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An airplane has a chord length L=1.2m and flies at a Mach number 0.7 in the standard
atmosphere. If its flight conditions and geometrical parameters are specified, it becomes possible
to analyze various aerodynamic characteristics such as lift, drag, and pressure distribution. This
article explores the fundamental principles involved in analyzing an aircraft at subsonic speeds in
the standard atmosphere, emphasizing the importance of Mach number, chord length, and
atmospheric conditions. The discussion includes the calculation of key parameters, the effects of
Mach number on airflow, and the implications for aircraft performance and design.

Understanding the Basic Parameters

Chord Length and Its Significance

The chord length L=1.2 meters refers to the straight-line distance from the leading edge to the
trailing edge of the wing.

It is a fundamental geometric parameter that influences lift and drag calculations.

In aerodynamic analysis, chord length is often used as the characteristic length to
nondimensionalize parameters such as Reynolds and Mach numbers.

Mach Number and Its Role in Aerodynamics

The Mach number (M) is defined as the ratio of the flow velocity (V) to the local speed of sound
(a):

M = V / a

At a Mach number of 0.7, the aircraft is flying at subsonic speeds, where compressibility
effects are significant but shock waves are typically absent.

The Mach number influences pressure distribution, lift, drag, and stability characteristics of
the aircraft.



Standard Atmosphere Conditions

The standard atmosphere provides average temperature, pressure, and density profiles with
altitude.

At sea level, standard conditions are approximately:

Temperature: 15°C (288.15 K)

Pressure: 101.325 kPa

Density: 1.225 kg/m³

Speed of sound: approximately 340.3 m/s

As altitude increases, temperature and pressure decrease, affecting the speed of sound and
aircraft performance.

Calculating Aircraft Velocity and Related Parameters

Velocity at Mach 0.7 in the Standard Atmosphere

The speed of sound varies with temperature; at sea level under standard conditions, it is about
340.3 m/s.

Given M=0.7, the velocity V is:

V = M × a = 0.7 × 340.3 m/s ≈ 238.2 m/s

At higher altitudes, the temperature drops, and so does the speed of sound, requiring
adjustments for precise calculations.

Implications of Subsonic Speeds

At Mach 0.7, the airflow remains largely subsonic, but compressibility effects start to appear.

This influences the pressure distribution over the wing and affects lift and drag coefficients.



Aerodynamic Forces and Coefficients

Lift and Drag Coefficients

The lift coefficient (CL) and drag coefficient (CD) are nondimensional parameters representing
the lift and drag forces relative to dynamic pressure and wing area.

They depend on angle of attack, Reynolds number, Mach number, and surface finish.

Calculating Dynamic Pressure

The dynamic pressure (q) is given by:

q = 0.5 × ρ × V²

Using standard sea level density (ρ ≈ 1.225 kg/m³):

q ≈ 0.5 × 1.225 × (238.2)² ≈ 34,700 Pa (or N/m²)

At different altitudes, adjust ρ accordingly based on the standard atmosphere model.

Pressure Distribution and Shock Formation

Subsonic Flow Characteristics

In the subsonic regime (M<1), pressure waves propagate ahead of the aircraft, enabling
airflow to adjust smoothly around the surfaces.

The pressure distribution over the wing influences lift and stability.



Approaching Transonic Speeds

As Mach number approaches 1.0, local flow velocities near the wing's leading and trailing
edges can reach sonic conditions, potentially leading to shock waves.

At Mach 0.7, the flow remains primarily subsonic, but the onset of compressibility effects
manifests as increased drag and altered pressure distribution.

Impacts on Aircraft Performance and Design

Lift Generation

Lift depends on the pressure difference between the upper and lower surfaces of the wing.

Using thin airfoil theory or empirical data, lift coefficient values can be estimated based on
angle of attack and Mach number.

Drag and Its Components

Drag at subsonic speeds comprises:

Parasitic drag (form, skin friction)1.

Induced drag (related to lift generation)2.

As Mach number increases toward transonic speeds, wave drag due to shock formation
becomes significant.

Design Considerations for Subsonic Aircraft

To optimize performance at Mach 0.7, designers focus on:

Wing shape (thin, swept wings to delay compressibility effects)

Surface finish (to reduce skin friction)



Aerodynamic cleanliness (minimize interference drag)

Material selection and structural design also account for the aerodynamic loads associated
with high subsonic speeds.

Summary and Conclusion

Analyzing an airplane with a chord length of 1.2 meters flying at Mach 0.7 in the standard
atmosphere involves understanding the interplay of geometric parameters, atmospheric conditions,
and flow physics. The Mach number's influence on pressure distribution, lift, and drag is crucial for
performance assessment. At this speed, the aircraft operates in a regime where compressibility
effects are present but shock waves are typically absent, allowing for relatively smooth airflow and
predictable aerodynamic behavior. Accurate calculations of velocity, dynamic pressure, and pressure
distribution are essential for designing efficient aircraft and ensuring optimal performance. As
aircraft approach transonic speeds, the aerodynamic challenges grow, necessitating advanced
design strategies to mitigate drag increases and manage flow transitions. This comprehensive
understanding of subsonic aerodynamics provides a foundation for engineers and designers to
optimize aircraft performance in the standard atmosphere, ensuring safety, efficiency, and reliability
in flight operations.

