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Using The as a starting point, this comprehensive article explores the aerodynamic characteristics
of the NACA 2412 airfoil, focusing on its lift properties at low speeds and specific angles of attack.
Understanding these parameters is vital for aerospace engineers, students, and enthusiasts seeking
to optimize aircraft performance and design.

Introduction to the NACA 2412 Airfoil

The NACA 2412 airfoil is one of the most widely studied and utilized airfoil profiles in aviation
history. Developed by the National Advisory Committee for Aeronautics (NACA), these airfoils have
become staples in both research and practical applications due to their predictable aerodynamic
behaviors and ease of manufacturing.

Key features of the NACA 2412 airfoil include:

- Camber: 2% (meaning the maximum camber is 2% of the chord length)
- Position of maximum camber: 40% of the chord from the leading edge
- Thickness: 12% of the chord length

- Symmetry: Asymmetrical (cambered), providing lift at positive angles of attack

The designation "2412" encodes these features, making it straightforward to identify the airfoil's
shape and characteristics.

Understanding Lift Coefficient in Aerodynamics

The lift coefficient (Cl) is a dimensionless parameter that describes the lift generated by an airfoil
relative to the fluid density, flow velocity, and characteristic area (typically the chord length and
span). It provides a standardized way to compare aerodynamic performance across different airfoil
shapes and flight conditions.

Basic relation:

\[ L =\frac{1}{2} \rhoV*2S C 1\]

Where:



- L = Lift Force

- p = Air density

-V = Velocity of airflow

- S = Reference area (e.g., wing area)
- C 1 = Lift coefficient

In low-speed aerodynamics, the lift coefficient is especially significant because it indicates how
effectively an airfoil can generate lift at slower velocities, crucial during takeoff, landing, and
maneuvering.

Significance of the Lift Coefficient at Different Angles
of Attack

The angle of attack (AOA) — the angle between the chord line of the airfoil and the oncoming airflow
— influences the lift coefficient directly. As AOA increases:

- Lift increases up to a critical point (stall angle)
- Drag also increases

- Flow separation can occur, leading to stall

For the NACA 2412 airfoil at an angle of attack of 4 degrees, the lift coefficient is given as 0.65,
which is typical within the linear, pre-stall region of the lift curve.

Implications of this value:
- Indicates efficient lift generation at moderate angles

- Reflects the airfoil's suitability for stable flight conditions
- Serves as a basis for calculating required velocities or wing area for specific lift needs

Calculating the Lift Coefficient at a 4-Degree Angle of
Attack

The lift coefficient varies approximately linearly with the angle of attack in the initial portion of the
lift curve. The general linear relation is:

\[C1=C {l0} + C {l\alpha} \times \alpha \]
Where:

- C {10} = Zero-lift angle of attack (typically negative for cambered airfoils)
- C_{N\alpha} = Lift curve slope (per degree or radian)



- o = Angle of attack
For the NACA 2412 airfoil:

- C {l\alpha} is approximately 0.11 per degree
- C {10} is around -0.05 (reflecting slight negative lift at zero degrees due to camber)

Plugging in a = 4°:
\[ C1=-0.05+ (0.11 \times 4) = -0.05 + 0.44 = 0.39 \]

However, real-world data and empirical measurements often show a higher lift coefficient (~0.65 at
4°), accounting for nonlinear effects and experimental conditions. This highlights the importance of
empirical data and aerodynamic testing in refining theoretical models.

Factors Affecting the Lift Coefficient of the NACA 2412
Airfoil

Several factors influence the actual lift coefficient experienced by an NACA 2412 airfoil during
flight:

1. Reynolds Number

- Represents the ratio of inertial to viscous forces
- Higher Reynolds numbers (typical of larger aircraft or higher speeds) can increase lift due to
reduced flow separation

2. Mach Number

- At low speeds (subsonic), the Mach number has minimal effect
- As speeds approach transonic regimes, compressibility effects can reduce lift

3. Surface Roughness

- Increased roughness can cause early flow separation, decreasing lift

4. Flight Conditions

- Temperature, humidity, and pressure influence air density and thus lift



5. Structural Deformation

- Flexing or warping of the wing can alter the effective camber and angle of attack

Understanding these factors helps in designing aircraft that maintain optimal lift performance under
various operational conditions.

