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SUMMARY

A% the req_uest of the Air Materlel Command, Army Air Forces an
invesr,iga tion of the low-speed, power=-off sta‘bility and econtrol
.chayacteristics of the McDonnell XP-85 airplane is ‘being conducted
in the' Langley free-flight tunnel. The XP-8 airplene is 2, .jet
propélled, parasite fighter with 34° sweepback at the wing . guarter
chord. It was designed to be cerried in & bomb bay of. the, 3-36 air-
plare. The first portion of the investigation consists of & prolimi-

_ _nary evalua-bion of tpe etebility -and control, charagteristics of the
eirplens’ from fo:cce and Tlight tests of an mbailastea J-scale model.

The Becond porbion of the investigaticn consists: of 'bests of a

-;properly 'ba.lla.sted. -l-sca.le model which will intlude & ‘study of the

sta‘pility of the x;p-85 when ettached to the trapeze for retraction

into the B-36 bomb bay. The resulits of the preliminery tests with

the -%-sca.le model are presented herein. This portlion of the investl-

gation included tests of the model with variocus center fin errengements.
Both. the design nose flep end a stall conu-ol vene were investigated.

The results ofihe. investiga.tion showeq, that the original
configuration was longitudinelly steble up to Cp = 0.6. . At higher

1ift coefficients, the model showed evidence of an wmsteble nosing-up
tendency accompanied by a violent roll-off. The use of & stall
contrel vane to provide a stable pitching-moment curve gave good
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loengitudinel stebllity characteristios in flight ov@® the 1ift
ooefficlent range and eliminated the violent roll-off. The

laberal stebility end control characteristice were considered to
be generhlly satisfactory for all conditioms tes‘bgd and the rolling
éand yewing motiona wele wel], dampod .

: prfRomc'rIon

An investigation of the low-speed, power-off stability end
éontrol characteristics of the MoDonnell XP-85 airplene is being
conducted in the Langley free-flight tummel at the request of the
Air Materiel Command, Army Alr Forces. The first porticn of the
investigation consiste of a preliminary evaluwation of the stability

and control characteristios from tests of & %-scale model. Thig

JTelatively large scale model was used in the first tests to obtein
more relladble asrodynamic date end to permit easler Flight testing.
Since the large size of this model made it imposaible to duplicete
the scaled-down wing loading, no ballasting of the model was done
except that required for getting the desired center-of-gravity

. location. In the second portion of the investigation a -l--scale

model with the correct scaled~-down wing loading and mcments of
inertie will be flowm to escertalin the effects of the incressed mess.
on stability and control. characteristics. This model will alsoc be
used to etudy the stability of the XP-85 when atitached to the trapeze -
for retrection into the B-36 bomb bay. The results of the tests of
the -%-ecale model- &xre presented herein. :

The XP-85 1s a Jet propelled, parasite fighter designed to be
carried in the forwerd bomb bay of the B-36. The wing has an angle
of swoepback of 34° at the quarter chord; an aspect retio of 4.4 end
e taper ratio of 0.33. In the combat area. when the need for fighter
escort arises, the XP-85 is lowered from the B~36 on & trapeze
sxrengement end released. When further fighter protectlion 1ls not
required the XP-85 retwrne to the mother ship and is secured to

the trapeze. The wings are then folded upward end the XP-55 is
drawn up into the boud bay.

The prescnt investigation included force and flight tests of

the %-acale model without power with variocus center £in arrangements.

The model was also tested with the design nose flap and with a stell
control vene.
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The term - original configuration as used in ‘this’ report will

refer to the model with -4° wing dihedral, five tail units including
the design center fin and without nose fla.p or stall control vane.

Qi

" wing spen, ‘Peet

SYMBOLS - -

wing area, square feet

nsEn serodynemic chord feet

dynanmic pressure",' pounds per square foot

air density, slugs per cubic foot

mass density, slugs per cublc foot

relative desnity factor -I"l—)
L.t . . eSh

engle of attack of fuselage center line, degrees
angle of sldeslip, degrees ‘ .-
angle of yaw, degrees

1i£t coefficlent (E'l:i)
g

drag coefficient (_%3_)

itching-moment coefficient (P “chigg_ moment)
g

yawing -moment coefficient - CI aving m.oment)
aSb

rolling-moment- ¢cefficient B?llin& m{; |
e R e G .

