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Lifting Entry (continued)
• Basic planar dynamics of motion, again
• Yet another equilibrium glide
• Hypersonic phugoid motion
• Planar state equations
• Top-level discussion of bank angle and cross-range
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Basic Equations of  Motion
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Solving for Velocity
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Differential Elements 
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As before,
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Differential Elements (2)
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Solving for Flight Path Angle
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Flight Path Angle and Velocity Equations
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Deceleration
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Fiddling with Algebra
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More Algebra
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Even More Algebra
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Trigonometry, for a Change
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Back to the Algebra
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Maximum Deceleration Case
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Let’s Go Back to Algebra
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Algebra is Fun, Don’t You Think?
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Maximum Deceleration Equations
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Phugoid Oscillations
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Perturbation Analysis
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Perturbation Analysis
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Perturbed Lift
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On an equilibrium glide,
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Phugoid Parameters
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Free-Body Diagram with Spherical Planet
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Planar State Equations
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Planar State Equations (2)
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The Canonical Planar State Equations
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Associated Parameters to State Eqns
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Numerical Integration - 4th Order R-K
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Bank Angle
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Crossrange (without derivations)
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• Use of li to deviate laterally from planar 
groundtrack

• Optimum bank angle to maximize crossrange

• Maximum achievable crossrange

�
opt

⇠
=

cot

�1

s

1 + 0.106

✓
L

D

◆2

y
max

⇠=
r
o

5.2

✓
L

D

◆2 1q
1 + 0.106

�
L

D

�2



Lifting Atmospheric Entry
ENAE 791 - Launch and Entry Vehicle Design

U N I V E R S I T Y  O F
MARYLAND

Crossrange Based on L/D
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Early Shuttle Design Configurations
• Delta wing configuration

– High hypersonic li
– High landing velocity
– High crossrange

• Straight-wing configuration
– High subsonic li
– Low(er) landing velocity
– Low crossrange
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