (Y/a3)
Cy rolling-moment coefficient (L/qSv)
Cm pltching-moment coefflclent (1/qS¢)
C, yawing-moment coefficlent (11/q31)
C, hinge-moment cocfflelant (H/qlgaél
T.' effective thrust coefficlent (T/q3)
V/nD propéller advance-diamster ratio
where

b
Y» forces along X, Y, and 7 axes, resnectlvely
v

L

¥\ moments about X, Y, and Z axes, respectively
N

H control-surface hlnge moments

T effective thrust

q dynamic pressure (% pvej

S wing area (5,18 sq ft)

¢ mean aerodynamic chord of wing (11.63 in.)

b wiﬂg span (5.96 %)

bEe product of the spun and the oquare of the chord of u
control surface, in which & is the root mean asquare

chord back of the hinge line



D propeller diameter

n revolutiona per second »f =reopsllers

and

P mass densltr of ailrx |
a angle of aslaiel of therust 1ind, degrees

W anple of yov, dapresa

it angle of stabilizer astting wilth resnect to thrust Yline,

defrees: pcogitive with teeilineg edire down

o} contral-surface dauflntions, darresa )
fp front pronollar blede argls at N,75 radius (15°)

Fr rear nropallar blade anpgle at 0.75 radius (15°)

I.a.S. indicuted alraneed, milesa par hour

Subcripts

e alevator

r ruddsr

f flano

t horisental tail {(tab when wsed with &)

Correctiona. - Yo corrections “ave been anplied to the
data for taras cavsed by the madel sunport atrut. o Jet-
boundary correcticias have bsan applied to any of tho data

given excavt anglizs of attack and drag coafficlents, which
[ = |~ ]

ware corrected as fellows:
- ]
Aa = bw -r-E CL Y AR ’
e 3 2
SCD = 8y 7 CL
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whersa

5, 0,113

73

ving area (5.12 sq ft)
£ wind-tunnal cross-saction arsa (68.59 a3q Tt)

Taest procedure, - Propeller ealibrations were made by

mensvring the resultant drag with the model at zero angle of
attarl for a ranve of crooeller speeda, Bacause there was 4
smal)l difference bvetwesn the speeds of the front and rear proe-
pellers, all the data were arbitrarily based on the speed of the
rear propellar. The effactive thirusi coelfi1clunts waro then
computed Iron

TC' = CD-CD"

where Cp is the drag coefficlent of the model with rropeller

removead. The propsller celibration is shown in figure 19.

The thrust cesfficiznts required at any 1lift coafflcient
for warious amounts of power were furnished by the Curtlss
compuny and have besn reproduced on figure 20, Since all the
tects made In the present investigatlon wore yaw testa, theywerc
made at constant propeller rpm, Ho allowunce was made for any
variation of Cy, with yaw or T,! with yaw and pltch. (Any
reference to military nowsr in thles report msans milltary power
at 20,000 feet as given on fig, .IC.)

The first testa were made to determlne the most severe con-

ditions for rudder=free directional stability. Various dorsal




fins were then tested st the determined critical conditicn;
that is, talke-off power, Gp = 450, and a high-1ift coefficient.
In rensral, subsequont tasts wers made with the smallest and
test shaped dorsal fin which met requirement Il-F=3 of
reference 1. This requirement spacifies that ths yawing
moment dus to sidsslip (rudder free) should be such that the
airplane will always tend to return to zero sideslin regarde
lesa of the angle of zideslip to which it has heen forced.

The ruvdder tests for tail VR were made at conditions requested
by the Curtias comvany. A1l othar rudder tests were made at
the worst conditicn (dstermined from th2 tests) for rudder-
fres stability, A lew ndditiors]l teosts were made to deter-
mine the dirsctional stability in the high-spesed condition for
each tail. Tail=off tests were made for miscellaneous flight
conditions so that the stability contributed by the vertical
tail mey be isolatad.

Unlesas otherwise ncted, the landing gear was extended
when flaps were daflacted, and was retracted when {laps were
neutral. The stablllizer zetting (it) was 2° and the elevator
setting (Ge) was 0° for all tail-on tests. In all cases the
propeller blade angle was 5%,

Methods of cowparing the characteristics of the various

yertical talls. = The pedal forces and rudder deflections re-

quired to maintain a given angle of steady yaw were determined
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from the curves of th and Cp. Fedal-force computaticns
were first based on the assumption of il Inches of pedal
travel for *#307 of rudder deflection, the rudder deflec-
tion being assumed to be linearly'proportional to the

padal movement, and a wing loading of 35 pounds per

square foot. Any pedal foree resulting ut zero yaw was
assumed to ha trimmed to rero.

In order to compare the veriocus tuils on a more
equ! teble basts the ruider deflectlon for each tall was
assurmed teo bhe limited to the engle vhish trﬂtmod the
model at 16° an;lé of 7av. The mechanleal cdvantaze {op
each tail was then based on alﬁednl movement of I ;nches
tn obtain the rudder dériectTOn fof trim at iC° of raw,
Tis angle of yav was chosen becsuse it was the angle
held by the least effective rudder with 50° deflection.

A third basis for corpsriéon of the various tails ie
the ruddér engles and pedal forces requlred to overcome
the adverse alleron yawing moments. The possiblility of
this requirement bezoming eritieal 1s imminent inasmuech

a3 the requlirement for trim at zera vowr is no oroblem

with a dual=-retation proneller. The yaving momant due

to full eileron deflection was o“talnad [rom unpua>lighed
resiults of tests of 2 0.27=secle mocdel of the =irplarne in

the Langley 17=-foct pressure tunnal. The yawing moment

due to rolling was evaluatad by use of the theoretical
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charts of reference 2 for a wing-tip helix anyle, bpb/2V,

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

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

L)) ar

attac!: with the propeller windmilling, Yecmuse the yawing
moment due to rolling will be greater at the Wig: sngle and

the rudder effectiveness lower with the propeller windinilling,

The rudder effectivenesa for each tall was therelore esatimated
from the power-on data {or the wi-dmilling condition by assuning
that the chonge in effectivensss botween the two concditions -

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

rudder hinge-momsnt coefficients for the windrmilling condition

were estimated in a similar manner.

The rudder deflectlors required to nvercome the adverses
alleron yawing moment were comnuted from the estimeated yawing
moment and tre rudder effectivensss. In ecomputing the nedsal
forcea, the mechanlcal advantae for eassh configuration was
obtained b7 assuming ! inches of vpedal trevel for the rudder
deflection required to overcome the aileron yawing moment in
the windnllling condition; that is, "¢ mechanical advantare
varied vith eash tall confizuration but, for a given tnil, vas
the same +ith propeller windmilling or with Sower orn.

Surmary of testa. - Por gonveniencs, an outline of the

tests with the figures on which the results avpear is given~
below: (The landing gear was un when 60p = 0 and dovn vhen
8p = 4,5® except as noted. Fp = P3p = 15°. 1z =29,

6e = 0. No allercns.!
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Type of test Yertical Tail ure

T T[udder 3
eritical conditien
s Bp = 457, take-off nower and
madrilling R

mnst

Fa S 00 faka-off owear and
\r*"lﬂ"" ‘IJ. VR 253
IT Tall off e e e [ vek e
L)
ITT Tivddar frea with various dorzal
% Yirg VR e
TV {fact of provallers, redder free VE 25
v trddap frea at mrat erl 1'fal
¢cendition (tae-cff power, b = 457
= 7.5%) -
ive r “"ﬂ.'—':‘vi':f‘."‘ A'f " ils .--].1 Ba

5 wffsct et and nlatea and tLil

S T B .
'.:1\.4-1.,.‘:1:_,l .f]" ] on
f. BEffect of antispin fins "iff%} 18 28
De uffact ol balance Jl”?‘;' VO' 20 29
e TWlfeet of halance v Ur 30
?, Wffact of bavel trailling edgs Vlfglﬁ. 31
JI Rudder locked, miscellarsous tests
nd rerlets
14 '!_r.'"_. E:
1 1,'1-_:)1: :3
C. Comprris: [ tajls, 8, = 0°,
militarey rower 20,000 ?r,
a = 5.2°

