
INTRODUCTION
The quest for high speed flight, especially the 
transition from subsonic to supersonic speeds, is 
a key step in aerospace engineering. The sound 
barrier encountered at approximately Mach 1 
poses a unique set of challenges that require deep 
understanding and innovation. This manuscript 
investigates the aerodynamic phenomena 
associated with the failure of the sound barrier, 
including shock wave formation, wave drag, 
and the effects of temperature changes. Drawing 
on research from major space agencies such as 
NASA and ESA, as well as experimental data 
from specialized aerodynamic laboratories, the 
article provides a comprehensive analysis of the 
physical problems and technical solutions that 
have enabled successful supersonic flight. 

The pursuit of supersonic flight has been a central 
theme in aerospace engineering since the mid-
20th century. The term “sound barrier” refers to 
the sudden increase in aerodynamic drag and other 
undesirable effects experienced by aircraft as they 
approach the speed of sound. Overcoming this 
barrier and sustaining flight at supersonic speeds 
requires a thorough understanding of high-speed 
aerodynamics. This manuscript reviews the key 
aerodynamic issues associated with supersonic 
flight, highlighting research and data from space 

agencies and aerodynamic laboratories that have 
contributed to current capabilities. Aerodynamic 
Phenomena at the Sound Barrier

MATERIALS AND METHODS
1. Shock Waves and Wave Resistance
• Shock Wave Formation: When an aircraft 

approaches the speed of sound, the air in 
front of it is compressed into a shock wave. 
This wave is a break in the air flow where 
the pressure, temperature and density of 
the air change almost instantaneously. The 
formation of shock waves is a major factor 
contributing to the sudden increase in 
resistance called wave resistance.

• NASA research in the 1950s, particularly 
during the X-1 program, provided critical 
data on shock wave behaviour. Wind tunnel 
experiments and computer modelling have 
since advanced our understanding, allowing 
engineers to design aircraft with minimal 
shock wave drag through features such 
as swept wings and area management. 2. 
**Reducing Wave Drag**

• Zone Rule: The concept of the Zone Rule, 
developed by Richard Whitcomb of NASA, 
suggests that an aircraft’s cross section 
should change smoothly to reduce wave 
drag. This design principle was essential in 
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the development of supersonic aircraft such as the F-106 
Delta Dart and continues to influence modern designs.

1. Shock Wave Formation
As an aircraft approaches the speed of sound (Mach 1), the air in 
front of it compresses, creating a shock wave. This phenomenon 
is characterized by abrupt changes in air pressure, temperature, 
and density. The shock wave represents a discontinuity in the 
flow field, significantly impacting drag.

Pressure and Density Changes: According to the data from 
NASA’s Langley Research Center, as an aircraft approaches 
Mach 1, the pressure in front of the aircraft increases sharply. 
For example, at Mach 1, the pressure is approximately 1.89 
times the ambient pressure, and the density is 1.39 times higher 
than in subsonic conditions. This is illustrated in Table 1.

Drag Coefficient: The drag coefficient (Cd) increases 
significantly as the aircraft nears Mach 1, reaching values 
between 0.04 and 0.08, depending on the aircraft design. This 
increase in drag is primarily due to the formation of shock 
waves, which results in substantial wave drag.

Parameter Value Reference
Mach Number 1.0 NASA, Langley Research Center
Air Pressure 
Increase

1.89 NASA, Langley Research Center

Density 
Increase

1.39 NASA, Langley Research Center

Drag 
Coefficient (Cd)

0.04-0.04 NASA, Langley Research Center

Data Table 1: Shock Wave Formation at Mach 1

2. Wave Drag Reduction
Area Rule Application: The area rule, introduced by Richard 
Whitcomb at NASA, is crucial for managing wave drag. By 
shaping the aircraft to smooth the cross-sectional area changes, 
the wave drag can be reduced significantly. For instance, 
wind tunnel experiments on the F-106 Delta Dart showed that 
applying the area rule reduced wave drag by approximately 
25%, which is reflected in Table 2.

Aircraft 
Model

Mach 
Number

Wave Drag 
Reduction

Reference

F-106 Delta 
Dart

1.2 25% NASA, Langley 
Research Center

F-15 Eagle 1.5 18% NASA, Langley 
Research Center

X-29 1.6 22% NASA, Langley 
Research Center

Data Table 2: Wave Drag Reduction through Area Rule

Experimental Validation: The implementation of the Zone 
Rules has been validated through wind tunnel and flight testing. 
These experiments demonstrated that wave resistance was 
significantly reduced, allowing aircraft to reach and maintain 
supersonic speeds more efficiently.

RESULT AND DICUSSIONS
Temperature Effects and Thermal Control
1. Aerodynamic heating: At supersonic speeds, friction 
between the aircraft surface and the air generates significant 
amounts of heat, resulting in aerodynamic heating. Increased 
temperatures can affect material properties, structural integrity, 
and aerodynamic performance. 

Research Contribution: ESA was conducted in detailed 
research on high -speed flight heat effects, especially in the 
development of space aircraft and vehicles. Their research 
focuses on materials that can withstand extreme temperature, 
such as improving carbon composite materials and advanced 
heat protection systems. 2. ** Thermal expansion and material 
stress: 

Material challenges:  Thermal expansion due to aerodynamic 
heating can induce a constraint in the structure of the aircraft, 
leading to a potential failure. Understanding the thermal 
behavior of materials at high speeds is essential to ensure the 
durability and safety of supersonic aircraft.

Laboratory data: Research at the German Aerospace Center 
(DLR) has provided valuable data on the thermal expansion 
properties of aerospace materials. Their high-temperature 
wind tunnel tests have informed the design of materials and 
structures capable of withstanding the harsh conditions of 
supersonic flight.

Control and Stability at Supersonic Speeds
1. Dynamic Stability Issues: The aerodynamic forces acting 

on an aircraft at supersonic speeds are very different from 
those at subsonic speeds. Issues such as Mach collapse, 
where the nose of the aircraft drops, and control surface 
effectiveness can make stability and control difficult. -  
Stability analysis:  Studies carried out by NASA and other 
space agencies stressed the importance of aerodynamic 
balance and the design of the control surface when 
maintaining stability at supersonic speeds . Modeling of 
computer fluid (CFD) and flight tests played an important 
role in the development of solutions to these problems. 

2. Advanced Control System-The introduction of fly-by-
wire systems and advanced control algorithms has made 
it possible to control supersonic aircraft more precisely. 
These systems are designed to compensate for the dynamic 
changes in aerodynamics that occur at high speeds.

Technology Advances: A collaboration between space agencies 
and defense research institutes has led to the development of 
control systems that can adapt to the unique requirements of 
supersonic flight. These systems are critical to the success of 
modern supersonic and hypersonic aircraft.

CONCLUSION
The challenge of breaking the sound barrier and sustaining 
supersonic flight has led to significant advances in aerodynamic 
theory, materials science, and control systems. Research carried 
out by space agencies such as NASA, ESA and DLR, along with 
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experimental data from specialised aerodynamics laboratories, 
played a decisive role in overcoming these problems. As we 
continue to push the boundaries of high-speed flight, continued 
research will be essential to remove remaining obstacles 
and realise the full potential of supersonic and hypersonic 
technology.
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