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Memorandum 
TO : F l i g h t  Performance S e c t i o n  F i l e s  DATE: 27 August 1965 

- FROM : M r .  George A. Weisskopf 
F l i g h t  Performance S e c t i o n  

- SUBJECT: NOSE OPTIMIZATION STUDY, PART I - COMPARATIVE PERFORMANCE OF TANGENT O G I V E  
AND C O N I C A L  NOSES 

REFERENCE: ( a )  A Summary of t h e  Supersonic P r e s s u r e  Drag of Bodies of Revolut ion,  

( b )  GD/FW Aerospace Handbook, (F ig .  III.B.lO-6 and III .B. lO-7) ,  Edi ted 

( c )  Memo of 15  March 1965, M r .  E .  E.  Mayo t o  F l i g h t  Performance S e c t i o n  

by Deane N .  Morr is ,  Jou rna l  of t h e  Aerospace Sc iences  - J u l y  1961 

by R. C .  F r o s t ,  General  Dynamics/Fort Worth 

F i l e s ,  Sub jec t :  Nike-Tomahawk P a r t i c l e  T r a j e c t o r y  

I n t r o d u c t i o n :  

A s t u d y  i s  c u r r e n t l y  underway t o  compare sounding r o c k e t  nose shapes 
w i t h  r e f e r e n c e  t o  t h e i r  e f f e c t s  on a l t i t u d e  performance, o v e r a l l  v e h i c l e  
s t a b i l i t y ,  and bending moments about t h e  payload-rocket  i n t e r f a c e .  % The 
noses  being i n v e s t i g a t e d  a r e  tangent  ogive and c o n i c a l  noses  of f i n e n e s s  
r a t i o s  3 ,  5, and 7 .  It i s  hoped t h a t  t h e  r e s u l t s  of t h e  s t u d y  w i l l  e n a b l e  
a n  experimenter  t o  choose on the  b a s i s  of performance, s t a b i l i t y ,  and 
bending moments t h e  optimum nose shape f o r  h i s  payload-launch v e h i c l e  
combination. 

I t  i s  t h e  o b j e c t  of t h i s  memorandum t o  p re sen t  t h e  p r o g r e s s  of t h e  
s t u d y  t o  d a t e ,  and document t h e  r e s u l t s  of t h e  f i r s t  phase,  t h e  comparison 
of s e l e c t e d  nose shapes on the b a s i s  of performance. 

Performance Comparison of Tangent Ogive and Conical  Noses 

The s o l e  c r i t e r i o n  used i n  t h e  performance comparison i s  t h e  apogee 
a l t i t u d e  achieved when employing each  of t h e  g i v e n  nose shapes.  The 
apogee comparison i s  obtained through t h e  use  of an  e x i s t i n g  p a r t i c l e  
t r a j e c t o r y  program f o r  t h e  Nike-Tomahawk v e h i c l e ,  (Reference c ) .  This  
i s  done by modifying t h e  d rag  t a b l e s  of t h e  t r a j e c t o r y  program accord ing  
t o  t h e  nose cone being t e s t e d .  
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The d rag  t a b l e  i n  t h e  i n i t i a l  program i s  f o r  t h e  Tomahawk v e h i c l e  
w i t h  a f i n e n e s s  r a t i o  (FRN) of 3 t angen t  og ive  nose.  A p l o t  of nose drag  
c o e f f i c i e n t  versus  Mach number f o r  each nose cone under s tudy  was obta ined  
by t h e  method descr ibed  i n  t h e  fo l lowing  s e c t i o n ,  and i s  p resen ted  h e r e i n ,  
(Graph I ) .  The nose d rag  c o e f f i c i e n t ,  s o  ob ta ined  f o r  t h e  FRN = 3 t angen t  
og ive  was t h e n  s u b t r a c t e d  from t h e  i n i t i a l  program t a b l e  of Tomahawk p l u s  
FRN = 3 t angent  ogive.  The remainder of t h i s  s u b t r a c t i o n  was t h e  v e h i c l e  
d r a g  ( c o a s t i n g  and t h r u s t i n g )  f o r  t h e  Tomahawk a l o n e ,  t h a t  i s ,  f o r  t h e  
Tomahawk without  any nose cone drag .  To t h i s  b a s i c  v e h i c l e  d r a g  t h e  d rags  
f o r  each of t h e  nose cones were added i n  t u r n  t h u s  y i e l d i n g  a s e t  of d rag  
c o e f f i c i e n t  t a b l e s ,  (Tables  I and 11 ) .  These t a b l e s  were t h e n  employed i n  
t h e  p a r t i c l e  t r a j e c t o r y  program t o  g i v e  t h e  d e s i r e d  apogee comparison. 

Eva lua t ion  of Ind iv idua l  Nose Drag C o e f f i c i e n t s  

The eva lua t ion  of nose d rag  c o e f f i c i e n t s  i s  broken down i n t o  a con- 
s i d e r a t i o n  of pressure d rag  and s k i n  f r i c t i o n  d rag .  It i s  i n i t i a l l y  
cons ide red  t h a t  t h e  p r e s s u r e  drag  i s  t h e  predominant f a c t o r ,  and t h a t  
any s i g n i f i c a n t  nose performance advantages w i l l  show up by us ing  t h e  
d i f f e r e n t  p re s su re  drags  only .  

Skin  f r i c t i o n  d r a g  i s  a f u n c t i o n  of we t t ed  s u r f a c e  a r e a .  I n  t h i s  
performance comparison it i s  r easonab le  t o  assume t h a t  i n  going from one 
nose shape t o  another  an  exper imenter  would n o t  s u b s t a n t i a l l y  i n c r e a s e  
o r  d e c r e a s e  t h e  t o t a l  w e t t e d  s u r f a c e  a r e a  of t h e  payload cover ing  (nose  
cone and c y l i n d r i c a l  a f t e r b o d y ) .  
i n  us ing  t h e  s m a l l e r  f i n e n e s s  r a t i o  nose cones more c y l i n d r i c a l  a f t e r b o d y  
l e n g t h  i s  requi red  t o  cover  a g iven  volume payload.  The re fo re ,  any change 
i n  s k i n  f r i c t i o n  d rag  i n  going from one nose shape t o  a n o t h e r  w i l l  be ve ry  
sma l l  i n  comparison t o  t h e  p r e s s u r e  d r a g  change. On t h i s  b a s i s  t h e n  t h e  
s k i n  f r i c t i o n  drag has  been neg lec t ed  i n  t h i s  i n i t i a l  performance compari-  
son.  

The r eason  f o r  t h i s  assumption i s  t h a t  

The p res su re  drag  c o e f f i c i e n t  f o r  each nose  shape was computed on t h e  
b a s i s  of r e f e r e n c e s  ( a  and b)  f o r  t h e  Mach number range  ( M d =  1.25 t o  
MQ= 10.00). The method of computat ion i s  s imple  and i n v o l v e s  only  
r ead ing  v a l u e s  from two ( 2 )  graphs and d i v i s i o n  by a c o n s t a n t  convers ion  
f a c t o r .  The r e s u l t s  of t h i s  computat ion have been p l o t t e d ,  and appear  
i n  Graph I. 

L imi t ine  Cases 

I n  a d d i t i o n  t o  t h e  t h r e e  t angen t  og ive  and t h r e e  c o n i c a l  noses  com- 
pared ,  two l i m i t i n g  c o n d i t i o n s  were a l s o  i n v e s t i g a t e d .  The f i r s t  of 
t h e s e  cond i t ions  is t h e  c a s e  of a hemisphe r i ca l  nose  ( t a n g e n t  og ive  
FRN = - 5 )  r ep resen t ing  a maximum drag  case .  
f o r  t h i s  nose i s  p l o t t e d  i n  Graph 11, and t h e  d r a g  c o e f f i c i e n t  t a b l e s  f o r  

The p r e s s u r e  d rag  c o e f f i c i e n t  

2 



J 

t h i s  c a s e  a r e  g iven  i n  Table  111. The second c o n d i t i o n  i s  t h a t  of a 
z e r o  d rag  nose r e p r e s e n t i n g  a minimum drag  case .  These c a s e s  have been 
inc luded  i n  o rde r  t o  de te rmine  t h e  performance of t h e  FRN = 3 ,  5, and 7 
cones and ogives  r e l a t i v e  t o  t h e s e  l i m i t i n g  c o n d i t i o n s .  

