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SPIN AND RECOVERY CHARACTERISTICS OF THE CURTISS—
WRIGHET XP-87 AIRPLANE

By Theodore Berman
STMMARY

The spin and recovery characteristics of the Curtiss-Wright Xp-87
airplane, as well as the spin~recovery parachute requiremsnts, .
the control forces that would be éncountered in the spin, and the
best method Ffor the crew to attempt an emergency escape, are presented
in this report. The characteristics were estimated rather than
determined by model tests because the XP-87 dimensional and mess
characteristice were conzidered to be noncritical and because dats
were available from model tesis of several similar airplanes.

'The study indicdted that the recdovery characteristics of the

. alrplane will be satlsfactory Por all loadings if the controls are

reversed fully and rapidly. The control forces, however, will .

-probably be beyond the capabilitilds of the pilot unless same additional
“balance or & booster is uwaed.. A 6-foot tail parachute or a 3.5-foot
wing-tip parachute with a drag coefficient of 0.7 will be & satisfactory,
emergency spiln-rescovery device for spin demonstrations. If it 1s
necessary for the crew to abandon the spinning airplane, they should:
leave from the outboerd side of the cockpit.

TNTRODUCTION

The Army Alr Forces, Air Materlel Command, requested that an
investigation be conducted to.dstermine the spin and recovery .. . ...
characteristics .of the Curtims-Wright XP-87 airplane. The XP-87 is
& four-engine, two-place, midwing, Jet—propelled fighter airplane .
equipped with wing slats, wing speed brakes, and landing flaps. The
dimensionzl and magg characteristics of the airplane were examined
by the spin-tunnel section, and it was decided that the spin and
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recovery characteristics of the airplane could be estimated and that
tests of a model would, therefore, not be necessary. The character-
istics were estimated rather than determined by model tests becauss
Xp-87 dimensional and mass characteristics were counsidered to be
noncritical and because data were avallable from model tests of
several similar airplanes, Accordingly, a prediction of the spin
and recovery characteristice for various flight conditions of the
XP-87 at an arbitrarily chosen altitude of 15,000 feet has been made.
In making the prediction, the values of dimensional and mess para-—
meters which have been found to have a major effect on the spin and
recovery characteristics of an airplene have heen considered. In
addition, an estimate has been mads of the spin-recovery parachute
requirements, the control forces that would be encountered in a spin,
and the best method for the crew to attempt an emergency sscape from
an uncontrolled spin.

SYMBOLS
b wing span, feet
S wing area, square feet
T mean aesrodynamic chord, feet
x/T ratio of distance of center of gravity rearward of leading

edge of mean aerodynamic chord to mean aerodynamic chord

2/C ratio of distance between center of grevity and thrust line
to mean aerodynamic chord (positive when center of gravity
-is below line)

m _ mess of' alrplane, slugs

Ixs Iy I moments of inertla ebout X, ¥, and Z body axes,
respectively, slug—feete

Ix - T :

X L inertia yawlng-moment parameter
mh?

Iv -1 B

Y Z

e inertie rolling-moment parameter
mb - e p _

Iy - L .

=z X inertla pltching-moment paremeter
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a] alr densliby, slug per cubic foot

B relative density of airplans (?EF)

ATRPLANE CHARACTERISTICS

. The dimensional and mass characteristics for the XP-87 airplane
were furnished by the Curtiss-Wright Corporation. A three-wvilew
drawing of the airplane is shown in figure 1. Spoiler—type speed
brakes are installed on the upper and lowsr surfaces of the wing but
are not shown in figure 1. The dimensional and mass characteristics
of the airplane are given on tables I and II, respectively. Mase-
distribution parameters for 'bhe loadiﬂge prosented in table II have
been plotted on figure 2..-

Airplane recovery characterlstics were consid.ered satisfactory
1f it was belleved that the airplane would pase Army Air Forces spin
demonstrations. Current Axmy Alr Forces specifications require

resovery to be_‘&_eoemplished_-in_li-.turne ar less for this type airplane.’

