Rocket Propulsion Basics
Vehicle Acceleration/Rocket Equation

Thrust Coeff. & Characteristic Vel.
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Thrust and Vehicle Acceleration

g

I:solid body cross + J.O_:sheardA_ I pﬁdA+ J‘pfdv
Cs CS Ccv

CVon fluid
=91 piiav + [ pi(d,, -)an
dt Ccv CS

« Along x direction (rocket axis)

= _g Mo solid body
x,solid cross — crossing CV
CV on fluid
Drag ® drawn for u, and rocket
J.O-x,sheardA =" Dviscous_ Dwave =-D velocity (u) aligned
cs Includes effects of p#p,

— other terms? on solid surfaces
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» Accelerating rocket
- j pAdA =?
CS

Body force mass

[ pfdv =2

Ccv

Unsteady term

d
— a.dv =?
dt 4

® drawn for u, and rocket
velocity (u) aligned
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Thrust and Vehicle Acceleration

g

u
» Accelerating rocket / 0
Flux term
'[pﬁx (U, -A)dA=" Center of
Cs mass

. e
« Now combine all terms df@‘évlg(fg; ‘(J'G)agl?g;%%ket
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Thrust and Vehicle Acceleration

/'u
» Accelerating rocket
0—D+(p. - p,)A —#gcoso
: du
=—MU+w—+md—u
N yﬁ " /Qu/
mazmue+(pe—pa)Ae—D—mgcose

md_u mu, —D—m cosé
dt ’ A'/"

mass

* 1st term same as static “thrust” ¢ drawn for u, and rocket
« Other terms ?? velocity (u) aligned

— thrust accel. “losses” (overcome drag, gravity, ...)
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elocity Increment

* In orbital mechanics, important parameter for
changing orbit in gravity field is the velocity
increment
— AU=Ug; — Uinitiar (N€LINCT. in vehicle speed)
—e.g., launch to LEO requires ~9 km/s

mu,
o AU= _[du = 3
(242

accel

period —dz
= [ua— "

n

M = —dee/dt
—I dt— jgcos@d

const. Ueq

Au =U,, In Hnital .[ dt— J g cos6)dt

% final

a3 oy sy St At e AF6450 Rocket Propulsion




Velocity Increment

AU = U, In| Zntal I dt — I gcosé)d EROC':.“
mflnal qguation
=3 Mass Ratio

1st term = AUy, AU Without losses
— how to increase?

2M = Augeq Au needed to overcome drag
— D=Cp¥% pu?A,......now to decrease?

3 = AUy, AU Needed to lift mass in gravity field
— how to decrease?
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Thrust Coeff and Characteristic Velocity

g

So important performance parameters: t & Au
—depend on u,, or Iy, and m

» For thermal rockets, typically parameterize
these using

.. T
— Thrust coefficient C, =
measure of ability of nozzle to Operating _—~ Po A( - Nozzle
convert thermal energy to KE (Stagnation) pressure throat area

— Characteristic velocity c*=—-
measure of thermal energy vel.units M

available; propellant property cc*= 1 =u_ =1 g
for chemical rockets 3 m eq spIe
. Why A’?
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