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W G E T  XP-87 AIRPLATE 

By Theodore Barman 

- .  

The spin and recovery  characteristic8 of the   Cur t i ss4r ight  a-97 
airplane, as well as the spin-recovery parachute mquiramentb,. 
the control  forces that would be encountered in   t he  epin, and t h e ,  
best  method f o r  the crew t o  attempt an emergency emape, are presented. 
in this report. The character is t ics  were eetimated rather than 
determined by 1~0del t e s t s  because the  XP-87 dfmensioaal' and mass 
characterist ics were considered to be noncri t ical  and because data 
were available f r c a n  m o d e l  tests-  of several- similar atrplanes. 

. .  
' The study  indicated that %he redovery a l k ~ s c t e r i e t i c s  of the 

... ailplane w f l l  be satisfactor2 for- ail Paad-irigs 'if the controls are 
reversed fully and rapidly. The control  forces, however, will 

' .probably be bezond the  capabili t ida 05 , tXe  p i l o t  unless' eome additional 
.' balance or  a booetdr ' I s  uaed.. A &foot %a31 parachiz'te pr a 3. >foot 

wing-tip parachute with a drag coefficient- of'0.7 will be a eatisfactory, 
emergency apiMecovery device f o r  s p i n  damonstrations. If it is 
necessary for  the crew to abandon.the splnzzirg. airplane,  they should. 
leave f r a t h e  outboard side of the  cockpit. 

. .  . .  ... . - .. . . . .  
. . .  . . .  . . . " .  

IIWRODUCTIOB . .  . .  . .  , . . .  .. . 

The Axmy Air ForceB, Air Materlel Oammand, requested that an 
investigation be canducted to. deternine the spin and recovery . .. . . , . 
characterist ics .of the Curtiss-Wright XP-87 airplane. The xP-87 ia 
a fm-eng ine ,  two-place, raidwing,  jet-propelled fwhter   a i rp lane  .. 
equipped with wing slats,- wing speed brakes, and. .landing flaps-. . The' 
dimensional and nass chamcter is t ice  of the airplane were examined 
by the SpiP-tunnel s 8 C t i C X l ,  aad it -8 decided that the Spin and 
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recovery  characteristics of the airplane could  be  estimated and that 
tester of a model would, therefore,  not be necessary. The character- 
i s t i c s  were estimated rather than detsrmined by model tests because 
xp-87 dimensional and mss characterist ics were considered t o  be 
noncrftical  and because data' were available frm model t e s t s  of 

.. several similar  airplanes. Accordingly,  a prediction of the  spin 
and recovery  characteristics f o r  various flight conditio- of the 
xp-87 a t  an arbitrari ly chosen a l t i tude  of 15,000 feet has been made. 
In making the prediction,  the  values of d3mensional and mss -para- 
meters which have been found t o  have a major effect  on the spin and 
recovery  characteristics of an airplane have been considered. I n  
addition, an estimate has been made of the apin-recovery parachute 
requirements, the  control forces that would be encountered in  a spin, 
and the best method for the crew t o  a t h n p t   a n  emergency escape f r a  
an  uncontrolled  spin. 
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w i n g  span, feet 

w i n g  area,  square f ee t  

mean aerodynamic chord, f ee t  

r a t i o  of distance of center of gravity rearrrard of leading d 

edge of'mean aeroayl.Jamic chord t o  &an a e r m c  chord 

ratio of dietance between center of g r a v i t y  and thrust l ine 
t o  mean aerodynamic chord (positive when center of gravity 

. ia below line) 

mass of airplane, slugs 

maments of iner t ia  about X, Y, and Z body axes, 
respectively,  slug-feet2 

inertia yawing-mcanent parameter 

. .  
i ne r t i a   ro l l i ngamen t  parameter 

iner t ia  pitching-mament parameter 
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P air density, slug per  cubic  foot 

relative  density of airplane 
. (G) .. _ . "  

3 

. .  . .  

' AmPm cEARAmERI;sT3cs ' .  . 

