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Understanding hydraulic jumps is fundamental in fluid mechanics, especially
in designing open channel flows such as spillways, energy dissipation
structures, and stormwater channels. When water flows over a spillway or
other structure, it may transition from a high-velocity, low-depth flow
(supercritical flow) to a low-velocity, high-depth flow (subcritical flow).
This transition is known as a hydraulic jump, which dissipates energy and
stabilizes flow downstream.

In this article, we explore how to determine the flow rate given the water
depths upstream and downstream of a hydraulic jump, with specific
measurements of 0.3 meters upstream and 1.2 meters downstream. We will delve
into the fundamental principles, derive the necessary formulas, and provide
step-by-step calculations to find the flow rate.

Understanding Hydraulic Jump Phenomenon

What Is a Hydraulic Jump?

A hydraulic jump is a sudden transition from a high-velocity, low-depth flow
(supercritical) to a low-velocity, high-depth flow (subcritical). It occurs
when supercritical flow encounters an obstacle or a change in channel
geometry, causing a rapid energy loss and flow deceleration.

Significance of Hydraulic Jump in Engineering

- Energy Dissipation: Hydraulic jumps dissipate excess energy, reducing
downstream erosion.

- Flow Control: They help manage flow velocities in spillways and channels.
- Design Considerations: Proper understanding ensures safe and efficient
infrastructure.

Fundamental Concepts and Formulas



Flow Regimes and Critical Depth

Flow regimes in open channels are characterized by the Froude number (Fr):

\ [
Fr = \frac{V}{\sqrt{g y}}
\1

- Supercritical flow: \( Fr > 1)

- Subcritical flow: \( Fr < 1 \)

- Critical flow: \( Fr = 1 \), and the depth at this point is called the
critical depth.

Hydraulic Jump Equations

The key to calculating the flow rate in hydraulic jumps involves the
conservation of mass and energy principles, particularly the conjugate depths
relation and energy considerations.

1. Continuity Equation:

\ [

Q = A \times V

\1]

where

- \(Q\) = flow rate (m\("3\)/s),

- \(A\) = cross-sectional area (m\("2\)),
- \(V\) flow velocity (m/s).

2. Cross-Sectional Area for Rectangular Channel:

\ [

A = Db \times y

\1]

where

- \(b\) = channel width (m),

- \(y\) = flow depth (m).

3. Velocity:

\ [

V = \frac{Q}{A} = \frac{Q}{b y}
\1]

4. Energy Equation (excluding velocity head at the jump):

\ [
E =y + \frac{V*2}{2g}



\1
5. Hydraulic Jump Relations:

The relation between upstream and downstream depths in a hydraulic jump is
given by:

\ [
\frac{y 2}{y 1} = \frac{1}{2} \left( \sqrt{l + 8 Fr_172} - 1 \right)
\1]

or equivalently,

\ [
Q"2 = g b"3 \times \frac{(y 2 y 1)"2}{y 2 + y 1}
\1

which allows us to compute the flow rate.

Step-by-Step Calculation of Flow Rate

Given:

- Upstream water depth, \( y 1 =

- Downstream water depth, \( y 2 = 1.2\, \text{m} \)

- Channel width, assume \( b = 1\, \text{m} \) for simplicity (common in many
open channel problems). If the actual width is known, use that.

0.3\, \text{m} \)

Note: If the channel width is unknown, the calculation can be adjusted once
it is provided.

Step 1: Calculate the Froude Number Upstream (\(
Fr 1 \))

\ [
V.1 = \frac{Q}{b y 1}
\1]

\ [

Fr 1 = \frac{V_1}{\sqrt{g y 1}} = \frac{Q}{b y 1} \times \frac{1l}{\sqrt{g
y 1}}

\1

But to find \(Q\), we need to relate the depths and velocities.



