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Lecture 7



Surges in open channel



(2)
Surges in open channel


 Surges are waves and their presence in the flow field leads to a transient or time varying
 flow depth and velocity at a section.


 Surges may be caused by various factors such as closure or opening of valves, gates,
 loading or unloading of turbines, start or stopping of pumps, failure of dams leading to
 flow of reservoir downstream, wind driven circulation in lakes and other water bodies, to
 name a few.


 Depending on the direction of movement of these waves, flow depth either may decrease
 or increase in the flow direction.


 If the wave surface is higher than the original steady flow depth, we call it a positive
 surge. In negative surge, situation is just opposite.


Analysis of a flow field containing a positive surge


 As surges lead to a unsteady flow field, the one popular way of analyzing surges has been
 by converting unsteady field into a steady field.


 For this, we consider a situation, shown in Fig. 4.23 Here, the flow depths at sections 1
 and 2 are y1and y2with velocities being v1and v2.


 We can notice an elevated surface at section 2 where a wave of height z is moving with a
 velocity vw.


 If  a  negative  velocity  equal  to –vw is  superimposed  on  the  flow  field,  the  wave  will
 appear to be stationary and flow field will convert to a steady state.


 Analysis  of  flow  in  this  state  is  much  simplified  and  can  be  accomplished  in  following
 steps:


 Step I: Flow continuity relationship
 With reference to Fig. 4.23, one can write


)
 v
 v
 (
 )
 v
 v


( 1 2 2


1 w A w


A   



(3)Figure 4.23 :- Surges in open channel


 Step 2: Computation of unbalanced forces


Force in the direction opposite to flow, F1γ y1A1
 Force in the flow direction, F2 γ y2A2
 Thus, the net force F in the flow direction is given as
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Figure 4.24: Free body diagram
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(4) Step 3: Rate of change of momentum


Mass of flow entering into sections 1 and 2 is same. Thus, we can write mass either as ρ
 A1v1or ρA2v2. The final velocity is v1-vwand initial velocity is v2-vw. Thus, rate of
 change of momentum
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ρ


or ρ A1(v1 vw)(v1v2)


 Step 4: Application of Newton€s second law of motion
 This leads to
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Using Eq. above and the continuity eq. and simplifying leads to
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 Step 5: Expression for Celerity


The difference of the wave velocity and the velocity where the medium is wave free is
 also known as celerity. Thus, one can write
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For flow in a rectangular channel of width b, one can substitute for A1and A2and
 simplify Eq. as
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If y1and y2are close to each other, the above Equation. further simplified as
 gy


c


Where y represents an average flow depth.



(5) For rectangular channel the continuity equation can be written as


on simplifying we get


For a downstream travelling surge, vw v1c. Thus, we can substitute c from eq  and
 on eliminating vwwe get
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Above equation can be solved by trial and error to determine surge height.


simplifying we get
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When the height of surge is small compared to the depth of flow, then y1  y2 and eq
 can be written as


c


 gh





v )
 (v1 2
 Example:


A surge travels upstream at a velocity of 5m/s in a channel. Prior to the generation of surge flow
 was steady, with a depth of 2.0m and velocity of 0.8 m/s. Calculate the surge height.


Solution:


Givenvw5m/s, v10.8m/sand y12.0m


Since the surge is travelling in the upstream direction
 s


w 5 0.8 5.80m/
 v


v


c 1   
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(6)For a rectangular channel ( )
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y2 2 2.0y2 13.710

2 2.835


y  m


The surge height is given by


2 1 2.835 2.0 0.835


y y    m
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Objective Questions:-


