
FLUID MECHANICS-II
HDRAULIC JUMP

UNIT - IV

1



Hydraulic jump

Hydraulic jump formed on a 
spillway  model for the Karna-fuli 
Dam in  Bangladesh.

Rapid flow and hydraulic jump 
on a dam
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Characteristics of R.V.F
• A rapid variation of flow depth and velocity

occurs in short reach of channel
• R.V.F occurs in small reach so friction force is  
quite small compared to other forces and  
may be neglected.

• Velocity coefficient, alpha and momentum  
coefficients, beta are greater than unity 
and  difficult to ascertain accurately

• In R.V.F, the flow pattern and velocity  
distribution is complicated

3



Determination of alpha and beta
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Hydraulics Jump or Standing Wave
 Hydraulics jump is local non-

uniform flow phenomenon
resulting from the change in flow
from super critical to sub critical.
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T h e  H y d r a u l i c  j u m p  t h e r e  i s 
d i s c o n t i n u i t y  i n  t h e  s u r f a c e 
characterized by a steep upward 
slope of the profile accompanied by 
lot of turbulence and eddies. The 
eddies cause energy loss.

The  depth  before  and  after  the 
h y d r a u l i c  j u m p  a re  k n o w n  a s 
conjugate depths or sequent depths.



Vide
o!!!
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Specific Energy and specific force  
curves for Hydraulic Jump
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Uses of Hydraulic Jump/Practical  
applications
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Classification of Hydraulic jump  
1.Based on Froude number

Classification of hydraulic
jumps:
(a) Fr =1.0 to 1.7: undular  

jumps;
(b) Fr =1.7 to 2.5: weak jump;
(c) Fr =2.5 to 4.5: oscillating

jump;
(d) Fr =4.5 to 9.0: steady jump;
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2.Based on Tail water depth
• The depth downstream of a hydraulic structure is 

called  tailwater depth.
yt = tailwater depth, ya = Depth at the vena-contracta, y2 =  
sequent depth to ya

1) Free jump: The jump with yt equal to or less than y2 is  
called free jump. When yt = y2, a free jump will form at 
the  vena-contracta.
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2)Repelled jump:
• If yt < y2, the jump is repelled downstream of  

the vena-contracta through an M3 curve (or  may 
be H3). The depth at the toe of the jump  is 
larger than ya. Such a jump is called a  repelled 
jump.
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3)Submerged jump:
• If yt > y2, the jump is no longer free but gets  

drowned out. Such a jump is called  drowned 
jump or submerged jump. The loss  of 
energy in a submerged jump is smaller  
than that in a free jump
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Jump Variables

• Conjugate depth=y1 and y2
• Height of jump(hj)=y2-y1
• Length of jump(Lj)
It is the distance measured from front face of hump to a  
point on surface immediately downstream of roller.

Experimentally,
For rectangular channel, Lj=(5 to 7 )*hj=6hj
• Efficiency of jump = E2/E1 where E2 = specific energy  

after jump and E1 = specific energy before jump
• Power dissipated by the jump=
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Equation for Conjugate Depths
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Assumptions
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Hydraulic Jump in a retangular channel
Equation for Conjugate Depths
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Equation for Conjugate Depths

19



Equation for Conjugate Depths

Multiplying 
numerator and  
denominator by 4,we 
get

Sinc
e,
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Energy loss in a jump

?? 
SOLVE
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HYDRAULIC JUMP
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In an open channel when rapidly flowing stream abruptly changes to slowly 
flowing stream,  a distinct rise or jump in the elevation of liquid surface takes, this 
phenomenon is known as  hydraulic jump.
The hydraulic jump converts kinetics energy of rapidly flowing into potential energy.
Due to this there is a loss of kinetic energy
The hydraulic jump is also known as a standing wave because it is, in essence, a 
wave which
Is stationary (at stand-still ) at one place.
‘’The rise of water level, which takes place due to the transformation of the 
supercritical flow  to the subcritical flow’’.

INTRODUCTION
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Hydraulic jump at the end of a 
spillway ...
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Critical flow : A critical flow is one in which specific energy 
is  minimum. A flow corresponding to critical 
depth  is also known as critical flow.

Subcritical flow : The flow is subcritical (or streaming or tranquil)  when 
the depth of flow in a channel is greater  than the 
critical depth. In this type of flow, Fr<1.

Supercritical flow : The flow is supercritical (or shooting or torrential)
when the depth of flow in a channel is less than  
the critical depth. In this case, Fr>1.
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Froud Number
The Froud Number is theratio between 
fluid  inertial forces and fluid gravitational 
forces.

Fr= flow velocity .  
(acceleration of gravity)x(force of 
inertia)
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Fr=  V ,
_/(gD)

V= velocity, D= depth, g= gravitational constant

When the froud number is less than the velocity at which  
wave moves is greater then the flow velocity and waves  
can travel up stream (tranquil, subcritical).
When the froud number exceeds 1, wave do not flow up  
stream, (shooting, or supercritical).

So, froud number of 1 represent the critical flow
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EFFECTS
Actually the hydraulic jump usually acts as the energy  
dissipater. It clears the surplus energy of water.

Due to the hydraulic jump, may noticeable disturbances  are 
created in the following water like eddies, reverse flow.

Usually when the hydraulic jump takes place, the  
considerable amount of air is trapped in the water. That  
air can be helpful in removing the wastes in the streams  
that are causing pollution.
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APPLICATIONS
Usually hydraulic jump reverses the flow of water. 
This  phenomenon can be used to mix chemicals 
for water  purification.
Hydraulic jump usually maintains the high water 
level on  the down stream side. The water level can 
be used for  irrigation purposes.
Hydraulic jump can be used to remove the air from 
water  supply and sewage lines to prevent the air 
locking.
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THANK YOU
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