AlY 4

VIT Uudder dellesckion

0P, military powar,

P GE =

"3 e | -

20,000 rt e el VR 35
Bs OFf 'z 45° ril1itlery power

20,0460 tt, a = 2.7%, L.G. up [R 36
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’“_r.:,' Of‘ t“jsf: '-781"51"-\4] :“ir-d_)i:
'I'ai -
C. &p = 45° talze-off power ¢ = 7.5° |yl3gl3 5%
De &7 = 459 ce-ee- e a = 7.8° e
(end plates) E. Vlzﬁl; 38
Re Bp = d‘?D take-off power a = 7.5° |[VIZRIZE 39
extended) -
e &p = 450 tale-off power a = 7,5° vidpld 40
G, O = 460 -v-sisdpsemens a = 7.8° |V1ER13 41
By B H 450 lewsefpesudnn a = 7,50 |V16R1E 42
Ty bpm 450 amcows A a = 7.50 |V14R14.5 43
PP 3.t Bp = 459 —ceeceB0ee---- o = 7,50 |V1OR1O 44
s Of = 450 cecec-fpe--e-= q = 7,60 |VROR20 45 )
VIII Tab deflection yl4pldm AG
IX Cepputation of rvdder cdaflsctlon and
pedal forees for {rim
he VR a7
i 2 fact of end plaLes and tail ex- G
tension v1Zple o 48
C. 3“iffsct of talance yl4pld y16g19
viéple 49
D. Galancing tab and btevel trailing
adre v14Rid 50
2. Zffect of balance U19519,v20533 51
DISCUSSION
Critlcul ruddsr-rree conditlon. - An examination of varia-
tion of C,, with ¥ on figures 21 and 22 shows that the worse

flight condition

moments at large

at 4250 improved

mnoments

the rvdde:

far fror

from the standvoint of lack
ANl

higlh angle of attack.

satisfactory. {(When no

daflection wae limita2d by strilkilng

- ~ M

ot & few decrees bYerond 7

of restoring yawing

angles of yaw 1s the take-off power conditien,
Placing rudder stops
the cendition but still laft the yawing

stons were nresent

L Sy -
cile

atabilizer




It may bs noted that the data for rropeller windmilling de
not ‘show the revarsal of yawing moments shown by the ta'ms-cf
powar data. This fact does not ﬁacessurllj mean that the
rudder for the former case does not have a dastabilizing rleat-
ing tendency at larpge angles of yaw. Examination of' the
tatl-off curves (®ig. 2Z) zhaws Lhat the advarse increment in
yawing momant caused by powar 1s alan present when the tail is
off. Thua the yawing-moment reverazal rosults largely from the
effects of power on the wing-fuselage combination and 1t may be
expected that it will be moszt severs when the power effects are
greatsst (low-speed, high-power cendltien).

Effect of dorsal fins. - All of the dorsul fina impreved

the rudder-free Cn at lerge yaw ancles, In the two longesst
grours [length 1 and 2, firs. 24(a) and 24(?:):] any of the dorsal
fins eliminated the reversal of yawing roments for the yaw
range tested. In the :shortest groups (length &, flg. 24(c))
the two deapost dorsal fins provided the model with restoring
moments in vaw for angles of yaw to -40°, while the shallowest
two gave rectoring moments in yaw up to about -35° of yaw, It
will bYe noted that the length of the fins ulonz tha fuselage is
of more importance than the zrea of the fin. Tus dorsal Dy3
has about ths samz effectiveness as Dyz in anite of the fact

that the arza cof the former iz avout half that of the latter.
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Thg dorsal fins produce a slight destabllizing tendency
around zero yaw, an affect which cannot be explained at prec-
cnt. The slopss of the yawinz-moment curves aty = -40°
indicate that many of the dorsal fins teasted were nct suf-
ficiently affective to maintain restoring moments beyond

.this angle. It is probable that a dofsal fin which Ia
affective up to 40° of vaw will be satisfactory since condl-
tions for which larger angles would be obtained will not very
often Le enuecwntersd. Dorsal fins D43, D51, and D32 were
selacted as the smallest which would meet the requirament
that there be no revsrssl ¢f vawing rmoment regardless of angle
of yaw; hence, these do:egl find werns the ones used for subse-
gquent tests.

Affact of propallers, - The effzct of adding single- and

dual-roctation propellars on the vaw characteristics with power
off 1s sheuwn in figure 25, The addition of the propellers
progreasively decreases the dirsctional stubility , which is
to be vxpected in view of the side foree vroduced by a yawed
propeller. The chanpge in side force as measured, however, 1s
not sufficiant to aseccount for the decrease in the slone of
yawing-moment curves,

Charactaristics of various wvarticul tzils with free

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

occurred at large angles of yaw (flg. 26). The additlion of



gnd plates or extension of the'fucelage (fip. 27) im-roved

the sltuation but was no reredy. The addition of & ouffi-
elently effective dorsal fin eliminated the reversal of yawing
~moments for all tails (figs. 24, 27, 25, 292, 30 and 351.)

The antispin  fins had a small advarse effect on Cph'at

large angle aof yaw (fig. 28). Comparisoen of figures 25 and
A 1 |

29 indicate that an inersuase in balance from mi;ibum'prgduces

4 small adverss increment in Cp, at large yaw angles,

The use of bevel trailing edse (fig. 31) vroduces & very
Irrepgular rudﬂer—érae vawlng-moment curve. This curve
reflects the marked effect of the bevel on the floating ten=-
dencles of' the rudder. The large yawing noments at zero yaw
indicates that the rudder was floating at about 14° (see fig.43)
probably a3 a result of an asymmetric bevel.

At small angles of yaw all the tails tested give sbout
the same value of dCh /0¥ with rudder free as with rudder fixed.
This 18 un indication that the rudder floating angles are

about zero in the yaw range of +5°,

Characterlstics of wvarious vertical talls with rudder

Tixed. = The results of the tests with vartical tail VR for
several condlitions are shown in firure 22, For the 6p = 0°

contition, vower on or rvropeller windmilling, the model with

this t2i]l i3 neutrally stable dirsctionally near zero yaw,
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Wth 6 = 15°, the stability 1s geod far 81l power condi-
tiona, with 2Cp/%V becoming greater negatively with an
increase in thrust, The sudden chenge in slopve of Cp curve
for the Tg' = 0.01, Of = L5°, @ = 9.7° condition at about 159
af ynw must be caunsed by the combined effects of the large
tall=olf instabllity for this sondition, the vertical tail
being near the edre of the alinstreaw and probably a vertical
tail stall. A dorsal fin would he eysected to lmprove the
conditien considerably. (This test was to have been run at
silitary nower at asa level. Jy nistesl'e the tunnel speed was
incorvect, ceusing e hizher T.'! which gorresnsnded to cone-
slderably mors tiian tale=of? naver.) Tiith vertical tail
v13R13 thnere is a similar reduction in directional stability,
around zero vaw with fl=ps neutral (fi7. 23(a)). The sta-
vility, however, does not reduce to zero as for tail VR,
Adding and plates or extending the fuselage tniecreased the
stabl1ity as exnected, With b = 00, the weathercock
stability 3s gnnd v nll the nther talls tested (fig. 3L).
Tail VR has good stability with Or = L5°, military power

and @ = 2.7° (figs. 32 and 36). For &p = 159, .take=off
power, Q= 7.50 directional stability is good for all other

tails as shown on the rudder test fipures (figs. 37 to L3).

It i1s reasonable to assume that all tails tested will give
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satiafactory stadlitty at small yaw angles (mddep fixed)
with powsr on =2nd 6p = 5°. The model 1s statle In prold
with all talls tested.. 2rfective Aihedral varied [rom

} la Vs - IO . e
about 1y for tave=ofp nower, &p = [5%°  to aveut &

or 70 for militury nower, O0p = 0°, and vindmilling,

B8p = 0° or L5o.

