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Air Materiel Command, Army A i r  Forcee 

By Joseph ,L. Johnson 

At the request of the A i r  Materiel Command, Army A i r  Forces, an 
investigation of the low-speed, power-off, s t ab i l i t y  and. control 
characterist ics of the McDonnell XP-85 ailplane has been  conducted i n  
the -ley free-flight  tunnel. The results of  the portion of the 
investigation  coneisting of tests of a -scale model t o  study the 

s t ab i l i t y  of the XP-85 when attached t o  the trapeze and during  retracticn 
in to  the B-36 bomb bay are presented  hereln. 
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In the parer-off  condition  the  stability was sat isfactom with all 
-oscillations well dmnped and the nose-reatraining  collar  could  be placed 
In  position  without  difficulty. Iri a simulated power-an condl t ion the' 
model had a conatant-amplitude  rolling and sfdewise  motion and w h e n  the 
c o l l a r  was larered, a violent motion resulted if the collar  struck  the' 
model but failed ta  hold it in the  proper manner. Folding of the wings 
and retraction  into  the bomb bay offered no problem once the airplane 
was properly held by the collar. It i s  recommanded t h a t  ..the  parer  be cub 
immediately after.hooking '311 and that a res t r ic t ing  mechanism be  incorpo- 
r a t ed   i n  the center of the trapeze t o  eliminate the sidewise motion. It 
also  appears  desirable t o  Wve the retract ing procedure  controlled br tk 
XP-85 p i l o t  o r  an observer in  the mother ship t o  insure twt the p-site 
i s  in proper position after hooking up before  bringing  t&.collar a m .  

A n  Investigation of thk loy-speed,  power-off, s t ab i l i t y  and control 
characterist ics of the McDonneII W-85 airplane has been conducted i n  th 
Langley free-flight  tunnel at the  request  af  the A i r  Materiel Gonunand, 
Arrog A i r  Forcee. The firat portion of the investigation consisting of 
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4 prellminsry  force and f l i g h t  tests of a ---scale model WBB reported  in  
1 
5 

reference 1. The aecand portion of the investigation waa -de using a . 
1 

r s c a l e  d e l  t o  determine the  atabil i ty  characterist ics of the W-85 
when. attached to the trapeze for retraction  into  the B-36 bomb bay. The 
results of tests on the =-scale model along with corce-test data from 
reference 1 are  presented  herein. .The f irst  portion of the  inveatigaticn 
wa8 made u i n g   t h e  larger m d e l  b_ecame it would provide more rel iable  
aerodymmic data and would make the f l ight- tes t ing  easier .  The m a l l e r  
model was used f o r  the second portion becauee it permitted the repre- 
s e n ~ t i o n  of the proper  ecaled-dam  weights and moments of inertia not 
poaslble with  the larger model f o r  use in this  tunnel.  

- 1  

The XP-85 is  a jet-propelle&,  parasite fighter designed t o  be carried 
in   the forward bomb bay of the B-36 airplane. I n  the combat area when the 
need for   f ighter   escort .ar is .es ,   the  22-85 f a  lowered from the E-36 on a 
trapeze arrangement and released. When fur ther   f ighter   protect ion  ie  not 
required, the XF-&5 returns t o  the mother ship and is secured t o  the 
trapeze. The w b g s  are then  folded upward and the W-85 ie draw up into 
the bomb bay. 

The present  inveetietion  included t e s t s  t o  determine the s t ab i l i t y  
of  the model when attached t o  the trapeze and  during  retraction  into  the 
bomb bay of the B-36. A l l  t e s t e  were made with  stall-control vanes 
instal led.  The actual  hxk-on of  the flylng model to the trapeze wae not 

of t h i s   I - s w l e  d e l  made r l i gh t   t e s t s  Jmpoaaible with the  existing 

equipment.  For  the reason, s tab i l i ty  i n   f r e e   f l i g h t  could  not be 
investie;ateh f o r  the m.1 a t  the correct  scaled-dam value8  of w e i g h t  and 
moments of iner t ia .  

I investigated  because the high -dng loading and law IIlaximum l i f t   coe f f i c i en t  

10 
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s ning area,  sgmre . .  fee t  . 

