ROCKET PROPULSION EQUATION

By Tom Irvine

Email:

tomirvine@aol .com

June 30, 1999

Consider the powered flight of a rocket vehicle. Assume the following:
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Therocket may have an initial velocity (as would be the case for an upper
stage burn).

Therocket isinitially unpowered.

The atmospheric drag force is negligible.

Gravity is negligible.

The propellant mass flow rate is constant.

The exhaust velocity relative to the rocket is constant.

The pressure at the nozzle exit planeis equal to the ambient pressure.

A diagram of the rocket is shown for two time cases in Figure 1.
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Figure 1.

Note that

v = absolute rocket velocity
u = absolute exhaust gas velocity
m = mass



The initid momentum of the system P; is

Pij=mv (D)

The final momentum of the system Ps is

P¢=(m- Dm)(v+Dv)+Dmu )

The change in momentum DPis

DP = Pf- Pj 3
DP =[(m- Dm)(v+Dv)+Dmu]- mv (4)
DP =mv+ mDv - Dmv- DmDv + Dmu- mv 5)
DP =mDv - vDm- DmDv + Dmu (6)
DP=[u- (v+Dv)]Dm+mDv (7)

Let c be the exhaust gas velocity relative to the rocket. Recall that ¢ is assumed to be
constant.

c=[u- (v+Dv) (8)
Substitute equation (8) into (7).
DP = cDm + mDv 9)

The change in momentum with respect totimeis

E:C%+mﬂ (10)
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Takethelimit as the time interval approaches zero.
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Now let F be an external force applied to the system. Newton's second law is

F=9P
dt

The external force applied to the rocket is zero, however. Thethrust is generated
internally. Thus

d_P:O
dt

Substitute equation (11) into (13).
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Equation (15) governsthe flight of the rocket per the previously given assumptions.

Now solve for the final velocity. Multiply through by dt.

cdn=-mdv
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Let
Mg = initial rocket mass
my = final rocket mass
Vg = initial rocket velocity
vi = final rocket velocity

Integrate equation (17b).
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Thefinal velocity is
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