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Static Pressure and other flow properties undergo abrupt changes that are fundamental to
understanding high-speed aerodynamics and compressible flow phenomena. Shock waves are a
critical aspect of supersonic and hypersonic flows, influencing aircraft design, propulsion systems, and
the analysis of flow behavior around high-speed bodies. In this article, we delve into the nature of
normal shock waves, their formation conditions, the governing equations, and their implications in
real-world applications.

Understanding Shock Waves in Compressible Flow

What Is a Shock Wave?
A shock wave is a thin, nearly discontinuous surface within a flow where properties such as pressure,
temperature, density, and velocity change almost instantaneously. Unlike gradual changes in
subsonic flows, shock waves cause abrupt transitions from supersonic to subsonic conditions, playing
a vital role in high-speed aerodynamics.

Types of Shock Waves
Shock waves are broadly classified based on their orientation relative to the flow:

Normal Shock Waves: Perpendicular to the flow direction, causing a sudden change in flow
properties.

Oblique Shock Waves: Inclined to the flow, occurring at an angle, often around corners or
leading edges.

Detached Shock Waves: Bow-shaped shocks that form ahead of blunt bodies at supersonic
speeds.

This article focuses specifically on normal shock waves, which are characterized by their
perpendicular orientation to the flow.

Conditions Leading to a Normal Shock Wave



Flow Velocity and Mach Number
The formation of a shock wave depends heavily on the Mach number, defined as:
\[ M = \frac{V}{a} \]
where \( V \) is the flow velocity, and \( a \) is the speed of sound in the medium. A flow becomes
supersonic when \( M > 1 \), setting the stage for shock formation.

In our scenario, the flow velocity is 680 m/s. To determine whether a shock is likely, we need to
compare this velocity to the local speed of sound in air, which varies with temperature.

Static Pressure and Temperature
The static pressure and temperature of the flow influence the Mach number and the flow's
compressibility. High Mach numbers imply significant compressibility effects, making shock waves
prominent.

Calculating the Mach Number at 680 m/s

Speed of Sound in Air
The speed of sound in air at standard conditions (15°C) is approximately:
\[ a \approx 340\, \text{m/s} \]

However, this varies with temperature:
\[ a = \sqrt{\gamma R T} \]
where:
- \( \gamma \) = ratio of specific heats (≈ 1.4 for air)
- \( R \) = universal gas constant (≈ 8.314 J/(mol·K))
- \( T \) = temperature in Kelvin

Assuming standard temperature (~288 K):
\[ a \approx 340\, \text{m/s} \]

Thus, the Mach number is:
\[ M = \frac{680}{340} = 2.0 \]
indicating a supersonic flow.

Properties Across a Normal Shock Wave

Governing Equations
The change in flow properties across a normal shock wave can be described using the Rankine-
Hugoniot relations, which relate upstream and downstream conditions:

1. Pressure Ratio:
\[ \frac{p_2}{p_1} = 1 + \frac{2 \gamma}{\gamma + 1} (M_1^2 - 1) \]



2. Density Ratio:
\[ \frac{\rho_2}{\rho_1} = \frac{(\gamma + 1) M_1^2}{(\gamma - 1) M_1^2 + 2} \]

3. Temperature Ratio:
\[ \frac{T_2}{T_1} = \frac{p_2 / p_1}{\rho_2 / \rho_1} \]

4. Downstream Mach Number (post-shock):
\[ M_2^2 = \frac{1 + \frac{\gamma - 1}{2} M_1^2}{\gamma M_1^2 - \frac{\gamma - 1}{2}} \]

where:
- \( M_1 \) = upstream Mach number
- \( M_2 \) = downstream Mach number

Applying These Relations to Our Scenario
Given:
\[ M_1 = 2.0 \]
and for air, \( \gamma = 1.4 \).