Resu l t s  and Conclusions 

The r e s u l t s  of t h e  f i r s t  phase of t h e  nose o p t i m i z a t i o n  s tudy ,  t o -  
g e t h e r  w i t h  t h e  aforementioned l i m i t i n g  c a s e s ,  a r e  p re sen ted  i n  Table  
I V .  The d i f f e r e n c e s  i n  a l t i t u d e  between t angen t  og ive  and c o n i c a l  noses  
of t h e  same f i n e n e s s  r a t i o s  i s  only about  1 m i l e  i n  200 (1/2%).  The 
maximum d i f f e r e n c e  i n  apogee a l t i t u d e  i s  only  12 m i l e s  i n  200 (6%) ,  t h i s  
be ing  between a n  F% = 3 ogive and F% = 7 cone. 

A l l  t h e  c o n i c a l  and t angen t  ogive noses  y i e l d e d  apogee a l t i t u d e s  
below but  w i t h i n  16 m i l e s  of t h e  optimum (214.26 m i l e s )  g iven  by t h e  
z e r o  d rag  nose.  The apogee a l t i t u d e  of t h e  hemisphere c a s e  tu rned  out 
t o  be s u r p r i s i n g l y  low (92.56 mi l e s ) .  It i s  p o s s i b l e  t h a t  t h i s  low 
v a l u e  may be due t o  a n  e r r o r  i n  c a l c u l a t i o n ,  bu t  s o  f a r  no such  e r r o r  
has  been found. 

S ince  a l l  t h e  noses  group themselves c l o s e  t o  t h e  maximum z e r o  d ray  
nose  i n  apogee a l t i t u d e ,  it may be d e s i r a b l e  t o  recompute t h e  d r a g  t a b l e s  
t o  i n c l u d e  s k i n  f r i c t i o n  d rag .  T h i s  may be expected t o  lower t h e  apogee 
a l t i t u d e  of each nose s l i g h t l y ,  but probably  w i l l  no t  change t h e  r e l a t i v e  
d i f f e r e n c e s  i n  apogee a l t i t u d e  between t h e  v a r i o u s  noses .  

The c l o s e  grouping i n  a l t i t u d e  performance,  p a r t i c u l a r l y  between 
t a n g e n t  ogive and c o n i c a l  noses  of t h e  same f i n e n e s s  r a t i o s ,  would seem 
t o  i n d i c a t e  t h a t  t h i s  w i l l  no t  be a major  f a c t o r  i n  t h e  s e l e c t i o n  of a 
nose  shape.  Probably t h e  nose shape e f f e c t s  on s t a b i l i t y  w i l l  be  more 
i m p o r t a n t ,  and t h i s  i s  t h e  a r e a  which i s  now be ing  i n v e s t i g a t e d .  

George A. Weisskopf 

Enclosures  

cc: M r .  K. R. Medrow 
Miss E.  C .  P r e s s l y  
M r .  E.  E. Mayo 
M r .  G.  R. Barlow 
M r .  J. T.  Lawrence 
M r .  J. S .  Barrowman 

GAW : s kd 
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SYMBOLS AND DEFINITIONS" 

= Nose Pressure Drag Coefficient cD PN 

= Free-Stream Mach Number 

= Total Vehicle Thrusting Drag Coefficient 
cDT 

= Total Vehicle Coasting Drag Coefficient 
cDC 

Rap = Vehicle Apogee Altitude 

FQ = Nose Fineness Ratio 

"Aerodynamic reference area = 0.4418 sq. ft. 
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Coaatlng Dr.8 Coefficient8 for Tomahawk 
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UNITED STATES GOVERNMENT 

Memorandum 
TO : F l i g h t  Performance Sec t ion  F i l e s  

- FROM : M r .  Edward E. Mayo 
F l i g h t  Performance Sec t ion  

DATE: 11 October 1965 

SUBJECT: NOSE, OPTIMIZATION STUDY, PART I1 - STABILITY AND PAYLOAD-ROCKET INTERFACE 
BENDING MOMENTS, CASE I 

REFERENCE: (a) Memo o f  27 August 1965, Mr. G. A. Weisskopf t o  F l i g h t  Performance S e c t i o n  
F i l e s ,  Subject :  
of Tangent  Ogive and Conical Noses 
Memo of 29 J u n e  1965, Mr. E. E. Mayo t o  F l i g h t  Performance S e c t i o n  F i l e s ,  
Sab jec t :  
S t a t i c  S t a b i l i t y ,  and Natura l  Frequency C h a r a c t e r i s t i c s  
Syverston, Clarence  A. and Dennis, David H.: A Second-Order Shock- 
Expansion Method App l i cab le  t o  Bodies of Revolu t ion  Near Zero L i f t .  
NACA Repor t  1328, 1957 

Nose Opt imiza t ion  Study, P a r t  I - Comparative Performance 

(b )  
E f f e c t  of Payload  Weight on t h e  Tomahawk Mass, S t a t i c  Margin, 

(c) 

INTRODUCTION 

A s t u d y  i s  c u r r e n t l y  underway t o  i n v e s t i g a t e  the f e a s i b i l i t y  of o p t i -  
miz ing  sounding r o c k e t  nose shapes. U l t ima te ly ,  i t  i s  hoped t o  a r r i v e  a t  
des ign  c u r v e s  such t h a t  a n  experimenter may choose t h e  optimum nose  shape  
based  o n , h i s  p a r t i c u l a r  payload  w e i g h t ,  volume, and packaging requi rements .  
To a c h i e v e  t h i s  end, c e r t a i n  op t imiza t ion  pa rame te r s  must b e  chosen. F o r  
t h i s  s tudy  t h e  parameters  s e l e c t e d  were apogee a l t i t u d e ,  v e h i c l e  s t a b i l i t y  
and pay load- rocke t  i n t e r f a c e  bending moment. The nose  shapes cons ide red  
h e r e i n  are cones  and og ives  having  f i n e n e s s  r a t i o s  of 3, 5 and 7. 
t o  e x p e d i t e  c a l c u l a t i o n s ,  t h e  geometry of t h e  Tomahawk c o n f i g u r a t i o n  shown 
i n  f i g u r e  1 i s  be ing  used as a s tudy model. 
of nose  shape  on apogee a l t i t u d e  h a s  been r e p o r t e d  i n  r e f e r e n c e  (a). The 
s tudy  p r e s e n t e d  h e r e i n  examines t h e  v e h i c l e  s t a b i l i t y  and payload-rocket  
i n t e r f a c e  bending moments f o r  payload weight d i s t r i b u t i o n  Case I. (Cons tan t  
d e n s i t y  payload  con ta ined  wi th in  payload c y l i n d r i c a l  s e c t i o n ,  see f i g u r e  1.) 
A s tudy  i n v e s t i g a t i n g  payload weight d i s t r i b u t i o n  Case I1 ( c o n s t a n t  volume 
and c o n s t a n t  d e n s i t y  payload) i s  now underway. 
cases should  b r a c k e t  actual weight d i s t r i b u t i o n s ;  and, hence, i f  t h e  s a m e  
c o n c l u s i o n s  can  b e  drawn from t h e s e  cases, t h e y  should  a l s o  app ly  f o r  t h e  
a c t u a l  d i s t r i b u t i o n .  

I n  o r d e r  

A s tudy  d e l i n e a t i n g  t h e  effects 

I t  i s  be l i eved  t h a t  t h e s e  two 
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- 
CN, - ‘ N d  - ‘NOC 

( f + i )  (n+a) 

ANALYSIS 

( 1 )  
f n  = 3 og ive  
f, = 10 

T r a j e c t o r y  and mass c h a r a c t e r i s t i c s .  - The p e r t i n e n t  t r a j e c t o r y  c h a r a c t e r i s -  
t ics ,  Mach number and dynamic p res su re ,  are g iven  i n  f i g u r e  2 f o r  t h e  extreme - 
nose shapes ( f n  = 3 ogive  and f n  = 7 cone)  as e x t r a c t e d  from t h e  r u n s  of 
r e f e r e n c e  (a), The inva r i ancy  of t h e s e  c h a r a c t e r i s t i c s  w i th  nose shape  a l lows ,  
as w i l l  b e  seen later, d i r e c t  comparison of changes i n  s t a b i l i t y  and payload- 
rocke t  i n t e r f a c e  bending moments as a f u n c t i o n  of o n l y  Mach number. 
v e h i c l e  weight,  c e n t e r - o f - g r a v i t y  l o c a t i o n  and p i t c h  moment of i n e r t i a  are 
p resen ted  i n  f i g u r e  3. 
used i n  o b t a i n i n g  t h e  va lues  i n  f i g u r e  3 were o b t a i n e d  from r e f e r e n c e  (b). 

