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NACA 4415 LIFT COE?CIENT Study Guide

Naca 4415 Lift Coe?cient
 
NACA 4415 Lift Coe?cient: Understanding Aerodynamic Performance of a Classic Airfoil
 

naca 4415 lift coe?cient is a fundamental topic for anyone interested in
aerodynamics,
 
aircraft design, or even remote-controlled aviation. This particular airfoil, part of the NACA
 
four-digit series, has been widely studied and applied due to its distinct characteristics
 
and relatively straightforward geometry. But what exactly does the lift coe?cient tell us
 
about the NACA 4415, and why is it so important? Let?s dive deep into the science behind
 
it, explore how it in?uences ?ight performance, and understand its practical applications.
 

What is the NACA 4415 Airfoil?
 
Before dissecting the lift coe?cient, it?s useful to recap what the NACA 4415 airfoil
 
actually is. The NACA (National Advisory Committee for Aeronautics) developed a series of
 
airfoil shapes in the 1930s, each identi?ed by a four-digit code. For the 4415:
 
The ?rst digit (4) represents the maximum camber as a percentage of the chord
 
(4% camber).
 
The second digit (4) indicates the distance of maximum camber from the airfoil
 
leading edge in tenths of the chord (40% chord).
 
The last two digits (15) specify the maximum thickness of the airfoil as a percentage
 
of the chord (15% thickness).
 

Published by: www.amalcharityorganization.org Page 1 of 15



NACA 4415 LIFT COE?CIENT Study Guide Vol. 2025, Issue 2

This particular airfoil is moderately cambered with a decent thickness, making it a good
 
candidate for general aviation aircraft where a balance between lift and drag is necessary.
 

Understanding Lift Coe?cient (Cl) in Aerodynamics
 
The lift coe?cient, often denoted as Cl, is a dimensionless number that quanti?es the lift
 
generated by an airfoil relative to the dynamic pressure and reference area. Essentially, it
 
helps engineers and pilots understand how e?ectively an airfoil creates lift at various
 
angles of attack and ?ight conditions.
 
The formula for lift force (L) is:
 
L = Cl × (1/2) ? V² × S
 
where:
 
? is the air density,
 
V is the velocity,
 
S is the reference wing area,
 
Cl is the lift coe?cient.
 
For the NACA 4415, the lift coe?cient varies with the angle of attack (AoA), Reynolds
 
number, and surface conditions. Its relatively high camber means it produces a strong lift
 
even at lower angles, making it suitable for aircraft requiring good low-speed
 
performance.
 

How the NACA 4415 Lift Coe?cient Behaves
 

Lift Curve Characteristics
 
The NACA 4415?s lift curve demonstrates how the lift coe?cient changes as the angle of

Published by: www.amalcharityorganization.org Page 2 of 15



NACA 4415 LIFT COE?CIENT Study Guide Vol. 2025, Issue 2

 
attack increases. Typically, the Cl increases almost linearly with AoA until it reaches a
 
critical point known as stall angle. After this, the lift drops dramatically.
 
The slope of the lift curve (dCl/d?) for the NACA 4415 is approximately 0.11 to 0.12
 
per degree, which corresponds to about 6.3 to 6.9 per radian.
 
The zero-lift angle of attack (where Cl=0) is negative, usually around -2 to -3
 
degrees, re?ecting its cambered nature.
 
Maximum Cl (Cl_max) for NACA 4415 can reach values around 1.4 to 1.6 under
 
standard conditions before stall.
 
These values make it a strong performer especially in applications requiring high lift at
 
moderate speeds, such as light sport aircraft or gliders.
 

E?ect of Reynolds Number on Lift Coe?cient
 
One critical factor often in?uencing the NACA 4415 lift coe?cient is the Reynolds number
 
(Re), which depends on the chord length, velocity, and kinematic viscosity of air. At low
 
Reynolds numbers?common in model aircraft and unmanned aerial vehicles?the airfoil?s
 
lift characteristics can di?er from full-scale operations.
 
Lower Reynolds numbers may lead to:
 
Reduced Cl_max,
 
Earlier stall,
 
Increased sensitivity to surface roughness.
 
Understanding Reynolds number e?ects helps designers optimize airfoil performance for
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di?erent scales and speeds, especially when transitioning from wind tunnel tests to real-
 
world ?ight.
 

Practical Applications of NACA 4415 Lift Coe?cient Data
 

Aircraft Design and Performance Prediction
 
In aircraft design, accurate knowledge of the NACA 4415 lift coe?cient allows engineers
 
to predict stall speeds, takeo? and landing performance, and overall handling
 
characteristics. For instance, since the NACA 4415 produces high lift at relatively low
 
angles of attack, it helps lower stall speeds, improving safety margins.
 