C mean aeroaynamic  chord, fee t  

b wing span, fee t  

9 dynamic preseure, pounda per  square foot 

P --air density, slugs per  cubic  foot 

m mass density,   slugs-per cubic f o s t  

CI. re lat ive density f a c t o r  (m/pSb) 

. "  . .  - 

a . angle of .attack of fua?lage . .  center - .  llm; degrees 
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r 

'D drag coefficient (Dr&/qB) . .~ 

'IQ pitchfng-mownt . coefficient  (Pitching  moment/qaF) 

'n yaxing-moment  coefficient (Yawing mament/qSb) 

L . lower  

The inveat5stfon p s  Illade . i n  the Langley fqe-flight tunnel which 
is  designed to teat free-flying dynamic mo&els. A complete  deacription 
of the tunnel and fts operation is given in reference 2. The f o r c e  t e e t s  
to determice the aer-c characteristics  of the d e l  were made on 



the  free-fl ight tunnel six-compo-mnt balance which is described i n  
reference 3 .  .The  balance rotates  with t,he nodel i n  yaw so that all 
forces and moments .are measured with respect t o  the  s tabi l i ty  =ea. 
(See f ig .  1.) The test8 t o  determine  the  behavior of the model upon 
hooking up and during  retraction were made using a -scale m o d e l  of 
the  forward  portfon of the bomb bay of  the B-36 born% which was mounted 
on the cei l ing of the Langley free-f l igh t  t-1 (f€g.2) . A trapeze 
arrangement.  furnished by McDonnell Aircraft  Co,Toration p a  at tached  to  
the bomb bay a d  used as a Support for the model. The nose-restraining 
collar  attachment ehoun i n  figure 2 was lowered t o  clanq! the model i n  
position f o r  retraction  into  the .bomb b ~ v .  

1 

. "  

Model 

The -sc-ale model used In the  inmatigation waa constructed a t  the 1 
1c 

Langley Labor&ory. A three-view drawing o f  the mode1 is  preaented i n  
figure 3 and photographa af the model are shown as figures 4 and 5 .  
Table I gives the  dfmeruional and m&se characterletice of the  full-scale 
airplane and scaled-up  dimensional and -8s characteri.,stics of the model. 
A8 may be ssen from table  .I, the model had approximately  Correct  scaled- 
down values of mass and molaents of iner t ia .  The wing of the model Wa8 
.Conetructed. in two panels with  each panel pivoted a t  the fuselage-wing 
junct.ure. The distance from .the leading edge of the root chord t o  the 
nose for the --acale.zlEodel was l.7P fee t   fu l l - sca le ,  whereas thie 

distance  for  the model of reference 1 was 2.19 f ee t  full-scale. The 
folding .of the -la fron..the n o m 1  flight position t o  a ver t ica l  
posi.tio$ was accompUshed i n  about 10 secands bp means of  8 linkage s y s t a  
and a small, constant  speed, geared-down motor.' Since a small portion of 
the Linkage extended  out  of the #Ing disturbed the flow at  the wing- 
fuelage..  j=mctuFe, i t  was neceasarg t o  fair thi's  proLuberance  with th in  
sheet  .rubber. 

1 
10 

- The -wing had a ,modiff@ Rh& St.. Geneee 35 a i r fo i l   sec t lon .  The 
8UbStitUtiOKl of t h i s  sectlon for that apecified for the full-scale  design 
(WCA 65.1010) m a  in.acc&nce with the  free-flight-tunnel  practice of  

.using ai r fo i l   s ec t ions - tha t  obtain m a x i m m  l f f t  coefficients in the 107- 
scale   tes ts  more  nearly equal t o  those of the  full-,scale designs. The 
t r a i l i ng  edge of t h f 3 . w i n g  was reflexed I O o  t a  trim out the pitching ?nomen5 
oP the. a i r f o i l  due fio the h lgh ._cfber ,  and  the-wing incidence wae set 
a t  O?-%ih 5°. k s h o n t ' a t  the tips.. A l l  tests $ere m a d e .  with the  five-unit 

- - tail arrangenent  and wlth stalL-control vanes added t o  the m a l e 1  wfng at 
h.CW semispan and para l l e l   t o .  the. plane of symmetry. 

