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V.S.B. Engineering College, Karur-639111

Department of Mechanical Engineering,

Engineering Thermodynamics

2 Marks Question and Answers

Unit I - Basic Concept and First Law.

1. What is meant by thermodynamics system? How do you classify it?

Thermodynamic system is defined as the any space or matter or group of matter where the

energy transfer or energy conversions are studied.

It may be classified into three types.

(a) open system

(b) closed system

(c) isolated system

2. What is meant by closed system? Give an example.

When a system has only heat and work transfer, but there is no mass transfer, it is called as

closed system.

Example: piston and cylinder arrangement.

3. Define open system. Give an example

When a system has heat, work and mass transfer, it is called as open system

Example: Air compressor

4. Distinguish between open and closed system

s.no Open system Closed system

1 Only heat and work will transfer In addition to heat and work tranfer

2 System boundry is fixed ond System boundry mayor may not change

3 Ex :piston and cylinder arrangement,

Thermal power plant

Air compressor,boiler

5. Define isolated system

Isolated system not affected by the system by surrounding .There is no heat and work and

mass transfer takes place .In this system total energy remains constant.

Example: Entire Universe.

6. Define specific heat capacity at constant pressure.

It is defined as the amount of heat transfer required raising or lowering the temperature of the

unit mass of the substance through one degree when the pressure kept constant. It is denoted by Cp.

7. Define specific heat capacity at constant volume.
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It is defined as the amount of heat transfer required raising or lowering the temperature of the

unit mass of the substance through one degree when the volume kept constant. It is denoted by Cv.

8. What is meant by surrounding?

Any other matter out side of the system boundary is called as surrounding.

9. What is boundary?

System and surrounding are separated by an imaginary line is called boundary.

10. What is meant by thermodynamic property?

Thermodynamic property is any characteristic of a substance which is used to identify the

state of the system and can be measured, when the system remains in an equilibrium state.

11. How do you classify the property?

Thermodynamic property can be classified into types

1. Intensive or Intrinsic and

2. Extensive and Extrinsic property.

12. Define intensive and extensive properties. (Nov/Dec 2016)

Intensive properties:

The properties which are independent on the mass of the system is called intensive properties

Eg: Pressure, Temperature, specific Volume.

Extensive properties:

Eg: Total energy, Total volume, weight.

13. When a system is said to be in” Thermodynamic equilibrium ?

When a system is in Thermodynamic equilibrium, it should be satisfy the following

three conditions

(a)Mechanical Equilibrium – Pressure remains constant.

(b)Thermal Equilibrium – Temperature remains constant. (c)Chemical Equilibrium –

There is no chemical reaction.

14. Define Zeroth law and first law of thermodynamics. (Nov/Dec 2017) (April/May 2017)

Zeroth law of thermodynamics states that when two system are separately in

thermal equilibrium with a third system, then they themselves are in thermal equilibrium with each

other.First law of thermodynamics states that when system undergoes a cyclic process, net heat

transfer is equal to work transfer. dQ = dW
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15. State corollaries first law of thermodynamics.

Corollaries I

There exists a property of a closed system such that a change in its value is equal to

the difference between the heat supplied and the work done during any change of state.

Corollaries II

The internal energy of a closed system remains unchanged system is isolated from

its surrounding.

Corollaries III

A perpetual motion machine of first kind is impossible.

16. What is meant by “perpetual Motion machine of First kind?

PMM of the first kind delivers work continuously without any input. IT violates first law of

thermodynamics. it is impossible to construct an engine working with this principle.

17. What is mean by control volume and control surface? (Nov/Dec 2018)
Control Volume:
In continuum mechanics and thermodynamics, a control volume is a mathematical

abstraction employed in the process of creating mathematical models of physical processes. ... At
steady state, a control volume can be thought of as an arbitrary volume in which the mass of the
continuum remains constant.
Control Surface:
A control volume is a fixed region in space chosen for the thermodynamic study of mass balances
for flowing systems. The control surface is the boundary of the control volume.

18. Using Knudsen number define continuum. (Nov/Dec 2018)

The Knudsen number (Kn) is a dimensionless number defined as the ratio of the molecular mean
free path length to a representative physical length scale.

19. Prove that for an isolated system, there is no change in internal energy.

For any isolated system, there is no heat, work and mass transfer.

Q = W = 0

According to the firstlaw of thermodynamics,

Q = W + ∆U

∆U = 0

20. What is meant by reversible and irreversible process? (May/June 2016)

A process is said to the reversible, it should trace the same path in the reverse direction when

the process is reversed, and it is possible only when the system passes through a continuous series of

equilibrium state if a system does not pass through continuous equilibrium state, then the system is
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said to be irreversible.

22. What is meant by point and path function? (Nov/Dec 2018)

Point function:

The quantity which is independent on the process or path followed by the system is known as

point function.

Ex: Pressure, volume, temperature etc

Path function:

The quantity which is dependent on the process or path followed by the system is known as

path function. Ex: Heat transfer, Work transfer.

23. What is quasi - static process?

The process is said to be quasi-static, it should proceed infinite slow and follow continuous

serious of equilibrium ststes. Therefore, the quasi - static process may be a reversible process.

24. Define the term internal energy?

Internal energy of a gas is the energy stored in a gas due to its molecular interactions. It is

also defined as the energy possessed by a gas at a given temperature.

25. What is meant by thermodynamic work?

It is the work done by the system when the energy transferred across the boundary of the

system. It is mainly due to intensive properly difference between the system and surrounding.

28. Prove that the difference in specific heat capacities equal to Cp - Cv = R.

Consider a gas heated at constant pressure heat supplied, Q = mCp (T2-T1)

Work done, W = p (V2-V1) = mR (T2-T1)

Change in internal energy,∆U = mCv (T2-T1)

According to the first law of thermodynamics, Q = W+∆U

mCp (T2-T1) = mR (T2-T1)+ mCv (T2-T1)

Cp  = R+Cv

Cp –Cv = R

29. What is the work transfer in free expansion process? And why? (Nov/Dec 2018)

The Joule expansion (also called free expansion) is an irreversible process in thermodynamics in
which a volume of gas is kept in one side of a thermally isolated container (via a small partition),
with the other side of the container being evacuated.

work is the transfer of energy between the system and surroundings when there are imbalanced
forces between them. In the case of free expansion the gas expands against no force at all hence
no work is done.

30. Define the terms equilibrium, path and process. (April/May 2018)
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A thermodynamic process path is the path or series of states through which a system passes from
an initial equilibrium state to a final equilibrium state and can be viewed graphically on a
pressure-volume (P-V), pressure-temperature (P-T), and temperature-entropy (T-s) diagrams.

31. Write the steady flow energy equation for turbine. (April/May 2018)

Steady state steady flow process. For negligible change in kinetic and potential energies through
the control volume, If the control volume is well insulated (i.e. adiabatic), then, q = 0. For steady
flow devices, such as turbines, compressors and pumps, is power transmitted through a shaft.

32. What is a steady flow process? (Nov/Dec 2017)

Steady flow process is a process where: the fluid properties can change from point to point in the
control volume but remains the same at any fixed point during the whole process. A steady-flow
process is characterized by the following: No properties within the control volume change with
time.

33. Should the automobile radiator be analyzed as a closed system or as an open system?
Explain.(Nov/Dec 2016)

Radiator. The radiator allows the mass flow through it (hot coolant goes in and cold coolant
comes out) as well as the heat transfer (hot coolant passes heat to the air). Hence a radiator will be
considered as an open system. In other hand the whole cooling system allows heat transfer only,
so called closed system.
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Unit II Second Law

1. State the Kelvin –Planck statement of second law of Thermodynamics.

Kelvin –Planck states that it is impossible to construct a heat engine working on cyclic

process, whose only purpose is to convert all the best energy given to it an equal amount of work.

2. State the Clausius statement of second law of Thermodynamics

It state that heat can flow from hot body to cold body without any external aid but heat

cannot from cold body to hot body without any external aid.

3. Write the two statement of second law of Thermodynamics

Kelvin –Planck statement:

It is impossible to construct an engine working on a cyclic process which converts all the

heat energy supplied to it into equivalent amount of useful work.

Clausius statement:

Heat cannot floe from cold reservoir to hot reservoir without any external aid.

But heat can flow from hot reservoir to cold reservoir with out any external aid.

4. State Cornot’s Theorem. (April/May 2018)

No heat engine operating in a cycle process between two fixed temperatures can be more

efficient that a reversible engine operating between the same temperature limits.

5. What are the corollaries of cornot theorem?

i. All the reversible engines operating between the two given thermal reservoir

With fixed temperature have the same efficient.

ii.The efficient of any reversible heat engine operating between two reservoir

is independent of the nature of the working fluid and depends only  on the temperature of the

reservoirs.

6. What is pmm2 and why is it impossible? (April/May 2017)

Perpetual motion machine of second kind draws heat continuously from single reservoir and

converts it into equivalent amount of work. Thus it gives 100% efficiency.

PMM2 is a fictitious machine that violates second law of thermodynamics. To produce net work in a

thermodynamic cycle, heat engine has to exchange heat with two reservoir maintained at two different temperature

i.e source and sink. ... Such a heat engine is called PMM2 which is impossible

7. What is different between heat pump and refrigeration?

Heat pump is a device which operating in a cycle process maintains the temperature of a hot body at a

temperature of a hot body at a temperature higher that the temperature of surrounding.
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8. What is meant by heat engine?

A  heat  engine  is  a  device  which is  used  to  convert the  the rmal  energy into  mechanical

energy.

9. Define the term COP?

Coefficient of performance is defined as the ratio of heat of heat extracted of rejected to work

input.
Heat extracted or rejected

COP = ---------------------------------

Work input
10. Define the term source, sink and heat reservoir.(Nov/Dec 2018) (Nov/Dec 2017)

Source:

The part where the heat to be rejected to work absorbing or work developing device

Is called source.

Sink:

The part which receives heat from work absorbing from work absorbing or working

developing is called sink.

Reservoir

The part which supplies or receives heat continuously without change in its temperature is called

as reservoir.

11. What happens to energy entropy and energy of an isolated system? And why? (Nov/Dec 2018)

Entropy is the loss of energy available to do work. Another form of the second law of thermodynamics

states that the total entropy of a system either increases or remains constant; it never decreases. Entropy is

zero in a reversible process; it increases in an irreversible process.

12. List the causes of entropy increase. (Nov/Dec 2017)

If you add energy to a solid, it can become a liquid. Liquids have more energy and entropy than solids.

Any chemical reaction that increases the number of gas molecules also increases entropy.

A chemical reaction that increases the number of gas molecules would be a reaction that pours energy into

a system
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13. Define entropy? (April/May 2018)

Entropy is an index of unavailability or degradation of energy.

14. Define change of entropy .How is entropy compared with heat transfer and absolute
temperature?

The measure of irreversibility when the energy transfer takes place within the system or

between system and surrounding is called as change of entropy. It is simply known as unaccounted

heat loss.

15. Why the performance of refrigerator and heat pump are given in terms of C.O.P and not in terms

of efficiency?

The performance of any device is expressed in terms of efficiency for work developing

machines. But heat pump and refrigerator are work absorbing machines. So the performance of those

devices based on C.O.P only.

16.Write down the equation for carnot C.O.P of a heat pump which works between two heat

reservoirs of temperature T1 and T2 if T1 > T2

.

T1 – T2

Carnot C.O.P of heat pump = --------------

T1

17.What is meant by principle of increase of entropy?

For any infinitesimal process write down the equation for carnot C.O.P of a heat pump which

works between two heat reservoirs of temperature T1 and T2 if T1 > T2.

T1 – T2

Carnot C.O.P of heat pump = -------------------

T1

18. What is meant by principle of increase of entropy?

For any infinitesimal process undergone by a system, change in entropy

dS ≥ dQ/T

For reversible, dQ = 0 hence dS = 0

For irreversible, dS> 0

So the entropy of an isolated system would never decreases .it will always increase and

remains constant if the pressure is reversible is called as principle increases of entropy.
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19. What do you mean by “clausius inequality”?

