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Q1.Design an irrigation channel to carry a discharge of 40cumer in 

which the ratio of  width 8depth is equal to 2.5m  and  critical velocity 

factor or critical velocity ratio ,m=1.Assume Kutter’s  Rnyorisity 

Cofficient,n=0.023. 

Solution:-    Q(discharge)=40m3/sec ,m=1 

 

                         𝐵 𝑦⁄ =2.5  

                A= (B+ny) y =(2.5y+y/2)y 

                             ∴ A=3y2  

              P=B+2y√1 +
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4
=B+y√5 

                                   =2.5y+y√5 

                                    =y(2.5+√5) 

                                       ∴  P=4.73y 
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𝑄
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          ∴  V0=0.53my0.6y 

                40/3y2=0.53(y)0.6y 

          Y2.64=24.2424 

               ∴   Y=3.33m 

          B/y=2.5 

                      ∴   B=8.325m 

         ∴ A=33.26m 

       ∴  P=4.7 3y=15.75m 

      ∴ R=2.09 ≈ 2.118m 

      ∴ V0=1.19m/sec 

       V=C√RS 
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                                                         ∴ C=49.77 



𝑉 = 49.47√2.11(
1

400
) 

                                                        ∴ V=1.121m/sec Ans. 

 

Q 2.  State and discuss all the assumptions along derivation for 

dynamic equation for G.V.F. Sketch all the profiles for mild, steep, 

critical, adverse, horizontal slopes.    

Dynamic equation for gradually varied flow for a very wide rectangular 

channel section having small aspect ratio  

R= 
𝐴  

𝑃
  =  
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𝐵
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Chezys formula : C√𝑅𝑆   
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 Mannings formula =  

V  = 1/n R2/3s1/2 

Q = 1/n R2/3s1/2 A  

Same as chezys   
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Surface profile  classification.  

     Mild slope : normal depth line > critical depth line  

Steep slopes : critical depth line > normal depth line  

Critical slopes : normal depth line = critical depth line  

 

 

 



   



 

 

 



 



Q.3 Write short notes on following . 

1. Lacey theory 2. Hydraulic jump 3. Darcy’s law 4. Types of Aquifer 5. 

Draft tube 6. Types of pumps and Turbines. 

Ans. 

1. Lacey theory.  

       Design steps –  

Velocity(v) in the channel =[ 𝑄𝑓2/140]1/6 
 
  Hydraulic mean radius:  R= 5v2/2f 

  Perimeter   P = 4.75 √𝑄 

S = f5/3/3340 Q1/6  

 

2. Hydraulic Jump:- 

Hydraulic Jump is an practical example of Rapid varied flow which 

occers when super critical flow meets with suncritical flow of sufficient 

depth. 

It’s also known as standing waves or shocks wave. 

Application of Hydraulic Jump:- 

I. It’s used to deciapate the energy below spillway and Dams. 

II. Hydraulic Jump is used to mix the chemicals in water supply 

system. 

III. It can also be used to increase the water load on an aporn of 

Hydraulic Structre. 



2. Darcy’s Law:- 
 

In 1856 a French engineer Henery Darcy proposed a law relating the 
flow velocity through a porous medium. According to this law velocity 
of flow is proportional to the Hydraulic Gradient in the soil (porous 
medium) and the  mathematical form of this law is goverent by the 
following eqation which is 
V ∝i 
V=ki 
Where,  V= Discharge velocity, Flow velocity, Superficial velocity, 
Apprent velocity 
V=Q/A     
Q= Discharge,  A= cross-sectional area of porous medium 
K= coefficient of permeability= Hydraulic Conductivity (m/s) 
i= Hydraulic gradient 
 
4. Types of Aquifer:- 

  Aquifer- 
An Aquifer is a saturated formation of earth material which is not only 
store water but also yields water in sufficient quantity. 
Ittransmits water relatively easily due to it’s high permeability. 
Eg.Sand & Gravel deposit 
 
Aquitard-  Such a geological formation which allows only seepage  

And it’s partial permeable ant the yield is off n significant or 

insignificance quantity is known as Aquitard .eg- sandy clay 

Aquiclude-  Such as geological formation having high porosity|(property 

to contain lartge amount of water) but, essentially impermeable to the 

flow of water. Eg. Clay 

 



Aquifuge- 

Such as geological formation which neither porous nor permeable.Eg.- 

Massive compact rock without any fracture 

On the basis of occurance and field situation aquifer may be of two 

type. 

