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5-degree  airfoil half-angle example

2 meters
5 degree half angle

Loop for H=10, 20, 30, 40, 
50 km

Sweep Mach Number
1.25 < Mach < 10

--Sweep a
     solve for CL, CD, L/D

plot L/D versus a
Find L/D max

L/D = CL/CD
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Inviscid L/D Plot vs Alpha
• Sweep Through 

Alpha
• Calculate Upper 

and Lower Pressure 
Distributions

• Calculate CL, CD
Inviscid

• Calculate L/D, Plot 
vs Alpha

• Pick L/Dmax
• Repeat for each 

Mach Number
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Inviscid L/DMax

Mach = 2.0

Why No altitude effect?
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Inviscid L/DMax

Why No altitude effect?

Mach = 8.0
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Inviscid L/DMax(continued)
• Inviscid Flow

• Why no Altitude effect?

What is happening here?

Flow behind shock goes Subsonic, 
Shock-Expansion Model Breaks 
Down
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Inviscid L/DMax(cont’d)
• Inviscid Flow

Detached shockwave!
For alpha > 0

M2 < 1 for alpha =0

Be careful! At low Mach numbers!
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Inviscid L/DMax(concluded)
• Inviscid Flow

Detached shockwave!
For alpha > 0
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Skin Friction Effect on L/D Max
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Alpha for CLmax changes with altitude for
Viscous Flow Conditions

Mach = 2.0

Turbulent flow Only
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Alpha for CLmax changes with altitude for
Viscous Flow Conditions

Mach = 8.0

Turbulent flow Only
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Viscous Flow, Turbulent Only, no Compressibility

n = 7
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Viscous Flow, Turbulent Only, Compressibility Corrected

n = 7
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Relationship Between Freestream Mach Number and 
Reynold’s Number

M∞ =
V∞
γ ⋅Rg ⋅T∞

Re∞ =
ρ∞ ⋅V∞
µ∞

⎛

⎝
⎜⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟⎟
⋅
c
cosδ

⎛

⎝
⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟

→
Re∞
M∞
=

P∞ ⋅V∞
Rg ⋅T∞ ⋅µ∞

⎛

⎝

⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟
⋅
c
cosδ

⎛

⎝
⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟⋅
γ ⋅Rg ⋅T∞
V∞

=
P∞
µ∞
⋅

γ
Rg ⋅T∞

⎛

⎝

⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟⎟
⋅
c
cosδ

⎛

⎝
⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟

Re∞ =
P∞
µ∞
⋅

γ
Rg ⋅T∞

⎛

⎝

⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟⎟
⋅
c
cosδ

⎛

⎝
⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟⋅M∞

Scale effectsAltitude effects



MAE 5420 - Compressible Fluid Flow 14

Viscous Flow, Transitional, no Compressibility

Laminar

TurbulentTransitional

Laminar

TurbulentTransitional
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Viscous Flow with Allowable  B.L. Transition

Reynold’s Number also Effects the Type of Boundary Layer
• Laminar
• Transitional
• Turbulent
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Viscous Flow, Transitional, w/ Compressibility

Laminar

TurbulentTransitional

Laminar

Turbulent

Transitional

DOES THIS PLOT MAKE SENSE?
LAMINAR FLOW HAS HIGHER DRAG THAN TURBULENT?
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Viscous Flow, Transitional, Compressibility Corrected
Laminar

Turbulent

Transitional

Laminar

Turbulent

Transitional PR=1 FOR LAMINAR FLOW IS 
NOT! A GOOD ASSUMPTION

Laminar


