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CORRELATION GRAPHS FOR SUPERSONIC FLOW AROUND 

RIGHT CIRCULAR CONES AT ZEBO YAW I N  AIR 

A S  A PERFECT GAS 

By Mitchel H. Bertram 
Langley Research Center 

SUMMARY 

Concise accurate graphs of cone flow proper t ies  a t  zero yaw i n  air  as a 
per fec t  gas are presented i n  cor re la t ion  form. 
density,  temperature, shock angle, and Mach number may be obtained both at  the  
cone surface and immediately behind the shock, f o r  free-stream Mach numbers 
from t h a t  for shock detachment t o  t h a t  approaching i n f i n i t y  and f o r  cone s e m i -  
apex angles up t o  50°. 
i s  given f o r  the  same range of conditions. 

From these  graphs the  pressure, 

I n  addi t ion,  the i n i t i a l  slope of the normal-force curve 

INTRODUCTION 

Knowledge of t h e  flow about f l a t  p l a t e s  and cones i n  supersonic flow i s  
bas ic  t o  understanding t h e  flow about more complex shapes as w e l l  a s  being 
important f o r  i t s  own sake. I n  reference 1 generalized co r re l a t ion  parameters 
w e r e  found t o  be usefu l  t oo l s  f o r  constructing concise accurate graphs describing 
t h e  two-dimensional oblique shock. For t h e  conical shock no r e a l l y  sa t i s f ac to ry  
graphs f o r  a i r  e x i s t .  For example, the graphs of reference 2 extend only t o  a 
Mach number of 4 and those of reference 3 cannot be read accurately a t  low cone 
angles and high Mach numbers. There a re  tabular  r e s u l t s  f o r  cones ava i lab le  i n  
references 4 and 5 .  I n  t h e  present paper these t abu la r  r e s u l t s  have been p lo t -  
t ed  i n  cor re la t ion  form t o  provide accurate r ead i ly  used graphs f o r  the  inv isc id  
flow about cones a t  zero yaw i n  a i r .  These char t s  allow both accurate interpo-  
l a t i o n  and extrapolation. 
wherever possible  t h e  e n t i r e  range of tabulated Mach numbers has been presented. 
I n  addi t ion,  f o r  usefulness i n  aerodynamic work these  char t s  have been supple- 
mented by t h e  i n i t i a l  slope of t h e  normal-force-coefficient curve from refer- 

' ences 6 and 7. 

The hypersonic Mach numbers have been favored but 



SYMBOLS 

"he following sketch is presented to clarify the symbols defined in this 
section. 

CL 
L lift-force coefficient, 

normal-force coefficient, N 
CN ($ !-&uw2firb2) 

(pc - ?A surface-pressure coefficient, cP 

L lift force 

M Mach number 

N normal force 

P static pressure 

rb 

2 

base radius of cone 



T s t a t i c  temperature 

U ve loc i ty  

a angle of a t t ack  

7 r a t i o  of spec i f i c  heat  at constant pressure t o  t h a t  a t  constant 
volume 

0, semiapex angle of cone 

0s semiapex angle of shock wave 

P densi ty  

Subscripts:  

C cone surface conditions 

S immediately behind shock wave 

00 free-stream conditions 

0 zero angle of a t t ack  

DISCUSSION OF FESULTS 

The t abu la r  r e s u l t s  presented i n  references 4 t o  7 have been u t i l i z e d  t o  
construct t he  char t s  of  inv isc id  cone flow proper t ies  presented as f igures  1 
t o  3 .  
corre la t ion  - notably, t h a t  of reference 8 plus  supplemental indicat ions from 
Newtonian impact theory as given i n  reference 9. The tabula t ions  i n  r e fe r -  
ences 4 and 6 a re  f o r  
y = 7/5. 
t a n t ;  however, i n  one p lo t  of shock-angle parameter, presented as f igure  2 (c ) ,  
it had a s ign i f i can t  e f f e c t  and the  results i n  t h i s  f i gu re  only apply f o r  

Approximate solut ions have been used t o  obtain the  proper form f o r  

y = 1.405 and those i n  references 5 and 7 are  f o r  
In  most cases t h i s  difference i n  specif ic-heat  r a t i o  w a s  not impor- 

Y = 7/5. 

Figure 1 presents  the s i m i l a r i t y  cone-surface-pressure coef f ic ien ts  as a 
function of t he  hypersonic s i m i l a r i t y  parameter. Good cor re la t ion  i s  evident 
beginning at the  higher supersonic Mach numbers (general ly  
t o  4 ) .  
is  insens i t ive  t o  t h e  value of 7 f o r  which the  calculat ions are made. Com- 
parison with exact calculQtions f o r  cones i n  helium (from ref. 10) ind ica tes  
t h i s  t o  be t r u e .  Figure l ( b )  allows extremely accurate values t o  be obtained 
i n  the  hypersonic range and comparison with the  hypersonic cone theory from 
reference 8. 