Applications of the Low-speed Lift Coefficient Data

Knowing that the NACA 2412 airfoil has a lift coefficient of 0.65 at 4° angle of attack allows
engineers and designers to:

- Design efficient wings that generate sufficient lift at low speeds

- Calculate required wing area or speed for specific aircraft weight

- Optimize flight performance during takeoff and landing phases

- Predict stall margins by understanding lift limits at various angles of attack

Furthermore, this data can assist in simulations, wind tunnel testing, and computational fluid
dynamics (CFD) modeling to improve aircraft safety and efficiency.

Practical Example: Determining Flight Parameters
Using the Lift Coefficient

Suppose an aircraft with a wing area of 20 m? and a weight of 2000 kg (mass) is using an NACA
2412 airfoil. To achieve level flight at 4° angle of attack with a lift coefficient of 0.65, what minimum
speed is required?

Given:

- Lift (L) = weight = 2000 kg x 9.81 m/s? = 19,620 N

-S =20 m?

-C1=10.65

- p (air density at sea level) = 1.225 kg/m3

Calculating velocity:

\[ V =\sqrt{\frac{2L}{\rho S C 1} } \]

\[ V = \sqrt{\frac{2 \times 19620} {1.225 \times 20 \times 0.65}} \]

\[ V =\sqrt{\frac{39240}{15.9125}} \]



\[V = \sqrt{2465.07} \]

\[ V = 49.65)\, \text{m/s} \]

Converted to km/h:

\[ 49.65\, \text{m/s} \times 3.6 = 178.7\, \text{km/h} \]

This calculation demonstrates how the lift coefficient directly influences the speed necessary for
sustained, level flight at a specified angle of attack.

Conclusion

The low-speed lift coefficient of 0.65 for the NACA 2412 airfoil at an angle of attack of 4 degrees
reflects its effective aerodynamic performance in subsonic flight conditions. Understanding this
parameter is crucial for aircraft design, performance optimization, and safety assessments.
Engineers leverage such data to tailor wing geometries, select appropriate flight envelopes, and
ensure aircraft can operate efficiently within safe lift margins.

By comprehensively analyzing the factors influencing the lift coefficient and applying empirical data,
stakeholders can enhance aircraft performance, improve fuel efficiency, and ensure safe operation
across various flight regimes. The NACA 2412 airfoil remains a testament to the enduring relevance
of well-characterized airfoil profiles in aeronautics.
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Frequently Asked Questions

What is the significance of the low-speed lift coefficient for an
NACA 2412 airfoil at a 4-degree angle of attack?

The low-speed lift coefficient indicates the lift generated by the airfoil at a given angle of attack and
flow conditions; for the NACA 2412 at 4 degrees, a value of 0.65 suggests moderate lift performance
suitable for certain flight regimes.

How does changing the angle of attack affect the lift
coefficient in the NACA 2412 airfoil?

Increasing the angle of attack generally increases the lift coefficient up to a critical point, beyond
which flow separation causes a stall; at 4 degrees, the lift coefficient of 0.65 reflects typical



moderate lift levels.

What factors influence the low-speed lift coefficient of an
NACA 2412 airfoil?

Factors include the angle of attack, airspeed, airfoil shape, Reynolds number, and surface
conditions, all of which affect lift generation at low speeds.

How is the lift coefficient of 0.65 at 4 degrees angle of attack
interpreted in practical aeronautical design?

A lift coefficient of 0.65 suggests the airfoil can generate sufficient lift for light aircraft or specific
flight conditions without reaching stall, aiding in performance and safety assessments.

What is the relationship between the low-speed lift coefficient
and the lift force produced by the NACA 2412 airfoil?

The lift force is directly proportional to the lift coefficient; a lift coefficient of 0.65 at 4 degrees
indicates the magnitude of lift generated at given flow conditions.

Can the low-speed lift coefficient of 0.65 be considered high or
low for the NACA 2412 airfoil?

At a 4-degree angle of attack, a lift coefficient of 0.65 is typical and considered moderate, suitable
for low to moderate lift requirements in low-speed flight.

How does the low-speed lift coefficient impact stall behavior of
the NACA 2412 airfoil?

A higher lift coefficient at a certain angle of attack brings the airfoil closer to stall; at 0.65, the airfoil
is likely below stall conditions at 4 degrees, ensuring stable lift.