The 

The v e h i c l e  wi thout  payload mass c h a r a c t e r i s t i c s  

The v e h i c l e  s t a b i l i t y  c h a r a c t e r i s t i c s  were t h e n  o b t a i n e d  by combining t h e  
f i n  + i n t e r f e r e n c e  v a l u e s  w i t h  t h e  v a r i o u s  f i n e n e s s  r a t i o  nose values of  
Tab le  I I (a) .  The v e h i c l e  s t a b i l i t y  equa t ions  are 

1 2  

, 

I 



I 

. 
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I -  

The r e s u l t i n g  s t a b i l i t y  c h a r a c t e r i s t i c s  are given i n  Table  I11 and i n c r e -  
mental  s t a t i c  margins from t h e  f n  = 3 og ive  v a l u e s  are p resen ted  i n  f i g u r e  
4. 
minimum s t a b i l i t y .  For  og ives  ( f i g u r e  4 ( a ) )  and Mach numbers g r e a t e r  t han  
abou t  3.5, t h e  lower f i n e n e s s  r a t i o  noses  y i e l d  g r e a t e r  s t a b i l i t y ;  and a t  
Mach numbers lower than about  3.5, t he  h i g h e r  f i n e n e s s  r a t i o  noses  t e n d  t o  
y i e l d  g r e a t e r  s t a b i l i t y .  For  cones  ( f i g u r e  4(b))  t h e  h i g h e r  f i n e n e s s  r a t i o  
y i e l d s  g r e a t e r  s t a b i l i t y ;  however, f o r  Mach numbers g r e a t e r  t han  abou t  5 ,  
t h e  s t a b i l i t y  i s  less than t h e  b a s i c  f n  = 3 og ive  and f o r  Mach numbers less 
than  abou t  5 t h e  s t a b i l i t y  i s  g r e a t e r  t han  t h e  b a s i c  f n  = 3 ogive.  For t h e  
Tomahawk, t h e  Mach number f o r  minimum s t a b i l i t y  i s  about  8; hence,  f i g u r e  4 
i n d i c a t e s  t h a t  t h e  f n  = 3 o g i v e  y i e l d s  t h e  l a r g e s t  minimum s t a t i c  margino 

From f i g u r e  4, t h e  optimum nose  shape depends on t h e  Mach number of 

PaylGad-rocket  i n t e r f a c e  bending moments. - The payload-rocket  i n t e r f a c e  
bending moments were assumed t o  be composed o f  aerodynamic, r o t a t i o n a l  
i n e r t i a  and t r a n s l a t i o n a l  i n e r t i a  components, ioe., 

m m rn m - -=  - 
(5) 'K qsd 1- qsd l  + -  I--. qsd l  

Aerodynamic R o t a t i o n a l  T r a n s l a t i o n a l  
I n e r t i a  I n e r t i a  

which may b e  expressed  as 

where t h e  f a  = 4.4 aerodynamic c h a r a c t e r i s t i c s  are  given i n  Tab le  I I ( b ) ,  
The r e s u l t i n g  nondimenional ized bending moments are summarized i n  T a b l e  I V  
and t h e  inc remen ta l  nondimenionalized bending moments from t h e  f n  = 3 og ive  
v a l u e s  are shown i n  f i g u r e  5. From f i g u r e  5, an i n c r e a s e  i n  f i n e n e s s  r a t i o  
r e s u l t s  i n  i n c r e a s e d  payload-rocket  i n t e r f a c e  bending moments f o r  bo th  
o g i v e  and c o n i c a l  noses  w i t h  seve re  bending moments r e s u l t i n g  from t h e  
h i g h e r  f i n e n e s s  r a t i o  ogives.  
a cone  are n o t  as seve re  as t h o s e  f o r  an og ive  of t h e  same f i n e n e s s  r a t i o ,  

I t  i s  a l s o  seen t h a t  t h e  bending moments f o r  

13 



SUMMARY 

1.1 summary, t h e  procedures  desc r ibed  h e r e i n  w i l l  a l l ow a n  i n t e l l i g e n t  

For  t h e  Tomahawk veh ic l e ,  t h e  optimum nose  
c h o i c e  of t h e  optimum nose shape from s t a b i l i t y  and payload-rocket  i n t e r f a c e  
bending moment cons ide ra t ions .  
from s t a b i l i t y  c o n s i d e r a t i o n s  i s  t h e  3:1 ogive ;  however, from bending moment 
c o n s i d e r a t i o n s ,  t h e  optimum nose  i s  t h e  3:l cone. The c h o i c e  between t h e s e  
would, of courses  depend upon t h e  minimum s ta t ic  margin, packaging r e q u i r e -  
ments and s t r u c t u r a l  i n t e g r i t y  of t h e  payload-rocket  i n t e r f a c e  of t h e  f l i g h t  
Conf igu ra t ion  under cons ide ra t ion ,  

The d i s c u s s i o n s  i n  t h i s  memo are  f o r  t h e  f l i g h t  c o n f i g u r a t i o n  shown i n  
f i g u r e  1 and payload weight  d i s t r i b u t i o n  Case I. S t u d i e s  p a r a l l e l  t o  t h o s e  
p re sen ted  h e r e i n  are underway f o r  t h e  same f l i g h t  c o n f i g u r a t i o n  and payload 
weight  d i s t r i b u t i o n  Case 11. 

U C d T  
Edward E. Mayo 

Enclosures:  
( 1 )  Symbols 
( 2 )  Tables  ( 4 )  
( 3 )  Figures  (5)  

cc: M r .  K. R. Medrow 
M r .  ,G. E. MacVeigh 
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Miss E. C. P r e s s l y  
M-r. N. E. Pe te rson ,  Jr. 
M r .  J. H. Lane 
M r .  J. T. Lawrence, Jr. 
ML-. J. S. Barrowman 
M r .  H. L. Galloway, Jr. 
M r .  G, R e  Barlow 
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SYMBOLS 

M 

S.M. 

t 

X 

- 
X 

W 

(x- 

normal f o r c e  c o e f f i c i e n t  curve s l o p e  a t  -- = 0 ,  p e r  r a d i a n  

r e f e r e n c e  diameter ,  d = 0.75 f t ,  

f i n e n e s s  r a t i o  

p i t c h  i n e r t i a  

f r e e - s t r e a m  Mach number 

bending moment a t  payload-rocket  i n t e r f a c e  

free-stream dynamic p res su re  

r e f e r e n c e  area, S = X d 2  
4 

stat ic  margin, minus f o r  p o s i t i v e  s t a b i l i t y  

t i m e ,  sec, 

l o n g i t u d i n a l  d i s t a n c e  measured forward of b a s e  

l o n g i t u d i n a l  d i s t a n c e  measured a f t  of nose apex 

weight  

a n g l e  of a t t a c k ,  r a d i a n s  

SZBSCRIPTS 

c y l i n d r i c a l  a f t e rbody  

cen te r -o f  - g r a v i t y  l o c a t i o n  

can te r -o f  - p r e s s u r e  loca t ion  

nose  

payload  

pay load  i n t e r f a c e  
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TABLE I. - Aerodynamic C h a r a c t e r i s t i c s  of Tomahawk Sounding Rocket.* 
f n  = 3 ogive. 

