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~ffiMORANDUM REPORT

UNCLASSIFIED for the
Air ~ateriel Command, Army Air Forces

ftSEZSS MR No. L6D15

WINDzTUNNEL TESTS OF A l/5-SCALE MODEL OF THE

REPUBLIC XP z84 AIRPLANE (ARMY PROJECT MK-5'781

II - LATERAL STABILITY AND CONTROL

By Clarence L. Gillis and
Seymour J. Deitchman

SUMMARY

At the request of the Air Technical Service Command,
Army Air Forces, a liS-scale powered model of the Republic
xp-84 airplane was tested in the L8ngley 7- by IJ-foot
tunnel. The results of the lateral stabil~ty and control
investigation are ?resented in the present report.

On the basis of low-speed wind-tunnel data, the
model is directionally stable at all lift coefficients
in the cruising and landing configuraticns. It has
positive effective dihedral for all conditions tested
except at the stall. The application cf power or the
external modification of the jet exit nozzle have little
effect on the directional stability and effective dihedral.
Rudder lock did net occur on the model for any condition
tested. The directional control is satisfactory, and the
aileron effectiveness with a limit of 3J pounds stick
force will probably be satisfactory up to at least SOO miles
per hour at sea level, according to the estimation from
low-speed data, with no corrections for compressibility
effects.

INTRODUCTION

UNCI AJSIFIED
At the request of the Air Technical

Army Air Forces, a series of ~nd-tunnel

-
S.ervice Command,
tests was made ~
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or a liS-scale model of the Republic XP-84 airplane
(Army Project MX-S78). The object of these tests was
to determine, and improve if necessary, the stability
and control characteristics of the,model.

The present report includes the results of the
lateral stabiJity and control investigation made on the
model. The results of the longitudinal:'sta.biil:;j..~y'and
control investigation have been presented in reference 1.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard
NACA coefficients of forces and moments. 'Rolling-,
yawing-, and pitching-moment coefficients are given
about the center-of-gravity location shewn in figure 1
(26.45 percent 'of the mean aerodynamic chord). The data
are referred to the stability axes, whtch are a system
of axes having their origin at the center of gravity and
in which the Z-axis is in the plane of symmetry and perpen
dicular to the relative wind, the X-axis is in the plane
of symmetry and per~endicular to the Z-ayis, and the Y
axis is perpendicular to the plane of symmetry. The
positive directions of the stabiJity axes, of angular
displacements of the airplane and control surfaces, and
of hinge moments are shown in figur~ 2.

The coefficients and symbols are defined as follows:

lift coefficient (Lift/qS)

longitudinal-force coefficient (X/qS)

lateral-force coefficient (Y/qS)

rolling-moment coefficient (L/qSb)

pitching-moment coeffictent (M/qSc')

yawing-moment coefficient (N/qSb)

hinge-moment coefficient (H/qb'c2 )

effective thrust coefficient based on wing area
(Te/qS)
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Lift ::: -2

3

•
(

q

s

forces alonr, aXB3, pounds

momentsl about axes, 'pound-feet

hinge moment of centrol surface, pound-feet

effective thrust, pounds

free-str0~jdynamiC 0ressure, pounds per square'
foot ~ , I

2
effective dynamic pressure at tail, pounds per

square foot

wing area (10.40 sq ft on model)

c airfoil section chord, feet
I

c' wing mean aerodynamic chord UIl.A.C.)' (1.42 ft
on model)

h distance from the center of gravity to the
thrust ayis (0.0165 ft on the model) (positive
if the thru~t axis is abeve the center ef
grnvi ty} \

c root-mean-squaT'e chord of a cont'rol surf8ce
back of hinp-e line, feet

b wing spen (7.28 ft on model)
I

b' control-surface span along hinee line, feet

V air velocity, feet pe~ second
• I

Vi average.air,velocity at the duct'iu1et, feet
per' secend ,

(,

\,,

p
I

rolling, vel:oci ty" r,adiaxJ.s, ,p'e~ s~90nd
I \ >'.... .. t I

I /
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and

p
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mass density of air, slugs per cubic foot

-.

•!

a angle of attack of fuselage center line, degrees

~ angJe of yaw, degrees
" I

angle of stabilizer with respect to fuselage
center Jine, degrees; positive when trailing
edge is down

control-surface deflection, degrees

S.ubscripts:

a aileron (aR, a1 , right and left aileron)

r rudder

f flap

V vertical tail

b control-surface balance

MOj,VL AND Ar[AR~TUS

I
\

The XP-84 airplane is a jet-propelled fiphter-type
aircraft. The model w~s SU)91ied by the Republic Avia
tion Corporation. A three-view drawing of the model
is shown in figure 1, ana photographs ,of the model with
the flaps and lanrlin~ Voar retracted and extended are
shown in figures 3(a) and 3(b), respectively. ~he physi
cal characteristics of the full-scale air~lane are listed
in table I. The model was not checked for accurac,y of
construction.

After the testing was begun, the vertical tail was
modified slightly ,to correspond to a change which was
made on the full-scale airplane. A drawing of .the vertical
tail and the modification is presented in figure 4,' and
a photograph of the modified vertical tail 1s shown in
figure 5. Figure 6 shows the plaD form and cross section
of the aileron. Doth rudder and aileron were sealed
compl'etely, including the hinge cut-outs and the ends
of the balance back to the hinge lioe.
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Power was simulated in the mpdeL ?y means, of a two
stage, electrically driven, axial-flow blower mounted in
the holl~w fuselage. The blower, designed and constructed
at Langley" is shown in figure 7. Figure 8 shows a sche- "
matic diagram of the fuselaee duct with the blower instillled.
The jet-exit nozzle supnlied with the model (fig. 9(a))
was found to have an adverse effect on the longitudinal
stability (reference 1), and was replacRd by a modified
nozzle _t;lssembly , designated revision No .. 1 and shown in
figure 9(b). A further modi-fied' tail-pipe and nozzle
asse~bly, revision No.2, was supplied a short time lat~

by the Republic Corporation, and was the one used for
most of these tests. The tail pipe in its final form is
shown in figu~e '9(c).