It is impossible for a self acting machine working in a cyclic process unaided by any external

to convey heat from a body at a lower temperature to a body at a higher temperature.

20. Explain briefly clausius inequality?

ƒdQ/T ≤ 0 is known as inequality of clausius.

If 1. ƒ dQ/T = 0,the cycle is reversible.

2. ƒ dQ/T < 0,the cycle is irreversible and possible.

3. ƒ dQ/T > 0,the cycle is impossible.

30. Explain the term “reversibility”

If the process traces the same path during the process reversed is called as reversibility.

31. Can entropy of universe ever decreases? Why?

Entropy of universe can not ever decrease. It will be remain constant or will increases due to

irreversibility.

32. What is the essence of the second law of thermodynamics?

1. To know the feasibility of process.

2. To know about the quality of energy.

33. Define the term absolute entropy?

The change entropy of the system with respect to ambient conditions or any other standard

reference conditions is known as absolute entropy.
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Unit III- Properties of pure substance and Steam power cycle.

1. Define latent heat of ice?

Total amount of heat added during conversion of ice 0° C into water of 0°C.

2. What is pure substance?

Pure substance is a substance which has a fixed chemical composition throughout its mass

.Example: Water, Nitrogen, Carbon dioxide, and helium. A pure substance does not have to be of a

single chemical element or compound .A mixture of various chemical element or components is also

called as pure substance as long as the mixture is homogeneous.

3. What is saturation temperature and saturation pressure?

At a given pressure, the temperature at which a liquid boils is called saturation temperature.

At the given temperature, the pressure at which the liquid boils is called saturation pressure it is also

called as vapour pressure.

4. Define latent heat of vaporizations.

The amount of heat added during heating of water from boiling point to dry saturated stage is

called as latent heat of vaporization or enthalpy of vaporization of latent heat of steam.

5. Define the terms ‘Boiling point ‘and ‘Melting point’ .

Boiling point:

It is the temperature at which the liquid starts to change its state from liquid to vapour.

Melting point:

It is the temperature at which the solid starts to change its state from solid to liquid.

6. What is meant by super heated steam? And indicate its use.

If the dry steam is further heated, then the process is called superheating and steam obtained

is known as heated steam.

Uses:

1. Superheated steam has more heat energy and more work can be obtained using it.
2. Thermal efficiency increases as the temperature of superheated steam is high.

3. Heat losses be to condensation of steam a cylinder wall is reduced.

7. Define the sensible heat of water.

The amount of heat required to raise the temperature of unit mass of water from 0°C to the

saturation temperature under a constant pressure. it is denoted by hf .
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8. Define the term super heat enthalpy.

The heat supplied to the dry steam at saturation temperature, to convert it into superheated

steam at the temperature Tsup is called super heat enthalpy.

9. What is wet and dry steam?

The heat which partially evaporated and having water particles suspension is

Called wet stream.

The steam which fully evaporated state and is not having any water particles is

Called dry steam.

10. State phase rule of pure substances. (May/June 2016)

The number of independent variable associated with multi components, multiphase system

is given by the phase rule. It is also called as Gibbs phase rule .It is expressed by the equationn as

n = C – Ψ+2

Where,

n = the number of independent variable.

C = the number of components,

Ψ = the number of phase present in equilibrium.

11. Define dryness fraction of steam OR What is quality of steamand wetness fraction?
(April/May 2018)

It is defined as the ratio of the mass of the total steam actually present to the mass of the total

steam.

Mass of dry steam

Dryness fraction = ----------------------

Mass of total mixture

Wetness fraction: a fraction expressing the ratio of the weight of free water particles to that of the whole in a

quantity of wet steam.
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12. Explain the term: Degree of super heat, Degree of sub cooling. (Nov/Dec 2018)

Degree of super heat: It is the difference between superheated temperature and saturated temperature at the

same pressure.

Degree of sub cooling.

It is the amount by which the water is cooled beyond the saturated temperature at the same

pressure.

13. What is Carnot vapour cycle? Plot the same on T-s diagram. (Nov/Dec 2018)
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13. Define triple point and critical point for pure substance. (Nov/Dec 2018)

Triple point:

Triple point is the state at where all the three phases ie solid, liquid and vapour to exist in

equilibrium.

Critical point:

It represents the highest pressure and temperature at which the liquid and vapour

phases coexist in equilibrium. At the critical point the liquid and the vapour phases are

distinguishable ie Liquid directly converted into vapour.

14. When saturation pressure increases, what happens to saturation temperature and freezing point?

When saturation pressure increases, then the saturation temperature is increasing and

the freezing point decreasing.

15. Write the formula for calculating entropy change from saturated water to super heated
steam conditions.

Entropy of super heated steam S sup = Sg + Cps log{Tsup / Ts}

Sg - entropy of steam dry

S sup – super heated temperature

S sup – saturated temperature

Cps - specific heat of super heated steam

16. What is meant by steam power cycles?

Thermodynamics cycle which use steam as the working fluid is called steam power cycle.

17. Define the term Efficiency ratio.

The ratio of actual cycle efficiency to that of ideal cycle efficiency is termed efficiency ratio.

Actual cycle efficiency

Efficiency ratio = ------------------------------------

Ideal rankine efficiency

18. What is meant by isentropic efficiency?

For an Expansion process:

Actual work done

Isentropic efficiency = -------------------------

Isentropic workdone

For a compression process:

Isentropic work done
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Isentropic efficiency = ----------------------------

Actual work done

19. Define specfic steam consumption of an ideal Rankine cycle

It is defined as the mass flow of steam required per unit power output.

Steam flow in Kg/hr

Specific steam consumption = -------------------------

Power in kw

20. What is meant by work ratio? What is the importance of work ratio in vapour cycles?

Work ratio is defined as the ratio of network transfer to the positive work transfer.

Work ratio affects the actual cycle efficiency comparing two cycles with the same ideal efficiency,

the cycle having smaller work ratio would have smaller actual efficiency.

Higher the work ratio, the SSC is lower, resulting in smaller size plant for the given output.

21. What are the effects of condenser pressure on the rankine cycle?

By lowering the condenser pressure, we can increase the cycle efficiency .the main

disadvantage is lowering the back pressure increase the wetness of steam .isentropic comparison of a

very wet vapour is very difficult.

22. A vapour cycle inherently has two advantages over gas power cycle .what are they?

(i) Isothermal heat transfer (evaporation and condensation) is possible in practice.

(ii)the work ratio is high is high compared it the gas power cycles

23. What are the effects of condenser pressure on the Rankine cycle?

By lowering the condenser pressure, we can increase the cycle efficiency. T he main

disadvantages is lowering the backpressure increases the wetness of steam Isentropic comparison of a

very wet vapour is very difficult

24. Why carnot cycle cannot be realized in practical for vapour power?

The main difficult to attain the cycle in practice is that isothermal condensation is stopped

before it reaches to saturated liquid conditions .There fore the compressors has to deal with a non –

homogeneous mixture of water and steam .Because of the large specific volume of liquid vapour mixture

before compression ,the compressor size and work input have to be large. The higher power requirement

reduces the plant efficiency as well as work ratio.

25. Why reheat cycle is not used for low boiler pressure?

At the low reheat pressure the reheat cycle efficiency may be less than the Rankine Cycle

efficiency .since the advantages temperature during heating will then be low.
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26. What are the disadvantages of reheating?

The cost of the plant increases due to the reheater and its long connections It also increases the

condenser capacity due to increased dryness fraction.

27. List the advantages of reheat cycle.

1. Marginal increase in thermal efficiency.

2. Increses in work done per kg of steam which results in reduced size of boiler and auxiliaries for

same output.

3. We can prevent the turbine from erosion.

28. What is the function of feed water heaters in the regenerative cycle with bleeding?

The main function of feed water heater is to increase the temperature of feed water to the

saturation temperature corresponding to the boiler pressure before it enters into the boiler.

29. When will be the efficiency of the regenerative cycle attained maximum?

The temperature of the bled steam is approximately halfway between the extreme temperatures of

the primary flow cycle.

30. What are the advantages of bleeding?

It increases the thermodynamic efficiency as the heat of the bled steam is not lost in the

condenser but is utilized in feed heating.

By bleeding, the volume flow at the low pressure end is considering reduced, this reduces the

design difficulties of blades, and also condenser size is reduced.

31. What do you understand heat rate? (Nov/Dec 2018)

Heat rate is one measure of the efficiency of a generator or power plant that converts a fuel into heat and

into electricity. The heat rate is the amount of energy used by an electrical generator or power plant to generate

one kilo watt hour (kWh) of electricity.

32. Differentiate between saturated liquid and compressed liquid. (Nov/Dec 2017) (April/May 2017)

Saturated liquid:

A Liquid whose temperature and pressure are such that any decrease in pressure without change in temperature
causes it to boil In other words If a substance exists as liquid at the saturation temperature and pressure it is
called saturated liquid

Compressed liquid.

A compressed fluid (also called a compressed or unsaturated liquid, sub cooled fluid or liquid) is a fluid under
mechanical or thermodynamic conditions that force it to be a liquid.
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Compressed solid:

Solid object does not flow to take on the shape of its container, nor does it expand to fill the entire volume available
to it like a gas does. ... Solids cannot be compressed with little pressure whereas gases can be compressed with little
pressure because in gases molecules are loosely packed.

33. What is binary vapour cycle? (Nov/Dec 2017)

The vapor exiting the turbine is then condensed by cold air radiators or cold water and cycled back through the heat
exchanger. A binary vapor cycle is defined in thermodynamics as a power cycle that is a combination of two cycles,
one in a high temperature region and the other in a lower temperature region.

34. What are the methods for improving the performance of the ranking cycle? (April/May 2017)

Methods To Increase The Efficiency Of The Ranking Cycle Colored Area on TS-diagramAv.Temp at which
heat is transferred to steam can be increased without increasing the boiler pressure by superheating the steam to
high temperatures like reheat ranking cycle and regenerative ranking cycle.

35. Is ice water a pure substance? Why? (Nov/Dec 2016)

When you add ice, or frozen water, to pure water, you have created a heterogeneous mixture of a pure substance.
The atoms in the ice are locked in a crystalline matrix whose atoms are less densely packed than those in the
liquid water, a unique property of water.
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Unit IV- Ideal and real Gases Thermodynamic Relations

1. State Charle’s law.

Charle’s law states “The volume of a given mass of a gas varies directly as its absolute

temperature, when the pressure remains constant.

V α T

2. State Joules’s law.

Joules’s law states “The internal energy of a given quantity of a gas depends only on the

temperature”.

3. State Regnault’s law.

Regnault’s law states that Cp and Cv of a gas always remains constant.

4. State Dolton’s law of partial pressure.

Dolton’s law of partial pressure states “The total pressure of a mixture of gases is equal to the

sum of the partial pressure exerted by individual gases if each one of them occupied separately in the

total volume of the mixture at mixture temperature “.

P = p1 + p2 + p3 + ... Pk

5. How does the Vander waals equation differ from the ideal gas equation of states?

1. Intermolecular attractive study is made.

2. Shape factor is considered.

These assumptions are not made in ideal gas equation of state.

6. What is meant by virtual expansion?

Virtual expansions are only applicable to gases of low and medium densities.

The equation state of a substance is given by

RT a(T) b(T) c(T) d(T)

p = ----- + ------ + ------- + ------- + -------- + ٠٠٠٠

The coefficient of a(T) ,b(T), c(T), d(T) ….. are virial coefficients. The virial coefficient will

vanish when the pressure becomes zero .Finally the equation of state reduces to the ideal – gas

equation.
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7. Distinguish between ideal and real gas.

An ideal gas is one which strictly follows the gas laws under air conditions of temperature and

pressure.

In actual practice, there is no real gas which strictly follows the gas laws over the entire range

of temperature and pressure .However hydrogen, oxygen, nitrogen and air

Behave as a gas under certain temperature and pressure limits.