FMHfop OF _ﬁs'rmm'_xo‘ﬂ

. As previousl‘y mentioned_, the esﬁimation of the epin. and recovery
‘characteristics of the airplans was desmed posaible because of the
noncritical values of the. dimensional and masg paremeters which have
8 major effect upon spin. gnd recovery character gtics, The most;
important of these paremsters, as indicated in reference 1, are
tail-demping power Pactor, inertla yawing-foment. parameter, .and
airplane relative density. - The recovery characteristics, of the air-
plane were estimated by consideration .of these three factors in the
menner indicated in reference 1. The angles of attack and the rate
of descent were estimated by consideration of reference 2 and also
by analysis of results:of tests of geveral models which were considered
gimilar either in dimensions or in loading. The value of the inertia
yawing-moment parsmeter .was used to establish the relative effect on
recovery characteristics of the ailerons and elevator (reference 3)
and the wing slats (reference lt).

Tajil and wing—tip epin—recovery parachute sizes required for
satisfactory recovery by parachute action alone were based od an
analysis of spin-recovery parachute date obtained in the Langley spin
tunnel. The estimation of the parachute slzes were based on a drag
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coefficient of 0.7 (based on the canopy ares measured with the para—
chute spread flat). _

The rudder hinge-moment coefficient was determined by use of
unpubllished data which takes into consideration the location of the
horizontal tail with respect {o the vertical tail and the sstimated
angles of attack and sideslip. The estimated angle of attack in
conJunction with elevator nose shape and type of balance were used
to determine the slevator hinge-moment coefficient by -means of
reference 5. The pedal and stick forces were camputed by combining
the hinge-moment coefflcients with appropriate dimensional factors.

Inverted spin estimations were made on the basis of reference 6.

Crew escape recommendations were made on the basis of a campilation
and analysis of data obtained from numercus model tests.

ESTIMATION OF SPIN AND RECGVERY CHARACTERISTICS'

Clean Condition

Normal loading.- The recovery characteristics of the ailrplane in
the normal loading and clesn condition (flaps, slats, and landing gear
retracted) will be satisfactory. For the normal control configuration
for spinning (elevator up, ailerons neutral, and rudder full with the
spin) the spin will be steep (average angle of attack between 20° and
30°) and the rate of descent will be of the order of 40O feet per
second. The spin will probably be oecillatory in roll and yaw.
Recovery will be satisfactory by rapid full reversal of the rudder.
Movement of the slevator down befors the rudder has been campletely
reversed may retard recoveries. It is therefcére recommended that
the following recovery technique he used; the rudder should be fully
and rapidly reversed and, approximately 1/2 turn later, the stick
should be moved forward of neutral keeping it laterally neutral.

Care should be exercised, in the ensuing recovery dive, to avoid
excesslve accelerationd. Although with the elevators full up the
allerons will have only little éffect, in gemeral, ailerons against
the spin (stick left in a right spin) will be detrimental to recovery
while ajlerons with the spin will be beneficial.

Wing—-tip tanks installed.-~ When wing~tip fuel tanks are installed
on the alrplane, the recovery characteristicse will remain satlsfactory
when the recommended recovery technique ls applied, although rudder
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reversal alone will probably not result in satisfactory recoverilss.

I+t 1s probable that the spins wlll be scamewhat oscillatory in pltch.
The airplane will probably not gpin when the allerons are against

the spin for all elevator settings or when thé elevators are down

and the ailerons neutral. Aileron-with settings will affect recoveries
adversely. . : :

Effect of mass variation.~ Varlations in loading of the airplane
between the two loading conditions pregented due to the exhausiing
of fuel fram the tip tanks will show changes in aileron and elsvator
effect, but recoveries will be satisfactory by normal control manipu-
lation., If, however, difficulty ls encountered during recovery, the
tanks should be Jettisonsd and normal recovery proced.ure repeated

Effect of center—of—gravity movement.- Movement of the center of
grevity of the alrplane approximately X5 percent of the meafi aero—
dynamic chord will have little effect on the spin and recovery

characteristlics of the airplane.

Effect of slatg.— Tests of models with elther :E'ull gpan or wing—
tip ‘slats have shown that slate have & slightly bensficial effect on
recoveries for models with values of thé inertia . yewing-moment para—
meter similar to that for. the normal losding.of the -XP-87 but thet the
effect becomes adverse as values of the inertid -yawing-moment pardmster
approach that of the XP-87 airplane with the tip tanks installed. The
slats on the XP-87, however, are of short spen and located at the
inboard end of the wing (fig. 1)} where.their effect on spinning would
be least. It 1s therefore felt that the slats will have no apprecia‘ble
effect on the 8pin and. I‘soovery characteristics of thie airplane.

