A Nozzle Delivers A Stream At A Velocity
Of 65 M/s Perpendicular To A Fixed
Plate Compute The Work Done

Introduction

A nozzle delivers a stream at a velocity of 65 m/s perpendicular to a fixed plate.
Compute the work done by the nozzle on the fluid during this process. This
problem involves understanding the principles of fluid dynamics, specifically the
application of the work-energy theorem to a fluid stream. It also requires analyzing how
energy transfer occurs when a fluid exits a nozzle with a given velocity and interacts with
a stationary object, such as a fixed plate. In this article, we will explore the fundamental
concepts involved, derive the relevant equations, and provide a detailed step-by-step
methodology to compute the work done in this scenario.

Fundamental Concepts and Assumptions

1. Basic Principles of Fluid Mechanics

e Continuity Equation: Conservation of mass in a steady-flow system ensures that
the mass flow rate remains constant along the streamline.

e Bernoulli's Equation: Relates pressure, velocity, and elevation for an
incompressible, inviscid, steady flow.

e Work-Energy Theorem: The work done on the fluid results in a change in the
fluid's kinetic and potential energy.

2. Assumptions for Simplification

e The flow is steady, incompressible, and inviscid.
e Gravity effects are negligible unless specified otherwise.

e The fluid is non-reactive and non-thermal, focusing solely on mechanical energy
transfer.

e The fixed plate is stationary and large enough to absorb the entire jet without
deflecting or causing turbulence beyond the scope of the problem.



Analyzing the Problem

1. Understanding the Physical Setup

The scenario involves a nozzle ejecting a fluid jet at a velocity \( V = 65\, \mathrm{m/s} \),
directed perpendicular (normal) to a stationary, fixed plate. The main goal is to determine
the work done by the nozzle on the fluid during this process, which essentially reflects the
energy transferred to the fluid as it accelerates from rest (or some initial velocity) to the
exit velocity.

2. Conceptual Approach

e Calculate the change in kinetic energy of the fluid owing to the nozzle's operation.
e Determine the work input required to accelerate the fluid to the given velocity.

e Account for the interaction with the fixed plate, which may involve energy transfer
and impulse considerations.

Deriving the Work Done

1. Energy Perspective

The work done by the nozzle on the fluid is directly related to the change in the fluid's
kinetic energy. Assuming the fluid enters the nozzle at negligible velocity or a known inlet
velocity \( V_1), and leaves at velocity \( V_2 = 65\, \mathrm{m/s} \), the work done per
unit mass of fluid can be expressed as:

\[

W {per\\mass} = \frac{1}{2}(V 272-V 172)

\]

In many practical cases, the inlet velocity \( V_1) is much smaller than the exit velocity,
often approximated as zero for simplicity, leading to:

\[

W {per\,mass} = \frac{1}{2} V 272

\]

However, if inlet velocity is known, it should be included in the calculation.



2. Work Done per Unit Volume

The work done per unit volume of fluid, \( W_{vol} \), is obtained by multiplying per unit
mass work by the density \( \rho \) of the fluid:

\[
W _{vol} = \rho \times W_{per\,mass} = \frac{1}{2} \rhoV 272
\]

3. Total Work Done

To find the total work \( W), multiply the work per unit volume by the volumetric flow
rate \( Q \):

\[
W =W {vol} \times Q
\]

where

\[

Q = A\times 'V

\]

and \( A) is the cross-sectional area of the jet.

Note: Since the problem provides only the exit velocity and not the flow rate or area,
further assumptions or given data are necessary to compute a numerical value. For the
purpose of this analysis, we will assume the inlet velocity is negligible and focus on the

energy transfer associated with the exit velocity, considering the mass flow rate as a
variable or given parameter in practical applications.

Calculating the Work Done: Step-by-Step
Methodology

1. Determine or assume the fluid's density (\( \rho \))

e For water, \( \rho \approx 1000\, \mathrm{kg/m~3} \)
e For air, \( \rho \approx 1.225\, \mathrm{kg/m~3} \)

e Select the appropriate value based on the fluid involved in the problem.