.
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Se elevator deflectich, degrees

By aileron deflection, degrees ¢

op nose flap deflection, degreea '
dop "

N

Oy, Tete of change of lateral-force coefficient with engle'

of gideslip, per degree ( %’

rate of change of ye.ﬂing-'moment coefficient with angle

D
of sideslip, per degreo (g:%

rate of change of roJ_'Ling-mmne.nt' coeffio.ient with a.ngle
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The investiga.t:ton was mad.e in.the Iangley -free-flight tunnel
which is designed to test free-flying dynamic models. A complete
description of the tunnel and 1ts operstion 1s glven In reference 1.

i
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The :force-tegts to:determine the aerodynamiec cheracteristics of
the model were made on the free~flight turme!, six component balance
which is described in referenceg-2. This balazca rotates in yaw with
‘the model so that all forces.end moments are sweeaured with respect
to the stebllity axes. The stabllity axes &ras & system of axes in
vhich the Z-axis is in the plene of symmetry, perpendicular to the
relative wind, and directed downward; the X-axis is in the plene of
symmetry perpendicular to the Z-axis end directel forward; and the
Y-axis is perpendicular to the plane of symmetry and dlrected to
the right. A sketch showing the positive direcitions of the forces
and moments ie given in figure 1.

Le et '_. ._:--,-- - . - : . —-— Model

" 'I'he g-sca.la mdd.al used. in th,e investigation wag construct-ed. at

. the Langley lLsaboratory. A three -view drawing of %he model 1is
presented in figure 2 end photogra.ﬁhs af 'bhe model are given in
figuros 3, 4, and 5. Table I gives the dimensicnel .and mess character-
1stics of the full-scale design and scaled-up dimendional and mass
characteristics of the model. With'this largs model it was -not
poseible to obtain duplication of the pcaled-down weight end ragii-

of -gyration characteristics because- the maximm alrspaed of the

tunnel 15 too low to fly the model with the scaled-dowm wing loa.ding

"IN the feste’ of the ]%—sca.le model, however, the proper.weighi and
redii-of -gyration will be represeni:.e‘du

The wing of the model had. a niod.:lfied. Rhode st. Geness 35 sirfolil
secticn. Thée substitution of: this section for that specifled for the
full-scale design. (NACA 65-010) wae in ‘accordarice with the freo-flight
- tunnel practice of using low-scale high-1ift &irfoils to obtdin a
- meximm 11ft coefficient in the low-sga.le tegts more nearly eagal to
- that of the full-scale.design then 1s possible with the design airfoil.

' Because of. the. large smount of camber in the airfoll section the
trailing edge of the wing was.reflexed. upwa.rﬁ. so as to give aboub the
seme basic pitching moment at zero 1ift as the airplang with the
design eirfoil, and the wing wes set at -1° incidence so that zero
11ft would be o'btained. et approximately the same sngle of attack as for
the alrplane. The model had been completed before the latest design
cha.nges were received and therefore '&ﬁe wing lg farther aft then is

ov gpecified on the full-scale a.esig;n and has 0° washout instead
of 5. (See teble I ) . . .

L

o -.-l'- 2

> ’I'% three differen-b cen*ber fin configura.tiqns used on the model
(fig. 2) were as follows: (1) design center Tin, (2) center fin
twice the area of the design fin, and (3) center £in off.
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For soma of tHe tests the design nose flap, deflected
downward 30°, was installed on the model (mee fig. 2). A stell
control vane was also placed on the upper surface of the wing at
half the semispan and parallel to the plane of symnem for a few
tests. (See fig 2.)

TESTS
Force Tegts

Force tests were mede to determine the statio stability
characterietics of the model in its originsl configuretion and also
with the large center fin installed and with the center fin removed.
A fow tests were made with the design nose flap installed and with
the stall con‘lmol vane a.t'bached. Alleron effectiveness tests were
made at o = ¢°, 12°, and 20°. All force tests were run at e
dynemic pressare of 3 O pounds per square foot, which corresponds
to an airspesd of ebout 34 miles per howr at stendard gsea~level
conditions end to a test Reynolds number of 302,000 'baaed on tho
moan aerodynemic chord of 1.Q3 feot.

All forces and moments for the free-flight-tunnel model.are
referred %o the stability axes originating et a center-of -gravity
position’of 26. 7 percent of the mean aevodynamic chord and 0.05 mean
aorodynsmic chord above the thrust line unless otherwise specified..