Calculate the downstream Mach number:
\[
M_2^2 = \frac{1 + \frac{0.4}{2} \times 4}{1.4 \times 4 - 0.2} = \frac{1 + 0.2 \times 4}{5.6 - 0.2} =
\frac{1 + 0.8}{5.4} = \frac{1.8}{5.4} \approx 0.333
\]
Thus:
\[ M_2 \approx \sqrt{0.333} \approx 0.577 \]
indicating that after the shock, the flow becomes subsonic.

Next, compute the pressure ratio:
\[
\frac{p_2}{p_1} = 1 + \frac{2 \times 1.4}{1.4 + 1} (4 - 1) = 1 + \frac{2.8}{2.4} \times 3 \approx 1
+ 1.167 \times 3 = 1 + 3.5 = 4.5
\]
and the density ratio:
\[
\frac{\rho_2}{\rho_1} = \frac{(1.4 + 1) \times 4}{(1.4 - 1) \times 4 + 2} = \frac{2.4 \times 4}{0.4
\times 4 + 2} = \frac{9.6}{1.6 + 2} = \frac{9.6}{3.6} \approx 2.67
\]

Temperature ratio:
\[
\frac{T_2}{T_1} = \frac{p_2/p_1}{\rho_2/\rho_1} = \frac{4.5}{2.67} \approx 1.687
\]
indicating the temperature increases significantly across the shock.

Implications of Shock Wave Formation in Airflow



Effects on Aerodynamic Performance
Shock waves lead to:

Significant drag increase due to wave drag

Flow separation and loss of lift in aircraft wings

Potential thermal heating of aircraft surfaces

Changes in pressure distribution affecting stability

Design Considerations for High-Speed Vehicles
Engineers must account for:

Shock wave positioning to minimize drag1.

Thermal protection systems for heat loads2.

Shock wave interactions with control surfaces3.

Optimizing shape to control shock location and strength4.

Static Pressure at the Shock Location
Given the upstream static pressure \( p_1 \), the static pressure downstream \( p_2 \) can be
calculated using the pressure ratio:
\[
p_2 = p_1 \times 4.5
\]
If, for example, the static pressure before the shock was 100 kPa, then:
\[
p_2 = 100\, \text{kPa} \times 4.5 = 450\, \text{kPa}
\]
This illustrates how shock waves dramatically increase static pressure, leading to high localized
pressures that must be managed in design.

Conclusion
A normal shock wave occurring at a flow velocity of 680 m/s signifies a transition from supersonic to
subsonic flow with substantial changes in flow properties. By analyzing the Mach number, applying
the Rankine-Hugoniot relations, and understanding the effects on pressure and temperature,
engineers can better predict and manage high-speed airflow phenomena. Recognizing the behavior of
shock waves is vital for aircraft design, propulsion systems, and the safe operation of vehicles



traveling at hypersonic speeds. Properly accounting for the static pressure increase and associated
effects ensures optimal performance and safety in high-speed aerodynamics.

---

Note: Actual static pressure values depend on the specific conditions of the flow environment. The
calculations provided are based on standard assumptions and typical air properties.

Frequently Asked Questions

What is a normal shock wave in the context of airflow?
A normal shock wave is a sudden and nearly discontinuous change in flow properties such as
pressure, temperature, and velocity that occurs perpendicular to the flow direction, typically in
supersonic flows.

How does the occurrence of a normal shock wave at a velocity
of 680 m/s affect the static pressure?
When a normal shock occurs at this velocity, the static pressure increases significantly across the
shock wave, resulting in higher pressure downstream of the shock.

Is a velocity of 680 m/s typically associated with supersonic
flow and shock formation?
Yes, a velocity of 680 m/s is generally above the speed of sound in air (approximately 343 m/s at sea
level), indicating supersonic flow where shock waves can form.

What are the typical changes in flow properties across a
normal shock wave at this velocity?
Across a normal shock, the flow experiences an increase in static pressure, temperature, and density,
while the Mach number decreases from supersonic to subsonic speeds.

How can the static pressure after the shock be estimated
given the upstream velocity of 680 m/s?
Using normal shock relations and the upstream Mach number (which can be calculated from velocity),
the downstream static pressure can be estimated through shock equations involving the Mach
number, specific heat ratio, and upstream conditions.