I 
: Mach 

1 3 e 0 0  

4.24 

5.05 

16 ,28  

1 

u 

14.10 

11.14 

10.20 

9.37 

XCP 3 f e e t  1 
4,OO 2 

5,015 

5.530 

6,170 1 

*Reference (b) 
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TABLE 11. - Aerodynamic C h a r a c t e r i s t i c s  of Tangent Ogive-Cylinder and 
Cone- Cy1 i n d e r  Co nf i gura t i o n  s . * 

I 

5 1 7  

3.06 2.85 

3.18 3,11 

5.05 I 3.38 3.29 3.02 

I 6,28 1 2.90 3.31 1 3 0 2 4  

I :  

i Cones I 

i 3 1 5  7 
i I 

! 

3,37 3,Ol 2,84 

3.45 3.21 2,85 1 
3.63 I 3.26 

3-37 1 3.22 1 i::: 1 
! 

I 

3400 

I Cone i 1 Ogives 
F ! i II 

2.60 3a75 4a55 3051  

4.24 1 3.12 
\ 
! 

5.05 1 3.60 

6.28 1 3.05 
i 

I I 

*Experimental  d a t a  of r e f e r e n c e  (c). 

4,09 5.16 3.82 

4406 5023  3.82 

4.32 5058 3e77 

17 

4-88  

5.39 

5,25 

6.32 

6.39 

6.55 



1 TABLE 11. - Concluded. 

3oqO 

4.24 

1 LII 

( u )  f a  = 4 0 / 9  = 4.44 

i Ogives Cones 

3 5 7 3 5 7 

3.29 2a99 2.84 3.21 2.91 2.75 

3.20 3.02 3.05 3.18 2.90 2.80 jI::: 13.08 1 2.99 1 3.20 1 2.90 1 2.80 1 
2.90 2.91 2.99 2.80 2.63 

3.00 

4,24 

5.05 

2.45 

2.55 

2.90 

5 

3.35 

3.60 

3.75 

3.70 

4.30 

4.75 

4.90 

4.85 - 

3.01 

3.27 

3.30 

3.25 

4.45 

4.70 

4.65 

4.55 

1 8  

5.70 

6.00 

5.99 

5.99 



TABLE 111. - Aerodynamic Characteristics of Tomahawk Sounding Rocket w i th  
Various F ineness  R a t i o  Noses. 

( a )  Ogives 

3 ?.$2 

4.83 
5*05 6.28 1 6.27 

4.24 1 3.85 

f n  = 5 I 
13.84 -4.54 I -3.10 
10.98 -3 .  13 +0.11 
10.11 -2.28 +0040 

9.78 -1.25 1 +0.74 

t I 7 - 7  f 

i 

1 4 2 4  3*85  
3 ?.;,2 

5.05 4.83 
16.28 6.27 

13.63 -40 53 -0.09 
10.91 -2.95 +0.29 

9.84 -2039 + O o  29 
9.71 -1.09 +o. 90 

I f,, = 7 

* S.M. = S.M. - S.M. I f n  = ogive. + i n d i c a t e s  decreased  s t a b i l i t y  
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TABLE 111. - Concluded 

(b) Cones 

- .  
f = 3  

- .  n -- 
I S.M. 1 A S.M.* 

-0.17 
-0.08 
+ O D 2 1  
+0.31 

f, = 5 

-4.84 -0.40 
11.01 -3.47 -0.23 
10 . 08 -2.71 -0.03 

-1.69 +O 30 

f, = 7 

13.62 -4.92 
10.65 -0.40 

-0.06 
6.28 9.46 -1078 +0.21 

. + i n d i c a t e s  decreased  s t a b i l i t y  f n  = 3 ogive  I * A S.M. = S.M. - S.M. I 

20 



TABLE I V .  - Payload-Rocket I n t e r f a c e  Nondimensionalized Bending Moment, m 
W-qsd 

I 
3 2.2 ’ 18.21 

6.28 6.27 1 16.65 

4.24 3.85 1 17.64 
5eO5 4.83 I 17.53 

( a )  Ogives 
- 

f, = 3 II 
Rotat ional  T r a n s l a t i o n a l  A m* ’ Tctal , - cqsd  t 

I 

I n e r t i a  ! I n e r t i a  
I 

I 
1 16.42 2.63 I 

4.24 i 15.65 1.45 I 

5.05 ! 14.03 1.27 i -6.59 
6.28 6.27 .92 I -7.07 13.19 

- -  I I 

2,54 -6.82 1 14.0 i 1.9 

1.07 -6.53 j 12.1 I 3.4 
061 , -7 rn 38 9.9 I 209 i 

i 
1.55 -6.36 I 12,8 1 2,2 

f., = 5 

3 
4.24 

I I 1 

2.2 20.28 2.60 -6.72 16.2 4.1 
3,85 1 20.07 1.45 -6.32 15.2 1 4,6 

2 1  

5.05 1 4.83 [ 19.55 
6.28 1 6.27 1 19.18 

1.09 -6.36 14.3 I 5.6 
52 -7.33 1 12.4 I 5.4 



TABLE IV. - Concluded. 

(u) Cones 

-- - 
f, = 3 

’ 
Rota t iona l  i T r a n s l a t i o n a l  

I n e r t i a  

2a74 -6.97 10.0 -2.1 
1.68 1 -6.52 8.4 -2.2 
1.20 1 -6.75 7.7 ! -1.0 

082 1 -7.43 5.9 f -1.1 
I -1- L 1 

f, = 5 

rn 

qsd 
- -  * A m  - = -  

“ q s d  cT qsd I f, 
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Memorandum 
TO : F l i g h t  Performance Sec t ion  F i l e s  DATE: 4 November 1965 

FROM : M r .  Edward E. Mayo 
F l i g h t  Performance Sec t ion  

, SUBJECT: NOSE OPTIMIZATION STUDY, PART I1 - STABILITY AND PAYLOAD-ROCKET INTERFACE 
BENDING MOMENTS, CASE IT. 

REFERENCE: (a) Memo of 27 August 1965, Mr. George A. Weisskopf t o  F l i g h t  Performance 
Sec t ion  F i l e s ,  Subject :  Nose Opt imiza t ion  Study, P a r t  I - Comparative 
Performance of Tangent Ogive and Conical  Noses 

(b )  Memo of 11 October 1965, Mr. Edward E. Mayo t o  F l i g h t  Performance Sec- 
t i o n  F i l e s ,  Subject:  Nose Opt imiza t ion  Study, P a r t  II - S t a b i l i t y  and 
Payload-Rocket I n t e r f a c e  Bending Moments, Case I 

(c) Memo of 29 June  1965, M r .  Edward E. Mayo t o  F l i g h t  Performance Sec t ion  
F i l e s ,  Subjec t :  E f f e c t  of Payload Weight on t h e  Tomahawk Mass, S t a t i c  
Margin, S t a t i c  S t a b i l i t y ,  and Natura l  Frequency Characteristics 
Memo of 7 J u l y  1965, M r .  Edward E. Mayo t o  F l i g h t  Performance Sec t ion  
F i l e s ,  Subjec t :  Cone-Cylinder and Ogive-Cylinder Geometric and Mass 
Ciiiarac t e r i  st  i c s  

(e) Syverston,  Clarence  A. and Dennis, David H.: A Second-Order Shock- 
E-xpansion Method Applicable  t o  Bodies of Revolut ion Near Zero L i f t .  
NACA Report  1328, 1957 

(d )  

IJTRODUCTION 

T h i s  memorandum i s  a con t inua t ion  of  t h e  nose  op t imiza t ion  s t u d i e s  
p re sen ted  i n  r e f e r e n c e s  (a) and (b ) .  Reference (a) i s  a d e l i n e a t i o n  of 
the  e f f e c t s  of nose  shape on apogee a l t i t u d e .  
t h e  v e h i c l e  s t a b i l i t y  and payload-rocket  i n t e r f a c e  bending moments f o r  
payload weight  d i s t r i b u t i o n  Case I ( c o n s t a n t  d e n s i t y  payload con ta ined  
w i t h i n  t h e  payload  c y l i n d r i c a l  s e c t i o n ) .  
amines the v e h i c l e  s t a b i l i t y  and payload-rocket  i n t e r f a c e  bending moments 
f o r  payload weight  d i s t r i b u t i o n  Case I1 ( c o n s t a n t  volume, c o n s t a n t  d e n s i t y  
payload; see f i g u r e  11, It i s  be l i eved  t h a t  t h e s e  two cases should  b r a c k e t  
a c t u a l  weight  d i s t r i b u t i o n s ;  and, hence,  i f  t h e  same conclus ions  can b e  
drawn from t h e s e  cases, they  should a l s o  app ly  f o r  t h e  a c t u a l  d i s t r i b u t i o n .  

