A 40 Mm Diameter Jet Has A Velocity Of
25 M/s. Calculate The Resultant Force
On A Large Flat Plate If

A 40 Mm Diameter Jet Has A Velocity Of 25 M/s. Calculate The Resultant Force
On A Large Flat Plate If

Understanding fluid dynamics principles, especially the calculation of forces
exerted by fluid jets on surfaces, is essential in various engineering
applications such as jet propulsion, hydraulic systems, and industrial fluid
handling. In this article, we will explore how to determine the resultant
force exerted by a high-velocity jet on a large flat plate, using fundamental
fluid mechanics concepts, and demonstrate the calculations step-by-step.

Introduction to Jet Force and Fluid Dynamics

The force exerted by a fluid jet on a surface depends on the momentum change
of the fluid as it interacts with that surface. When a high-speed jet strikes
a flat plate, it imparts momentum to the plate, resulting in a force — often
called the jet reaction force or impact force.

The key parameters influencing this force include:

Jet diameter

Jet velocity

Fluid density

Surface area of the plate (to consider if the jet is entirely impacting
the surface)

In this context, we are given:

- Jet diameter \(d
- Jet velocity \(V

40\, \text{mm} = 0.04\, \text{m}\)
25\, \text{m/s}\)

Assuming the fluid is water or similar, the density (\(\rho\)) becomes a
critical factor, which is approximately \(1000\, \text{kg/m}"~3\) for water.



Understanding the Problem Setup

The problem involves calculating the resultant force exerted on a large flat
plate due to a jet of fluid striking it. The key points to clarify include:

- Is the entire jet impacting the plate?

- Is the plate large enough that the jet'’s entire cross-sectional area hits
the surface?

- Is the jet impinging normally (perpendicular) on the surface?

For simplicity, and based on typical scenarios, we assume:

- The jet strikes the plate perpendicularly.

- The entire jet cross-section impacts the surface.

- The fluid is incompressible and non-viscous for the ideal calculation.
- The flow is steady.

Given these assumptions, the calculation involves determining the mass flow
rate of the jet and then computing the force based on the change in momentum.

Calculating the Cross-Sectional Area of the Jet

The first step is to find the cross-sectional area \(A\) of the jet:

\ [
A = \frac{\pi}{4} \times d"2
\1]

Substituting the known diameter:

\ [

A = \frac{\pi}{4} \times (0.04\, \text{m})"2 = \frac{\pi}{4} \times 0.0016\,
\text{m}"2

\1]

\ [
A \approx 0.0012566\, \text{m}"2
\1

This area represents the cross-sectional area of the jet, which is crucial
for calculating the mass flow rate.

Determining the Mass Flow Rate (\(\dot{m}\))

The mass flow rate is given by:



\ [
\dot{m} = \rho \times Q
\1]

Where:

- \(\rho\) = fluid density (\(1000\, \text{kg/m}~3\) for water)
- \(Q\) = volumetric flow rate

The volumetric flow rate \(Q\) can be calculated as:

\ [
Q = A \times V
\1

Substituting values:

\ [

Q = 0.0012566\, \text{m}"2 \times 25\, \text{m/s} \approx 0.031415\,
\text{m}"3/\text{s}

\1]

Thus,

\ [

\dot{m} = 1000\, \text{kg/m}”3 \times 0.031415\, \text{m}"3/\text{s} \approx
31.415\, \text{kg/s}

\1

This is the mass flow rate of the jet impacting the plate.

Calculating the Resultant Force

The fundamental principle here is that the force exerted by a fluid jet is
related to the change in momentum flux. When the jet strikes the plate and is
stopped or diverted, the change in momentum per unit time results in a force.

The general formula for the force exerted by a fluid jet striking a surface
perpendicularly is:

\ [

F = \dot{m} \times V
\1]

Where:

- \(\dot{m}\) = mass flow rate
- \(V\) = velocity of the jet



Substituting the values:

\ [
F = 31.415\, \text{kg/s} \times 25\, \text{m/s} \approx 785.4\, \text{N}
\1

Therefore, the resultant force exerted on the plate is approximately 785.4
Newtons.

Note: If the jet is fully stopped by the plate (completely inelastic
collision), this force calculation is valid. If the jet is deflected, or if
the flow continues beyond the impact point, the actual force might differ,
but this provides a good approximation under ideal conditions.

Additional Considerations and Real-World
Factors

While the above calculation provides a fundamental estimate, real-world
applications often involve additional factors:

1. Partial Impact Area

If the jet does not entirely impact the plate (e.g., only a portion of the
jet hits the surface), the force would be proportionally less.

2. Viscous Effects and Turbulence

In actual systems, viscosity and turbulence influence the flow, potentially
reducing the effective force or causing spray and dispersion.

3. Impact Angle

If the jet strikes the surface at an angle other than 90°, the effective
component of velocity normal to the surface decreases, reducing the force.

4. Surface Characteristics

Surface roughness or elasticity can affect how momentum is transferred and
absorbed.



