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Professional Certificate in Aerospace Systems Engineering

Aerodynamics and Flight Mechanics

Aerodynamics is a branch of fluid dynamics that deals with the study of the motion of air and other gases,
particularly when they interact with solid objects. In the context of aerospace engineering, aerodynamics
plays a crucial role in understanding how aircraft are able to generate lift and control their flight. This
section will cover key terms and concepts related to aerodynamics and flight mechanics that are essential
for the Professional Certificate in Aerospace Systems Engineering program.

**1. Aerodynamic Forces:**

Aerodynamic forces are the forces exerted on an object as it moves through a fluid, such as air. The main
aerodynamic forces that act on an aircraft in flight are lift, drag, thrust, and weight.

**2. Lift**

Lift is the force that acts perpendicular to the direction of motion and is responsible for keeping an aircraft
airborne. It is generated by the interaction between the wings of the aircraft and the air flowing over them.
The lift force is essential for overcoming the aircraft's weight and maintaining altitude.

**3. Drag:**

Drag is the force that acts parallel to the direction of motion and opposes the aircraft's forward movement.
It is caused by the resistance of the air to the aircraft's motion. Minimizing drag is crucial for improving the
efficiency and performance of an aircraft.

**4. Thrust:**

Thrust is the force that propels an aircraft forward and is generated by the engines. It is necessary to
overcome drag and maintain the aircraft's speed and altitude. The amount of thrust required depends on
the aircraft's weight, speed, and flight conditions.

**5. Weight:**

Weight is the force acting downward on an aircraft due to gravity. It must be balanced by the lift force to
keep the aircraft in level flight. Weight affects the aircraft's performance, stability, and maneuverability.

**6. Angle of Attack:**

The angle of attack is the angle between the chord line of an airfoil (such as a wing) and the oncoming
airflow. It determines the amount of lift and drag generated by the wing. The angle of attack is a critical
parameter in aircraft design and operation.

**7. Airfoil:**
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An airfoil is the cross-sectional shape of a wing or other aerodynamic surface. It is designed to generate lift
when air flows over it. Airfoils come in various shapes and sizes, each with specific aerodynamic properties.

**8. Boundary Layer:**

The boundary layer is the thin layer of air that flows over the surface of an aircraft or airfoil. It plays a vital
role in aerodynamic performance, affecting drag, lift, and stall characteristics. Understanding and controlling
the boundary layer are essential for optimizing aircraft design.

**9. Stall:**

A stall occurs when the angle of attack of an airfoil is too high, causing the airflow to separate from the
upper surface of the wing. This disrupts the generation of lift and can lead to loss of control. Pilots must be
trained to recognize and recover from stalls to ensure flight safety.

**10. Mach Number:**

The Mach number is a dimensionless parameter that represents the ratio of an object's speed to the speed
of sound in the surrounding medium. It is used to classify aircraft speeds and predict aerodynamic
phenomena such as shock waves and compressibility effects.

**11. Center of Pressure:**

The center of pressure is the point on an airfoil where the lift force acts. It varies with changes in angle of
attack and airspeed. Understanding the center of pressure is crucial for designing stable and controllable
aircraft.

**12. Center of Gravity:**

The center of gravity is the point at which the aircraft's weight is considered to act. It must be located in a
specific position relative to the center of pressure to ensure stable flight. Maintaining the correct center of
gravity is essential for safe aircraft operation.

**13. Aspect Ratio:**

The aspect ratio of a wing is the ratio of its span to its mean chord. It affects the lift and drag characteristics
of the wing. High aspect ratio wings are more efficient for cruising, while low aspect ratio wings are better
for maneuverability.

**14. Reynolds Number:**

The Reynolds number is a dimensionless parameter that characterizes the flow regime around an object. It
is used to predict whether the flow is laminar or turbulent and to estimate drag and heat transfer.
Understanding the Reynolds number is essential for aerodynamic analysis and design.

**15. Laminar Flow:**
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Laminar flow is a smooth, orderly flow of air over a surface with minimal turbulence. It creates less drag but
is more prone to separation and stall. Designing aircraft with laminar flow surfaces can improve efficiency
and performance.

**16. Turbulent Flow:**

Turbulent flow is characterized by chaotic, swirling motion of air that creates higher drag and mixing. It is
commonly found at high speeds and Reynolds numbers. Managing turbulent flow is essential for reducing
drag and improving aerodynamic performance.

**17. Ground Effect:**

Ground effect is the phenomenon where the presence of the ground alters the airflow around an aircraft,
leading to changes in lift and drag. It can enhance lift and reduce drag, making takeoff and landing easier.
Pilots must be aware of ground effect to ensure safe flight operations.

**18. Supersonic Flight:**

Supersonic flight occurs when an aircraft travels faster than the speed of sound. It introduces challenges
such as shock waves, sonic booms, and high drag. Designing aircraft for supersonic flight requires careful
consideration of aerodynamic factors.

**19. Subsonic Flight:**

Subsonic flight occurs when an aircraft travels at speeds below the speed of sound. It is the most common
flight regime for commercial and general aviation. Understanding subsonic aerodynamics is essential for
designing efficient and stable aircraft.

**20. Transonic Flight:**

Transonic flight occurs when an aircraft transitions between subsonic and supersonic speeds. It poses
challenges such as wave drag and flow separation. Designing aircraft for transonic flight requires specialized
aerodynamic considerations.