- L~

Flight Teats

.. Flight tests were mede to determines the generel flying
ohaxecteristics of the model over a sgeed renge corresponding to
a range of lift coefficients from 0.48 to 0.8 at a center-of -gravity
position of 22.4 percent of the mean aerodynamic chord. The model was
flown over the speed range with each of the tall arrengoments that:
wag force tested. No flights were attempted with the design nose
flaps installed bub :flight teste were made with the stall control
vane instalied. .

msnms AND DISGIBSION

Force tests.- The results of the fobos tests made to determine
the longitudinal stability charecteristics of the free-flight-tunnsl
model are presented. in figure 6 U‘npu'blished data from, highor spood
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tente of & %--soq.lq modsl at THAL {University of Washington Aercngutical
Laboratory) emd at Wright Field ake also premsented om this Figure.”
The TWAL and.Wrigtrb ‘Fleld date-were cbtained at dynemic pressires .
of 50:6 and 25 5 ,respectively. ‘The pliching-moments have been . -
-'branafermd: to 26 .7 paroen‘b of the mean aerodsnaznic chord :Ecr'hoth
sets of dete. - _ .
T W SR ;oo ‘u - ;
The date of figure 6 show that the rme-flight mnnel mod.e.l ha.d.
less static margin than the UWAL and Wright Field results indicate.
- “The freo=flight-tunnel end Wright Field .data show & reduction -in static
margin with:.increasing 1ift coeffloient: :lnd.ica.ting the preseonce of
an unstable ncsing-up tendency at the stall.  The UWAL test resulte
however, do not show this trend but indicate nearly constant
stability up to the stall. The free-flight-tunnel date ere also
Prosented for a center-of-gravity positicn of 22.L percent mean
aerodynamic chord.whick wes the oenter-of-gre.vity position used in
the flight tesits to incresse the static mergin o approxima'bely .
that shown by the Wright Fleld data. .

Resulta of the teats mede with the design nose flap deflscted
'downcwa.rd 30° are presented in figure 7 along with similer detsa from
WAL and Wright Flold. These results indicate that the nose flap .
wvas ineffective on the free~flight tumiel model while the correspond.ing
data from UWAL end Wright Field showed that the flap resulted in en
increese in stability at high 1ift coefficlents. The ineffectivenese
"‘of the flap on the free-flight{ model was prbba‘bly ca.used. 'by
d.ifferent a.iffoil section- . —

-1.-‘-..._'-'
- <

.. -.The ‘results of 'further tests made ueing a sta.ll control véné 1In
en - effort to obtaln a pitching-moment curve cdrresponding to that of
the higher scale tests of IMAL and Wright Field with nose flaps are
also presented in figure 7. These results show that the use of the
vens geve a-shtisfactory pitching-mement durve which-agreed very vell
with that obtained with the nose flap in the higher scele tesba. -

‘Presented in figure 8 is the variation of .the lateral eta.'bility
parame‘be‘rs, OYﬁ' GnB, end C; 8. with liﬁ: obe!’ﬂcient for *L'.he

original configuration cenrpared wi'bh- resul‘ba from PWAL an& Wrigh;b .
.Fiold. The UWAL data have been transferred.to,26.7 percent. of -the
meen serodynamic chord which corresponds to the free-flight-tumnel .,
dete while the Wright Field date are presented aboubt 24.2 percent
of . the meen agrodynamic chord becayse no-lateral-force dats were
: availsble to use in irensferring these data. The results of Pigure 8
. show that-the frea-flight-tunnel medel with tell on had sbhout the
_ Bema dirqctional sta'bility cnﬁ .a8 the Wrigh'b Fielﬁ. model and

.- . . L y e - Lo
tL 7; I LERAR .'-~=.:'—.ﬁ.c‘
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" gomewhat more then the TWAL date indicate. Fairly good sgreement
is shown in the effective dihedra.l paramoter czB although the

Free-flight~tumnel reeults ehow Jlower values throwghout the lift

renge then either the UWAL or Wright Field results. The emell
effective dihedral. was pertly caused by the geomstaic dihedral

of -4° and pertly by the large fuselage which force test results .

of the component parts had shown greatly reduced the positive effective
dlhedral of the 1eola'bed wing. .

Pz_-esented. 1n figure =] are the results of testa me.de to determine
the effect on tho lateral stebility characteristice of the various
" center vertical tail arrvangements used in tb.e flight teasts to vary
the directional stebility. . )

Figure 10 shqwe ‘the effect of the stall conitxol vane on the
lateral stability characteristics. It may be seen that the vane
reduced both the directional stability and effective dihedral over
the 1ift renge. .

The results of the laterel stebility tests are summerized in -
Tigure 11 in the form of a stability chart giving the effect of 1ift
coefficient on . an end CIB with the etall control vane installed

and romoved.