Practical Applications of Jet Force
Calculations

Understanding the force exerted by jets is critical in various engineering
systems, including:

Designing jet propulsion engines where reaction forces generate thrust

Hydraulic machinery and nozzles for water jet cutting or cleaning

Flow control devices and spray systems in industrial processes

Safety considerations in high-pressure fluid systems

Accurate force estimation ensures structural integrity, optimal performance,
and safety compliance.

Summary of Key Steps in Force Calculation

To summarize, the process involves:

1. Calculating the cross-sectional area of the jet using its diameter.
2. Determining the volumetric flow rate as \(A \times V\).

3. Finding the mass flow rate by multiplying the volumetric flow rate by
fluid density.

4. Applying the momentum change principle to calculate the force: \(F =
\dot{m} \times V\).

By following these steps, engineers can reliably estimate the impact force of
fluid jets in various scenarios.

Conclusion

In conclusion, for a jet with a 40 mm diameter and velocity of 25 m/s
impacting a large flat plate, the approximate resultant force exerted on the
plate is about 785 Newtons. This calculation is based on ideal fluid dynamics
assumptions, providing a foundational understanding useful in designing and



analyzing fluid impact systems. Always consider real-world factors such as
impact angle, turbulence, and partial impact areas for more precise
assessments.

If you want to explore more complex scenarios or need assistance with
different fluid properties or geometries, consulting advanced fluid mechanics
resources or conducting experimental measurements is recommended.

Frequently Asked Questions

What is the formula to calculate the force exerted
by a jet of fluid on a flat plate?

The force exerted by a fluid jet on a flat plate is given by the momentum
change, F = p x A x V*2, where p is the fluid density, A is the cross-
sectional area, and V is the velocity of the jet.

How do you calculate the cross-sectional area of a
jet with a diameter of 40 mm?

Convert diameter to meters (40 mm = 0.04 m), then calculate area as A = n/4 x
d™2 = n/4 x (0.04)"2 = 1.2566 x 10™-3 m™2.

Assuming water as the fluid, what is the density
used in the calculation?

For water at room temperature, the density is approximately 1000 kg/m"3.

What is the resulting force exerted on the plate
given the jet parameters?

Using F = p x A x V*2: F = 1000 kg/m™3 x 1.2566x10"-3 m"2 x (25 m/s)"2 =
785.4 N.

Does the angle at which the jet strikes the plate
affect the calculation of the force?

Yes, if the jet strikes at an angle, only the component of velocity
perpendicular to the plate contributes to the force, requiring the velocity
to be adjusted by the cosine of the angle.

What assumptions are made in calculating the force



of a jet on a flat plate?

Assumptions include steady flow, incompressible fluid, no losses due to
turbulence or viscosity, and that the jet hits the plate perpendicularly.

Additional Resources

A 40 mm Diameter Jet Has A Velocity Of 25 m/s. Calculate The Resultant Force
On A Large Flat Plate If

Understanding fluid dynamics principles is essential for engineers and
scientists working with jet propulsion, fluid machinery, and industrial
applications. The given problem involves calculating the resultant force
exerted by a fluid jet on a large flat plate, a common scenario in fluid
mechanics that demonstrates the application of momentum conservation and
force analysis. This article aims to dissect the problem thoroughly,
exploring relevant theories, formulas, step-by-step calculations, and
practical implications to provide a comprehensive understanding of the topic.

Introduction to Jet Impact on a Flat Plate

In many engineering applications, fluid jets are directed toward surfaces to
achieve desired forces, such as thrust, braking, or pressure generation. When
a high-velocity jet strikes a flat surface perpendicularly, the change in
momentum results in a force exerted on that surface. This principle is
fundamental in devices like fluid brakes, jet propulsion, and industrial
mixers.

The problem states that a jet with a diameter of 40 mm travels at 25 m/s. Our
goal is to determine the resultant force exerted on a large flat plate placed
such that the jet hits it perpendicularly. To do so, we need to understand
the basic concepts of fluid flow, momentum flux, and how they relate to force
calculation.

Understanding the Given Data

Before delving into calculations, it’'s essential to interpret the provided
data:

- Jet Diameter (d): 40 mm = 0.04 meters
- Jet Velocity (V): 25 m/s

Since the problem involves a large flat plate, we assume the plate fully
intercepts the jet, meaning the entire flow area impacts the surface.



Key Concepts Involved

- Flow Rate (Q): Volume of fluid passing through a section per unit time.

- Mass Flow Rate (m): Mass of fluid passing per unit time.

- Force Due to Momentum Change: The reactive force exerted on the surface due
to the change in momentum as the fluid strikes and stops or deflects.

Calculating the Cross-Sectional Area of the Jet

The first step is to find the cross-sectional area of the jet, which
determines the flow rate and mass flow rate.

Formula:
\[ A = \frac{\pi}{4} \times d~2 \]
Calculation:

\[ A = \frac{\pi}{4} \times (0.04)"2 = \frac{\pi}{4} \times 0.0016 \approx
0.0012566\, \text{m}™2 \]

Features:

- The area is small but significant enough to produce substantial force due
to high velocity.