9 
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Force teste.-  Force t e s t s  were made to determine the s t a t i c  
s tabi l i ty   chsracter ie t ics  of the model. A l l  force tests were run at  
a dynamic p r e e s m  of 3.0 pounds per square foot, which'corresponds 
t o  a,n airspeed of 34 miles per hour a t  standard sea-Uvel condftiona 
etnd t o  a test Reynolds number of 164,000 baaed on the mean a e r m c  
chord of 0.516 foot. All forces and moments for the Tree-flight-tunnel 
model are referred t o  %he s t ab i l i t y  ax is  origfnatlng a t  the  center-of- 
gravity-position of 26.7-percent of  the mea a8mdymmi.c chord and 
5.3 percent me&.aero-c chord above the thrust line. 

Hook-on and retract ion tests.- Tests were made to study the 
s t ab i l i t y  problems 'aseociated  with hook-on t o  the trapeze, folding of 
the wings, &Cretmction Fnto the bomb bay. The ?mer-& condition 
WB e imht ' ed  in the Langley free-fught  tunnel by sett ing  the  tunnel 
angle to  the  -glide-path angle of the model (-Eo) ao that the m a l  was 
nearly air-'borne a t  the  fa i r ly  high lift coefficient (C, = 9.6) . The 
effect  of cutt ing power was simmted by reducing  the tunnel angle t o  0'. 
These tests were made at a center-of-gravity position of 26.7 percent 
mean aeroaynamic  chord and 5.3 percent mean a e m w l c  chord above the 
thrust  line and at a m c  preesure of 6.8 pomda per q u a r e  foot which 
corresponds t o  an airsgeed of 50 nile8 per ho3w at  standard sea-level 
conditions. 

Force teste.- The results of force tests made t o  determine the longi- 
tudinal stabi l i ty  characterist ics of' the -scale free-flight-tunnel model 
and coxparable data f o r  the L-scale' model of referense 1 are presented i n  
figure 6. Ths pitching-moment  curv0 indicatee that the "-8cal.e model was 

stable up to a l i f t  coefficient of 0.65 at which point the curye breaks 
and becomes matable up t o  the stall. T h l e  break in the pitching-mornent 
curve did not appear in the Lacale-model testa with the  same conffgwatim 
and was probELbly caused bx t 2 e v e q  low scale of the tests and by the large 
fairing  required a t  the  ving-fuselage  juncture. The laxer scale and the 
fa i r ing  probably ale0 cawed the lcwer maxlmum l i f t  coeff ic ient   for  the 
mescale model 58 congared t o  the --scale model. The s t a t i c  margin 1 1 

5 
(-dCddCL) was aboxt 0.08 greater for the --sCale male1 than f o r  the hd 1 

model of reference.1. This  m y  'be part ly  accounted f o r  by the ttlfferent 
wing locations of the twcl models. 

1 
10 

5 -  1 
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Hook-on and retract ion tests.- In the power-on condition the model 
*en .attached t o  t-@ tpzaeze-kd a c o n s k t  amplitude rol l ing and s i d e u i e  
motim as shown in  f igure 8. (See frarrres-0 to 81.) The model moved fran 
side t o  side on the trapeze and the magnitude of the motton was limited 
only by the  width of the trapeze.   Efforts  to  control the motion with 
coordimted  aileron a d  rudder control-pmved t o  be unsuccesefulbecauee 
it m a  very d i f f i cu l t  t o  apply the contmla a t  the proper tim and a t  
times c o n t r o l   d e f l e c t i m  appeared to reinforce the notion. Also, the 
n d d e r  introduced a yawing motion that sometimes aggravated  the  cortdit.ion 

most satisfactory mans of ;ontrolling the motlbs  altlioagh it was 
imposgi,ble to keep . t h e  mc@el~cpn-pletely  steady. With the  sidewise move- 
ment of the model on the  trapeze limited t o  about  an- inch, t h e  model waa 
much steadier and i t  therefore  appears  desirable that eome res t r ic t ing  

held  securely in the  center of the trapeze t o  eliralriate the sideyise 
motion s f t e r  hooking x. 

7 by increasing .the ~ l l i n g  motion.  Ailerons  alone therefore provided  the 

+ 

. nechanisrn be incorporatisd i n  the trapeze t o  Insure that the airplane be 

i 

The violent notim that ansled when the col la r  was brought down w i t h  
the model in the power-on cordition  described above is  shown in figure e ,  
frames 92 t o  230. . Tn t h i s  serie-a of pictures the collar we8 brought down 
bat nissed the  nose. The. nods1 m a  struck, however, and the disturbance 
t h l s  Imparted to the m o d e l  resulted,   in yawing and rol l ing motions of about 
QOO In addition t o  the sidewise movenent on the trapeze. It is eaaily 
seen t h t  such behavior af t3e-full-scale airplane might be highly disas- 
troua for  both the parasi te  and mother a i r p u s .  