The wing flaps were fixed to the model by means of
two sets of fittings, whioh'held them either in the
retracted position or the deflected position. The rudder
and aileron angles were set with the aid of templets
furnished with the model. A templet used for setting the
rudder tab angle was constructed at Langley. Aileron
and rudder hinge moments were determined by means of
electric strain-gage installations in the model. These
installations were made at Langley.

TESTS AND RESULTS

Test conditions.- The tests were made in the Langley 7
by 10-foot tunnel at dynamic pressures of 16.37, 9.21, and
6.39 pounds per squaro foot, which correspond to afrspeeds
of'about 80, 60, and 50 miles per hour, respectively. The
test Reynolds num1')ers were about,l,lOO,OOO, 830,.000, and
690,000, respectively, based on the wing mean aerodynamic
chord of 1.48 feet.

Test nropedure.- Tests were run for three power
'conditions: po~off, idling power, and full power.
During the powen-off tests, the duct wes open to the air
stream and the blower was allowed to wtcdmill with no
power input. Power-on tests were run duplicating the
full-scale airplane inlet velocity ratio Vi/V for the
fUll-power Rna idling-power conditions. The thrust coeffi
cient Tel could not be duplicated at the same time,
since the iniet ~nd exit areas wore fixed for the model,
and wero not in the proper ratio to give the correct jet I

I ,I
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velocity for, a ,cold' jet. The lnv6s'tigations'of reference 1
showed that it"was m<':'re:des!i.rable to reproduce the effects
on stability.of the air,flow thr6ugh and around the nose
of the model, whi~h are.tletermined'by th~ ratio Vi/V,
than the effects due t~ the "thrust, since the latter are
small and can easily be ca~culated.

The average air ve~ocity at ~he inlet tc the fuselage
duct was determined by peans of a ~prvey r~k~ across the
duct inlet (fig. 10, reference 1) for the tests .to determine
the rudder characteri'stics and f';rom. the read'ings of a
pitot-static tube at the jet '8.'Xit'. for, all the other tests.
The inlet veloc1ty was varied by vSTI7ing the blower speed,
which was measured by an electric tachometer accurate to
within to.2 percent.

The variation of V~/V with lift coefficient for the
..L

full-scale airplane at sea level was determined from data
supplied by che Republ:tc Corporat:ion, and is shown in
figure 11. Blower calibrations were made at the different
values of qynamic ~ressure used, measuring the velocity
of the air entering the duct and the thrust, with flaps
and landirig ~ear r~tracted and tail off, at an angle of
attack of 00 , for a range of blower speeds.

The resul ts of the calibrations were used wi tl~
fi~ure 11 to determine the variation of blower speed with
model lift coefficient.

) ,
Tests to determine the charecteristics in yaw were.

run b6 yawing'tbe model through a range of a~gles rrom -l,Qo
to 4c with conatant angle of attack. At 8adh'angle of ,
attack, the blower speed w~s held constant tbroJgnout the,
yaw range ,~t t,he vatue necessary to give the cor'r'ect Vi/V
ratio' at 00 angle of yaw. Since the Vi/V ratios vary
wi th yaw when the, blower ,speed s.nd .angle of a.tt8clt _,arie
held cO'nstant,' the Vj,.!V ratio, is' k,no.wn to be cor:reo't:
only at zero yaw. The variatjo~'with angle of yaw, will
proba'!Jly be simiV:::r for the mO<lel end air'plane, however,
and therefore wlll probably have no effoct on the validity
of the results.

, .
Data were taken, fof the-angles of.ya~ from -100

to 40 0 , rather than ±400 , since t'he model was symmetrical
and there were ,no 8syrr@etric power conditions. Only
tho~e. r1fdd.~I1 deflect±ons~up to'tne"niaximum) were tested
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which 'We-rEi neede-d ,to trim the model through the test yaw
r8.nge; for ,the ;r>ud'der tab tes,ts, the tab was deflected to
trim the rudder. ·,The direction of the yaw range was inad
vertently' -reversed for the tests' of the' fuselage alone and
the tests to determine the effect of nozzle shape, but
because of the symmetry of the model there were probably
no adverse effects on the results.

LateTal-st~bllity parameters were'obtained by running
the model through the angle-of-attack range at angles of
yaw of *50"and assuming a straight-line. variation of Cn'
Cl ' and Cy ·with angle of yaw b~tween tn~se angles.

Aileron characteristics were determined by running
the model through the angle ... of-attac}{ rapEe, at zero
angle of yaw, with the ripht aileron alone deflected.
For the estimation of the wing-tip heli~ angle, Pb/2V,
the differentjal linkage obtaIned from the Republic
Corporation and shown in figure 12 was assumed.

Corrections.~ Corrections for the tares cau~ed 'by
the model support strut and jet-boundary co:r-re'qtions to
the angles of att~ck, lonritudinal-force coefficients,
and the tail-on pitching-moment coefficients were applied
in all cases, except for the tests of the fuselage alone
and the tests to determine the effect of nozzle shape.
The jet-boundary corrections for those tests were ne~li

gible, and the lack of tares was not co~sidered to have
any significant effect cn the validity of the results.
Jet-bound8ry oorrections were also applied to the rolling
moment coefficients for the aileron tests. '

I

The jet-boundary corrections were made by adding to,
the test data tbe following increments, determined by the
methods of reference 2: - .

6a ::: 1.OOCL
6CX

2

o.liV G~:)
::: .O.0175C

LC6Cm ::: -8.65C 0.216_
L ./M

6C
L

::: -0.0255CL

where 6a is in degrees, and oCm/oi t is the variation

of the pitching-moment coefficient with stabilizer angle,
and is taken from reference 1.
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Corrections ,were added to the longitudinal-force
data for the full- and idJing-90wer conditions to account
fo~ the fact that the thrust coefficient fer the full
scale airplane was not reproduced for these tests. The
correction is .

