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Outline
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3
Chapter 2: Aerodynamic Considerations in Missile Design, 

Development, and System Engineering
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4

Conceptual Design and System Engineering 
Require Broad, Creative, Rapid, and Iterative 

Evaluations

Chapter 2: Aerodynamics
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5

Flight Performance / Trajectory is Driven by 
Forces (Aerodynamics, Propulsion, Weight) on 

the Missile

Chapter 2: Aerodynamics
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6

Aero Configuation Sizing / System Engineering 
has High Impact on Mission Requirements / MOM

Chapter 2: Aerodynamics
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7

Conceptual Design Aerodynamic Methods of This 
Text are Based on Aero Configurations Buildup

Chapter 2: Aerodynamics
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8

Conceptual Design Total Aerodynmic Force Mat 
be Estimated by Summing Individual 

Contributors

Chapter 2: Aerodynamics
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9

Missile Diameter is a Tradeoff
Chapter 2: Aerodynamics
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A Small Diameter Missile has Lower Drag
Chapter 2: Aerodynamics
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Missile Finess Ratio May be Limited by 
Resonance of Body Bending Frequency with 

Flight Control

Chapter 2: Aerodynamics
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Nose Fineness and Geometry is a Tradeoff
Chapter 2: Aerodynamics

https://www.youtube.com/watch?v
=k7glI_XAWgc&t=18s
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Faceted and Flat Window Domes can Provide 
Low Distortion, Low Drag, & Low Radar Cross 

Section

Chapter 2: Aerodynamics
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Body Maximum Zero-Lift Drag Coefficient Occurs 
Near Mach 1

Chapter 2: Aerodynamics
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Supersonic Body Wave Drag is Driven by Nose 
Fineness

Chapter 2: Aerodynamics
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Moderate Nose Tip Blutness Causes a Relatively 
Small Increase in Supersonic Drag

Chapter 2: Aerodynamics



Aerospace DesignUniversity of Kansas

Unclassified   Rev. 22 August 2023Co
py

rig
ht

 ©
 R

. M
. B

ar
re

tt,
 E

. F
lee

m
an

 2
02

3 
Al

l r
ig

ht
s r

es
er

ve
d

17

A Boattail Decreases Base Pressure Drag Area
Chapter 2: Aerodynamics
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A Boattail is More Effective for a Subsonic 
Missile 

Chapter 2: Aerodynamics
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19

A Lifting Body Has Higher Normal Force
Chapter 2: Aerodynamics
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Body Lift-to-Drag Ratio is Impacted by Angle of 
Attack, Cdo, Body Fineness, and Cross Section 

Geometry

Chapter 2: Aerodynamics
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21

A Lifting Body Required Flight at Relatively Low 
Dynamic Pressure to Achieve High Lift-to-Drag 

Ratio

Chapter 2: Aerodynamics
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Tradeoff of Low Observable Missle Planform and 
(L/D)Max Versus Volumetric Efficiency

Chapter 2: Aerodynamics
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Sign Convention of Forces, Moments, and Axes 
for This Material

Chapter 2: Aerodynamics
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24

Pitch, Yaw, and Roll Animation
Chapter 2: Aerodynamics
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Oitch Moment Stability ∆ Cm / ∆ α and Static 
Margin (𝑿𝑨𝑪 − 𝑿𝑪𝑮) Define Pitch Static Stability 

Chapter 2: Aerodynamics
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Body Aerodynamic Center is Driven by Angle of 
Attack, Nose Length, and Body Length

Chapter 2: Aerodynamics
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An Aft Flare Increases Static Stability
Chapter 2: Aerodynamics
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An Aft Flare Increases Static Stability (cont)
Chapter 2: Aerodynamics
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29

Tail Stabilizer Advantages: Drag & Flight Control, 
Flare Stabilizer Advantages: Aero Heating and 

Stability

Chapter 2: Aerodynamics
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30

Most Supersonic Missiles Do Not Have Wings
Chapter 2: Aerodynamics
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31

Most Supersonic Missiles Do Not Have Wings 
(cont)

Chapter 2: Aerodynamics
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32

Most Subsonic Cruise Missiles Have Relatively 
Large Wings

Chapter 2: Aerodynamics
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33

Most Subsonic Cruise Missiles Have Relatively 
Large Wings (Cont)

Chapter 2: Aerodynamics
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34

Examples of Guided Bombs That Have Wings for 
Extended Range

Chapter 2: Aerodynamics
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35

Definition of Planar Aerodynamic Surfrace 
Geometry Parameters

Chapter 2: Aerodynamics
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36

Normal Force Coefficient of a Planar Surface 
(Wing, Tail, Canard) is Higher at Low Mach

Chapter 2: Aerodynamics
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37

High Normal Force for a Planar Surface Occurs at 
High Local Angle of Attack

Chapter 2: Aerodynamics
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38

Aerodynamic Center of a Planar Surface Moves 
Aft with Increasing Mach Number

Chapter 2: Aerodynamics
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39

Hinge Moment Increases with Dynamic Pressure 
and Effective Angle of Attack

Chapter 2: Aerodynamics
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40

Skin Friction Drag is Lower for Small Surface 
Area

Chapter 2: Aerodynamics
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41

Supersonic Drag of Planar Surface is Smaller if 
Leading Edge Has Sweep and Small Section 

Angle

Chapter 2: Aerodynamics
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42

Wing Subsonic Aero Efficiency L/D is Driven by 
Angle of Attack, CDo, and Aspect Ratio