. The dimensional and &a8 bharact&istics far the XP-87 airplane 
were furnished 6s the Cmtise-Ttlright Corporation. A three-view 
drawing of the afrplane is shown i n  figure'x. Spoi1erc;tYpe speed 
brakes are instal led on the upper and lower surfaces of the w i n g  but 
a r e  not shown in figure 1. Tb, dimen&onal,and mass characterist ics 
of the  airplane  are  given on tables I and 11; respectively. Paas- 
distribution- parameters for the loEtdfagB preeented in table I1 have 
been plotted On figure 2.. . . _  . .  

Airplane  recovery  characteristics were consfdered  ati is factory 
if it was believed that the airplane would p e s  Arny A i r  Forces spin 

. damonstrations.  Current Armgr A i r  Fmces  specif  icatione  require 
.rk~Grery to b e . a 6 o c ? Q F p l i e ~ d . . i n . l ~ . . t ~ ~  . .  .oT lees for %his type a'lrpune. 

2. . .  
. . .  . .  . .-. . . . .  
. .  . . .  . .  

, .  . .  . '  . .' . . .  . . .  
. .  

. .  . .. , - .  
. .  . . ' ': MEFEOD.:OF . ~ & m m t o w  ., . .  

. .  . .  , . .  . .  .. . .. , .  . - , .  

. .  .. . _ .  :.. _ .  , 
. .  . .  

AS previou8l.y .ment$&ed, .the ea&nBtion-of the spin and. recovery 
'characteristic8 o f  the  airplane 'x& d&e&i' posbZble because of  the 
noncritical  values of.  tb. dfmemional &&I, mass mamete r s  which .have 
a majbr effect  upon spin: .and recovery cbac ter : - s t tca .  ~qhe most. 
important of. them paramate.rs, ae'.indic&%& ' i n  .reference .I, a re  
tail-damgm Po-mr factor,. iner,t$a ya&.~&ent :parane ter ,  . a d  
airplane  relative  density. . The recovery  char&cteristlce, of the air- 
plane were estimated  by.consideratFon.of .these three factors in the 
manner indicated . i n  reference 1. The angls of a t tack  and the r a t e  
of descent were ' e s t imted  by con8$der&tion or reference 2 and also 
by analysis of resulta:  03 tests of 'several models  which were considered 
similar e i ther  in dimension8 &'in 16ading. The value sf t he  Fnertia 
yawingaaent  parmter..was used t o   ea t ab l i sh  the re la t lve   e f fec t  on 
recove7.y  characteristic^ of the ,ailerons and elevator  (reference 3) 
and the wing slats (reference 41. ., , . , .  

. .  
., . , 

- T a i l  and wing- t ip  spin-recovery parachute s i z e s  requiPed 'for 
satisfactory  recovery by parachute  action alone were based OII an 
analysis of epikrecovery parachute data obtained in  the Laneley spin 
tunnel. The e8timation of the parachute sizes were based on a 6r8g 
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coefficient of 0.7 (based on the canopy area measured with the para- 
chute  spread f l a t ) .  

The rudder h ingwment   coef f ic ien t  was determined by use of 
unpublished data ghlch takes into  consideration the location of the 
horizontal tail w i t h  respect t o  the  ver t ical  t a i l  and the estimated 
angle8 of a t tack and sfdeslip. The estimated angle of a t t ack   i n  
conjunction  with  elevator nose shape and type of balance were used 
t o  determine the elevator hinge-moment coefficient by-means of 
reference 5.  The pedal and s t i c k  forces were cwputed by combining 
the hingwnoment ,-poefficfents with appropriate  dimensional  factors. 

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

Crew escape recammendations w e r e  mape on the   basis  of a compilation 
and analysis of data obtained fran numerous model t e s t s .  