In figure 12 the increments of directional stability for various
‘tall configurations are presented. Theso resitits indicate & large
interference effect when the conter fin is used In combination with
the upper vee tail- For oxample, at Cp, = 0 the large center

vertical gave  AC, = 0.0025 and the upper Vee gave Aan = 0.00285;
yet with both teils on'the total &0, ng ig omly 0.00375 mdica.ting

e f‘::Ie.ta.rrge lose 111 talil. effectiveness because of mutual interferenee
e eOt‘a' Coe . . . R . .o !

.. Presented infigure 18 are the results of the tests made to
determine the elleron effectiveness with the model in the original
configuration. These results show the.t the ailermm effectiveneee
remeined nearly constent between o = 0° and 12° but at 20° the
offectivensss is reduced to about helf and the yawing mcment 'beoeme
advorse. . -

Flight tosts.=- The results of the flight bests. indicated that
the longitudinal stabllity of the model in the original configurstion
was setisfactory only over the 1lift coefficient range up to Cy, = 0.60.
At higher 1ift cdoefficdilents, the model exhibited & nosing-up tendency
associatod with the reduction in stability shown in the force tests.
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At these lift coefficients it wes difficult to steady the meodel and
considerable sttention to elevetor control was requlired. At the
high 1ift coefficients 'the model often stalled. and. rolled violently
off on-elther wing , _

Tho flights made with the stsll control vans on the wings gave
no indication of the unsteble nosing-up tendonoy. The longitudinal
stebility remsined nearly the same throughout the 1ift renge end only
at 1ift coefficlents above 0.8 was eny difficulty in flying the
moa.el ‘encountéred. EBven in these cases there was never & violent
stell -but only dn occesional dropping of a'wing which could. usually
be pickod up with the allerans.

The directionel stebility and effective dihedral of the model
in the original configuration were considered satlsfactory over the
-11ft range which could be coveied before longitudinel. stability. -
difficulties were encduntered. There was, however, a slight-increase
in the tendency to. yaw at the higher 1lift coefficients. The -
eddition'of thé large center fin-improved the.flying characteristics
slightly by reducing the magnitude of the yawing motion. Removal
of the center fin resulted in a small increase in the maghitude of
the yawing motion over that of the original ocenfiguration but the
stability wes still considered to be fairly good. A% no time'during
the flights was there any evidence of excessive poslilve effective.
a.ihed.ral and ’ohe la.tera.l oscilla‘bions vere well dam:ped in all. ca.ses.

The beharvior ef the model was satisfactory for all’ cond.itions
with eilerocns and rudders used together for. lateral control or with
eillerong used alone although the ellerons became somewhat sluggish
et high 1ift coefficlients and there wes slightly more yawing with
ailerons alono pa.rticularly when the center vertlcal 'ba.il wes off.

With the stall cont.rol vene on, the sta.'bili'by and control
characteristica were good 'bhroughout the 1ift renge although the
silercn control became somewhat sluggish at high 1ift coefficlents
as in the original configuration. This result end the data of
figure 10 lead to the conclusion that the direoctional stability of
the model inithe original configuration would probably be satisfactory
over tho 1ift ra.nge.

There wes no merked effect of 11ft coefficient on the lateral
gtebility and contirol characteristice over the 1ift range tested
although slightly more attention to aileron control was required at
low lift coefficlents beceuse of the small :positive effeetive -
dihedral.
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roeF . coNoLSIONS

!

The following conciusions were drawn from the results of the
free~-flight-tunnel sta‘bility and contrel investigation of an
_unba.llasted -%-scale mod.el of the McDonnell XP-8 airplane:

© ‘1. In the Driiinal configuration the model was fotmd to be
langimdinally gtablé up to O =0.6. At higher 11f% coefficlents

there wag evidence of & nosing-up tend.ency which caused the model
to stall violently and roll off on elther wing. .

"7 2. The use of a stall control vene on the wing to simulate

the pitching-moment characteristics obtained with the deaign nose

flap in higher scale tests resulted in .the model having satlsfactory
-, Jongitudinal stebility chareoteristics over the entire 1ift rangs.:
With the stall control vene thero was only 2 gentle stall; and & - °
—.-a.ropp.tng wing could uswa.lly be picked up by alleron control.