Reference  (b) i n v e s t i g a t e s  

The s tudy  p resen ted  h e r e i n  ex- 
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S t a b i l i t y .  - T h e  s t a b i l i t y  c h a r a c t e r i s t i c s  f o r  t h e  v a i o u s  nose  c o n f i g u r a t i o n s  
w e r e  determined by modifying t h e  Tomahawk c o n f i g u r a t i o n  ( f i g u r e  1, r e f e r e n c e  

f e r e n c e  c h a r a c t e r i s t i c s  were ob ta ined  by u t i l i z i n g  t h e  f n  = 3 ogive ,  f a  = 10 
body c h a r a c t e r i s t i c s  of t a b l e  I I ( a ) ,  The f i n  + i n t e r f e r e n c e  v a l u e s  are given 

I ( b ) ,  f n  = 3 ogive)  aerodynamics which are given i n  t a b l e  I. The f i n  + i n t e r -  , 

by 

(1) 
OC(n+a) f n  = 3 o g i v e  i f a  = 10 

- ‘N 
- - 

‘N ,a: ( f + i )  NC, 
C 

ANALY SI  S 

- T r a j e c t o r y  and mass c h a r a c t e r i s t i c s .  - The p e r t i n e n t  t r a j e c t o r y  c h a r a c t e r i s -  
tics,, Mach number and dynamic p r e s s u r e ,  are  g iven  i n  f i g u r e  2 f o r  t h e  extreme 
nose shapes (f ,  = 3 og ive  and f n  = 7 cone) as ob ta ined  from r e f e r e n c e  (b) .  
The i n v a r i a n c y  of t h e s e  c h a r a c t e r i s t i c s  w i th  nose  shape  a l lows ,  as shown i n  
r e f e r e n c e  (b )  d i r e c t  comparison of changes i n  s t a b i l i t y  and payload-rocket  
i n t e r f a c e  bending moments a s  a f u n c t i o n  of o n l y  Mach number. 
weight,  c e n t e r - o f - g r a v i t y  l o c a t i o n  and p i t c h  moment of i n e r t i a  are  p r e s e n t e d  
i n  f i g u r e  3. The v e h i c l e  w i thou t  payload mass c h a r a c t e r i s t i c s  of  r e f e r e n c e  
(c) were combined with t h e  payload m a s s  c h a r a c t e r i s t i c s  of r e f e r e n c e  ( d )  t o  
o b t a i n  t h e  values i n  f i g u r e  3, 

The v e h i c l e  

The v e h i c l e  s t a b i l i t y  c h a r a c t e r i s t i c s  were then  o b t a i n e d  by combining t h e  f i n  + 
i n t e r f e r e n c e  va lues  wi th  t h e  v a r i o u s  f i n e n e s s  r a t i o  nose  values of  t a b l e  I I ( a ) .  
The v e h i c l e  s t a b i l i t y  equa t ions  are  
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The r e s u l t i n g  s t a b i l i t y  characteristics are g iven  i n  t a b l e  111 and 
inc remen ta l  s t a t i c  margins from t h e  f n  = 3 og ive  values  are p r e s e n t e d  i n  
f i g u r e  4. For  og ives  ( f i g u r e  4a),  t he  f n  = 3 y i e l d s  t h e  g r e a t e s t  s t a b i l i t y  
a t  t h e  h i g h e r  Mach numbers; whereas,  a t  t h e  lower Mach numbers, t h e  h i g h e r  
f i n e n e s s  r a t i o  og ives  y i e l d  g r e a t e r  s t a b i l i t y ,  For cones ( f i g u r e  4b) ,  t h e  
h i g h e r  f i n e n e s s  r a t i o  noses  y i e l d  g r e a t e r  s t a b i l i t y o  For  t h e  Tomahawk, t h e  
Mach number f o r  minimum s t a b i l i t y  i s  about  8; hence,  f i g u r e  4 i n d i c a t e s  t h a t  
t h e  f n  = 3 og ive  y i e l d s  t h e  l a r g e s t  minimum s t a t i c  margino The o n l y  com- 
p e t i t i v e  shape i s  t h e  7 : l  cone-cyl inder  payload;  however, s i n c e  i t s  p robab le  
d e n s i t y  d i s t r i b u t i o n  i s  more a c c u r a t e l y  approximated by payload weight  d i s -  
t r i b u t i o n  Case I cons ide red  i n  r e f e r e n c e  (b) t h e  3 :  1 og ive -cy l inde r  payload 
i s  cons ide red  t h e  b e s t  shape a t  M = 8. 

- Payload-rocket  i n t e r f a c e  bending moments. - The payload-rocket  i n t e r f a c e  
bending moments were assumed t o  be composed of aerodynamic, r o t a t i o n a l  i n e r -  
t i a  and t r a n s l a t i o n a l  components, i o e r n s  

m 
( 5 )  - - -  

R o t a t i o n a l  T r a n s l a t i o n a l  x q s d  -1X:sdl Aerodynamic 
I n e r t i a  I n e r t i a  

which may be  expressed  as 
I 

..- 
I 

t a b l e  I I ( b )  

- - -  - cN rsc qsd 
t a b l e  I I ( b )  

which may be  expressed  as 
r * -1 

The r e s u l t i n g  nondimensionalized bending moments are summarized i n  t a b l e  

From f i g u r e  5 ,  t h e  h i g h e r  f i n e n e s s  r a t i o  
IV and  t h e  inc remen ta l  nondimensional ized bending moments from t h e  f n  = 3 
o g i v e  v a l u e s  are shown i n  f i g u r e  5. 
noses  t end  t o  y i e l d  lower payload-rocket  i n t e r f a c e  bending momentso 
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SLNMARY AND CONCLUSIONS 

I n  summary, t h e  resu l t s  of t h i s  s tudy  i n d i c a t e  t h a t  f o r  t h e  Nike 
Tomahawk v e h i c l e ,  t h e  optimum nose  shape from s t a b i l i t y  c o n s i d e r a t i o n s  
i s  t h e  3:l  ogive;  whereas, from bending moment c o n s i d e r a t i o n s ,  t h e  op- 
t i m u m  nose  i s  t h e  7 : l  coneo 

I n  conclus ion ,  t h e  resu l t s  of t h e  Nike Tomahawk v e h i c l e  nose  o p t i -  
miza t ion  s t u d i e s  ( r e f e r e n c e s  ( a ) ,  (b) and t h e  s tudy  p resen ted  h e r e i n )  
may b e  summarized as fol lows:  

1. The d i € f e r e n c e s  i n  apogee a l t i t u d e  between t h e  f n  = 3 
o g i v e  and f n  = 7 cone i s  o n l y  1 2  miles i n  200 ( 6 % ) .  

2. The optimum nose  shape  from s t a b i l i t y  c o n s i d e r a t i o n s  i s  
t h e  f n  = 3 ogiveo  

3 ,  The optimum nose shape  from payload-rocket  i n t e r f a c e  
bending moment c o n s i d e r a t i o n s  depends upon t h e  mass d i s -  
t r i b u t i o n  of t h e  payload. For  c o n s t a n t  d e n s i t y  payloads  
con ta ined  w i t h i n  t h e  payload c y l i n d r i c a l  sec t ion , ,  t h e  
f ,  = 3 cone y i e l d s  t h e  lowest  payload-rocket  i n t e r f a c e  
bending moment; whereas, f o r  c o n s t a n t  volume - c o n s t a n t  
d e n s i t y  payloads,  t h e  f i n e n e s s  r a t i o  7 cone y i e l d s  t h e  
lowest  payload-rocket  i n t e r f a c e  bending moment. 

Enc l o  s u r  es : 
(1) Symbols 
( 2 )  Tables  ( 4 )  
(-3) Figures  ( 5 )  

cc: M r .  K. R, Medrow 
M r .  G. E, MacVeigh 
MK. E. E. Bissell  
Miss E. C, P r e s s l y  
M r ,  N. E. Pe t e r son ,  Jr. 

