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FREX-FLIGHT SKIN TEMPERAm AND PRESSURE MEASllREMlZNTS ON 

A SLIGHTLY BLUNTED 25O CONE-CYLINDER-FLARE CONFIGURATION 

TO A MACH NUH6ER OF 9 -89 

By Aleck C. Bond and Charles B. Rumsey 

SUMMARY 

Skin temperatures and surface pressures have been measured on a 
s l ight ly  blunted cone-cylinder-flare configuration t o  a maximum Mach 
number of 9.89 with a rocket-propelled model. The cone had a t o t a l  angle 
of 25O and the f l a r e  had a LO0 half-angle. Temperature data  were obtained 
a t  eight cone locations, four cylinder locations, and seven f l a r e  loca- 
tions; pressures were measured a t  one cone location, one cylinder loca- 
t ion, and three f l a r e  locations. Four stages of propulsion were u t i l i zed  
and a reentry type of t ra jectory was employed i n  which the high-speed 
portion of f l i g h t  was obtained by f i r i n g  the l a s t  two stages during the 
descent of the model from a peak a l t i tude  of 99,400 fee t .  The Reynolds 

6 number i~t peak Mach number was 1.2 X 10 per foot of model length. The 
model length was 6.68 fee t .  During the higher speed portions of f l i g h t ,  
temperature measurements along one element of the  nose cone indicated 
tha t  the boundmy layer was probably laminar, whereas on the opposite 
side of the nose the measurements indicated t rans i t iona l  or turbulent 
flow. Temperature dis t r ibut ions along one meridian of the model showed 
the f l a r e  t o  have the  highest temperatures and the  cylinder generally 
t o  have the lowest. A maximum temperature of 970° F was measured on the 
cGne element showing the t rans i t iona l  or turbulent flow; along the  oppo- 
s i t e  s ide of the model, the maximum temperatures of the  cone, cylinder, 
and f l a r e  were 545O F, 340° F, and 680' F, respectively, a t  the  corre- 
sponding time. 

INTRODUCTION 

A program fo r  the  investigation of aerodynamic heat t ransfer  and 
boundary-layer t ransi t ion on bodies i n  f ree  f l i g h t  a t  supersonic and 
hy-personic speeds i s  being conducted by the Langley Pi lo t less  Aircraf t  
Research Division. Early resu l t s  of t h i s  program have provided measure- 
ments of turbulent heat t ransfer  a t  single points on lo0 total-angle 



conical noses a t  supersonic speeds ( re fs .  L a d  2 )  and more recent resu l t s  
have provided temperature dis t r ibut ions and hence aerodynamic heat trans- 
i'er t o  parabolic bodies and 10' and to-tal-angle cones ( re fs .  4, 4, 
and 5 )  a t  s t i l l  higher supersonic speeds. 

The exploratory hypersonic f l i g h t  t e s t  reported i n  reference 6 
demonstrated the f eas ib i l i t y  of the four-stage vehicle fo r  obtaining 
hy-personic t e s t  speeds and provided valuable information fo r  developing 
f l i g h t  techniques. The present t e s t  u t i l ized  four stages of propulsion 
and provided more extensive instrumentation i n  the t e s t  model. The con- 
figuration of the t e s t  model was a s l ight ly  blunted cone-cylinder-flare 
configuration which was developed from the design of the model of refer-  
ence 5.  h he cone had a t o t a l  angle of 25O and the f l a r e  had a LO0 half- 
angle. ) The purpose of the present t e s t  was t o  investigate the heat 
t ransfer  and nature of the boundary layer over the configuration as well 
as the pressure dis t r ibut ions near and on the f l a r e  a t  hy-personic speeds. 

The f l i g h t  t e s t  was conducted a t  t he  Langley Pi lo t less  Aircraft  
Research Station a t  Wallops Island, Va. A maximum Mach number of 9.89 
was attained and telemetered data  were obtained during the f l i g h t  t o  
approximately 1.5 seconds a f t e r  maximum Mach number was reached. I n  
order t o  expedite t h i s  presentation, no analysis of the  heating data  
nor detailed examination of the pressure data  has been included. 

