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FREE -SPINNING-TUNNEL TESTS OF A §§-SCALE MGIDEL
OF THE REPUBLIC XP-91 AIRPLANE WIIH A
VEE TAIL INSTALLED

By Thomas L. Snyder
SUMMARY

A spln Investigation hkss teen conducted In the Langley 2C-Toct free-
1

spinning tunnel con a E—-scale model of the Republic XP-Gl airplane with a

vee tgil installed. Tge effects of ccontrcl settings and movements upcn
The erect spin and recovery characteristics of the model were determined
Tor the clean condition (wing tanks removed, landing gear and flaps
retracted). The tests were made at a loading simulating that following
crulze at altitude and st & time when nearly all fuel wss expended.

The results indicated that the airplane might not epin at normal
spinning-czntrol configuration, but if a spin were obtained, recovery
therefrom by full rudder reversal would be satisfactory. It wes also
Indicated that allercn-against settings would lead to violent oscillatory
motions and should be avolded.

INTRODUCTION

In acccrdence with a request by the Alr Materlel Command, Army Alr
Fcrces, tests were performed in the Langley 20-fcot free-spinning tunnel

ct

)
=%

etermine the spln and recovery charascteristics of a é%-acale mcdel
T the Reputlic XP-91 airplasne equipped with a vee tail. The alrplane
S & single-place rocket-jer fighter with a sweptback wing of varisble
ncidence and inverse taper ratlo.

b ke ()

Pricr s conducting the spin-tunnel Investigation, the Republlc
Avletlson Corpeoration Informed Langley that the vee tall designed for the
alrplans wea 1o be replaced by a cunventicnsl tail. It was felt, however,
that brief tezts with the vee tall installed would te of Interest especlally
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inssmuch as only meager spin data are avallable for vee-tail instgllations.
Directicnal ani longlituéinal contrcl is obtalned by means of surfaces known
a3 ruiiervators. The ruidervators are controclled ty longitudinal movement
:f the control cclumn and bty rudder-pedal mcvement. A lcnglitudinal movement
zf the atlck deflects the surfaces equally in the same dlrectlicn; whereas,
a rudder-pedal movement deflects one surface up and the other surface 3down.
The czntirzl column and rudier pedals are so linked <hat it is possible to
obtain maximum ruider-peial deflection for all positions of the contrcl
¢zlumn; and, conversely, it 1s possible tc obtaln maximim centr:l cclum
movement for all positions of the ruider pedals. In order to 3implify the
discussiocn hereln elevator deflecticns and rudder deflecticns will be used
*o designate longitudinal movement of the contrcl colum: and movement ~of
the rulider pedals, respectively.

The tests were performed for the clean condition of the airplane
(external wing tanks removei, landing gear retracted, and flaps retracted)
rzr the lcading simulsting that following cruise at altitude when nearly
all fuel is expended. For the tests, the wing incldence was adjusted for
cruise flight (0° incidence). In an attempt to improve the directional
ztabllity characteristics of the alrplane, the Republic Aircraft Corporaticn
iecided to move the tail surfaces of the airplane rearward 55 inches from
thelr criginal locaticn, and the mcdel as tested representei the airplane
configuration with the tall surfaces moved rearwari.

SYMBOLS
b wing span, feet
S wing area, aquare feet
¢ mesn aerciynamic chori, feet
x/E ratic of distance of center of gravity rearward of lesding

edge of mean serodynamic chori tc mean aercdynamic chord

z/e ratlo of distance between center of gravity and thrust line
to mean aerodynamic chord (positive when center of gravity
ts below line)

o mass of alrplane, slugs

Ioy Iy I, moments of igertia about X-, Y-, and Z-bedy axes, respectively,
slug-feet

Iy - Iy

inertia yawing-moment parameter
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IY - Iz
inertia rolling-moment parameter
mb®

Iz - Ix

— inertia pitching-moment paresmeter
mb*

o} alr density, slugs per cublc foot

o relative density of airplane (m/peb)

a angle between thrust line and vertical (apprcximately equal
to absolute salue of angle of attack at plane of symmetry),
degrees

3 angle between span axis and horlzontal, degrees

v full-scale rate of descent, feet per seccnd

Q full-ascale angular veloclty about srin axis, rps

g helix angle, angle between flight peth and verticel, degrees
(For tests of this model, the average absolute value of
hellx angle was approximately 8°.)