Wind Tunnel Testing and Computational Analysis
 
Wind tunnel experiments remain a cornerstone for validating the lift coe?cient data of
 
NACA 4415. Additionally, modern computational ?uid dynamics (CFD) tools simulate
 
air?ow around the airfoil, generating detailed lift, drag, and moment coe?cients under
 
varying conditions. These simulations can capture complex phenomena such as ?ow
 
separation and transition that impact lift.
 

Use in Renewable Energy and UAVs
 
Apart from aviation, the NACA 4415 shape has found a role in renewable energy,
 
particularly in small wind turbine blades. The lift coe?cient data informs blade design to
 
maximize energy extraction e?ciency. Similarly, many drones and unmanned aerial
 
vehicles use NACA 4415 or similar airfoils for their balance of lift and structural strength.
 

Tips for Working with NACA 4415 Lift Coe?cient Data
 
When applying lift coe?cient data for NACA 4415 in practical scenarios, consider these
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points:
 

Surface Condition: The presence of dirt, ice, or surface roughness can
 
1.
 
signi?cantly alter Cl performance.
 

Angle of Attack Range: Operating within the linear range of the lift curve
ensures
 
2.
 
predictable handling; avoid angles near stall.
 

Scaling E?ects: Adjust for Reynolds number di?erences when moving from
model-
 
3.
 
scale to full-scale applications.
 

Environmental Factors: Temperature, pressure, and humidity a?ect air density
 
4.
 
and thus the e?ective lift.
 

Exploring Related Aerodynamic Parameters
 
While the NACA 4415 lift coe?cient is vital, it?s important to consider other aerodynamic
 
coe?cients that work in tandem to de?ne airfoil performance:
 

Drag Coe?cient (Cd): Represents the resistance force opposing motion;
 
balancing Cl and Cd is key for e?ciency.
 

Moment Coe?cient (Cm): Indicates pitching moments that a?ect aircraft
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stability.
 

Lift-to-Drag Ratio (L/D): A measure of aerodynamic e?ciency; NACA 4415 o?ers
 
moderate L/D suitable for trainers and light aircraft.
 
Integrating these parameters gives a holistic picture of how the NACA 4415 performs
 
under real-world conditions.
 

Conclusion
 
The naca 4415 lift coe?cient remains a cornerstone metric for understanding how this
 
classic airfoil behaves. Its moderate camber and thickness lend it strong lift
 
characteristics, making it a popular choice for various aeronautical and engineering
 
applications. Whether you?re an aerospace engineer, hobbyist, or renewable energy
 
enthusiast, appreciating the nuances of the NACA 4415 lift coe?cient provides valuable
 
insight into aerodynamic design and performance optimization.
 

Question
 

Answer
 
What is the NACA 4415
 
airfoil?
 
The NACA 4415 is a commonly used airfoil
 
characterized by a 4% maximum camber located at
 
40% of the chord length and a 15% thickness, often
 
used in low-speed aircraft and UAV designs.
 
What does the lift coe?cient
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(Cl) represent for the NACA
 
4415 airfoil?
 
The lift coe?cient (Cl) quanti?es the lift generated by
 
the NACA 4415 airfoil relative to the dynamic pressure
 
and wing area, serving as an essential parameter to
 
evaluate its aerodynamic performance.
 
At what angle of attack does
 
the NACA 4415 airfoil achieve
 
maximum lift coe?cient?
 
The NACA 4415 airfoil typically achieves its maximum
 
lift coe?cient at an angle of attack around 14 to 16
 
degrees before stall occurs, depending on Reynolds
 
number and ?ow conditions.
 
What is the approximate
 
maximum lift coe?cient (Cl
 
max) of the NACA 4415
 
airfoil?
 
The maximum lift coe?cient (Cl max) of the NACA 4415
 
airfoil is approximately 1.5 to 1.6 under standard test
 
conditions.
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How does the thickness of the
 
NACA 4415 airfoil a?ect its lift
 
coe?cient?
 
The 15% thickness of the NACA 4415 airfoil contributes
 
to higher structural strength and in?uences the
 
pressure distribution, which helps maintain a relatively
 
high lift coe?cient while providing good stall
 
characteristics.
 
How does the Reynolds
 
number impact the lift
 
coe?cient of the NACA 4415
 
airfoil?
 
