UNIT I

   Fluid Mechanics:

     Fluid mechanics is that branch of science which deals with the behaviour of fluids (liquids or gases) at rest as well as in motion. Thus this branch of science deals with the static, kinematics and dynamic aspects of fluids. The study of fluids at rest is called fluid statics. The study of fluids in motion, where pressure forces are not considered, is called fluid kinematics and if the pressure forces are also considered for the fluids in motion, that branch of science is called fluid dynamics.

   FLUID PROPERTIES:

     1.Density or Mass density: Density or mass density of a fluid is defined as the ratio of the mass of a fluid to its volume. Thus mass per unit volume of a is called density.
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   The unit of density in S.I. unit is kg/m3. The value of density for water is 1000kg/m3.

  2.Specific weight or weight density:  Specific weight or weight density of a fluid is the ratio between the weight of a fluid to its volume. The weight per unit volume of a fluid is called weight density.
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The unit of specific weight in S.I. units is N/m3. The value of specific weight or weight density of water is 9810N/m3.

    3.)Specific Volume: Specific volume of a fluid is defined as the volume of a fluid occupied by a unit mass or volume per unit mass of a fluid.
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   Thus specific volume is the reciprocal of mass density. It is expressed as m3/kg. It is commonly applied to gases.

 4.)Specific Gravity: Specific gravity is defined as the ratio of the weight density of a fluid to the weight density of a standard fluid.
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VISCOSITY:

                Viscosity is defined as the property of a fluid which offers resistance to the movement of one layer of fluid over adjacent layer of the fluid. When two layers of a fluid, a distance ‘dy’ apart, move one over the other at different velocities, say u and u+du  as shown in figure. The viscosity together with relative velocity causes a shear stress acting between the fluid layers.

     The top layer causes a shear stress on the adjacent lower layer while the lower layer causes a shear stress on the adjacent top layer. This shear stress is proportional to the rate of change of velocity with respect to y. 
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    where μ is the constant of proportionality and is known as the co-efficient of dynamic viscosity or only viscosity.  
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  represents the rate of shear strain or rate of shear deformation or velocity 

gradient.
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  Thus the viscosity is also defined as the shear stress required to produce unit rate of shear strain.

COMPRESSIBILITY:

                                Compressibility is the reciprocal of the bulk modulus of elasticity, K which is defined as the ratio of compressive stress to volumetric strain.

   Consider a cylinder fitted with a piston as shown in figure.

Let   V= Volume of a gas enclosed in the cylinder

        P= Pressure of gas when volume is V

  Let the pressure is increased to p+dp, the volume of gas decreases from V to V-dV.

    Then increase in pressure =dp kgf/m2 
Decrease in volume= dV

  Volumetric Strain = 
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- ve sign means the volume decreases with increase of pressure.

    Bulk modulus  K=  
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Compressibility is given by  = 
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Relationship between K and pressure (p) for a Gas:

    The relationship between bulk modulus of elasticity (K) and pressure for a gas for two different processes of comparison are as:   

(i) For Isothermal Process: The relationship between pressure  (p) and density (ρ) of a gas as 
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Differentiating this equation, we get  (p and V are variables)

                             PdV +Vdp = 0      or     pdV= - Vdp   or      p= 
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Substituting this value K =p

(ii) For adiabatic process.   For adiabatic process   
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SURFACE TENSION:

         Surface tension is defined as the tensile force acting on the surface of a liquid in contact with a gas or on the surface between two two immiscible liquids such that the contact surface behaves like a membrane under tension.

Capillarity:

           Capillarity is defined as a phenomenon of rise or fall of a liquid surface in a small tube relative to the adjacent general level of liquid when the tube is held vertically in the liquid. The rise of liquid surface is known as capillary rise while the fall of the liquid surface is known as capillary depression. It is expressed in terms of cm or mm of liquid. Its value depends upon the specific weight of the liquid, diameter of the tube and surface tension of the liquid.

TYPES OF FLUID FLOW:

1.) Steady and Unsteady Flows: Steady flow is defined as that type of flow in which the fluid characteristics like velocity, pressure, density etc. at a point do not change with time. Thus for steady flow, mathematically, we have
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where (x0, y0, z0) is a fixed point in a fluid field.

   Unsteady flow is type of flow, in which the velocity, pressure, density at a point changes with respect to time. Thus, mathematically, for unsteady flow

                       
[image: image22.wmf],

0

t

V

0

0

0

z

,

y

,

x

¹

÷

ø

ö

ç

è

æ

¶

¶

       
[image: image23.wmf]0

t

p

0

0

0

z

,

y

,

x

¹

÷

ø

ö

ç

è

æ

¶

¶

   etc.   