EEM: skd 

C i L d  c. 
Edward E. Mayo 
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SYMBOLS 

m 

9 

S 

t 

X 

- 
X 

W 

oc- 

normal f o r c e  c o e f f i c i e n t  curve s l o p e  a t  -- = 0, p e r  r a d i a n  

r e f e r e n c e  diameter ,  d = 0.75 f t .  

f i n e n e s s  r a t i o  

p i t c h  i n e r t i a  

f r e e - s t r e a m  Mach number 

bending moment a t  payload-rocket  i n t e r f a c e  

f ree- stream dynamic p r e s  su re  

r e f e r e n c e  areaO S = X d 2  
4 

static margin, minus f o r  p o s i t i v e  s t a b i l i t y  

t i m e ,  sec. 

l o n g i t u d i n a l  d i s t a n c e  measured forward of base  

l o n g i t u d i n a l  d i s t a n c e  measured a f t  of nose apex 

weight  

a n g l e  of a t t a c k ,  r a d i a n s  

SUBSCRIPTS 

c y l i n d r i c a l  a f t e r b o d y  

cen te r -o f  - g r a v i t y  l o c a t i o n  

cen te r -o f -p res su re  loca t ion  

nose  

pay  load  

payload  i n t e r f a c e  

37 



Tab le  I. - Aerodynamic C h a r a c t e r i s t i c s  of Tomahawk Sounding Rocket.* 
f, = 3 ogive. 

OL 
' Mach 1 

I 
xcpo f e e t  

I 

I 
! 

14.10 

11.14 

, 3.00 

i 4.24 1 
I 

* Reference (c) 

I 

4.002 I 
5.015 j 

1 
I 
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I :  

1. I 

M '' f n  3 i 5 i 7  i 3  I 5 f  I 7  

I :  

1. I f 

'' f n  
7 M 3 5 7 3 5 

Table  11. - Aerodynamic C h a r a c t e r i s t i c s  of Tangent Ogive-Cylinder and 
Cone-Cylinder Configurations.* 

I 

1 Ogives Cones 

3.00 I 2.60 3.75 4.55 3.51 4.88 

4.24 I 3.12 4.09 5.16 3.82 5.39 

I ! ' 3.37 3.01 I 

I 
3.11 I 3.45 3.21 

I I 

3.06 2.85 
I I I 

' 5.05 I 3.38 3.29 I 3.02 1 3.63 ! 3.26 
1 i 

I 

I 

2,84 

2,85 
i 

3.06 1 
i 

, &  
I 

~ - 
I 

3.00 2.60 3.75 4.55 3.51 4.88 6.32 

4.24 I 3.12 4.09 5.16 3.82 5.39 6.39 

i 1 Ogives Cones 

1 5,05 1 3.60 4,06 5,23 

1 6.28 3.05 4.32 5.58 

3.82 5.25 

3077 I 5.32 

1 5,05 i 3.60 4,06 5,23 

1 6.28 3.05 4.32 5.58 

3.82 5.25 6.55 

3077 5.32 6.74 

6.32 

6.39 

6.55 

6.74 

* Experimental d a t a  of r e fe rence  ( e ) .  
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T a b l e  11. - C o n c l u d e d  

( b )  Equal  V o l u m e  

L r i f  f i i , I  
3 - 0 0  3.29 i 2.90 , 2.75 1 ,  3 0 1 9  1 2.91 2.70 

I 

I’ 

I 

I 1 )  

i 
1 4 0 2 4  3.20 1 2.90 2.70 1 ;  3,20 2,90 

i 1  3.27 2.90 

1 6 e 2 8  1 2.67 , 2.75 2.69 I /  3.10 1 2.80 

I 

I 1 3.09 2.90 ’ 2.79 
I 

5.05 

, f i  Cones O g i v e s  I /  

2.671 

2,681 

2,541 

1 
I M  
i L 

1 

I 
5.05 j 2 0 9 0  i 3.60 

6.28 j 2.50 ! 3.50 
I 

! 
4.35 

4.28 1 1  3.40 j 4.65 j 5.75 

~ Ogives / j  Cones 
I I I  
I 

f n ! 3 j 5 i 7 ) / 3 ; 5 1  7 
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Table 111. - Aerodynamic C h a r a c t e r i s t i c s  of Tomahawk Sounding Rocket wi th  
Various Fineness Ra t io  Noses 

~ 

f n  = 3 

S.M. d S.M? 
Ca 1 i b  ers Ca l ibe r s  M t, sec CN oc 

3 2. 2 14-10 -4.63 0 

4.24 3.85 11.14 -3.46 0 

5.05 4.83 I 10.20 -2.91 0 
I 

6.28 6.27 9.37 -2.28 0 

f n  = 5 

(a) Ogives 

, 

3 

4.24 

5.05 

6.28 

3 

4.24 

5.05 

6.28 

2.2 13.84 -4.98 

3.85 10.98 -3.68 

4.83 10.11 -2.87 

6.27 9.78 1 -1.92 

f n  = 7 

2.2 13-63 -5.20 

3.85 10.91 -3.81 

-3.30 

6.27 -2.14 

* - s * M * J ~ ,  = 3 ogive. + i n d i c a t e s  decreased s t a b i l i t y  I f n  
~ s . M .  = S.M. 
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Table 111. - Concluded 

(b)  Cones 

I 
j 3  2.2 

14.24 3.85 

15.05 4.83 

f a  = 3 

13.62 

10.65 

9.88 

6.28 1 6,27 
c- 

F 

6.27 

14.15 

11.25 

10 . 45 

9.84 

9.46 

Ln = 5 

S.M. 
Cs l ibe r s  

d S.MT 
Cal ibers  

-.03 

+. 10 

+.44 

+e53 

I 

1 3  i 2.2 1 13.79 
1 I 
i 4,24 i 3,85 i 11.01 
i I 

i 

j 5.05 1 4.83 i 10.08 
~ 

i 6.28 I 6.27 I 9.69 

i f ,  = 7 

- 3.07 

-3.73 

-2.96 

-.44 

-.27 

-.05 

I 

-5.30 

-4.11 

-3.24 

-2.37 

-.67 

-,65 

-e33 

-eo9 

* 
+ i n d i c a t e s  decreased s t a b i l i t y  I f ,  = 3 ogive S.M. = S.M.1 .. S.M. 

f n 
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Tab le  IV. - Payload-Rocket I n t e r f a c e  Non-Dimensionalized Bending Moment, 
m -- 

--: qsd  

I 
I I I 

6,27 13.39 i 1.62 10.37 I 
I 

(a) Ogives 

I 
4.64 ' - .59 i 

I 

7 ! 



T a b l e  IV. - Concluded 

I 

4024 3.85 

(b)  Cones 

j 

13.66 I 3.31 1 -8.99 

16.28 \ 6.27 
I 

44 

I 13.33 , 1.72 -10.30 4,75 I - .48 
1 I 

1 

I I 
i 3  i 4.24 

i 5.05 
I ' 6.28 
L 

' 13.61 1 6,02 I -9.89 ~ 9.74 -1.78 2.2 

3a85 12.76 3.58 -3.09 1 7.55 -2.15 

4,83 13.08 2094 1 -9040 I 6.62 - .68 

\ 

I 

I I 

6,27 12.65 2.17 I -10.52 4.30 - -93 
1 
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OPTIONAL FORM NO 10 5010- I07 
M&Y 1962 EDITION 
GSA GEN. REG. NO. 27 

UNITED STATES GO\.ERNMEN'I' 

Memorandum 
TO : F l i g h t  Performance Sec t ion  F i l e s  DATE: 7 J u l y  1965 

FROM : M r .  Edward E. Mayo and M r .  C a r l  I. Hutton,  Jr. 
F l i g h t  Performance Sec t ion  

SUBJECT: TANGENT OGIVE GEOMETRIC AND MASS CHARACTERISTIC EQUATIONS 

REFERENCE: (a )  P i e r c e ,  B. O., and F o s t e r ,  Ronald M e :  A Shor t  Tab le  of I n t e g r a l s ,  
Four th  Edi t ion .  

