
MAE 5540 - Propulsion Systems!

Section 3.1 Midcourse Review!

1!
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The Rocket Equation!

• Consider a rocket burn of duration tburn!

Initial Velocity!

Final Velocity!

Initial Mass!

Final Mass!
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Propellant Budgeting Equation!

3!
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Specific Impulse!
• Specific Impulse is a scalable characterization of a rocket’s!
Ability to deliver a certain (specific) impulse for a given weight!
of propellant!

Mean specific impulse!
4!
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Specific Impulse (cont’d)!

“Units ~ seconds”!
• Effective Exhaust Velocity!

5!
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Available Delta V!

6!
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Required  ΔV!

•  Root Sum Square of Required Kinetic Energy 
(Horizontal) + Potential Energy (Vertical)!

7!
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Required  ΔV (2)!
•  Example Calculation, Shuttle to Due East LEO Orbit!

8!

km/sec!

110 km MECO!
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Required  ΔV (3)!
•  Example Calculation, Shuttle to Due East LEO Orbit!

9!

110 km MECO!

km/sec!
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Required  ΔV (3)!

10!

110 km MECO!

km/sec!
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STS-114 Trajectory Example!

“Return to Flight”!
After Columbia Accident!
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STS-114 Trajectory Example (2)!
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STS-114 Trajectory Example (3)!

ΔVgrav
P.E .

= 2 µ ⋅ h
R⊕ ⋅ R⊕ + h( ) ΔVaccumulated = V −V"boost "( )2 +ΔVgrav

P.E .

2

Vorbit =
µ

R⊕ + horbit
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STS-114 Trajectory Example (4)!

Shuttle Aero Data!

Stephen Whitmore
• CD relative to Shuttle planform area
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STS-114 Trajectory Example (5)!

Calculated ΔV’s!
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STS-114 Trajectory Example (6)!
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STS-114 Trajectory Example (7)!

ΔVcombustion /
propulsion

− ΔVgravity
loss

+ΔVdrag
loss

#

$
%

&

'
(

ΔVaccumulated = V −V"boost "( )2 +ΔVgrav
P.E .

2

Very Good ΔV!
Model Agreement!!
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“Orbitology” Summary (1)!

21!

The Conic Sections:!
r – radius vector!
v – true anomaly!
e – orbit eccentricity!
a – orbit semi-major 
axis!
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“Orbitology” Review (2)!

22!

Propogation of Orbital Position
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“Orbitology” Review (3)!

23!

Alternate Statement of of Kepler's Second law:!

• Velocity Vector for an Elliptical Orbit!
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“Orbitology” Review (4)!

Orbital Period!
Kepler's Third law:  !

• µearth =!
3.9860044 km3/sec2!
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Orbitology Summary (5)!

Gravitational Potential
Energy

•Gravitational potential energy  equals the
amount of energy released when the Big Mass
M pulls the small mass m  at infinity to a
location r  in the vicinity of a mass M

∞m

M

m

r

• Energy of position

PE  grav
 ≡  Ereleased = F ⋅ dr

∞

r
 =

 

   G M m
r2   dr

∞

r
 =  - G M m 1

r  - 1
∞

  = - G M m
r   G M = µ"
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Orbitology Summary (6)!

Elliptical Orbit!

Vis-Viva Equation!
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Orbitology Summary (7)!

Vis-Viva Equation for All the Conic-Sections!
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Orbitology Summary (8)!

• Hohmann Transfer!
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Orbitology Summary (9)!

Vr = V ⋅ sin γ( )
Vν = V ⋅ cos γ( )

Vν

Vr

γ = tan−1 Vr
Vν

$

%&
'

()

Vinitial

Vfinal
ΔI ΔVplane change

• Simple Plane Change!



MAE 5540 - Propulsion Systems! 30!

Orbitology Summary (10)!

γ = tan−1 Vr
Vν

$

%&
'

()

simple!

• Combined Plane Change!

At Apogee or!
Perigee γ = 0!
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Homework 4!

A Novel Application of the 
Rocket-Equation !

Calculating the Fuel Budget for an 
Orbital Phasing !

Maneuver of a GeoStationary Satellite!
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TT&C Satellite!

• TT&C satellite used to monitor pacific coast battle has failed !

• NACSOC has decided to transfer the functions of a spare !
Atlantic battle group satellite to the pacific until a replacement !
can be launched!

   … design an Orbital phasing Maneuver that Allows Transfer of a !
GEO Synchronous Communication Satellite from 40.40’ west!
Longitude To 118.15’ west longitude!
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Phasing Maneuver!
40o 40’!
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Phasing Maneuver (part 2)!

• Design a Reverse!
Orbital Maneuver !
that Puts the Satellite!
Back to the Original!
Longitude after !
Mission has been !
accomplished!

40o 40’!
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What To Compute!
• Compute !
             … Phasing Orbit Parameters!
             … Phasing Orbit Period!
             … Required Delta V1, Delta V2!

• Assume Rmin > 32,000 km !
(to stay above Van Allen belts)!

• Note: It may take Multiple orbits of 
Phasing!
Orbit to accomplish this task !
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What To Compute (cont’d)!

• Compute !
             … Burn time for Transfer Orbit 
Insertion!
             … Burn Time for Final Orbit 
Insertion!
             … Required Fuel Budget for Delta 
V1, Delta V2!



MAE 5540 - Propulsion Systems!

Parameters of the Problem!

Original Longitude : 40 deg, 40 min West!
Destination  Longitude: 118 deg, 15 min West!

3.9860044 x 
105!
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Parameters of the Problem (cont’d)!
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Parameters of the Problem (Concluded)!

• Fthruster = 0.500  kNt!

• Spacecraft mass!

   1000 kg “Dry”!