    2. Uniform and Non-uniform flows: Uniform flow is defined as that type of flow in which the velocity at any given time does not change with respect to space (i.e., length of direction of flow). Mathematically, for uniform flow
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          Non- uniform flow is that type of flow in which the velocity at any given time changes with respect to space. Thus, mathematically, for non-uniform flow,
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3. Laminar and Turbulent Flow:  Laminar Flow is defined as that type of flow in which the fluid particles move along well-defined paths or stream-lines and all the streamlines  are straight and parallel. Thus the particles move in laminas or layers gliding smoothly over the adjacent layer. This type of flow is also called stream-line flow or viscous flow.

    Turbulent flow is that type of flow in which the fluid particles move in a zig-zag way. Due to the movement of the fluid particles in a zig-zag way, the eddies formation takes place which are responsible for high energy loss. For a pipe flow, the type of flow is determined by a non-dimensional number 
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  called the Reynold number.

Where D= Diameter of pipe

            V= Mean velocity of flow in pipe
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 = Kinematic viscosity of fluid.

     If the Reynolds number is less than 2000, the flow is called laminar. If the Reynolds number is more than 4000, it is called turbulent flow. If the Reynolds number lies between 2000 and 4000, the flow may be laminar or turbulent.

   4. Compressible and Incompressible Flows: Compressible flow is that type of flow in which the density of fluid changes from point to point or in other words (ρ) is not constant for the fluid. Thus, mathematically, for compressible flow
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   Incompressible flow is that type of flow in which the density is constant for the fluid flow. Liquids are generally incompressible while gases are compressible. Thus, mathematically, for incompressible flow    
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  5.Rotational and Irrotational flow : Rotational flow is that type of flow in which the fluid particles while flowing along stream-lines, also rotate about their own axis. And if the fluid particles while flowing along stream-lines, do not rotate about their own axis that type of flow is called irrotational flow.

    6. One, Two and Three-Dimensional Flows:

           One dimensional flow is that type of flow in which the fluid parameter such as velocity is function of time and one space coordinate only, say x,. For a steady one-dimensional flow, the velocity is a function of one-space-co-ordinate only. The variation of velocities in other two mutually perpendicular directions is assumed negligible. Hence mathematically, for one-dimensional flow 
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 where u, v and w are velocity components in x, y and z directions respectively.

    Two-dimensional flow is that type of flow in which the velocity is a function of time and two rectangular space co-ordinates say x and y. For a steady two-dimensional flow the velocity is a function of two space co-ordinates only. Thus, mathematically for two dimensional flow 
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   Three-dimensional flow is that type of flow in which the velocity is a function of time and three mutually perpendicular directions. But for a steady three-dimensional flow the fluid parameters are functions of three space co-ordinates (x, y and z) only. Thus, mathematically for tree dimensional flow 
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RATE OF FLOW OR DISCHARGE (Q):

      It is defined as the quantity of a fluid flowing per second through a section of a pipe or a channel. For an incompressible fluid (or liquid) the rate of flow or discharge is expressed as the volume of fluid flowing across the section per second. For compressible fluids, the rate of flow is usually expressed as the weight of fluid flowing across the section. Thus

  (i) For liquids the units of Q are m3/s or liters/s

      (ii)For gases the units of Q are kgf/s or Newton/s

   Consider a fluid flowing flowing through a pipe in which 

                                  A= Cross-sectional area of pipe.

                                  V= Average area of fluid across the section

  Then discharge       Q=A 
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CONTINUITY EQUATION:

         The equation based on the principle of conservation of mass is called continuity equation. Thus for a fluid flowing through the pipe at all the cross-section, the quantity of fluid per second is constant. Consider two cross-sections of a pipe as shown in figure.

           Let    V1=Average velocity at cross-section at 1-1

                   
[image: image39.wmf]r

1 =Density at section 1-1

                   A1=Area of pipe at section 1-1

                   And V2, ρ2, A2 are corresponding values at section 2-2

                  Then rate of flow at section 1-1 = V1
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      According to law of conservation of mass

                      Rate of flow at section 1-1 = Rate of flow at section 2-2  
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         The above equation is applicable to the compressible as well as incompressible fluids is called Continuity Equation. If the fluid is incompressible, then 
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2 and continuity equation (1) reduces to 

                                              A1 V1= A2 V2

            The diameters of a pipe at the sections 1 and 2 are 10cm and 15cm respectively. Find the discharge through the pipe if the velocity of water flowing through the pipe at section 1 is 5m/s. Determine the velocity at section 2.

ENERGY EQUATION:
     This is equation of motion in which the forces due to gravity and pressure are taken into consideration. This is derived by considering the motion of a fluid element along a stream-line as:

  Consider a stream-line in which flow is taking place in S-direction as shown in figure. Consider a cylindrical element of cross-section dA and length dS. The forces acting on the cylindrical element are:

  1.Pressure force pdA in the direction of flow.

  2.Pressure force 
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opposite to the direction of flow.

  3.Weight of element 
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  Let θ is the angle between the direction of flow and the line of action of the weight of element.