2. Establish the volumetric flow rate (\( Q \)) or mass



flow rate (\( \dot{m} \))

e If the cross-sectional area \( A \) of the jet is known, compute \( Q = A \times V'\)

e If mass flow rate \(\dot{m} \) is given, relate it to volumetric flow rate as \( Q =
\frac{\dot{m}}{\rho} \)

3. Compute the work done using the kinetic energy
approach

1. Calculate the kinetic energy per unit mass: \( \frac{1}{2} V"~2)

2. Determine the total energy transferred: \( W = \dot{m} \times \frac{1}{2} V"~2)

4. Final expression for work done

In terms of known quantities:

\[

W = \dot{m} \times \frac{1}{2} V"2
\]

where:

-\(\dot{m} \) = mass flow rate (\( \mathrm{kg/s} \))
-\('V\) = velocity of the jet (\( 65\, \mathrm{m/s} \))

Numerical Example (Hypothetical)

Assumptions

e Fluid: Water (\( \rho = 1000\, \mathrm{kg/m~3} \))
e Cross-sectional area of jet: \( A = 0.001\, \mathrm{m~2} \) (a small jet)

e Inlet velocity: negligible, or zero



Calculations

1. Compute volumetric flow rate:

\[

Q = A\times V = 0.001\, \mathrm{m~2} \times 65\, \mathrm{m/s} = 0.065),
\mathrm{m~3/s}

\]

2. Determine mass flow rate:
\[
\dot{m} = \rho \times Q = 1000\, \mathrm{kg/m~3} \times 0.065\, \mathrm{m~3/s}
= 65\, \mathrm{kg/s}
\]

3. Calculate work done:
\[
W = \dot{m} \times \frac{1} {2} V~2 = 65\, \mathrm{kg/s} \times \frac{1} {2}
\times (65\, \mathrm{m/s})"2
\]
\[
W = 65 \times 0.5 \times 4225 = 65 \times 2112.5 = 137,312.5\, \mathrm{]/s}
\]
\[
\boxed{
\text{Power (Work rate)} \approx 137.3\, \mathrm{kW}
}
\]

Interpreting the Results

The calculated work represents the rate at which energy is transferred to the fluid by the
nozzle to accelerate it to the specified velocity. This energy transfer can be viewed as the
mechanical work input to the fluid, which manifests as kinetic energy of the jet. If the
problem involves total work over a specific duration, multiply the power by the time to
obtain total energy transferred.

Additional Considerations

1. Effect of Pressure and Nozzle Design

e In real applications, pressure differences across the nozzle and nozzle geometry
influence the velocity and work done.

¢ Design features such



Frequently Asked Questions

What is the significance of the velocity of 65 m/s in
calculating the work done by the nozzle?

The velocity of 65 m/s represents the speed at which the fluid exits the nozzle, which
is essential for calculating the kinetic energy imparted to the fluid and thus the work
done by the nozzle.

How is the work done by the nozzle related to the
kinetic energy of the fluid stream?

The work done by the nozzle is equal to the change in kinetic energy of the fluid,
calculated as (1/2) mass flow rate velocity squared.

What additional parameters are needed to compute
the actual work done by the nozzle?

To compute the work done, you need the mass flow rate of the fluid or the fluid
density and the cross-sectional area of the nozzle, along with the velocity.

How does the orientation of the jet (perpendicular to
the plate) affect the work done?

Since the jet is perpendicular to the plate, the work done is directly related to the
kinetic energy of the fluid in the direction of flow; there are no components to
consider for angular momentum or other forces.

Can Bernoulli's equation be used to determine the
work done by the nozzle?

Yes, Bernoulli's equation relates pressure, velocity, and height; for work calculations
involving velocity change, it can be used alongside the mass flow rate to determine
the work done by the nozzle.



What assumptions are typically made when
calculating work done in this type of fluid flow
problem?

Common assumptions include steady flow, incompressible fluid, negligible losses due
to friction or turbulence, and no change in potential energy if height remains
constant.