Chapter 2: Aerodynamics
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43

Planar Surface (Wing, Tail, Canard) panel 
Geometry is a Tradeoff with Many Considerations

Chapter 2: Aerodynamics
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44

Examples of Wing / Stabilizer / Flight Control 
Surface Arrangements and Alternatives

Chapter 2: Aerodynamics
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45

Most Missiles have Aero Flight Control with Four 
Control Surfaces Providing Pitch, Yaw, Roll 

Control

Chapter 2: Aerodynamics
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46

There are Many Flight Control Aerodynamic 
Configuration Alternatives

Chapter 2: Aerodynamics
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47

Missile Flight Control Alternatives are Driven by 
Maneuverability, Packaging Efficiency, and Cost

Chapter 2: Aerodynamics
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48

Tail Flight Control is Efficient at High Angle of 
Attack

Chapter 2: Aerodynamics



Aerospace DesignUniversity of Kansas

Unclassified   Rev. 22 August 2023Co
py

rig
ht

 ©
 R

. M
. B

ar
re

tt,
 E

. F
lee

m
an

 2
02

3 
Al

l r
ig

ht
s r

es
er

ve
d

49

Tail Flight Control Can Usually Operate at Higher 
Angle of Attack Than Canard Flight Control

Chapter 2: Aerodynamics
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50

About 70% of Tail Flight Control Missiles have 
Wings

Chapter 2: Aerodynamics
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51

Tail Flight Control Alternatives: Conventional 
Balanced Actuation Fin, Flap, and Lattice Fin

Chapter 2: Aerodynamics
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52

Lattice Fin Flight Control has Advantages for Low 
Subsonic and High Supersonic Missiles

Chapter 2: Aerodynamics
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53

Lattice Fin Chicked Flow is Driven by Lattice 
Section Thickness and Transonic Mach Number

Chapter 2: Aerodynamics
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54

Conventional Canard Flight Control is Efficient at 
Low Angle of Attack, but Stalls at High α with 

Induced Roll

Chapter 2: Aerodynamics
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55

Most Canard Flight Control Missiles are Wingless 
and Most are Supersonic

Chapter 2: Aerodynamics



Aerospace DesignUniversity of Kansas

Unclassified   Rev. 22 August 2023Co
py

rig
ht

 ©
 R

. M
. B

ar
re

tt,
 E

. F
lee

m
an

 2
02

3 
Al

l r
ig

ht
s r

es
er

ve
d

56

Examples of Aerodynamic Approaches that 
Enhance Maneuverability and Accuracy of 

Canard Flight Control

Chapter 2: Aerodynamics
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57

Split Canard Flight Control → Maneuverability at 
High Angle of Attack with Lower Hinge Moment

Chapter 2: Aerodynamics
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58

Wing Flight Control Advantages: Low Body 
Rotation. Disadvantages: High Hinge Moment, 

Induced Roll, Stall

Chapter 2: Aerodynamics
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59

Wings are Susceptible to Strong Vortex Shedding
Chapter 2: Aerodynamics
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60

Current Wing Flight Control Missiles are 
Supersonic and Are Old Technology

Chapter 2: Aerodynamics



Aerospace DesignUniversity of Kansas

Unclassified   Rev. 22 August 2023Co
py

rig
ht

 ©
 R

. M
. B

ar
re

tt,
 E

. F
lee

m
an

 2
02

3 
Al

l r
ig

ht
s r

es
er

ve
d

61

Aerodynamic Flight Control Surfaces Stall at a 
Surface Local Angle of Attack 𝜶$ ≈ 22 Deg

Chapter 2: Aerodynamics
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62

Surface Maximum Lift (Stall) Decreases with 
Supersonic Mach Number

Chapter 2: Aerodynamics
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63

TVC and Reaction Jet Flight Control Provide High 
Maneuverability at Low Dynamic Pressure

Chapter 2: Aerodynamics
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64

Most Missiles with TVC or Reaction Jet Flight 
Control Also Use Aerodynamic Flight Control 
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Skid-to-Turn is the Most Common Maneuver Law 
for Missiles
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Skid-to-Turn is the Most Common Maneuver Law 
for Missiles (cont)
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Examples of Skid-to-Turn, Bank-to-Turn, Rolling 
Airframe, and Divert Maneuvering

Chapter 2: Aerodynamics
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Non-Cruciform Inlets Require Bank-to-Turn 
Maneuvering
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Non-Cruciform Inlets Require Bank-to-Turn 
Maneuvering (cont)
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Typical Sign Convention for Cruciform Missile 
Roll Angle and Flight Control Surface Deflection
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X Roll Orientation Flight is Usually Better Than + 
Roll Orientation Flight
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Trimmed Normal Force is Defined at Zero 
Pitching Moment
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Relaxed Static Stability Margin Allows Higher 
Trim Angle of Attack and Higher Normal Force

Chapter 2: Aerodynamics
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Relaxed Static Stability Margin Reduces Drag
Chapter 2: Aerodynamics
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Missile Static Margin is Driven by Tail Area and 
Static Margin Predicition Has Large Uncertainty

Chapter 2: Aerodynamics
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Stability & Control Requires High Flight Control 
Effectiveness

Chapter 2: Aerodynamics
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Stabilty & Control Cross Coupling is a Concern 
for Lifting Bodies (S&C Cross Coupling Often > 

30%)

Chapter 2: Aerodynamics


