If 80 Tonnes Of Water If Falling Per Minute
From A Height Of 50m Then Calculate The
Maximum Power Developed

Introduction

If 80 Tonnes Of Water If Falling Per Minute From A Height Of 50m Then Calculate The
Maximum Power Developed is a classic problem in the realm of physics and engineering,
illustrating the principles of energy conversion, gravity, and power calculation. Understanding how
to determine the power generated by falling water is fundamental in designing hydroelectric power
systems, which harness the energy of flowing water to produce electricity. This problem involves
concepts such as mass flow rate, gravitational potential energy, and power output, all of which are
crucial in energy science. In this article, we will explore the step-by-step process of calculating the
maximum power developed by a falling water mass, providing insights into the underlying physics,
relevant formulas, and practical implications.

Understanding the Problem Statement

Before diving into calculations, it is essential to interpret the problem accurately. The key pieces of
information provided are:

- The mass of water falling per minute: 80 tonnes
- The height from which the water falls: 50 meters

Our goal is to determine the maximum power developed, which refers to the rate at which
gravitational potential energy is converted into other forms of energy during the water’s fall.

Fundamental Concepts and Formulas

To approach this problem, several physical principles and formulas are involved:

1. Mass Flow Rate

- The mass flow rate indicates how much mass passes through a given point per unit time.
- Given as 80 tonnes per minute.
- Conversion: 1 tonne = 1000 kg.



2. Gravitational Potential Energy (GPE)

- When an object of mass \( m ) is lifted or falls from height \( h \), it possesses potential energy \( PE
= mgh ).

- As the water falls, this potential energy is converted into kinetic energy and, ultimately, electrical
energy in hydroelectric systems.

3. Power Calculation

- Power is the rate at which work is done or energy is transferred.
- For falling water, maximum power is achieved when the entire potential energy of the falling water
is converted into useful energy per unit time.

Step-by-Step Calculation of Power

The calculation involves translating the given data into the appropriate formulas and performing the
necessary steps.

Step 1: Convert the Mass Flow Rate

- The mass of water falling per minute: 80 tonnes
- Convert to kilograms:

\[
m_{per\\min} = 80 \times 1000 = 80,000\, \text{kg}
\]

- To find the power, we need the mass flow rate per second:

\[
m_{per\,sec} = \frac{80,000\, \text{kg}} {60\, \text{sec}} \approx 1333.33\, \text{kg/sec}

\]

Step 2: Calculate the Potential Energy per Unit Mass

- The potential energy per kilogram of water at height \( h = 50\, \text{m} \):

\[
PE {per\kg} = g \times h
\]

where \( g \) is the acceleration due to gravity (\( 9.81\, \text{m/sec}"2)).

\[



PE {per\kg} = 9.81 \times 50 = 490.5\, \text{J}
\]

Step 3: Calculate the Total Power

- Power is energy transferred per unit time:

\[
P = \text{mass flow rate} \times PE {per\kg}

\]

- Substituting the values:

\[
P = 1333.33\, \text{kg/sec} \times 490.5\, \text{J}

\]

\[
P \approx 653,500\, \text{W}
\]

or approximately 653.5 kW.

Interpreting the Result

The calculated power—approximately 653.5 kilowatts—represents the maximum theoretical power
that can be developed from the falling water, assuming 100% efficient energy conversion. In real-
world scenarios, various factors such as turbine efficiency, generator losses, and other mechanical
inefficiencies reduce the actual power output.

Factors Affecting Actual Power Output

While the theoretical maximum provides an idealized figure, practical considerations influence the
actual power generated:

1. Turbine Efficiency

- Typical turbines have efficiencies ranging from 85% to 95%.
- Actual power:

\[
P {actual} = P {theoretical} \times \eta

\]



where \( \eta ) is the efficiency.

2. Mechanical and Electrical Losses

- Losses due to friction, heat, and electrical resistance.

3. Flow Variability

- Changes in water flow rate or height can affect power output.

