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Abstract | Review Article

A Rocket is flown with variable thrust equated to the drag and with constant path —inclination by varying the lift
coefficient using the angle of attack as a control parameter besides variation of the propellant mass consumption.
Hence the equations of motion of the rocket are formed and solved to determine time as a function of velocity, mass
as a function of velocity and the lift coefficient as a function of velocity which suggests time- varying lift coefficient
as a control parameter to accomplish the mission.
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INTRODUCTION equations of motion as obtained by Angelo Miele [1]
Angelo Miele [1] and AC Kermode [2] dealt can be rewritten as

with rocket / aircraft performance in atmosphere as well

as in vacuum mainly to determine the greatest height = vsiny,r@ = vcosy (1)

attained, range and propellant/fuel consumption. SN a dt

Maitra [3 resent author) studied variable thrust 1 1

programEni]ng(p for rockets) with constant thrust T=D=; CppSv?, L=; CupSv?,

inclination with the horizontal. Authors like Fayyaz A. (2)

Lohar, Ajmal K.Sherwani and Arun K. Mishra

investigated into optimal control problem of coplanar v _TD_ %siny = —%siny 3)

symmetrical elliptical terrestrial orbit of a spacecraft by o omor "

use of aero cruise technique, maintaining thrust equal to dy L v o op

drag and with constant path-inclination by executing o m (? - E) cosy )

relevant control over the lift coefficient, ie,

manipulating the angle of attack and exerting variable dd_l:z_#% (5)

propellant consumption. Neglecting Coriolis force, the

Where 1 is the radius vector joining the rocket to Earth’s centre, y the path inclination to the horizontal, 8 the
true anomaly, v the velocity, D the drag,

u the constant related to the grvitational constant , m the mass, c the specific fuel consumption, Cpthe drag
coefficient, p the atmospheric density, S the spacecraft reference area and K; (=CypS) the ballistic factor. Now we
proceed to obtain solutions to the above equations, as follows.

Velocitiy —Mass Distribution
Combing (1) and (3) and employing the initial conditions

att=0,0 = 0,r =ry andv = v, 6)
and solving for a relationship between and r and v one gets
1 1
2 — 2 o 7
v =vitu(; o) ™)

| © 2019 Scholars Journal of Physics, Mathematics and Statistics | Published by SAS Publishers, India | 136



http://saspjournals.com/sjpms

S. N Maitra., Sch J Phys Math Stat, Aug 2019; 6(8): 136-138

Because of equation (2), (3) and (5) yield
dm

=S CopsvA/fe®*siny)}  (®)

Now (7) can be rewritten in the form
2 2

H_Vi—Cp
= ©)
Where c2 = v — % >0 (10)
0

Combing (8) and (9) is obtained
am -Kp 172 (11)

()

Where K, = 8CppSu?/(c siny) (11.1)
y is kept constant due to variation of the lift coef ficient C;, with time t so that (4) and (2) give this control

parameter as
—o . _Lhym
CL =2( r) s cosy (12)

r2v2

Once mass m, velocity v and
y are expressed as functions oftime t, the criteron of keeping path inclination y constant by varying the lift
coefficient C; with the help of controlled reference surface S or otherwise is established.

Solution to equation (11) is effected taking the initial conditions:

at t=0, m=my, v = v, (13)
_m _ v vidv v dv 2 (v __dv
Imo dm =K, fVO (vz—cg)4 =Ko [fVO (vz—cg)3 t fVO (vz—c%)4]
Or, m=mg — Ko [I5 + c3 1)1V, (14)
dv —
where In = fm ,h=3,4 (15

Applying Reduction formula to integral (15) for n=1, 2, 3, 4 one gets

el o e A
= W +2n(l, + C(Z)In+1)
Int1 = sl + (20 — DI, (16)
203 (ve-c3)
where I, = fvzd%cg = iLOg% <0 (17)

In view of the above results it is clear that velocity v can be expressed as a function of mass. The radial distance
r of the spacecraft can be expressed as a function of true anomaly 8 by use of two equations in (1).

Instantaneous Velocity

1 dr
~3e = tany = (constant) (18)

With the initial conditions (7) its solution is given by
r=r,edtany (19)

Which suggests that in such a situation, ie, under the constraint of the same path inclination at all time instants,
the trajectory of the spacecraft is an equiangular spiral.

The velocity can be expressed as an implicit function of time by use of (3) and (9):
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v _ 1 . o 2N2.
x- " m (v® —c§)*siny (20)
In consequence of of (16) and (6) equation (20) can be integrated as
tsiny_ \4 dv _ _
il e LI (21)
—_trv 4,3 V=%
where I, = Py [vz—cg + 2es Log vieo ] (22)

Using (21) and (22), we get time as function of velocity;
ot [ - o Log{() () (29)
0

siny 'v2-c3  vo2-c3 v+co/ \vo—co

Radius vector-time (r,t) relationship can be determined by eliminating v between (23) and (9).
(v,0) relationship can be obtained by substituting (19) into (9):

_ | _2m
- rOeetany

Lift Coefficient as Control Parameter

+ ¢t (24)

To maintain a constant path-inclination y =y, is needed a time-varying lift coefficient obtained by use of

equations (9), (12), (14) and (23):

4_
C.(t) = _;M,%{mo - Ky(Js + Cgh}COSYO

Where ], = [l,]v, , n=3,4

CONCLUSION 2.
The mass variation law with time can be

framed with the help of (14) and (23). Hence, on the

whole it is established that holding the thrust equal to 3.

the drag entails a mass-variation law due to propellant

mass consumption which coupled with a constant path-

inclination at all time instants gives rise to a law of

variation of lift coefficient as a control parameter. 4.
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