PROPERTIES OF FLUID

1.Define density or mass density.

Density of a fluid is defined as the ratio of the mass of a fluid to its volume. Density, ρ = mass/volume (Kg/m3 )
 ρ water = 1000 Kg/m3

2.Define specific weight or weight density.

Specific weight or weight density of a fluid is defined as the ratio between the weight of a fluid to its volume. Specific weight, γ = weight/volume (N/m3 ) γ = ρg γwater = 9810 N/m3

3.Define specific volume.

Specific volume of a fluid is defined as the volume of fluid occupied by an unit wt or unit mass of a fluid. Specific volume vs = volume/ wt = 1/γ = 1/ρg ----- for liquids Specific volume vs = volume/ mass = 1/ρ ----- for gases

4.Define dynamic viscosity.

Viscosity is defined as the property of fluid which offers resistance to the movement of one layer of fluid over another adjacent layer of the fluid.  

δ = μ (du/)dy
 μ – dynamic viscosity or viscosity or coefficient of viscosity (N-s/m 2 ) 
                                        1 N-s/m2 = 1 Pa-s = 10 Poise

5.Define Kinematic viscosity.

It is defined as the ratio between the dynamic viscosity and density of fluid. ν = μ/ρ (m2 /s) 1 m 2 /s = 10000 Stokes (or) 1 stoke = 10-4 m 2 /s

6.Types of fluids.

Ideal fluid, Real fluid, Newtonian fluid, Non-Newtonian fluid, Ideal Plastic fluid.

7.Define Compressibility.

It is defined as the ratio of volumetric strain to compressive stress. Compressibility, β = (d Vol/ Vol) / dp (m2 /N)

8.Define Surface Tension.

Surface tension is defined as the tensile force acting on the surface of the liquid in contact with a gas or on the surface between two immiscible liquids such that the contact surface behaves like a membrane under tension. Surface Tension, σ = Force/Length (N/m)
                                     σwater = 0.0725 N/m       σMercury = 0.52 N/m

9.Define 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 liquid surface is known as capillary depression. Capillary Rise or fall, h = (4σ cosζ) / ρgd ζ = 0 for glass tube and water ζ = 130º for glass tube and mercury

10.Define Vapour Pressure.

When vaporization takes place, the molecules start accumulating over the free liquid surface exerting pressure on the liquid surface. This pressure is known as Vapour pressure of the liquid.

11.Define Control Volume.

A control volume may be defined as an identified volume fixed in space. The boundaries around the control volume are referred to as control surfaces. An open system is also referred to as a control volume.

12.Write the continuity equation.

The equation based on the principle of conservation of mass is called continuity equation. δu/δx + δv/δy + δw/δz = 0 ----- three dimensional flow

δu/δx + δv/δy = 0 ----- two dimensional flow

Q = a1v1 = a2v2 ----- one dimensional flow

13.. What is gauge pressure?


It is defined as the pressure which is measured with the help of a pressure measuring instrument, in which the atm pressure is taken as datum.

14. What is Vacuum pressure?


It is defined as the pressure below the atmospheric pressure.

15.. List the pressure measuring devices?


1) Manometers.


2) Mechanical gauges.

16.. Define manometers?


Manometers are defined as the devices used for measuring the pressure at a point in a fluid by balancing the column of fluid by the same or another column of the fluid.

17. What are the different types of simple manometers?


1) Piezometer


2) U-tube manometer


3) Single column manometer.

 FLOW THROUGH CIRCULAR CONDUITS

1.List the types of fluid flow.

Steady and unsteady flow Uniform and non-uniform flow Laminar and Turbulent flow Compressible and incompressible flow Rotational and ir-rotational flow One,two and three dimensional flow.

2.Define Steady and Unsteady flow.

Steady flow Fluid flow is said to be steady if at any point in the flowing fluid various characteristics such as velocity, density, pressure,etc do not change with time. ∂V/∂t = 0 ∂p/∂t = 0 ∂ρ/∂t = 0 Unsteady flow Fluid flow is said to be unsteady if at any point flowing fluid any one or all characteristics which describe the behaviour of the fluid in motion change with time. ∂V/∂t ≠ 0 ∂p/∂t ≠ 0 ∂ρ/∂t ≠ 0

3.Define Uniform and Non-uniform flow.

Uniform flow When the velocity of flow of fluid does not change both in direction and magnitude from point to point in the flowing fluid for any given instant of time, the flow is said to be uniform. ∂V/∂s = 0 ∂p/∂s = 0 ∂ρ/∂s = 0 Non-uniform flow If the velocity of flow of fluid changes from point to point in the flowing fluid at any instant, the flow is said to be non-uniform flow. ∂V/∂s ≠ 0 ∂p/∂s ≠ 0 ∂ρ/∂s ≠ 0

4.Compare Laminar and Turbulent flow.