Comparison or vertical talls, - The following fable

aummarizes the latersl-stahility characteristics of the
model with the varimus tajl arrangementas for both rudder-

fixed and rudder-free cond! tione:




TABULATION OF LATIRAL STABILITY SLOP3S AT ZZR0
XP-62 '(1/9-SCATR)

O Xad

-8‘[_

Hilitary pover at Talte=-0f powsr at 3.L, Take-off owsr at_S.L.
Vertical 20,000 ft, 8y = O, 8y = 45, & = 7.5, 55 0 = 7.5,
tail a = 8.2, ar o 5. = 0 rud\,.qr froo
dc, | dC, | 37 o 20, |26, |3C k| 88, |2% 0% [fie.
oV | &Y | dv | | &1 a3 ov | syl oy
VR o} 0.012{ Z.C011|22 mmwieemd =emm L ——— -] -0.0018 K.024 10,0008 [21
12515 -.0003 .012 L0012 |23 [F0.0018 C.026{ G.S063) <7 -.0019{ .C26] .0005 |26
v15g13 end plates -.co08| .013| .0C12|23 |-.0026f .027| .0C05| 28| -.0027) .026{ .C005 26
¥15n1 ixtiﬁdad -.ooc5] .m2| .oo12}zz|-.co26f .c25| .CCOE[39| -.0C28) .029) .0006 (<&
visnid g —“ooi1] _oist .oo14{40 | -.0029] .ces| .coor|a0] -.0G287 .028] .coo7 [27
el 28
42
v14r14.5 -.nco8| .013] .co1z|29 |-.0026] .o27| .00CE|43]| -.0028) .028| .0007 20
vlgﬂlg 20520 -.0011} .012} ,0013[30 | -.0029] .c2g8| .0007|44| -.0028) .027| .0006 |3
Tail off 0011} .007{ .oucB{23| .0012] .016}-.0001|2Z .0012 | .016f-.0001 |23

#value for v14Rl4
v1€g16  _p.0031
vlﬂnla -0.0036
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It will be noted that tail V1®R1® hag the same effec-
tiveness as V14gRl4 in spite of the fact that it has about
14 percent less area. 3:£1mites made of the effectiveness
of the two tails 1ndica§omth;s rezylt 13 due to the hlgher
aspect ratio of Vv1Sp19,

Rudder requirements. = The rudder contrel requirements

L]
of reference 1 state,in general, that the rudder should be

rowerful snough to overcome the adverse alleron yawing moments,
to provids trim at all conditions, and to provide the required
spin-r?covary characterlstics., The pedal force to meet these
requirements should not excded 180 pounds, and should show no
overbalance. In eddition te checling rudder control for the
forageinm requirsments, ths varlation of rudder angle and force
with yaw were also conzidered as an indication of the ability
with which cross-wind tale-offs and landings and other maneu-
vors requiring sideslip could be made (figs. 47 to 51).

Rudder control at zero yﬁw, = Because of the dual-rotation

vropeller, there are no asymmetrie moments at zerg yaw in any
ateoady condition, and the provision of trim is therefore no

problem,

Rudder control to ovarcome adverse ailaron vawing. =

Zatimated rudder anglss and pedal forces required to overcome

the advarse allsron yawing rmoment are given in the following

table:




Fro»n. lrlnﬂleltnr

Tail Power on CL__.J ,6p=45, a=12°

a® | 8,9 o4 Power |8Cn | 6,.°tdPedsl] ac, bp® | Pedal

'i.“f?,aﬁ"" %%BE- force jdue %o {tooverd force

- m - | COR

ot acn.flbs)giier E@n (lbs)

YR 5.2{ © 0.54 [ilitary [0.00C7 [ 6.7 | 87 |-=m=w=|==- R
VR 2.7 | 45 .95 [20000 rt | .0085 { 7.0 | 61 |0.0125] 14.5 87
v1S/13 7.5 1.48 {take off { 0106 { 5.7 | 34 12.9 48
v13R13 gnd plates | sea lavel 6.6 | 40 14.5 54
v1SR1S ext. fus. 5.1 123 11.8 30
vidpld, 6.2 [=21% 13.% 23
}>315 5.1 {29 11.5 28
o 5.1 |16 11.5 19
v1°R 5.5 |17 14.9 24
v20R20 v v V Isc |20 V19| 27

a
Yegative sign indicates overbalance.

- ‘.):’: -
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All vertical taills easily meet the requirements for overceming
adverse alleron yawing moments. Iven if the mechanical
udvaniars were basa3d on $30° rudder deflection instead of the
rudder daflection required to ovarcome advaras aileron yuwing
moments the pedal forces would still be well under 180 pounds.
The table indicates that tail VIBRIE and v1%R1® give the
lowest pedal forces while VR and VISR1IZ ywith end plates cive
the highest.

The anglss to which the alrnlane would yaw due to adverse
aileron yawing moment with rudder fixed were not comnuted
because of insufficisnt data. The inéiecations are, however,
thuet the angles %ill be well below the 20°'muximum specified
bty reference 1.

Rudder contrcl for snin rsccvery. = Spin recovary tests

were made on & 1/22-sczls modal of ths XP-€2 airplane in the
NACA spin tunnel for certain vertieal tails, The results,
which are unpublished, are summarized in the followlingm

table:

Tall Rudder [Batlslfactory |Sst.pedal
Tange force,lb
VR $3C 00
VPR with end plates and raduced e ®
rudder chord +20 Yas <120
vilRll 5 with area incrscsed +25 ,420 Yo
10 peresnt -
Same with antispin fillets '+20 Yes
vEizgl $30 Yes
VBISET i it deraad med dxibinpt o i
4117ith dorsal and antispin +30 Yos
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v1lR1l,5 with area increase 10 percent is practically identical
with V14g14 v16g16, ana v1SR18,

v21g21 is the same as VI®R1® ana v20R20  axcapt that balunce
area is 2.63 sqguare feet for V21R21 full scale.

Satiafectory recoverv depends on the pilot being able to
quickly deflact the ruddsr full against tho cpin. Three hundrsd
gounds pedal forces Ls, of course, too large; '18U nounds, ore laszs is
acceptable, The dorsal fina ars aot to have an advarse eftoct
on spin recovery.

The indications are that the spin racovery requirements
will be the critical requirsment with regerd to rudder control

characteristics on this airplane.

Rudder control in sideslip, - The results of tests of the

various tails with rudder dgrlected to several angles are
shown in figures &5 to 45, The computed nedal forces and
rudder deflections for trim plotted against angle of steady
yaw are shown in flgures47 to 51. . In zoneral, 8C, /3w  is
zero or slightly rositive for small angles of yaw but kscomes
negative at large anzles of yaw.

The eatimated pedzl forces for tail Vi ars shown in
figure 47. Lack of stability with &, = 0° and zero &C, /v
at small anglas of yaw wouid result in a loss of control leel
under this condition (fig. &8). Since tall VR was not teated
under the sams conditions of power and Cp as were thi other

tails no direct comparison is nnssible.

g
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fall VIZR1Z gave pedal foress up to 300 pounds.

(See fig. 40.) Thsse force: inersased when the fusalape was
artanded, and when end platea were added to the horizontal
t2il, When, however, the deflection of VISR13 4lone was
restricted so that the maximum sideslip angle poasible was

18° (the value for the most ineffactive rudder at 30°
deflection) and the moachanleal advantage changed accordingly
the vedal force was reduced to about 130 pounds. Only minimum
balance was tasted with VISR13, so that the pedal forces for
this tall with exfended fuselage or with end plates might be
reduced by using a balanced rudder.

The effect of balance 1s shown in figures 40, 41, and 42
(vertical talls v14gl4 v16R1E, ang v18R18), With the large
balance (VIBR18) 6 200 of rudder deflection will not trim the
mcdel with the particular dorsal fin nsed (Ds3) in the yaw
ranpe tested so thet it 13 not mown how far beyond 40° the
model will vaw. a4 reversal of pedal force also results for
this case at about 28° yaw. Limiting the ruddsr angle below
279 should remove the reversnl of nedal foree, The large
balanse (VIBRIZ) yag affsctive in reducing pedal forces.

The medium balance (V16R1S) however, showed an increass in
pedal force over that for the minimum balance at moderate
angles of yaw, o explanation i3 forthcoming at present to
account for the failure of the medium balance to decrease hinge

moments. In this connsction it may be pointed out that the
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Reynolds number at wiich the tail was operating was very small
and ths effact of scale on hinge momants is knomn to be large.
Thus,ths ninge memants measured on the 1/9-3cale modal are
probably not very reliable as indications of the exact magni-
tudes of ths fnrces to bs expzcted on the airplane. The
results of -tasts of 0.45-scale models of tails V14Rl4, v1GplE,
and V1EnlZ (pafarence 7' inAtaate that the werdium and large
ovarhangs rive the expected rsductions in hinge momenta. An
analysis of ths airplane vpedal forces, using these datz, will
be made. ‘When the maxirmum yaw (¥ . ) 1s limitsd to 18°, the
nedal forces for all of ths balances are substantially reduced.

ith the baveletrailinrs-edre rudder (V14R14.5) 3 meversal
of podal fores oceurs at small angles of jyaw, and &CL/OV is
hightly oositive (fiz. 43). This condition could probably
be graatly improved bty sealing the gap between the fin and
rudder. The hinge-momant coefflcient is quite large at zero
rudder and zero yaw indicating some asymmetrical condition.
Rough estimates indicate that a ciffarence of about 7° between
the two sides of the bsvel could give the asymmetry shown in
these results. Because of the small size of the model such
a diffsrence is posslble.