At higher Reynolds numbers, the NACA 4415 airfoil
 
tends to exhibit higher lift coe?cients and delayed stall
 
due to reduced viscous e?ects and improved boundary
 
layer behavior.
 
Can the NACA 4415 lift
 
coe?cient be used for
 
predicting UAV performance?
 
Yes, the lift coe?cient data for the NACA 4415 airfoil is
 
often used in UAV design and performance predictions
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because of its favorable lift characteristics at low to
 
moderate speeds.
 
How does the lift coe?cient of
 
NACA 4415 compare to NACA
 
2415?
 
Compared to the NACA 2415 airfoil, the NACA 4415
 
generally produces a higher lift coe?cient due to its
 
greater camber (4% vs. 2%), which increases lift at
 
similar angles of attack.
 
What experimental methods
 
are used to determine the lift
 
coe?cient of the NACA 4415?
 
Wind tunnel testing and computational ?uid dynamics
 
(CFD) simulations are commonly used to determine the
 
lift coe?cient of the NACA 4415 airfoil under various
 
angles of attack and ?ow conditions.
 
NACA 4415 Lift Coe?cient: An In-Depth Aerodynamic Analysis
 

naca 4415 lift coe?cient is a critical parameter in understanding the
aerodynamic
 
performance of the NACA 4415 airfoil, a widely studied and utilized airfoil in various
 
aviation and aerodynamic applications. The lift coe?cient (Cl) essentially quanti?es the lift
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force generated by the airfoil relative to the dynamic pressure and reference area,
 
providing engineers and researchers with vital data for designing wings, propellers, and
 
other aerodynamic surfaces. This article delves into the characteristics of the NACA 4415
 
lift coe?cient, examining its behavior across di?erent angles of attack, Reynolds
 
numbers, and ?ow conditions, while highlighting its relevance in practical aerospace
 
engineering.
 

Understanding the NACA 4415 Airfoil
 
Before analyzing the lift coe?cient speci?cally, it is important to contextualize the NACA
 
4415 airfoil itself. Developed by the National Advisory Committee for Aeronautics (NACA),
 
the 4415 is part of the 4-digit series airfoils, with the digits indicating speci?c geometric
 
properties: the ?rst digit ?4? represents a maximum camber of 4% of the chord length,
 
the second digit ?4? indicates the location of maximum camber at 40% of the chord from
 
the leading edge, and ?15? denotes a maximum thickness of 15% of the chord. This
 
combination results in a moderately cambered and relatively thick airfoil, o?ering
 
favorable lift characteristics and structural strength.
 

Lift Coe?cient Fundamentals
 
The lift coe?cient (Cl) is de?ned mathematically as:
 
Cl = L / (0.5 × ? × V² × S)
 
where L is the lift force, ? is the air density, V is the velocity of the air?ow, and S is the
 
reference surface area (usually the planform area of the wing). For the NACA 4415, Cl
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varies primarily with the angle of attack (?), which is the angle between the chord line of
 
the airfoil and the oncoming air?ow, as well as with Reynolds number, which characterizes
 
the ?ow regime.
 

Lift Curve Characteristics of NACA 4415
 
The lift curve of the NACA 4415 typically shows a linear increase in Cl with increasing ? up
 
to the stall angle, beyond which the coe?cient drops sharply due to ?ow separation.
 
Empirical data and computational simulations indicate that for typical Reynolds numbers
 
in small aircraft applications (approximately 500,000 to 3,000,000), the NACA 4415
 
exhibits a lift curve slope of around 0.1 to 0.11 per degree of angle of attack.
 
The maximum lift coe?cient (Cl_max) for the NACA 4415 is generally observed in the
 
range of 1.4 to 1.6, occurring near an angle of attack of about 12° to 15°, depending on
 
surface roughness, Reynolds number, and other environmental factors. This value is
 
relatively high compared to thinner or less cambered airfoils, making the 4415 suitable for
 
applications requiring higher lift at moderate speeds, such as light sport aircraft or UAVs.
 

Factors In?uencing the NACA 4415 Lift Coe?cient
 

E?ect of Reynolds Number
 
Reynolds number plays a signi?cant role in de?ning the lift characteristics of the NACA
 
4415 airfoil. At lower Reynolds numbers, typical of small-scale or low-speed aircraft, the
 
lift coe?cient curve may shift downward due to increased viscous e?ects and early
 
boundary layer transition. This results in a reduced Cl_max and potentially earlier stall
 
onset. Conversely, at higher Reynolds numbers, the ?ow tends to stay attached longer,
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improving lift performance.
 