Laminar and Turbulent flow A flow is said to be laminar if Reynolds number is less than 2000 for pipe flow. Laminar flow is possible only at low velocities and high viscous fluids. In laminar type of flow, fluid particles move in laminas or layers gliding smoothly over the adjacent layer. Turbulent flow In Turbulent flow, the flow is possible at both velocities and low viscous fluid. The flow is said to be turbulent if Reynolds number is greater than 4000 for pipe flow. In Turbulent type of flow fluid, particles move in a zig – zag manner.

5.Define Compressible and incompressible flow

Compressible flow The compressible flow is that type of flow in which the density of the fluid changes from point to point i.e. the density is not constant for the fluid. It is expressed in kg/sec.

ρ ≠ constant

Incompressible flow The incompressible flow is that type of flow in which the density is constant for the fluid flow. Liquids are generally incompressible. It is expressed in m 3 /s.                                            ρ = constant

6.Define Rotational and Ir-rotational flow.

Rotational flow Rotational flow is that type of flow in which the fluid particles while flowing along stream lines and also rotate about their own axis. Ir-rotational flow If the fluid particles are flowing along stream lines and do not rotate about their own axis that type of flow is called as ir-rotational flow

7.Define One, Two and Three dimensional flow.

One dimensional flow The flow parameter such as velocity is a function of time and one space coordinate only. u = f (x), v = 0 & w = 0.

Two dimensional flow The velocity is a function of time and two rectangular space co-ordinates. u = f1(x,y), v = f2(x,y) & w =0.

Three dimensional flow The velocity is a function of time and three mutually perpendicular directions. u = f1(x,y,z), v = f2(x,y,z) & w = f3(x,y,z)

8.State the assumptions used in deriving Bernoulli’s equation

Flow is steady;

Flow is laminar;

Flow is irrotational;

Flow is incompressible;

Fluid is ideal.

9.Write the Bernoulli’s equation applied between two sections with losses.

p1/ρg + v12/2g + Z1 = p2/ρg + v22/2g + Z2 + h 

10.List the instruments works on the basis of Bernoulli’s equation

Venturi meter;

Orifice meter

Pitot tube.

11.Define Impulse Momentum Equation (or) Momentum Equation.

The total force acting on fluid is equal to rate of change of momentum. According  to Newton‟s second law of motion,

F = ma ,F dt = d(mv)

12.Mention the range of Reynold’s number for laminar and turbulent flow in a pipe
If the Reynold,s number is less than 2000, the flow is laminar. But if the Reynold‟s number is greater than 4000, the flow is turbulent flow.

13.Define Boundary layer

. When a real fluid flow passed a solid boundary, fluid layer is adhered to the solid boundary. Due to adhesion fluid undergoes retardation thereby developing a small region in the immediate vicinity of the boundary. This region is known as boundary layer.

14 . Classification of boundary layer.

(i) Laminar boundary layer,

(ii) Transition zone,

(iii) Turbulent boundary layer.

15. Define Laminar boundary layer.

Near the leading edge of the surface of the plate the thickness of boundary layer is small and flow is laminar. This layer of fluid is said to be laminar boundary layer. The length of the plate from the leading edge, upto which laminar boundary layer exists is called as laminar zone. In this zone the velocity profile is parabolic

16. Define transition zone.

After laminar zone, the laminar boundary layer becomes unstable and the fluid motion transformed to turbulent boundary layer. This short length over which the changes taking place is called as transition zone.

17. Define Turbulent boundary.

Further downstream of transition zone, the boundary layer is turbulent and continuous to grow in thickness. This layer of boundary is called turbulent boundary layer.

18. Define Boundary layer Thickness. It is defined as the distance from the solid     

                  boundary measured in y-direction to the point, where the velocity of fluid is  
                  approximately equal to 0.99 times the free stream velocity (U) of the fluid. It is   

                  denoted by δ.  

19. List the various types of boundary layer thickness.

Displacement thickness(δ*), Momentum thickness(θ), Energy thickness(δ**)

20. Define displacement thickness.

The displacement thickness (δ) is defined as the distance by which the boundary should be displaced to compensate for the reduction in flow rate on account of boundary layer formation.                                                  
                                           δ* = ∫ [ 1 – (u/U) ] dy

21. Define momentum thickness.

The momentum thickness (θ) is defined as the distance by which the boundary should be displaced to compensate for the reduction in momentum of the flowing fluid on account of boundary layer formation      
                                                          θ = ∫ [ (u/U) – (u/U)2 ] dy

22. Define energy thickness

The energy thickness (δ**) is defined as the distance 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.        
                                             δ** = ∫ [ (u/U) – (u/U)3 ] dy

23. What are the factors influencing the frictional loss in pipe flow?

Frictional resistance for the turbulent flow is, i. Proportional to v n where v varies from 1.5 to 2.0. ii. Proportional to the density of fluid. iii. Proportional to the area of surface in contact. iv. Independent of pressure. v. Depend on the nature of the surface in contact.

24. Write the expression for loss of head due to sudden enlargement of the pipe.

hexp = (V1-V2) 2 /2g Where, hexp = Loss of head due to sudden enlargement of pipe. V1 = Velocity of flow at pipe 1; V2 = Velocity of flow at pipe 2.

