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€$y Roscoe H. Goodwin 

The aerodynamic  properties of a m c d e l  of a jettisonable nose 
section w i t h  a circular  cross  section w e r e  determined at low speed 
from an investigation in the Langley 20-foot  free-sp-  tunnel. 
Force and mment measurements were made of the nose section in vazioue 
positions  removed fram the Rzeelage and in a position  airmzlating  its 
final condition of free fa= (not under the influence of the fuselage). 
For  each  location of the nose, t h e  m e a s u r e m e n t s  were made with and with- 
out stabilizing f ina attached. 

The  results of the investigation  indicated  that  the  aerodynamic 
characteristics  of  the  nose  were  greatly  affected by proximity  to  the 
fuselage. It appears  that  stabilizing 8 noae may be  necessary  to  prevent 
it  from  turning  to  about goo angle of attack,  where seatly increased 
drag  would cause high accelerations on a pilot within the  nose. The' 
results &SO indicated that, even  for a stabilized nobe, it W be 
ne'cessary to eject  the  nose  forward  forcibly in order t o  prevent  high 
accelerations along the  backbone of the  pilot. 

The  National  Advisory Committee for Aeronautic8 is conducting 
a general.investigation of methods of safe pi lo t  escape From high-speed 
aircraft. One method that has been  proposed  is tp jettimn-the nose of 
the airplane at a break-off station mediately rearward  of the pilot. 
It  is  planned  that  &ter the nose laas been jettisoned and its speed 
has decreased, the pilot will leave the nose section and descend with 
his  parachute. 
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The  results  of  recent  experimental  investigations  (references 1, 
2, and 3). have  indicated  generally similar behavior  for  dynamically 
scaled-down  models of airplane  jettisonable  nose  sections  at  low 
speeds and at  low-supersonic  speeds.  The  results  of  these  investi- 
gations  have  indicated  that a jettisonable  nose  section  without 
stabilizhg fins tends  to  turn  practically 900 to the wind  but  that if 
stabilizhg fins a r e  used t h e  nose can be  made to continue in a nose- 
first  flight  attitude. Furthermore, it  appearg that & pilot  withFn an 
unstable  jettisonable  nose may be  subjected  to high accelerations 
due  primarily  to  the  increased  profile  drag  of  the  nose. On the 
basis  ef  results  obtained  from  tests of a dynamic  model  of a nose 
section  dropped  freely  from a fixed  portion of the reminder of the 
model  (reference !2), it a l s o  was  indicated  that  even a stabilized 
nose may have  to  be  forcibly  ejected  forward.  The  forcible  ejection 
may be  necessary in order  to  prevent lwge negative  longitudinal 
accelerations on t he  pilot,  which m y  occur if the nose is mereb. 
released  and  allowed  to  drop  directly  down  from the fuselage. The 
results have Fndicated  almilaz  behavior  for rime aections generally 
circular In cross  section w i t h  etnd without canopy protuberances. The 
present  low-speed  inveetigatian m a  m d e  in the I.a.ngley 20-foot 
free-spinning tunnel in an attempt to obtain some indications of t h e  
aerodynamic characteristics  which may affect  the  path asd motion  of 
a nose section  during and after separation  from the fueelage. 

For  the  investigation, a model  of a jettisonable  nose  such as may 
be  used on a transonic  airplane  design  was  used.  Force  and  moment 
measurements  were  made  uith and without  stabilizing fins attached  to 
the  nose  with  the  no8e  at  various  positions  forward  and  below  the 
remaining  portion  of  the  fuselage in an attempt  to  include  the  path 
the  no&  would  follow  if  jettisoned  at  various  airspeeds  with  various 
ejection  forces. The tests  were  made for both 0' and 5' angle  of 
attack. To obtain  information  as to the  behavior  of the nose  when 
no longer  under  the  aerodynamic  influence of the fuselage,  force and ' 

moment  tests  were  made on the  isolated  nose  with a& without  fins  for 
angles of attack  from Oo to 180'. 