  The resultant force on the fluid element in the direction of S must be equal to the mass of fluid element x acceleration in the S direction.
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  where as is the acceleration in the direction of S.

  Now as=
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     If the flow is steady, 
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  Substituting the value of as in equation (1) and simplifying the equation, we get
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  Dividing by 
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  But from the figure   
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  The above equation is known as Euler’s equation of motion.

      Bernoulli’s equation is obtained by integrating the above Euler’s equation of motion.
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  If the flow is incompressible, ρ is a constant and 
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  The above equation is known as Bernoulli’s equation.             
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   ASSUMPTIONS:
     The following are the assumptions made in the derivation of Bernoulli’s equation:

   (i)The fluid is ideal, i.e. viscosity is zero   (ii)The flow is steady

   (iii)The flow is incompressible                  (iv)The flow is irrotational

Statement of Bernoulli’s Theorem:
       It states in a steady, ideal flow of an incompressible fluid, the total energy at any point of the fluid is constant. The total energy consists of pressure energy, kinetic energy and potential energy or datum energy. These energies per unit weight of the fluid are:

                 Pressure energy
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   Thus mathematically, Bernoulli’s theorem is written as
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UNTI II 

  FLOW OF VISCOUS FLUID THROUGH CIRCULAR PIPE:
        For the flow of viscous fluid through circular pipe, the velocity distribution across a section, the ratio of maximum velocity to average velocity, the shear stress distribution and drop of pressure for a given length is to be determined. The flow through circular pipe will be viscous or laminar, if the Reynold’s number is less than 2000. The expression for Reynold’s number is given by
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   where ρ= Density of fluid flowing through pipe,

              V = Average velocity of fluid,

              D = Diameter of pipe and,

               µ = Viscosity of fluid

    Consider a horizontal pipe of radius R. The viscous fluid is flowing from left to right in the pipe as shown in figure. Consider a fluid element of radius r, sliding in a cylindrical fluid element of radius (r+dr). Let the length of fluid element be 
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 If ‘p’ is the intensity of pressure on the face AB, then the intensity of pressure on the face CD will be 
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 The the forces acting on the fluid element are:

 1. The pressure force, p x 
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  2. The pressure force
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  3. The shear force,
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 on the surface of fluid element. As there is no acceleration, hence the summation of all forces in the direction of flow must be zero.
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   The shear stress 
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 across a section is constant. Hence shear stress across a section is linear as shown in figure.

    (i) velocity Distribution: To obtain the velocity distribution across a section, the value of shear stress 
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       But in the relation
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                                  y = R – r        and   dy = - dr
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  substituting this value in equation (1) 
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     Integrating the equation  w.r.t ‘r’ we get 

                            
[image: image95.wmf]C

r

x

p

4

1

u

2

+

¶

¶

m

=

 -------------(2)

    where C is the constant of integration and its value is obtained from the boundary condition that at r=R, u=0
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  Substituting this value of C in equation (2), we get
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 EMBED Equation.3  [image: image99.wmf]
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     In equation (3) values of
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 and r are constant, which means the velocity u, varies with the square of r. Thus the equation (3) is a equation of parabola. This shows that the velocity distribution across the section of a pipe is parabolic. This velocity distribution is shown in fig.

  (ii) Ratio of Maximum velocity to average velocity:
   The velocity is maximum, when r =0 in equation (3). Thus maximum velocity, Umax  is obtained as 
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       The average velocity, 
[image: image104.wmf]u

,  is obtained by dividing the discharge of the fluid across the section by the area of the pipe 
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                      dQ= velocity at a radius r x area of ring element
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    Average velocity,  
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  Dividing equation (4) by equation (5)
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      Ratio of maximum velocity to average velocity = 2.0

  (iii) Drop of pressure for a given length (L) of a pipe:
  From equation (5), we have
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  Integrating the above equation w.r.t . x, we get
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    where p1 – p2 is the drop of pressure

        Loss of pressure head  =   
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   Equation (6) is called Hagen Poiseuille Formula.
BOUNDARY LAYER FLOW:

     When a real fluid flows past a solid body or a solid wall, the fluid particles adhere to the boundary and condition of no slip occurs. This means that the velocity of fluid close to the boundary will be same as that of the boundary. If the boundary is stationary, the velocity of fluid at the boundary will be zero. Farther away from the boundary, the velocity will be higher and as a result of this variation of velocity, the velocity gradient 
[image: image138.wmf]dy

du

 will exit. The velocity of fluid increases from zero velocity on the stationary boundary to free stream velocity (U) of the fluid in the direction normal to the boundary. This variation of velocity from zero to free stream velocity in the direction normal to the boundary takes place in a narrow region in the vicinity of solid boundary. This narrow region of the fluid is called boundary layer. The theory dealing with boundary layer flows is called boundary layer theory.