E:E‘fect of speed. brakes - Sp:ln-tunnel experience shows that the
spoiler-type wing speed brakes,used: on this dirplane, will have llttle
effect on the spin and. recovery characteristics of 'bhe airplane

Inverted spine.— Based. on' the results in reférence 6 and spin-bunnel
. experience gained with other models, satisfactory recovery can be
expected from all.inverted spins obtained with this. airplane by full
rudder reversel followed by stick neutralization.

_ Landing Condition
The landing condition’ is not considéred critical inagmich as the
current specifications usually require airplanes to demonsirate satis—
factory recoveries in the landing condition from only lstarn sping.
At the end of % turn, the airplasne will probably still be In an

incipient spin from which recoveries are more readily obtained than
from fully developed spins. An analysis of full-ecale and model btests
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of meny airplanes to determine the effect of fleps and landing gear
indicates that the XP-87 airplane will recover satisfactorily from a
i-turn spin in the lending condition but that recoveries from
fully.developed spins in the landing condition may be unsatisfactory.
It is recommended therefore that the flaps be neutralized and recovery
be attempted immediately upon inadvertently entering a spin in the
lending condition.

Control Forces

The dlscussion of recovery characteristice so far has been based
on control effectiveness alone without regard to the forces required
to move the controls. Sufficient force must be applied to the airplane
controls to move them repidly in the manner indicated to obtain the
estimated results.

Estimations of the forces required to fully feverse the conbtrols
fTor recovery indicate that the ruddesr pedal and elevator stick forces
will be of the order of magnitude of 1100 and 500 pounds, respectively.
Both of these forces asre appreclably beyond the capabilities of a pllot
(reference 7). Tt therefore appears that in order to fully reverse the
controls in a gpin, trim tebs or some other sultable balance or booster
arrangenient may be necessary.

Emergency Crew Escape

Regults of spin—tunnel tests on approximately 20 models indicate
that i1f necessary to escape from an uncontrollable spin of this
airplane which has its cockpit ahead of the leading edge of the wing,
the venture will be rather hazaerdous primarily because of the added
danger of striking the wing after, Jumping. The results indicate,
however, that if 1t 1s necessary to Jump, leaving from the outboard
side of the cockpit (left side in a right spin) will afford the better
chance for getting out safely. In view of these results it appears
that for this airplane, an ejection system might be desirable.

Imergeoncy Spin-Recovery Parachute Regquirements

Tail perachute.— For recovery from spins by tail parachute action
.alone, a 6-foot~dlameter flat-type parachute with a drag coefficient
of 0.7 and attached to the alrplane with a 30-foot towline will be
satisfactory. It 1s recommsnded that a positive ejection mechanigm
be used to throw the parachute clear of the tail and to assure rapid
opening. The pack and attachment point must be so located that the
equipment will not foul the tail surfaces. Reference 8 described
various prectical methods of tail-parachute installatioms. - '
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Wing—tip parachute.— For recovery by wing-tip parachute actipn
alone, a 3.5-foot-diameter flat~type parachute with a drag coefflicient
of 0.7 opened on the outer wing tip will be satisfactory. The length
of the towline should be such that the parachute when fully extended
Just clears the horizontal tail. It 1s recommended that the parachute
pack be installed inside the wing with a positivé ejection device to
throw the parachute clear.

The spin-recovery parachute sizes indlcated are relatively small
for this size airplane. This is a result of tho relatively largs
amount of verticel area below the horizontal tail.

- CONCLUSIONS

The study of the dimsnsional and maps characteristlics of the
Curtiss-Wright XP-87 airplane and the analysis of model test results
of similer airplsnes results in the following conclusilons regarding
the spin and recovery characteristics of the airplsne at altitudes
up to 15,000 feet:

1. FPor all loadlings, recovery by proper control technigus will
be satisfactory; recovery should be attempted by rapid full rudder
reversal followed, approximately 1/2 turn later, by movement of
the stick forward of neutral while maintaining it laterally neutral.
Care should be exercised to avold excessive accelerations during
the recovery. At the extreme fuselage-—heavy and wing-heavy loadings,
the spine will probably be oscillatory in roll and yaw and in pitch,
respectively.

2, If a-spin is inadvertently entered in the landing condition,
the flaps should be neutrallzed and recovery attempted Immediately.