The effect of cutt ing power l e  &own in   f igure 9 .  The- figlre B ~ O W B  
t.kLat, as the  tunnel  angle was reduced,  the  oscillation became a m l l e r  
until a t  0' tunnel angle the mcldel was ve-ry steady (frames 0 to 426) . As 
the tqnel angle was reduced, there m a  a c w g e   i n  angle of attack of th 
miel  from a high pmit ive-  angle' t o  a smll. negative  angle  and an accom- 
pmying change in tha  cenker-of-gravity  location r e l a t i v e  to the hook-on 
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point. The difference i n  the   s t sb i l i t y  wi th  parer. on and-power off  waa 
probably  associated  with the change i n  the m o d e l  =@e of  attack.  With' 
the model i n  the power-off a t t i tude ,  no diff icul ty  was encountered i n  
applying the nom clamp t o  the model and the model was very stable  with 
all oscil lations  well  damped. (See f ig .  10 .) From the  results of these 
tests it seem advisable t o  have the   re t ract ing procedure controlled by 
the XP-85 p i lo t   o r  a t  lea& by an olserver in the mother. %hip t o  insure 
that the  parasite is i n  the proper   po~l i t ion  af ter  hooking up before ,.- 

bringing the co-r d m .  

The folding  of the wings and retraction  into  the bomb bay is  sham 
in  figure 10. From t h i s  ,figure it is  seen that the operation  offers no 
par t icular  problem and t h e . . d e l  remained perfectly  stable throughout 
the .whole procedure. 

The followkg  conclusions were drawn fro= the resu l t s  of a free-  
flight-tunnel  inveetigation of the   s tab i l i ty  of a properly  ballaeted. 

10 
A-ecale model of the McDonnell XP-85 airplane when attached t o  the 

trapeze a d  during  retraction  into  the bomb bay of the mother airplane: 

1. In a simulated parer-on  condition the model had. a canstant- 
amplttude rol l lng and sidgtwiee motion on the  tmpeze  that  was limited in  . 
magnitude c d y  by the width df the tmpeze. Lowering the col la r  with t b  
model in the power-on condition  resulted i n  a violent motion if the  col lar  
struck tine model but   fa i led  t o  hold it in  the  proper manner. 

2. In the power-off condition, the model had satisfactory ~tabillty 
wikh all oscil lations w e l l  .dmpd,  and the co l la r  was placed i n  position 
wl-thout diff icul ty .  

3 .  Folding of the wings and re t ract ion  into the b& bay offered m 
part icular  problem once the niodel was properly he.U by the collar.  

The fo l la r ing  recommendatiora f o r  inrproying ths  &ability of the air - 
plane while  an th _trapeze are & d e  on the basis of  the  free-flight-t-1 
tests : 

1. Incorporate a ree t r ic t ing  mechanism  on the trapeze  to elimfnste 
the aidewise motion. 
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2. Cut parer immediately a f t e r  hooking on to the trapeze. 

3.. The re t ract ing procedure should be controlled by the p i lo t  
of the X€"@ o r  okierver-in the mother airplane t o  insure that the 
airplane I s  held securely in the center of the trapeze before the .collar 
1s lowered. 

Langley Memarial Aeronautical Laboratory 
Nat iona l  Advieory Co&t.tee f o r  Aeronautics 

Langley Field, Va . l?7$-:*'kf- Aeronautical Engineer 
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TABLE I 

9 

Weight, 1% -. 
Relative densi ty  factor  

- .  . . . . . . . . . . . . . .  

p, m/pSb . . . . . . . . . . . . .  
Wing: . .  

A r e a ,  sq ft . . . . . . . . . . . .  
Aspect ratio . .  -: . . . . . . . .  
Sweepback, c/4, &-g 
Incidence., deg . . . . . . . . . . . . . .  
Dihedral, deg. . . . . . . . . . . . . . .  
Twer r a t i o  . : ... -. . . . . . . . .  
Washout, deg . . . . .  .- . . . . .  
Location of M .A X. behind leading- 

edge- root chDrd, -ft . . . . . . .  
Root chord, ft . . . .  - . . . . . .  
Distance from nose t o  lead%-edge 

root chord, f t  . . . . . . . . .  
Wing lcading, W/S , ~ b / s q  ft . . . .  