~CX :::: ~'IIC I

where 6Tc ' is the difference between the full-scale
airplane and the model thrust coefficients at the same
lift coeffioient. Figure 10 shows the required v8riation
of thrust coefficient with lift coefficient. The actual
thrust d8t~ for the model were obtained from calibrations
of the model blower unit.

Corrections to account for the effect cf the thrust
force were also applied ,to the pitching-momont coeffi
cients as folJows:

6C :::: - (ll-) b.T I
mel c

Results.- The" results were obtained for the following
modeJ configurations:

1. Cruising configuration,
Flaps retracted
Landin8 gear retracted

2. LAnding configuration
Flaps deflected 400
Ganding gear extended

The results of the lateral-stability and control
investigation for t~ese configurations are presented in
the followin~ firures:

A. Lateral-stability parame~

'Power off
Full Dower '

~ , .

i

\

B. herodynamic characteristics 1n yaw
Power off' "
Full power
Fuselage alone, power off
Effect of tai]~pipe shape, power off

15
16
17
18
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C. Effect of rudder deflection on!aerodynami~

ch8rac~~.!:2.Lin!!y'aw
Idling power
FU1~ power

Figure no.

19
20

D. Effect of ru~der tab deflection on ~erodJnamic

characteristics j~ yaw
Idl lng , power 21
Full power 22

E. Aileron chAracteristics
Force tests 23
Variation of pb/2V with airspeed, for

maximum deflection 24

DISCTTSSION

StabilIty

Rudder-fixed directional st~bilit~.- The results of
the parameter tests Tfig8. i3 and 14) indicate that the
model is dIrectionally stable at ell Ijft coefficients
at angles of yow between ±5 0 , and the tests to determine
the aerodynamic characteristics in yaw show directional
stability at a11 angles of yaw for which the rudder can
trim the model. ~'he values of oCn/o\lr from the yaw tests
for angles of yaw betwoen ±50 are shown on fir-ures 13
und 14 by the large symbols. Since the data from the
yaw tests show no chanf,e in stability between ±5° angle
of yaw, the res'll ts of the parameter tests may be taken
as valid for purposes of discussion at angles of yaw
near zero. There is fairly good agreement between the
results of the yaw tests ~nd the parameter tests. The
vertiQDi toll was modified as previousJy described after
the parometer tests of figure 13 were run and the modi
ftcation maintained for the remainder or the investigation,
The increased directional stability in the yaw tests
might be attributed to the slightly larger vertical tail.

\ I 1 ..

A comparison of the dAta for power effects at any
lift coefficient in each, c6nfiguration shows that the
effect of DOWer on the dl~ectional stabIlity is negli
8ible. Analysis ;of'th8 d8ta bas \snown that such a
comparison mltst be made f6r the"model at very nearly the

I , ,('" I) '1 ~1 ~

/

""
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same angles of attack power on and power-off in any
configur~tjon, since changes in the sidewash over the
vertical tail occur which will affect the stability
differently at different angles of attack•. "

Effective dihedral.- The model has po~itive effec-
t ~ oC~ ,.6\jJj

tive dihedral approximately ~- in all cases, the
, 0.J002

values for the model with the tail on ranging between
about 60 and 90 for all condjtions, eycept at the stell.
The variation of effective dihedral with lift coeffi-
cient is small, as is the variation with yaw up to
about 150 angle of yaw. The effective dihedral is
smaller at higher angles of yaw; this might be partially
ascribed to stalling of the vertical tail. The values
at zero yaw from the yaw tests show fair agreement with
those from the parameter tesus, though in general the
yaw tests show slightly higher effeotive dihedral. There
is no apparent reason for this difference. The appli
cation of power has little effect on the e.ffective dihedral,.. ~. .. ..

The results show that the tail makes a substantial
contribution to the effective dihedral at low to inter
mediate lift coefficients. The values of effective
dihedral for the complete model remain relatively con
stant, while the effective dihedral of the wing-fuselage
combination increases with lift coefficient, showing that
the contribution of the tail decreases with increasing
anele of attack, ns might be expected.

The data from the yaw tests show that for many of
these tests the rOlling-moment curves did not pass through
zero at zero yaw. Upon examination of the test program
it was discovered that all the tests for which the curves
do 9ass through zero were made et the S8me time, and the
remainder of the te s t s were made 1 ate r, after the mode 1
had been taken apart gnd reassembled. This indicRtes
that the failure to trim was probably due to a change in
the adjustmen~ of the model. There would be no effect
on the validity of the lateral stability data, however.

Rudder-free st~bility.~ The rudder-free data (figs. 15
and 16) do not show rudqer lock, though the directional
stability at angles of yaw above 100 is less when the
rudder is free than when it is fixed. During the pOwer
off tests the rudder was not frse to deflect the maximum
amount (±25°), but was stopped about 30 before the maximum
deflection. The differences between the power-off and the

! I
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power-on rudder-free characteri~tjcs are therefore
mainly due to different values of maximum rudder de
flection and not to the effect of power.

The yawing-moment curve fails to pass through
zero yawing~moment at zero an~le of yaw in all cases
when the rudder is freed. It is b81ieved that this
failure to trIm is due to some unknown asymmetry of
the vertIcal tail~.

The s~ope of the rudder hinge-moment curves,
6Ch/~~, at: small angles of ya~ tends to he irregular
and fluctuates around zero. If fUll~scale construc
tional er:ro~s or TIeynolds number effects result in
appreciable posittve values o~ ~Ch/~~ there is a
possibility of developing stoady"'state hunting oscil
lations unle~s the friction in the rudder control
system is kept low.

Effect of noz~le shaDe.- The tests made with the
ori~jna~and modified nozfles (fig. 18) sh~w that the
extArnal shape of the nozzle Das a neeligible effect
on the lateral and directional stability, particularly
at swall an~lcs of yaw.