What role does the Mach number play in the formation of a
normal shock wave?
The Mach number determines whether a shock will form; when the flow Mach number exceeds 1



(supersonic), normal shocks are likely to occur to reduce the flow to subsonic speeds.

Can the static pressure increase indefinitely in a normal
shock, or is there a limit?
There is a maximum static pressure increase across a normal shock; beyond certain conditions, the
shock becomes stronger, but physical and thermodynamic limits prevent indefinite pressure rise.

What practical applications involve normal shock waves
occurring at high velocities like 680 m/s?
Normal shock waves are relevant in aerospace engineering, such as in supersonic jet engines,
nozzles, and shock wave control in high-speed aircraft and missile design.

Additional Resources
A Normal Shock Wave Occurs In An Air Flow At A Point Where The Velocity Is 680 M/s, The Static
Pressure

---

Introduction to Shock Waves in Compressible Flows

Shock waves are a fundamental phenomenon encountered in high-speed aerodynamics and
compressible fluid mechanics. They are characterized by abrupt changes in flow properties such as
pressure, temperature, density, and velocity. When an object moves through a fluid or when the fluid
itself accelerates to supersonic speeds, shock waves can form, especially under conditions where the
flow transitions from supersonic to subsonic regimes.

Understanding the occurrence and implications of shock waves is essential for designing high-speed
aircraft, rockets, nozzles, and various other aerospace components. In particular, normal shock
waves—which are perpendicular to the flow direction—are significant because they induce the most
abrupt changes in flow parameters and are critical in flow control and propulsion systems.

---

Fundamentals of Shock Waves in Gas Dynamics

What Is a Shock Wave?

A shock wave is a thin region within a fluid where flow parameters change almost discontinuously.
These are not physical walls but regions where the flow properties shift rapidly, often over a very



small spatial extent.

Key points about shock waves:

- They occur in compressible flows at high Mach numbers.
- They convert kinetic energy into internal energy, increasing pressure and temperature.
- They are associated with a supersonic flow becoming subsonic downstream of the shock.

Types of Shock Waves

- Normal Shock: Occurs perpendicular to the flow direction; the most straightforward to analyze.
- Oblique Shock: Inclined relative to the flow; involves deflection of the flow.
- Detached Shock: Forms outside a body, such as a bow shock in front of a blunt object.

In this discussion, we focus on the normal shock wave that occurs at a particular point with given flow
parameters.

---

Scenario Description and Known Parameters

In the given problem, the flow features an air stream at a velocity of 680 m/s at a specific point where
a normal shock wave occurs. The key parameters include:

- Flow velocity, \( V_1 = 680\, \text{m/s} \)
- The point where the shock occurs, implying the flow is initially supersonic or approaching sonic
speeds.
- Static pressure, \( P_1 \), which is to be determined or analyzed.
- Gas properties of air, assumed to be ideal with specific heat ratio \( \gamma \).

---

Determining the Mach Number Prior to the Shock

The Mach number (\( M \)) is a critical parameter in shock wave analysis. It is defined as:

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

where:

- \( V \) = flow velocity
- \( a \) = speed of sound in the medium



For air at standard conditions:

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

- \( R = 287\, \text{J/(kg·K)} \) for air
- \( T \) = static temperature, which we typically approximate as 288 K for standard conditions

Calculating the speed of sound:

\[
a = \sqrt{1.4 \times 287 \times 288} \approx \sqrt{1.4 \times 287 \times 288}
\]

\[
a \approx \sqrt{1.4 \times 82,656} \approx \sqrt{115,718.4} \approx 340\, \text{m/s}
\]

Thus, the Mach number at the point before the shock:

\[
M_1 = \frac{680}{340} \approx 2.0
\]

This indicates a supersonic flow upstream of the shock wave, confirming the presence of a normal
shock wave in the flow.

---

Flow Properties Across the Normal Shock Wave

An essential aspect of shock wave analysis involves applying the Rankine-Hugoniot relations, which
relate flow properties upstream and downstream of the shock.