1. The phenomenon occurring in  an open channel  when a rapidly  flowing  stream abruptly
 changes to slowly flowing stream causing a distinct rise of liquid surface, is


a. Water hammer
 b. Hydraulic jump
 c. Critical discharge
 d. None of the above


2. For a given discharge in a horizontal frictionless channel two depths may have the same
 specific force. These two depths are known as


a. Specific depths
 b. Sequent depths
 c. Alternate depths


d. Normal depth and critical depth
 3   Shooting flow can never occur


a. Directly after a hydraulic jump
 b. In a horizontal channel


c. In a mild slope channel
 d. In a steep slope channel


4. A Surge travels upstream at a velocity of 3m/s. If the steady state velocity in the channel
 was, 0.6m/s and flow depth in channel is 1m. The celerity would be


a. 3.6 m/s
b. 3.0 m/s
c. 2.4m/s



(8)d. 1 m/s


5. In the above problem the height of the surge is given by
 a. 1.20 m


b. 0.2m
 c. 1 m
 d. 2 m


6.  Development of surges in the open channel is
 a. Gradually varied flow


b. Rapidly varied flow
 c. Steady flow


d. Normal flow



Answer:-


1(b) 2(b) 3(b) 4(a) 5(b) 6(b)



(9)
Subjective Questions


1 What do you mean by hydraulic jump? Write down its applications.


2 What do you mean by following?


a. Undulating jump
 b. Weak jump
 c. Oscillating jump
 d. Strong jump


3 Derive the expression for the energy loss during a hydraulic jump also write down the
 assumption made.


4 Show that for a hydraulic jump in a horizontal rectangular channel, the alternate depths
 are related by the expression:


= 2 8 + 1 − 1 ℎ .


5 Obtain an expression for a hydraulic jump in a horizontal triangular channel in terms of r
 and Fr2


. Where both terms are defined as,


= ; =


6 Derive the expression of celerity for the positive surge in open channel.


7 Show that approximate amount of energy of the surge is given byE γh2Bwhere B is
 top width and h is surge height.


(Hint: E=P.E+K.E. PE h2B


. γ2 and v yB


E g


K 2


. 2γ )


8 Write a short note on hydraulic jump as an energy dissipater.



(10)9 A trapezoidal channel having bottom width 8m and side slope 1 Horizontal to 1 vertical,
 carries  a  discharge  of  100  cumecs.  Find  the  depth  conjugate  to  initial  depth  of  1.0m
 before the jump. Also determine the energy loss of the jump. (Ans 4.15m and 0.68m)
 10 Find the sequent depth and energy loss in a hydraulic jump in a rectangular channel 4.3m


wide 0.5m deep. The discharge through channel is 8.9cumec.  (Ans. 1.08m and 0.09m)
 11 A  rectangular  channel  is  provided  with  a  energy  dissipater.  It  is  required to  have  an


energy loss of 4.5m. The inlet Froude number is 9.6. Find the sequent depth. (Ans. 0.13
 and 4.5m)


12 The depth of flow of water, at a certain section of a rectangular channel of 6m wide, is
 1m. The discharge through the channel is 24 cumecs. If a hydraulic jump takes place as
 the d/s side, find the depth of flow after the jump. (Ans. 1.31m).


13 A hydraulic jump occurs in horizontal rectangular channel with sequent depths of 0.25m
 and  4.9  m.  Calculate  the  rate  of  flow  per  unit  width,  energy  loss  and  initial  Froude
 number. (Ans. 14.21, 5.56 cumec/m, 20.52m respectively)


14 A rectangular channel wit slope of 0.077 and depth 1.93m carries a flow of 64 cumec/m.


Estimate  sequent  depth,  length  of  jump  and  energy  loss  in  the  hydraulic  jump.  (Ans.


19.86m, 25.82m,127.26m,58m respectively)


15 Sluice  gate  has  a  discharge  of  27cumec.  The  gate  opening  is  0.8m  and  coefficient  of
 contraction is 0.6. The width is 3.2m. Estimate type of hydraulic jump when tail water is
 6.1m. (Ans. 5.26m)


16 A  surge  travels upstream  at  a  velocity  of  5m/s  in  a  channel.  Prior  to  the  generation  of
 surge flow was steady, with a depth of 2.0m and velocity of 1.5 m/s. Calculate the surge
 height. (Ans. 1.26m)
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