  According to boundary layer theory, the flow of fluid in the neighborhood of the solid boundary may be divided into two regions as shown in figure. 

  1. A very thin layer of the fluid, called the boundary layer, in the immediate neighbourhood of the solid boundary, where the variation of velocity from zero at the solid boundary to free stream velocity in the direction normal to the boundary takes place. In this region, the velocity gradient 
[image: image139.wmf]dt

du

 exists and hence the fluid exerts a shear stress on the wall in the direction of motion. The value of shear stress is given by 
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  2. The remaining fluid, which is outside the boundary layer. The velocity outside the boundary layer is constant and equal to free-stream velocity. As there is no variation of velocity in this region, 

the velocity gradient 
[image: image141.wmf]dt

du

 becomes zero. As a result of this shear stress is zero.

      Laminar Boundary Layer: For defining the boundary layer (i.e., laminar boundary layer or turbulent boundary layer) consider the flow of a fluid, having a free-stream velocity (U), over a smooth thin plate which is flat and parallel to the direction for free stream of fluid as shown in figure. Let us consider the flow with zero pressure gradient on one side of the plate, which is stationary.

    The velocity of fluid on the surface of the plate should be equal to the velocity of the plate. But plate is stationary and hence velocity of fluid on the surface of the plate is zero. But at a distance away from the plate, the fluid is having certain velocity. Thus a velocity gradient is set up in the fluid near the surface of the plate. This velocity gradient develops shear resistance, which retards the fluid. Thus the fluid with a uniform free stream velocity (U) is retarded in the vicinity of the solid surface of the plate and the boundary layer region begins at the sharp leading edge. At subsequent points downstream the leading edge, the boundary layer region increases because the retarded fluid is further retarded. This is also referred as the growth of boundary layer. Near the leading edge of the surface of the plate, where the thickness is small, the flow in the boundary layer is laminar though the main flow is turbulent. This layer of fluid is said to be laminar boundary layer. This is shown by AE in figure. The length of the plate from the leading edge, upto which laminar boundary layer exists, is called laminar zone. This is shown by distance AB. The distance of B from leading edge is obtained from Reynold number equal to 5 x 105 for a plate. Because upto this Reynold number the boundary layer is laminar. 

                            The Reynold number is given by  
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  where  x= Distance from leading edge

              U= Free-stream velocity of fluid
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= Kinematic viscosity of fluid

 Hence, for laminar boundary layer, we have 
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  If the values of U and 
[image: image145.wmf]u

 are known, x or the distance from the leading edge upto which laminar boundary layer exists can be calculated.

   Turbulent Boundary Layer: If the length of the plate is more than the distance x, calculated from equation (1), the thickness of boundary layer will go on increasing in the down-stream direction. Then the laminar boundary layer becomes unstable and motion of fluid within it, is disturbed and irregular which leads to a transition from laminar to turbulent boundary layer. This short length over which the boundary layer flow changes from laminar to turbulent is called transition zone. This is shown by distance BC in figure. Further downstream the transition zone, the boundary layer is turbulent and continuous to grow in thickness. This layer of boundary is called turbulent boundary layer, which is shown by the portion FG in figure.

   3.Laminar Sub-layer: This is the region in the turbulent boundary layer boundary layer zone, adjacent to the solid surface of the plate as shown in figure. In this zone, the velocity variation is influenced only by viscous effects. Though the velocity distribution would be a parabolic curve in the laminar sub-layer zone, but in view of the very small thickness we can reasonably assume that velocity variation is linear and so the velocity gradient can be considered constant. Therefore, the shear stress in the laminar sub-layer would be constant and equal to the boundary shear stress 
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 Thus the shear stress in the sub-layer is 
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   Boundary Layer Thickness(
[image: image149.wmf]d

): It is defined as the distance from boundary of the solid body measured in y-direction to the point, where the velocity of the fluid is approximately equal to 0.99 times the free stream (U) velocity of the fluid. It is denoted by the symbol 
[image: image150.wmf]d

. For laminar and turbulent zone it is denoted as:

   1. 
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lam= Thickness of laminar boundary layer,

   2. 
[image: image152.wmf]d

tur=Thickness of turbulent boundary layer, and

   3. 
[image: image153.wmf]d

’= Thickness of laminar sub-layer.

   Displacement thickness (
[image: image154.wmf]d

*):It is defined as the distance, perpendicular to the  boundary of the solid body, by which the boundary should be displaced to compensate for the reduction in flow rate on account of boundary layer formation. It is denoted by the symbol 
[image: image155.wmf]d

*. It is also defined as:

   The distance, perpendicular to the boundary, by which the free stream is displaced due to the formation of boundary layer.
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        Momentum thickness (θ):It is defined as the distance, measured perpendicular to the  boundary of the solid body, by which the boundary should be displaced to compensate for the reduction in momentum of the flowing fluid on account of boundary layer formation. It is denoted by the symbol θ.   
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   Energy thickness (
[image: image158.wmf]d

**):It is defined as the distance, perpendicular to the  boundary of the solid body, by which the boundary should be displaced to compensate for the reduction in kinetic energy of the flowing fluid  on account of boundary layer formation. It is denoted by the symbol 
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Expression for loss of head due to Friction in pipes (Darcy weisbach’s Equation):
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 The above equation is known as Darcy- weisbach’s equation. This is commonly used for finding loss of head due to friction in pipes.