8. What are Maxwell relations equation?

(δT/δv)s = - (δp/δs)v

(δT/δp)s = (δv/δs)p

(δp/δT)v  = (δs/δv)t

(δv/δT)p  = - (δs/δp)t

9 .Define Joule – Thomson Co-efficient. (May/June 2016)

Joule – Thomson Co-efficient is defined as the change in temperature with change in

Pressure, keeping the enthalpy remains constant .It is denoted by the

μ = (δT/δp) n

Importance: These coefficients are important from two standpoints; (i) intermolecular interaction, and

(ii) liquefaction of gases. A given closed system contains one mole of gaseous chemical substance at

temperature T and pressure p.

10. Define Co – efficiency of volume expansion and isothermal compressibility.

Co – efficiency of volume expansion:

Co – efficiency  of volume expansion is defined as the change in volume with change in

temperature per unit volume keeping the pressure constant It is denoted by ß

ß = 1/v (δv/δT)p

Isothermal compressibility:

It is defined as the change in volume with change in pressure per unit volume by keeping the

temperature constant .It is denoted by K

K = 1/v (δv/δp)T.

11. What is compressibility factor? (Nov/Dec 2018) (Nov/Dec 2017)

We know that , the perfect gas equation is pv = RT .But for real gas , a correction factor has

to be introduced in the perfect gas equation to take into account the deviation of real gas from the

perfect gas equation .This factor is known as compressibility factor (Z) and is denoted by

Z = pv/RT.
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12. What is compressibility factor value for an ideal gas at critical point?

1. Intermolecular attractive study is made.

2. Shape factor is considered.

At critical point, the Vander waal’s equation.

Pc Vc

------- = 1 for ideal gases.

RTc

13. What is Joule’s Thomson coefficient? Why is it zero for an ideal gas? (April/May 2017)

Joule’s Thomson coefficient is defined as the change in temperature with change in pressure,

keeping the enthalpy remains constant. It is denoted by

μ = ( δT/δp)h = 1/Cp[ T(δv/δT)p - v]

We know that the equation of state as

Differentiate the above equation of state with respect to T by keeping pressure, p constant

(μ = 0)

14. What is significance of Clasius Clapeyron Equation? (Nov/Dec 2018) (Nov/Dec 2017)

Clasius Clapeyron Equation which involves relationship between the saturation pressure,

saturation temperature, the enthalpy  of evaporation and the specific volume of the two  phases

involved

dp/dT = hfg /Tvfg

15.Write down the two Tds Equations. (April/May 2018) (Nov/Dec 2016)

Tds Equation are

Tds = Cp dT –T((δv/δT)p  dp

Tds = Cv dT + T((δp/δT)t dv

16. State the assumption made in kinetic theory of gases?

1. There is no intermolecular force between particles.

2. The volume of the molecules is negligible in comparison with the gases.

17. State Helmholtz function. (Nov/Dec 2018)

Helmholtz function is property of a system and is given by subtracting the product of absolute

temperature (T) and entropy (s) from the internal energy u. ie Helmholtz function = u-Ts
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.18. State Gibbs function.

Gibbs function is property of a system and is given by

G = u – Ts + Pv = h – Ts

Where

h – Enthalpy

T – Temperature

s - Entropy

19. State the principle of corresponding states. (Nov/Dec 2018)

According to van der Waals, the theorem of corresponding states (or principle/law of corresponding states)

indicates that all fluids, when compared at the same reduced temperature and reduced pressure, have

approximately the same compressibility factor and all deviate from ideal gas behavior to about the same

degree.

20. Identify the application of clausius chaperon equation. (Nov/Dec 2018)

The increase in vapor pressure is not a linear process. We can use the Clausius-Clapeyron equation to

construct the entire vaporization curve. .TheClausius-Clapeyron equation can be also applied to sublimation;

the following example shows its application in estimating the heat of sublimation.

21. What are reduced properties? (Nov/Dec 2016)

1. Reduced pressure

2. Reduced temperature

3. Reduced specific volume.
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Unit V- Gas Mixtures and Psychometric

1. What is the difference between air conditioning and refrigeration?

Refrigeration is the process of providing and maintaining the temperature in space below

atmospheric temperature.

Air conditioning is the process of supplying sufficient volume of clean air containing a specific

amount of water vapour and maintaining the predetermined atmosphere condition with in a selected

enclosure.

2. Define psychrometry.

The science which deals with the study of behaviour of moist air (mixture of dry air and water

vapour is known as phychrometry.

3. Name some psychrometry.

1. Sensible heating.

2. Sensible cooling.

3. Humidifying

4. Dehumidifying.

5. Heating and humidifying

6. Heating and dehumidifying.

7. Cooling humidifying

8. Cooling dehumidifying.

4. Define dry bulb temperature. (Nov/Dec 2017)

The temperature which is measured by an  ordinary thermometer is known as dry  bulb

temperature .It is generally denoted by td

5. Define wet bulb temperature. (Nov/Dec 2017)

It is the temperature of air measured by a thermometer When its bulb is covered with wet cloth

and exposed to a current rapidly moving air.It is denoted by tw.

6. Define dew point temperature.

The temperature at which the water vapour presents in air begins to condense when

The air is cooled is known as dew point temperature .It is denoted by tdp.

7. Define relative Humidity (RH) and specific humidity.

RH is the ratio of the mass of water vapour (mv) in a certain volume of moist air at

Given temperature to the mass of water vapour in the same volume of saturated air at the

same temperature.

RH = mv /mvs
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Specific humidity (ω) is the ratio of mass of water vapour (mv) to the mass of dry

air in the given volume of mixture.

ω = mv / ma.

8. Differentiate between absolute and relative humidity.

Absolute humidity is defined as the ratio of the mass of water vapour (mv) in Certain volume of

moist at given temperature to the mass of water vapours at Atmospheric conditions

RH is the ratio of the mass of water vapour in a certain volume of moist air at a given

Temperature to the mass of water vapour in tha same volume of saturated air at the same

Temperature.

RH = mv /mvs

9. Define DTP and degree of saturation. (Nov/Dec 2018)

DTP is the temperature to which moist air to be cooled before it starts condensing. Degree of

saturation is the ratio of specific humidity of moist air to the specific

Humidity of saturated air at temperature.

Specific humidity of moist air ω

μ = ------------------------------------------- = -----

Specific humidity of saturated air ωs

10. What is dew point temperature? How is it related to dry bulb and wet bulb? Temperature at the

saturation condition? (Nov/Dec 2016)

It is the temperature at which the water vapour present in air begins to condense The air is

cooled.For saturated air, the dry bulb, wet bulb and dew point temperature are All same.

11. State Dalton’s law of partial pressure. (Nov/Dec 2018) (Nov/Dec 2016)

The total pressure exerted by air and water mixture is equal to the barometric

Pressure. Pb = pa + pv

Where

Pb = barometric pressure.

pa = Partial pressure of dry air.

pv = Partial pressure of water vapour.

12. Define Apparatus Dew point of cooling coil.

For dehumidification, the cooling coil is to be kept at a mean temperature which is below the

dew point temperature of the entering .This temperature of the coil is called ADP temperature.
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13. List down psychometric process.

1. Sensible heating process

2. Sensible cooling process.

3 .Humidification process.

4. Dehumidification process.

5. Heating and humidification process.

6. Cooling and Dehumidification process.

7. Adiabatic mixing airstreams process.

8. Evaporative cooling process.

14. Define the humidification process.

Humidification is defined as the process of adding moisture at constant dry bulb Temperature.

15. State the effects of very high and a very low bypass factor.

Very high by pass factor:

1. It requires lower ADP .Refrigeration plant should be of larger capacity.

2. It requires more air .Larger fan and motor required.

3. It requires less heat transfer area.

4. It requires more chilling water Larger piping required

.Very low by pass factor.

1. Higher ADP is to be employed.

2. It requires less air. Fan and motor size reduced.

16. What factors affect by pass factor?

1. Pitch of fins.

2. Number of coil tubes.

3. Air velocity over the coil.

4. Direction of air flow.

17 .What are the assumption made while mixing two air streams?

1. Surrounding is small.

2. Process is fully adiabatic.

3. There is no work interaction

4. Change in kinetic and potential energies are negligible.

18. What is meant by partial volume? (Nov/Dec 2018)

The partial volume effect can be defined as the loss of apparent activity in small objects or

regions because of the limited resolution of the imaging system. The method to correct for

the partial volume effect is referred to as partial volume correction.
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19. Define adiabatic saturation temperature. (Nov/Dec 2018)

Adiabatic saturation temperature refers to a temperature at which water converts into air by the

process of evaporation adiabatically. The device used for this type of process is known

as adiabatic saturator. The adiabatic saturator device is shown below in Figure.

20. Show sensible heating and cooling process in a psychometric chart. (April/May2018)

(April/May 2017)

The sensible cooling of air is the process in which only the sensible heat of the air is removed

so as to reduce its temperature, and there is no change in the moisture content (kg/kg of dry

air) of the air. The sensible cooling processes represented by a straight horizontal line on the

psychometric chart.

Sensible heating process is opposite to sensible cooling process. In sensible pheating process

the temperature of air is increased without changing its moisture content. During this process

the sensible heat, DB and WB temperature of the air increases while latent of air, and the DP

point temperature of the air remains constant.

21. State amagats law of partial volume. (April/May2018) (April/May 2017)

According to Amagat's law of partial volume, the total volume of a non-reacting mixture of

gases at constant temperature and pressure should be equal to the sum of the individual partial

volumes of the constituent gases

22. Write the Avogadro’s law. (Nov/Dec 2017)

Avogadro's law states that, "equal volumes of all gases, at the same temperature and pressure,

have the same number of molecules." For a given mass of an ideal gas, the volume and

amount (moles) of the gas are directly proportional if the temperature and pressure are

constant.
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23. What is adiabatic mixing and write the equation for that? (April/May 2016)

The mixing of several streams of fluid is quite common in engineering practice. The process

can usually be assumed to occur adiabatically. Mixing process is highly irreversible because of

fluid streams.
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16 Mark Questions

Unit1 -Basic Concept and First Law
1 A piston and cylinder machine contains a fluid system which passes through a complete cycle
of four processes. During a cycle, the sum of all heat transfers is -170 kJ. The system completes
100 cycles per minute. Complete the following table showing the method for each item, and
compute the net rate of work output in kW.

Process Q(KJ/ MIN) W(KJ/ MIN) E(KJ/ MIN)

a-b 0 2170 -
b-c 21000 0 -
c-d -2100 - -
d-a - - -

2.Air at a temperature of 15°C passes through a heat exchanger at a velocity of 30 m/s where its
temperature is raised to 800°C . It then enters a turbine with the same velocity of 30 m/s and
expands until the temperature falls to 650°C. On leaving the turbine, the air is taken at a velocity of
60 m/s to a nozzle where it expands until the temperature has fallen to 500°C. If the air flow rate is
2 kg/s, calculate a) the rate of heat transfer to the air in the heat exchanger b) the power output
from the turbine assuming no heat loss and c) the velocity at the nozzle exit, assuming zero heat
loss. Take enthalpy of air as h = cp.t where Cp is the specific heat = 1.005 kJ/kg K and t is the
temperature.

3. Blower handles 1kg/s of air at 20°c and consumes a power of 1SKW. The inlet and
outlet velocities of air are 100m/s and 150m/s respectively. Find the exit air temperature,
assuming adiabatic conditions. Take Cp of air as1.005 KJ /kgK.

4. one kg of ice at -5 ºC is exposed to the atmosphere which is at 20 º C. The ice melts and
comes into thermal equilibrium with the atmosphere.(a) Determine the entropy increase of the
universe.(b) What is the minimum amount of work necessary to convert the water back into ice at -
5ºC? Cp of ice is 2093 J/kg K and the latent heat of fusion of ice is 333.3kJ/kg.

5. Describe in brief the steady flow energy equation with the assumptions made.

6.In an air compressor ,air flows steadily at the rate of 0.5 kg/s through an air compressor. It
enters the compressor at 6 m/s with a pressure of 1 bar and a specifi c volume of 0.85 m3/kg and
leaves at 5 m/s with a pressure of 7 bar and a specific volume of 0.16 m3 /kg. The internal
energy of the air leaving is 90 kJ/kg greater than that of the air entering. Cooling water in a jacket
surrounding the cylinder absorbs heat from the air at the rate of 60 kJ/s. Calculate:

(i) The power required to drive the compressor;
(ii) The cross-sectional areas of inlet and output pipes.