1. Confined Aquifer:- 

Aquiferconfined between two impervious layer, two rocky layer, 

two aquifuges, two Aquicludes and one aquifer and one aquiclude. 

Recharge of this aquifer will take place only in the area exposed at 

the ground surface. 

2. Unconfined Aquifer (water table Aquifer):- 

Free water surface or water table existsthe recharge of this Aquifer 

take place through infilteration of precipitation from ground surface. 

5. Draft tube.  

A draft tube has an increasing cross-sectional area from the inlet to the 

out let 

Types of Draft Tubes 
There are four major types of draft tubes which are available to us. 

1. Conical draft tube 
2. Simple elbow draft tube 
3. Moody spreading draft tube 
4. Draft tube with circular inlet and rectangular outlet 
 

6.Types of pumps and Turbines. 

 



Various positive-displacement pumps 

 Rotary lobe pump 

 Rotary gear pump 

 Piston pump 

 Screw pump 

 Gear pump 

 Hydraulic pump 

 Rotary vane pump 

 

Basically turbines are classified into four types 

1. Water turbine 
2. Steam turbine 
3. Gas turbine 
4. Wind turbine 

 
Q . 4 discuss unit hydrograph with essential assumptions and neat 

sketch.  

Unit hydrograph is defiend as the direct runoff hydrograph which is 

having 1cm of direct depth further it is developed by Sherman in 1932.  

Unit hydrograph has two basic assumptions .  

  -Linear response 

Time invariance  

 

  

https://en.wikipedia.org/wiki/Lobe_pump
https://en.wikipedia.org/wiki/Gear_pump
https://en.wikipedia.org/wiki/Piston_pump
https://en.wikipedia.org/wiki/Screw_pump
https://en.wikipedia.org/wiki/Gear_pump
https://en.wikipedia.org/wiki/Hydraulic_pump
https://en.wikipedia.org/wiki/Rotary_vane_pump


 

Q. 5  A jet of water  having a velocity of 15m/s  ,strikes  a curved vane which is 

moving with a velocity of 5m/s  in the same direction as that of the jet at inlet. 

The vane is so shaped that the jet is deflected through 135o . The diameter of  

jet is 100mm.Assuming    the vane to be smooth ,find : 

(i) Force exerted by the jet on the vane in the direction of motion, 

(ii) Power exerted on the vane , and  

(iii) Efficiency of the vane. 

Solution:   Given: 

  Velocity of jet ,v1=15m/s 

  Velocity of vane ,u=u1=u2=5m/s 

 At inlet jet and vane are in the sae direction ,hence α=0 

 Diaeter of jet,          d=100mm=0.1m 

 ∴ Area,                    a=
𝜋

4
(. 1)2 = 0.007854m2 

 Angle of deflection of the jet =135o=180o- ϕ 

                                                           ϕ = 180o −135o = 45o 

As vane is given smooth hence Vr1=Vr2 

From the inlet velocity triangle ,which is a straight line in this case ,we have  

                                                 Vr1=V1-u1 =15-5=10 m/s 

                                                  Vw1= V1=15 m/s 

From the outlet velocity triangle DEG,we have  

Vr2= Vr1=10m/s 

u2=u1=u=5m/s 



Vr2cosϕ = u2 +Vw2 or 10cos 45o=5+Vw2  

∴ Vw2=10cos 45o-5=7.07-5=2.07 m/s. 

(i)Force exerted by the on the vane in the direction of motion is given  

Fx =ρaVr1[Vw1 + Vw2](+ve sign is taken as β is an acute angle ) 

=1000×0.007854×10[15+2.07]=1340.6N. 

(ii) Power of the vane is given as  

= Fx×u N m/s=1340.6×5=6703 W=6.703 Kw .Ans. 

(iii)Efficiency of the vane =
Work done per second on vane

Kinetic energy supplied by jet per second 
 

= 
Fx×u

1

2
×(mass per second )×V2

=
Fx×u

1

2
(ρaV1)×𝑉1

2
  

=
1340.6×5.0

1

2
(1000×0.007854×15)×152

= 0.505 = 50.5% . Ans. 

 

 

 



 

 

 

 

 