      Equation (5) is written as 
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     Then f is known as friction factor.

HYDRAULIC GRADIENT AND TOTAL ENERGY LINE:

  This concept of hydraulic gradient line and total energy line is very useful in the study of flow of fluids through pipes. They are defined as 

   1.Hydraulic Gradient Line: It is defined as the line which gives the sum of pressure head (p/w) and datum head (z) of a flowing fluid in a pipe with respect to some reference line or it is the line which is obtained by joining the top of all vertical ordinates, showing the pressure head (p/w) of a flowing fluid in a pipe from the centre of the pipe. It is briefly written as H.G.L (Hydraulic Gradient Line).

  2.Total Energy Line:  It is defined as the line which gives the sum of pressure head,  datum head and kinetic head of a flowing fluid in a pipe with respect to some reference line. It is also defined as the line which is obtained by joining the tops of all vertical ordinates showing the sum of pressure head and kinetic head from the centre of the pipe. It is briefly written as T.E.L (Total Energy Line). 

FLOW THROUGH PIPES IN SERIES OR FLOW THROUGH COMPOUND PIPES:
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FLOW THROUGH PARALLEL PIPES:

       Loss of head for branch pipe 1= Loss of head for branch pipe 2

                        or            
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           If f1=f2, then          
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UNIT III 
  Dimensional Homogeneity:       

    Dimensional homogeneity means the dimensions of each terms in an equation on both sides equal. Thus if the dimensions of each term on both sides of an equation are the same the equation is known as dimensionally homogeneous equation. The powers of fundamental dimensions (i.e., L, M, T) on both sides of the equation will be identical for a dimensionally homogeneous equation.

      Let us consider the equation     
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    Equation 
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 is dimensionally homogeneous. 

METHODS OF DIMENSIONAL ANALYSIS:
     If the number of variables involved in a physical phenomenon are known, then the relation among the variables can be determined by the following two methods. 

   1.Rayleigh’s method, and

   2. Buckingham’s π theorem    

   1.Rayleigh’s method:

         This method is used for determining the expression for a variable which depends upon maximum three or four variables only. If the number of independent variables becomes more than four then it is very difficult to find the expression for the dependent variable.

   Let X is a variable, which depends on X1, X2 and X3 variables. Then according to Rayleigh’s method, X is function of  X1, X2 and X3 and mathematically it is written as 

                           X= f [X1, X2, X3]

   This can also be written as  X = K X1a. X2b. X3c
  Where K is constant and a, b and c are arbitrary powers.

   The values of a, b and c are obtained by comparing the powers of the fundamental dimension on both sides. Thus the expression is obtained for dependent variable.

   2.Buckingham’s π theorem:

       If there are n variables (independent and dependent variables) in a physical phenomenon and if these variables contain m fundamental dimensions (M, L, T), then the variables are arranged into (n-m) dimensionless numbers. Each term is called π term.

     Let X1, X2, X3,……… Xn are the variables involved in a physical problem. Let X1 be the dependent variable  and X2, X3,……… Xn are the  independent variables on which X1
 depends. Then X1 is a function of  X2, X3,……… Xn and mathematically it is expressed as 

                       X1= f (X2, X3,……… Xn)  --------------------(1) 

  The above equation can also be written as
                          f1 (X1 , X2, X3,……… Xn)=0   -------------------(2)

    The above (2) is a dimensionally homogeneous equation. It contains n variables. If there are m fundamental dimensions then according to Buckingham’s π theorem, equation (2) can be written on terms of dimensionless groups or π- terms is equal to (n-m). Hence equation (2) becomes as

                    f1 (π1 , π 2, π 3,……… π n-m)=0.       -------------(3)

  Each π- term is dimensionless and is independent of the system. Division or multiplication by a constant does not change the character of the π- term.  Each π- term contains m+1 variables, where m is the number of fundamental dimensions and is also called repeating variables. Let in the above case X2, X3, and Xn are repeating variables if the fundamental dimension m         (M, L,T)=3. Then each π- term is written as 

             π1= X2a1.X3b1.X4c1.X1 

                 π2= X2a2.X3b2.X4c2.X5 

                   .

             .

             .