3 approximate angle of sldeslip at cernter of gravity, degrees

(Sideslip 1s inwari when Iinner wing 1s down by an amount
greater than hellx angle.)

APPARATUS AND METHCODS

Mziel

The gf-scale moiel of the Republic XP -Gl alrplasne was bullt by the
7
Bampt:on Roads Model Company =ni prepared for testing by the Langley
Latoratory. A three-view drawing of the model In the clean conditicn with
exzernal wing tanks remcved and flaps and landing gear retracted is shown
in figure 1. Dimenslional charascteristics of the alrplane are presented
in takle I. A photograph of the mcdel as tested 1s shown In figure 2.

The tail-damping power factor was, in general, computed by the methci
deacribed in reference L. It was arbitrarily assumed, however, that fer
the vee tail the f.selage slde ares belcw the tail-surface intersectiosn
snd ~he projectel area sf one ruddervatcr cn the plane cf aymmetry were

L

zff=¢nive in opposing the spin rotaticn.
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The model was ballasted with lead welghts to ¢btaln dynamic similarity
to the airplane at an altitude of 15,000 feet (p = 0.001496 slug/cu ft).
4 remote-control mechanism was installed in the model to actuete the controls
for recovery testa. Sufficient moments were exerted on the control surfaces
during recovery tests to reverse the controls fully and rapidly.

Wind Tunnel and Testing Technlgque

The tests were performed in the Langley 20-foot free-spinning tunnel,
the operation of which is, in general, similar to the operastion described
In reference 2 for the Langley l15-foot free-spinning tunnel, except that
the model-launching technique has been changed. With the controls set in
the desired position, the model is launched by hand with rotation into
the vertically rising air stream. After a number of turns iIn the established
spin, during which time the model is meintained at eye level by the force
of the rising air, recovery is attempted by moving one or more controls by
means of a remote-~-control mechanism. After recovery the model dives into
a safety net.

The spln dats presented were determined and converted from model
values to corresponding full-scale values by methods described in refer-
ence 2. Spin-tunnel tests sare made to determine the spin and recovery
characteristics of the model for the normal=control configuration for
spinning (elevator full-up, ailerons neutral, and rudder full with the
spin) and at various other ailleron-elevator control combinations including
zero and meximum deflections. Recovery 1s genera’ly attempted by rapid
full rudder reversal. Tests are also performed to evaluaste the possible
edverse effects on recovery of small deviation from the normal-control
configuration for splmning. For these testa, the allerons are set at
one-third of the full deflection in the dlrection conduclve to slower
recoverles (against the spin for this model), and the elevator is set
et two-thirds of 1ts full-up deflectlion. Recovery ls attempted by
either rapidly reversing the rudder from full with the spin to two-thirds
against the spln or by movement of the rudder to two-thirds agalnst the
spin in conjunction with moving the elevator to ocne-third down. This
control configuration and movement is referred to as the "criterion spin.”
Recovery characteristics of the model are consldered satisfactory if

recovery from this criterlon spin requires Eé'turns or less by rudder
reversal or by combination of rudder and elevator reversal. This value
hes been selected on the basls of full-ascals airplane spin-recovery data
that are availlable for comparison with corresponding model results.

For spins which have a rate of descent in excess of that which can
be readlly atteined in the tunnel, the rate of descent 1s recorded as
greater than the veloclity at the time the model hits the =zafety net,
for example, greater than 300 feet per second. For these tests, the
recavery ls generally attempted before the model reaches 1ts finel steeper
gttitude and while the model is still descending in the tunnel. Such
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results are conservative; that 1s, recoverles are not as fast as those
for which the model 1s in the final steeper attitude. For recovery
attempts 1n which the meodel strikes the safety net while 1t is astill in
& 8pin, the recovery is recorded as greater than the number of twrns from
the time the controls are moved to the tlime the model strikes the net,

as greater than 4. A greater t L-turn recovery, however, doces not
necessarily indicate’ an lmprovement over & greatsr than T-turn recovery.
When the model recovers without control movement with the rudder set
with the spin, the result is recorded as "no spin.

