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FIGURE 10.5 Approxrmate calculat ion of  t f 'e  t ra lectory of  i i  vehrce undergorng a grav l ' t '
f rom launch at  angle ( / r .

6u,  c luc to c l rag.  para l le l  an( l  o l )posi te to 5u, :  and 5u(  (h le to grav i t ) ' .  pur i r l
g .  Each of  thcsc tcrms can be calculutcr l  f  rorr r  the vckrc i tv  ut  thc begi r r r r i r rg ,
Of  coursc.  thc i rccuracy r l i  th is  prr lccc lu lc  t lepcncls t ln  thc s izc o l  lhe t i rne r
r. 'als 5t compurecl with l i,.

I lav ing o l . r ta incc l  the solut ion o l 'u  us t r  I 'ur rc t ion o l ' t i rnc.  ( ) r1c cun c i ts i l r 'p l i
t r i r j c c to rv .  F ig .  l { ) . 5 (b )  t r om thc  ve l ( ) c i t v  t l i a t r run r . ' l ' ha t  i s . 6y  :  u ,6 t .  D r
f i r r  euch 6t .  This  f igurc is  in tcndccl  ( )nh ' to inc l ic l r tc  t l re  n l r turc o l  t l . tc  con:
pro l t lern uncl  to  point  out  thut  t i r r  our  purp()scs \ \ 'c  arc in tcrcstc( l  s inrp l r  r :
sun rn ra t i on  o f  t he  nu tgn i t uc l cs  o f  t hc  6u ,  t cnns .  ( ' l cu r l v .  t h i s  i s

)  l6u i1  -  lu . , , l  ln  . , / i  .

1 'hus,  having propcr lv  ca lculatec l  thc actu l r l  t ru jcctor l " .  thc s inrp lc  i r r lcgrr r l
Eq .  (10 .9 ) ,  as  s i ven  by  Eq .  (10 .  l l ) .  udc t l ua t c l v  r l esc r i bcs  (hc  p ropu l s i on  r r ' ,
ments l i r r  a  g ivcn miss ion evcn in thc prcscncc of  { rav i tv  unt l  r lnrg.

Single-Stage Sounding Rocket

As a s intp le cxanrplc .  consic lcr  thc hc ight  to  rvh ich a s in{ lc-st i rgc roek.
r ise i f  we ne! , lcct  drac and assumc th l r t  thc c l ' l tc t ive cxhin ls t  vc loc i lv  rs  e, , r '

Fr l r  vcr t ica l  l l ight  the a l t i tuc lc  i r t ta incr l  u t  burnout .  / r r , .  is
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10.3  VEHICLE ACCELERATION
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Equat ing thc k inct ic

potential energy betwecn

and thus

Final ly ,

energy of thc mass at burntlut, ' l/ 'r, with its change of

thatloint ancl thc maximum hcight, 11 ,",' ', we obtain

r r ;
'M ' " ' t  =  l l  7 'g ' ( / t " " '  -  / r ' )  '

h ' t t u t :  h " * 9 ,
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Burning Time

The result wc have just obtained points out the cicsirabil ity of reducing the

b u r n i n g t i m e a s m u c h a s p o s s i b l e w h i l c a c c c l e r a t i n g a g a i n s t a g r a v i t y f i e l d ,
Phys i ca l l y ' sho r tbu rn ing t imes reducg - theenc rgyc t l nsumec l - i ns imp ly l i f t i ng the
pr.1p.ftont. Very sl.rt lrt b"urning times, htlwever' imply nclt clnly very high accelera-

tions. which may impose severe stresses on the structure and instruments' but

also exceedinglyhigh prclpellant f low rates. The size of the machinery necessary

i., t,onOt" tu.g". tto*, i, u i irnit ing factor. In addition, atmospheric drag imposes a

fenotty if th"e vehicle is accelerited too quickly within the earth's atmosphere.

Burning times for existing high-thrust .uik.tr are usually in the range of 30 to

200 seconds.
l n theabsenceo fg rav i t a t i ono rd rag ,bu rn ing t imehas .no in f l uenceons tage

veloc i ty  increment ,  ur"* .  ruy see f rom-Eq.  (10.11) .  In  th is  case the veloc i ty  of

the vehicle is a function on"ty of the fraciion of propellant expended and not

of  the t ime consumed in accelerat ion '
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