For the tails V19g19, v2CRZ0 (figps. 44 and 45) the
effect of a small change in rudder balance on hinge moments

was the ssme as for tails V14Rl4 and VIGR16, Botn V19R1S
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and VQGREO havz pedal forces exceeding 180 rounds but the
farces for vEORZ2D gare somawhat peduced vhen wm& is
limited to 17°°. Comparine Fizures 40 and 51 {tails vi4rl4
and  V1SP19) the reduction in predal forces resulting from the
amalle» chord is scmewhat grezater than would be oxpecled
thraugh most of the yaw range. At large angles of yaw the
force reduction Iz smallzr than would he sxpected. The pedal
forcs prequired to overcome the adverse uileron yawing moments
13 considevahly redused by using ths smaller choxrd rudder.

Ths tab was wvary effactive in reducing pedal forces when
connectad a3 a balarcing tah (figs. 16 ard 50), Pedal forces
riven on fipure 50 for the talls V14R14:S apng yléplén are '
all bslow 1S0 pounds for a wnmx of 1&° vut only V14R14T
with Otsor = =121 reguires lass than 180 nounds for a 30°
naximum rudder deflactlen. The fact that the pedal forces
for ths -1:1 tab ave linsar with y§ while the -1/2:1 tab are
irregular with ¥ i= larglsv coincidental, because tha results
are derived from small diffsrencas of large values of €y,

82 eannot ba conaidersed vary reliadble. Presumably the addi-
tion of u balaneing tad to 2ny of the rdders would result in
8 gsimilar reduction in vedal forcos.
DOFCLUSIONS
l, With ta'te-of vower and [laps dallocted the modal,

with rudder fros, srowed reversal of yawlng mements at large

anrles of yaw for =11 the vartical talls tssted. The addition
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of & nroper doersal fin improved this condition so that all
vartical tulls wers satisfactorv in this raspact at least
te 240° paw.

2. Direntional stability, with flaps neatral (rudder
firen) gt small ansles of vaw was obtained for all tails
testod exeent the orizinal tail (VR) whiech had very low or
zero stabllity. On this basis, taill VR wae consldered un-
satislactory. When flaps weres deflscted and with borer all
tuils pave satlsfactory stability, Tall V19319 was the
smallest tail which would pive satisfactory weathercock sta-
bility for aull ernditions considering a value of 8C,/d¥ of
about ~0.001 ms bzing the critsrion for satisfactery dirsc-
tional stability.

Se 41l of the vertlcal tails tested had sutisfactory
ruddsr eoffectivensss fer the flight conditions fer whlch they
weras tested, and it 12 beallsved the talls testsd would have
gatisfactory rudder effzctivensss for all normal flisht condi-
tions.

This situation vesults partly from the fact that, becuause
of the dual-rctation nropeller, there are no asymmatric yawing
moments al cero yaw which necessitate large radder daflsctions
for trim. Sufficient rudder rcontrol to overceme ths agvarse
aileron yawing moments was sunnplied bv 211 ths vertlieal tails.

Probahly the nost ssvers rudder requirement in the present case
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is the gpin recovery reauirement and any requirement which
may bq mede as to crossewind taks-offs and 1andings._

4. Pedal forcea in sideslipa wers undesirably large for
gomo of the talls but may be easily reduced. The rudder with
tha bavel trailing adrze gave a rsver=al in pedal forces at
amell angles of yaw. With flaps neutral tail VR would P*O-
bably luck control fesl at sﬁall angles of yaw.

O ﬁho cmallest podil forees for overcoming adverase

eileron yaw were pmiven by tatls VI1E8R18 ang V19119,

Langley Memorial ,eronautical Laboratory,
Wational Advisory Comuittes for Aeronautles,
Tangley Flald, Va., July 1, 13943.
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TABLE I

GEOMETRIC CHARACTERISTICS OF VERTICAL TAILS TESTED ON 1/9-SCALE MCDEL OF XP-62 AIRPLANE

Total area [Rudder area Rudder Effective hlpcet Remarks [ Figure
2e2 el r.o.s. balance ratio no.
Vertical tail cherd area
designation It $ 414
rpall| 2/9 | rad| 1/9 | Puil) 2/9 | P11 | 1/9
cale |ocalescale [scale |scale jscale|soale [scale
VR 36.6/0.452}19.75]0.244 | 2.3%]0.260| 3.09 |0.038 | 1.89 original 3.4
vi3nl 36.6| . 4.5 | .179) 1.71] .190| minimum | 2.27 6
713313 36.6 .:gg .5 | .179( 1.71} .1 minimum 2.27 | Endplates on 5,?.8.9
: heriscatal tail
vi3plig 36.6| .452|14.5 | .179( 1.71} .190| minteus {2.27 | Vertical tail |5,10,11
extended 4 in.
2 oo model
vifgl 50.8| .626(21.1 | .261] 1.9%| .216/ minisum |2.81 12,13
v16ri6 50.8| .626/21.1 | .261 ) 1.54| .216|4.23 | .0521l 2. 12,13
ﬁ:ﬁﬁ 50.8| .&26(21.1 | .26, 1.34| .216( 7.07| .0%73/ 2.4 12,13
v 5 50.8| .626|21.1 | .261 ] 1.94) .21 minimum 2. J-ﬁi' bevel 12
= in ®
vidplle 50.8| .626]21.1 | .261! 1.9%| .216] mioimum |2.41 with g.;q 12
v19R19 k3.4 | ,536J13,14| .2162] 1.27| .141| minimum | 2,82 14,1
v20R20 43.4 | .536(13.14) .162) 1.27| .141] 1.72 | .0212 2.82 14,1

22
SN

vertical tail
area

rudder area

balance area
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Figure 2(a).- Three-quarter view of ;-scale model of XP-82 airplane.
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Fipure 2(b).- Three-quarter view of %—-z. cale model of XP-62 airplane. Flags and

landing gear extended, .
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V*RE VIR TAIL. EXTENDED 40
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ASPECT RATIO 227

1209

3
sCALE, 1N

WATIOWAL ADUTEDRY
commTILL Fol RLRORALTICE

FiGURE 5.— PLAN AND sSECTION VIEWS OF v R"® anp VRPE VERTICAL TAILS ON
C-SCALE XP-62 AIRPLANE MODEL.







L-T779

~

-t

round 7 \ .
L' sheet 825 R .
e SheeT stee| l NATIONAL ADVISORY "
COMMITYEE FOR AERONAUTICS
[

Figure 7-Endplates tested on XP-62 modél ('/ scale)



1-779













L-779

H APPROX ASZ AIRFOIL CHORD

SECTION C~-C
peen—— L)

p—— =l a4 - = ) 9
e — - — -
—— - - AFT OF HINGE
. SIDES ARE STRAIGHT

~TABLE -
TaiL BALANCE AREA
VER*  MINMUM
ViR 0521 #2
V*R*  oa73fL*

b

\
\

- FUSELAGE HOR. REF LINE

272

Yoo — ,/\x, i

il i - - - __1'.—

SER
1" ~
FCTITIOUS T E.\

END OF FUSELAGE -~

HINGE
b oy iy fhbapiaiagasisal]
(s} 4 ()
SCALE, N

COMMTTER FoR ANORAL !

FIGURE (2.- PLAN AND SECTION VIEWS ©F  V'R™ V'E" V*R"™ v*4*® ang

V*R“T VERTICAL TAILS jON /o-SCALE XP 62 AIRPLANE MGODEL.






"L-T79

-TABLE -
T BALANCE AREA

VERT MINIMUM

RMS CHORD
ASPECT RATIO

YyECTION C

0O

AF T OF HINGE
SIDES ARE STRAIGHT

o

2

i\ FICTITIOUS TE

-+ $HINGE
I __2h&

¥

75

A4 ’
g2y | ) 274
| i
! I!
__ FUSELAGE HOR. REF, LINE . = | i } 'l
! , 2R/ 114
— ’J--“'/ r
__— =t o8
/,_,ff-‘*' FND OF FUSELAGE |
L —
’ % RUDDER WINGE
| s e S e |
o . € NI BT
SCALE IN COMMITIEL Tl At baway it
FleURE 14, PLAM AND SECTION VIEWS ofF V'R™ anu vie*®  UFRTICAL
TAILS ON g-SCALE AP-Be MAIPLANE MOLEL .






These-lmes are paralle/ fo
porieontal reference /ine

Vertical
rererepce
line

--—-—--483

- Leading edge
basic root secticn
of tail VR

| 800 433 —>| /a.:.r——-yf#

= !
/535 Yhrust Vi€

_;é shee? stee/ NATIONAL ADVISORY

COMMITIEE FOR AERONAUTICS

. Figure 16-Dorsal fins tested on %-Scale model of the XP-62 anplone.