Control

11

Rudder effee~iveness.- Values of the rudder effee
t-tyeness oCn7oo:r for the different confl~ur'ations

and poyvor conditions are presented in the foll0wing table:

I OCn/OOrModel, a C1
conflguration Power (deg) \IJ = 0

Cruising Idling 10. ] 0.21+ -0.0017
Lal1din,g 1dlj ng 6.1 J .07 ... OOl~
Cruisin§ Full 6.~ ·54 -.OOl
CruJ.sing Full 1. .17 -.8017
Landing F'ulJ L· 1.Ol -.00+6:::> • , --

'rhe,rudder -LS powerful GDough 8t maximum deflection
to trim' the mode 1 '1 t a, maximum 0 f about 12 0 angl e of yaw
in the cruising confir.uration, and about 150 in the lancUng
configuration, with the winps lev~J. The rudder offec
tiveness'decreas~s constderahlj jn most cases after about
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-.
2UO rudder d~r~1ecttjon. The app1 iea tion of pov.rer appe9rs
to hwe littIe 'eff1ect on the rudc'lE::r characteristIcs.

I ' '

Rudder tab effectiveness,- Following are tpe values
of rudder tab effectlveness:- oOh lOOt, obtained from

. r
figures 21 and 22 for the model in the cruising
configurRtion: '

\ Power
oCh

\jJ 0a -~, =
I - OOt

IdlinG 10.1 -0.G01:;
Full 6 7. -.co16
FuJ] 1': G -. :l115

,

'Ft-'e tab :l S :;;owerful e11.ouf,h at maximum deflection
to redDce the rU(~cJe.r hin~'e PlomeDt te zero when tne medel
io trimmed at About 50 an£,18 of yaw ill the cruising
configuration.

Aileron characteristjcs.- ComJutations were made
according to the m0tJ~~f-reference ~ to determine the
variation of VJing-tl~ helix antl'o, pb/2V, with air
S06Gd 8t se~ level as limited by the wa~imu~.a11eron

defleetion er by a maximum stick forGe of ?~. pounds.
This veriatfon 19 9r0sented in rfcure 24 as'an indication
of tbe aiLeron effec ti. vene s s . '1'1:'1e value s of pb/2V
nuv6 been correot8~ for winr tW1st )1 the wethcd of
reference l~, usLnp 8 valu~ 9f w~ng stiffness obtained
from 8 He ~llbl tc Corpora t Lon repre santa tj. ve at Langley.
The co~~ut~tions for pb/2V 2nd stic~ :ferce were carried
to 5JO miles per tour at :'-$& levol stnoe th9t is the
lJif'hest s\)Gciflc speed at which :,t0G, ",I'WY Air Forces
S Jec1.1'5 cftibns" stAte a requirernG:Dt. for. pb/2'v. No

" • 1

corrections have bspn ~adA for ccm~rcsslhL]lty effocts,
hut j tIs br:,J ioved the es tln;-lt6 l'~ I"ll r'(,flt1ct the "a\J~roxi .
[o1at6 ordor of' mo.gnituclc ,oJ' U'lS pb/2V characteristics
of thb airD1~ne over t~e r 0 nf2 lor lc?ted, In&smuch as the
s~eed at whJCh-forcc-brcak occurs on the win? is Nfll
o~ov~ 5~O miles ~cr hour at 8CS Jcv~1. Sttck-forco
comnutetionc ~~rc w-rlr USlDF a beost ratio of JO:1, to
~or~cs90nd tc thDt us~d~cn the alrpl~nG.

,

rrhcs8"Cf'llculations indlc:.-tr t'r.<:lt the aileron
cffcctivGno28 with 8 liwit of 3~ ~cunds stick rcrcG will
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orobably be satisfactory throu~hout the s~eed rpn~G in
both confi~urations. , '

13

II

I "

Deflec~jng Lhe ailerons produced f~vorab]e yawing
momr-mts up to a1,)01Jt 70 nng1e of attack in the cruisIng
confL:,ur8tion and 8[)Out 9c in the J anc,inp; ccnficuration,
after' w"bj ch tre yawinG moments ljeC8.WG 1)(lf:=tvcr2')le.
Suffid ent data werlS' not available to c;eterminE:' vVbj the
atlerons s10u10 l)rocJuce f?vcra'')le yawInr:; moments. ·Iow
ever, the tail-off ect~ iD fipurc 13 indicate that the
def] ection of 8. fIa.) c::'n ')rocJuce [l1",rkeC' effects cn the
yawing-momont qh)r-ctorjstics cf t~e ~o6el. It is
~os8iblc, therefore, thet the 0eflecticn cf the 9ileron
0'1 t~is !rodol wOlJ]d :'lter'tr.e fieJd of flow about the
fusela[e und vertical tell 'in sue1. d lYznner dS to over
sh~dow the direct ccntrthutloD of the aileron to the
yawing moment.

The followinc conclusions may be drawn from the
results of the low-s)ee~ wtnd-tunnel tests to determine
the latera] and dIrectional sta~jllty and control
c}arscteristics of tho Re)uhlic f2-EI~ atr~lane:

1. The modrl is directionally st~ble at all lift
coefficionts in t~e cruis'i~£ and ]2n~ing ccnfigurattcns.

2. 'EhG mooe1 has' ()csl tive effective cHhedr',l for
all conditions tested, eYcc~t cit the st=ll. The vJria
tion of effective dIhecJrsl with Jift coefricle~t Is
sm31] 0

3. The a~Dljcptton of lONor or the external mod5-,
ficati~n of the nozzle have little effect en the direc
tional st~bi]ity °n0 contrel ~n~ Gffect1v0 dihedral.

)~_. fLvdder ]ocl{ dld n0t occur CIl the model fer any
cODoJtion tested.

5. Tbe rU~0er is powerful enough at ~ayjmum deflec
tion to trim tho mode] 9t a ma~lmum of about 12° angle
of y~w jn tho c1'n18inF- configur: tion, "nd a»out 150 in
the landing c~nfi€uratjcn, with the ~jngs level.
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6. 'I'he rudcler tal) 1,3 :?ower'11l enough dt ma71mum
defloction to refuce the rud~Gr htD~2 woment to zero
vf1'16n the model is trimm8c1 at ::bout 50 2c11r;le of ymv in
t~(' crLJJ sin~' conri furaticn.