SYMBOLS 

pressure coefficient,  

Mach number 

pressure 

dynamic pressure 

Reynolds number 

temperature 

time 

velocity 

velocity of sound 
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X Length from zero s t a t i o n  

P densi ty  of a i r  

Subscripts: 

o undisturbed f r e e  stream ahead of model 

w wa l l  

N nose ( X  = 1.73) 

c cylinder ( X  = 58.73) 

1 f l a r e  (X = 61.07) 

2 f l a r e  ( X  = 66.95) 

3 f l a r e  (X  = 73.11) 

MODEL AND INSTRUMENTATION 

Model Configuration 

The model was a body of revolution 6.68 f e e t  long with a blunted 
25' cone nose section,  a cy l indr ica l  midsection, and a lo0 half-angle 
f l a r e  t a i l  sect ion.  Figure 1 i s  a sketch showing per t inen t  d e t a i l s  and 
dimensions of t he  model and f igures  2, 3, and 4 show photographs of t h e  
model. The conical  nose was spun from Inconel sheet  approximately 
0.032 inch th ick.  The blunt  t i p  was machined from Inconel and was welded 
t o  the  nose skin. Detai ls  of t h e  nose t i p  a re  shown i n  t he  sketch of 
f igure  1. The nose was blunted i n  order t o  el iminate melting of the  
sharp t i p  during t h e  high-heating period of the  f l i g h t .  A near ly  f l a t -  
faced blunting was chosen i n  l i e u  of a hemispherical t i p  s ince  t h e  l a rge r  
radius of t h i s  f l a t  type of blunting provides lower heat t r ans f e r  t o  t h e  
nose t i p .  The three  external  channels along the  cy l i nd r i ca l  por t ion of 
t he  body provided cable conduits fram the  telemeter i n  t he  nose t o  t he  
power plugs and antenna a t  the  base of t he  f l a r e .  The channels were 
equally spaced around t he  cylinder and welded t o  it. The cylinder and 
t he  lo0 half-angle f l a r e  sect ion were both ro l led  from 0.032-inch-thick 
Inconel and welded together. The f l a r e  skin  was backed by ba l s a  wood 
t o  aid i n  maintaining t he  conical  shapes. 

Pr io r  t o  assembly, the  nose, cylinder, and f l a r e  sections were 
polished and then heat-treated i n  order t o  es tab l i sh  an oxidized skin 
surface whose emissivity would not change rad ica l ly  as the  sk in  heated 



during t h e  f l i g h t .  The oxide coa'ting +Tas removed from the  forward 

inches of t h e  blunted nose, and t h i s  porbion of the  nose was high-Q 

polished as can be seen i n  t he  photograph ( f i g ,  31, The oxide coating 
was a l so  removed near the  juncture of t he  nose cone and cylinder a t  
assembly of these  sections.  Per t inent  physical  proper t ies  of t he  Inconel 
skin  a re  given i n  f igure  5 which shows curves from reference 7 of con- 
duc t iv i ty ,  spec i f i c  heat ,  and the  emissivity f o r  an oxidized surface as  
functions of temperature. 

Surface roughness of t he  model skin  was measured with a Physic is ts  
Research Company Profilometer. The measured roughnesses, i n  micro- 
inches (rms), were as follows: p r i o r  t o  oxidizing, 3.5 t o  7 on t he  nose 
cone, 10 t o  20 on the  cylinder, and 2 t o  3 on t he  f l a r e ;  a f t e r  oxidizing, 
10 t o  12 on t h e  oxidized nose surface and 2 t o  3 on t he  highly polished 
forward por t ion  of t he  nose. Roughness measurements were not made on 
t he  cylinder and f l a r e  a f t e r  oxidizing. 

Instrumentation 

Twenty-four temperatures, f i v e  pressures, t h e  t h ru s t  acceleration,  
and t he  drag decelera t ion were telemetered from t h e  model during f l i g h t .  
The telemeter was ca r r ied  i n  the  nose sect ion and was protected from t h e  
high nose-skin temperatures reached during the  t e s t  by a rad ia t ion  shie ld .  
The sh ie ld  consisted of a cone ro l led  from 0.032-inch-thick Inconel, 
spaced approximately 114 inch ins ide  t h e  external  nose skin  and supported 
by t h e  so l i d  nose t i p  at  t he  forward end and by a bulkhead a t  t he  r e a r  
of t he  nose sect ion.  