35 Sheet steel \ \ | ;

NATIONAL ADVISuLY
COMMITIEE FUR ALRONAUTICE

Frgure 17(al. - Anfispin fillels fested
on XP-62 model (Vo scale)




hree—quarter top view O:

fillets and dorsal fir




L-779

} 4
[
L
O#
I S
———— ' B 4
wind direction - 2n £ Hr____
G
/ T
4
/
y 4 NATIONAL ADVISURY
/ f COMMITIEE FOR ALRONAUTICS

Figure 18.-Notation of the system of axes used
and the control surface hinge moments and
deflections. (Arrows indicate positive values)

-—




eidnt, Ta' |

. 7 1 110 A A L 0 'HIL.. :

8.0 1 = 01 0 1 A
- - T 1

LN~ 1 77 I 0 0 L 1 I

ust, caaff

f H t |
SR, T - . S — and = : {
by S | 1 { i I
B o BB (A I W

(]
]
iva:

N

Z._E

i
7
¢
1

L |

A |=’rorele "advnl —afJa vhp
| Fleure Iq‘}- ‘frective) thrukt coafhcaan’[ as o
[ un

b

tion | of cpeller tidvance - damefer
B , mﬂl‘a f’ak _ﬂ}epr sct':zfc nigdel of ,} _

ar ae.cx:- 30,0=1%
‘_’% fﬁﬂ E’{ F 557,

|
+
i *
]
i







G

SMen

dﬁy’%

Se

ﬂ%. =S

b r
- Amkofyaw'!’deg‘ '
m;r*mpmfer windmitting | |7 1

Hgé??ﬂ Lt i ek o AT mde/‘W s%

b rudder 2
’er;‘:ra/ il VR, q-52/ lhsy/5q.7%"




Cor

freieal

--'j
¢ ' ]
V2
-
¢
TRl

LiFlF coel Fic

Fliching-tmomenT coet

“ . o o
o .
— &
“‘\. & ” L
“‘-. B . | gr
1 '
&
4 v
i ®
4 |
; e - 4
T ¥ s @ s ®
4 * - 4
& b ®
-
-~ o~ -
¢
&
-
&
[
e - 'S +
-
-
£
- 4 L
4+ T T
YO .f; C 4

40

oy mé”ﬂ e YO

F jdure ,,.r'r / on f/’}uf" .f

ADVIBORY

FOR AERONAL

ar

W
L
5 i
a
L |
Sym | ac,
o i1
. {
I | £ r
2.1
°*
"
NATIONAL
COMMI| I EE
2
Jé (¥



o
e
f‘r [
A ¥
W
¥ 2
! . r ﬁMJ’t{C'f
! ’ ST0RS |\Sym
! none
{
+ "'-')-

.,..‘

_—?Lﬁ.

i3
“
\

&
¥ “
=
T
AN SRS, -
| » T
NA) ik

COMMITEEE FOR AtWuUNAUT
0 G L ] ' (’_r .‘l“Jr
Arie of yaw V dp/;

(5) Jake S power
iqure 2L continued.

24

[

menl coeffecenl C,

meé

g

ot



.-

Sym o geg|
" ;f |
& L X
*

NATIONAL ADYISORY
FOMMITTEE FOR AERONALITICS

A0 X0 40

,,\'_ =
[rant arag coefficient,

ki

o



Ve
y

o

P — e

| Loferal force toe

L)

e
D

1
;

r

=

[T

AW |
Ralkng-mement coefferen

" NATIONAL AD¥ISDRY
COMMITTEE FOR AERONAUTILY

-fb-'sb?z;o'f'o-b noow | w
| | } } + |
Angle of raw Wdeg

H/Pr r...;mdru/ffna
/‘zgt/re .:’2.-1!:J f f e r of ah y77ac kK, en the _gero—

nanyc, cﬂ‘,‘ns%'zc‘; /n yaw arf the J’P éz
a’e/ .smff wrrh rudder free 2p=0, verfical

3|

1

| =
|

~
™

a2l [




"

NATIONAL
roMMI .



coerficiens Cy

YW InGQ-Lrroineit)

)
et

bor )

g
)
' .
- c
» ?.‘:
= 28
/.. ; 3
¢ O
]
> O v
» 3
;
: ~
Pl L} ) D
i & Monctcter }.l
N Stops vy @ deg darsa/ =
. FTO/7¢ . L 1o | J
2 - AL
¢
-
== ] ?
f - o 4 4 =

4 ,"’ - g . -
v
"
c
%
o | P aee Odetd
% ‘ﬁ:
e y
r i o8
Y N
¢ -~ ,:/ <
U A WATIONA( | ®
: j i COMMITIEE FUR ALHONAL e S
A s L ] o
L - [\ o

© |-30 -20 ~/0 Q i 20 10 4

Amgle of yaw, ¥, Jeg
(L) 7ake-off power

Figure 22.- Contipued.






| 9)Yusuisoo
t o

eristicy
e
foted)

&5

L§

r

Yoct
foc
as

lage axceap?

: ﬁ"%&l c&? |

n
(B4

c?
I58




305 uanyiecy boup-iucyneay

y AN o = #
~N W
it » S L
== = > &- S
_, i
g =&
.

fro
o

PP

-9 .8 -8

MN
.
I}
L Iy b
ext h‘.l
¢H
Vo

20

0

/
o)
i ! = o
.ﬂ. . , .w.r M. E Pﬁ e
[mamy TR T
e CESTETE . o8
W —— ' «—F-
g W i /n. e N VW.I?I’LH ol
b\ \ \ _ o_m,u
A/ =t Wra T T Jl B EE X O+ 1M - IM
e - i - .‘ - -
e wesies saisn e T# s
./; _ 7 )/. ) _ _H
1 — - — -y — i.f@ M
P R b T :
S W R S IR S 3 P e . G Sl e, ..r

1
i -l ———

1 _.Eugsiﬁaugg TR | ] L ]!in Y Eeos T



43 MR g [oume]

TERSES il

)

e s e e

—_—— tuggkmﬂhg&ﬂ\i&n

"D YWaRgeed yuaied- &uyosy

e L. W, 1= n. mrma; i X

- W s
CraEn
=3

ST
i 15 mw

-0 -2 -0

Angle of yaw, ¥, deg

-
”

rhe
e ¥R L2
ops t 285

o

w
ree. S
Ve

5

Vs i
cder

riovs dorsel Airs onr

LS

Wy

7 yario.
:’{cf

1 ry

fF power,

&

(az_d.
L~ £ £
narm
®-sc
a7

ey ot
L






» #Lhm ¢ ¥
" a 19
- — a
L | -4
> 8 "

o8
S

& IR IR | U BUTOL-CTANTK

™
o

I .._gu.uemuau Ju

=

awows bu e

<

™

D

NATIONAL ADYISORY
COMMITTEE FUR ALRONAUTICS

790

30

o

w. r)‘ey

Angle of yaw

(b) Length
Erpire 24 - r'.'Oﬂ,f:f’g.’Ed‘

=




i
=3 i
i
)
f—
- S i -1 e 1
——
i
=1t 2
e i
+
|
L
i
| .
RN En Nh R = R EE IS AT e B ER
+
)

f

|

1t

.. | ! [ ] ]
__ L. . _ - IM - w : ] =
oy 1 S 5 I 5 i i i
= it mﬁ

i s

F i

B S . WS

' -
Tlaks

8 1 Y Y W



i lrw a 1 ﬂ% 4. = i . : “ _. .‘ma... : o ﬂ Et
| HEE SR

|

: d”f'ﬁ' i

‘a5st Yord VA

1y rudder free. &
Q=16\37 /b5, 7. f1,

I’{’.'“E:J
b i

|

|

|

|

|
o
r

&7

%4’

ol
(A

“

/
W of

1=
-

2
ferisHee 17 s

|
1qUure 25—E 1

g4 2

e

|
|
|

WY

ara
scate

BERSEERE ? %NM SESiSEsat asines

e 1 q.h.@umw\mou ..Nu.un\nﬁw .%Ssaﬁm_

_. =~ - |n|.|.|




e RUCIEFSL BRI M Vi L
. e T I A+ !

3 WS
F RN

! =t

! =
o (TIOA  -
57 8 (33
.4

a

.

1

*I

-

Q - RN I T | 1 ~ A B

Wa'iuaciiiaao EmEaE-oc_c_H_a T Ytuanygsco n

.