INTRODUCTION 

I n  a s tudy  c u r r e n t l y  underway t o  op t imize  t h e  nose  shape of sounding 
rocke t s ,  t h e  nondimensionalized expres s ions  f o r  t h e  geometr ic  and mass 
c h a r a c t e r i s t i c s  of t angen t  og ives  have been de r ived  i n  terms of t h e  o g i v e  
f i n e n e s s  r a t i o ,  f .  The purpose of t h i s  memorandum i s  t o  document t h e  
expres s ions  and  an  o u t l i n e  of  t h e i r  de r iva t ions .  The expres s ions  are 
be ing  programmed by R. Lahn f o r  eva lua t ion .  

- EQUATIONS 

Body Equat ions.  - The s u r f a c e  o r d i n a t e  and s u r f a c e  s l o p e  e x p r e s s i o n s  
are d e r i v e d  i n  Appendix A and summarized below. 

- --___ T =  4- (x /d  - f I 2  - ( f 2  - $1 

= tan-' 1 f - 
p / d  + f 

Volume. - The volume expres s ion  i s  de r ived  i n  Appendix B 'and 
summarized below. 
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- 2- 

Center-of-Volume. - The center-of-volume expres s ion  i s  d e r i v e d  i n  
Appendix C and summarized below. 

Mass Moment of I n e r t i a .  - The mass moment of i n e r t i a  i s  de r ived  i n  
Appendix D and summarized below, 

-. 
- 5/6 f ( f 2  - % >  4 - p / 4  f 2 ( f 2  - 4) + k ( f 2  - k > y  

i f ( f 2  - % >  + ( f 2  + % > 2  s in- '  (&j+ 1/3 f 3 ( f 2  - % I 2  

Wetted Surface  Area. - The we t t ed  s u r f a c e  area i s  de r ived  i n  Appendix 
E and summarized below. 

- 
S \ 

-- = 8 ( f 2  + ! ' s i n  [ tan'1 (*J - ( I -  
2f2 + 0.5 

3 SB c 

adL: ..4'/., ,? 

Edward E. Mayo, ' 

Enc l o  sures : 
Appendixes A, B, C, D and E 

cc :  M r .  K. R. Medrow 

Em: skd 
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APPENDIX A 

TANGENT OGIVE BODY EQUATIONS 

The t a n g e n t  og ive  semi-cross  sec t ion  i s  shown encompassed by i t s  
arc c i r c l e  (primed c o o r d i n a t e s ) ,  as the  cross ha tched  area i n  ske tch  
(a) e 

Sketch ( a )  

The equa t ion  of t h e  arc c i r c l e  i n  t h e  primed c o o r d i n a t e  system i s  
given by 

( A 1  1 (x' - R 1 2  + f l 2  = R2 
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Appendix A Page 2 

The fo l lowing  r e l a t i o n s h i p s  e x i s t  between t h e  a r c  c i rc le  and t h e  o g i v e  
coord ina te  systems: 

S u b s t i t u t i o n  of equa t ions  (A2 i n t o  equat ion  ( A l )  and nondirnent ional iz ing,  
y i e l d s  

' i x / d  - f j 2  + Lp/d + (R/d - 1 / 2 j  = (R/dI2 (A3 1 

which, upon s o l v i n g  f o r  P l d ,  g i v e s  

Making use of t h e  r e l a t i o n  

(R/d)2 = f 2  + (R/d - 1/212 

l e a d s  t o  t h e  fo l lowing  expres s ion  f o r  p /d: 

The s u r f a c e  s l o p e o  6 i s  g iven  by 

(A61 

D i f f e r e n t i a t i o n  of  equat ion (A31 accord ing  t o  equa t ion  (A61, and making 
use  of equat ion  (A41, y i e l d s  t h e  fo l lowing  r e l a t i o n  f o r  
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APPENDIX B 

TANGENT OGIVE VOLUME 

The nondimensional ized volume i n t e g r a l  f o r  t h e  tangent  ogive  may b e  
expressed as 

( B 1 1  

where P / d  w a s  de r ived  i n  appendix A and i s  g iven  by equat ion  (A51 as 

P / d  = i ( f 2  + 1/412 - (x ld  - f I 2  - ( f 2  - 1/41 

Hence, ( P / d l 2  may be expressed i n  t h e  fo l lowing  form 

( p / d ) 2  = ( f 2  + 1/412 - (x /d  - f I 2  - 2 ( f 2  - 1/41 

4- (x /d I2  + 2f (x /d1  + ( f 2  - 1/4?  + ( f 2  - 1/412 (B21 

L e t t i n g  

A = 1: ( f 2  + 1/412 d(x/d1 

Then 

Where 

B = 

C = 2 ( f 2  - 1/41 f: 4 - (x /d I2  + 2f (x /d )  + ( f 2  - 1/412 d(x /d1  

D = fi (f2 - 1/412 d(x/d1 

(x ld  - f I 2  d(x/d1 

?d % = A - B - C + D  

A = 1: ( f 2  + 1/41* d(x/d1 = ( f 2  + 1/412 f 

B = J: (x /d  - f I 2  d(x/d)  = 1 / 3  f 3  

(B31 

(B41 

(B51  
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Page 2 Appendix B 

C = 2 ( f 2  - 1/41 i f  ,/- - (x/d12 + 2 f ( x / d )  + ( f 2  - 1/412 d(x/d)  
0 

which, v i a  formulas  170 and 166, p. 26, P i e r c e  i n t e g r a l  
t a b l e s ,  may be  expressed  as f o l l o w s  

C = ( f 2  - 1/41  - 1/41 + ( f 2  + 1 /412  s i n  

D = {i ( f 2  - 1 / 4 ) 2  d (x /d )  = f ( f 2  - 1/412 (B7) 

S u b s t i t u t i o n  of equat ions B4, B5,  B6 and B7 i n t o  B3 y i e l d s  

' - f ( f 2  + 1/412 - 1 / 3  f 3  - ( f 2  - 1 / 4 ) ( f 2  + 1 /412  s in ' l  jF3  - 
( f )  (B8) 

f 2  + 1 / 4  
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APPENDIX C 

TANGENT OGIVE CENTER-OF-VQLUME 

The nondimensional ized center-of-volume, (c,v./d), measured from 
t h e  nose,  i s  g iven  by 

( x / d ) (  P / d l 2  d (x /d )  
c.v./d = J.: (C1)  

2 ( P/dI2  d(x /d)  

where t h e  numerator  i n  t h e  nondimensional ized volume moment i n t e g r a l ,  
M / T d 4  and t h e  denominator i s  the nondimensional ized volume i n t e g r a l ,  
V/*d 3 , e v a l u a t e d  i n  appendix B. 

The volume moment i n t e g r a l o  M/rrd4, from above, i s  given by 

where ( x / d ) ( p / d I 2  may be  expressed via equat ion  B2 as 

L e t t i n g  

A = f '  ( f 2  + 1/412 (x /dI  d(x/d)  
0 

(x /d  - f I 2  (x/d)  d(x /d)  B =  I, 

Then, 

6 3  
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Appendix C Page 2 

Where 

A = if ( f 2  + 1/412 (x /d)  d(x /d)  = 1 / 2  f 2 ( f 2  + 1/412 ( C 5 )  
0 

.- -_ - - - - . - -  

C = if 2 ( f 2  - 1 / 4 ) ( x / d )  F x / d l 2  + 2f (x /d )  + ( f 2  - 1/412 d (x /d )  
0 

Su-st  

which, v i a  formulas  181, 170 and 165, P i e r c e  i n t e g r a l  
t a b l e s ,  may be expressed as f o l l o w s  

C = 2 ( f 2  - 1 / 4 ) ( f 2  + 1/412 k / ? s i n - '  ( ) - 1 / 3  ( f 2  + 1 / 4 )  
f 2  + 1 / 4  3 

(c7) - 2 ( f 2  - 
3 

D = 1: ( f 2  - 1/412 (x /d)  d(x /d)  = 1 /2  f 2 ( f 2  - 1/412 (C8) 

t u t i o n  of equat ions  C5, C6, C7 and C 8  i n t o  C 4  y i e l d s  

M 7 = 1 / 2  f 2 ( f 2  + 1/412 - 1 / 1 2  f 4  
7 r d  

1 - 1 / 3  ( f 2  + 1/41 1 - 2 ( f 2  - 1 / 4 ) ( f 2  + 1/412 
fZ + 1 / 4  

( f 2  - l i4I2 - 2]+ 1 / 2  f 2 ( f 2  - 1/412 ((29) 
+ 2 ( f 2  - 1/412[- 2 

Hence, t h e  nondimensionalized center-of-volume i s  g iven  by 

c.v./d = - (C9  1 
(B8) 