3 - The lateral sta‘bility and control chara.cteristics were

considerocd to'be generally petisfactory for a2ll conditions tosted

and the rolling and ‘yewing moticns were well damped. There was no
marked .effect of Lift coefficient on the lateral stebility. .
characteristics. over 'the lift range tested. Sliightly more sttention
to aileron control wes reguired at the lower 1ift coefficlents because
of the 'smell positive offective dihedral, and the a.ila‘en con'brol

was somewhat sluggish near the stall. i e i
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TABIE I.- DIMENSIONAL AND MASS CHARACTERISTICS OF THE MCDONMELL XP-&5
AND SCAIED-UP CHARACTERISTICS OF —;'-SCAIE MOTEL TESTED
IN LANGIEY FREE-FLIGHT TUNNEL

Scaled up Full scals

Welght, ID v « ¢ v ¢ ¢ ¢ ¢ v ¢ « o v « & 1360 k7t
Relativs density factor
u-, m,'pr s & & & » & & 4 & & € ¢ © » = 8-1-!-7 29.8
Wing
Area, sd Ft . - 4 v 4 o s i . 0. . 100 100
SPAn, £H + « o v v 0 b e e e e e e 21 21
Aspect YBL10 + + ¢ + ¢ 2 4 ¢ . e o o 4.4 .4
Sweepback, cflk, deg . . . . . . . . . 34 3k
Incidence,deg-.----..-... =1 1
Dihedral, @88 « « ¢« ¢ « « 4 + o« « & & -4 -l
Teaper ratio . . s s s e« v e a4 e s 0.33 0.33
Washout, @88 - + « « o « « & o ai ¢ o 0 5
MAALCLEE ¢ v o v s s 0 ot v s s o 5.16 5.16
Lecation of M.A.C. behind leading
edge root chord, £t . . . . . « . . 3.15 3.45
Root chord, £H « « « « « & « ¢ o o« o« 7.15 7.15
Tip Chord, o S 2-38 Ec38
Distance from nose to L.E. root
chord.,ft L T T L T S S S S WY S 2-19 1078
Wing loeding, W/S, ibfesq £ . . . . . 13.60 Y777
Aileron
Ares, percent wing area, (ome} . . . . 3 3
Span, perzent wing spen, (ons) . . . . 20 20
Hinge lozation, percent choxd . . . « 80 8o
Kose flap
Area, percent wing area, (one) . . . . 2.1 2.1
Span, percent wing span, (one) . « o+ . 19.1 19.1
Chord, percent wing chord . . . . . . 15 15
Tail
Vertical fin (upper vee)
True area, 8¢ £t « « « « + ¢« « . . . 8.32 8.32
Upper vee (true) s £t . . . « . . . . 20.ko - 20.40
(BEorizontal projection) sq £t . . . 1k.4o k.40
Lower vee (true) eg £t . . . . . . . . 11.67 11.67
(Borizontel projection) sq £t . . . 8.22 8.22
Design vertlcal fin, sq £t . . « . . . 7.15 7.15
Enlarged verticel fin, sg #% . . . . . 1420 200  <==-a

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABIE I.- DIMENSIOFAL AND MASS CHARACTERISTICS
OF THE MCDONNELL XP-85 AIRFIANE - Concluded

Scaled up Full scale

Center-of -gravity location,
percent M'A -C L . . . . . . [ ] L] [ . L » [ 26 -T(force 26-7

teste)
22.h(f1ight
tests)
Distance above thrust line,in . . . . . 0.6 3.1
Percen'b MlA !CO . L - . . - - * L] - - - 0.01 0-05
Tail length (distence from L.E. root |
choxd wing to ¢/4 root chord tail)
Upper taile, £t . ¢ ¢ « ¢ v o« & o« o « +  8.14 9.53
Iower tails, ft * - - -~ [ ] - L Ll - L] - - 9.% m-30
Moments of inertila
Ix,Blug“f'be.-.-.-........ h& 925
Iz,slug‘f'be.-.o--n.-..... l].oo 1736
Iy, slug-ft? e s e s e e b e ae soeoes 850 1465
Redluvs of gyration to wing span
H[b - - - - - - - L) . L] [ J -« - - * . - . 0.157 o.-ll9
kZ/D * L] * L] L3 - . a L 3 L ] . a L] > L3 - - - OI2h’3 0.163
k!'/b . . L] L3 ] - 2 L ] + 4w ¢ = & @ L ] [ 2 . - 0.213 0.1%

NATIONAL ADVISORY
COMMITTEE FOR AERCRAUTICS
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Figure 2-  [hree wiew drommg of the ¥ scule model of the
MEDomiel] XP-85 fested i the Largley free Flight tunmel.
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Figure 3.~ Top view of l’mscale model of the McDonnel XP-85 airplane tested in the
Langley free-flight tunnel.
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Figure 4.~ Three-quarter rear view of %mscale model of the McDonnell XP-85 airplane

with design center fin tested in the Langley free-flight tunnel.
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Figure 5.~ Rear view of 1 .scale model of the McDonnell XP-85 airplane with design center
fin tested in the Langley free-flight tunnel.
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