7. Tho oiloron effoctJvcneqs wlth 8 ] tWlt of
3J )oun~s stIck ferce ~s ~stlm~t8~ frcrr low-s~eed data
with no cowpr8ssi ,jlity correct~on, will orobably be
s',-tisCcctory 1J;J to It JS,_2t 5-':: mils::: ,Jer rCUT' at sea
] eve J •

':'. Deflectinr tho "1.l1eronc nrcd l1 cE's f"v('ra ,Ie
ywvvln?~ moments U) to r>')ovt '0 ",ngle: of _ttD.ck after
wY]J ch the Y?Wll1r.: mUl'ents i)eCOfYI8 uDf"'vcr:,'\')lp.

Langley lVlemoria1 Aeronautici'll Labor8tcry
National {-l.(~vi sory COr'mittee Fcr Aer;.ona1.Jtios

langley l":lold, Ja.

L~-~ ~y~~~ j \.0~t1 ~<)/ f2} .Sj4Q
CIQrenoe L. Cillis
l\.eronaut 10;1 En€,ineer
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hartley A. Soule

Chlef' of StahlJ 1 ty l{8f~e('::troh !JLvi SC0
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M11 No. 16D15

1. Lillis, Clsrence ~., and Andrews, Thomas B., Jr.:
~ind-TunnGL Tests of a liS-Scale ~odel of the
RepubJ ic '(~ -8)+ Air91ane (i-I.rmy i'roject 11X-578).
1 - Loneitudinal Static Stability~and Control.
1~"""CA MR No. L6DOS, Army 4.>.ir Forces, 1946.

15

fl'

2. Silljs, Cl[rence L., Polhamus, ~dw~rd G., and Gray,
Joserh I., Jr.; Charts for Geterminin~ Jet
30u~d8ry Corrections for Cow)lete Models in 7- QY
1 ("-Foot Closed Rectangular Idnd l'unnels. NAC
,L~hF? l~ o. L5G31, 1945.

3. Sw::mson, Hobert S., and rroll, l'r,OlY.2s q, 0 ~8timation

of SUe]' £~orees froIri ,'in.cl-'l'1.mnel.t..ileron lJ~ta.

l\'AC/-\ :...f,h. \0. 3J29, 19)~3.

4. ~e'?rson, Eenry t~., snd likeD, l\il118.r(1 S., Jr.:
C0arts for the DetermiD:t1oD of RinE Torsion~l
Stiffness Required for S 'eetfied ao1Jing C0arQe
teristles or ,UeY'on tfevers-l S)oed. N.C.A k~.CR

No. L)~_L13, 19L1J~.

, ,

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



'l'ABLE I

PLYSICf..I, CFAEI\'y'I'l--:HlSTICS OP 'I'l'!: [~F i?U.dIIC xp-C4 AIHPL'\NI:

Tyr;e . . • . Jet-pro)elled figbter

o
3.08

2
7·39

. .. . .

. . .. 26c
. 36.42

5·1
C·57

5

(I (I 0 (I 0 0

o " • 0 •

tIl • ~i (I Co, f t ~

'\.irfoil section

'lJ' in2 ;
AY'ea J sq ft ..
;:')811, ft
(..snec t ratio
Tapcr r~tio . • . . • . •
DihedraJ, deg . . . . • .
Incicence at stJtlon 27 In. fron'

center line • . . • • . • •. , •
SNeeDbac~, 25-~ercent-c~ord lLns J deg
(}eotfletric twist, (lE'::" (wClsb:ln) ••.••
,I, eFm serodyn:unlc chcrd (1\',.~. C. ), ft .
St2tion zero to 5C-~ercent chove cf

9' 0 0 'It • • • • • • 1605
fi.ep1.1blic R-)~, 1~5-1512-.9

Forizontal teil:
c·..r e a J s q ft. • . . • • . .• .... J.~ ~ •5
S;::>9n, ft . . . 15.J
~~spect rAt] 0 • • • •• •••• 4.6
~lev~tor area bohInd hintS 15ne, sq ft 13
Root-~e0n-square chorrl of e16v~tor, ft ..•. 0.990
AirIeil sectJ on 0 • • • • • • • fl:epublic R-L~, )+0-010

Vertlcal tail:
Total 'rea, sq ft . . . • • 0 • • • •

Rudder area behind hinfe line, sq ft
Height, frow centor line of fuselsee J ft
Root-rnean- SqlJ arE; ch ord of rUdder J ft
Airfoil section. • . . . . . . He~ubllc

l"igh-lifc dev:lce (slotted £'l~));

Chore1 (I 0 0 0 0 0 0 (I (I 0 Q Q 0 (I 0 ., 10 Q C(l26c
Location . . . • •. :1/~tf)nds from w:ing-fusel8.e:e

juncture to C.5l b72

Jeight and hal~nce:

,\ormg] gross wei,:ht, Ib ..•••.
Minr- 10~dlnp-, Iblsq ft ...•.•.
~orm81 center-of- r r8vity ~os1tlon,

~ercent M.~.C.....
Center-of-rr~vlty r-nge,

percent M.A.Co p 0 (I 0 0 0 (I • 0

.12,5(,0
• • I.J-f. ]

26.45

Ld1. fI'ICraiL ADVISCRY
CC1\J\.IT'I'.E,E }~lCH ALJ."i.Ol',hUTICS (/

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



,

IVlR No. L6015

FIGUHE LEGENDS

F1ie;uY'e 1.- Three-view drawing of t'IJ.e 1/5-scale model of
the Republic XP-84 airplane. (All of the dimensions
are gjven in incheD.)

Figllre 2. - System of axes and control-surfece 'hinge
moments and deflections. Positive values of forces,
mome~ts, and angles are indicated by arrows. Positive
values of tab hinge moments aud deflections are jn the
some directions ss the positive values for the control
surfaces to which the tabs are attached.