7.Derive the general energy equation for a steady flow system and apply the equation to a nozzle
and derive an equation for velocity at exit.

8. In an air compressor, air flows steadily at the rate of 0.5 kg/sec. At entry to the compressor, air
has a  pressure of 105 kPa and specific volume of 0.86 m3 /kg and at exit of the compressor
those corresponding values are 705 kPa and 0.16 m3 /kg. Neglect Kinetic and Potential energy
change.The Internal energy of air leaking the compressor is 95 kJ/kg greater than that of air
entering. The cooling water in the compressor absorbs  60 kJ/sec. of heat from the air. Find
power required to derive the compressor.
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Unit2- Second Law

1.Discuss about the causes of irreversibility with suitable diagrams.

2.A reversible heat engine operates between two reservoirs at temperatures of 600°c and 40°c. The
engine drives a reversible refrigerator which operates between reservoirs at temperatures of 40°c and
-20°c. The heat transfer to the heat engine is 2000KJ and net work output of the combined engine
refrigerator plant is 360KJ.Evaluate the heat transfer to the refrigerant and the net heat transfer to the
reservoir at 40°c.

3.A heat engine is used to drive a heat pump. The heat transfers from the heat engine and from the
heat pump are used to heat the water circulating through the radiators of a building. The efficiency of
the heat engine is 27% and the COP of the heat pump is 4. Evaluate the ratio of the heat transfer to
the circulating water to the heat transfer to the heat engine.

4. A fluid undergoes a reversible adiabatic compression from 0.5MPa. 0.2m3 to 0.05m3 according to
the law, PV1.3 =constant. Determine the change in enthalpy, internal energy and entropy, and the
heat transfer and work transfer during the process

5. A system at 500 K receives 7200 kJ/min from a source at 1000 K. The temperature of atmosphere
is 300 K. Assuming that the temperatures of system and source remain constant during heat transfer
find out: (i) The entropy produced during heat transfer; (ii) The decrease in available energy after
heat transfer

6.In a steam turbine, steam at 20 bar, 360° C is expanded to 0.08 bar. It then enters a condenser,
where it is condensed to saturated liquid water. The pump feeds back the water into the boiler.
Assuming ideal processes, determine per kg of steam the net work and the cycle efficiency

7. Two kg of air at 500 kPa, 80°C expands adiabatically in a closed system until its volume is
doubled and its temperature becomes equal to that of the surroundings which is at 100 kPa, 5°Cfor
this process, determine
(i) the maximum work
(ii) the change in availability and
(iii) the irreversibility.
For air taken, Cv = 0.718 kJ/kg K, u = Cv T Where Cv is constant and Pv = mRT where P is pressure
in kPa, V volume in m", 'm' mass in kg, R a constant equal to 0.287 kJ/kg K and Temperature in K.

8. Establish the inequality of Clausius and express Entropy change in irreversible process
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Unit3- Properties of Pure substances and steam Power Cycle

1.Draw p-v, T-s and h-s diagram of Rankine cycle used in power plants and derive a formula for the
cycle efficiency

2.A fluid having a temperature of 150°C and a specific volume of 0.96 m3 /kg at its initial state
expands at constant pressure, without friction, until the volume is 1.55 m3 /kg. Find, for 1 kg of fluid,
the work, the heat transferred, and the final temperature if a) the fluid is air b) the fluid is steam.

3.  A vessel of volume 0.04m3 contains a mixture of saturated water and saturated steam at a
temperature of 250°C. The mass of the liquid present is 9 kg. Find the pressure, the mass, the
specific volume, the enthalpy, the entropy and the internal energy.

4.A piston -cylinder device operates 1 kg of fluid at 20 atm. pressure. The initial volume is 0.04m3 .
The fluid is allowed to expand reversibly following the process PV 1.45 = constant so that the volume
becomes double. The fluid is then cooled at constant pressure until the piston comes back to the
original position. Keeping the piston unaltered. Heat is added reversibly to restore it to the initial
pressure. Draw the PV diagram and calculate the work done in the cycle.

5.In a steam power plant the condition of steam at inlet to the steam generator is 20 bar and 300°C
and the condenser pressure is 0.1  bar. Two feed water heaters operate at optimum temperature
Determine: (a) the quality of steam at turbine exhaust, (b) net work per kg of steam, (c) cycle
efficiency and (d) the stream rate. Neglect the pump work.

6.A steam turbine is fed with steam having an enthalpy of 3100 kJ/kg. It moves out of the turbine
with an enthalpy of 2100 kJ/kg. Feed heating is done at a pressure of 3.2 bar with steam enthalpy of
2500 kJ/kg. The condensate from a condenser with an enthalpy of 125 kJ/kg enters into the feed
heater. The quantity of bled steam is 11200 kg/h. Find the power developed by the turbine. Assume
that the water leaving the feed heater is saturated liquid at 3.2 bar and the heater is direct mixing
type. Neglect pump work.

7. A vessel of 6 m3 capacity contains two gases A and B in proportion of 45 per cent and 55 per cent
respectively at 30°C. If the value of R for the gases is 0.288 kJ/kg K and 0.295 kJ/kg K and if the
total weight of the mixture is 2 kg, calculate: (i) The partial pressure; (ii) The total pressure, (iii) The
mean value of R for the mixture

8. In a single heater regenerative cycle the steam enters the turbine at 30 bar, 400°C and the exhaust
pressure is 0.10 bar. The feed water heater is a direct - contact type which operates at 5 bar. Find
(i) the efficiencyand the steam rate of the cycle, and
(ii) the increase in mean temperature of heat addition, efficiency and steam rate as compared to the
Rankine cycle (with out regeneration) Neglect pump work.

9. One kg of steam is contained in an elastic balloon of spherical shape which supports an internal
pressure proportional to its diameter. The initial condition of steam is saturated vapour at 110°C.
Heat is transferred to steam until pressure reaches 200 kPa. Determine:
(i) Final temperature
(ii) Heat transferred. Take Cps = 2.25 kJ/kg K.
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Unit4- Ideal and Real gases and Thermodynamic Relations
1.Deduce the 4 Maxwell's Relations.

2.A convergent-divergent nozzle has a throat area of 500mm2 and an exit area of 1000 mm2 .Air
enters the nozzle with a stagnation temperature of 360K and a stagnation  pressure of 1MPa.
Determine the maximum flow rate of air that the nozzle can pass, and the static pressure , the static
temperature , mach number, and velocity at the exit from the nozzle, if

a)The divergent section acts as a nozzle,
b)The divergent section acts as a diffuser

3. Determine change of Internal Energy and change of entropy when the gas obeys Vander Waal's
equation.

4.Derive the Clausius- Clapreyon equation.

5.Explain the significance of Joule-Thomson coefficient

Unit 5- Psychrometry
1.Discuss about various psychometric processes used in engineering applications with schematic
diagrams.

2.An air conditioning system is designed under the following conditions:
Outdoor Conditions: 30°C DBT and 75% RH
Required Indoor Conditions: 22°C DBT and 70% RH

Amount of free air circulated: 3.33 m3 /s
Coil dew point temperature: 14°C
The required condition is achieved first by cooling and dehumidification, and then by heating.
Estimate a) the capacity of the cooling coil in tons of refrigeration b) the capacity of heating coil in
kW c) the amount of water vapour in kg/s

3.Atmospheric air at 1.0132 bar has a DBT of 32°c and a WBT of 26°c. Compute a)the partial
pressure of water vapour, b)the specific humidity, c)the dew point temperature, d)the relative
humidity, e)degree of saturation, f)density of air in the mixture , g)density of the vapour in the
mixture and h)the enthalpy of the mixture.

4.Air at 20°c, 40% RH is mixed adiabatically with air at 40°c, 40%RH in the ratio of 1kg of the
former with 2 kg of the latter (on dry basis). Find the final condition of air.

5.Water at 30°C flows into a cooling tower at the rate of 1.15 kg per kg of air. Air enters the tower at
a dbt of 20°C and a relative humidity of 60% and leaves it at a dbt of 28°C and 90% relative
humidity. Make - up water is supplied at 20°C. determine

(i) The temperature of water leaving the tower,
(ii) The fraction of water evaporated, and
(iii) Approach and range of the cooling tower.

6.The sling psychrometer in a laboratory test recorded the following readings:

Dry bulb temperature = 35°C
Wet bulb temperature = 25°C.
Calculate the following: (i) Specific humidity (ii) Relative humidity (iii) Vapour density in air (iv)
Dew point temperature
Take atmospheric pressure = 1.0132 bar
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7. The atmospheric air at 30°C DBT and 75% RH enters a cooling coil at the rate of 200 m3/min.
The coil dew point temperature is 14°C and the by pass factor is 0.1 determine
(i) The temperature of air leaving the coil
(ii) Capacity of the coolingcoil in TR
(iii) The amount of water vapour removed
(iv) Sensible heat factor for the process.

8. The volume flow rate of air is 800 m3/min of re-circulated at 22°C DBT and l0 º Cdew point
temperature is to be mixed with 300 m3/min of fresh air at 30°C DBT and 50%RH. Determine the
enthalpy, Specific volume, Humidity ratio and dew point temperature of the mixture.



CE8394 FLUID MECHANICS AND MACHINERY
TWO MARK QUESTIONS

UNIT-1: FLUID PROPERTIES AND FLOW CHARACTERISTICS
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)
ρwater = 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)

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.

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.

μ – Dynamic viscosity or viscosity or coefficient of viscosity (N-s/m2)
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 m2/s = 10000 Stokes (or) 1 stoke = 10-4 m2/s

6. What are the different types of fluids?
a. Ideal fluid,
b. Real fluid,
c. Newtonian fluid,
d. Non-Newtonian fluid,
e. Ideal Plastic fluid

7. Define Compressibility.
It is defined as the ratio of volumetric strain to compressive stress.

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
Surface tension on liquid droplet, σ = pd/4
Surface tension ona hollow bubble, σ = pd/8
Surface tension on a liquid jet, σ = pd/2
σ – Surface tension (N/m), d – Diameter (m), p – Pressure inside (N/m2)
ptotal = pinside + patm patm = 101.325 x 103N/m2



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.
θ = 0 for glass tube and water
θ = 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. List the types of fluid flow.
a. Steady and unsteady flow
b. Uniform and non-uniform flow
c. Laminar and Turbulent flow
d. Compressible and incompressible flow
e. Rotational and ir-rotational flow
f. Rotational and ir-rotational flow

14. 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 behavior of the fluid in motion change
with time.

∂V/∂t ≠ 0 ∂p/∂t ≠ 0 ∂ρ/∂t ≠ 0



15. 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

16. State Newton’s law of viscosity.
It states that „For a steady uniform flow, the shear stress on a fluid element is layer is
directly proportional to the rate of shear strain. The constant of proportionality is called
the coefficient of viscosity

17. 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 m3/s
ρ = constant

18. 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.

19. Write the Bernoulli’s equation applied between two sections
p1/ρg + v2

1/2g + Z1 = p2/ρg + v2
2/2g + Z2

p/ρg = pressure head
v2/2g = kinetic head
Z = datum head

20. State the assumptions used in deriving Bernoulli’s equation
a.Flow is steady
Flow is laminar;
Flow is ir-rotational;
Flow is incompressible;
Fluid is ideal.



21. List the instruments works on the basis of Bernoulli’s equation.
Venturi meter;
Orifice meter;
Pitot tube.

22. 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)

23. State Bernoulli’s equation.
In a steady flow of frictionless and incompressible fluid flow system, the total energy
per unit weight of flowing fluid remains constant.

24. What is known as Euler’s equation of motion?
If the flow is assumed to be ideal viscous force and it is zero then the equation of
motion is known as Euler’s equation of motion.



UNIT 2 - FLOW THROUGH CIRCULAR CONDUITS

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

2. What does Haigen – Poiseuille’s equation refers to?
The equation refers to the value of loss of head in a pipe of length “L” due to
viscosity in a laminar flow.

