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Approximate analytical solutions on velocity, &I@, deoPllbl$;tfoh> xfi78xWmii d k k h t h x i :  &in&&' a h C t i W &  
flight, etc. are obtained for object entry in a planetary atmosphere when (i) rate of change of velooity is proportional 
to the nth power of the velocity, and (ii) rate of chakge of altitude is proportional to the pth power of the velocity. 
Loh's results for constant deceleration flight and oonstent r&e of cfiange'of descent flight are obtained as particular 
cases. Finally, trajectory characteristics are obtained for constant rate of change of range flight. 

N O T A T I O N S  

A = reference area for lift and drag e~prmaiens" (t+ ft.) 

Co = drag coefficient 
D = drag' Ilb.) 

9 I: acceleration due to graviq- (ftitseca) 
L = lift (lb.) 
rn = mass (slugs) 
R = range (ft.) 
Ro = radius of earth (ft.) 
s = distance along flight-patu we).' 
V = velocity (ft./sec.) 
8 = angle of entry 

p = atmospheric density coefficient such that p = p, e-BY where po is atmospheric density at 
earth's surface and y = attiffid&- 

The problem of vehiol8 entry into* pbWthry aihosg8wa~ is gradually rewiving increasing- a4bntion. 
Cfazleyl, Allen=, Eggera3 and Chappl* have considered the case of ballistic-type entry without 
lift at suiliciently large angles of inclin~ofl- w5m% both the- gavity force and centrifugal force have. 
been neglected. 

Loh96 has given analytical solutions on the'dgmtmid4aspt?& of ~ t & r i 0 ~ 8  Ifin&d re-entry tM$eoibries. 
He has considered the case for c o a n t  aniPfirr variable W d m g  ratios. His approach is more general 
and the results of earlier inve~tigators'~4 corn oa t  as pa&cdar caw.  The present paper is essentially 
aimed at generalizing Loh's results for constant deceleration flight and constant rate of change of descent 
flight and also dealing with a new typcof re-entry trajectary. The results for all the above three cases 
are for variable L/D ratios.. 

Rate of Chqlzge of Ve1o:ity Valies as the lzth power of Velocity 

lh a non-rotating two dimensional inertid-oeordi- system with its origin at  the centre of the earth 
or planet the equations of mokion ares 

. . . -. 
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For high speed re-entry the- gravity component in the drag direction ie usualljr small in comparison 
with drag itself; consequently, it has been neglected in (2). 

t 

, The trajectory charact;eristics at  

are now worked out 

Density:-From (2) and (3) the expression for density is 

AZtitzcde :-From the altitude-density relation and equation (4) 

T i m  off light :-Integrating f3), 

where subsoript i, here or elsewhere, denotes initial values. 7 

Distance along flight-path:-The distance along flight-path using (6) is - 

Velocity:-The expression for velocity in terms,of altitude, is obtained from (21, (3) and densitp- 
altitude relation 

Angle of inclination :-From relation sin B = - dy/& and (6) and (7), the entry angle is given by 

sin 6 = - Ka p (2.- V Z - n  n) 

, Lift-drag ratio :-From (I), (7) and (9) on simplification, 

where 

Range :- In the relation dR = cos 8 ds, substituting value of cos B from (9) and ds from (7) on integra- 
- ting and  s impwng  



GURTU : Flight-Path Characteristics 

It may perhaps be mentioned here that the expression for range as.given by Loh5 is emneous. The 
actualaxpression can be obtained by putting n = 0 in above equation. 

When the index n vanishes, equations (4) to (10) give flight-path characteristics for constant decelera- 
tion flightK. 

Rate of Change of Altitude varies as the pth Power of the Velocity 

The trajectory characteristics are now analysed for entry at  

Angle of inolimtion :-From the relation sin B = - dy/s and above relation. 
L 

sin B = - ( cg'mA~ ) v-I + P  

where 
C19 = 2 m KJCDA 

Density :-Using (2) and (13), the relation dp = - p p dy and integrating 

where 

. ? 

n, 

Pl.;Sht-path distance :--Substituting (16) into (2), integrating, and simplifying 

Range:-In the relation dl2 = cos 0 ds substituting value of coa B from (14) and ds from equa1,ion (18) 
and integrating 

The value of R can be evaluated by numerical integration. 

~ l t i ~ e  :--&ing relation p = po e- B Y and (16) on simplification 

Velocity :--The expression for velocity, as a function of altitude, follows from above 

Decelerath a d  Maximum Deceleration:-The deceleration expression follows from (2) and (16) as 
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a4d theic52Tpkhibn for m(IZiimmw debeIeration is 

where 

Time of Jlight :-The expression for flight-time using (318) Isl 

1 Fi - P 

can be solved by numerical i n t e g r a t k  

Lzj(t4rag ratio:-Using equations (I), (14), (18),,(22) and simplifying the lift-clrag ratio is 

i l k  before i t  can be easily seen that! if the exponent p\ls 0, equations (14). to (26) yield r e s 4 s  for cons- 
tant rate of descent flight6. I 

I - 
Comftixnt Rate of Change E'&@ ' 

Angle of irac1inathn:-fie expression for angle of inolinlmtion from above is 

Denszty . -Using relations (2), (28), t h . e r * m d F p  = - 19 p d$ a d  &a-8- = - &y/ds 

and simplifying 

where 

and 

ca = 2 @ ~ / C D  A (sl) 

Altitude :-Using the akitude-dehsity relation, (a9).and\sinrPl&hg, the altitude in terms of V is 
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