ESTIMATIOR OF SPIN AIW RFCGVEEiY CZARACTERISTICS 

Clean  Condition 

Nczmal  loading.- The recovery  characteristics of the  airplane in 
the normti1 loading and clean c.ondition  (flaps, slats, and landing gear 
retracted) w i l l  be aatisfactary.  For the n o m 1  control  configuration 
fo r  spinning  (elevator up, ailerons  neutral, and  rudder f u l l  with the 
spin) the  spin w i l l  be steep  (average angle of at tack between 20' and 
30') and the  ra te  of descent w i l l  be of the order. of 400 fee* per 
second. The spin will probably be oscil latory , i n  r o l l .  and yaw. , 

Recovery w i l l  be satisfactory by rapid full reversal  of the rudder. 
Movement of the elevator dowh before the wader has been campletely 
reversed may retard  recoveries. I t  is tlier-efdre recommended that 
the following recovery  technique be us.&: the  rudder  shodd be f u l l y  
and rapfdly reversed and, approximately 1/2 tu rn   l a te r ,  .tho' s t i ck  
should be moved forward of neutral  keeping 1:. later&llg.neutral .  
Care should  be exercieed,.in the  ensuing  recovery  dive, t o  avoid . 
excessive  acceleratim'.  Although with the elevators full. up the ' 

ailerons will have onlg' l . i t t le  effect ,  i n  general, ailerons  against  
the   sp in   ( s t ick   l e f t  in  a r'ight sp'in) w i l l  Be detrimental t o  recovery 
while a-flerone with the spih will be beneficial. 

wing-tip tanks inetaued.-  Whdn wing-tip P u e l  tanks a re   i n s t aued  
on the airplane, the recovery characterist ics w i l l  remain satisfactory 
when the recommended recovery  technique. is applied,  'although  rudder 
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reversal  alone w i l l  probably not  result i n  astfsfactory recoveries. 
It is probable that the epim w i l l  be smewhat osc i l la tmy in pitch. 
The airplane will probably  not spin when the   a i lerons  are   agaimt 
the   sp in   for   a l l   e leva tor   se t t ings  or *when ' the elevators are d m  * 

and the ailerons neutral. ATLeron-with set t inge 'wil l   affect   recoverfee 
adversely. 

Effect of ma86 var~atfon.-Variat ions in loading of the airplane 
betreen the two load- conditions presented due t o  the e?chauef;ing 

" 

of fuel fram the t i p  tanks w i l l  show chargee in ai leron and elevator 
effect, but recoveries will be satisfactory by normal control manipu- 
lat ion.  If, however, d3fficultJr is encountered durTng'recovery, the  
tanks should be jettieone& and normal recovery prdcedure 'repeated. 

, .  

Effect of center-of-gmvity mov&nt.- ~manent of the center of 
grs.vity of the airplane approximately L5 percent of the mati aer& 
dyaamic chord w i l l  have little effect on the spln and recovery 
characterist ias of the a3rplam.' . . . . .  . .  

, EfPect of elstis.- Te8ts of m o d e l s  w i t h  e i ther . . fuU span 'or wlng- 
t i p  slats have e h h  t h a t   e l a t s  have a slightly  benefi 'cial   effect  on 
recoveries for madele.with values of the 'inertia.yawingaaent para- 
meter similar t o  that for.. the normal' loading .of the.XP-87 but  'that the 
ef fec t  became6 adverse as values of the inert2zi-yamg+mament parmter 
approach that of the XP-87 airplane w i t h  the  t i p  tanka installed. T h e  
slats on the XP-87, however, are  of short  span and located a t  the 
inboard end of the w i n g  (fig:P) where.:thebr e f f e c t  on s p 3 U q  would 
be leas t .  It is therefore   fe l t  that the s l a t e  will have no € L p p m C i & ' b b  
effect on the @pin and recovery character is t ics  of thle &irplane-. ' 

. .  . . .  . . . . _ .  , .  . . 
. , .  - . .  . . '...> . . 

Effect of epee&'.brakes.- Spi&unnel experience shows that the 
spoiler-type w i n g  speed bm.kes,used, on this aid.rpl.ane, will have l i t t l e  
effect  on the spin and recovery  chstFacteri&Lca of the airpiarm. . 

" 

_ .  . . . '  . .. . . . 
. I . .  . 

Inverted epinB.--.Based. 051' the resu l t s  in ref&%& 6 and spin-tunnel 
. .  

experience gained with other models, sakisfactory recovery can be 
eqec ted  f r o m  all- Inverted spins obtained'wfth this .airplane by full 
rudder reversal follawed by atick  neutralization. 