Fip-ure 3.- Three-quarter front view of the 1/5-so8.le model
of the Republic XP-84 airpla~e mounted in the LanEley 7
by 10-foot tunnel.

(a) Cruising confipuration.

Fig1lre 3." Conc lude<1.

(b) Landing configuration.

Figure 4.- Or'ip)naJ and modifjed vertical tails tested
on the] /l) .. scale model of the Republic XP-84 airplane.
(All dimensions are given in inches.)

Figure 5.- Vertical tail of the 1/5-scale model of the
Republic Yf-8)-J- airplane.

Figure 6.- Plan form of wing and aileron, nnd typical
aileron section of the l75-scale wadel of the
Hepublic XP-84 airpl9.ne.

Figure 7.- AxiaJ-flow blower used in tbe 1/5-scale model
of the nepublic XP-Gi.~ 8irplane.

Figure 8.-.Schematlc longitudinal section of the fuselago
of' the 1/5-scale model of the Republic xr-8Lf airplane.

Figure 9.- Original 8nd modified nozzleD for the 1/5
scale model of the Republic XP-CL~ airplane.

(8) Original nozzle.

Fi8ure 9.- Continued"

(b) Revision no. 1.
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FIGURF LBG~NDS - Continued

Figure 9.- Concluded.

(0) Revision no. 2.

MR No. L6D15

Figure 10.- Variation of effective thrust coefficient
with lift coefficient for the full-scale Republic
XF-84 airplane at se8 level. w/s =48.1 lb/sq ft.

Fi&ure 11.- Variation of inlet velocity ratio with lift
·coefficient for the full-scale Republic XP-84 airplane.

Figure 12.- ~ileron and stick geometry for the right
aileron of the Republic Xp-t4 airplane.

Figure 13.- Lateral-stability perameters for the 1/5
scale model of the Republic XF-84 airplane. Power
off.

(a) Cruisins configuration.

Figure 13.- Concluded.

(b) Landing configuration.

Fi~ure 14.- LRteral-stabi1ity parameters for the 1/5
scale model of the Republic ~p-84 airplane. Full
power; it = 0°.

(a) Cruising configuration.

Figure 14.- Concluded.

(b) Landing configuration.

Figure 15.- The aerodynamic characteristics in yaw of the
1/5-scale model of the Republic XP-84 airplane. Power
off; it =0°.

(a) Cruising configuration, a = 10.8°.

Figure 15.- Continued.

(a) ConcJuded. ~ I
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MR No. L6D15

FIGURE LEGENDS - Continued

3

Figure 15.- Continued.

(b) Cruisjng configuration, a

F'igure 15.- Continued.

(b) Concluded.

o= 0.1 .

Figure 15.- Continued.

(c) Landing configuration, a =6.0°.

Figure 15.- Continued.

(c) Concluded.

Figure 15.- Continued.

(d) Lan ding configuratioD; a = -1.5°; or -- 0°.

Figure 15.- Concluded.

(d) Concluded.

Figure 16.- The aerodynamic characteristics in yaw of the
1/5-scale model of the Re~ub1ic XP-84 airplane. Full
power; it = 0°.

(a) Cruising configuration; a =6.00
•

Figure 16.- Contjnued.

(a) Concluded.

Figure 16.- Continued.

(b) Cruising configuration, a =2.0°.

Figure 16.- Continued.

(b) Concluded.

Figure 16.- Contihued.

( c ) Landing configuration, a = 7.6°.
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FIOURF ~EGENDS - Continued

Figure 16.- Concluded.

(c) Concluded.

lYJR No. 16D15

Figure 17.- The aerodynamic characteristics in yaw of
the fuselage of the 1/5-sca1e model of the Republic
xp-8+ airDlane. Power off.

Figure 17.- Concluded.

Figure 18.- The effect of nozzle shape on the aerodynamic
characteristics in yaw of the 1/5-scale model of the
Republic XP-84 airplane. Cruising configuration.
Power off. a = 1.2°.

Figure 18.- Concluded.

Figure 19.- Effect of rudder deflection on the aero
dynamic characteristics in yaw of the 1/5-sca1e
model gf the RepUblic xp··G4 airJlane. Idlinf power;
it -= 1 •

(a) Cruising configuratton, a = 10.1 0 •

Figure 19.- Continued.

(8) Continued.

Figure 19.- Continued.

(a) Continued.

Fi[~re 19.- Continued.

(a) Concluded.

FIgure 19.- Continued.

(b) Landing configuration, a =6.1°.

Figure 19.- Continued.

(b) Continued.
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MR No. L6D15

FIGURE LEGF.NDS - Continued

Figure 19.- Continued.

(b) Continued.

Figure 19.- Concluded.

(b) Concluded.

5

Figure 20.- The effect of rudder deflection on the aero
dynamic characteristics in yaw of the 1/5-scale model
of the Republic XP-84 airplane. Full power, it =1°.

(a) Cruising configuration, a =6.3°.

Figure 20.- Continued.

(a) Continued.

Figure 20.- Continued.

(a) Continued.

Figure 20.- Contirnled.

(a) Concluded.

Figure 20.- Continued.

(b) Cruising configuration, a = 1.4°.
Figure 20.- Continued.

(b) Continued.

Figure 20.- Continued.

(b) Continued.

Figure 20.- Continued.

(b) Concluded.

Figure 20.- Continued.

(c) Landing con~iguration, a = 5.6°.
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FIGURE LEGENDS - Continued

J.VlR No. L6D15

-.
Figure 20.- Continued.

(0) Continued.

Figure 20.- Continued.

(0) Continued.

Figure 20.- Concluded.

(c) Concluded.

\

Figure 21.- Effect of rudder tab defJection on the
aerodynamic characteristics 1n y~w of the 1/5-scale
model of the Republic YP-84 airplane. Cruising 'con
figuration; Idling power; or =0; a =10.1°; it =1°.

Figu~e 21.- Continued.