Practical Applications and Significance

This calculation is fundamental in designing hydroelectric plants, which convert gravitational
potential energy into electricity. Understanding the maximum potential helps in:

- Estimating the capacity of hydroelectric stations.
- Planning for optimal turbine specifications.
- Assessing the feasibility of water resource utilization.

Conclusion

Calculating the maximum power developed by falling water involves understanding the relationship
between mass flow rate, gravitational potential energy, and power. In this specific case, with 80
tonnes of water falling per minute from a height of 50 meters, the theoretical maximum power is
approximately 653.5 kilowatts. This calculation underscores the significance of energy conversion
principles in renewable energy technology and highlights the importance of efficiency
considerations in practical applications. Harnessing water’s potential energy remains a cornerstone
of sustainable power generation, and precise calculations like these are essential in optimizing
hydroelectric systems for maximum efficiency and output.

Frequently Asked Questions

How do you calculate the potential energy of water falling
from a height?

Potential energy is calculated using the formula PE = mgh, where m is mass, g is acceleration due to
gravity, and h is height.

What is the significance of the height in calculating the power



developed by falling water?

The height determines the potential energy available; higher heights mean more energy and thus
more power when water falls.

How do you convert the mass of water from tonnes to
kilograms for calculation?

Since 1 tonne equals 1000 kilograms, 80 tonnes of water is 80,000 kg.

What is the formula to find the power developed by falling
water?

Power is the rate of energy transfer, calculated as Power = (Potential energy per unit time). For
falling water, it's often expressed as P = mgh / t, where t is time.

How do you calculate the maximum power developed by 80
tonnes of water falling from 50 meters per minute?

Convert mass to kg (80,000 kg), height to meters (50 m), and time to seconds (60 s). Then compute
energy: PE = mgh, and divide by time to get power.

What is the value of g used in these calculations?

The standard acceleration due to gravity used is approximately 9.8 m/s?.

What is the final formula to compute power in this scenario?

Power = (m x g X h) / t, where m is mass in kg, g is 9.8 m/s?, h is height in meters, and t is time in
seconds.

What is the approximate maximum power developed when 80
tonnes of water falls from 50 meters per minute?

Using the values: Power = (80,000 kg X 9.8 m/s? X 50 m) / 60 s = 65333 Watts or about 65.3 kW.

Why is it important to consider efficiency in calculating real
power output?

Because real systems have losses due to friction, turbulence, and other factors, so actual power
developed is less than theoretical calculations.

Additional Resources
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Power Developed — this intriguing scenario combines principles of physics, energy conversion, and
fluid mechanics. Understanding how much power is generated by falling water is fundamental in
hydroelectric power calculations, and this example provides a practical illustration of how physics
translates into real-world energy production. In this detailed guide, we will explore the physics
behind the problem, derive the necessary formulas, and perform step-by-step calculations to find the
maximum power developed when water falls from a specified height at a given rate.

Understanding the Scenario

Before diving into the calculations, let’s clearly define the problem:

- Mass flow rate: 80 tonnes per minute

- Height of fall: 50 meters

- Goal: Calculate the maximum power developed by this falling water

Why is this important?

Hydropower plants harness the energy of falling water to generate electricity. Knowing how to

calculate the power generated based on water flow rate and height helps engineers design efficient
turbines and optimize energy production.

Fundamental Concepts and Principles
Gravitational Potential Energy

When water falls from a height, it possesses gravitational potential energy (GPE). As it falls, this
energy converts into kinetic energy, which turbines can harness to generate electricity.

The potential energy (PE) of a mass \( m \) at height \( h'\) is:

\[ PE = m \times g \times h \]

where:

-\(m\) = mass (kg)

-\( g\) = acceleration due to gravity (~9.81 m/s\("2\))

-\(h\) = height (m)

Power and Energy

Power is the rate at which work is done or energy is transferred:

\[ P = \frac{\text{Energy} } {\text{time}} \]

In the case of falling water, the power developed is related to the rate at which gravitational
potential energy is converted into other forms.



Step-by-Step Calculation Process

To find the maximum power developed, follow these key steps:

1. Convert the flow rate from tonnes per minute to kilograms per second.
2. Calculate the total potential energy per unit time (power).