SYMBOLS 

a angle of attack;-  degrees 

L lift, pound8 

D -g, P O d B  

M pitching  moment  about center of g m v i t g  
1 data a r e  presented  about stability  axes 

of nose, foot-pounds 
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dpamic pressure, pounds per s q w e  foot be; 5.68 1B/8¶ ft 
for these tests 1 ( 2  

air density, slugs per  cubic  foot 

wing area (14.3 sq ft, scaled d m  from a representative 
transonic airplane design) 

velocity,  feet per second 

m e a n  aerodynamic  chord (2.08 ft, scaled dam from a representative 
transon~c airplane deaign) 

# 

drag coefficient ( D / ~ s )  

l u t  coefficient (L/QS) 

pitching-moment  coefficient (M/qSE) 

dlameter of the  fuselage at the break-off s t a t ion ,  feet 

forward separation of n o m  section from fueelage, fee t  

downmzd separation of' nose section fk-01~1 fuselage, feet 

weight,. pounds 

A l l  tests were made on a d e l  of a jettisonable nose section with 
a circular  cross  section.  For  the  tests  which simulated the nom 
section Fn the vicinity of the fuselage, a portion of a circular 
fuselage inmediately rearwazd of t h e  noee was also used. The lnodel 
wed represented approximate- L - s c d e  versions of corresponding 

component parts of a possible transonic airyhne design. Phobgraphe of 
t h e  model munted for testing m e  shown in figures 1 and 2. The model 
was made of h n c h  balm planldng over. hardwood bulkheads and stringers : 

The finished d e l  was covered with tissue paper doped to achieve 
a ~mooth surface. A d r a w i n g  of the mee and fuselage ahowing t he  method. 
of mountFng t h e m  for  tests  is presented in ffgure 3. 

3 -5 

2 
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As indicated  in..figure -3, a atrain-gage  bala;nce was supported  on t h e  
end.of an armprojecting  from  the fuselage model and was cmpletely 
enclosed  within t h e  nose section.  Provision was d e  for altering  the 
length of the supporting arms so as tg obtain various  orientatione of 
t h e  nose in front of..- below the fuselage. A photograph  of the six- 
component  strain-gage bahnce ueed to  meaiure the forces and moment0 
is shown a0 figure 4. 

WFnd Tunnel and Tests 

The Langley 20-foot free-spinning tunnel used for  this  inveetigatim 
is a vertical wind tunnel of t h e  anndar return  type and is capable of 
attaining  speeds  of approximately 100 feet  per s e c d  at the working 
section. The working  section is dodecagonal in cross  section  with 
20 feet  between  opposite  sides. 

Lift,  drag, and pitching-moment  measurements  of  the  nose  section 
were made with and. without  stabilizihg  fins  with t h e  nose at various 
positions forwmd,of and below t h e  fhelage for angles of attack 
of Oo and 5'. For the& measurements,  the  fuselage M a  set  at the 
aame angle of attack a0 was t h e  nose. For most of the  measurements 
on the finned configuration,  the fins were in horfzontal and  vertical 
planes  through the nose section, a s  shown in figure 2. For R f e w  of 
the tests, the fins were displaced 45O f r o m  these planes. L i f t ,  drag> 
and pitching-moment  measurements  were made of t h e  isolated nom with 
and without  fins  for an aagle-of-attack range  of Oo to 1800. 

PRECISION 

Several rum were repeated In order to  obtain an Fndication  of  the 
precision of'the measured results. The-maxirmun difference between results 
f o r  the original and repated 11~~18 m a  : 

CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0026 
c ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0025 c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0006 

The.tunnel-wall  effects were coneidered  negligible  because of the 
small s i z e  of the model relative to the  tunnel. 
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In the presentation of the results of the force and mmmt measure-' 
ments of the nom section in the v ic ln iQ  of the fuelage, the position 
of the nose i e  defined in terme of the nandimeneional parameters X/d 
asd Z/d. The data obtained a t  00 and 50 asgles of attack for the finned 

nose section when d f rec t l y  ahead of the airplane ( f  = O) are presented 

as plots of the coefficients a g a a t  f0-d separation (x/d) in fig- 
ures 5 && 6 .  It can be seen .-om these figures that there was 
negligible difference between t h e  results obtained w i t h  t h e  fins in 
horizontal  and vert ical  planes through the nose section asd the results 
obtained  with the fine d i s p ~ c e d  45O from these planes. merefore,  for 
the reminder of the testis of the fircned nose in the vicinity of the 
m e a g e ,  ' *e f& were mounted o w  in the horizon- and vertical p a s .  

The force and moment data obtained with the d e l  durlng the t e s t s  - Fn which the nose was separated both forward azld below the  fuselage eLFe 
presented aa plots of cL, %, e ~ d  % agawt forward sepazation x/& 
f o r  various dowmaxd separations ana also as plots of these coeffi- 
cients  against doxn~ard separation z/d f o r  various f0rwaz-d aepara- 
tions. The CL data are presented in   f igures  7 t o  10; the CD data, 
in figures II t o  14; and the data, in  fi,pres 15 t o  18. From 
these graphs,  contour plots of the data were made to provide a con- 
venient over-all  picture showing the effects of the fuselage on the 

relative  to  the  fuselage. These contour plots are shown in  figures 19 
to 24. As prevlously  inafcated, the aerodynamic characteristics of the 
isolated nose with and. without ffne were determined for angles of attack 
from 00 t o  1800. These data are presented as plots of the coefficients 
against angle of attack i n  figures 25 and 26. 