40

20

0. |
deq

10 Q
fingle of yaw,'V,
Concluded. -

=20

=30

|40

Frgure 25



nb}‘f:sfc riﬁgs : PWJ- 7
' ‘{:HL%' :”_1 / nF. et

e
1 [ e
e,

| -i--m.qa.n;m;'l
| |- |A brof;aw\}r,deg' jatal 1]

HTFC I r——

|
t

. NATIONAL ADVLIRY

Wi th various ! fof'

1(1':1 53 i



T TN

Cx
)

=

eral force roef :':ht:m t,
I

Lat

yawing-roment coefficient, Cr,

Ty [
e = . t
, |
ERSEREEN
| 1.7 L 1]
WATIONAL .4
; | COMMITIEE {rnl RAONAU
| | | | | ! ‘
-O4f 1 f | B | | | | f }
L] -ap. | 30 ol oo |ln | 20 |

NE m:;m'nr. aw, ¥,
Higurd 2L-Effec] p ’m.l.pl':{lr..'.' .rﬁ:\ Lzopntal laul and
Fselige, Calensio

Fe

11 W gerach nqrnw characiey,hos
. e XP 6 rmﬂeﬁhﬂxﬂti x[m"vr hml tml‘\(r“‘E amv"fé"t
- wiicr (ree ToKe -off s |

B4 g e ‘l’;/i



S S S

o o
I BRI i 8 i I
B i B s i
T e i

.
W lpgrTaTy uswodEbogIg T ¢

] I
- |
! f
- o — oy
» b d ey
N 3 4 | ‘
h 4 | ]
i . q s : : !
P S - ..I.* . — o t—
] - ' i 4 i . -
- | N = A L N = T | e =S -
== ) ~¥
o ;R R S I U R

-




¥
'.]. ‘_-
4 o X ”
“. T !
| .
u ¥
..'. -2 1) 400 (1N T Y ) ) OV L i I O ) [ S [ IR
a N
o | A
Q "1 .
[ | -‘4' /" g .
3 . P 4 | :
L~ | S t =t
o . o
1 LB TR 580 35
. ' BEEa.
5 _ =
EENEEE N 048
| | | R | | g
. S O e ) T S P B
LT | :i
L - 1 i
A
Wit f';' LA LA L LN 0 6 s 5 . 1
- 10r5alsts » / \ L O R | 1g
o L . F il \_} | S B RS
-\. L ¢ | ¢ X 1 i 1 i 1
H! ” W ! { | | I.} | ’ i . T !
| * ¢ \ 1 1 1 1 IS
n pvs: Anfi-spin| 1 | | | At DR
3 fillets Dnr.'pl N1l e || 1
:"j’ T k..*ﬁl h.‘)hl_ i i w' | ! {1 il 4
Y o . Dy | | I 1] | i |
o OP ) 0{{ 4 * ..... t m.{»
;"‘ v (| ] D 4 ¢ i
0 ‘ ' 4 ‘. -—‘ |
¥ ; o B 4 [T WATIONAL AN b ||
[ | COMMITIEE | Fon mnuuﬁu_m_.a
a-oPp
)

AD 30 20 | -0 (o] 0 20
Angle of yaw,¥, daq

fUTE 28 Eli el | b antspin il’l'lct‘. and atrsdls onthe aeras |

| =.h¢nl!l ut.charbetdrisiits of | XP- 642 _nL_dJi g& scale) |

with ve i 1| lad Vi t* ng(ﬂi—"f {rfe_ 5

fakd-uiF power,
a =I5% Hudder| S1Qps i :



95" wizigyaad boip - juoynsay

— e - 2 e oA e e o —

G M 0 W 0 0 SN T A T

e - : - 4 R S

ITIEE FOR RERDNAU] I
| 20

ATIONAL ADvi iy

]
#
{1
| N
'. covbe
10

4
-
Q
deq

- I.. I
i S
1 T
- ! - i
_
et e e R







: | 95'umoise00 b soinsay
o T M.%J"._m.u..,_.ﬂ.;._«.u_ (4 e -

W i

R e




1
rie-

=31 : 3 I 1 i T B B AE iR
AN L s R

1 1 H 1

S i g SRR B I O R S N S

_,rﬁ e

| ‘-

=

|
-

o E
|
chd

i

*

-3ErRes
SEies 1
ISR -

M_W.,Mm il 2

Ya
L

|

4
!

¥
Effel
th
_'l‘T

e

[.,

I"..IE r .g £
VRN Ay

L
i




Ui._,s;w.._'-l i s e R

i : =i d l =] i 3 2 |
MR E5 . SRRRE fote bt el Ser 4 = 8 5 ._

L w..:—. " .u “ “.. " ==t L m E

L4 {1 | SEEEER 3 M E i ., B I

_ ! i L] i T 4 : GEi L]
I _ 1 ; ! m T 1 =

e e R 13 LA A
i 3 i § i | |
1 | |

1 | |

H: + ] = = =3

.1..%.:,II.IWJ..+ .Mrwn i Hf ﬂm -4 £S; ”..,

foilins

4
-TI-/
et
i
i
.
et
o
e
.
!
]
A
|

]
=
v
=
fisd r .

B e e B S S R D B R A EERaEEERy s MmN SRR




1
—

e

L

- 4

- s

—

-~ -

i~

-+

H

1

=H

o p- o

“ —I,..tl.... -
.lJL.--.-. "




| |

1 i)
pmber!
+ 1]
RN

|
i

of

I 1)4 43 'l Ik
—1 1 : — e .
{
i
|

S

*

W
o

L
NS
e

. o
: : ; LI_ -l ..Tm
i . Lw i i = 1 . u.”_
FEE _n 3| 1 i B N R R
i AN EEE SAREEEE S RAEEEEEE R LOSEEE
i EEE G ERS W RS ) R . S
# \ | R 0 7 O |

ettt I
b
|

|
|

20
hr*.gleJ

I
i

30

|
— |
conciu
|

4

4

|

|
4o
Iﬁ .

|

l
B
L
i

e e e
éu#qudﬁmouAﬂﬁaﬂ&nEE_n AN T wmLEseY T

—— - Irnll_l, rlllLlI; ul — S———




1R S I T D

L

t .















la selage ‘suxmar aevige
ﬂl ; Orm-'na! ey

; “i}{ An?u,om fil :c‘f‘.s dorsal O,
? 4 4 = Da Sai 1 -l
. ME ng:, | Enfpbgc !a‘or:m/ Dy
L] [ Y 'iV'ﬂ'R“i Extended | | | Nore
: ' { | 10 i

NATIONAL
OOMMITIEE FOR ALRUNAU|ICS

.

| 1l L
leldla e lela
I tH *"9"*-’ of gyaw.,; ,?g*;j e |

Fiqure 34-Co 7. Lf‘ rudohr f'l?d" *cham 'Ferhnas of

. he /9-sta of | XP-62 lair;

with va
vertical | ta h merts 1.9 . .
| mmary pawer at zé,mﬂﬁ 2 wi! =
| Ui




;
2 |

:
0241

o

i |

20

by e adrads
Lt f:’ 02

ae |

on_bn
1 the XP-6
mhfm'\j

£t

6LL="1

|
|




o 5 S G T S

L

i
|

&

ek - o ilts | e

4

(R

} |
2,
-'.-.l._;

of

- L

-

4

ENESHES

.

f

ot S T I i

|- :.Mll
MI.H i







11- -_- .-_i|,.
——— | 1 PN |
1 1 ._ Lw i 'Y
- : ii _ 24 .
L . B RS EEn SaRRascues RTEell!

N wanewaL sy
| MJFMM ‘
_the ige
Yy po!

3

- 78 @/9‘,’

8§ -4

k\.‘.“1

s *'
1

X




rr w..w S W ;w; i us il e 0 R O
. : M=% =8 - i . -
e | e

z 5 i i 1 i £
iEEERE “ ama

v- _m Iil.*l-_| 1 A w : T L m

| TV HESI == = . . h el Ml I3 TM i |

B WS S N _ i NN

.ﬂ. 1S T S . I kel .l_.....L .~
h. ) i . |
| + - - _ e SR SR— — .. - 4 -

i | | __ | 1

e e

g

44
j 5|

5o

of

|
A
| 1

4 ¢

|
|

-1
|

NE ")
Continued.|

F

i [ o 1o £ i i

B B SV TR e iy S S |

o

-

3]

.:FQiJi! 36

6le=1




el b Tl =Sy I

T ——

: . ! i
i EE R BN 1
i i 1 i i
s 2, =t :
$ i ; £
= a5 SR S B
i h_;
! = 1 i H
"l ] - s

1114 F PO




foom-s

“ I T S

| sgua Eﬁiﬁi T






._G_.U Q@miﬁx\ma bosp Jupiinsdy

20

NATINAL MV SORY
COMMITTEE! FOR ALHUNAUIILS
[0

|
*
o
¢

|
L7
|
[‘r
| |
|
1 e S .
11 ,
[
R 4R
t -;-lu I
R . |
H
|
| _
o T |
1
|
»
U
|

8

4' 5 -p boiis e “ & ’

um“mwm@m%&wwﬁ%ﬁmsﬁkm 1 — L 1% ueor##e02 1477

|
¥
|
| i Ang/?_o

B

|
| A0 |
oF yaw, ¥,deg

L

concluded.