Alternatively, use the conjugate depths relation:

\ [
\frac{y 2}{y 1} = \frac{1}{2} \left( \sqrt{l + 8 Fr 172} - 1 \right)
\1

Rearranged to solve for \( Fr 1 \):

\ [
\sqrt{l + 8 Fr 172} = 2 \frac{y 2}{y 1} + 1
\1]

\ [
1+ 8 Fr 172 = \left( 2 \frac{y 2}{y 1} + 1 \right)"2
\1

Calculate \( \frac{y 2}{y 1} \):

\ [
\frac{1.2}{0.3} = 4
\1]

Plug into the equation:

\ [
\1

\ [
8 Fr 12 =81 - 1 = 80
\1

\ [
Fr 172 = \frac{80}{8} = 10
\1

\ [

Fr 1 = \sqrt{10} \approx 3.1623
\]

Step 2: Calculate Upstream Velocity \( V_1 \)

\ [
V.1 =Fr_ 1 \times \sqrt{g y 1}
\]

Using \( g = 9.81\, \text{m/s}"2 \):



\ [
V1
\1

3.1623 \times \sqrt{9.81 \times 0.3}

\ [
V1
\1

3.1623 \times \sqrt{2.943}

\ [
V1
\1]

3.1623 \times 1.715

\ [
V_ 1 \approx 3.1623 \times 1.715 \approx 5.43\, \text{m/s}

\1]

Step 3: Calculate Flow Rate \( Q \)

\[
Q = A\times V.1 = b y 1 \times V_1
\]

Assuming \( b = 1\, \text{m} \):

\ [
Q = 1 \times 0.3 \times 5.43 = 1.629\, \text{m}"3/\text{s}

\1]

Therefore, the flow rate is approximately 1.63 cubic meters per second.

Summary of the Calculation Process

- Calculated the Froude number upstream based on the depth ratio.

- Used the conjugate depths relation to find the Froude number.

- Derived upstream velocity using the Froude number.

- Calculated flow rate considering the channel width and upstream velocity.

Additional Considerations in Hydraulic Jump



Calculations

Channel Geometry and Width

The calculation assumes a rectangular channel with known width. If the width
differs, adjust the cross-sectional area accordingly.

Flow Regime and Validity

Ensure the flow conditions align with the assumptions for hydraulic jump
analysis:

- The flow upstream is supercritical.

- The depths correspond to the given measurements.

- The channel is uniform and smooth.

Energy Dissipation and Safety

Hydraulic jumps are essential in dissipating energy to prevent downstream
erosion. Proper engineering design ensures the jump occurs at the desired
location with safety margins.

Practical Applications of Hydraulic Jump
Calculations

- Designing spillways and energy dissipators.

- Managing flow in stormwater channels.

- Calculating sediment transport and erosion potential.
- Ensuring structural stability of hydraulic structures.

Conclusion

Determining the flow rate from the water depths upstream and downstream of a
hydraulic jump involves understanding the flow regimes, applying conjugate
depths relations, and utilizing fundamental principles of fluid mechanics. In
the example provided, with upstream depth of 0.3 meters and downstream depth
of 1.2 meters, and assuming a channel width of 1 meter, the flow rate
approximates 1.63 cubic meters per second. This calculation is vital for
hydraulic engineers to design effective and safe water conveyance structures
and energy dissipation systems.

By mastering these principles and calculations, engineers can optimize
hydraulic structures, prevent erosion, and ensure sustainable water
management practices.



Frequently Asked Questions

What is the significance of the water depths
upstream and downstream of a hydraulic jump?

The water depths upstream and downstream of a hydraulic jump indicate the
flow regime changes, such as from supercritical to subcritical flow, and are
critical for calculating flow parameters like flow rate and energy
dissipation.

How can I determine the flow rate given water depths
upstream and downstream of a hydraulic jump?

You can determine the flow rate using the specific energy principles and the
flow equations for open channels, typically involving the conjugate depths
and the flow velocity calculations based on the flow depth measurements.

What is the typical approach to calculate flow rate
when given depths upstream and downstream of a
hydraulic jump?

The typical approach involves calculating the flow velocities using the flow
depths and then applying the continuity equation to find the flow rate, often
utilizing the relation Q = A V, where A is the cross-sectional area and V 1is
the velocity.

Are specific formulas used to relate water depths
and flow rates in hydraulic jumps?

Yes, the conjugate depths and energy principles are used; specifically, the
specific energy equation and the momentum equation help relate the upstream
and downstream depths to the flow rate.

What is the typical flow rate if the upstream depth
is 0.3 m and downstream depth is 1.2 m?

To determine the flow rate, additional information such as channel width and
flow type is needed. However, using the conjugate depths and flow equations,
the flow rate can be calculated by applying the specific formulas for the
flow in open channels.

Can the flow rate be calculated directly from the
depths without additional data?

No, typically you need information like channel width, flow type, or flow



velocity to accurately compute the flow rate from the given depths.