- 

- aerodynamic properties of the nose section when fn various posit ions 

From examination of the C,. contour p lo ts  f o r  a of 0' and 5O 
(figs.  24(a) and 24(b)), it can be seen that f o r  any position of  the 
unfinned nose in  the  vicinity of the  fuselage the variation of C, 
against a has an unstable  slope. As indicated in  figure 26, the 
unfinned  nose out of the influence of the  fuselage will likely trim 
at approximately goo angle of attack, which i s  in agreement with data 
obtained from the  previous  investigations with dynamic models (ref- 
erences 1, 2, and 3 ) .  The results  in  references 2 and 3 indicate the 

due to the  attitude and increased  drag of the nose.  Reference 4 indicates 
d possibility of large  negative  accelerations along the p i lo t ' s  backbone 

,""- - 
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the possible danger of such large  negative  accelerations,  although it 
has been indicated that recent  experience by the A i r  Force points to the 
poss ib i l i ty  that man's tolerance  of  negative  acceleration may be greater 
than  the limits shown i n  reference 4. If the  large  accelerations  are 
considered  dangerous, it may be necessary t o  use  s tabi l iz ing  f ins  on the 
nose sections. 

Based on the data obtained in  the  present  investigation,  preliminary 
calculations of posaible p a t h  of the  finned nose section  jett isoned with- 
out forcible  ejection have been made. These calculations have indicatea 
that the nose would s l ide  downward from the  fuselage through the  region 
of high  negative l i f t  shown in   the  CL contour plots   ( f igs .  19 and 20). 
This  high-lift  region w i l l  impose large  accelerations on the  pi lot  along 
his backbone. A s  as example,  assume that a nose section, with f i n s  
attached, weighing 800 pounds were jetti.soned by an  airplane  flying 
650 fee t  per second a t  sea level.  From figure lg(a) ,  the nose will be 
seen t o  pass  through 8 region near - = 0.6 and 5 = 0 where the lift 

coefficient will be  approximately -0.08. The acceleration a i n  g ' s  
due t o  l i f t  can be calculated fYom the relation: 

Z 
d d 

W s  result i s  i n  agreement with the r e su l t s  from an investigation w i t h  
emall dynamic models (reference 2). If the  large  negative  acceleration 
is  considered dangerbus t o  a p i l o t ,  it may be necessary to  eliminate it 
by forcibly  e ject ing the nose forward of the remainder opthe  a i rplane.  

ejected it may enter  regions where the aerodynamic influence of the 
fuselage w i l l  came increases in the .lift and drag' forces on the nose, 
and these Fncreased forces may tend to prevent contFnued B e p a t i o n  . 
between the two bodies. hther fac tor  which may be adverae to continued 
separation w a ~ l  no" i n  t he  results'of the qerimental investigation 
of reference 5 ,  wherein ehieldbg by the nose d u r a  the inltial phase 
of s e p a t i o n  prevented  rapid  deceleration of the rear  body. In 
t h i s  reference, however, it was sham that for a given  design, mf f i c i en t  
force could be appl ied  to  allow f o r  continued separation. 

The % and CD ~ O n t o ~ r   c h a r t s  that when a nose LE forcibly 

" 

L 



From examinatfon of the CM contour plots f o r  a of Oo and 5O 
( f i g s .  23(a) and (b) ) t  it can be seen that for m y  position of the finned 
nose in the vicini- of the fuelage the variation of C& againat a 
has a stable  slope and indicates some poEitiV0 or negative t r im angle. 
Inasmuch as the data f o r  the isolated nom (fig.  26) indicate a b?im 
angle of Oo, it appeazs that the proximftg of t h e  fuselage had a n  
effect on the s t a t i c  trim point af the  nose. -vert t h i s  ie not 
considered to be of ser ious  consequence as regards the problem of 
successful p i l o t  eecape by nose jettieoning became forcible forward 
ejection would undoubtedly move the nose rapidly forward of the 
region where the fuselage would appreciably  influence the tr im 
angles of the nose i n  a manner similar tm that inciicated in  
reference 5. 