Frequently Asked Questions

How does the Mach number of 0.7 affect the airflow over the
airplane's wing with a chord length of 1.2 meters?
At Mach 0.7, the airplane is flying at subsonic speeds, meaning airflow remains mostly smooth and
attached over the wing, resulting in predictable lift and drag characteristics without significant
shock wave formation.

What is the significance of the chord length being 1.2 meters
for aerodynamic analysis at Mach 0.7?
The chord length of 1.2 meters helps determine key aerodynamic parameters such as Reynolds
number and Mach number effects, influencing lift, drag, and overall performance calculations for
the aircraft.

How does flying in the standard atmosphere impact the
aerodynamic properties of the airplane at Mach 0.7?
Flying in the standard atmosphere provides baseline conditions for air density, temperature, and



pressure, which are essential for accurate calculations of aerodynamic forces at Mach 0.7.

What are the approximate flow characteristics around the
wing at Mach 0.7 in the standard atmosphere?
At Mach 0.7, the flow is predominantly subsonic with potential for mild compressibility effects, but
no shock waves typically form on the wing surface, maintaining smooth airflow and predictable lift.

How can the Mach number and chord length be used to
calculate the Reynolds number for this airplane?
The Reynolds number can be calculated using the formula Re = (ρ V L) / μ, where V is derived from
Mach number and speed of sound in the atmosphere; knowing the Mach number and chord length
allows precise estimation of flow regimes and boundary layer behavior.

What are the implications of flying at Mach 0.7 for fuel
efficiency and aircraft design considerations at this altitude?
Flying at Mach 0.7 in the standard atmosphere balances fuel efficiency with manageable
aerodynamic forces, influencing wing design to optimize lift-to-drag ratio while avoiding
compressibility effects that occur at higher speeds.

Additional Resources
An Airplane Has A Chord Length L=1.2m And Flies At A Mach Number 0.7 In The Standard
Atmosphere — these parameters serve as a foundational starting point for a comprehensive
aerodynamic analysis. Whether you're an aerospace engineer, a student of fluid mechanics, or an
aviation enthusiast, understanding the implications of these figures is crucial for grasping the
behavior of aircraft at subsonic speeds. This guide delves into the physics, calculations, and practical
considerations involved when analyzing an airplane with a chord length of 1.2 meters flying at Mach
0.7 in the standard atmosphere.

---

Introduction

When discussing aircraft aerodynamics, key parameters such as chord length, Mach number, and
atmospheric conditions dictate how the aircraft interacts with the airflow. The chord length (L=1.2
meters), representing a characteristic dimension of the wing or airfoil, influences lift, drag, and
overall performance. The Mach number (0.7) indicates the aircraft is flying at 70% of the speed of
sound, a critical factor affecting compressibility effects and shock formation.

Understanding these variables in the context of the standard atmosphere—a model that describes
how temperature, pressure, and density vary with altitude—is essential for predicting real-world
performance, designing efficient wings, and ensuring safety.

---



Section 1: Fundamental Concepts

1.1 What is Chord Length?

The chord length (L) defines the straight-line distance from the leading edge to the trailing edge of
an airfoil. It essentially characterizes the size of the wing and directly influences aerodynamic
forces:

- Lift (L): Increases with the wing area and airspeed.
- Drag (D): Also depends on chord length, shape, and flow conditions.

In this case, the chord length is 1.2 meters, which suggests a relatively small wing or a model
aircraft.

1.2 Understanding Mach Number

The Mach number (M) is the ratio of the aircraft's true airspeed (\(V\)) to the local speed of sound
(\(a\)):

\[
M = \frac{V}{a}
\]

At Mach 0.7, the aircraft is flying at 70% of the local speed of sound, which in subsonic flight
introduces certain compressibility effects but generally avoids shock waves associated with
supersonic flow.

1.3 The Standard Atmosphere

The standard atmosphere provides a reference model for atmospheric conditions at various
altitudes. At sea level (0 meters), the typical parameters are:

- Temperature (\(T_0\)) = 288.15 K
- Pressure (\(P_0\)) = 101,325 Pa
- Density (\(\rho_0\)) = 1.225 kg/m³
- Speed of sound (\(a_0\)) ≈ 340.29 m/s

As altitude increases, temperature, pressure, and density decrease, affecting aircraft performance
and the local speed of sound.