What methods are used to experimentally determine the low-
speed lift coefficient for an NACA 2412 airfoil?

Wind tunnel testing with force balances or pressure distribution measurements are common
methods to determine lift coefficient at specified angles of attack and flow speeds.

How does the low-speed lift coefficient relate to the
aerodynamic efficiency of the NACA 2412 airfoil?

The lift coefficient, in conjunction with drag coefficients, helps evaluate the lift-to-drag ratio,
indicating the airfoil’s efficiency at low speeds.



Is the given lift coefficient of 0.65 at 4 degrees typical for
similar airfoils, and what does it imply about the NACA 2412's
performance?

Yes, similar moderate lift coefficients are common for comparable airfoils at low angles of attack,
implying that the NACA 2412 provides reliable lift performance in low-speed flight regimes.

Additional Resources
Lift Coefficient: An In-Depth Analysis of NACA 2412 Airfoil at 4° Angle of Attack

Introduction

In the world of aeronautical engineering and aerodynamics, understanding the behavior of airfoils
under various conditions is crucial. Among the numerous parameters that define an airfoil's
performance, the lift coefficient (Cl) stands out as a fundamental indicator of an airfoil’s ability to
generate lift. When analyzing specific airfoil profiles such as the NACA 2412 at a given angle of
attack, the lift coefficient provides insights into the effectiveness and efficiency of the design.

In this article, we focus on a precise scenario: the low-speed lift coefficient of the NACA 2412 airfoil

at an angle of attack (AoA) of 4°, which is given as 0.65. We will explore what this value signifies,
how it is determined, and what implications it has for aircraft design, performance, and safety.

Understanding the NACA 2412 Airfoil
What is a NACA 2412 Airfoil?

The NACA 2412 is a classic airfoil shape developed by the National Advisory Committee for
Aeronautics (NACA) in the 1930s. Its designation provides specific information about its geometry:

- 2: The maximum camber is 2% of the chord length.
- 4: The position of maximum camber is located at 40% of the chord from the leading edge.

- 12: The maximum thickness is 12% of the chord length.

This profile is renowned for its good lift characteristics at moderate angles of attack, making it a
popular choice for general aviation aircraft, gliders, and training aircraft.

Key Features
- Camber: Slightly curved upper surface to enhance lift.
- Thickness: Moderate thickness ensures structural strength and aerodynamic stability.

- Symmetry: Asymmetrical, with a cambered upper surface, to produce lift efficiently.

The Significance of the Lift Coefficient (Cl)



Definition and Importance

The lift coefficient (Cl) is a nondimensional parameter that relates the lift force generated by an
airfoil to the dynamic pressure and the reference area (usually the chord length and span). It is
expressed as:

\[ C1 = \frac{L}{0.5 \rho V"2 S} \]
Where:

-\( L \): Lift force

-\(\rho \): Air density

-\(V\): Freestream velocity

-\( S \): Reference wing area or chord length

Cl allows engineers to predict the lift generated under various conditions without relying solely on
experimental data. It is essential for:

- Designing wings and airfoils
- Assessing performance across different flight regimes
- Ensuring safety margins are maintained during operation

Low-Speed Lift Coefficient Context

The mention of "low-speed" signifies that the analysis is conducted at subsonic, relatively slow
velocities where viscous effects are significant but compressibility effects are negligible. In such
regimes, Cl values are typically lower than at high speeds but are crucial for safe takeoff, landing,
and slow cruise phases.

Analyzing Cl = 0.65 at 4° AoA for NACA 2412
What Does a Cl of 0.65 Indicate?

A lift coefficient of 0.65 at 4° AoA for the NACA 2412 implies that, under low-speed conditions, the
airfoil produces a lift force that is 65% of the product of the dynamic pressure and the reference
area. This is a relatively high CI for such a modest angle of attack, indicating efficient lift generation
due to the cambered design.

Implications include:

- Efficiency: The airfoil efficiently converts angle of attack into lift, which is desirable for low-speed
flight.

- Operational Envelope: The airfoil can sustain moderate lift without approaching stall conditions at
this AoA.

- Design Margin: The lift coefficient provides a buffer before reaching stall, typically occurring
around Cl values of 1.2 to 1.5 for similar profiles.

How Does Cl Vary with AoA?



In general, for cambered airfoils like the NACA 2412:
- Cl increases approximately linearly with AoA in the initial range.
- The slope of this linear region is called lift curve slope (~2m per radian in ideal thin airfoil theory).