           πn- m= X2an- m.X3b n- m.X4cm.Xn       ----------------------(4)

    Each equation is solved by the principle of dimensional homogeneity and values of a1, b1, c1 etc. are obtained. These values are substituted in equation (4) and values of  π1 , π 2, π 3,……… π n- m  are obtained. These values of  π’s are substituted in equation (3). The final equation for the phenomenon is obtained by expressing any one of the π- terms as a function of others as 

                           π1=  Φ[π 2, π 3,……… π n-m ] 

                           π2=  Φ[π 1, π 3,……… π n-m ]  ---------------------(5)

  Method of selecting Repeating variables:  The number of repeating variables are equal to the number of fundamental dimensions of the problem. The choice of repeating variables if governed by the following considerations.

  1. As far as possible, the dependent variable should not be selected as repeating variable. 

   2. The repeating variables should be choosen in such a way that one variable contains geometric property, other variable contains flow property and third variable contains fluid property.

  Variables with geometric property are  (i) Length, l    (ii) d    (iii) Height H etc.

  Variables with flow property are    (i) Velocity,  V     (ii) Acceleration  etc.

  Variables with fluid property are   (i)  μ   (ii) ρ    (iii) w etc. 

 3. The repeating variables selected should not form a dimensionless group.

 4. The repeating variables together must have the same number of fundamental dimensions.

 5. No two repeating variables should have the same dimensions.

         In most of fluid mechanics problems, the choice of repeating variables may be  (i) d, v, ρ     (ii) I, v,  ρ  or   (iii) I, v,  μ   or    (iv)   d, v,  μ.

        For predicting the performance of the hydraulic structures (such as dams, spill ways etc.) or hydraulic machines (such as turbines, pumps etc.), before actually constructing or manufacturing, models of the structures or machines are made and tests are performed on them to obtain the desired information.

    The model is the small scale replica of the actual structure or machine. The actual structure or machine is called prototype. It is not necessary that the models should be smaller than the prototypes (though in most of cases it is), they may be larger than the prototype. The study of models of actual machines is called model analysis. Model analysis is actually an experimental method of finding solutions of complex flow problems. The followings are the advantages of the dimensional and model analysis.

  1.The performance of the hydraulic structure or hydraulic machine can be easily predicted, in advance, from its model.

  2. With the help of dimensional analysis, a relationship between the variables influencing a flow problem in terms of dimensionless parameters is obtained. This relationship helps in conducting tests on the model.

  3. The merits of alternative designs can be predicted with the help of model testing. The most economical and safe design may be, finally, adopted.

  4.The tests performed on the models can be utilized for obtaining, in advance, useful information about the performance of the prototypes only if a complete similarity exists between the model and the prototype.

  SMILITUDE –TYPES OF SIMILARITIES: 
    Similitude is defined as the similarity between the model and its prototype in every respect, which means that the model and prototype are completely similar. Three types of similarities must exit between the model and prototype. They are

  1. Geometric Similarity    2. Kinematic Similarity      3. Dynamic Similarity

   1.Geometric Similarity:

         The geometric similarity is said to exist between the model and the prototype if the ratio of all corresponding linear dimension in the model and prototype are equal.

           Lm= Length of model ,          bm= Breadth of model

           Dm= Dismeter of model        Am= area of model
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m= Volume of model

  and  Lp, Bp, Dp, Ap, 
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p =Corresponding values of the prototype.

   For geometric similarity between model and prototype, we must have the relation,
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  Lr is called the scale ratio.

  For area’s ratio and volume’s ratio the relation should be as given below.
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  2. Kinematic Similarity : 

            Kinematic similarity means the similarity of motion between model and prototype. Thus kinematic similarity is said to exist between the model and the prototype if the ratios of the velocity and acceleration at the corresponding points in the model and at the corresponding points in the prototype are the same. Since the velocity and acceleration are vector quantities, hence not only the ratio of magnitude of velocity and acceleration at the corresponding points in the model and prototype should be same, but the directions of velocity and accelerations at the corresponding points in the model and prototype also should be parallel.

       Vp1 = velocity of fluid at point 1 in prototype,

       Vp2= velocity of fluid at point 2 in prototype,

       ap1= Acceleration of fluid at point 1 in prototype,
       ap2= Acceleration of fluid at point 2 in prototype,

         Vm1, Vm2, am1, am2 = Corresponding values at the corresponding points of fluid velocity and acceleration in the model.

   For kinematic similarity, we have
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  where Vr is the velocity ratio.

      For acceleration, we have      
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   where ar is the acceleration ratio.

   Also the directions of the velocities in the model and prototype should be same.

   3. Dynamic Similarity:

         Dynamic similarity means the similarity of forces between the model and prototype. Thus dynamic similarity is said to exist between the model and prototype if the ratios of the corresponding forces acting at the corresponding points are equal. Also the directions of the corresponding forces at the corresponding points should be same.

          (Fi)p= Inertia force at a point in prototype,

          (Fv)p= Viscous force at the point in prototype,

          (Fg)p= Gravity force at the point in prototype,

   Fi)p,  (Fv)p,  (Fg)p  = Corresponding values of forces at the corresponding point in model.