What assumptions are made when calculating flow rate
from water depths in a hydraulic jump?

Assumptions often include steady, uniform flow, rectangular channel cross-
section, and negligible energy losses aside from those associated with the
hydraulic jump.

Is the flow rate higher upstream or downstream of a
hydraulic jump?

In a hydraulic jump, the flow rate can vary depending on the flow conditions;
however, generally, the flow rate remains approximately constant, but
velocity decreases downstream as the depth increases.

How does the Froude number relate to the depths
upstream and downstream of a hydraulic jump?

The Froude number indicates whether the flow is supercritical or subcritical;
a hydraulic jump occurs when the upstream flow is supercritical (Froude
number > 1), and the depths relate through specific conjugate depth formulas.

What is the formula for calculating flow rate if the
channel width is known and depths upstream and
downstream are given?

The flow rate Q can be calculated as Q = width depth velocity; with velocity
derived from the flow depth and the flow regime, using formulas like V =
(1/n) R™(2/3) S™(1/2), depending on channel roughness and slope.

Additional Resources

The Water Depths Upstream And Downstream Of A Hydraulic Jump Is 0.3 M And 1.2
M. Determine Flow Rate is a classic problem in open channel hydraulics that
showcases the application of fundamental principles such as conservation of
mass and energy. Hydraulic jumps are vital phenomena in fluid mechanics,
especially in the design and analysis of spillways, energy dissipation
structures, and hydraulic structures. Understanding how to determine flow
rates based on water depths before and after a hydraulic jump is essential
for hydraulic engineers to ensure safe and efficient design of water
conveyance systems. This article provides a comprehensive review of the
principles involved, step-by-step calculations, practical considerations, and
the significance of hydraulic jumps in real-world applications.



Understanding Hydraulic Jump Phenomenon

What Is a Hydraulic Jump?

A hydraulic jump is a sudden transition from supercritical to subcritical
flow, characterized by a rapid rise in water level and increased energy
dissipation. It often occurs in open channels when high-velocity
supercritical flow encounters a change in bed slope or obstruction, causing
the flow to abruptly slow down and increase in depth.

Features of a Hydraulic Jump:

- Rapid change from low to high flow depth.

- Significant energy loss, converting kinetic energy into potential energy
and turbulence.

- Occurs naturally or intentionally in hydraulic engineering structures for
energy dissipation.

Applications:

- Energy dissipation in spillways.

- Aeration of water for oxygenation.

- Stabilizing flow in channels and pipes.

Pros of Hydraulic Jumps:
- Effective energy dissipation, preventing downstream erosion.
- Can be used to control flow velocities and prevent structural damage.

Cons:
- Cause turbulence and vibrations, which may impact structural integrity.
- Require careful design to ensure stability and safety.

Fundamental Principles Involved

Conservation of Mass

The principle states that the flow rate, \( Q \), remains constant across any
cross-section of the channel:

\[ Q = A \times V \]

where:

- \( A\) is the cross-sectional area,
V A\

-\ ( ) is the velocity of flow.

Given the depths upstream (\( y 1 \)) and downstream (\( y_2 \)), and



assuming a rectangular channel with width \( b \), the areas are:
\[Al=Dby1\]
\[ A2 =Dby 2\]

and the velocities:

\frac{Q}{A 1} \1

\[ V.1
\[ V.2 = \frac{Q}{A 2} \]

Specific Energy and Hydraulic Jump

The specific energy \( E \) at any section is:

\[ E =y + \frac{v*2}{2g} \1]

where \( g \) is acceleration due to gravity.

In a hydraulic jump, the specific energy decreases from upstream to

downstream, with energy loss \( \Delta E \). The energy loss can be derived
from the difference in specific energies before and after the jump.