One pressure o r i f i c e  was located near t he  forward end of t he  nose 
section,  another on the  cylinder j u s t  forward of t he  cyl inder-f lare  
junction, and th ree  were located along t he  f l a r e  section,  at t he  s t a t i ons  
indicated i n  f igure  1. A l l  the  o r i f i c e s  were on a longitudinal  l i n e  
along t he  skin  which lay  midway between two of t he  external  channels. 

Twenty-three thermocouples were i n s t a l l ed  on the  skin  of t he  model 
a t  t h e  locat ions  indicated i n  f igure  1, and one was located on t h e  radi-  
a t i on  sh ie ld .  The eleven thermocouples on the  nose skin  were located 
along two longi tudinal  l ines  180' apar t  circumferentially, s ix along t h e  
upper l i n e  and f i ve  a t  nearly duplicate s t a t i ons  along t he  lower l ine .  
The upper l i n e  was located so  tha t ,  with respect  t o  the  cylinder, it lay 
midway between two of the  external  channels (120° from the  l i n e  of t h e  
pressure o r i f i c e s ) .  Along t h i s  upper l ine ,  f i ve  thermocouples were a l so  
located on t he  cylinder and seven on t he  f l a r e .  A l l  thermocouples were 
no. 30 chromel-alumel wire, with each wire of a thermocouple individually 
spot-welded t o  t he  inner surface of t he  skin  approximately 3/16 inch apar t  
circumferential ly.  During t he  f l i g h t  several  thermocouples f a i l e d  t o  



operate o r  gave qui te  e r r a t i c  da ta ,  These therinioeouples a re  so noted 
i n  the  LabLe of f igure  1. The measured thicknesses of the kconel skin 
a t  t he  locations where t h e  thermocouples d i& operate s a t i s f a c t o r i l y  a re  
given i n  taabl-e 7- 

A check of telemetered skin  temperature was made jus t  p r i o r  t o  
launching by determining t h e  temperatures a t  one of the  measurement s t a -  
t ions  by means of a thermocouple taped t o  the  ex te r io r  surface of t h e  
skin.  During f l i g h t ,  th ree  standard voltages and t he  outputs of t ~ a e b e  
thermocouples were commutated on each of two telemeter channels so  t h a t  
each temperature measurement w a s  recorded about f i v e  times per  second. 
The three  standard voltages were chosen equivalent t o  the  lowest temper- 
ature,  the  midrange temperature, and the  highest temperature t h a t  t he  
skin  thermocouples were expected t o  reach. Commutation of those known 
voltages along with the  voltage readings of the  thermocouples provided 
an in - f l igh t  check ca l ib ra t ion  of t he  thermocouple telemetering and 
recording system. 

Other instrumentation consisted of ground-based radar un i t s  f o r  
measuring model veloci ty  and f o r  obtaining t he  pos i t ion  of the  model i n  
space. Velocity da t a  were obtained by means of CW Doppler radar through 
burnout of t h e  second-stage motor (t = 29.5 seconds), and beyond t h i s  
time model ve loc i ty  was obtained by in tegrat ion of telemetered longitudi-  
n a l  accelera t ion and a l so  by di f ferent is ; t ion of the  radar f l ight-path  
da t a  (up t o  f i r i n g  of t he  fourth-stage motor). A modified SGR-584 radar 
tracked the  model u n t i l  j u s t  a f t e r  f i r i n g  of the  fourth-s-tage motor and 
provided s l a n t  range, azimuth, and elevation angle fram which a l t i t ude ,  
horizontal  range, and model f l ight-path angle may be calculated a t  a 
given time. A modified AN/I)PN-~~ radar beacon i n s t a l l ed  i n  the  forward 
end of t he  third-stage motor was used t o  extend t he  range of the  
SCR-584 radar beyond i ts  normal skin  tracking range. After f i r i n g  of 
the  fourth-stage motor, t he  f l ight-path  da t a  were extended by double 
in tegrat ion of t he  telemetered longitudinal-acceleration data .  Atmos- 
pheric da t a  and wind conditions were measured t o  an a l t i t u d e  of 
92,800 f e e t  by means of a radiosonde launched near t he  time of f l i g h t  
and tracked by Rawin s e t  A N / ~ - ~ A .  Since the  measured atmospheric da t a  
agreed very we l l  with standwd atmospheric conditions at the  higher 
a l t i tudes ,  standard conditions were used t o  extend t he  da t a  through the  
peak a l t i t u d e  of t h e  f l i g h t .  