    Then for dynamic similarity, we have 
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  where Fr is the force ratio.

   Also the directions of the corresponding forces at the corresponding points in the model and prototype should be same.

DIMENSIONLESS NUMBERS: 
      Dimensionless numbers are those numbers which are obtained by dividing the inertia force

 by viscous force or pressure force or surface tension force or elastic force. As this is a ratio of one force to the other force, it will be a dimensionless number. These dimensionless numbers are also called non-dimensional parameters. The following are the important dimensionless numbers:

  1. Reynold’s number                             2. Froud’s number

   3. Euler’s number                                 4. Weber’s number

   5. Mach’s number

         1.)Reynold’s number: It is defined as the ratio of inertia force of a flowing fluid and the viscous force of the fluid. The expression for Reynold’s number is obtained as
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  2.Froud’s Number (Fe) : The Froud’s Number is defined as the square root of the ratio of inertia force of a flowing fluid to the gravitational force. Mathematically, it is expressed as                                                
                           
[image: image189.wmf]g

i

e

F

F

F

=


                  
[image: image190.wmf]Lg

V

Lg

V

ALg

AV

2

2

=

r

r

=


     3. Euler’s number (Eu): It is defined as the square root of the ratio of inertia force of a flowing fluid to the surface tension force. Mathematically, it is expressed as    

                        Euler’s number     
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  4. Weber’s number (We): It is defined as the square root of the ratio of inertia force of a flowing fluid to the surface tension force. Mathematically, it is expressed as    

                        Weber’s number     
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   5. Mach  number (M): Mach  number is defined as the square root of the ratio of inertia force of a flowing fluid to the elastic force. Mathematically, it is expressed as    

                       Mach number     
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  MODEL LAWS OR SIMILARITY LAWS:
  1. Reynold’s model law                             2. Froud’s model law

   3. Euler’s model law                                 4. Weber’s model law

   5. Mach’s model law

  1.Reynold’s model law:  Reynold’s model law is the law in which models are based on Reynold’s number. Model based on Reynold’s number includes:

                                              = 
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Froude Model law: Froude Model law is the law in which the models are based on Froude number which means for dynamic similarity between the model and prototype, the Froude number for both of them should be equal. Froude Model law is applicable when the gravity force is only predominant force which controls the flow in addition to the force of inertia. 
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  3. Weber’s Model law: Weber’s Model law is the law in which models are based on Weber’s number which is the ratio of the square root of inertia force to surface tension force. Hence where surface tension effects predominant in addition to inertia force, the dynamic similarity between the model and prototype is obtained by equating the Weber number of the model and its prototype. Hence according to this law:

       (We)model = (We)prototype                    where We is Weber number = 
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   5.Mach Model law:  Mach Model law is the law in which models are based on Mach number which is the ratio of the square root of inertia force to elastic force of a fluid. Hence where force due to elastic compression  predominant in addition to inertia force, the dynamic similarity between the model and prototype is obtained by equating the Weber number of the model and its prototype.

           Hence according to this law:

       (M)model = (M)prototype             
UNIT IV 
    Hydraulic Machines are defined as those machines which convert either hydraulic energy (energy possessed by water) into mechanical energy (which is further converted into electrical energy) or mechanical energy into hydraulic energy. The hydraulic machines, which convert the hydraulic energy into mechanical energy, are called turbines.

     Turbines are defined as the hydraulic machines which convert hydraulic energy into mechanical energy. This mechanical energy is used in running an electric generator which is directly coupled to the shaft of the turbine. Thus the mechanical energy is converted into electrical energy. The electric power which is obtained from the hydraulic energy (energy of water) is known as Hydro-electro power.

SPECIFIC SPEED (Ns):

      It is defined as the speed of a turbine which is identical in shape, geometrical dimensions, blade angles, gate opening etc., with the actual turbine but of such a size that will develop unit power when working under unit head.  
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CHARACTERISTIC CURVES OF HYDRAULIC TURBINE:

1.Main Characteristic Curves or Constant Head Curve

2.Operating Characteristic Curves or Constant Speed Curve

3.Muschel Curves or Constant Efficiency Curve         

Classification Hydraulic Turbines:

 1.According to the type of energy at inlet:

    (a)Impulse turbine, and       (b)Reaction turbine

2.According to the direction of flow through runner:

 (a) Tangential flow turbine                         (b) Radial flow turbine

 (c)Axial flow turbine                                   (d) Mixed flow turbine             

3.According to the head at inlet of turbine:

  (a) High head turbine                             (b) Medium head turbine   and    (c) Low head turbine

4.According to the specific speed of turbine:

  (a) Low specific speed turbine                (b) Medium specific speed turbine  and

  (a) High specific speed turbine

   PELTON WHEEL: (Tangential flow impulse turbine)

    Main Parts: 

        1.Nozzle and flow regulating arrangement (Spear)                 2.Runner and Buckets

        3.Casing  and  


  


4.Breaking jet.
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RADIAL FLOW REACTION TURBINES: 

        Radial flow turbines are those turbines in which the water flows in the radial direction. The water may radially from outwards to inwards (i.e., towards the axis of rotation) or from inwards to outwards. If the water flows from outwards to inwards through the runner, the turbine is known as inward radial flow turbine. And if the water flows from inwards to outwards through the runner, the turbine is known as outward radial flow turbine.  