3. Thes control forces will prcbably be appreciably beyond the
capabilities of the pilot unless some type of balance or booster is
used. The pedel and stick forces will be of the order of magnitude of
1100 and 500 pounds, respectively, to ¥soverss fully the controls.

4, If it is necessary for the crew to abandon the spinning
-airplane, they should attempt escape fram the outboard side of the
airplans.
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5. A 6-foot tail parachute or a 3.5-foot wing~tip parachute with
& drag coefflclent of 0.7 will be a satisfactory emergency spin—-recovery
device for spin demonstrations.

Langley Memorial Aeronautical Leboratory
Bational Advisory Camittee For Aeronautics
Langley Field s Va. .
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TABLE I
DIMENSIONAL CHARACTERISTICS OF THE CURTISS-WRIGHT XP-87 AIRPLANE

Length, over 8ll, £5 . . . . & ¢ ¢ « ¢« ¢ o s « o & o o 65.6
Normal weight, 1b . . . . e e f et e e s s e e e s« 37,800
Normal center-—of-gravity looation, pexcent ¢ . . . . . . i7.2
Wing:
Span, ££ . . . . . . e i e e e e e e e e e e e €0.0
Area, sqg ft . . . e e e e e e e e s e . .. 600.0
Section {modified T, E. ) e e e e s« « . . NACA 65(112) ~111
Incidence, deg . . + + & « » s o « s = o« o . 1.¢
Aspect ratio . . . . e e e e e e e e e e 6.0
Sweepback, 25+percent—chord line, deg . « e e e . 0
Dihedral, deg . . . . « 4 s e s . a4 e . 1.0
Mean aerodynamic chord, in. . e . . e s n . 128.5
Leading edge ¢ aft leading root chord, in. “ e e e . 12.3
Flaps:
Tobal area, sq £H . . « + ¢« ¢ ¢ « ¢ v 4 v s v 4 0 e 2.7
Span, percent B/2 . . . 4 . 4 4 b 4 e e e e e e e . 33.4
Ailerons:
Total area aft of hinge line, sq £t . . . . « « « . . 16.8
Span, percent B/2 . . . . i e 4 e e 4 s e s e e e . 32.0
Horizontal tall surfaces:
Totalarea, sg £ + . + « . « ¢« ¢« ¢« ¢ « « o « + + o« . 135.0
Span, Pt . . . . . e e e e s e 2k.5
Elevator area aft of hinge line, sq ft c e e e e e 39.1

Digtance from normel center of gravity to elevator
hinge line, £ . « « ¢ ¢ ¢« ¢ ¢ ¢« ¢ 2 s o ¢ « ¢ « « 30.2

Vertical taill surfaces:
Total area, sq £t . . . « o e . e e e . 83.0
Total rudder area aft of hinge line, sq ft « e & e 21.5

Tail-demping Power FACHOT . » + o = « + o o » o . . 1650 x 10=0

BATTONAL ADVISORY
COMMITTEFE FOR AERGNAULICS



TABLE IT

MASS CHARAGIEFC[S‘_I‘ICS AND TINERTTA PARAMETERS FOR LOADINGS POSSIBLE

ON THE CURTISS-WRIGHT XP-37 ATRPLANE

Cont ermof-m Mcments of insrtia '
B gravity about cemter of Inertja parameters
. location gravity
FNo.| ZLoeding W?i%l;b . I .
1:::1 et xfa | s/3 (::-:1I -~ (slig— (Blig—— —-——Q—Ix X ———-—E—II iz —TIZ - X
£52) | £42) | £12) mb mb mb

1 | Design groas {37,500 13.6] 21.6|0.172| 0.021| ©64,9271138,043{154,125 -—l’(hxlO“l" -134x10‘1* 308><10'1*

wolight
2 | Design gross {49,043 | 17.8) 28.3 | 0.191] 0,041|387,715|138,198|516,639|455 ~650 235

weight plus

tip ‘tanks

NATTONAL ADVISORY
COMMITTERE FQR AFRONAUTICS
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FIGURE 1. - DRAWING OF THE CURTISS-WRIGHT XP-87 AIRPLANE. CENTER
OF GRAVITY INDICATED FOR NORMAL LOADING. DIMENSIONS ARE FULL
SCALE INCHES.
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FIGURE 2.- MASS PARAMETERS FOR LOADINGS POSSIBLE ON THE
CURTISS-WRIGHT XP-87 AIRPLANE, (POINTS ARE FOR LOADINGS
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