Area, percent wing area (am) . . .  
span, percent wing span (one) . . . .  

Spm, ft . .  i . . . . . .  -..-. . .  
"" . . . . . . . . . .  

. . . . .  
. .  

Mean aerodynakc  chord, f t  . . . .  

Tip Chord, f t  . . - 

Aileron: 

Hinge location. peren! chod . . .  
Nose f l a p :  

Area, percent. ulng area (one) . . .  
span, percent dng span (one) . . .  
Chord. percenf, w i n g  chord . . . . .  

. . .  

. . .  

. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

. . .  . . .  . . .  

. . .  . . .  

. . .  . . .  . . .  

. . .  . . .  . . .  

4777 

29.8 

100 
21 

4.4 
34 
0 

-4 
0 -33 

5 
5.16 

3 
20 

. m. 

2.1 
19.1 
15 

4777 

29 .e 

100 
21 

4.4 
34 
1 

-4 
0 -33 

5 
3.16 

3.45 
7 -15 
2.38 

47.77 
1.78 

3 
20 
Po 

2.1 
19 .I 
15 

NATIONAL ADnsoRY 
C O W T I T 3  FOR AEROXAT3TICS 
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Scaled-up Full-male 

T a i l  : 
Vertical f i n  of upper vee, 

true area, sq ft . . . . . . . . . . .  P.32 8.32. 
Upper VBB o w  (true), sq ft . . . . . .  20.40 20.40 

Rorizontal  pro,!ection, sq f t  . . . . .  14.40 14.40 
Lower vee (true) . eq ft . . . . . . . . .  11.67 11.67 - 

. Horizontal  projection, eq ft . . . . .  8.22 8 . S  -. 

' Design vertical fin, sq ft . . . . . . .  7.15 7 *I5 

Center-of-gravity location, 
percent M.A.C . . . . . . . . . . . . . . .  26.7 26.7 

Distance above thruet line, in .  . . . . . .  3.37 3 -1 
Percent M.A .C . . . . . . . . . . . . . .  0.065 . o .05 

Tail length (distance from L.E, m o t  
chord wing to cf4 root  'chord tail) : 
Upper tails, ft . . . . . . . . . . . . . .  9.53 9.53 " 

Lower t a l  Is, ft . . . . . . . . . . . . .  10.30 10 -30 

, Moments of inertia : 
Ix, slug-ft2 . . . . . . . . . . . . . .  825 925 -. j .  

I ~ ,  slug-ft2 . . . . . . . . . . . . . .  1814 1736 -++ 
Ty , d u g . .  ft2 . . . . . . . . . . . . . . . . .  16% 1485 .- 

. .  - . .  

0 .I19 
0 .153 
0.150 

NATIONAL ADVISORY 
c o m n m  ma AEROHAWICS 



NACA RM No. L7J16 

. 7 



NACA RM No. L'I Jl6 

Figure 2.- 

. 

airplane One-tenth scale model of the McDonnell XP-85 
mounted on trapeze of scale mock-up of forward positiorrof 
B-36 fuselage used for stability investigation in Langley free- 
flight tunnel. 

m- 
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Figure 4 .  - Three-quarter  front view of 1 - scale model of the McDomell XP-85 
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Figure 5. - Threequarter front view of -- scale model of the 1 
10 

McDonnell x P - 8 5  airplane with wings in vertical position tested 
in the Langley free-flight tunnel. 
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Figure 8. - Motion picture record of scale model of McDonnell m- 
XP-85 airplane showing nose clamp attempt with model in power- 
on condition. 32 frames per second. 
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Figure 8. - Contipued. 
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Figure 8. - Concluded. 
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Figure 9.- Motion picture record of -- scale model of the I 
10 

McDonnell XP-85 airplane showing the effect of cutting  power. 
32 frames per second. (Tunnel angle cut progressively from 
-120 to W ,  frames 0 to 426.) 
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Figure 9.- Continued. 
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Figure 9. - Concluded. 
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Figure 10. - Xotion picture  record or' -- scde  =actel of t%e 10 
3fic2onnell airplane showing athcnrient of collar with 
model in power -off condition, foldirg of wings, m d  retraction 
into bomb bay. 32 frarres per second 
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