3. What is Hagen Poiseuille’s formula?

(P1-P2) / ρg = hf = 32 μŪL / ρgD 2

The expression is known as Hagen
Poiseuille’s formula. Where P1-P2 / ρg = Loss
of pressure head,
Ū= Average velocity,
μ = Coefficient of viscosity,
D = Diameter of pipe,
L = Length of pipe

4. Write the expression for shear stress?
Shear stress δ = - (∂p/∂x) (r/2)
δmax = - (∂p/∂x) (R/2)

5. Give the formula for velocity distribution: -
The formula for velocity distribution is given as
u = - (¼ μ) (∂p/∂x) (R2-r2)
Where R = Radius of the pipe,
r = Radius of the fluid element

6. Give the equation for average velocity : -
The equation for average velocity is given as

Ū = - (1/8μ) (∂p/∂x) R2

Where R = Radius of the pipe

7. Write the relation between Umax and Ū?
Umax / Ū = { - (¼ μ) (∂p/∂x) R2 } / { - ⅛μ (∂p/∂x) R2 }
Umax / Ū = 2

8. Give the expression for the coefficient of friction in viscous flow?
Coefficient of friction between pipe and fluid in viscous flow f =16/ Re
Where, f = Re = Reynolds number

9. What are the factors to be determined when viscous fluid flows through the circular pipe?
The factors to be determined are:

a. Velocity distribution across the section.
b. Ratio of maximum velocity to the average velocity.
c. Shear stress distribution.
d. Drop of pressure for a given length



10. Define kinetic energy correction factor?
Kinetic energy factor is defined as the ratio of the kinetic energy of the flow per sec
based on actual velocity across a section to the kinetic energy of the flow per sec based
on average velocity across the same section. It is denoted by (α).
K. E factor (α) = K.E per sec based on actual velocity / K.E per sec based on Average
velocity

11. 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

12. What is mean by boundary layer growth?
At subsequent points downstream of the leading edge, the boundary layer region
increases because the retarded fluid is further retarded. This is referred as growth of
boundary layer.

13. Classification of boundary layer.
a.  Laminar boundary layer,
b.  Transition zone,
c.  Turbulent boundary layer

14. Define Laminar sub Layer
In the turbulent boundary layer zone, adjacent to the solid surface of the plate the
velocity variation is influenced by viscous effects. Due to very small thickness, the
velocity distribution is almost linear. This region is known as laminar sub layer.

15. 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.

16. List the various types of boundary layer thickness.
Displacement thickness (δ*),
Momentum thickness (θ),
Energy thickness (δ**)

17. 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

18. 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



19. 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

20. What is meant by energy loss in a pipe?
When the fluid flows through a pipe, it loses some energy or head due to frictional
resistance and other reasons. It is called energy loss. The losses are classified as;
Major losses and Minor losses

21. Explain the major losses in a pipe.
The major energy losses in a pipe is mainly due to the frictional resistance caused by
the sheer force between the fluid particles and boundary walls of the pipe and also due
to viscosity of the fluid.

22. Explain minor losses in a pipe.
The loss of energy or head due to change of velocity of the flowing fluid in magnitude
or direction is called minor losses. It includes: sudden expansion of the pipe, sudden
contraction of the pipe, bend in a pipe, pipe fittings and obstruction in the pipe, etc.

23. State Darcy-Weibach equation OR What is the expression for head loss due
to friction?

Where, hf = Head loss due to friction (m),
L = Length of the pipe (m),
d = Diameter of the pipe (m),
V = Velocity of flow (m/sec)
f = Coefficient of friction

24. What are the factors influencing the frictional loss in pipe flow?
Frictional resistance for the turbulent flow is,
a. Proportional to vn where v varies from 1.5 to 2.0
b. Proportional to the density of fluid
c. Proportional to the area of surface in contact
d. Independent of pressure
e. Depend on the nature of the surface in contact

25. Define the terms a) Hydraulic gradient line [HGL] b) Total Energy line [TEL]
Hydraulic gradient line: It is defined as the line which gives the sum of pressure
head and datum head of a flowing fluid in a pipe with respect the reference line.

HGL = Sum of Pressure Head and Datum head

Total energy line: Total ener6gy line 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.
TEL = Sum of Pressure Head, Datum head and Velocity head



UNIT 3 - DIMENSIONAL ANALYSIS

1. Define dimensional analysis.
Dimensional analysis is a mathematical technique which makes use of the
study of dimensions as an aid to solution of several engineering problems. It
plays an important role in research work.

2. Write the uses of dimension analysis?
a. It helps in testing the dimensional homogeneity of any equation of fluid

motion.
b. It helps in deriving equations expressed in terms of non-dimensional

parameters.
c. It helps in planning model tests and presenting experimental results in a

systematic manner.

3. List the primary and derived quantities.
Primary or Fundamental quantities: The various physical quantities used to
describe a given phenomenon can be described by a set of quantities which are
independent of each other. These quantities are known as fundamental quantities or
primary quantities. Mass (M), Length (L), Time (T) and Temperature (θ) are the
fundamental quantities.
Secondary or Derived quantities: All other quantities such as area, volume, velocity,
acceleration,. Energy, power, etc are termed as derived quantities or secondary
quantities because they can be expressed by primary quantities.

4. Write the dimensions for the followings.
Dynamic viscosity (μ) – ML-1T-2, Force (F) - MLT-2,
Mass density (ρ) – ML-3, Power (P) -ML2T-3

5. Define dimensional homogeneity.
An equation is said to be dimensionally homogeneous if the dimensions of the terms
on its LHS are same as the dimensions of the terms on its RHS.

6. Mention the methods available for dimensional analysis.
a.  Rayleigh method,
b.  Buckingham π method

7. State Buckingham’s π theorem.
It states that “if there are ‘n’ variables (both independent & dependent variables) in a
physical phenomenon and if these variables contain „m functional dimensions and
are related by a dimensionally homogeneous equation, then the variables are arranged
into n-m dimensionless terms. Each term is called π term”.

8. List the repeating variables used in Buckingham π theorem.
Geometrical Properties – l, d, H, h, etc,
Flow Properties – v, a, g, ω, Q, etc,
Fluid Properties – ρ, μ, γ, etc.

9. Define model and prototype.
The small scale replica of an actual structure or the machine is known as its Model,
while the actual structure or machine is called as its Prototype. Mostly models are
much smaller than the corresponding prototype.



10. Write the advantages of model analysis.
a. Model test are quite economical and convenient.
b. Alterations can be continued until most suitable design is obtained.
c. Modification of prototype based on the model results.
d. The information about the performance of prototype can be obtained well in advance.

11. List the types of similarities or similitude used in model analysis
a. Geometric similarities,
b. Kinematic similarities,
c. Dynamic similarities

12. Define geometric similarities
It exists between the model and prototype if the ratio of corresponding lengths,
dimensions in the model and the prototype are equal. Such a ratio is known as “Scale
Ratio”.

13. Define kinematic similarities
It exists between the model and prototype if the paths of the homogeneous moving
particles are geometrically similar and if the ratio of the flow properties is equal.

14. Define dynamic similarities
It exists between model and the prototype which are geometrically and kinematic
ally similar and if the ratio of all forces acting on the model and prototype are equal.

15. Mention the various forces considered in fluid flow.
 Euler’s Model Law,
 Inertia force,
 Viscous force,
 Gravity force,
 Pressure force,
 Surface Tension force
 Elasticity force

16. Define model law or similarity law.
The condition for existence of completely dynamic similarity between a model and its
prototype are denoted by equation obtained from dimensionless numbers. The laws on
which the models are designed for dynamic similarity are called Model laws or Laws of
Similarity.

17. List the various model laws applied in model analysis.
a. Reynolds’s Model Law,
b. Froude’s model law
c. Euler’s model law
d. Weber model law
e. Mach model law

18. State Reynolds model law
For the flow, where in addition to inertia force the viscous force is the only other
predominant force,  the similarity  of  flow in  the  model  and  its  prototype  can  be
established, if the Reynolds number is same for both the systems. This is known as
Reynolds model law Re(p)= Re(m)



19. State Froude’s model law
When the forces of gravity can be considered to be the only predominant force which
controls the motion in addition to the force of inertia, the dynamic similarities of the
flow in any two such systems can be established, if the Froude number for both the
system is the same. This is known as Froude Model Law. Fr(p) = Fr (m)

20. State Euler’s model law
In a fluid system where supplied pressures are the controlling forces in addition to
inertia forces and other forces are either entirely absent or in-significant the Euler’s
number for both the model and prototype which known as Euler Model Law.

21. State Weber’s model law
When surface tension effect predominates in addition to inertia force then the
dynamic similarity is obtained by equating the Weber’s number for both model and its
prototype, which is called as Weber Model Law.

22. State Mach’s model law
If in any phenomenon only the forces resulting from elastic compression are
significant in addition to inertia forces and all other forces may be neglected, then the
dynamic similarity between model and its prototype may be achieved by equating the
Mach’s number for both the systems. This is known Mach Model Law.

23. Classify the hydraulic models.
The hydraulic models are classified as: Undistorted model & distorted mode

24. Define undistorted model
An undistorted model is that which is geometrically similar to its prototype, i.e. the
scale ratio for corresponding linear dimensions of the model and its prototype are
same.

25. Define distorted model
Distorted models are those in which one or more terms of the model are not identical
with their counterparts in the prototype.

26. Define Scale effect
An effect in fluid flow that results from changing the scale, but not the shape, of a
body around which the flow passes.

27. List the advantages of distorted model.
a. The results in steeper water surface slopes and magnification of wave heights in

model can be obtained by providing true vertical structure with accuracy.
b. The model size can be reduced to lower down the cast.
c. Sufficient tractate force can be developed to produce bed movement with a small

model.



Unit-IV PUMPS

1. Define Pump.
Pump is hydraulic machine which converts mechanical energy into hydraulic energy.

2. Define Centrifugal pump.
Hydraulic pump means it converts mechanical energy into hydraulic energy. If the

mechanical energy is converted into pressure energy means of centrifugal force acting on
the fluid, the hydraulic machine is called Centrifugal Pump.

3. Define Specific speed of a centrifugal pump.
The specific speed of a centrifugal pump is defined as the speed of a geometrically
similar pump which would deliver 1 m3/s against a head of 1 m.

4. What is a reciprocating pump?
Reciprocating pump is a positive displacement pump. This means the liquid is first
sucked into the cylinder and then displaced or pushed by the thrust of a piston.

5. What is single acting pump and double acting pump?
If the water is in contact with one side of the piston the pump then it is known as
single acting reciprocating pump. For one complete revolution one suction stroke and
one delivery stroke occurs.

If the water is in contact with both sides of the piston the pump then it is called double
acting reciprocating pump. For one complete revolution two suction strokes and two
delivery strokes occurs.

6. What is Discharge through a Reciprocating Pump?
For Single acting Reciprocating Pump: Discharge (QT)=ALN/60
For Double acting Reciprocating Pump: QT =2ALN/60

A=Area of the Cyclinder (m2),
L=Length of Stroke (m),
N=Speed of Crank (rpm)

7. What is the Workdone by Reciprocating Pump per sec?
For Single acting Reciprocating Pump: Workdone = ρgALN(hs+hd)/60
For Double acting Reciprocating Pump: Work done= 2ρgALN(hs+hd)/60
Where,

ρ=Density of Water (kg/m3 ),
A=Area of the Cylinder (m2),
L= Stroke Length (m),
N=Speed (rpm),
hs, hd=Suction and Delivery head (m).

8. Define slip and % slip.
The difference between the theoretical discharge (QT) and actual discharge (Qact) is
known as slip of the pump.

Slip = QT - Qact

% Slip = [ (QT - Qact)/QT ] x 100
If Qact is more than the QT then slip will be –ive.
If Qact lesser than QT then the slip will be +ive.



9. Define coefficient of discharge of reciprocating pump?
It is defined as the ratio of actual discharge to theoretical discharge of reciprocating
pump. Cd=Qa/Qth. If Cd > 1 then –ive slip occurs and if Cd < 1 then +ive slip occurs.