Determining the Flow Rate

Given data:

- Upstream water depth \( y 1 = 0.3 \, \text{m} \)

- Downstream water depth \( y 2 = 1.2 \, \text{m} \)

- Channel width \( b \) (Assumed or given; here, typically taken as 1 m for
simplicity unless specified)

Step 1: Calculate Flow Velocities
Using the continuity equation:

\[Q=A1V1=A2V2\]

\frac{Q}{b y_ 1} \]

\[ V.1
\[ V.2 = \frac{Q}{b y 2} \]

Step 2: Apply Energy Equation
The specific energy upstream and downstream:

\[ E1=y 1+ \frac{V 172}{2g} \]



\[ E2 =y 2 + \frac{V_2"2}{2g} \I

The energy loss across the jump:

\[ \Delta E =E 1 - E 2 \]

But the key relation for hydraulic jump in rectangular channels is:

\[ v 2 = \frac{1}{2} \left( \sqrt{l + 8 \frac{Q"2}{g b"2 y 172}} - 1 \right)
y 1\]

Alternatively, the conjugate depths are related by the specific energy jump
relationships:

\[ v 2 = \frac{1}{2} \left( \sqrt{l + 8 F 172} - 1 \right) y 1 \]
where the Froude number upstream, \( F 1 \), is:

\[ F_1 = \frac{V_1}{\sqrt{g y_1}} \I

Rearranged to find \( Q \):

\[Q=by1V1=by1lF1N\sqrt{gy 1} \]

Step 3: Calculate Froude Number

Calculate \( F 1 \) using the known depths:

\[ F_1 = \frac{V_1}{\sqrt{g y_1}} \I

But since \( V.1 = \frac{Q}{b y 1} \), we can write:

\[ F_1 =\frac{Q / (b y_1)}{\sqrt{g y_1}} = \frac{Q}{b y_1 \sqrt{g y_1}} \]
Rearranged, the relation between depths and flow rate becomes:
\[Q=Dby1F1N\sqrt{gy 1} \]

From the conjugate depth relation:

\[ y 2 =y 1\left( \frac{1}{2} \left( \sqrt{l + 8F 172} - 1 \right) \right)
\1

Given \( y 1 = 0.3\, \text{m} \), \( y 2 = 1.2\, \text{m} \), and assuming \(
b = 1\, \text{m} \):

Calculate \( F 1 \):
\[ \frac{y 2}{y 1} = \frac{1.2}{0.3} = 4 \]

Using the relation:



\[ y 2=y 1\left( \frac{1}{2} (\sqrt{l + 8F 172} - 1) \right) \]
Plugging values:

\[ 4 = \frac{1}{2} (\sqrt{l + 8F 172} - 1) \]
Multiply both sides by 2:

\[ 8 = \sqrt{1l + 8F 172} - 1 \]

Add 1:

\[ 9 = \sqrt{l + 8F 172} \]

Square both sides:

\[ 81 =1 + 8F 1°2 \]

Subtract 1:

\[ 80 = 8F 172 \]

Divide:

\[ F 172 = 10 \]

\[ F. 1 = \sqrt{10} \approx 3.16 \]

Now, compute \( Q \):

\[ Q=Dby1F1\sqrt{gy 1} \]

Using \( g = 9.81\, \text{m/s}"2 \):

\[ Q =1 \times 0.3 \times 3.16 \times \sqrt{9.81 \times 0.3} \]
\[ \sqrt{9.81 \times 0.3} = \sqrt{2.943} \approx 1.72 \]

Thus,

\[ Q \approx 0.3 \times 3.16 \times 1.72 \]
\[ Q \approx 0.3 \times 5.43 \]

\[ Q \approx 1.63\, \text{m}"3/\text{s} \I

Final Answer:

The flow rate \( Q \) is approximately 1.63 cubic meters per second.



Practical Considerations and Limitations

While the above calculation provides an idealized estimate based on
theoretical relationships, real-world applications must consider factors such
as:

- Channel roughness and friction losses.

- Non-rectangular channel geometries.

- Variations in flow conditions.

- Structural constraints and safety margins.

Advantages of Using Hydraulic Jump Calculations:
- Design of energy dissipators.

- Prevention of downstream erosion.

- Optimization of spillway performance.

Disadvantages:
- Assumptions of ideal conditions may not hold in complex terrains.
- Difficult to precisely measure depths in turbulent zones.

Applications in Hydraulic Engineering

Hydraulic jump analysis is integral to the design of various hydraulic
structures:

- Spillways and Energy Dissipators: To control high-velocity flows and reduce
erosion.

- Design of Stilling Basins: To ensure energy is dissipated efficiently.

- River Engineering: To prevent bank erosion and stabilize channels.

- Pipelines and Canal Transitions: To manage flow transitions effectively.

Conclusion

Determining the flow rate from water depths upstream and downstream of a
hydraulic jump involves a solid understanding of fluid mechanics principles,
especially the conservation of mass and
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