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IMPACT OF JET ON VANES

 Hydrodynamic force on jets on stationary and moving flat,

Inclined and curved vanes,

 Jet striking centrally and at tip,

 Velocity diagrams, Work done and Efficiency,

 Flow over Radial vanes
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 The liquid comes out in the form of a jet from the outlet of a nozzle, which is fitted to a pipe through which

the liquid if flowing under pressure. If some plate, which may be fixed or moving, is placed in the path of the

jet, a force is exerted by the jet on the plate.

 This force is obtained from Newton’s second law of motion or from impulse-moment equation.

Impact of Jets
 The jet is a stream of liquid comes out from nozzle with a high velocity under constant pressure. When the

jet impinges on plates or vanes, its momentum is changed and a hydrodynamic force is exerted. Vane is a flat or

curved plate fixed to the rim of the wheel

 Thus impact of jet means the force exerted by the jet on a plate which may be stationary or moving. In this

chapter, the following cases of the impact jet i.e., the force exerted by the jet on a plate, will be considered.

1. Force exerted by a jet on a stationary plate when

 Plate is vertical to the jet,

 Plate is inclined to the jet, and

 Plate is curved.

2. Force is exerted by the jet on the moving plate, when

 Plate is vertical to the jet,

 Plate is inclined to the jet, and

 Plate is curved

Describe the concept of Impact of jet on plate in various condition
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IMPULSE-MOMENTUM PRINCIPLE

 The impulse-momentum theorem states that the change in momentum of an object equals the impulse

applied to it. The impulse-momentum theorem is logically equivalent to Newton's second law of motion (the

force law).

 From Newton's 2nd Law: F = m a = m (V1- V2) / t

 Impulse of a force is given by the change in momentum caused by the force on the body.

Ft = mV1 – mV2 = Initial Momentum – Final Momentum.

1. A. Force exerted by a jet on a stationary vertical plate

 Consider a jet of water coming out of the nozzle, strikes a

flat vertical plate as shown in the Figure.

 The jet after striking the plate will move along the plate. But

the plate is right angles to the jet. Hence the jet after striking

will get deflected by 90°. Hence the component of the

velocity of the jet, in the direction of the jet, after striking

will be zero. The force exerted by the jet on the plate in the

direction of the jet.

 Fx = Rate of change of momentum in the direction of force

= (initial momentum - final momentum) / time
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For deriving the above equation, we have taken initial velocity minus

final velocity and not final velocity minus initial velocity.

If the force exerted on the jet is to be calculated then final minus the

initial velocity is taken. But if the force exerted by the jet on the plate

is to calculated, then initial velocity minus the final velocity is taken.

B. Force exerted by a jet on a stationary inclined flat plate
 Let a jet of water, coming out from the nozzle; strike an inclined flat

plate as shown in the figure.
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 If the plate is assumed smooth and if it is assumed that there is no loss of energy due to the impact of the jet,

then the jet will move over the plate after striking with a velocity equal to initial velocity i.e., with a velocity V.

 Let find the force exerted by the jet on the plate in the direction normal to the plate.

 Let this force is represented by Fn then, Fn = Mass of the jet striking per second * [initial velocity of the jet

before striking in the direction of n - final velocity of the jet after striking in the direction of n ].

C. Force Exerted by A Jet on Stationary Curved Plate

We will see here three conditions as mentioned here.

1. Jet strikes the curved plate at the center

2. Jet strikes the curved plate at one end tangentially when the plate is symmetrical

3. Jet strikes the curved plate at one end tangentially when the plate is unsymmetrical
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Jet strikes the curved plate at one end tangentially when the plate is Symmetrical:
Let us consider that a jet of water strikes a fixed stationary curved plate at its

one end tangentially, when the plate is symmetrical, as displayed here in

following figure.

Let V = Velocity of jet

θ = Angle made by jet with x - axis at inlet tip of the curved plate

Let us assume that the plate is smooth and there is no loss of energy due to

impact of water jet. Water jet, after striking the stationary curved plate, will

come at the outlet tip of the curved plate with similar velocity i.e. V in a

direction tangentially to the curved plate.

Force exerted by the water jet in the x - direction

FX = Mass per second x [V1x –V2x] ,

Where, V1x = Initial velocity in the x direction = V Cos θ

V2x = Final velocity in the x direction = - V Cos θ

FX = ρ a V [V Cos θ + V Cos θ]

FX = 2 ρ a V2 Cos θ

Force exerted by the water jet in the Y- direction

FY = Mass per second x [V1y –V2y] , Where,

V1y = Initial velocity in Y direction = V Sin θ

V2y = Final velocity in Y direction = V Sin θ

FY = ρ a V [V Sin θ - V Sin θ]
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Jet strikes the curved plate at one end tangentially when the plate is unsymmetrical
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FORCE OF JETS ON MOVING PLATE:



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 13



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 14



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 15



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 16



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 17



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 18



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 19



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 20



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 21



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 22



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 23



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 24



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 25



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 26



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 27



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 28



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 29



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 30



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 31



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 32



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 33



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 34



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 35



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 36



Aditya Engineering College (A)

FM & HM                                                     Dr. Pritam Kumar Das 37

INTRODUCTION  TO HYDRAULIC MACHINERY

Hydraulic Turbines

Classification of Turbines – Impulse and Reaction Turbines,

 Pelton Wheel, Working Principle



CLASSIFICATION OF TURBINE

 Hydraulic machine are those machines which convert hydraulic energy (energy possessed by water) into

mechanical energy (turbine, which is further converted into electrical energy) or mechanical energy into

hydraulic energy (pumps).

 Hydraulic machines are machinery and tools that use liquid fluid power to do simple work, operated by

the use of hydraulics, where a liquid is the powering medium.

 The hydraulic turbine is a prime mover that uses the energy of flowing water and converts is into the

mechanical energy in the form of rotation of the runner.
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General Layout of a Hydroelectric 
Power Plant
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Classification of Turbine Impulse Turbine

• An impulse turbine is a turbine that is driven

by high velocity jets of water or steam from a

nozzle directed on to vanes or buckets

attached to a wheel.

• In principle, the impulse steam turbine

consists of a casing containing stationary

steam nozzles and a rotor with moving or

rotating buckets.

• When the steam passes through the stationary

nozzles and is directed at high velocity

against the rotor buckets. The rotor buckets

starts to rotate at high speed.
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PELTON WHEEL
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