10. Write the expression for pressure head due to acceleration in suction and
delivery pipes.

Pressure head due to acceleration in suction pipe, has = (ls/g) (A/as) ω2r Cosωt
Where,
ls - Length of suction pipe; A – Area of piston cylinder,

as – Area of suction pipe; ω – Angular velocity; r – Radius of crank.
Pressure head due to acceleration in delivery pipe, had = (ld/g) (A/ad) ω2r Cosωt
Where,
ld - length of delivery pipe; A – area of piston cylinder,

ad – area of delivery pipe; ω – angular velocity; r – radius of crank.
Max pressure head due to acceleration, ha = (l/g) (A/a) ω2r

11. Write the expression for head due to friction in suction and delivery pipes.
Head loss due to friction in suction pipe is, hfs = (4fls/2gds) [ (A/as) ω2r Sinωt ]2

Where,
f – Coefficient of friction; ls - length of suction pipe; A – area of piston cylinder,
pipe; ds – diameter of delivery pipe;

12. Define indicator diagram?
The indicator diagram for a reciprocating pump is defined as the graph drawn
between the pressure head in the cylinder and the distance traveled by the piston for
one complete revolution of the crank.

13. Define ideal indicator diagram?
a. It is defined as the graph between pressure head in the cylinder and stroke

length of the crank under ideal condition is known as ideal indicator diagram.
b. During the suction stroke, the pressure in the cylinder is below atmospheric

pressure.
c. During the delivery stroke, the pressure in the cylinder is above atmospheric

pressure.

14. What is the relation between Work done of a Pump and Area of Indicator Diagram?
Work done by the pump is proportional to the area of the Indicator diagram.

15. What is the Work done by the Pump per sec due to acceleration and friction in the
suction and delivery Pipes?

For single acting: Workdone/sec = ρgALN(hs+hd+0.67hfs+0.67hfd)/60
For Double acting: Workdone/sec = 2ρgALN(hs+hd+0.67hfs+0.67hfd)/60
Where, h   =loss  of  head  due  to  friction  in  suction  and  delivery  pipes.

16. What is an air vessel?
An air vessel is a closed chamber containing compressed air in the top portion and
liquid at the bottom of the chamber. At the base of the chamber there is an opening
through which the liquid may flow into the vessel or out from the vessel. When the
liquid enters the air vessel, the air gets compressed further and when the liquid flows
out of the vessel, the air will expand into the chamber



17. What is the purpose of an air vessel fitted in the pump?
a. To obtain a continuous supply of liquid at a uniform rate.
b. To save a considerable amount of work in overcoming the frictional resistance

in the suction and delivery pipes, and
c. To run the pump at a high speed without separation.

18. What is the work saved by fitting an air vessel in a single acting, double
acting pump?

Work saved by fitting air vessels in a single acting pump is 84.87%, In a
double acting pump the work saved is 39.2%

19. Define Cavitation.
If the pressure in the cylinder is below the vapour pressure, the dissolved gases will be
liberated from the liquid and air bubbles are formed. This process is termed as
cavitation.

20. Define separation pressure and separation pressure head.
Due to cavitation process the continuous flow of fluid will get affected and separation
takes place. The pressure at which separation takes place is known as separation
pressure and the head corresponding to separation pressure is called separation
pressure head.
For water the limiting value of separation pressure head is,
hsep = - 7.8 m (Gauge pressure)
hsep = 10.3 – 7.8 = 2.5 m (Absolute pressure)

21. How will you obtain the maximum speed during suction stroke
The absolute pressure head will be minimum at the beginning of suction stroke Thus, in
the cylinder the separation taking place at the beginning of suction stroke only.  In  this
case,  the  absolute  pressure  head  will  be  equal  to  the  separation pressure.

hsep = Hatm – (hs + has) [or] has = Hatm – hs – hsep

But maximum pressure head due to acceleration in suction pipe is ,
has = (ls/g) (A/as) ω2r

Equating both the angular velocity(ω) and Speed (N) are obtained. This N is the
maximum speed of the pump during the suction stroke without separation.

22. How will you obtain the maximum speed during delivery stroke?
The absolute pressure head will be minimum at the end of delivery stroke. Thus, in the
cylinder the separation taking place at the end of delivery stroke only. In this case, the
absolute pressure head will be equal to the separation pressure.

hsep = Hatm + hs - had [or] had = Hatm + hd – hsep

But maximum pressure head due to acceleration in delivery pipe is ,
had = (ld/g) (A/ad) ω2r

Equating both the angular velocity (ω) and Speed (N) are obtained. This N is the
maximum speed of the pump during the delivery stroke without separation.

23. What is mean by Maximum speed of a Reciprocating Pump?
The maximum speed at which no separation flow is taking place in the cylinder is
called maximum speed of a reciprocating pump. It will be the least value of speeds
obtained from maximum speed during suction stroke and maximum speed during
delivery stroke.



24. Write the workdone saved by fitting the air vessel in reciprocating pump.
By fitting the air vessel the head loss due to friction in suction and delivery pipe is
reduced. This reduction in the head loss saves a certain amount of energy. Therefore,
the workdone saved is given by,

a. Workdone saved by workdone against friction
b. Fitting airvessel without airvessel with airvessel

25. Write the formula for workdone against friction with air vessel in reciprocating pump.
Workdone against friction with airvessel = [K/π] ρgQ [4fl/2gd] [(A/a) ωr]2

Where, K = 1 for single acting reciprocating pump
K = 2 for double acting reciprocating pump
Q = theoretical discharge (m3/s)

Q = ALN/60 for single acting reciprocating pump
Q = 2ALN/60 for double acting reciprocating pump
f = coefficient of friction
l = length of pipe (m)
d = diameter of pipe (m)
A = area of piston (m2)
ω = angular velocity (rad/s)
ω = 2πN/60
r = radius of crank



UNIT-V
TURBINES

1. What are fluid machines or Hydraulic machines?
The machines which use the liquid or gas for the transfer of energy from fluid to rotor or
from rotor to fluid are known as fluid machines.

2. How are fluid machines classified?
Fluid machines are classified into two categories depending upon transfer of energy:

a. Turbines – hydraulic energy is converted to mechanical energy and then electrical
energy.

b. Pumps – electrical energy is converted to mechanical energy and then hydraulic
energy.

3. What are called turbines?
Hydraulic turbines are the machines which use the energy of water and convert it into
mechanical energy. The mechanical energy developed by a turbine is used in running the
electrical generator which is directly coupled to the shaft.

4. What is known as Euler’s equation for turbo-machines?
The general expression for the work done per second on impeller . is

ρQ[Vw1u1 + Vw2u 2]

5. Define Gross Head of a turbine.
The difference between head race level and tail race level is known as Gross Head

6. Define Net head of a turbine.
It is also called effective head and is defined as the head available at the inlet of the turbine.

H = Hg – hf

7. What are the efficiencies of a turbine?
 Hydraulic efficiency
 Mechanical efficiency
 Volumetric efficiency
 Overall efficiency

8. What are an impulse turbine and a reaction turbine?
Impulse Turbine:
If at the inlet of the turbine, the energy available is only kinetic energy, the turbine is known
as impulse turbine. The pressure at the inlet of the turbine is atmosphere. This turbine is
used for high heads. The water strikes the bucket along the tangent of the runner. Ex: Pelton
Wheel Turbine.

Reaction Turbine:
If at the inlet of the turbine, the water possesses kinetic energy as well as pressure energy,
the turbine is known as reaction turbine. As the water flows through the runner, the water is
under pressure and the pressure energy goes on changing into kinetic energy. The runner is
completely enclosed in an air-tight casing and the runner and casing is completely full of
water. This turbine is used for medium heads. Ex: Francis Turbine.

9. Define Jet Ratio.
It is defined as the ratio of the pitch diameter (D) of the Pelton wheel to the diameter of the
jet (d). It is denoted by ‘m’ and is given as m = D/d



10. Classification of hydraulic turbines:
a) Based on type of energy available at inlet
 Impulse turbine (Pelton wheel)
 Reaction turbine (Francis turbine, Kaplan turbine, Propeller turbine)

b) Based on head available at inlet
 High head turbine – [ > 250 m ] - (Pelton wheel)
 Medium head turbine – [ 60 to 250 m ] - (Francis turbine)
 Low head turbine – [ < 60 m ] – (Kaplan turbine, Propeller turbine)

c) Based on specific speed
 High specific speed turbine – (Kaplan turbine, Propeller turbine)
 Medium specific speed turbine - (Francis turbine)
 Low specific speed turbine - (Pelton wheel)

d) Based on direction of flow through runner
 Tangential flow turbine Radial flow turbine
 Axial flow turbine Mixed flow turbine

11. Define Radial flow reaction turbine and their types
If water flows in the radial direction in the turbine then it is referred as radial flow
turbine.
Types:
Inward radial flow reaction turbine: If the water flows from outwards to inwards
through the runner, the turbine is known as inward radial flow reaction turbine. Here
the outer diameter of the runner is inlet diameter whereas the inner diameter of the
runner is outlet diameter.
Outward radial flow reaction turbine: If the water flows from inwards to outwards
through the runner, the turbine is called as outward radial flow reaction turbine. Here
the outer diameter of the runner is outlet diameter whereas the inner diameter of the
runner is inlet diameter.

12. What is mean by Draft Tube?
The draft tube is a pipe of gradually increasing area which connects the outlet of the
runner to the tail race. One end of the draft tube is connected to the outlet of the
runner while the other end is sub-merged below the level of water in the tail race.

13. Why do draft tubes have enlarging passage area in the direction of flow?
The pressure at the exit of the reaction turbine is generally less than atmospheric and
this makes the water NOT to discharge directly to the tail race. By the introduction of
draft tube, which has enlarged area in the direction of flow, the kinetic head reduces
and pressure head increases. There by discharge of water to the tail race safely.

14. Uses of draft tube:
Discharges water to tail race safely
Converts a large proportion of rejected kinetic energy into useful pressure energy
Net head of the turbine is increased.

15. Types of draft tube:
 Conical draft tube
 Simple elbow tube
 Moody spreading tube
 Elbow draft tube with circular inlet and rectangular outlet.

16. Define specific speed of a turbine.
It is defined as the speed of the turbine which is geometrically similar and it will
develop unit power when working under unit head.



17. Define Runaway speed of Turbine
The max speed reached by the turbine after the removal of the external load is called
runaway speed of turbine. The various rotating components of the turbine should be
designed to remain safe at the runaway speed.

18. List the characteristic curves of Hydraulic turbine.
a. Main Characteristic Curves (or) Constant Head Curves
b. Operating Characteristic Curves (or) Constant Speed Curves
c.Muschel Curves (or) Constant Efficiency Curves

19. What is roto dynamic pump?
When the increase in pressure is developed by rotating impeller or by action of
centrifugal force then the pump is called as roto dynamic pump

20. List the characteristic curves of Hydraulic turbine.
 Main Characteristic Curves (or) Constant Head Curves
 Operating Characteristic Curves (or) Constant Speed Curves
 Muschel Curves (or) Constant Efficiency Curves

21. Define Hydraulic efficiency.
It is defined as the ratio of the power given by water to the runner of a turbine to the
power supplied by the water at the inlet of the turbine.

Power delivered to runner (runner power)
ηh = ------------------------------------------------------------

Power supplied at inlet (water power)
22. Define Mechanical efficiency.

The ratio of the power available at the shaft of the turbine to the power delivered to
the runner is defined as mechanical efficiency.

Power available at the shaft (shaft power)
ηm = ------------------------------------------------------------

Power delivered to runner (runner power)

23. Define volumetric efficiency.
The ratio of the volume of the water actually striking the runner to the volume of
water supplied to the turbine is defined as volumetric efficiency.

24. Define Overall efficiency.
It is defined as the ratio of the power available at the shaft of the turbine to the power
supplied by the water at the inlet of the turbine.

Power available at the shaft (shaft power)
ηo = ------------------------------------------------------------

Power supplied at inlet (water power)

25. Define Runaway speed of Turbine.
The max speed reached by the turbine after the removal of the external load is called
runaway speed of turbine. The various rotating components of the turbine should be
designed to remain safe at the runaway speed.