PRECISION

The model test results presented are belleved to be true valuee
glven by the model wlthin the following limits:

@, GERTEES « « « o &+ & 4 ¢ o s s s s e e s e s e e s e e e e . =]
F, QEBTEES + v & + 4 4 vt e e e e e e e e e e e e e e e e e e e .. YL
Vy, DETCENL + + & o o o o s o o o o o o o o o o o v o s s s o 0 0 15
O, PETCENt + + o + & o 4 o ¢ o 4 4 e b e e e e e w0 e s e s 2

+l from motion-picture records
Turns fOr TECOVEXY « s + o s s o + o o r

é from visual observation

The preceding limits may have been exceeded for some of the spins in
which it was difficult to control the model in the tunnel because of
the high rate of descent or because of the wandering or oscillatory
nature of the spin.

Comparison between model and full-scale results (references 2 and 3)
indicates that spin-tunnel results are not always in complete agreement
with alrplane-spin results. In general, the models spun at a somewhat
smaller angle of attack, at a scmewhat greater rste of deacent, and at 5
tc 1C° more outward sideslip than did the corresponding airplanes- The
comparison made in reference 3 for 20 alrplanes showed that approximately
80 percent of the models predicted satisfactorily the number of turns
required for recovery from the spin for the corresponding airplenes and
that approximately 10 percent overestimated and approximately 10 percent
underestimated the number of turns required.

Because it is impracticable to ballast the model exactly and because
of the Insdvertent damsge to the model during tests, the measured welght
end maess distribution of the XP-9l model varied from the true scaled-down
values within the following limits:
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Welght, percent . . . . + . « « . .
Center-cf~-gravity location, percent

e+ 4 s « s s s+ s« O to?2 high
c « s o e s+ e« s+ 0 to 1l rearward

Moments | X + + + « « .+ .+ . 2high to k high
of IIY.....................1hight06high

. Qp»

inertia I + « ¢+ « + ¢« o ¢ s+ v o« o+« .+ . . .« 1high te 5 high

The accuracy of measuring the welght and mas3s distribution 1s
believed to be wilithin the following limilts:

weight, peI‘Cent . . L] . . L] . - . . . * . . - . . » L] . . ] 3 . . . tl
Center-ol-grevity location, percent & « + . + « + « + + ¢ o o o « « %1
Moments of Inertla, percent « + . « « ¢« « v 4 v v s 4 s e 0. .. 15

Controls were set with an sccuracy of *1°.
TEST CONDITIONS

At the time the model was prepared for spin tests, thes mass Inform-
tion asvallable for the airplane was for the condition before the tail
surfaces were moved rearwaerd 55 inches. The variations in the airplane
weight, center-of-gravity locatlon, and moments of inertia due to moving
the tail surfacee rearward were, however, estimsted by the Langley
Laboretory and the avallsble mass information was corrected accordingly.

Inasmuch as the Republic Alrcraft Corporation indicated that the
airplane would probably not be flown with the vee tail installed, only
brief tests were performed, therefore, at only one loading condition of
the alrplene in order to prevent damaging the model beyond use for
probable subsequent tests with a conventional tail installed. The tests
were arbitrarlly performed for the loading condition with nearly ali/t
fuel and smmunition expended, which Republic indicated to be representative
of the loading of the alrplane following the operatlional flight at
50,000 feet. The mass characteristics and inertia parameters for the
loadings possible on the airplane and for the loasdlng tested on the model
are listed on table II. The inertia parameters are also plotted in
figure 3. As dlscussed in reference 4, figure 3 can be used as an =aid
In predicting the relative effectiveness of the controls on the recovery
characteristics of the airplane.

