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Entry and Fluid Dynamics
• Rarified gas Newtonian flow
• Continuum Newtonian flow (hypersonics)
• SphereConeAero software
• Case study: ParaShield concept and flight test
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Newtonian Flow

• Mean free path of 
particles much larger than 
spacecraft --> no 
appreciable interaction of 
air molecules

• Model vehicle/ 
atmosphere interactions 
as independent perfectly 
elastic collisions
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Newtonian Analysis

α

AA sin(α)

ρ

V
mass flux = (density)(swept area)(velocity)

dm

dt
= (ρ)(A sinα)(V )
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Momentum Transfer

• Momentum 
perpendicular to 
wall is reversed at 
impact

• “Bounce” momentum 
is transferred to 
vehicle

• Momentum parallel 
to wall is unchanged

Vsin(α)

V

F

V

F =
dm

dt
∆V = ρV A sinα(2V sinα) = 2ρV 2A sin2 α
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Lift and Drag
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= 4 sin
2 α cos α

D = F sinα = 2ρV 2A sin
3 α

L = F cos α = 2ρV 2A sin
2 α cos α
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Flat Plate Newtonian Aerodynamics
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Example of Newtonian Flow Calculations

Consider a cylinder of length l, entering
atmosphere transverse to flow

dF

dD
dLV

r
θdṁ = ρdA cos θV = ρV cos θrdθd#

dL = dF sin θ = 2ρV 2
cos θ sin θrdθd#

dF = dṁ∆V = 2ρV 2
cos

2 θrdθd#

dA = rdθdl

dD = dF cos θ = 2ρV 2
cos

3 θrdθd#
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Integration to Find Drag Coefficient

Integrate from 

By definition,                              and, for a cylinder
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Continuum Newtonian Flow (Hypersonics)

• Air molecules 
predominately interact 
with shock waves

• Effect of shock wave 
passage is to decelerate 
flow and turn it parallel to 
vehicle surface

αV

Shock wave
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Continuum Newtonian Flow (Hypersonics)

• Treat hypersonic 
aerodynamics in manner 
similar to previous 
Newtonian flow analysis

• All momentum 
perpendicular to wall is 
absorbed by the wall

αV
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Mass Flux (unchanged)

α

AA sin(α)

ρ

V
mass flux = (density)(swept area)(velocity)

dm

dt
= (ρ)(A sinα)(V )
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Momentum Transfer

• Momentum 
perpendicular to 
wall is absorbed at 
impact and 
transferred to 
vehicle

• Momentum parallel 
to wall is unchanged

Vsin(α)

V

F

Vcos(α)

F =
dm

dt
∆V = ρV A sin α(V sinα) = ρV 2A sin2 α
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Lift and Drag
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Graduate Design Class: Fall, 1988

• Six students in graduate class in Aeronautics 
and Astronautics at MIT

• Project summary: Design an alternative manned 
spacecraft to supplement/replace the shuttle in 
the event of another Challenger-type accident

• Had to be capable of launch on Delta II, Atlas, 
Titan IIIC (existing ELVs)
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Parametric Analysis of Heating
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Parametric Analysis of Stagnation Temp
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Parametric Analysis of Dynamic Pressure
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Parametric Analysis of Peak Deceleration
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Comparison of Entry Trajectories
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Comparison of Heat Shield Temperatures
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Comparison of Total Heat Loads
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Early Assembly of Shield Structure
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The Skidbladnir Development Team
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Shield Structure and Deployment
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ParaShield Stowed and Deployed
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Launch Vehicle Integration
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October 5, 1989 - T+2 sec
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October 5, 1989 - T+60 sec
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October 6, 1989 - Aftermath
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