- Beyond a critical AoA (stall angle), Cl levels off or decreases sharply.

At 4°, a Cl of 0.65 suggests the airfoil is operating within its linear lift regime, providing predictable
and stable lift characteristics.

Factors Influencing the Lift Coefficient

1. Angle of Attack (AoA)

- The primary factor affecting CI.

- Small increases in AoA can lead to significant lift gains until stall occurs.

- For NACA 2412, typical stall AoA is around 15°, but this varies with Reynolds number and surface
conditions.

2. Reynolds Number

- Represents the ratio of inertial to viscous forces.
- Higher Reynolds numbers generally increase Cl for a given AoA due to reduced flow separation.

3. Surface Roughness and Cleanliness

- Smoother surfaces promote laminar flow, increasing Cl.
- Dirt, bugs, or damage can reduce Cl or cause early stall.

4. Airfoil Thickness and Camber

- Thicker and more cambered airfoils produce higher Cl at the same AoA.
- NACA 2412's moderate camber explains its efficient lift at low angles.

Practical Implications for Aircraft Design and Operation

1. Takeoff and Landing Performance

- The Cl of 0.65 at 4° AoA indicates sufficient lift for light aircraft during initial climb and slow
approach phases.

- Pilots can rely on this predictable lift generation to maintain safe margins during critical phases.
2. Design Optimization

- Designers can tune the wing's camber and thickness to optimize Cl for specific performance

criteria.
- The NACA 2412 profile offers a good balance between lift, drag, and structural considerations.



3. Safety Margins

- Knowing the Cl at various AoAs helps in establishing safe operating envelopes.
- For example, maintaining AoA below 15° avoids approaching stall, which may occur near Cl values
of 1.2 or higher.

4. Performance Predictions

- Cl values assist in calculating required wing area or power for desired lift.
- For example, for specific weight and speed, engineers can ensure the airfoil operates within safe Cl
limits.

Comparative Analysis: NACA 2412 Versus Other Airfoils

| Parameter | NACA 2412 | NACA 2415 | NACA 2410 | Symmetrical Airfoils |
| | | | | I

| Max Camber | 2% | 2.5% | 1% | 0% (Symmetrical) |

| Max Thickness | 12% | 15% | 10% | 12% |

| Typical Cl at 4° AoA | 0.65 | Slightly higher | Slightly lower | 0 (no camber) |
| Stall AoA | ~15° | ~16° | ~14° | ~12° (for cambered) |

This comparison underscores that the NACA 2412's moderate camber and thickness provide reliable
lift at low speeds, with a predictable Cl at moderate AoA.

Limitations and Considerations
While a Cl of 0.65 at 4° AoA is promising, there are limitations:

- Flow Separation: At higher AoA or dirty surfaces, Cl may decrease.

- Reynolds Number Effects: Variations in operating conditions can alter Cl.

- Stall Behavior: Exceeding certain AoA leads to flow separation, drastically reducing lift.

- Compressibility Effects: At higher speeds, the low-speed assumptions no longer hold, and Cl may
change significantly.

Future Perspectives and Advanced Modeling
Modern computational tools such as CFD (Computational Fluid Dynamics) enable precise prediction
of Cl under various conditions, supplementing traditional empirical and experimental data. Such

tools help refine the understanding of the NACA 2412 profile and optimize it for specific
applications.

Conclusion

The low-speed lift coefficient of 0.65 for the NACA 2412 airfoil at an angle of attack of 4° exemplifies
its efficiency and reliability in generating lift under typical low-speed conditions. This value is a



testament to the aerodynamic design principles underlying the profile—moderate camber, optimal
thickness, and predictable lift behavior.

Understanding this parameter equips aircraft designers, pilots, and engineers with critical insights
to ensure safe, efficient, and effective flight performance. Whether during takeoff, approach, or
cruise, the Cl at various AoAs remains a cornerstone for optimizing aeronautical design and
operational safety.

In essence, the NACA 2412's performance at this specific lift coefficient underscores its status as a
versatile and dependable airfoil, balancing lift, drag, and structural integrity—a true classic in the
annals of aerodynamics.

Disclaimer: All data and interpretations are based on typical behavior and standard conditions;
actual performance may vary based on specific flight conditions and surface states.
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