UNIT 1

PART B&C

1 The space between two square flat parallel plates is filled with oil. Each side of the plate is 60 cm.
The thickness of the oil film is 12.5 mm. The upper plate, which moves at 2.5 m/s requires a force of
98.1 N to maintain the speed. Determine the dynamic viscosity of the oil and the kinematic viscosity
of the oil in stokes if the specific gravity of the oil is 0.95.

2 (i) If 5 m3 of a certain oil weighs 40 kN, Evaluate the Specific Weight,Mass Density and
Specific Gravity of this Oil.

(ii) At a certain point in castor oil the shear stress is 0.216 N/m2 and the velocity gradient 0.216s-1.
If the mass density of castor oil is 959.42 kg/m3, Evaluate kinematic viscosity.

3 (i). A plate 0.05 mm distant from a fixed plate, moving at 1.2 m/s requires a force of 2.2
N/m2 to maintain its speed. Find the dynamicviscosity of fluid between the plates.

PART A
1. Define density and weight density.
2. Define Newton law of Viscosity.
3. What are the properties of ideal fluid?
4. Define Specific Volume and Specific Weight.

5. Define compressibility.
6. What is meant by vapor pressure of a fluid?

7. Analyze Non-Newtonian fluids. Give examples.
8. What do you mean by absolute pressure and gauge pressure?
9. Define the term Kinematic Viscosity and give its dimensions.

10. What is specific gravity? How is it related to density?
11. Define surface tension and capillarity.
12. Analyze the effect of temperature on viscosity of liquids and gases.
13. Calculate the mass density and sp. volume of 1 litre of a liquid whichweighs 7N.

14. Differentiate kinematic viscosity with dynamic viscosity.
15. What is meant cavitations?
16. What are the assumptions of the Bernoulli’s equations?
17. What is the use of control volume?

18. State assumption made in deriving continuity equations.

19. Define Incompressible fluid.
20. State the equation of continuity to three dimensional in compressibleflow.



(ii). Calculate the capillary rise in a glass tube of 4 mm diameter, when immersed in (a) water and
(b) mercury. The temperature of the liquid is 20oC and the values of the surface tension of water
and mercury at 20oCin contact with air are 0.073575 N/m respectively. The angle of contact
for water is zero that for mercury 1.30o. Take density of water at 20oC as equal to 998 kg/m3.

4
A pipe (1) 450 mm in diameter branches in to two pipes (2 and 3) of diameters 300 mm and 200
mm respectively. If the average velocity in 450 mm diameter pipe is 3m/s. Find, (i). Discharge
through 450 mm diameter pipe;(ii)Velocity in 200 mm diameter pipe if the average velocity in 300
mm pipe is 2.5 m/s.

5

A 30 cm x 15 cm venturimeter is provided in a vertical pipe line carrying oil of specific gravity
0.9, the flow being upwards. The difference in elevation of the throat section and entrance section
of the venturimeter is 30 cm. The differential U tube mercury manometer shows a gauge
deflection of 25 cm. Calculate: (a) the discharge of oil.(b) The pressure difference between the
entrance section and the throat section. Take Cd = 0.98 and specific gravity of mercury as 13.6.

6

A vertical venturimeter 40 cm x 20 cm is provided in a vertical pipe to measure a flow of oil of
relative density 0.8. The difference in elevations of the throat section and the entrance sections in
1 m, the direction of flow of oil being vertically upwards. The oil-mercury differential gauge shows
deflection of mercury equal to 40 cm. Determine the quantity of oil flowing the pipe. Neglect
losses.

7

A horizontal venturimeter with inlet and throat diameter 300 mm and100 mm respectively is
used to measure the flow of water. The pressure intensity at inlet is 130 kN/m2 while the vacuum
pressure head at throatis 350 mm of mercury. Assuming that 3% head lost between the inlet
and throat. Find the value of coefficient of discharge for the venturimeter and also determine the
rate of flow.

8

A 45o reducing bend is connected in a pipe line, the diameters at theinlet and outlet of the
bend being 600 mm and 300 mm respectively.Find the force exerted by water on the bend if the
intensity of pressure at inlet to bend is 8.829 N/cm2 and rate of flow of water is 600 liters/s.

9
A 300 mm diameter pipe carries water under a head of 20 m with a velocity of 3.5 m/s. If the axis
of the pipe turns through 45o, find the magnitude and direction of the resultant force at the bend.

10
Derive Bernoulli equation from Euler’s equation of motion and Derivecontinuity equation

11

A drainage pipe is tapered in a section running with full of water. The pipe diameter of the inlet
and exit are 1000 mm and 500 mm respectively. The water surface is 2m above the centre of the
inlet and exit is 3m above the free surface of the water. The pressure at the exit is250 mm of Hg
vacuum. The friction loss between the inlet and exit of the pipe is1/10 of the velocity head at the
exit. Determine the discharge through the pipe.

i) Water is flowing through a pipe of diameter 30 cm and 20 cm at the section 1 and 2 respectively.
The rate of flow through pipe is 35 lps. The section 1 is 8 m above datum and section 2 is 6 m
above datum. If the pressure at section 1 is 44.5 N/cm2. Find the intensity of pressure at
section 2.



12

ii) Calculate the dynamic viscosity of oil which is used for lubrication between a square plate of
size 0.8m x 0.8m and an inclined plane with angle of inclination 30o. The weight of the square plate
is 330 N and it slide down the inclined plane with a uniform velocity of 0.3 m/s. The thickness of
the oil film is 1.5 mm.

13

i) Water flows at the rate of 200 litres per second upwards through a tapered vertical pipe. The
diameter at the bottom is 240 mm and at thetop 200 mm and the length is 5 m. The pressure at
the bottom is 8 bar, and the pressure at the topside is 7.3 bar. Determine the head loss through the
pipe. Express it as a function of exit velocity head.

ii) Determine the viscous drag torque and power absorbed on one surface of a collar bearing of
0.2 m ID and 0.3 m OD with an oil film thickness of 1 mm and a viscosity of 30 centipoises if it
rotates at 500 rpm

14

A pipe 200 m long slopes down at 1 in 100 and tapers from 600 mm diameter at the higher end to
300 mm diameter at the lower end, and carries 100 litres/ sec of oil having specific gravity 0.8. If
the pressure gauge at the higher end reads 60 KN/m2, determine the velocities at the two ends and
also the pressure at the lower end. Neglect all losses.

15

Water flows through a pipe AB 1.2 m diameter at 3 m/s and then passes through a pipe BC 1.5 m
diameter. At C, the pipe branches. Branch CDis 0.8 m in diameter and carries one third of the flow
in AB. The flow velocity in branch CE is 2.5 m/s. Find the volume rate of flow in AB, the
velocity in BC, the velocity in CD and the diameter of CE.

16

Find the discharge of water flowing through a pipe 30 cm diameterplaced in an inclined position
where a venturimeter is inserted, having a throat diameter of 15 cm. The difference of pressure
between the main and throat is measured by a liquid of specific gravity 0.6 in an invertedU tube
which gives a reading of 30 cm. The loss of head between the main and throat is 0.2 times the
kinetic head of the pipe.

17 A liquid has a specific gravity of 0.72. Find its density, specific weight and its weight per litre of
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0.5 N-s/m2 and the speedof the shaft rotates at 200 rpm.

18
i) Calculate the specific weight, density and specific gravity of one litreof a liquid which weighs
7 N.
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UNIT 2

PART A
1. What is use of moody’s diagram?
2. Define boundary layer and give its significance.
3. List the causes of minor energy losses in flow through pipes.
4. Differentiate between T.E.L and H.G.L.
5. What are equivalent pipe? Mention the equation used for it.
6. Write down Hagen-Poiseuille equation for laminar flow.
7. Write down four examples of laminar flow.
8. Differentiate between laminar and turbulent flow
9. What is a syphon? What are its applications?
10. What are the losses experienced by a fluid when it is passing through apipe?

11. What do you mean by flow through parallel pipes?
12. Mention the range of Reynold’s number for laminar and turbulent flow ina pipe.

13. Mention the general characteristics of laminar flow.
14. Draw the velocity distribution and the shear stress distribution for theflow through circular

pipes
15. Define boundary layer.
16. Define displacement thickness.
17. Define momentum thickness.

18. Formulate the expression of loss of energy due to sudden contraction andEnlargement.

19. Define the terms Drag and lift.
20. Give the classification of boundary layer flow based on the Reynoldsnumber.

PART B & C
1. Two sharp ended pipes of diameters 50 mm and 100 mm are connectedin parallel between

two reservoirs which have a difference of level of 10
m. If the co-efficient of friction for each pipe is 0.32, calculate the rate offlow for each pipe
and also the diameter of a single pipe 100 m long
which would give the same discharge, if it were substituted for theoriginal two pipes.

2. For the velocity profile in laminar boundary layeras .

Find the thickness of the boundary layer and shear stress, 1.5 m from the leading edge of a
plate. The plate is 2 m long and1.4 m wide is placed in water, which is moving with a
velocity of 200mm/sec. Find the total drag force on the plate if µ for water 0.01 poise.
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3. An oil of viscosity 9 poise and specific gravity 0.9 is flowing through a horizontal pipe of 60
mm diameter. If the pressure drop in 100 m lengthof the pipe is 1800 KN/m2, determine. a)
The rate of flow of oil. b) The centre-line velocity, c) The total frictional drag over 100 m
length, d)The power required to maintain the flow, e) The velocity gradient at the pipe wall,
f)The velocity and shear stress at 8 mm from the wall.

4. A liquid with a specific gravity 2.8 and a viscosity 0.8 poise flows through a smooth pipe of
unknown diameter, resulting in a pressure drop of 800 N/m2 in 2 km length of the pipe. What
is the pipe diameter if the
mass flow rate is 2500 Kg/hr.

5. For a flow of viscous fluid flowing through a circular pipe under laminar flow conditions
show that the velocity distribution is a parabola. Andalso show that the average velocity is
half of the maximum velocity.

6. Derive the expression for shear stress and velocity distribution for theflow through circular
pipe and using that derive the Hagen Poiseuille formula

7. Three pipes of 400 mm, 200 mm and 300 mm diameter have length of 400m, 200m and 300m
respectively. they are connected in series to makea compound pipe. the end of this compound
pipe are connected with two tanks whose difference of water levels is 16m. if the coefficient
of friction for these pipe is same and equal to 0.005, determine the

discharge through the compound pipe neglecting first the minor losses and then including
them.

8. A horizontal pipe line 40 m long is connected to a water tank at one end discharge freely into
atmosphere other end for the first 25 m of its length from the tank, the pipe line is 150 mm
diameter and its diameter issuddenly to enlarged to 300 mm the height of water level in the
tank is 8m above the center of the pipe. Consider all the loss of head which occur.
Determine the rate of flow take f=0.01 for both section of pipe

9. The rate of flow of water through a horizontal pipe is 0.25 m3/sec. The diameter of the pipe is
suddenly enlarged from 200 mm to 400 mm. The pressure intensity in the smaller pipe is
11.772 N/cm2. Determine (i) loss of head due to sudden enlargement (ii) pressure intensity in
the large pipe and (iii) power lost due to enlargement.

10. Two reservoirs whose water surface elevations differ by 12 m are connected by the following
horizontal compound pipe system starting from the high level reservoir. Take L1 = 200 m, D1

= 0.2 m, f1 = 0.008and L2 = 500 m, D2 = 0.3 m, f2 = 0.006. Considering all head losses and
assuming that all changes of section are abrupt, compute the discharge through the system.
Find the equivalent length of a 0.25 m diameter pipe if minor losses are neglected and
friction factors are assumed to be the same. Sketch HGL and TEL.

11. Three pipes of diameters 300 mm, 200 mm and 400 mm and lengths 450 m, 255 m and 315 m
respectively are connected in series. The differencein water surface levels in two tanks is 18
m. Determine the rate of flowof water if coefficients of friction are 0.0075, 0.0078 and 0.0072
respectively considering : (a) Minor losses also and (b)Neglecting minor losses.