. .  . .  

Landing Condition 

T h e  landing condition'fs  not considered- c r i t i caz  inasmuch as the 
current  specifications usually require air-planes t o  damonatrate sa t i a -  
factory  recoveries  in the landing c'ondltion f r a m  only le%UZ% Wing. 
A t  the end of L turn, the airphne will probab-, stIU. be i n  an 
incipient spin frcan which recoveries are'more readily o'tjtained than 
from fully developed spins. A n  analysis of f'uIL-aca'le and model t e s t e  
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of &.ns airprplanea t o  determine the  effect  of f l a p s  and landing  gear 
indicates that the XP-87 airplane w i l l  recover  aatisfactorily fram a 
1-tu.m spin in the  landing  condition  but that recoveries from 
fully.deveLoped spins in the  landing  condition m y  be uxlflatisfsctory. 
It is recammended therefore that the f laps  be neutralized and recovery 
be attempted immediately upon inadvertently  entering a spin i n  the 
landing c a d i t  ion. 

Control Forces 

The di8CUssiOn of recovery  characteristics so far has been  based 
on control  effectiveness  alone  without  regard to  the  forces  required 
t o  move the  controls.  Sufficient  force must be applied to   the   a i rp lane  
controls t o  move then rapidly i n   t h e  manner indicated t o  obtain the 
estimated  results. 

Estimations of the forces required t o  f i l l y  eeverse the controls 
fo r  recovery  indicate that the  rudder  pedal and elevator  st ick  forces 
w i l l  be of the order of magnitude of 1100 and 500 pounds, rsspectively. 
Both of these  forces  are  appreciably beyond the  capabili t ies of a p i l o t  
(reference 7). It theref i re  appears that in order t o  fully reverse the 
control8  in a spin, t r i m . k b s  ' . o r  some other  suitable bplance. o r  booster 
arrangement m y  be nece.se&ry. 

Ehergencg C r e w  Escape . 

Results of spin-tmmel t ea t s  on approximately 20 models inaicate 
that if necessary t o  escape from an  uncontrollable  spin of t h i s  
airplane which has its cockpit ahead of the  leading edge of the w w ,  
the venture w i l l  be rather hazardous primarily because of the added 
danger of striking the wing a f t e r ,  jumping. T h e  , results  indicate,  
however, that If it i B  necessary t o  Jump, leaving frcrm 'the' outboard: 
side of the cockpit ( l e f t   s ide  in  a r igh t  spin) w i l l  afford the bet te r  
chance for gett ing out safely. ~p view of these rdnults it appears 
that fo r   t h i e  airplane, an, ejection system  might' be desirible.  

b r g e n c y  Spin4ecovery  Parachute Requirements 

T a i l  parachute.- For recovery fram spina by tail parachute  action 
.alone, a 6-foot-diameter  flat-type,parachute with a drag coefficient 
of 0.7 and attached to   the   a i rp lane  with a 3&foof, towline w i s l  be 
satisfactory.  It is reccmmnded that 'a positive  eJection  mechaniw 
be  used t o  throw the  parachute  clear of. the t a i l  and to assure rapid 
opening. The pack and attachment point must be ao located that the 
equipment will not f o u l  the t a i l  surfaces. Reference 8 described 
various pract ical  methods of tail-parachute  installations. ' 
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Wing-tip parachute.-" For rec.overy by wing-tip parachute  actipn 
alone, a 3 .  +fo&diame%er f l ab type  parachute with a drag coefficient 
of 0.7 opened on the  outer wing tip w i l l  be sat isfqctmy.  The length 
of the  towline should be such that the  parachute when fully extended 
just clears   the horizontal tail. It is recamended that the parachufe 
pack be ins ta l led   imide  the  wfng with-a posit i+e ejection  device  to 
throw the parachute clear. 

The spin-recovery  parachute e k e s  indicated a r e  relatively amall I 

for t h i s  s i z e  aTrplme. Tkl.6 is a result of ti.> re la t ive ly  large I 

amount of vertical area below the horizontal tail. 