&, i n  t h e  range 3 
In  t h i s  form approximate theor ies  ind ica te  t h a t  t h e  pressure parameter 
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Correlation of shock a.ngle i s  presented i n  f i g u r e  2. Figure 2 ( a )  i s  essen- 
t i a l l y  t h e  d i f fe rence  between t h e  shock angle and t h e  Mach angle i n  co r re l a t ion  
form. In t e re s t ing ly ,  it i s  only f o r  values of Kc g rea t e r  than about 0.25 t h a t  
t h e  shock angle i s  g rea t e r  than 1 percent l a r g e r  than t h e  Mach angle. For l a rge  
values of Kc 
t h e  angle between t h e  two is  not accurately found from t h i s  char t .  The angle 
between t h e  cone and t h e  shock ( i n  co r re l a t ion  form) i s  thus given i n  f igu re  2(b)  
from which more accurate  shock angles can be obtained a t  t h e  l a rge r  values of 
Kc, though l e s s  accurate  shock angles a r e  obta.ined a t  s m a l l  values of Kc. Even 
f igu re  2(b)  i s  inadequate i n  t h e  respect  t h a t  accurate  extrapolat ion cannot be 
done. 
pressure r e s u l t s  i n  f i g u r e  l ( b )  and from which accurate  r e s u l t s  can be obtained 
f o r  t h e  hypersonic range. 
i s  included f o r  comparison. This graph unl ike t h e  others  i n  t h i s  paper appl ies  
only f o r  y = 7/5 s ince  t h e  e f f e c t  of a small change i n  y i s  r ead i ly  de tec t -  
ab le  t o  t h e  sca l e  t h a t  i s  used. 

( t h e  hypersonic ca.se), t h e  shock l i e s  c lose t o  t h e  cone so t h a t  

Thus, f i g u r e  2 (c )  w a s  prepared which i s  t h e  shock-angle analog of t h e  

Again, t h e  hypersonic cone theory from reference 8 

The densi ty ,  temperature, and Mach number a t  t h e  cone surface a re  presented 
i n  f igu re  3. 
with an accuracy of k0.2 percent f o r  K, 2 20 and Oo 5 eC 5 2 5 O  by the  
equation 

The temperature ra t ios  given i n  f i g u r e  3 (b )  may be extrapolated 

The r a t i o s  of t h e  pressure,  density,  temperature, and Mach number a t  t h e  
cone surface t o  those immediately behind t h e  snock a r e  shown i n  f igu re  4. Fig-  
ure  4(e)  a l l o w s  accurate  values of  t h i s  Mach number r a t i o  t o  be obtained i n  t h e  
hypersonic range. 

The asymptotic value of p ps as M, -+a ca.n be obtained from hypersonic c/ cone theory ( r e f .  8)  as 

%+-; thus,  2-  ( y + 7 
PS 8 ) TS 

so t h a t  t h e  asmyptotic r e l a t i o n  f o r  t h e  r a t i o  of gas surface densi ty  t o  f r e e -  
stream densi ty  ( f i g .  3 ( a ) )  i s  

The i n i t i a l  slope of t h e  normal-force-coefficient curve i n  cor re la t ion  form 
i s  given i n  f igu re  5 .  Figure ? ( b )  allows accurate values t o  be obtained i n  t h e  



hypersonic range. 
can be obtained as follows 

The i n i t i a l  slope of t h e  l i f t - c o e f f i c i e n t  curve ( inv i sc id )  

where CL i s  i n  degrees. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley S ta t ion ,  Hasnpton, Va . ,  March 24, 1964. 
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(a) V d u e s  of & f r o m  0.06 to 12. 

Figure 1.- Cone-surface-pressure coefficient in similarity form, applicable to 7 = 7/5 and 1.405. 
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(b) Values of Kc from 1.7 to a. 

Figure 1.- Concluded. 
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M, sin 0, = K, 
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(a) Difference between shock angle and Mach angle, y = 7/5 and 1.405. 

Figure 2.- Cone shock angle in similar i ty  form. 
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(b) Difference between shock angle and cone angle, 7 = 7/5 and 1.405. 

Figure 2.- Continued. 
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(c )  Ratio ok shock angle t o  cone angle, y = 7/5 only. 

Figure 2.- Concluded. 
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M-sine- =K, 

1 

(a) Density ra t io .  

Figure 3.-  Ratio of density, temperature, and Mach number at the cone surface t o  free-stream 
values, y = 7/5 and 1.405. 
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(b) Temperature ra t io .  

Figure 3 . -  Continued. 
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(c) Mach number ratio.  

Figure 3.- Concluded. 
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(a)  Pressure ratio.  

Figure 4.- Ratio of pressure, density, temperature, and Mach number a t  cone surface to' value immediately behind the shock, 
applicable t o  7 = 715 and 1.405. 



(b) Density ra t io .  

Figure 4.- Continued. 



1.09 

1.06 

1.03 

1.00 

( e )  Temperature ratio. 

Figure 4.- Continued. 



(a) Mach number ratio. 

Figure 4.- Continued. 
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( e )  Mach number ratio, K, f r o m  1 to m. 

Figure 4.- Concluded. 
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(a) K, from 0.04 to 20. 

Figure 5.- Initial slope of normal-force-coefficient curve in correlation form, applicable to 
7 = 715 and 1.405. 
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