The maximum control deflections used in the tests were the following:
Elevator, degrees . . « . + + « « « o+ s o s 4 o s s s s . 25 up, 19 down

Rudders, degree8 . - « « & o o o & o o o s'a o o o s s s s 2 s 0 » o 18
Allerons, Ge@rees « « + + + + 4 4 4 4 s s 4 4 e e o o+ . 20 up, 18 down
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Intermediate control deflections used were tre following:

Elevator, two-thirds deflected up, degrees « « « + o « 1 + o + o o & 1-3?3.
Rudders, two-thirds deflected, degrees « « « » « « « + « « « + « . . 5
~

Allercns, one-third deflected, degrees . . « « + . & « ¢« & 6% up, 5 down

As previously mentioned, the rudder pedals and control column. are 8o
linked that 1t is possible to obteain maximum rudder-pedal movement for
all positions of the control columnj end conversely, 1t ls possible to
obtain maximum control=column movement for sll positions of the rudder
pedels. For example, with the control columm full back (both surfaces
deflected 25° up) and pueshing the right rudder pedsl forward deflects
the surfaces t8° about the elevator position; that ig, the right surface
travels to 17° up and the left surface travels to 33° up.

RESULTS AND DISCUSSION

The results of the spln tests of the model are presented in chart 1.
The mcdel dsts are presented in terms of the full-ecale values for the
airplane at a test altitude of 15,000 feet.

Preliminsry tests of the model showed thst left and right spins were
similar. The results are arbitrarily presented in terms of equivalent
right spins, that is, for the airplane turning to the pllot's right.

Clean conditlion.- The test results obtalned with the XP-9]1 model In
the clean conditlicn (external wing tanks removed, landing gear and flaps
retrected) with nearly all fuel end ammnition expended are presented
In chart 1. The model lodding condition 1s represented by point 3 on
table II and filgure 3. For the normal-control configurstion for spinning
(elevators full up, ailerons neutral, and rudders full with the spin) the
model would not spinj that is, after the rotation imparted to the model
during launching was expended, the model recovered in a steep dive.
Setting the controls for the criterion-spin configurstion led to & steep
spin (a = 32° approximately) from which recovery was satisfactory by
elther reversing the rudders from full with the spin to two-thirds sgainst
the apin or by moving the elevators to one-third down in conjunction with
reversing the rudder from full with tc two-thirds ageinst the spin.
Setting the elevators to neutral or full down when the ailerons were
reutral ied to steep wandering spins. Rapld full rudder reverssl effected
satisfactory recovery followed by a steep dlive from the spins obtained
wil<h the elevators set at neutral. Although recovery waz not attempted
Irom the spin obtalned with the elevators set down, It 1s felt that
recovery ty rudder reversal would have been gsstisfactory bezause the
ricdel spin ettitude was similar to that for the elevator-neutral spin.
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When the allerons were set full agalinst the spin, regardless of the
elevator positicn, the model became extremely oscillatcry in pitch, yaw,
and roll after the rotation imparted to the model during leunching wes
expended. The attitudes of the fusleage varied.from very flat angles to
very steep angles, and the wing simultaneously rclled thrcugh a large
renge of angles. When the outboard wing dropped down, the fuselage was

nearly horizontal and the model slipped outward; then, the model would pick

up the outboard wing, and simultanecusly the nose dropped down, and the
inboard wing yawed forward. At times, when the outboard wing was down,
the model would become inverted, and then return to the erect attitude
after a few turns with a continmation of the extrame oscillations, and at
times the model appeared to enter a left roll. The alrespeed varied

from 231 to 291 feet per second (full scale) during the spin. When the
rudders were reversed against the rotation while the model was erect, the
model continued to oscillate in a manner similar to when the rudders were
set with the rotation.

With the allerons set full with the spin and elevators full-up, the
model would not continue to spin affer the rotatlion ilmparted during
launching was expended. Setting the elevator to neutral led to a steep
spin with a rate of descent in excess of that readily attalneble In the
tunnel. Recovery attempted before the model reached its flnal steeper
attitude by rapid full rudder reversal was satiasfactory.

The preceding results indicate that alleron-agalnst settings should
be avolded and that the normal-control manipulation for recovery - rapild
full rudder reversal followed 1/2 turn later by movement of the stick
forwerd of neutral - produces rapid recoveries. Also, an analysis of
the preceding results Indicates that the probable spin-recovery cherac-
teristice of the airplane at 15,000 feet will slsc be satlsfactory for
the other loadings possible on the airplane.