, .  . . . , '  

The study of the  dimensi&l and mass character is t ics  of the 
CurtissAqright XP-87 afrplane and the analyals of model t e s t  results 
of sinilar airplanes results in  the following conclwions  regarding 
the spin and recovery character is t ics  of the a i r p b n e  a t  a l t i tudes 
up t o  15,000 feet: 

I. For a l l  loadings, recovery by proper control tecbique w i l l  
be satisfactory;  recovery  should be attempted by rapid f u l l  rudder 
reversal  followed, approximataq 1/2. tmn later, by movement of 
t he   s t i ck  forward of neutral  while mainwining it la teral ly  neutral. 
Care should be exercised t o  avoid  excessive  acoeleratfons during 
the recovery. A t  the elctreme fuselage-heavg and. wing-pheavy loadings,  
the spins w i l l  probably be osci l la tory in r o l l  and yaw and in  gitch, 
reapectively. 

f 
2. If a spin i s  inadvertently entered i n  the landing condition, 

the f laps  should be neutralized and recovery attempted inmediately. 

3. The control forces w i l l  probably  be  appreciably beyond the 
capabi l f t ies  of the p i l o t  unless some type of balance or booster I s  
used. The pedal and stick forces w f l l b e  of the order of magrdtude of 
1loo and 500 pounds, respectively, toraveree fullythe controls. 

4. If it is necessary for the crew to abandon the 6pInning 
-airplane, they should attempt escape f r a m  the outboard side of the 
airplane. 1 

t 



5. A &foot tall parachute or  a 3.>foot wing-tip parachute  with 
a drag coefficient of 0.7 w i l l  be a satisfactory emergency spin-recovery 
device for spin desronetrations. 

I 
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. Theodore Beman 
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TABLE I 

10 

. 

Length. over all. ft . . . . . . . . . . . . . . . . . .  65.6 
. Normal weight. lb . . . . . . . . .  .. . . . . . . . .  37. 500 

Itorma1 center-of-avity location. percent F . . . . . .  17.2 

wing: 
Span. ft . . . . . . . . . . . . . . . . .  
Area. eq f’t . . . . . . . . . . . . . . . .  
Section (madif ied T . E . } . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . .  
Mean aerodynamic  chord. in . . . . . . . . . .  
Leading edge E aft leading root chord. i n  . 

Sweepback. 25”prcen.Gchord line. deg . . .  

. . . . .  60.0 . . . . .  600.0 

. . . . .  6.0 . . . . .  0 . . . . .  1.0 . . . . .  128.5 . . . . .  12.3 

Flaps : 
Total  area. sq ft . . . . . . . . . . . . . . . . . .  12.7 
Span. percent b/2 . . . . . . . . . . . . . . . . . .  33.4 

Ailerons : 
Total area a f t  of Unge lim. eq f% . . . . . . . . .  16.8 
Span. percent b/2 . . . . . . . . . . . . . . . . . .  32.0 

Horizontal tall surfaces: 
Total area. eq ft ; . . . . . . . . . . . . . . . . .  135.0 
Span. f t  . . . . . . . .  . . .  - . . . . . . . . . .  24.5 
Elevator area a f t  of hinge line. sq Ft . . . . . . .  39.1 
Distance from normal center of gravity to elevator 

hinge llne. ft . . . . . . . . . . . . . . . . . .  30.2 

Vertical tail surfaces : 
Total mea.  sq f t  . . . . . . . . . . . . . . . . . .  83.0 
Total rudder area a f t  of hinge line. ~q ft . . . . .  21.5 

Tail-damping pmer factor . . . . . . . . . . . . . .  1650 x lod 
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Fig. 1 
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FIGURE 2.- M A S  PARAMETERS FOR LOADINGS POSSIBLE ON THE 
CURTlSs-WRIGHT XP-87 AIRPLANE. (POINTS ARE FOR LOADINGS 
LISTED ON TABLE E.) NAT'oNAL 

COMMITTEE FOR AERONAUTKS 

I 






