


What the Rocket Equation Tells Us?

The Rocket Equation
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Multiple Stages Rockets

Velocity changes are cumulative:

« First stage gets you some velocity.
« First stage is dumped.

« 2"d stage is ignited then dumped.

« 39stage isignited.

All launchers are currently multi-stage

They can be in series (one after the other) or in parallel (all at the same time).
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Expendable Launch Vehicle
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Important Equations

* Rocket Equation: AV = I, In (AZ;M”)

end

 Propellant Mass Fraction: f, = In (AT:Tm )
d

with Am the propellant mass in kg and m,; the dry mass in kg.
In multistages: M4+ = mqy + m, + ms + payload mass

where m4, m, and my are wet masses: dry mass + propellant.
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Solid Multistage Example

Assume a Sl of 2800m/s.

Dry mass = 0.12 x propellant load 2,

TWO STAGE
Payload 1.00
Upper stage dry 1.21

Upper stage propellant 10.10

Lower stage dry 14.74
Lower stage propellant 122.80

Launch Mass 149.85 Tonnes
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Solid Staging Example

AV = I, In (22tert)

Mend
15t stage:

AV1= I

SP1

In < my + My + Myayioad >
my +my + Myayload — ATnl

137.54+ 11.31+ 1.0
13754+ 1131+ 1.0 —122.8

AV = 28001n< > = 4793 m/s
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Solid Staging Example

2nd stage:

m; + mpayload >

AVZZ I ln (
"Pz m; + Myayload — Amz

11.31+ 1.0
11.31+1.0-10.10

AV, = 28001n< ) = 4809 m/s

AVirorar = AV, + AV, = 9601 m/s

Hence, this two stage launcher will get its 1 tonne payload to low earth orbit.
Could not have had a single stage to orbit!
£
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N204/UDMH Multistage Example

TWO STAGE
Payload 1.00
Assume a Sl of 3200m/s. Upper stage dry 0.46
Upper stage propellant 5.10 ,u_
» Lower stage dry 2.99 .
Dry mass = 0.09 x propellant load L ARl 3
B Launch Mass 42,75 Tonnes (%7
2
These accelerate to the same =1 THReEsTAGE 2
9600mM/'s as the previous solid By feveadiy  mos
eX a m p le 3 = Upper stage propellant 2.00 K \
' 1 Mid stage dry 0.59
Mid stage propellant 6.50 1
. . Lower stage d 1.92
Again, cannot have a single stage to =3 (owersuge propstant 2130 [
Orblt Launch Mass 3348 Tornes |

i
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LOX/LH Example

SINGLE STAGE
Payload 1.00
Assume a Sl of 4500m/s. Stage dry 293
Propellant ﬂ
/MM\ Launch Mass 33.23
Dry mass = 0.1 x propellant load -
These accelerate to 9g6oom/s again. ||  Taoo"ee o0
Upper stage dry 0.24
. o . Upper stage propellant 2.40
Single stage to orbit is now possible. Lower stage dry 0.84
Lower stage propellant  8.40
Launch Mass %
Second stage allows to reduce
launch mass!
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Example Launchers

Rocket Stage Propellant
Atlas/Centaur ? tgiﬁsﬁj
(1962) 2 LOX/LH2
1 LOX/RP-1
Saturn V (1967) 2 LOX/LH
3 LOX/LH
Space Shuttle 0 PBAN Solid
(1981) 1 LOX/LH2
0 HTPB Solid
Delta Il (1989) 1 LOX/RP-1
2 N204/Aerozine 50
. 0 Solid
’a‘(r%gz)v 1 N204/MMH
2 LO2/LH2
1 N204/UDMH
Long March 3A 2 N204/UDMH
(1994) 3 LO2/LH2

Eliott Wertheimer




Example Launchers
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