CCNCLUSIONS AND RECOMMENDATIONS

Based upon the results of spin teats of a éLuecale model of the

Republic XP-91 airplene with a vee tail installeg, the following
conclusions and recommendsations regarding the spin end recovery charec-
teristics of the alrplane at 15,000 feet are mede:
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1. The recovery characteristics of the éirpl&ne will be satlsfactory.

2. For recovery from erect spins, the rudders should be reversed to
full against the spin followed approximately 1/2 turn later by movement cf
the stick forward :=f neutral, avolding alleron-agalnst settings.

Iengley Memorial Aeronautical Laboratory
Natlonal Advisory Commlttee for Aerconsutics
Langley Field, Va. ) B
I, (27{:: act

Thomas L. Snyder
Aeronautlical Engineer

4
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‘e "o TABLE 1.- DIMENSIONRAL CHARACTERISTICS OF XP-91l AIRFLANE WITH
e o0
LS VEE-TAIL, INSTALLATION
Length, over all, £t « + « ¢ ¢« ¢« ¢+ ¢ 4 ¢ 4 o ¢ o o ¢« o o s s+ « » » B5l.21
Wing:
3pa.n,ft............................313L
Area, 8@ Tt ¢ ¢ ¢ ¢ ¢ 4 i i it e e e e e e e e e e e e e e . 21605
Section, OOt « ¢ + o ¢ 4 4 4 0w e 4w . Republic R-4,40-1710-1.0
Section tip . . . . « + s+ « s+ s « + « Republic R-4,40-10-1.0
Root-chord incidence, deg N s e e e e e e N
Tip-chord incidence, deg PN ¢ o e s s s s 4 4 s s s e e e s 0
Aspect ratio « . .+ ¢ . ¢ 4 . . . . e e e ¢+ o o JbBh
Taper ratic . . . e . C e e e s e e e e s s 1.62
Sweepback of 50-percent-chord line, deg e e O 1)
Dihedral of wing, deg « + + « ¢« =« ¢ s ¢ & ¢ o o o o ¢ o ¢ o o o 9
Mean aerodynamic chord, in. . . . e e o . . 127.02
Leading edge ¢ aft of leading-edge root chord ine « « ¢« « o « « 69.08
Allerons:
. Total area, sq ft . « + . . . B <)
Total area aft of hinge line, sq Tt e v v o o o v 0 0 s a e . . 3T.62
Mean chord, percent of & « « « « « ¢« o « o « + & . « e v . . 36.0
. Span, percent of /2. o v e e B L A
-
Vee tall:
Total area, 8@ ££ « « ¢« « « o « o ¢ o o o s ¢ o ¢ ¢ o o o s « o 8l.h
Ruddervator area, sqg ft . + « + ¢ & « ¢ + ¢« ¢ o o o 4 s e ¢ . . 19.72
Dihedral, deg .+ « « « + T 1o
Sweepback of leading edge, deg e + s e 4 s s s s s s s s e s e e« ko

Tall-damping power £actor .« « « « « o+ o o« o o o o o » » « » h324 x 106

NATTORAL ADVISORY
COMMITTEE FOR AFRONAUTICS
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TABLE IT.- MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR LOADINGS POSSIBLE ON THE
XP-91 ATRPLARE AND FOR LOADING TESTED ON THE MODEL
[Momnts of inertia are given about the center of gravity of the airplzmé]
F Center—of— | yojents of inertia Mass parameters
gravity
Weighty H» Hs [ location
level ft /3 /- (slug- fiat (sl _—
x/c | z/¢ = 8lug— 2 2 2
£t<) f:g) £2) mb mb mb
Airplane values
l 1
Take—off -4 I )
oL gross weight 28,991(55.8 | 88.7 (0.183|0.063|29,283 |64, 721 88,229 |-403 x 10  |-267 x 10" ' {670 x 10
2 Gross weight 18,192/35.1 | 55.7 | .190|-.035 {15,491 |55,109 |68,495 |-714 —242 956
p——o — — }_,.-.,-_._,
Nearly all fuel
3 and amsunition |14,172|27.27| 43.3 | .26 |-.013 |15,234 47,108 }60,632 |-738 313 1051
expended l
1 S S e —
Model values converted to corresponding full-scale values oo
Nearly all fuel ! il ) ak
3 and ammunitiom |1h4,155 [27.25 | k3,31 [0.262 }-0.027 15,552 47,147 61,153 —732 x 10~ =325 x 10 1057 x 10
expended