PROPULSION AND TEST TECHNIQUE 

The model and boosters a re  shown on t he  launcher i n  f igure  4. The 
propulsion system consisted of four stages of solid-propellant rocket  
motors. The f i r s t  and second stages were an ~6 Ja to  rocket motor and 
M5 Ja to  rocket motor, respectively.  The t h i r d  s tage was a bundle of 



three  AUL Deacon rocket motors, which burned sfmuLtaneously, and t h e  
four th  s tage was a T-40 Thiokol rocket motor. The three  Deacon motors 
comprising t he  t h i r d  stage were enclosed within a cylindrical.  skin  ro l led  
from l/8-inch magnesiuril sheet ,  and the  T-40 miokol fowth-s tage motor was 
carr ied within the  cy l indr ica l  sect ion of the  model. Locking devices 
between t he  second and t h i rd  stages and between the  t h i r d  s tage and model 
prevented premature separation of these  s tages .  

The times a t  which t he  various stages were programed t o  f i r e  were 
chosen so  as  t o  obtain the  maximum Mach number without exceeding allowable 
skin temperatures and range r e s t r i c t i ons .  The model was launched a t  an 
elevation angle of 70' and t he  f i r s t  two stages were used t o  boost t he  
model and thi rd-s tage rocket motor t o  high a l t i t ude .  A peak a l t i t u d e  
of 99,400 f e e t  was a t ta ined during coasting of the  l a t t e r  two stages,  
and t he  t h i r d  s tage was f i r e d  during t he  reentry of t he  model i n t o  the  
denser atmosphere at a f l ight-path  angle of about -4O t o  t he  hor izontal .  
About 0 .7  second a f t e r  burnout of the  third-stage motor, t h e  four th  s tage 
f i r e d  and b las ted  t he  model f r e e  from the  t h i r d  stage.  The fourth-stage 
motor accelerated t he  model t o  t he  maximum Mach number of 9.89 a t  an 
a l t i t ude  of 89,600 f e e t .  A port ion of t he  reentry type of t r a j ec to ry  
t h a t  t he  model followed as wel l  as  notations of the  various stage f i r i n g  
times are  shown i n  f igure  6. The telemeter s igna l  which had become pro- 
gressively weaker from a time severa l  seconds p r io r  t o  th i rd-s tage f i r i n g  
ended completely 1.5 seconds a f t e r  maximum Mach number was reached. How- 
ever, almost complete time h i s to r i e s  of t h e  da ta  were obtained up t o  t h i s  
time. 

FLIGHT TEST 

The var ia t ion  of veloci ty  and a l t i t u d e  f o r  the  model through peak 
veloci ty  is presented i n  f igure  7. The mode of determination of each of 
these quant i t ies ,  as discussed i n  the  sect ion en t i t l ed  "~nstrumentat ion,"  
i s  a l so  indicated.  Time h i s to r i e s  of t he  free-stream veloci ty  of sound, 
s t a t i c  pressure, temperature, and densi ty  as determined from the  radio- 
sonde measurements f o r  the  model f l i g h t  a re  presented i n  f igure  8. The 
var ia t ion  of f l i g h t  Mach number and Reynolds number per foot  with time 
were obtained from the  data  of f igures  7 and 8 and are  presented i n  
f igures  9 and 10, respectively.  

Skin Temperatures 

Representative curves of the  skin temperatures measured on t h e  nose 
cone, cylinder,  and f l a r e  during the  f l i g h t  are  shown i n  f igure  1 1 t o  
indicate  general  trends and magnitudes t h a t  occurred. The periods of 
skin cooling a f t e r  about 10 seconds and 40 seconds correspond t o  t he  long 