Figure 21.- Concluded.

Figure 22.- Effect of rudder tob deflection on the
aerodynamic chm>acteristics jn yaw of the 1/5-scale
model of the XP-8~. airplane. ]l'1Jl1 power; or = 0;
it = 1°. Cruising configuration.

Fie;ure 22.- Continued.

(a) Continued.

Figure 22.- Continued.

(a) Concluded.

Figure 22.- Continued.

Figure 22.- Continued.

(b) Continued.

.>
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MR No. L6D15

FIGURE LEGENDS - Concluded

Figure 22.- Concluded.

(b) Concluded.

Figure 23.- Aileron characteristics of the ]/5-scale
model of the Republic XP-84 airplane. Power off;
it ::: 00 •

(a) Cruising configuration.

Figure 23.- Continued.

(a) Concluded.

Figure 23.- Continued.

(b) Landing confi[uration.

Figure 23.- Conclu.ded.

(b) Conclu.ded.

I~j gure 24. - Estimated varia tj on of win/?-tip helix angl e
with airspeed at sea level for the ful]-8cale
Republic xp .. 81-l- airplane. Maximum aileron deflection
with stick force lLmit of 30 Ibs.; Or ::: G.

7
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FIgure / - Three- View drawlnrt of the Y.. - scale model of the Repllbltc XP-84 aIrplane (If// of the

dimension.> ore given In Inches) ""
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MR No. L6D15

y

x

Relative

M

x....J--&..-

Relative

Z

Figure2 .- System of axes and control-surface hinge moments
and deflections. Positive values Of forces, moments, and
angles are indicated by arrows. Positive values of tab
hinge moments and def~ections are in the same directions
as the positive values for the control surfaces to which
the tabs are attached.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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•••• MR No. L6D15
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c,. Seal Width
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Fig/lre 4 - Onqlna) and modified ve rtJcal tOIls tested on the !Is' scale
model of the Republic )(P-84 aIrplane (All d,m@nsion,s are gIVen In Inches)
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F gure .- Ver~ical tail of the
1
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MR No. L6D15

•••••••• •

I
I

I
I

~
Plan reference line (050c sta)

-+---II---'l_--------------l-------L-'--'.:~~~~~~"'-~="-='-<----j/_~

•••••••• •

".•• ••• •••••
••• •• •••••

----------------------

1<--------- 20 00'

---------------4388"-+------------------41
-----2230" ------------>1

(All dimensions are In chord plane)

~Hlnge line = 7600 %c

Aileron c b Gop Seal
SectIOn 'WIdth

Inboard 32 Co 19 cb 61 cb

Outboard 29 Ca 29 cb 72 cb

Section through aileron

2:-668B
(

-_,I,o-------Ca --------~

~~777ni=t==:~

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Flgure.6 - Plan form of wing and aileron, and typical atleron sectIon of the
Ys·scale model of the Rflpubllc XP-84 aIrplane.

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



i-
.

•
•••

•

•
••••••
•

•
,..••

•
••

•
••••

••••
•

•••
•

•
••••••
•

•

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



> • ,.
• ••••••• •••• • • •• • I• • •••• ••_. • • •• • 4

• • • •• • I•••• •• ••• ••

t3reoK!lne
I

721/1 pipe

lJ1 steel duct //ner-+

Plug sUI/EorT
-Motor 5ufport fins,;) fins

~-.5tage axial blow5
~~

~ rJM9~Llttfid~~ ;~~--=:~,,:Ji:'~':'~~i~.~,2:it17l27~#ozz/e
Plug for adjust/ng
nazz/e area.

/fir.---f/~w

Power: 2. -~7 hop. varlOiblerreczl/enc-y lt1dvct/ol7 moror.s

TrarJS verse secf/an of duct /5 cirGv/ar

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

:s:
::0

z
o.

F?gure 8: 5chemat/c lonqlTvdmal ..section ()T fl;@ Tt/se/oqe of f"he )/s-
scale mtJ(ie/ or the Republic XP-B4 ~irp/C1ne.

t""'
Q)
t:j
~

01
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lOp 0'ew

Note.: c ross section is ellipfical

NATIONAL ADVISORY
COMMITTEE fOR AERONAUTICS

Side V/eW
(;) Or/ginal noz zle

A'gtlre C1. - Orl.flihd/ C/nd /l)ccllf/ed ntJzzles -{o;
fhe-I/r- scale model ot the Republic XP-d4
dli'p/tJhe.
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MR No. L6D15

TOp View

Note: cross secfjO/1 is ellipT"CaI

Side View
(b)-Revision#/

F/gure q. -(Continued)

NATIONAL ADVISORY
COMMITTEE FOA AERONAUTICS
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Tal/pipe (extends to break line)

• ••• ••••
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___~ .{tAdJUstabJe plug
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~N"zzle

~ I
I

--~------------.-

MR' ~o. L6D15

Top view

:

~

5fde view

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(c) R eVis;oh "# :!.I
,

Figure 9- (coY/c/IJde.d)
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No.
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• •

Figure /2, ; Aileron and $flckq8omt!f?:. for the
r/Qhf aileron of ·fhe ·Republic XP-84 air
plane,
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Cruising

N

A'gure /3 ;
model
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(b) Landing configurCifion.

F/gure /3 I Concluded.

N
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•••••••• • No. 15

•••• •.. .
••••

••.. ..
11" •••..

•••••••• •

(0) cruising configuYCJfion,

Figure 14 :Laf'eral- sf-ability parameTers for #Je
f/5-scale model of' the Republic XP-84- airplane.
Full fower;it O~
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(bJ Landing con'/gurafion#

Figure /4 : Concluded #
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•••••••• •
•••• ••• •••••

••ere
• ••••

•••••••• •

t(::I) Cru;sin9 CO,,.I'/gurafion,,(Y., =10.8"

F/gure. /5 : The aerodrnamiccharacfe'isfias in.YQw of +he
Jl3-Sct;1lenzrxlel of .Y71e Republic ¥P-84 airplane .Pt::Jwer
off j It = 0 .
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(a) Concluded.
Fiqure IS: Conflnued.
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(b) Cruising confltJurarion) r.:;i.;:: 0./ ...