g0"ILT "ON WY VOVN



CHART 1.— SPIN AND RECOVERY CHARACTERISTICS OF THE

—SCALE MODEL OF THE REPUBLIC XP-91 ATRPLANE; VEE TAIL INSTALLED

[Loadmg foliowing cruise at altitude (nearly all fwel and ammunition expended). Point 3 on %able II; Recovery attempted by rapid full rudder reversal except as indicated
(recovery attempted from, and steady—sepin dats presented for, rudder—full-with spins); right erect lpinél

( Mods]l became extremely oscillatory {n ‘
pitch, yav, and roll. When the outboard
wing was down 70°, the model becams \
inverted d -

After the inftial rotation dus to launching was
expended, the model dived out in a stsep glide.

Sioep Bin
Angle of attack: 320
Rata of rotation:0.18
Vertical velocity: 291

: againet the apin 1b dives out
—— . e
Ru eversed to %
{ aga g:trt.ho 8pin gydlnu out

and the elevator to % down
! —

|
|
|
1
|
| udder reversed to 1,
|
|
!
|

dives out g ‘
|

%,d1ves out

Mode]l became extremsly oscillatory in

pitch, yaw, and roll. When the outboard !
wing was down 0%, the model becams }
inverted . |

When the outboard |

Model became extremsly oscillatory in
{tch w, and roll.
fxnf;, vad dbvn 908? the model bacame
i

After the in{tial rotation due to
launching was expended, the model
dived out {n a steep glide.

Vertical velocity: 268
Full rudder
reversal

Steep spin.

Vortical velocity: b0

__inverted. o IS S e R
ol A e G ST ) T e el o e
[ Ailerons full against| |Atlerons neutrall  |Allerons full with
| Elsvator up Elevator up Elevator up
| T TSR |
| Allerons 3 against | |
| 2 | |
Key to Elevator — up | |
control e S8 !
ssttings

Allerons full againsti _ |Allerons neutral
Elevator neutral Elevator neutral

Afilerons full with
“|Elevator neutral

i !
Ailerons neutral

— — |[Elevator down =

Af{lerons full agains
Elevator down

Ailerons full with
~ |_Elevator dowy

msit:o"p“upln,— model wandered with a whip
Angle of attack approximated 27°

&, dives out
1%, dives out

LI SO M PTAO s S2

Model wandered with a whip
Angle of attack approximately 21°

Key to
results

then model whipped and repeatsd the

motion
____| Vertical velocity: > 385

Full rudder 3l
reversal K,divea out

|
|
|

S

Description of steady spin (rudder with the |
spin). |
Approximate angle of attack |
Rate of rotation rps,(full scale) !
Vertical velocity, ft/sec (full scale)

Number of turns required for recovery
Recovery attempted by rull rudder reversal
unless indicated otherwise

-
e

~NEa

=
Q
o
20
=
5
£
=
£
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Ruddervator hinge line

r?\t 172" 3,54

"

533

Aileron hinge /ine

\\\

50 ,Dercent—Chorr/ lire

6.26"

Fuselage
reference /me\

18.62"

Figure {. -Drawing of thezgscale model of the Republic XP-3I
amplane as tested 1n the free-spinning tunnel. Center of
gravily indicated for loading condi’ron following cruise at
altitude. Vee 7ail installed.




LMAL 54503

Figure “.- Photograph of L -scale model of Republic XP-91 airplane with vee tail
AT

Gl

installed. Clean condition; external wing tanks removed; flaps and landing gear
retracted.
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Figure 3.- Mass parameters for loadings possible on the XP-91 airplane
and for loading tested on the model. (Points are for loadings listed
in table I1.)