',F1c§,ure 37.



T |

e =

N E"Lv

voertical)

IOEFf

wOERS SN AN R R 0 3 £

e e e
y T Pe—_— ' i T m 1 g
= LT s T quarriiaed JUSRUMOMEOUNNOL s




= e ——— g~

H H H t T g T T =
i S R O R S : it g b
5 L§F 1 2 : H 1 5
- L] 3 i . : H
- — . B I O - e : H L. 5 - b -
i : 1 : 2 T :
1 : ! ! 1
¥ L ' H i
¥ g wke 1
8 i .w
H . 1
3 - i S
: i i ! i 1 :
: :
: e i - :
“ i ; H i !

' !.f. I .'
e
b

=l

¢ ontuarix

~A0)

|
|
el

SN TR e N ¥ ¢ 8. L& e 3
ey ) A JuaITI$ 7 FO d.u__uknx;wuhm.muam wwumnhd%muqu %Qg\mmﬂ\t\n&f il

w
_.-.iw:.._im:‘“ - il e S e W e I AR B S T e e R e PR

Hyul ¢ 34




b

' 1 '
|
S S TF. 1SS S . TS I R

Bl




e N P NATIONAL ADVEITY

\‘\. \\ COMMITIEL FUR ALBONAUNICS . ?
‘&.

bl
N oY
o . J
\ 5 \‘:
N oy
\ e LY
9

ol

&
a
Rudder nirge malneni

Yawing-memant cosfficient,Gn .
3

| :40l | =30! | 30 | -1 | | @ 10 20
, L L] Yngle pr | Yaw, ¥, dcg
Fiqure 19-Effect of rudder deflaction onthe aerodyna-
mic chamctanst:c& 1) ng of me. XP-&2 model !q cale)

with vertical toil tuseloge extandsd 47
JL-«V , take off pc wc.r Dorsal Dy, L=7.0".

1



wl. = —r _ 1 [ l.m. m -r!. H‘ | [ i | B i .II_I.I._. i ] ..I..-.l. . ] -
| | “ A ) = i | i i o 7
1 4 w =1 |_IJ T | * 3 _‘||ﬂ| .q - m { _.r
i | 1 01| : T ] 1 5
it I o | T o R 3 i 0 i 1 1 thl_rl {
= e o " | L |
L ' T = ¢ f o o H
; w | ; 1 .. il |

i JLE




ded

lu

|
!

=) T o

t.u Luara} 903 .Gug.éuﬁ%

L S, S

m
-+

|
~conc

T

uy
1-

Flgm’é 39.




I"" ' | .|
esi1IEL on abramaprics | |

i
PP VP,
I |

_,l‘hum-mmiem ‘coefficent, Can

J__

..-.'é':z.'..' 10 O | Les _,2.0‘,
i B ',- , Anglc o”gcxw‘mdeg O

Figure A0Effect| of ! the ‘GEIad e
ngrn;‘ehn she N‘téfgf qﬂp(gz\- medel (s l vﬁf
Ke ‘off power, Davsal Dsjg. ANt -

spin fillets, ntn?::




_ L ¥ i
e ¥ I8 G S A
t e — -t ;- 11 ——t 1
I ! i i

-
e R mek e EE

I -
A

i I8 el
i

J'. - —feed

-
o I O . .
|
|
|
|
e Y" A/ R o

(1 ]|
d
i
|
W5 |

A A R
. i 5 EEEMREESES AN E RN

o et S U IS SN AN S U -

Gll=1



19 pm!..h,_&a.ﬁ, mn_u _juapneay

T - . . — T - e b M ———

| i 0‘_._4.#}".--

0}.'*.0 %Il.ll.& Al. i{l"J- 4 PR . - u . mjllﬁ - — !m
S%E!ﬂ»ﬁoug mc,ﬂun_m G B R e = = |L_u ﬁugmuaudﬁ

— | | W) ST [ ) R e S8 (S S



L=779

........

L8

i

i i

i

on

Yawing-mament coeff GESHER

i DL bt |
N ‘l‘erﬁhﬁt )!.P“ﬁg. !ﬂ
verheal oil v "-"'&"4-?8 ke g et |

apin filiels o =257

Off poviey Oarsol Sla.Auit)-






I S

1
e

l

I
T




il
5

IRSER UESNSEN RS T
|

. e i J & ] i _
AT
T e T T PR Y W -
557 g1 i 5 1 70

= .

] FIFI.
é_el.“
il
-
y.an

B
e R _
T TT1

=y
T

f 1
1
]

— I e .

t

EEERESE".) rsTa ? gl L]

i ,_ Pqn e of aw, dfg
Flgure é2.Lffect of rddder deflection an
il 'E"m‘t%ﬁt{,ﬁﬁwa 45"
Ll hllt:txm ¥







3 Y = B S

[ Poummynon bopuogemy 1
o - 2 O
R G R IEEE M SENE N By
i £ AmE A
| 5830 1 1 I
1 = 01 . Y !
T = ] I 7 N O
= s i 51 =S5
1 . ! 3 - I &

= = e _
.m.. — - » |“|I.-| - .ﬁ.lu { l Pl = .
! - i T i, B e b i | : m 3
S Lt it J* W A i
B Ber Sua
REWNE S SN AR S
e | . ! HESE I U L o
i ! % 3. T G 15 L1 {8 o
m R 9y 5 W o
EESN LR UNEERREEE L SNE S
= R AL S 1 - t L 1- =
= i 5 4 a3 ) 1 i Ll >0
] i “J_"Wf E S .%p_u
. N 0 M
b R o N . W, i - - : 4
_/.rui { | L __. ! VV _.. i _+ =
5 1 T 4_11L__-_ o : ﬂm
i : T i O e
EE s REEuE] {0
B O (T _







-
4!._ r ey

e e
e







| lﬂ i e i e B R S B




i 2 I B A q 22 i i EE] 0 O O ) O 6 T L
RSN EENEE o S . | 0 O _ S .
| | i | | 2N al T ) 1 N ! -
0 O B __ | ] T 10
[ ! ] Bl e | : 8 255 5 1 1 $—imte
[T T + } * Fll.“|_ln.| i i | M = m { | .m ! | :
! [ R | i ; 1 i i ! s = S ol : | ! !
I T s N _ B35 B | v AREN NN _ smmm
| _ EERE ol I L3 3 [ - =2 A T DA
SISt e
I | ! : »1 2 1 3 . : + _.I.“
. . EE = : = !
i i |“_. ! { Hn 1 | P S —
m T I.vllam- | q | & : _. _.I . ql
. T t T i T i L M | _
1 4 : i - : $ ' ===
...... BEEENRS _ | _ : e NEEE
& 11| il B i ! i I |
- 4 — - | - 3 -5 Gid t i ET T *
i .S i B i S ; Ha ; : " ;
i ! : T 3 = 5 2 ! i Lh
wl._f — _ B =t ajl I |
e . g’ ; i i
- m .» [rwnl. — - 4] ™ ..... : ..- . - | _
+ + i 3 = : : 1 au 4 | |
: “ | 3 S L B 4 m ﬁ_ I
: I 5 " S ES IRENC )
e i HH e ENE TN e
1 : l | m |
} T T | 1 1
- | [ i 2§ 4
i 5 1] ] | | B ]
1 i i
| _ | | i + | IT ! |._, - _
- H.. i T 1 ] | ﬂv .
: i
-~ t . ._ ﬁ _ L I
| i { } i | |
T - - nas
[ w 3 3

= I%RE NN




3 —= 1r—||.d

” fu..ua.&nna wﬁu.Eosiuﬂ

e —

i i




&LL=1

[

iufrtléri :

0

Al e nallcye,

[with vevlicod el

[Feharaciaristices iy

F_lgmza 451 flec
3

+
J
|
I




o """3;"95 l
!

sl

|

it

| Hauteds.-concly




Had: i iR

*
mam

Lol
J&Q;}rm

+301

-

0 |
{ .. 1

oLL="







&vdl

8
ST 1 e 5 2

“HOUT ITPRNY




71 4. Il 3
i : "yzfm ;‘ 1560 13 |
i~ I 0
4 ot B | | B3]
2ol B AT § 8- il
S VRT|
! L L LA ]
o [ 'zo0 [ 30 | ) MWK I
ol ! and ' ik mohany
! 5 L ___Anffa. of yaw ldc (TR TR
ol T 1 | i | !
| \Figure 50-Vargation, of rudder for

deflection for \trian u/uh /e | 3 “;a '.- - Al
W auplanc | with. 1afs v T of J}i Loy mlam;:g_
a. U,:f + m‘/r
V 6.5 apl). ij # ' _ | ﬁ




_Rudder angle,deg |

I] f,
EEN
391
)
F4d,
!
16—
] i
OI lJl
0'
7Y
r—xg‘;?

i i _i . -
e | 1 11 | 0:
IO ..__ZO L 71 l .

fcc‘.‘?’?m
/ape | w
e aﬁf power

1400

- | i "

LA v‘aggg.