---

Section 2: Calculating the Aircraft’s True Airspeed

2.1 Speed of Sound in the Standard Atmosphere

The speed of sound varies with temperature, given by:

\[
a = \sqrt{\gamma R T}
\]



where:

- \(\gamma\) = 1.4 (ratio of specific heats for air)
- \(R\) = 287 J/(kg·K) (specific gas constant)
- \(T\) = temperature in Kelvin

At sea level, with \(T_0 = 288.15\,K\):

\[
a_0 = \sqrt{1.4 \times 287 \times 288.15} \approx 340.3\, m/s
\]

2.2 Calculating the Local Speed of Sound at Flight Altitude

The actual altitude where the aircraft is flying is not specified, but for many subsonic aircraft,
cruising occurs around 10,000 meters (roughly 33,000 feet). Using standard atmospheric tables, at
10,000 meters:

- Temperature drops to approximately \(-50^\circ C\) or 223 K
- Speed of sound at this temperature:

\[
a_{10,000} = \sqrt{1.4 \times 287 \times 223} \approx 295\, m/s
\]

This indicates the aircraft's true airspeed (\(V\)) is:

\[
V = M \times a
\]

At \(M=0.7\):

\[
V = 0.7 \times 295 \approx 206.5\, m/s
\]

Thus, the airplane's true airspeed at 10,000 meters altitude is approximately 206.5 m/s.

---

Section 3: Aerodynamic Analysis

3.1 Reynolds Number Calculation

The Reynolds number (Re) characterizes the flow regime (laminar or turbulent) around the airfoil:

\[
Re = \frac{\rho V L}{\mu}
\]



where:

- \(\rho \approx 0.4135\, kg/m^3\) (at 10,000 m in standard atmosphere)
- \(V \approx 206.5\, m/s\)
- \(L = 1.2\, m\)
- \(\mu \approx 1.458 \times 10^{-5}\, Pa \cd·s\) (dynamic viscosity at 10,000 m)

Calculating:

\[
Re = \frac{0.4135 \times 206.5 \times 1.2}{1.458 \times 10^{-5}} \approx 7.4 \times 10^6
\]

This high Reynolds number suggests the flow around the wing is turbulent, influencing drag and lift
characteristics.

3.2 Lift and Drag Coefficients

Knowing the lift coefficient (\(C_L\)) and drag coefficient (\(C_D\)) is essential for performance
prediction. These depend on the airfoil shape, angle of attack, and Mach effects.

For subsonic Mach numbers (~0.7), \(C_L\) often remains similar to low-speed values but can
experience slight variations due to compressibility effects. The Prandtl-Glauert correction provides
an initial approximation for compressibility effects:

\[
C_{L} = \frac{C_{L0}}{\sqrt{1 - M^2}}
\]

where \(C_{L0}\) is the incompressible lift coefficient.

Similarly, the drag coefficient increases due to wave drag as Mach approaches 1; at Mach 0.7, wave
drag is generally moderate.

---

Section 4: Practical Considerations and Implications

4.1 Compressibility Effects at Mach 0.7

Flying at Mach 0.7 introduces notable compressibility effects:

- Lift Increase: Due to Bernoulli and compressibility effects, lift may increase slightly, impacting the
angle of attack.
- Wave Drag: Small wave drag begins to appear but remains manageable for conventional subsonic
aircraft.
- Shock Formation: Generally avoided at Mach 0.7, but careful aerodynamic design ensures no
significant shock waves form.

4.2 Wing Design and Performance



Given the chord length and Mach number:

- Design Optimizations:
- Use of supercritical airfoils to delay shock formation
- Moderate sweep to reduce wave drag
- Proper camber and thickness distribution to optimize lift-to-drag ratio

- Operational Strategies:
- Maintaining optimal angle of attack
- Adjusting flight altitude to balance speed and efficiency
- Monitoring Mach effects to prevent stability issues

4.3 Safety and Efficiency

Understanding the interplay between Mach number, atmospheric conditions, and wing geometry
ensures:

- Efficient fuel consumption
- Safe operation within the aircraft’s aerodynamic envelope
- Prevention of shock-induced flow separation or buffeting

---

Section 5: Summary and Key Takeaways

- An airplane with a chord length of 1.2 meters flying at Mach 0.7 in the standard atmosphere
operates under specific aerodynamic regimes.
- At typical cruising altitudes (~10,000 meters), the true airspeed is approximately 206.5 m/s,
influenced by the local speed of sound.
- The flow regime is turbulent, with Reynolds numbers around 7.4 million, affecting drag and lift.
- Compressibility effects are present but manageable; careful airfoil design minimizes wave drag.
- Practical design considerations include optimizing for subsonic flow, ensuring stability, and
maximizing efficiency.

---

Final Thoughts

Analyzing an aircraft's performance parameters such as chord length and Mach number in the
context of the standard atmosphere provides invaluable insight into its aerodynamic behavior. By
understanding the fundamental physics, performing precise calculations, and considering real-world
design implications, engineers and pilots can optimize aircraft performance, enhance safety, and
push the boundaries of aerodynamic efficiency. Whether developing new aircraft or studying existing
ones, these principles serve as the backbone of flight physics and aeronautical innovation.
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