How does the density of the fluid influence the work
done calculation?

The density is essential for determining the mass flow rate from volumetric flow rate;
higher density results in greater mass flow rate, increasing the work done for a given
velocity.

What is the formula to compute the work done by
the nozzle given the velocity and flow parameters?

Work done (per unit mass) = (1/2) velocity squared; to find total work, multiply by
the mass flow rate: Work = (1/2) mass flow rate velocity?.

How would the work done change if the velocity of
the stream increased to 80 m/s?

The work done would increase proportionally to the square of the velocity;
specifically, it would increase by a factor of (80/65)?, leading to a significantly higher
energy transfer.

Additional Resources

A Nozzle Delivers A Stream At A Velocity Of 65 M/s Perpendicular To A Fixed Plate
Compute The Work Done

In the realm of fluid mechanics, understanding the energy transfer associated with
fluid flow is crucial for designing efficient systems ranging from jet engines to
industrial sprays. Among the fundamental concepts is the work done by a fluid as it
interacts with its surroundings. Today, we analyze a specific scenario: a nozzle



directs a fluid stream at a velocity of 65 meters per second (m/s) perpendicular to a
fixed plate, and we aim to compute the work done during this process. This case
encapsulates core principles of fluid dynamics, including kinetic energy transfer, the
work-energy theorem, and the application of the Bernoulli equation, offering insights
into both theoretical underpinnings and practical applications.

Understanding the Scenario: The Nozzle and Fixed Plate System
Before delving into calculations, it’s vital to comprehend the physical setup:

- Flow Characteristics: A fluid (often water, air, or any incompressible fluid) exits a
nozzle, attaining a velocity of 65 m/s directed perpendicular to a stationary, rigid
plate.

- Interaction: The fluid strikes the fixed plate, transferring momentum and energy.
- Objective: To compute the work done on the fluid (or by the fluid) during this
process, which essentially equates to the energy imparted to the fluid from the
nozzle or the energy transferred to the surroundings during impact.

This setup models many real-world applications, such as jet propulsion, spray

painting, and fluid cutting, where understanding the energy transfer is essential for
efficiency and safety.

Fundamental Principles Involved
Conservation of Momentum and Energy

At the core of the analysis are the principles of conservation of momentum and
energy:

- Momentum transfer: When the fluid strikes the fixed plate, it imparts momentum to
the plate, and by Newton’s third law, the plate exerts an equal and opposite force on
the fluid.

- Energy transfer: The kinetic energy of the fluid is a primary contributor to work
done, especially when considering the work-energy theorem, which relates the work
done to changes in kinetic and potential energy.

Work-Energy Theorem in Fluid Mechanics

The work-energy theorem states that:

> The work done on a fluid is equal to the change in its kinetic energy (assuming
negligible potential energy changes).

Mathematically:

\[ W = \Delta KE \]



In this context, as the fluid accelerates from rest to the velocity of 65 m/s, the work
done by the nozzle is primarily the kinetic energy imparted to the fluid.

Calculating the Work Done: Step-by-Step Approach

Step 1: Define the Parameters

- Velocity of fluid, \( v\) = 65 m/s

- Density of the fluid, \( \rho \): For calculation purposes, assume a common fluid
such as water with \(\rho = 1000\, kg/m~3 ). If dealing with air or other fluids,
adjust accordingly.

- Area of flow, \( A \): Not specified; the work per unit mass or per unit volume is
often more useful unless a specific flow rate is given.

Step 2: Determine the Mass Flow Rate

Mass flow rate (\( \dot{m} \)) indicates how much mass passes through the nozzle
per unit time:

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

where \( Q) is the volumetric flow rate, which depends on the cross-sectional area \(
A\) and velocity \( v \):

\[ Q = A \times v \]

Without a specified area, we'll express the work done in terms of per unit mass or
per unit volume, focusing on energy transfer per unit.