Main Parts:

     1.Casing         2.Guide Mechanism     3.Runner  and               4.Draft tube.          

  Inward radial flow turbine:
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     Francis Turbine: The inward flow reaction turbine having radial discharge at outlet is known as Francis turbine.

 AXIAL FLOW REACTION TURBINE:

       If the water flows parallel to the axis of the rotation of the shaft, the turbine is known as axial flow turbine. And if the head at the inlet of the turbine is the sum of pressure energy and kinetic energy and during the flow of water through runner a part of pressure energy is converted into kinetic energy, the turbine is known as reaction turbine.

   For axial flow reaction turbine, the shaft of the turbine is vertical. The lower end of the shaft is made larger which is known as ‘hub’ or ‘boss’. The vanes are fixed on the hub and hence hub acts as a runner for axial flow reaction turbine. The following are the important type of axial flow reaction turbine.

      1.Propeller turbine: When the vanes are fixed to the hub and they are not adjustable, the turbine is known as propeller turbine.  

   2. Kaplan turbine: When the vanes on the hub are adjustable, the turbine is known as Kaplan turbine.  

The main parts of a Kaplan turbine are:

   1.Scroll casing       2.Guide vanes mechanism        3.Hub with vanes or runner of the turbine and   

   4.Draft tube.  

DRAFT TUBE:

      The pressure at the exit of the runner of a reaction turbine is generally less than atmospheric pressure. Thus the water at the exit of the runner cannot be directly discharged to the tail race. A pipe o gradually increasing area is used for discharging water form the exit of the turbine to the tail race. This pipe of gradually increasing area is called a draft tube.       

CENTRIFUGAL PUMPS:

  If the mechanical energy is converted into pressure energy by means of centrifugal force acting on the fluid, the hydraulic machine is called centrifugal pump. The centrifugal pump acts as a reversed of an inward radial flow reaction turbine.

  The following are the main parts of a centrifugal pump:

    1. Impeller   2. Casing     3. Suction pipe with a foot valve and a strainer     4.Delivery valve
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  Where B1 and B2 are width of impeller at inlet and outlet and Vf1 and Vf2 are velocities of flow at inlet and outlet 

MULTISTAGE CENTRIFUGAL PUMPS:

  If a centrifugal pump consists of two or more impellers, the pump is called a multistage centrifugal pump. The impellers may be mounted on the sane shaft or on different shafts. A multistage pump is having the following two important functions:

  1. To produce a high head      and                          2.To discharge a large quantity of liquid

SPECIFIC SPEED OF A CENTRIFUGAL PUMP (Ns):

  The specific speed of a centrifugal pump is defined as the speed of a geometrically similar pump which would deliver one cubic meter of liquid per second against a head of one meter.
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Priming of a Centrifugal Pump:

        Priming of a Centrifugal Pump is defined as the operation in which the suction pipe, casing of the pump and a portion of the delivery pipe up to the delivery valve is completely filled up from outside source with the liquid to be raised by the pump before starting the pump. Thus the air from these parts of the pump is removed and these parts are filled with the liquid to be pumped.

CHARACTERISTIC CURVES OF CENTRIFUGAL PUMP:

    1.Main Characteristic Curves 

    2.Operating Characteristic Curves, and

    3. Constant Efficiency or Muschel Curves.

UNIT V 

RECIPROCATING PUMPS:

       If the mechanical energy is converted into hydraulic energy (or pressure energy) by sucking the liquid into a cylinder in which a piston is reciprocating (moving backwards and forwards), which exerts the thrust on the liquid and increases its hydraulic energy (pressure energy), the pump is known as reciprocating pump.

Main ports of a reciprocating pump:

       1. A cylinder with a piston, piston rod, connecting rod and a crank,     2. Suction pipe

       3. Delivery pipe,      4. Suction valve    and   5.Delivery valve.
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 Slip of Reciprocating Pump:

  Slip of a reciprocating pump is defined as the difference between the theoretical discharge and the actual discharge of the pump.
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CHARACTERISTIC CURVES OF RECIPROCATRING PUMPS:

1.According to the water being on contact with one side or both sides of the piston

        (i.) Single acting pump        (ii.) Double-acting pump

   2. According to the number of cylinders provided,

   (i.) Single acting pump        (ii.) Double-acting pump      (iii.) Triple-acting pump            
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