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Hydraulic Jump
1.A hydraulic jump occurs when flow changes from a supercritical 

flow  (unstable)  to a sub-critical flow (stable). 

2. There is a sudden rise in water level at the point where the hydraulic 

jump occurs.

3. Rollers (eddies) of turbulent water form at this point. These rollers 

cause dissipation of energy.

4. A hydraulic jump occurs in practice at the toe of a dam or below a 

sluice gate where the velocity is very high.



Specific energy 

head diagram 

for q =const 



General Expression for Hydraulic Jump:

In the analysis of hydraulic jumps, the following assumptions are 

made:

(1) The length of hydraulic jump is small. Consequently, the 

loss of head due to friction is negligible.

(2) The flow is uniform and pressure distribution is due to 

hydrostatic before and after the jump.

(3) The slope of the bed of the channel is very small, so that the 

component of the weight of the fluid in the direction of the flow is 

neglected.



Location of hydraulic jump

Generally, a hydraulic jump occurs when the flow changes from 

supercritical to subcritical flow. 

The most typical cases for the location of hydraulic jump are:

1. Jump below a sluice gate.

2. Jump at the toe of a spillway.

3. Jump at a glacis.

(glacis is the name given to sloping floors provided in hydraulic structures.)







Bernoulli equation in hydraulic jump 









For horizontal rectanglar channel the combination of continuity 

and momentum equation provides:

Relation between And the Froude number  





Basic Characteristics of Hydraulic Jump 

Roller regime is similar to wave breaker– strong energy 

dissipation 

For supercritical flow (low flow depth, high flow velocity) 

The upstream Froude number: 

For subcritical flow (high flow depth, low flow velocity) 

The downstream Froude number: 



Momentum equation

The principle is derived from Newton's second law of motion



Conservation of mass



Conservation of Momentum 



Replace V2 by continuity

We can easily find solution 

of this 2nd order polynomial

Discard negative root

downstream flow depth of a hydraulic jump can be 

predicted by upstream flow information.



Conservation of energy (to get head loss) Note: P1=P1=0 

You can directly get hL1 from measured 

upstream & downstream flow depth, flow rate 

Recall previously: 



Hence, 

Substitute h2, h1 back 

hL obtained theoretically can be compared with 

directly measured value hL1
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Height of hydraulic jump (hj):

The difference of depths before and after the jump is known 

as the height of the jump,

Length of hydraulic jump (Lj):

The distance between the front face of the jump to a point on the 

downstream where the rollers (eddies) terminate and the flow becomes 

uniform is known as the length of the hydraulic jump. The length of the 

jump varies from 5 to 7 times its height. An average value is usually 

taken:



Exercice 7

Design the height dz of the sill in a way that hydraulic jump

is located within the stilling basin

Outline the course of the water level and the energy line

Q=



Exercice 8

Design the height dz of the sill of the hydraulic jump

using these values bellow considering a rectangular channel.