Step 3: Compute the Kinetic Energy per Unit Mass

The kinetic energy imparted to the fluid per unit mass is:

\[ KE {unit} = \frac{1}{2} v*~2\]

Substituting \( v = 65\, m/s \):

\[ KE {unit} = \frac{1}{2} \times (65)"2 = 0.5 \times 4225 = 2112.5\, \text{]J/kg} \]

This value signifies that each kilogram of fluid gains 2112.5 joules of kinetic energy
as it exits the nozzle.

Step 4: Derive the Work Done Per Unit Mass

Since the work done on the fluid corresponds to this kinetic energy increase, the
work done per unit mass is:

\[ W _{per\kg} = 2112.5\, \text{J} \]



If interested in the total work for a specific flow rate, multiply this value by the mass
flow rate:

\[ W_{total} = \dot{m} \times W _{per\ kg} \]

The Role of the Fixed Plate in Energy Transfer

While the kinetic energy calculation provides a baseline, the interaction with the
fixed plate introduces additional considerations:

- Impact and momentum transfer: When the fluid hits the plate, it exerts a force
proportional to the change in momentum. For a fluid striking perpendicularly, the
force \( F \) exerted by the fluid on the plate can be expressed as:

\[ F = \dot{m} \times v \]

- Work done on the plate: The work done by the fluid on the plate over a
displacement \( d \) (or over time \( t \)) involves the exerted force and the
displacement:

\[ W _{plate} = F \times d \]

In steady, continuous flow, the power transferred (work per unit time) is:

\[ P = F \times v = \dot{m} \times v"~2\]

Given that:

\[ \dot{m} = \rho \times A \times v \]

we can write:

\[ P = \rho \times A \times v \times v"~2 = \rho \times A \times v"~3\]

This indicates that the power transferred depends on the flow area, fluid density, and
the cube of the velocity.

Practical Implications and Applications

Understanding the work done by a high-velocity jet has multiple practical
implications:

- Design of jet engines: Engineers optimize nozzle design to maximize thrust (which
is related to the rate of momentum transfer) while minimizing energy losses.

- Industrial cleaning and cutting: High-velocity water jets are used for cutting or
cleaning surfaces; knowing the work done helps in selecting appropriate pressures
and flow rates.



- Spray systems and combustion engines: Efficient atomization and combustion
depend on the energy imparted by fluid streams.

Moreover, this analysis aids in evaluating energy efficiency and in designing systems
that either harness or mitigate the energy transfer from fluid streams.

Limitations and Assumptions in the Calculation

While the calculations above provide a solid approximation, several assumptions
underpin them:

- Incompressibility: The fluid is considered incompressible; this is valid for liquids
like water but less so for gases at high velocities.

- No losses: Frictional and viscous losses are neglected; real systems experience
energy dissipation.

- Steady flow: The flow is assumed steady, with constant velocity and flow rate.

- Perpendicular impact: The calculation assumes a perfect perpendicular impact with
no deflection or turbulence.

In real-world applications, these factors should be included for precise engineering
designs.

Extending the Analysis: Energy Efficiency and Optimization

Beyond calculating the work done, engineers often analyze the efficiency of the
process:

- Energy input vs. kinetic energy imparted: How much energy is supplied by the
pump or compressor?

- Losses: What are the energy losses due to turbulence, friction, or heat?

- System optimization: Adjusting nozzle geometry or flow parameters to maximize
useful work while minimizing energy consumption.

Such considerations are vital for sustainable and cost-effective system design.

Conclusion: Unveiling the Power of Fluid Dynamics

The scenario of a nozzle delivering a fluid stream at 65 m/s perpendicular to a fixed
plate encapsulates core principles of fluid mechanics, from kinetic energy
calculations to momentum transfer and work analysis. By understanding these
concepts, engineers and scientists can design more efficient propulsion systems,
industrial tools, and fluid delivery mechanisms. The calculation reveals that each
kilogram of fluid gains over 2000 joules of energy simply by passing through the
nozzle, emphasizing the power inherent in fluid streams. As technology advances,
these foundational insights continue to underpin innovations across aerospace,



manufacturing, and energy sectors, demonstrating the enduring importance of fluid
dynamics in solving real-world challenges.
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