((210) 
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APPENDIX D 

TANGENT OGIVE MASS MOMENT OF INERTIA 

1 -  

I expressed  as 
The nondimensional mass moment of i n e r t i a  about  t h e  nose  may b e  

where ( x / d ) 2 ( p / d ) 2  may be  expressed  via equat ion  B2 as  

L e t t i n g  

A = Jf ( f 2  + 1 / 4 I 2 ( x / d l 2  d ( x / d )  

B = Ji (x /d  - f l 2 ( x / d I 2  d(x/d)  

C = j i  2 ( f 2  - 1 / 4 ) ( ~ / d ) ~ / -  ( x / d I 2  + 2f (x /d )  + ( f 2  - 1/412 

d ( x / d l  

Then, 

where 

A =  ji ( f 2  + 1/412(x/d12 d (x /d )  = 1 / 3  f 3 ( f 2  + 1/412 (D4) 
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Appendix D Page 2 

B = f f  (x/d - f I 2 ( x / d l 2  d(x/d)  = 1 / 3 0  f 5  ( D 5 1  
0 

2 ( f 2  - 1 / 4 1 ( ~ / d ) ~ L -  ( x / d I 2  + 2f (x /d )  + ( f 2  - 1/412 c =  f o  

which, v i a  formulas  184, 170 and 165, P i e r c e  I n t e g r a l  
t a b l e s ,  may be  expressed  as f o l l o w s  

C = - 4 / 3  f ( f 2  + 1 /4 I3 ( f2  - 1/41 + 5 / 6  f ( f 2  - 1/414 

+ [5/4 f 2 ( f 2  - 1/41 + 1 / 4  ( f 2  - 1 / 4 1 9  

E ( f 2  - 114) + ( f 2  + 1/412 s in- '  (f2 + 1/4 4 (D61 

D = f z  ( f 2  - 1 / 4 ) 2 ( x / d ) 2  df.xld) = 1 / 3  f 3 ( f 2  - 1/412 (D71 

I S u b s t i t u t i o n  of equa t ions  D4, D5,  D6 and D 7  i n t o  D3 y i e l d s  

-5 I = 1 / 3  f 3 2  ( f  + 1/412 - 1/30 f5 + 4/3 f ( f 2  + 1 / 4 ) 3 ( f 2  - 1/41 
rf f  d 

I - 5 / 6  f ( f 2  - 1 / 4 ) 4  - c / 4  f 2 ( f 2  - 1/41 + 1 / 4  ( f 2  - 1/41? 

f 2  + 1 / 4  
c ( f 2  - 1/41 + ( f 2  + 1/412 s in"  (- 

t 1/3  f 3 ( f 2  - 1/412 ( D 8 )  
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APPENDIX E 

TANGENT OGIVE WETTED SUKFACE AREA 

The t a n g e n t  og ive  semi-cross  s e c t i o n  i s  shown, encompassed by i t s  
arc circle, as t h e  c r o s s  ha tched  a r e a  i n  s k e t c h  (b). 

3 -.. 7 -4 
1- 

I r  w 

Sketch (b) 

The we t t ed  s u r f a c e  area I s  given by 
8% 

s =  2 * i ,  p R d e  

S u b s t i t u t i n g  

( E l )  

i n t o  equat ion  ( E l )  and i n t e g r a t i n g  (6  = */2) y i e l d s  
2 

s = 2 f l R 2 ~ s  8 ,  - 2 W R ( R  - d / 2 )  [ T I P  - e,] 
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Appendix E Page 2 

Making use of t h e  r e l a t i o n s  

R/d = f 2  + 114 

l e a d s  t o  fo l lowing  express ion  f o r  t h e  wet ted  s u r f a c e  area 
- 

S = 2TR2 i s i n  l1 1 

2f2  + 0.5 

Nondimensionalizlng, i n  terms of t h e  base  area, SB = r d 2 1 4 ,  y i e l d s  

5 1 i s  g iven  by equat ion (A71 when x l d  = P / d  = 0, i.e., 

Hence, 

f 2  - 1 / 4  
S/SB = 8 ( f 2  + 1/412 k i n  I fan- '  ( 

f 2  - 1 / 4  
I tan- '  ( 1 - ( 1  - 

2 f 2  + 0.5 
(E21 
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Flight Performance Section F i l e s  20 September 1965 

Mr. Edward E. Mayo 
Flight Performance Section 

CONE-CYLINDER AND OGIVE CYLINDER GEOMETRIC AND 
MASS CHARACTERISTICS 

REFERENCE: (a)  Memo of 7 July 1965, Mr. E. E. Mayo to Flight 
Per formance  Section F i l e s ,  Subject: Tangent Ogive 
Geometric and Mass Character is t ic  Equations 

INTRODUCTION 

The nondimensionalized expressions for the geometric and m a s s  
charac te r i s t ics  of tangent ogives were derived in  reference (a). These 
expressions have been evaluated and the resu l t s  a r e  presented herein.  
Also presented here in  a r e  charac te r i s t ics  for cone-cylinder and ogive- 
cylinder configurations. These charac te r i s t ics  will be utilized in  nose 
optimization studies which a r e  currently underway. 
a r e  presented here in  to satisfy individual requests .  

The charac te r i s t ics  

EQUATIONS 

Nose 

Ogive. - The ogive equations a r e  obtained f rom reference (a)  a s  

(f: f 1 / 4 )  
= f,(f: t 1/4)2 - 1 / 3  f: - (f," - 1/4)(f: t 1/4)2 sin-' v n  - 

nd3 

v 
(c.v./d), -2- 

nd3 
= 1 / 2  f:(f,' t 1 /4)2  - 1/12 f: 

- 2(f," - 1/4)(  f: t 1/4)2 

(f," - 1/4)2 f:] 
t 1 / 2  f; (f: - 1/4)2 [- 3 2 

t 2(f', - 1/4)2 
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r 

= 1/3 f,” ( f i  t 1 /4)2  - 1 / 3 0  f 5  + 4 / 3  f ( f 2  + 1 / 4 ) 3 ( f 2  - 1 / 4 )  
n n  

- 5 / 6  fn( f :  - 1 / 4 ) 4  - [ 5 / 4  f 2 ( f 2  - 1 /4 )  + 1/4 ( f , ”  - 1/4)3] 
n n  

t ,1 /3  f 3  ( f 2  - 1/4)2  
n n  

Note : 

The evaluation of the above expressions must  be per formed on the com-  
puter using double precession in o rde r  to mee t  accuracy requirements .  

Cone. - The cone equations may  be expressed  a s  

- -  vn * -  (1 /12 )  f n  
7T d3 

( C . V . / d ) ,  = . 7  5 f n  
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Aft e r body 

The afterbody equations a re :  

- = ( 1 / 4 ) f  
nd3 

'a 

(y)a = f n  t fa/2 

I a = 1 /16  f a  [0.25 t:] 

ds 

Pay  lo ad 

The payload equations a re :  

v v 
- (c.v./d), t 2- (c .  v. /d)a 
r d3 n d3 (c.v./d) = 

VP/, d3 
P 

'n tn v [(y-jP - (?)I 2 

n d3 

I a .  'a 

a n d 5  r d 3  
t- t- 

[(y)a - (Y)J 2 
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Results 

The above equations have been evaluated and the r e su l t s  a r e  p r e -  
sented in  figures 1 and 2. 

Edward E. Mayo 

Enclosure s : 

Symbols 
F igures  1 and 2 

cc :  Mr. K. R.  Medrow 
Mr. J. T. Lawrence 
Mr.  J. S. Barrowman 
Mr.  H. L. Galloway 

EEM: skd 
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SYMBOLS 

c.v., C.  g. 

d refer enc e diameter 

f finenerr ratio 

I moment of inertia 

S reference area, nd2/4 

S" wetted rurface area 

center of volume, measured aft from nose apex 

SUBSCRIPTS 

A 

a 

n 

P 

nose apex 

after body 

nose 

payload 
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