in te rva l s  of coasting f l i g h t  a f t e r  f i r s t - s tage  burnout and. second-stage 
burmoat, respec Lively. The measured temperature da t a  f o r  each stukion 
during t he  periods of strong aerodynamic heating between 24 and 42 seconds 
and bet+~een 9.;" seconds and the  end of Lhe t e s t  are sham i n  f igures  12 
and 13, respectively.  (1n order t o  f ac i l i t a , t e  presentation of t h e  da-ta, 
staggered scales  have been used i n  many of the  f igures .  ) The temperatures 
measured during t h e  f i r s t  i n t e r v a l  on t he  upper- and lower-nose-cone sta- 
t i ons  a re  shown i n  f igures  12(a )  and 12(b),  respectively.  The upper- 
nose-cone measurements indicate  moderate r a t e s  of heating a t  t h e  t h r ee  
forward s ta t ions ,  whereas t h e  temperature rose much more rapidly at t h e  
most rearward s t a t i o n  ( s t a t i o n  14-18). The boundary layer  was apparently 
laminar as f a r  back as  s t a t i o n  9.67 and t r a n s i t i o n a l  o r  turbulent  at  
s t a t i on  14.18. Examination of t h e  measurements along t he  lower thermo- 
couples ( f i g .  12(b))  shows temperatures and heating r a t e s  qu i te  s imi l a r  
t o  those measured at t h e  most rearward upper s ta t ion ,  thus indicat ing 
a more forward t r ans i t i on  on t he  lower s i de  of t h e  cone. A l i k e l y  cause 
of the  asymmetrical boundary layer on t he  nose cone m a y  have been t h e  
nearer proximity of t h e  nose-cone pressure o r i f i c e  t o  t h e  lower thermo- 
couple l i ne .  

The temperatures measured along t he  cylinder from 24 t o  42 seconds 
a r e  shown i n  f i gu re  12(c ) .  The heating of t he  cylinder was moderate i n  
comparison with t he  cone h e a t h g ,  and the  da ta  i n  general shuw progres- 
s ive ly  higher heating i n  moving toward t he  rea r  of t he  cylinder.  Fig- 
ures 12(d) and 12(e) show t h e  measured f l a r e  temperatures f o r  t he  time 
i n t e r v a l  between 24 and 42 seconds. The temperatures and heating r a t e s  
were very similar at a l l  t he  f l a r e  s t a t i ons .  The temperatures on t h e  
f l a r e  eventually reached higher values during t h i s  i n t e rva l  than d id  t he  
ho t t e s t  of t h e  nose-cone s ta t ions ,  bu t  t he  peak r a t e  of heating on t h e  
f l a r e  w a s  l e s s  than t h a t  on t he  nose cone. 

Time h i s t o r i e s  of t h e  measured temperatures f o r  the  time i n t e r v a l  
between 92 seconds and the  end of t he  t e s t  a re  shown i n  f igure  13. As 
previously noted, the  telemeter s i gna l  had begun t o  ge t  progressively 
weaker severa l  seconds p r io r  t o  third-stage f i r i n g .  For t h i s  reason, 
there  is  somewhat more s c a t t e r  i n  t he  temperature da t a  than a t  t h e  e a r l i e r  
times, and f o r  severa l  shor t  in te rva l s  no temperature values could be 
obtained. The upper- and lower-nose-cone temperatures a r e  p lo t ted  i n  f i g -  
ures 13(a) and 13(b), respectively.  'These da t a  c l ea r ly  show a much lower 
r a t e  of heat t r ans f e r  along t he  upper thermocouple l i n e  than along t he  
lower l i n e  and ind ica te  t h a t  t he  boundary layer was probably laminar at  
a l l  measurement s t a t i ons  on t he  upper l i n e  and t r a n s i t i o n a l  or  turbulent  
along t h e  lower l i ne .  Figures l 3 ( c )  and 13 (a) show the  temperatures 
measured along the  cylinder and f l a r e ,  respectively.  A t  t he  cylinder 
s ta t ions ,  the  temperatures were' s imilar  and the  heating r a t e s  were low.  
On the  f l a r e ,  t he  heating r a t e s  generally increased s l i g h t l y  with d i s -  
tance from t h e  cylinder-flare juncture. Reduction of t h e  da t a  t o  l o c a l  
Stanton number w i l l  be necessary t o  determine whether the  f l a r e  heating 
was of t he  laminar or turbulent  level .  
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In  s p i t e  of t he  f a c t  t h a t  t he  thermocouples along ihe Lower l i n e  of 
the  nose cone did not function as  Long as some of t he  other thelmocouples, 
the  niaxiinum measured temperature on the  model was obtained a t  s t a t i o n  13-94 
on the  lower thermocoupLe Line a t  a time of 104 -6 seconds. Thl; s maximum 
temperature was 970' F, whereas, along the  opposite s i de  of the  model, 
t h e  maximum temperatures of the  cone, cylinder, and f l a r e  were 5 4 5 O  F, 
340' F, and 680' F, respectively,  a t  t he  corresponding time. 