! Q]
vigk | N
1 ) m'
<

2O N . )
) & E.‘»’C‘Q

e A

!“T‘f——:‘f’mﬂh:r"
| |
| ] |

| \

T kel avaTsT
| | Chwk gl pis f».-u-!m

19 ARRE IR

Angfe \0f | y'a‘w ﬁag

E/aq f)aa Jaf e dderj

ﬁ‘%

t:e.a dku
o %62

3. %ar.sa/



AT (a5 - 'ﬁ'ﬂn 20709

Recant, I. G. DivVsioN: ferodynamica (2) NURDED
Wallace, A, R. SECTION:  Stability and Contrdl {1)
CROSS REFERENCES: Alrplanes - Tall configpratione MR L-779

{0B430.3); Adrplanes - Control characterietice (0B393);

i Alrplanee - Performance {0B478.8)p+
[AREL TITLE Wind—tomne). teste of the 1/5-scale model of the Ourtise LP-62 airplane with

Tarions verti.cal tall arrangemente
FOMM. TILE:

DUGIMATING AGEMCY: Natlonal Advigory Commlttse for Asromautice, Washinghen, D, c.

Us, FEATURES
IPhthe, tables, diagre, grapha

LESVUAGCT

The effact of varicus vertlical tail arrangements upon the stabllity and control charac—
teristics of an YP-82 fighter model wae imveetigated, Rudder-fyee yaw cheragteristice
vith take-cff power and Flape deflected wers eatisfactory after’duresl finwodifications.
Directional ztability was cbtained with all modified vertical tails. SaElsfactory rudder
effestiveneea resulted partly because the dual-rotation propellere produced no asymmetric
yuwing moments. Pedal forcee in eldeelipe were undegirably large but may be easily reduced

# Arplane models - Wind tunnel testing (08321.8); XP-62 (08321.3)

HOTB: Requeete for cogies of this report must be addrfesed to: . N.i.C.A.,

Hashington, B,
T-2. KQ., AT KATERIRL COMMAAND Zic?lfmm UNDEI WHIGHT FIELD, OHID, 1JSAAF

Th-0-T1 &40 & =




LT NO. R-2-1-19

NCTED

-

M oM (1 1 47) J 7 l‘aﬂ- 20709
Recant, I. G. DIVISION: Asrodynamies (2) / 7 : NUMBER

Wallace, 4. R. |SECTION, Stability smnd Camtrol (1)1
CROSS REFEREWCES. Airplanss - Tell configirations ¥R 1779
{08490,3); Mrplanss — Control characteristics (08393 "R FvEoH

:WW* Alrplanes — Fsrformance (08478.8)1#

- Wind-tormel tests of the JJé-acala model of ths Curtiza IP-6¢ mirplane with
warions vertical tail srrangements

FORGN. TITLE:

ml‘m AGENCY; National Advisory Committes for Aeronautics, Washingtem, D. C.

TION:
WWTEWMTW‘NHASSI U SCLASE | DATE iiasluus.l FEATURES
.5, &xg_._ Unclass Ju1'45c'120 photos, tables, diagrs, graphs

The effect of various vertical tall arrangemsnts upon the stability and control charac—
teristics of an XP-62 fighter mcdal was invastigated. Fudder-f yaw characterisiics
with take-off power and flaps deflected ware satlsfactory after’'darsal fin-modificstions.
Directional stabllity was gbtained with all modified vertical tells. Saidsfactory rudder
effactiveness resulted partly becsuse the dual-rotation propellsrs [(roduced no amymmetric
yawing mements. Fedsdl forces in slideslips were undesirably large but may be easily reduced

# Mrplane models - Wind tunnel testing (08321.5}; IP-62 (08321.3)

NOTE: H.equut.s ror wg&u of this report must be addrassed tor H. AeCodey

rqzna.ummcomm “A= Teomecks Bromx WRIGHT FIELD, OMO, USAAF




	New_1993093673_Page_001
	New_1993093673_Page_002
	New_1993093673_Page_003
	New_1993093673_Page_004
	New_1993093673_Page_005
	New_1993093673_Page_006
	New_1993093673_Page_007
	New_1993093673_Page_008
	New_1993093673_Page_009
	New_1993093673_Page_010
	New_1993093673_Page_011
	New_1993093673_Page_012
	New_1993093673_Page_013
	New_1993093673_Page_014
	New_1993093673_Page_015
	New_1993093673_Page_016
	New_1993093673_Page_017
	New_1993093673_Page_018
	New_1993093673_Page_019
	New_1993093673_Page_020
	New_1993093673_Page_021
	New_1993093673_Page_022
	New_1993093673_Page_023
	New_1993093673_Page_024
	New_1993093673_Page_025
	New_1993093673_Page_026
	New_1993093673_Page_027
	New_1993093673_Page_028
	New_1993093673_Page_029
	New_1993093673_Page_030
	New_1993093673_Page_031
	New_1993093673_Page_032
	New_1993093673_Page_033
	New_1993093673_Page_034
	New_1993093673_Page_035
	New_1993093673_Page_036
	New_1993093673_Page_037
	New_1993093673_Page_038
	New_1993093673_Page_039
	New_1993093673_Page_040
	New_1993093673_Page_041
	New_1993093673_Page_042
	New_1993093673_Page_043
	New_1993093673_Page_044
	New_1993093673_Page_045
	New_1993093673_Page_046
	New_1993093673_Page_047
	New_1993093673_Page_048
	New_1993093673_Page_049
	New_1993093673_Page_050
	New_1993093673_Page_051
	New_1993093673_Page_052
	New_1993093673_Page_053
	New_1993093673_Page_054
	New_1993093673_Page_055
	New_1993093673_Page_056
	New_1993093673_Page_057
	New_1993093673_Page_058
	New_1993093673_Page_059
	New_1993093673_Page_060
	New_1993093673_Page_061
	New_1993093673_Page_062
	New_1993093673_Page_063
	New_1993093673_Page_064
	New_1993093673_Page_065
	New_1993093673_Page_066
	New_1993093673_Page_067
	New_1993093673_Page_068
	New_1993093673_Page_069
	New_1993093673_Page_070
	New_1993093673_Page_071
	New_1993093673_Page_072
	New_1993093673_Page_073
	New_1993093673_Page_074
	New_1993093673_Page_075
	New_1993093673_Page_076
	New_1993093673_Page_077
	New_1993093673_Page_078
	New_1993093673_Page_079
	New_1993093673_Page_080
	New_1993093673_Page_081
	New_1993093673_Page_082
	New_1993093673_Page_083
	New_1993093673_Page_084
	New_1993093673_Page_085
	New_1993093673_Page_086
	New_1993093673_Page_087
	New_1993093673_Page_088
	New_1993093673_Page_089
	New_1993093673_Page_090
	New_1993093673_Page_091
	New_1993093673_Page_092
	New_1993093673_Page_093
	New_1993093673_Page_094
	New_1993093673_Page_095
	New_1993093673_Page_096
	New_1993093673_Page_097
	New_1993093673_Page_098
	New_1993093673_Page_099
	New_1993093673_Page_100
	New_1993093673_Page_101
	New_1993093673_Page_102
	New_1993093673_Page_103
	New_1993093673_Page_104
	New_1993093673_Page_105
	New_1993093673_Page_106
	New_1993093673_Page_107
	New_1993093673_Page_108
	New_1993093673_Page_109
	New_1993093673_Page_110
	New_1993093673_Page_111
	New_1993093673_Page_112
	New_1993093673_Page_113
	New_1993093673_Page_114
	New_1993093673_Page_115
	New_1993093673_Page_116
	New_1993093673_Page_117
	New_1993093673_Page_118
	New_1993093673_Page_119
	New_1993093673_Page_120
	New_1993093673_Page_121
	New_1993093673_Page_122
	New_1993093673_Page_123
	New_1993093673_Page_124
	New_1993093673_Page_125
	New_1993093673_Page_126
	New_1993093673_Page_127
	New_1993093673_Page_128
	New_1993093673_Page_129
	New_1993093673_Page_130
	New_1993093673_Page_131
	New_1993093673_Page_132



