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PREFACE

This monograph presents a summary of engineering
methods most commonly employed for preliminary aerodynamic
analysis of bodies travelling at hypersonic speeds. To the extent
possible, an attempt has been made to make the present work
self-sufficient. However, references are cited if one is interested
in the source or more details.

The work is in three parts. Part 1 deals with Predictive
Methodology, Part 2 covers Validation of Prediction Methods and
Part 3 the Aerodynamics of Rarefied Gases.

Secunderabad         AK Sreekanth
Date: June 2003
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CHAPTER 1

AERODYNAMIC PREDICTIVE METHODS IN
HYPERSONIC FLOWS

1.1 INTRODUCTION

The conceptual design of an efficient hypersonic cruise
vehicle or a missile requires a detailed knowledge of how various
geometrical configuration parameters affect the aerodynamic
performance of such a vehicle. Besides, it is desirable to have the
ability to compare one configuration’s performance with another
in a relatively short amount of time. During the preliminary design
phase involved in arriving at feasible configurations for a specified
mission, simple engineering-type empirical and semi-empirical
methods are invariably employed. The expensive and time-
consuming wind tunnel tests and sophisticated computational
techniques are reserved for possible designs evolved from the
preliminary analysis.

A variety of engineering methods applicable to flows at
hypersonic Mach numbers have been reported over the years in
open literature. Each of these methods works well on very specific
types of components. Therefore, it is necessary to choose a
combination of these methods to analyse the complete vehicle
made up of various components, such as body, lifting, and control
surfaces.

The present work is a compilation of some of the well-
known prediction methods, their applicability and limitations.
Examples of the application of a few of these methods to calculate
aerodynamic parameters of some specific components of vehicle
configurations have been made and the results presented. Some
published work on the aerodynamic characteristics of a few of
hypersonic configurations, their predictions and comparison with



4 Aerodynamic Predictive  Methods In Hypersonic Flows

experimental data are discussed in Part II(Chapter 6) of this
monograph, to illustrate the applicability and validity of the
approximate methodology.




	Contents
	Preface
	Acknowledgements
	PART - I AERODYNAMIC PREDICTIVE METHODS IN HYPERSONIC FLOWS
	CHAPTER 1 AERODYNAMIC PREDICTIVE METHODS IN HYPERSONIC FLOWS 
	CHAPTER 2 METHODS
	2.1 Introduction
	2.2 Newtonian Theory
	2.3 Modified Newtonian Theory
	2.4 Embedded Newtonian Flow
	2.5 Newtonian & Prandtl-Meyer Mode1
	2.6 Tangent Wedge & Tangent Cones
	2.7 Tangent Wedge, Tangent Cone & Delta Wing Empirical Method
	2.8 OSU Blunt Body Method
	2.9 Hankey Flat Surface Empirical Method
	2.10 Dahlem-Buck Empirical Method
	2.11 Blast Wave Pressure Increments
	2.12 Shock Expansion Theory
	2.12.1 First Order Theory
	2.12.2 Second Order Shock Expansion Theory (SOSET)

	2.13 Blunt Bodies of Revolution at Small Angles of Attack
	2.14 Van Dyke Unified Theory
	2.15 2-D Airfoil Theory in Hypersonic Flows
	2.16 High Mach Number Base Pressure
	References 

	CHAPTER 3 AERODYNAMIC CHARACTERISTICS OF VEHICLE COMPONENTS
	3.1 Introduction
	3.2 Body-Alone Aerodynamics
	3.2.1 Forces & Moments on the Body
	3.2.2 Axial Force
	3.2.3 CAf - Skin Friction Coefficient
	3.2.4 CAb - Base Pressure Coefficient
	3.2.5 Determination of CAN, the Axial Pressure Coefficient of Nose Portion of the Body
	3.2.5.1 Pointed Cone
	3.2.5.2 Pointed Ogive
	3.2.5.3 Hemispherical Nose