I n  f igure  14, temperature d i s t r ibu t ions  f o r  the  times when t h e  f l i g h t  
Mach number was 6.0, 9.2, and 9.89 are  presented from the  da t a  of f i g -  
ure 13 i n  order t o  show the  r e l a t i v e  heating over t h e  model length. The 
temperatures along t he  cylinder were generally the  lowest i n  a l l  cases 
and the  f l a r e  temperatures were of higher magnitude than any- of the  
measurements made along the  upper thermocouple l ine .  The higher heating 
experienced along the  lower nose thermocouple l i ne  ( indicated by t he  
shaded t e s t  i s  very c lea r ly  i l l u s t r a t e d  by t h i s  p l o t .  Measure- 
ments a t  the  lower cone s t a t i ons  were obtained a t  three  s ta t ions  only a t  
a time of 103.5 seconds (M = 9 .2)  and indicate  a maximum temperature 
of 955' F a t  the most rearward s t a t i on  as compared with the  maximum upper- 
nose-cone temperature of 474.0 F and maximum f l a r e  temperature of 5 8 5 O  F 
a t  t h a t  time. 

Pressure Coefficients 

The measured pressures on the  nose, cylinder, and f l a r e  were reduced 
t o  pressure coeff ic ients  and t he  da ta  a re  presented as  a function of Mach 
number i n  f igures  13 and 16. I n  f igure  15 the  da ta  f o r  the  lower speed 
range (up t o  M = 4.67) were obtained during f i v e  separate speed in te rva l s  
resu l t ing  from the  a l t e rna t e  f i r i n g  and coasting of the  various booster 
s tages .  These in te rva l s  a re  indicated by d i f f e r en t  t e s t  points i n  t h e  
f igure .  The data  fo r  a l l  these various in te rva l s ,  i n  general, show 
r ea~ona~b ly  good agreement. The da ta  representing the  i n t e rva l  of coasting 
of t h e  l a s t  two stages and then the  subsequent f i r i n g  of the  t h i r d  s tage 
show more disagreement with t he  trends established by the  p r io r  in te rva l s .  
These da ta  a r e  of l e s s  accuracy than those of t h e  p r io r  in te rva l s  since, 
owing t o  t he  high a l t i tudes ,  t he  measured pressure values are  i n  t h e  lower 
p a r t  of the fu l l - sca le  range of the  pressure instrumentation. The e r r a t i c  
nature of da t a  obtained mostly a t  the  ear ly  pa r t  of t he  f i r i n g  of the  
t h i r d  stage i s  believed t o  have been caused by angle-of-attack e f f ec t s ,  
due possibly t o  some s l i g h t  asymmetric t h ru s t  resu l t ing  from the  t r i p l e  
rocket arrangement of the  t h i rd  stage.  

The pressure-coefficient  da ta  fo r  the  higher speed port ion of t he  
f l i g h t  were obtained during the  f i r i n g  of the  susta iner  motor i n  t he  
model and a r e  shown i n  f igure  16. These data  de f in i t e ly  show t h a t  the  
model was disturbed from i t s  f l i g h t  path as it blas ted away from the  
t h i r d  sta,ge booster, and t h i s  disturbance caused the  model t o  o s c i l l a t e  



during p a r t  of i t s  powered f l i g h t .  A mean l i n e  f a i r i n g  of t h e  pressure  
o sc i l l a t i ons  w i l l  produce a smooth curve which should represent near- 
z e ro - l i f t  pressure coef f ic ien t s  f o r  the  various measurement locat ions ,  