The results of a low-speed fnvestigation in the Langley 20-foot 
free-spinning  tunnel  indfcated that the-aerodynamic characteristics ,of 
a jettisonable nose eection me affected by proximity to  the fuselage. 
It appears that it may be necessary t o  stabil ize a aoee t o  prevent it 
From turning to about 90' angle of attack, where increased drag would 
cause high accelerations on a pilot  within the nwe. The results a l s o  
indicate that, even f o r  a atabilized noset it may be necessarjr to   e ject  
the nose forward forcibly in  order t o  prevent high accelerations along 
the backbone of the pilot .  

Langley Aeronautical  Laboratory 
National gv iaory  C o r m i t t e e  for'leranautice 

Langley Air Force Base, Va. 
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Figure 1.- Assembly used to obtain force and moment measurements of 
the --scale nose eection in the  vicinity of the fuselage. 

Nose shown without 
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Figure 2.- Assembly used to obtain  force and moment measurements  of 
the  -scale  nose  section in   the  vicinity of the fuselage. 

Nose shown with  stabil izing fins. a = 5'. 
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Figure 3.-  Slretch of the  model of tha partial fueelage and jettisonable noee section ueea in 
the investigation. 
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Figure 4.- Six-component strain-gage  balance ueed t o  o b t d n  force and moment mea-nts of the 

. .  
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Fins in horizontal an8 vertical planee 

Fins displaoed 45' from horizontal and vert ioal  planee 

Figure 6.  - Comparison of CD against X/d with f in8 i n  alternate 

locations. - - - 0. 
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Figbre 

b 0.598 

h 0.865 

n 1.129 

0 ./ .2 .5 .6 

7. - Varigtion of % with X/d fo r  various Z/dl s at a = Oo 
fo r  model with and without fins. 
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Figure 8.- Variat ion of CL with Z / d  for various X/dls 
for model with and without lins. 
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*/a 
0 0.0166 

0.066 

0 0.166 
A 0.265 

0.365 
O. l r65  

0 0.564 

at oL = 0' 
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Figure 9. - Variation of CL with X/d  for various Z/dt s at a = 5O 
far model with and without fFns. 
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x/a 
0 0.0166 
0 0.d6 
0 0.166 

A 0.265 

FA 0.365 

n 0." 

a 0.564 

0 .4 -6 .8 /. 2 
% 

Figure 10. - Variation of Ci d t h  Z/d- f o r  va&ous X/df s st a = 5' 
for model with and without, f ins .  
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Figure 11. - Variation of CD with X/d for  various Z/df s at  a = Oo 
for model with and without fins. 
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=D .69 

0 
0 .4 .8 

X/& 

o 0.0166 

0 0.066 

0 0.166 
A 0.265 

b 0.365 
b 0.465 

n 0 . W  

Figure 12. - Variation of CD with Z/d f o r  various X/dl 8 at a = 0" 
for model with and without fins. 
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Figure 13.. - VaF-iatiop of, CD with X/d for various Z/d's 
for model with and without fins. 
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X/& 

0 0.0166 
0.066 

0 0.166 
A 0.265 

h 0.365 

h 0.u5 
0 0.564 

Figure 14. - Variatfon Of CD with Z/d for var'ious X/d'8 at a = 5O 
for  model with and without f in s .  
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Figure 15. - Variation of CM with X / d  f o r  various Z/d '  s at ct = 0' 
for model with and without fins. 



.gure 16. - Variation of C# with z/a f o r  v a r i o u ~  X/df 8 

for model with and without f ine .  

x/a 
0 0.0166 
U 0.066 
0 0.166 
A 0.265 

b 0.365 
n 0.465 
n 0.56C 

st a = OO 
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* Figure 17. - Variat ion of .CM with X/d for various Z/dr 8 at a = 5' 
for model with and without fins. 



30 NACA RM LgJ13 

cM 

.om 

.m 

.096 

.m4 

.002 

x/d 
0 0.0166 

0 0.066 

0 0.166 

A 0.265 

4 0.365 
0.465 

n 0.564 

Figure 18.- Variation of  CM with Z / d  for various X/dg s at a = 5' 
for model with and without f ins .  
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(a) ci = oO. (b) a = 5O. 

Figure 20.- Contour plot of CL; no fine on nose. 
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(a) a - O . 0 (b) a = 5'. 

Figure 21.- Contour plot of CD; fins inatalled on none. 
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(a) a = o . 0 
(b) u = 5 . 0 

Figure 22.- Contour p l o t  of Q; no f i n a  on noae. 
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(a) a = 00. (a) a m 5 0 

Figure 23.- Contour plot of CM; f ine  installed on nose. 
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(a) 0: = 00. 

O y "  02 a3 a4 a5 I 

Figure 24. - Contour p lo t  of CM; no fins on noBe. 
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Figure 25.- Variation of CL and CD with a for isolated nose with 
and without f ins .  
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