3. Account for efficiency and real-world factors (if necessary).

Step 1: Convert Mass Flow Rate

Given:

- 80 tonnes per minute

Recall:

-1 tonne = 1000 kg
- 1 minute = 60 seconds

Thus:

\[
\text{Mass flow rate} (\dot{m} ) = 80 \text{ tonnes/min} \times \frac{1000 \text{ kg}}{1 \text{
tonne}} \times \frac{1} {60 \text{ sec}} = \frac{80 \times 1000} {60} \text{ kg/sec}

\]

Calculating:

\[

\dot{m} = \frac{80,000} {60} \approx 1333.33 \text{ kg/sec}
\]

This means approximately 1333.33 kilograms of water fall every second.
Step 2: Calculate the Power

The maximum power generated by the falling water is derived from the gravitational potential
energy converted per unit time:

\[

P =\dot{m} \times g \times h
\]

where:

-\(\dot{m} \) = mass flow rate (kg/sec)
-\(g\) =9.81 m/s\("2\)
-\(h\) =50m



Plugging in the values:

\[
P =1333.33 \times 9.81 \times 50

\]

Calculating:

\[
P = 1333.33 \times 490.5 \approx 653,799 \text{ Watts}
\]

or approximately:

\[
P \approx 654 \text{ kW}
\]

This is the theoretical maximum power output assuming perfect energy conversion with no losses.

Considering Real-World Efficiency

In practical applications, turbines and generators are not 100% efficient. Typical efficiencies range
between 85% and 95%. To find the actual power output, multiply the theoretical power by the
efficiency factor (\( \eta \)).

For example, assuming an efficiency \( \eta \) of 90% (0.9):

\[
P {actual} = P_{theoretical} \times \eta = 654 \text{ kW} \times 0.9 \approx 589 \text{ kW}
\]

Therefore, under realistic conditions, the maximum power developed is approximately 589 kilowatts.

Additional Considerations
1. Velocity of Water at Impact

While the calculation above considers potential energy at the height, the actual kinetic energy at
impact also depends on velocity:

\[
v = \sqrt{2gh}
\]

Plugging in:



\[
v = \sqrt{2 \times 9.81 \times 50} \approx \sqrt{981} \approx 31.3 \text{ m/sec}
\]

This velocity influences turbine design but doesn't affect the maximum power calculation directly,
which relies on flow rate and height.

2. Turbine Types and Losses

Different turbines (Pelton, Francis, Kaplan) have varying efficiencies and operational constraints.
Design considerations include:

- Flow rate capacity

- Head (height)

- Mechanical losses

- Hydraulic losses

- Environmental factors

3. Environmental and Practical Constraints

- Water availability
- Seasonal variations
- Environmental impact assessments

Summary of Key Steps
Here's a quick reference guide to similar calculations:

| Step | Description | Formula | Result/Notes |

I | | | |

| 1| Convert flow rate | \( \text{kg/sec} = \text{tonnes/min} \times \frac{1000}{60} \) | \( \approx
1333.33\) kg/sec |

| 2 | Calculate theoretical power | \( P = \dot{m} \times g \times h \) | \( \approx 654 \) kW |

| 3 | Adjust for efficiency | \( P_{actual} = P \times \eta \) | \( \approx 589 \) kW (for 90%) |

Final Thoughts

Calculating the maximum power developed by falling water involves understanding the interplay of
physics principles, flow rates, and energy conversion efficiencies. In this scenario, 80 tonnes of
water falling from 50 meters can theoretically produce around 654 kW of power, which realistically
reduces to approximately 589 kW when considering typical turbine efficiencies.

This calculation underscores the importance of flow rate and head in hydroelectric power generation
and provides a foundation for designing effective hydroelectric systems. Whether for academic
purposes or practical engineering, mastering these principles enables professionals to optimize
energy harnessing from water resources effectively.



In conclusion, understanding how much power is generated from falling water involves converting
flow rates into energy, applying physics formulas, and accounting for real-world efficiencies. This
comprehensive approach ensures accurate estimations vital for sustainable and efficient
hydroelectric power development.
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