Key Relations for Normal Shock:

Given \( M_1 \), the Mach number before the shock, the properties downstream \( M_2 \), \( P_2 \), \(
T_2 \), etc., can be computed using the following equations:

1. Pressure Ratio (Static Pressure) across the shock:

\[
\frac{P_2}{P_1} = 1 + \frac{2 \gamma}{\gamma + 1} (M_1^2 - 1)
\]

2. Temperature Ratio:

\[



\frac{T_2}{T_1} = \left[ \frac{(2 \gamma M_1^2 - (\gamma - 1)) ((\gamma - 1) M_1^2 +
2)}{(\gamma + 1)^2 M_1^2} \right]
\]

3. Density Ratio:

\[
\frac{\rho_2}{\rho_1} = \frac{(\gamma + 1) M_1^2}{(\gamma - 1) M_1^2 + 2}
\]

4. Downstream Mach Number:

\[
M_2^2 = \frac{1 + \frac{\gamma -1}{2} M_1^2}{\gamma M_1^2 - \frac{\gamma - 1}{2}}
\]

---

Calculations for the Given Flow Conditions

Step 1: Compute Pressure Ratio \( P_2 / P_1 \)

Using \( \gamma = 1.4 \) and \( M_1 = 2.0 \):

\[
\frac{P_2}{P_1} = 1 + \frac{2 \times 1.4}{1.4 + 1} (4 - 1)
\]

Simplify denominator:

\[
\frac{P_2}{P_1} = 1 + \frac{2.8}{2.4} \times 3
\]

\[
= 1 + 1.1667 \times 3 = 1 + 3.5 = 4.5
\]

Thus, the static pressure immediately after the shock is approximately 4.5 times the upstream
pressure.

Step 2: Determine Temperature Ratio \( T_2 / T_1 \)

\[
\frac{T_2}{T_1} = \frac{(2 \times 1.4 \times 4) - (1.4 - 1)}{(\gamma + 1)^2 \times 4}
\]

Alternatively, using the direct relation:



\[
\frac{T_2}{T_1} = \frac{(2 \gamma M_1^2 - (\gamma - 1)) \times ((\gamma - 1) M_1^2 +
2)}{(\gamma + 1)^2 M_1^2}
\]

Calculating numerator:

\[
(2 \times 1.4 \times 4) - (0.4) = (11.2) - 0.4 = 10.8
\]

Second term:

\[
(0.4 \times 4) + 2 = 1.6 + 2 = 3.6
\]

Multiplying numerator:

\[
10.8 \times 3.6 = 38.88
\]

Denominator:

\[
(2.4)^2 \times 4 = 5.76 \times 4 = 23.04
\]

Thus,

\[
\frac{T_2}{T_1} = \frac{38.88}{23.04} \approx 1.687
\]

If the upstream temperature \( T_1 \) is 288 K:

\[
T_2 \approx 1.687 \times 288 \approx 486\, \text{K}
\]

This indicates a significant increase in temperature across the shock.

Step 3: Find Downstream Mach Number \( M_2 \)

\[
M_2^2 = \frac{1 + \frac{\gamma - 1}{2} M_1^2}{\gamma M_1^2 - \frac{\gamma - 1}{2}}
\]

Substitute known values:



\[
M_2^2 = \frac{1 + 0.2 \times 4}{1.4 \times 4 - 0.2} = \frac{1 + 0.8}{5.6 - 0.2} = \frac{1.8}{5.4}
\approx 0.333
\]

\[
M_2 \approx \sqrt{0.333} \approx 0.577
\]

This confirms the flow transitions from supersonic (\( M_1 = 2.0 \)) to subsonic (\( M_2 \approx 0.58 \))
after the shock.

---

Static Pressure at the Shock Point

Since the problem emphasizes the static pressure, its value relative to upstream conditions is:

\[
P_2 = P_1 \times 4.5
\]

Assuming standard atmospheric pressure:

\[
P_1 \approx 101.3\,
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