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Topic: Center of pressure (CoP)
The center of pressure (CoP) is a critical concept in fluid dynamics and aerodynamics.
It refers to the point on a body where the total sum of aerodynamic pressure forces acts,
causing a resultant force and no moment about that point. This is different from the center of
gravity, which is the point where the body's mass is considered to be concentrated.

Definition

The center of pressure is defined as the point where the resultant force of the pressure
distribution acts on a body in a fluid. For an airfoil, this is the point where the aerodynamic
lift (perpendicular to the airflow) and drag (parallel to the airflow) forces are effectively

applied.
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Calculation and Importance

The location of the CoP can change with the angle of attack and flow conditions,
affecting the stability and control of the aircraft. For simple shapes and steady flow, it can
sometimes be determined analytically, but for more complex shapes and conditions, it is

typically found using experimental or computational methods.

Factors Affecting the Center of Pressure
e Angle of Attack: As the angle of attack changes, the pressure distribution over the

airfoil surface changes, which shifts the CoP.
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e Shape of the Airfoil: Different airfoil shapes have different pressure distributions,
influencing the CoP location.

e Flow Conditions: Changes in flow speed, viscosity, and other conditions can also
affect the CoP.

Center of Pressure vs. Aerodynamic Center

Center of Pressure: Varies with the angle of attack and flow conditions. It is the
point where the resultant aerodynamic force acts and creates no moment.

Aerodynamic Center: A fixed point on the airfoil (typically near the quarter chord
point for subsonic flow) where the pitching moment coefficient is independent of the angle of
attack. For most practical purposes, especially in the design of airfoils, the aerodynamic

center is used because of its stability characteristics.

Practical Applications

Aircraft Stability and Control: Knowing the CoP is essential for designing stable and
controllable aircraft. The relationship between the center of gravity (CoG) and CoP is crucial.
For stability, the CoG should be ahead of the CoP.

Wind Turbines: Understanding the CoP helps in the structural design of wind turbine blades
to ensure efficient energy capture and structural integrity.

Sailing: For sailboats, the position of the CoP relative to the boat's center of lateral resistance

affects handling and performance.

Example in Airfoil Analysis
For a symmetrical airfoil at zero angle of attack, the CoP is at the chord's midpoint. As the
angle of attack increases, the CoP moves forward (towards the leading edge) for positive

angles of attack and backward for negative angles of attack.

Summary

The center of pressure is a fundamental concept in aerodynamics, representing the point
where the resultant pressure forces act on a body in a fluid. Its position is crucial for
understanding and predicting the behavior of airfoils, aircraft, and other aerodynamic
structures under various conditions. Proper management of the CoP relative to the center of

gravity is essential for ensuring the stability and control of flying and sailing vehicles.
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Topic: Aerodynamic center
The aerodynamic center (AC) is a critical point in the study of aerodynamics,
particularly in the design and analysis of airfoils and wings. It is defined as the point on an
airfoil or wing where the pitching moment (the torque about a lateral axis due to aerodynamic
forces) is constant and does not vary with changes in the angle of attack. This makes it a key
reference point for analysing and designing stable and controllable aerodynamic structures.
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Key Characteristics
1. Constant Pitching Moment: At the aerodynamic center, the pitching moment

remains constant for different angles of attack. This is a significant property that
simplifies aerodynamic analysis and design.

2. Location: For most subsonic airfoils, the aerodynamic center is located near the
quarter chord point (25% of the chord length from the leading edge). For supersonic
airfoils, it typically shifts aft to around 50% of the chord length.

3. Independence from Lift and Drag: Unlike the center of pressure, which shifts with
changes in lift and drag, the aerodynamic center's position is fixed for a given airfoil

shape and flow condition.
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Importance in Aerodynamics

o Stability Analysis: The aerodynamic center is crucial for assessing the longitudinal
stability of an aircraft. For an aircraft to be stable, the center of gravity (CoG) must be
positioned correctly relative to the aerodynamic center.

o Aircraft Design: Designers use the aerodynamic center to predict how changes in
angle of attack will affect the pitching moment and overall stability of the aircraft.
This helps in designing control surfaces and determining the best location for the
center of gravity.

o Simplifying Calculations: Knowing the location of the aerodynamic center
simplifies the calculation of aerodynamic moments, as it eliminates the need to
account for changes in the pitching moment with varying angles of attack.

Comparison with Center of Pressure

o Center of Pressure (CoP): The CoP is the point where the total aerodynamic force
acts and varies with changes in the angle of attack and flight conditions. It can shift
along the chord line, making it less useful for certain stability analyses.

o Aerodynamic Center (AC): The AC is a fixed point for a given airfoil in steady flow
conditions, where the pitching moment is constant. This stability makes it more useful
for aerodynamic calculations and design.

Example
Consider a typical subsonic airfoil:

e Location of AC: For a subsonic airfoil, the aerodynamic center is usually located at
approximately 25% of the chord length from the leading edge.

« Constant Pitching Moment: At this point, the pitching moment coefficient remains
constant regardless of changes in the angle of attack, simplifying the analysis of the
airfoil's behavior.

Practical Applications

1. Aircraft Stability: Ensuring that the aircraft's center of gravity is appropriately
positioned relative to the aerodynamic center is essential for maintaining stability and
control.

2. Control Surface Design: Understanding the aerodynamic center helps in designing
control surfaces like elevators and ailerons, which influence the pitching moment and
overall stability.

3. Performance Prediction: Accurate knowledge of the aerodynamic center allows for
better predictions of an aircraft's performance under various flight conditions.

Summary
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The aerodynamic center is a fundamental concept in aerodynamics, representing a fixed point
on an airfoil where the pitching moment remains constant with changes in the angle of attack.
Its position is crucial for the stability and control of aircraft, simplifying the design and
analysis process. Understanding and accurately locating the aerodynamic center is essential

for creating stable, efficient, and well-performing aerodynamic structures.
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