Figure /5 : ConTinued.
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(b) Concluded,

Figure /5: Conf/nued.
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(c) Land/ng configurafion) a =6.0· .

Figure /5 : Conflnued.
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(c) Concluded,

Figure' /5 :'ConhnueoJ,
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fd) Landing conf'igura+;on;a,:::rl.s- ;dj..= 0°,

Hljure /5 .' Conrinu(lgcl.
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(d) Concluded.

Figure /5 : Concluded.

MR No. 15
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MR No. L6D
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(o) Concluded.

Figure /6 : Confinued.

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



••... .•• •••••
•••••••• •
•••••••

" "
MR No. 15

•••• ••• •••••
••• •., ...
•

•••••••• •

(b) Cruising configufcrtio1?J a. O·

Figure It) : Conf-inued.
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No. 15
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(b) Concluded.

Figure /6 : ConTinued.
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(c) Landing conflguraflon,c¥'::: 7:t5.

FiguY'r! It) : Conflnued.

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



•••• ••• •••••
•••••••• •
•••••••• • No •

o 'I'.•• ••• •••••
••• •• •••r

•••••••• •

(C)eane/uded.

Figure /6 : Concluded.
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Figure 17: The C1t2TodJjnamlc chdractr!rlsflcs in yow
of the foselage or the ~ ...scale model of the
Repvblic XP-lJ4airplanfl. Power off:
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rigure /7: Concluded.
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figure 18: Concluded.

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



· ...• ••••
•••••••• •
•••••••• • MR No. 5

!0 ••... .•• •••••
••• •• ••••

•••••••• •

Figure /9 : Elfecf 01 ruddtey dsfJectlQnon fhs QtYO
dynamic charQctf/lr/~TI(;·$ in yaw .of fils J/S-sCQle
,,!odel of'the Rtltpublic KP-t!J~ airplane. IdllntgfXJlNer;
It: 1 0

•
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(0) continued.

/9 : Confinued.
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(a) Cont-/nued.

Figure 19 ,'eonf-Inued,
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(a) Concluded,

Figure If) :Confinued,
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MR No. L6D15

Figure /9 : Conf'inued.
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(b) Continued.

Ffgure /9 Confinued

NATIONAL ADVISORY
COMMITTEE faa AERONAUTICS

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



i ••
••

•••••••• •
•••••••• •

••·.~ .•• ••... ..
••• •• ••••

•••••••• •

(b) Concluded.

F/gure I 9 : Concluded.

No •

NATIONAL ADVISORY
COMMITTEE FOIl AUONAUTICS

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



....
• •• •••••
•• •• ••· ,..• •

•••• ••• •••••
••• •• •••
-" •••••••• •

N •

(0) Cruising configuration, OC. 8.S-

flgur@,zl.. Tile effect of ruddtlrdefltlctiO/7 on flU' oertJ
dynamic cnqroct,rl.3flc.s In. VQW or the Vr
scale model of theR@publlc XP-84 airplane.
FIJII f)owet; it -I':

15
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MR No. L6D15

(a) Confinuec(

Fi9ure Z{) " Con-finued,
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(0)

FIgure 20 Con+inuecl.
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(0) Concluded.

Figure 20 : Conflnuscl,
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MR No. L6D15

(b) CruisJng conf'lguraf'lt:Jn ) CG = 1.4
0

•

Figure 20: ConTInued.
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(b) COl?ri"ueo'.

F/gurll 20 ; Con+inusd,
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(b) Con+inuea #

Figu,...e 20 : Confinued,

MR No ..
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MR No. L6D

fe) Lt:lltdinqCOnflgura+ionJ .a. :: .5.6· #

Figur. 20: Cont-inued.
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(C)Cohflnued.

Figure 20 :Confinutui.

MR No •
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(C) Conflnuso/.

FJ9ure 20 : Conf/nusa.
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(C) Concluded.
Figure ,2,0 :Ccncluaedt
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MR No. L6D15

Fi9ure 2/ : Effecf of rudder fobdel"ecfion on fhe
aerodynamic characrfilr;st-ic~ l" JI"'w of' #le's-scaJe
model of +heR~f>ublicYP-{J4 air,,!ane •Cruising Con-
figura+ion j Idlingj!XJwer,/ <51' :OjC£ ::::./O./',; '0,
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MR No. L6D15

Figure 21 ~ ContimJed.
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Figure Z I # Concluded,
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(a) Ol. '= 6.3 0

Figure 22 : EFfect of rudder tab defJecfion on fhtl
aerod'Lnamla characfsr;sflcs in yaw 0' the rs
scals model of the XP-fJ4 airplane" Full powelj
5,==0/ it=I". Crt/ising configuratIon.
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(a) Coniinued.

Figure 22 I' ConTinued.
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Figure

(a) Concluded.

: Confinued,
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(b) ex =1.4 0

Figure 22 ConTinued,
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(b) Con+Inued,

Figuye 22 : Confinued.
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(b) Concluded,

r/gure 2Z: Concluded.
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(a) CrulsiI?9(;()nflgl.Jra'fion.

Figure 23 ; Aile;ron
The Republic .XP
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(a) COhcluded.

Figure 2.!J : Continued.

MR No. 15

This Page Declassified IAW EO13526

This Page Declassified IAW EO13526



•••••• •• •• •
•• •• ••• ••• •.,

••••••• •

No.

...
•• ••• •••••
••:"....•

•••••••• •

:Coni-lnued.
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MR No. 5

(bJ Concluded,

F/gure Z-S : Concluded.
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FigtJrtJ24: L:stimatecJ variotionof wing-tIp helix t:lngle. with
airspeed tit sea level for the full-scale RepublIc XP-(j4 aIr
plane.Maxlmumai/fJron deflectIon with .sticl< f'orc@ limit
(J f .10 Ib:s*; 6r=0
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