25. Write the expression for loss of head due to sudden contraction.

hcon =0.5 V2 /2g hcon = Loss of head due to sudden contraction. V = Velocity at outlet of pipe.

26. Write the expression for loss of head at the entrance of the pipe

. hi =0.5V2 /2g hi = Loss of head at entrance of pipe. V = Velocity of liquid at inlet of the pipe.

27. Write the expression for loss of head at exit of the pipe.

ho = V2 /2g where, ho = Loss of head at exit of the pipe. V = Velocity of liquid at inlet and outlet of the pipe

28. What is the physical significance of Reynold’s number?


1) Motion of air planes.


2) Flow of incompressible fluid in closed pipes.


3) Motion of submarines, and


4) Flow around structures and other bodies immersed fully in moving fluids.

29. What is a siphon? What are its applications?


A siphon is a long bend pipe used for carrying water from a reservoir at a higher head to another reservoir at a lower head when the two reservoirs are by separated by a hill.

DIMENSIONAL ANALYSIS

1. State the fourier law of dimensional homogeneity.


The law of fourier principle of dimensional homogeneity states and equation which expresses a physical phenomenon of fluid flow should be algebraically correct and dimensionally homogeneous.

2. What is dimensionally homogeneous equation? Give example.


Dimensionally homogeneous equations means the dimensions of the terms on left hand side should be same as the dimensions of the terms on right hand side.

3. What are the uses of dimensional homogeneity?


1) To check the dimensional homogeneity of the given equation.


2) To determine the dimension of a physical variable.


3) To convert units from one system to another through dimensional homogeneity.

             4) It is a step towards dimensional analysis.

4. State the methods of dimensional analysis.


1) Raleigh’s method.


2) Buckingham π theorem.

5. How are equations derived in Raleigh’s method?


The expression is determined for a variable depending upon maximum three or four variables only. If the number of independent variables more than four it is very difficult to find the expression for the dependent variable. So, a functional relationship between variables is expressed in exponential form of equations.

6. State the Buckingham π theorem.


It states that if there are ‘n’ variables in a dimensionally homogeneous equation and if these variables contain ‘m’ fundamental dimensions (M,L,T) then they are grouped into (n-m) dimensionless independent π terms.

7. Define Reynold’s Number.


It is defined as the ratio of the inertia force to the viscous force of a flowing fluid denoted by Re.


                                   Re = Inertia force/viscous force

8. Define Mach number. (μ)

It is defined as the square root of the inertia force of a flowing fluid to the elastic force.


                           
μ = (Inertia force/Elastic force)1/2




9. State the limitations of dimensional analysis.


1) Dimensional analysis does not give any clue regarding the selection of variables.


2) The complete information is not provided by dimensional analysis. It only indicates that there is   some relationship between parameters.


3) The values of co-efficient and the nature of function can be obtained only by experiments or from          mathematical analysis.

10. What are advantages of model testing?


1) The model tests are quite economical and convenient and operation of a model may be changed several times if necessary, without of increasing much expenditure.


2) With the use of models the performance of hydraulic structure/hydraulic machines can be predicated in advance.


3) Model testing can be used to detect and rectify the defects of an existing structure, which is not functioning propery.

11. Mention the applications of model testing.


1) Civil engineering structures such as dams, weirs, canals etc.


2) Design of harbour, ships and submarines.


3) Aeroplanes, rockets and machines, missiles.

12. Define similitude.


Similitude is defined as the complete similarity between the model and the prototype.

13. What are the similarities between model and prototype?


1) Geometric similarity.


2) Kinematic similarity.


3) Dynamic similarity.

14.What is meant by Kinematic similarity?


Kinematic similarity is the similarity of motion. It corresponds to the points in the model and in the prototype.

15) Mention the types of models.


1) Undistorted models.


2) Distorted models.

16)Mention the significance of Reynold’s model law.


1) Motion of air planes.


2) Flow of incompressible fluid in closed pipes.


3) Motion of submarines and


4) Flow around structures and other bodies immersed fully in moving fluids.

17) In fluid flow, what does dynamic similarity mean? What are the non-dimensional numbers associated with dynamic similarity?


1) It is the similarity of forces. The flows in the model and prototype are of dynamic similar.


2) Dimensional numbers are weight, force, dynamic viscosity, surface tension and capillarity.

18) What is meant by undistorted models?


The model which is geometrically similar to its prototype is known as undistorted models. In such models, the conditions of similitude are fully satisfied.

19) Define the term scale effect.


It is impossible to product the exact behaviour of the prototype by model testing alone. The two models of same prototype behaviour will be same. So discrepancy between models and prototype will always occur. It is known as scale effect.

20) What is Geometric similarity?


A model and its prototype are geometrically similar, if the ratios of the corresponding length dimensions are equal.

21) What is dynamic similarity?


It is the similarity of forces. The flows in the model and prototype are of dynamic similar.  