**21. Hypersonic Flight:**

Hypersonic flight occurs when an aircraft travels at speeds much greater than the speed of sound. It
introduces unique aerodynamic challenges such as extreme heating and shock interactions. Developing
vehicles for hypersonic flight requires advanced aerodynamic design and materials.

**22. Stability and Control:**

Stability and control are essential aspects of aircraft design and operation. Stability refers to the aircraft's
ability to return to its original state after being disturbed. Control refers to the pilot's ability to maneuver
the aircraft as desired. Achieving a balance between stability and control is crucial for safe and efficient
flight.
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**23. Flight Dynamics:**

Flight dynamics is the study of how aircraft move and respond to external forces. It involves analyzing the
motion, stability, and control of aircraft in various flight conditions. Understanding flight dynamics is
essential for optimizing aircraft performance and safety.

**24. Flight Envelope:**

The flight envelope defines the range of speed, altitude, and load factors within which an aircraft can
operate safely. It is determined by aerodynamic, structural, and operational limits. Pilots must be aware of
the flight envelope to ensure safe and efficient flight operations.

**25. Control Surfaces:**

Control surfaces are movable aerodynamic surfaces on an aircraft that are used to control its attitude and
direction. Examples include ailerons, elevators, rudders, and flaps. Pilots manipulate control surfaces to
maneuver the aircraft in flight.

**26. Stability Augmentation System (SAS):**

A stability augmentation system is a set of sensors, actuators, and control algorithms designed to improve
the stability and handling qualities of an aircraft. SAS can assist pilots in maintaining control during
challenging flight conditions.

**27. Fly-by-Wire (FBW) System:**

A fly-by-wire system is a flight control system that replaces traditional mechanical linkages with electronic
signals. It allows for more precise control and automation of aircraft functions. FBW systems are common in
modern commercial and military aircraft.

**28. Aerodynamic Design Optimization:**

Aerodynamic design optimization involves using computational tools and analysis techniques to improve
the aerodynamic performance of an aircraft. It aims to reduce drag, increase lift, and enhance efficiency.
Aerodynamic design optimization is essential for developing high-performance aircraft.

**29. Wind Tunnel Testing:**

Wind tunnel testing is a method used to evaluate the aerodynamic characteristics of aircraft models in a
controlled environment. It allows engineers to study airflow patterns, measure forces, and optimize design
features. Wind tunnel testing is a critical step in the aircraft development process.

**30. Computational Fluid Dynamics (CFD):**

Computational fluid dynamics is a numerical simulation technique used to analyze fluid flow and
aerodynamic behavior. It involves solving complex equations to predict airflow patterns, pressures, and
forces. CFD is widely used in aerodynamic design and analysis.
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**31. Flight Simulation:**

Flight simulation involves using computer-based models to replicate the behavior of an aircraft in various
flight conditions. It allows pilots and engineers to test aircraft performance, train for emergencies, and
improve handling skills. Flight simulation is an essential tool for aerospace training and research.

**32. Aircraft Performance:**

Aircraft performance refers to the capabilities and characteristics of an aircraft in terms of speed, range,
payload, and efficiency. It is influenced by aerodynamic design, engine performance, and operational
factors. Understanding aircraft performance is crucial for mission planning and aircraft selection.

**33. Aeroelasticity:**

Aeroelasticity is the study of the interaction between aerodynamic forces and structural deformation in
aircraft. It involves analyzing how wings, fuselage, and control surfaces respond to aerodynamic loads.
Aeroelastic effects must be considered in aircraft design to ensure structural integrity and stability.

**34. Flutter:**

Flutter is a self-excited oscillation of an aircraft structure caused by aerodynamic forces. It can lead to
structural failure if not properly controlled. Flutter analysis is essential for ensuring the safety and
airworthiness of aircraft.

**35. Flight Testing:**

Flight testing is the process of evaluating an aircraft's performance, handling characteristics, and systems in
actual flight conditions. It involves collecting data, analyzing results, and verifying design assumptions.
Flight testing is a critical step in the certification and validation of new aircraft.

**36. Aerodynamic Challenges:**

Aerodynamic challenges refer to the complex issues and trade-offs faced by engineers in designing aircraft
with optimal aerodynamic performance. These challenges include minimizing drag, maximizing lift,
controlling flow separation, and managing stability and control. Overcoming aerodynamic challenges
requires a deep understanding of fluid dynamics and aircraft behavior.

**37. Future Trends in Aerodynamics:**

Future trends in aerodynamics are focused on developing innovative technologies to improve aircraft
efficiency, reduce environmental impact, and enhance performance. These trends include advanced
materials, active flow control, morphing structures, and sustainable propulsion systems. The future of
aerodynamics holds exciting possibilities for the aerospace industry.

In conclusion, aerodynamics and flight mechanics are fundamental concepts in aerospace engineering that
govern the behavior and performance of aircraft. Understanding key terms and vocabulary related to
aerodynamics is essential for aerospace professionals to design, analyze, and operate aircraft effectively. By
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mastering these concepts, students in the Professional Certificate in Aerospace Systems Engineering
program can develop the skills and knowledge needed to excel in the field of aerospace engineering.
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