Angle of Attack and Stall Behavior
 
The NACA 4415's lift coe?cient increases almost linearly with the angle of attack up to
 
the critical stall angle. Beyond this angle, typically near 15°, the air?ow separates from
 
the upper surface, causing a rapid decline in lift. This stall behavior is crucial for pilots and
 
engineers to understand, as it de?nes the operational limits of the airfoil. The relatively
 
gentle stall characteristics of the 4415, compared to thinner airfoils like the NACA 0012,
 
contribute to safer handling and predictable aerodynamic responses.
 

Surface Conditions and Modi?cations
 
Surface roughness and leading-edge modi?cations a?ect the NACA 4415 lift coe?cient.
 
Smooth surfaces promote laminar ?ow, enhancing lift and delaying stall, while roughness
 
elements can induce earlier transition to turbulent ?ow, which may increase drag but
 
sometimes improve lift near stall. Additionally, leading-edge devices such as slats or
 
vortex generators can augment lift by maintaining attached ?ow at higher angles of
 
attack, e?ectively increasing the operational Cl_max of the airfoil.
 

Comparative Analysis with Other NACA Airfoils
 
When compared to other members of the 4-digit NACA series, the 4415 o?ers a balanced
 
trade-o? between lift and drag. For instance, the NACA 2415, which has less camber (2%),
 
exhibits a lower Cl_max, making the 4415 more suitable for applications necessitating
 
higher lift. Conversely, the NACA 4412, with a slightly thinner pro?le, may deliver less lift
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but bene?ts from reduced drag, showing how minor geometric di?erences impact
 
aerodynamic coe?cients.
 
Moreover, compared to symmetrical airfoils such as the NACA 0015, the cambered 4415
 
naturally generates positive lift at zero degrees angle of attack, which is advantageous in
 
?xed-wing aircraft designed for cruising e?ciency and low-speed handling.
 

Practical Applications of NACA 4415 Lift Characteristics
 
The lift coe?cient behavior of the NACA 4415 underpins its widespread use in various
 
sectors:
 

Light Aircraft Wings: Its high Cl_max and gentle stall make it ideal for small
 
1.
 
airplanes requiring stable lift at low speeds.
 

UAVs and Drones: Designers favor the 4415 for its balance of lift and
manageable
 
2.
 
stall, enhancing endurance and maneuverability.
 

Wind Turbine Blades: The aerodynamic properties translate well into e?cient
 
3.
 
blade designs, particularly at low Reynolds numbers.
 

Experimental and Educational Uses: The NACA 4415 serves as a benchmark
 
4.
 
airfoil for wind tunnel testing and CFD validation.
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Analyzing Lift Coe?cient Through Computational and
 

Experimental Data
 
Numerical methods such as Computational Fluid Dynamics (CFD) simulations provide
 
detailed insights into the NACA 4415 lift coe?cient across varying conditions. CFD
 
analyses reveal pressure distributions, ?ow separation points, and the in?uence of angle
 
of attack on lift generation. These studies complement wind tunnel experiments, which
 
validate theoretical predictions and account for real-world variables such as turbulence
 
and surface imperfections.
 
Both methodologies have demonstrated that while the NACA 4415 maintains a high lift
 
coe?cient at moderate angles, the onset of stall is a critical factor limiting its operational
 
envelope. Optimization strategies often involve tweaking camber or thickness
 
distributions to enhance Cl_max or delay stall, tailored to speci?c mission pro?les.
 

Challenges and Limitations
 
Despite its favorable lift characteristics, the NACA 4415 is not without limitations. Its
 
relatively thick pro?le, while structurally advantageous, can induce higher drag
 
coe?cients at cruising speeds compared to more streamlined airfoils. Additionally, the lift
 
coe?cient performance declines signi?cantly in post-stall regimes, necessitating careful
 
design considerations for aircraft operating near these limits.
 
Environmental factors such as icing or surface contamination can also degrade lift
 
performance, highlighting the importance of maintenance and protective measures in
 
practical applications.
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The NACA 4415 lift coe?cient remains a fundamental parameter within aerospace
 
engineering, embodying the complex interplay between airfoil geometry, ?ow physics,
 
and operational requirements. Its study continues to inform design decisions, optimize
 
aerodynamic e?ciency, and expand the boundaries of aircraft performance.
 
NACA 4415 airfoil, lift coe?cient curve, NACA airfoil performance, lift coe?cient vs angle
 
of attack, NACA 4415 aerodynamic data, airfoil lift characteristics, NACA 4415 stall angle,
 
lift coe?cient calculation, NACA 4415 polar, airfoil lift coe?cient charts
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