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Chapter IV

IDENTIFICATION OF A ROCKET SYSTEM

4 .1  In tr o d u c tio n

The main problem  o f  th e  i d e n t i f i c a t i o n  o f  t h i s  r o c k e t  
f i r i n g  system  i s  to  d eterm in e th e  v e l o c i t y  a t  th e  end o f  
burning tim e Vek which o ccu rs  a t  th e  end o f  th e  power 
f l i g h t  and th e  drag c o e f f i c i e n t  Cp.

4 .2  To C a lc u la te  Vc k

S in ce  th e  th r u s t  T a t  th e  b eg in n in g  i s  v ery  h ig h  
com paring to  th e  g r a v i t a t io n a l  fo r c e  and th e  d rag , th e  eqn. 
(2 .2 )  i s  s im p l i f i e d  as ะ

dv _ T d t m
From Appendix c ,  eqn. ( 4 . 1 )  becomes

(4 .1 )

where

dv _ yud t m (4 .2 )
th e  e f f e c t i v e  e f f l u x  v e l o c i t y

dm"dt
The v e l o c i t y  V  can be d i r e c t l y  o b ta in e d  in  term  o f  

m (t) and m(o) a s ะ 
= นe m (t)V ( 4 . 3 )
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S in c e  th e  v a lu e s  o f  th e  i n i t i a l  mass o f  th e  r o c k e t  
m (o ) , th e  burn o u t mass m^, are norm ally  known. T h er e fo re , 
th e  v e l o c i t y  a t  th e  end o f  burning tim e Ve k i s  o b v io u s ly  
o b ta in e d  from eqn. (4 .3 )  as ะ

eb = น £n m (o)m ( o ) -  m. (4 .4 )

A diagram  w hich d e s c r ib e s  th e  lo c a t io n  o f  th e  v e l o c i t y  Vek 
i s  shown in  F ig . ( 4 .1 ) .  S e v e r a l v a lu e s  o f  m (o ), m  ̂ and นe 
have been s e l e c t e d .  For exam ple, th e  t y p ic a l  v a lu e s  used  
in  an exp erim en t are n e a r ly  as ะ

m(o) = 2 kg.
m̂  = 0 .2  k g .
น = 1550 m /se c .

In t h i s  c a se  th e  v e l o c i t y  Ve j3 i s  ะ

v eb = 1550 l n é ร ิ
-  150 m /se c .

4 .3  To I d e n t i f y  Cp

From eqn. ( 3 .4 7 ) ,  we can w r ite  ะ

y = xtan9 -  .----0 + — ----J  + — 7^-.---- 0 (3 .4 7 )4C (XQ) 2C(Xo ) 4C (XQ)
where XQ d e n o te s  th e  r a te  o f  change o f  th e  h o r iz o n ta l  d i s ­
ta n ce  a t  th e  b eg in n in g  o f  th e  f r e e  f l i g h t  o f  th e  r o c k e t . 
Thus, from F ig . ( 4 .1 ) ,  we have :
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V e r t ic a l '

F ig u re  4 .1
A Diagram Showing th e  V e lo c i t y  a t  th e  End o f  Power F l ig h t .
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X0 = veb Cose (4 .5 )
S u b s t i tu t in g  eqn. (4 .5 )  in to  eqn. ( 3 .4 7 ) ,  we o b ta in  ะ

2Cxy = Xtan6 - ge
4C2 (VebC os9 )2

+ gx
2C(VebCos0) 4C2 (VebC os0 )2

R earran gin g , we have ะ

y = xtan0 - gx
2 (VebCos0)

e 2Cx -  2Cx -  1 
h (2C x)2

Now, l e t  z = 2Cx, th e  above eq u a tio n  becom es ะ

y = xtanO - gx
2 (VebCos0)

e -  z -  1
z  2% z (4 .6 )

C on sider th e  t r a j e c t o r y  o f  th e  r o c k e t  a f t e r  burning  
o u t as shown in  F ig . ( 4 .2 ) ,  we have ะ

h = x tan e (4 .7 )
y = x tan e -  d (4 .8 )

From eqn. (4 .6 )  and eqn. ( 4 .8 ) ,  we o b ta in  ะ

d = gx
2(VebCos0)

e -  z -  1
>5 z 2

(4 .9 )

S in ce  th e  v a lu e s  o f  0 , X and d may be m easured from th e  
ex p er im en t. T h erefo re  th e  v a lu e  o f  z can be c a lc u la t e d  from 
eqn. ( 4 .9 ) .

From eqn. (3 .3 0 ) and eqn. ( 3 .3 8 ) ,  where z = 2Cx, we 
o b ta in  ะ

mz
P d 2 X (4 .1 0 )
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y

F ig u re  4 .2
A Diagram Showing th e  Path o f  R ocket a f t e r  Burn O ut.
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Then, the drag coefficient CD can be calculated where p is 
the density of air and d  ̂ is the diameter of the rocket body, 
and also the l i f t  coefficient CL can be calculated by the 
aerodynamics relation

11 (AR) c r ( 4 . 1 1 )'L j  “ D
where (AR) is the aspect ratio  of the rocket (see Appendix
D) .
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