I n  f igures  l5(a) and 16(a) the  measured nose pressure coe f f i c i en t s  
a re  compared with t he  t heo re t i c a l  sharp cone pressure coef f ic ien t s  of 
reference 8. In general,  t h e  measured da t a  a re  somewhat lower than  t h e  
theory i n  the  lower speed range and of s l i g h t l y  higher magnitude i n  t h e  
higher speed range. This behavior of t he  measured nose pressure coef- 
f i c i e n t s  indicates  t h a t  t he  pressure o r i f i c e  was i n  the  region of expan- 
s ion following t he  rapid compression caused by t he  blunted nose. The 
pressure-dis t r ibut ion da t a  of reference 9, which a re  f o r  a spher ica l ly  
tipped cone, show t h a t  t he  overexpansion t o  values below t h e  conical  
values diminishes as t h e  Mach number is  increased t o  3.1. The present  
da t a  ind ica te  t h e  same trend, and, i n  t he  speed range from M = 2.8 
t o  3.4, t he  measured da t a  agree qu i te  wel l  with cone theory. The con- 
f igura t ion  of reference 10 i s  more s imilar  t o  t he  nose configuration 
employed on t h e  t e s t  vehicle; however, pressure da t a  reported i n  t h i s  
reference a r e  only f o r  a Mach number of 6.85. The pressure-dis t r ibut ion 
da t a  of reference 10 show t h a t  higher than t heo re t i c a l  cone pressures 
were obtained on a blunted 20° cone a t  distances up t o  2 bluntness diam- 
e t e r s  back from the  nose t i p .  I n  view of these da t a  and s ince  t h e  nose- 
pressure o r i f i c e  was located a t  l e s s  than 1 bluntness diameter from t h e  
nose t i p ,  it i s  evident t h a t  t he  nose-cone pressure o r i f i c e  was i n  t h e  
high-pressure expansion region during the  higher speed por t ion of f l i g h t .  

In f igure  17 the  nose-pressure da ta  f o r  the  port ion of f l i g h t  
beginning with t h e  ign i t ion  of t he  t h i r d  s tage through t he  burnout of 
the  motor i n  the  model are  replot ted as a function of time. The Mach 
number range covered during t h i s  time is  a lso  replot ted i n  t h i s  f igure .  
The port ion from 94 seconds t o  97.8 represents f l i g h t  with t he  t h i r d  
s tage and the  e r r a t i c  nature of t he  nose pressure coeff ic ient  i n  t h i s  
s tage suggests t he  pos s ib i l i t y  of asymmetric t h ru s t  which w a s  mentioned 
previously. Fi r ing of the  motor i n  the  model a t  97.8 seconds produced 
a disturbance t ha t  resul ted i n  a uniform osc i l l a t i on  which damped i n  
about 3 seconds, thus indicat ing t h a t  the  dynamic s t a b i l i t y  of t h e  model 
was adequate i n  i t s  f l i g h t  at t he  average a l t i t ude  of 96,000 f e e t .  

CONCLUDING RESIARKS 

A . s l igh t ly  blunted cone -cylinder-f l a r e  configuration has been f l i g h t  
t es ted  by means of the  rocket-model technique t o  a maximum Mach number 
of 9.89. The cone had a t o t a l  angle of 25O and the  f l a r e  had a 10' ha l f -  
angle. A reentry  type of t ra jec tory  was employed i n  which t he  high-speed 
port ion of f l i g h t  was obtained during the  descent of t he  model from a 
peak a l t i t u d e  of 99,400 f e e t .  A r e l a t i ve ly  large quantity of telemetered 



Lnf ormati-on was obtained on the  conf igura,tion, i-ncluding nineteen skin  
temperatures and f t v e  pressures, u n t i l  1.5 seconds a f t e r  maximum Mach 
number. 

During t h e  higher speed port ion of f l i g h t ,  temperature measurements 
along one element of t he  nose cone indicated t h a t  t he  boundary layer  was 
probably laminar, whereas on the  opposite s ide  of t h e  nose t he  measure- 
ments indicated t r ans i t i ona l  o r  turbulent  flow. Temperature d i s t r ibu t ions  
along one meridian of t he  model showed t h e  f l a r e  t o  have t he  highest  tem-  
peratures  and t h e  cylinder generally t o  have t he  lowest. On the  f l a r e ,  
t h e  heating r a t e s  generally increased with distance from the  f l a r e -  
cyJinder juncture. 

Langley Aeronautic a 1  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field,  Va., January 31, 1937. 
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TABLE I 

S K I N  THICKNESS A T  TRERIVIOCOUPLE: STATIONS 
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Figure 4. - Model and boosters on launcher. L-94566 
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Figure 10 . -  Var ia t ion  of Reynolds nurrber per f o o t  w i t h  t i m e  f o r  the 
t e s t  vehic le .  
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Figure 14.- Temperature distribution during high-speed por t ion  of f l i g h t .  
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