	3.2.6 Normal Force
	3.2.6.1 Pointed Cone
	3.2.6.2 Pointed Ogive
	3.2.6.3 Hemispherical Nose
	3.2.6.4 Cylinder


	3.3 Allen & Perkins Viscous Cross Flow Theory
	3.4 Moments
	3.4.1 Pointed Cone
	3.4.2 Pointed Ogive
	3.4.3 Hemisphere
	3.4.4 Circular Cylinder

	3.5 Wing Alone Aerodynamics
	3.5.1 Hexagonal Shape Wing Section
	3.5.1.1 Axial Force
	3.5.1.2 Normal Force
	3.5.1.3 Axial Component of the Rudder
	3.5.1.4 Normal Component (Wing or Rudder)
	3.5.1.5 Pitching Moment

	3.5.2 Other Wing Sections
	3.5.2.1 Airfoil Characteristics by 2-Dimensional Hypersonic Airfoil Theory


	References

	CHAPTER 4 SKIN FRICTION FORCE CALCULATION
	4.1 Introduction
	4.2 Sommer & Short Method
	4.3 Van Driest-II Method
	4.4 Spalding & Chi Method
	4.5 Empirical Equations
	References

	CHAPTER 5 AERODYNAMIC HEATING AT HYPERSONIC SPEEDS
	5.1 Introduction
	5.2 Heating Analysis
	5.3 Stagnation Point Heat Transfer
	5.3.1 Spherical Nose
	5.3.2 Cylinder Normal to the Stream
	5.3.3 Swept Wing Stagnation Line Heat Transfer
	5.3.4 Perfect Gas
	5.3.5 Real Gas
	5.3.6 Heat Transfer Coefficient h
	5.3.7 Heat Transfer on Flat Surfaces and Fuselage Panels

	5.4 Heat Transfer Analysis by the Method of Quinn & Gong
	5.4.1 Stagnation Point Heating Rate
	5.4.2 Convective Heating Equation for Small or Zero Pressure Gradient Surfaces
	5.4.3 Boundary Layer Transition

	5.5 High Speed Convective Heat Transfer Methodology of Tauber
	5.5.1 Stagnation Point Heat Transfer
	5.5.2 Swept Infinite Cylinder
	5.5.3 Cone & Flat Plate Heating Rate
	5.5.3.1 Laminar Boundary Layer


	5.6 Empirical Equation for Convective Heat Transfer
	5.6.1 Stagnation Point
	5.6.2 Flat Plate in Laminar Flow
	5.6.3 Flat Plate in Turbulent Flow

	References 


	PART - II VALIDATION OF PREDICTION METHODS
	CHAPTER 6 VALIDATION OF PREDICTION METHODS
	6.1 North American X-15 Research Aircraft
	6.1.1 Walker & Wolowicz’s Work
	6.1.2 Lift Characteristics
	6.1.3 Wing
	6.1.4 Horizontal Tail
	6.1.5 Fuselage
	6.1.6 Pitching-Moment Characteristics
	6.1.7 Wing & Horizontal Tail
	6.1.8 Fuselage
	6.1.9 Maughmer et al. Analysis of X-15

	6.2 Hypersonic Research Airplane
	6.3 Space Shuttle Orbiter
	6.4 Conclusions
	References 


	PART - III AERODYNAMICS OF RAREFIED GASES
	CHAPTER 7 AERODYNAMICS OF RAREFIED GASES
	7.1 Introduction
	7.2 Free Molecule Flow Analysis
	7.2.1 Surface Interaction Parameters
	7.2.2 Forces on an Surface Element in Free Molecule Flow

	7.3 Aerodynamic Forces for Typical Bodies
	7.3.1 Flat Plate
	7.3.2 Infinite Right Circular Cylinder at an Angle of Attack, α
	7.3.3 Sphere
	7.3.4 Cone Frustrum
	7.3.5 Spherical Segment

	7.4 Aerodynamic Forces in Slip & Transitional Flows
	7.5 Energy Transfer in Free Molecule Flow
	7.5.1 Equilibrium Temperatures for Simple Shapes
	7.5.2 Heat Transfer for Typical Bodies in Free Molecule Flow
	7.5.3 Heat Transfer in Slip & Transitional Flow Regimes 

	References 


	Appendix
	Index