- Larger diameters would increase flow rate but also require more energy.

Pros:

- Simple calculation; directly relates diameter to flow area.
- Helps determine flow rate and subsequent force calculations.

Cons:

- Assumes a perfectly circular jet without turbulence or other flow
complexities.

Determining the Volumetric and Mass Flow Rates

The volumetric flow rate (Q):
\[ Q = A \times V \]

Calculation:



\[ Q = 0.0012566\, \text{m}"2 \times 25\, \text{m/s} = 0.031415\,
\text{m}"3/\text{s} \I]

The density of the fluid (commonly water or air) is needed to find mass flow
rate. Assuming the fluid is water at room temperature:

- Density (p): approximately 1000 kg/m3
Mass flow rate (m):

\[ \dot{m} = \rho \times Q \]
Calculation:

\[ \dot{m} = 1000\, \text{kg/m}"3 \times 0.031415\, \text{m}"3/\text{s} =
31.415\, \text{kg/s} \I

Features:

- The mass flow rate indicates the amount of mass hitting the plate per
second.

- For fluids like air, the density would be much lower (~1.2 kg/m3),
significantly affecting force calculations.

Pros:

- Allows precise calculation of the force based on momentum change.
- Essential for designing systems involving fluid impact forces.

Cons:

- Assumes uniform flow and density; real-world conditions may vary.

Calculating the Resultant Force on the Plate

The core principle in determining the force involves the conservation of
momentum. When the jet strikes the plate and comes to a stop (or deflects),
the change in momentum per unit time equals the force exerted.

Force formula:

\[ F = \dot{m} \times V {\text{initial}} \]

If the jet is completely halted upon impact (completely inelastic collision),
the entire momentum flux is transferred to the plate.

Calculation:



\[ F = 31.415\, \text{kg/s} \times 25\, \text{m/s} = 785.375\, \text{N} \]

Thus, the resultant force exerted on the plate is approximately 785.38
Newtons.

Features:

- This force acts perpendicular to the plate.

- The calculation assumes no leakage and that the jet fully impacts and stops
or deflects.

Pros:

- Straightforward application of momentum principles.
- Useful in designing nozzles, turbines, or impact plates.

Cons:
- Actual forces may vary if the jet deflects or if partial reflection occurs.

- Assumes the jet impacts perpendicularly; oblique impacts require more
complex analysis.

Impact of Jet Deflection and Partial Reflection

In real-world applications, the jet may not be fully stopped or may deflect
at an angle:

- If the jet deflects at an angle: only a component of the momentum change
contributes to the force normal to the plate.

- If the jet reflects: the force doubles, as the change in momentum is more
significant.

Adjusted Force Calculation:

For a jet striking and reflecting elastically:

\[ F =2 \times \dot{m} \times V \]

which would double the force to approximately 1570.75 N.

Features:

- Reflective impact increases the force exerted.

- The nature of impact (absorption, reflection, deflection) influences force

magnitude.

Pros:



- Provides a more comprehensive understanding for different impact scenarios.
- Useful in designing impact-resistant surfaces.

Cons:

- Requires detailed knowledge of flow deflection angles and impact
conditions.

Practical Applications and Considerations

Understanding the force exerted by a jet has practical implications in:

- Fluid machinery: turbines, pumps, and nozzles.

- Industrial processes: cleaning jets, cutting tools, and impact surfaces.
- Aerospace engineering: jet propulsion and thrusters.

- Hydraulic systems: pressure and force calculations.

Features of the analysis:

- Based on idealized assumptions; real systems involve turbulence and losses.
- The calculation assumes steady flow and uniform velocity distribution.

Pros:

- Provides a fundamental understanding of jet impact forces.
- Can be adapted to various fluids and impact scenarios.

Cons:

- Real-world measurements may differ due to turbulence, viscosity, and other
factors.
- Complex geometries and flow conditions require advanced analysis.

Summary and Conclusions

The calculation of the resultant force exerted by a jet of fluid on a large
flat plate hinges on fundamental principles of fluid mechanics, particularly
the conservation of momentum. By determining the flow area from the jet
diameter, calculating the volumetric and mass flow rates, and applying the
momentum change, we find that a jet with a diameter of 40 mm and velocity of
25 m/s exerts approximately 785 Newtons of force on the plate, assuming the
jet comes to a complete stop upon impact.



This analysis highlights the importance of understanding flow parameters,
impact conditions, and fluid properties. For different impact scenarios—such
as reflection or deflection—the force magnitude can vary significantly.
Engineers must consider these factors when designing equipment involving
fluid impacts to ensure safety, efficiency, and durability.

In conclusion, the principles demonstrated in this problem serve as a
foundational tool in fluid mechanics, applicable across numerous industries
and applications. Mastery of such calculations aids in optimizing designs and
predicting system behaviors under various operational conditions.
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