12. i) An oil of specific gravity 0.80 and kinematic viscosity 15 x 10-6 m2/s flows in a smooth pipe of
12 cm diameter at a rate of 150 lit/min. Determine whether the flow is laminar or turbulent.
Also, calculate the velocity at the centre line and the velocity at a radius OD 4 cm. What is
head loss for a length of 10 m? What will be the entry length? Alsodetermine the wall
shear.
ii) Describe the Moody's chart.

13. Oil at 27 o C (ρ = 900 kg/m3 and μ = 40 centipoises) is flowing steadily in a 1.25 cm diameter,
40 m long pipe. During the flow, the pressure at the pipe inlet and exit is measured to be 8.25
bar and 0.97 bar, respectively.
Determine the flow rate of oil through the pipe assuming the pipe is i) horizontal, ii) inclined
20o upward and iii) inclined 20o downward.

14. A pipe line of 0.6 m diameter is 1.5 km long. To increase the discharge, another line of the
same diameter is introduced parallel to the first in the second half of the length. Neglecting
minor losses, find the increase in discharge if Darcy's friction factor is 0.04. The head at inlet
is 300mm.

15. A pipe of 12 cm diameter is carrying an oil (µ = 2.2 Pa.s and ρ = 125. Kg/m3) with a velocity of
4.5 m/s. Determine the shear stress at the wall surface of the pipe, head loss if the length of
the pipe is 25 m and the power lost.

16. A horizontal pipe has an abrupt expansion from 10 cm to 16 cm. The water velocity in the
smaller section is 12 m/s and the flow is turbulent. The pressure in the smaller section is 300
KPa. Determine thedownstream pressure and estimate the error that would have occurred if
Bernoulli’s equation had been used.

17. The velocity distribution in the boundary layer is givenby,
being boundary layer thickness. Calculate the following: i) Displacement thickness, ii)
Momentum thickness, and iii)Energy thickness.

18. Derive the Darcy- Weisbach equation for the loss of head due to frictionin pipes.



UNIT 3

PART A
1. Define the expression for Reynold's number.
2. Give the Dimensionally Homogeneous equation.
3. State the advantages of Dimensional and model analysis.
4. State and apply the significance Buckingham's π theorem.
5. Explain the term similitude.
6. Difference between Rayleigh’s method and Buckingham's π theorem.
7. Develop the dimensions of the following Physical Quantities:

(i) Pressure (ii) Surface Tension
(iii) Dynamic viscosity (iv) Kinematic Viscosity

8. Mention the similarities between model and prototype.
9. Mention the circumstance which necessitates the use of distorted models.
10. Submarine is tested in the air tunnel. Identify the model law applicable.
11. Define Froude’s number and Euler’s number
12. What is meant by undistorted model?
13. State the Fourier law of dimensional homogeneity.
14. Mention the significance of Reynolds’s model law.
15. State the methods of dimensional analysis.
16. How are the equations derived in Raleigh’s method?
17. State three demerits of a distorted model.
18. Develop the Euler model law and give its significance.
19. Define Mach number and state its applications.
20. Explain the different types of similarities that must exist between aprototype and its model.

PART B &C
1. i) List the criteria for selecting repeating variable in this dimensionalanalysis?

ii) Check whether the following equation is dimensionally homogeneous.T = 2π√(L/g)

2. The resisting force (R) of a supersonic flight can be considered as dependent upon the length of
the air craft ‘l’, velocity ‘v’ , air viscosity ‘µ’, air density ‘ρ’ and bulk modulus of air is ‘k’.
Express the functional relationship between these variables and the resisting force.

3. Using Buckingham's π theorem, show that velocity, through a circular pipe orifice is given by
H- head causing flow; D=diameter of orifice; µ=Coefficient of viscosity; ρ=mass density;
g=acceleration due to gravity.

4. The efficiency (η of a fan depends on ρ (density), µ (viscosity) of thefluid, Ѡ (angular
velocity), d (diameter of rotor) and Q (discharge). Express η in terms of non-dimensional
parameters. Use Buckingham's π .



5. Using Buckingham’s π- theorem, show that the velocity through a circular orifice in a pipe is
given by

where v is the velocity through orifice of diameter d and H is the head causing the flow and ρ
and µ are the density and dynamic viscosity of the fluid passing through the orifice and g is
acceleration due to gravity.

6. Derive on the basis of dimensional analysis suitable parameters to present the thrust developed
by a propeller. Assume that the thrust P depends upon the angular velocity ω, speed of advance
V, diameter D, dynamic viscosity µ, mass density ρ, elasticity of the fluid medium
which can be denoted by the speed of sound in the medium C.

7. The power developed by hydraulic machines is found to depend on the head H, flow rate Q,
density ρ, Speed N, runner diameter D and acceleration due to gravity g. Obtain suitable
dimensionless parameters to correlate experimental results.

8. The capillary rise h is found to be influenced by the tube diameter D, density ρ, gravitational
acceleration g and surface tension σ, determine the dimensional parameters for the correlation
of experimental results.

9. Classify Models with scale ratios.

10. Write short notes on the following:
(i). Dimensionless Homogeneity with example. (3) (ii). Euler Model Law (3)

(iii). Similitude. (3)
(iv). Undistorted and Distorted Models. (4)

11. Explain Reynold's law of similitude and Froude's law of similitude.

12. A Ship 300m long moves in sea water, whose density is 1030 kg/m3 , A1:100 model of ship is
to be tested in a wind tunnel. The velocity of air in the wind tunnel around the model is 30m/s
and the resistance of model is 60N. Determine the velocity of ship in sea water and also the
resistance of the ship in sea water. The density of air is given as 1.24g/m3. Take the kinematic
viscosity of sea -water and air as 0.012 stokes and 0.018 respectively.

13. A spillway model is to be built to geometrically similar scale of 1/ 50 across a flume OF 600
mm width. The prototype is 15 m high and maxi. head on it is expected to be 1.5 m
(i). What height of model and what head of model should be used.
(ii). If the flow over the model at a particular head is 12 lits. Per second, what flow per metre
length of the prototype is expected?
(iii). If the negative pressure in the model is 200 mm, what is the negative pressure in
prototype? Is it practicable?

14. (i) The ratio of length of a submarine and its model is 30:1. The speed of the proto type   is
10m/s the model is to be tested in a wind tunnel . Find the speed of air in wind tunnel. Also
determine the ration of the drag between the model and prototype. Take values of kinematic
viscosities of sea water and air as 0.012 stokes and 0.016 stokes respectively. The density of
sea water and air is given as 1030kg/m3 and 1.24kg/m3
respectively. (9)

5. Using Buckingham’s π- theorem, show that the velocity through a circular orifice in a pipe is
given by
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(ii) Explain similitude with types of similarities. (4)

15. The pressure difference Δp in a pipe of diameter D and length l due to turbulent flow depends
on the velocity V, viscosity µ, density ρ and roughness k. Using Buckingham’s π theorem,
obtain an expression for
Δp.

16. Using Buckingham’s π theorem, show that the discharge at consumed by an oil ring is given by

Where D is the internal diameter of the ring, N is rotational speed, ρ is density, µ is viscosity, σ
is surface tension and w is the specific weight of
oil.

17. The characteristics of spillway are to be studied by means of a geometrically similar model
constituted to the ratio of 1:10
i) If the maximum rate of flow in the prototype is 28.3 m3/s what will be the corresponding
flow in the model?
ii) If the measured velocity in the model at a point on the spillway is 2.4 m/s. What will be the
corresponding velocity in the prototype?
iii) If the energy dissipated per second in the model is 3.5J, what will be the energy that will be
dissipated in the prototype?
iv) If the hydraulic jump at the model is 50mm high, what will be the height of the jumping
prototype?

18. A torpedo shaped object, 700 mm diameter is to move in air at 50m/s and its drag is to be
estimated from tests in water on a 1/4 th of the scale model. Determine the necessary speed of
the model and the drag of the full scale object if that of the model is 900 N. The viscosity of air
and water are 1.76 x 10 -5 Ns/m2 and 1.06 x 10 -3 Ns/m2 respectively. Take ρair
= 1.24 kg/m3 and ρwater = 1000 kg/m3

(ii) Explain similitude with types of similarities. (4)
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UNIT 4

S.No QUESTIONS
1. Define slip of reciprocating pump.
2. Explain the working principle of an Air-vessel.
3. Why actual discharge be greater than theoretical discharge in areciprocating pump?

4. Summarize factor determines the maximum speed of a reciprocationpump.

5. List the functions of an air vessel.
6. What is specific speed of a pump? How are pumps classified based onthis number?

7. When does negative slip occur?
8. A pump is discharge 0.82 m3/s at head of 42 m when running at 300 rpm.Asses the type of

pump will be required.
9. Summarize the losses in centrifugal pump.
10. What are Roto dynamic pumps? Give examples.
11. Prepare the main components of reciprocating pump.
12. Define “Slip” of reciprocating pump. When does the negative slip occur.
13. Explain speed ratio.
14. What are rotary pumps? Give examples.
15. Define the manomeric efficiency and mechanical efficiency of a pump.
16. Illustrate hydraulic efficiency.
17. What is meant by NPSH?
18. Complete the expression for the work saved in a reciprocating pump byusing air vessel.

19. Explain indicator diagram.
20. Examine the cavitations problem in centrifugal pump.

PART B & C

1. Explain about working principle of centrifugal pump & Reciprocatingpump.

2. Two geometrically similar pumps are running at the same speed of 1000 rpm. One pump has an
impeller diameter of 0.30 m and lifts water at the rate of 20 litres per second against a head of
15 m. Estimate the head and impeller diameter of the other pump to deliver half the discharge.

3. i) Explain about the performance characteristics of centrifugal pumps. (7)
ii) Explain the working of Lobe and vane pumps. (6)

4. The diameter and width of a centrifugal pump impeller are 300 mm and60 mm respectively.
The pump is delivering 144 litres of liquid per second with a manometric efficiency of 85%
.The effective outlet vane angle is 30. If the speed of rotation is 950 rpm. Calculate the
specific speed of the pump.



5. The centrifugal pump has the following characteristics. Outer diameter of impeller = 800 mm;
width of the impeller vane at outlet = 100 mm. angle of the impeller vanes at outlet = 40º.The
impeller runs at 550 rpm and delivers 0.98 m3/s under an effective head of 35 m. A 500 kW
motor is used to drive the pump. Evaluate the manometric, mechanical and overall efficiencies
of the pump. Assume water enters the impeller vanes radially at inlet.

6. The impeller of a centrifugal pump having external and internal diameters 500 mm and 250
mm respectively, width at outlet 50 mm and running at 1200 rpm works against a head of 48 m.
The velocity of flow through the impeller is constant and equal to 3.0 m/s. The vanes are set
back at an angle of 40at outlet. Analyze:(i) Inlet vane angle (i) Work done by the impeller on
water per second (iii) Manometric efficiency.

7. i) The internal and external diameters of the impeller of centrifugal pumps are 300 mm and 600
mm respectively. The pump is running at 1000 rpm. The vane angles of the impeller at inlet
and outlet are 20o and 30o respectively. The water enters the impeller radially and velocity of
flow is constant. Examine the work done by the impeller per unit weight
of water. Sketch the velocity triangle. (7)
ii) A single acting reciprocating pump running at 60 rpm delivers 0.02 m3/s of water. The
diameter of the piston is 250 mm and stroke length 450 mm. Examine 1) theoretical discharge
of the pump, 2) coefficient of discharge 3) slip of pump and 4). Percentage slip of the pump. (6)

8. The diameter and stroke length of a single acting reciprocating pump are 150 mm and 300 mm
respectively, the pump runs at 50 rpm and lifts 4.2 lps of water through a height of 25 m. The
delivery pipe is 22 m long and 100mm in diameter. Identify (i) Theoretical power required to
run the pump (ii) % of slip and (iii) Acceleration head at the beginning and
middle of the delivery stroke.

9. The diameter and length of a suction pipe of a single acting reciprocating pump are 10 cm and
5 m respectively. The pump has a plunger diameter of 15 cm and a stroke length of 35 cm. The
center of the pump is 3 m above the water surface in the sump. The atm. Pressure head is 10.3
m of water and the pump runs at 50 rpm. Collect (Find), (i) pressure head due to Acceleration
at the beginning of the suction stroke. (ii) Maximum pressure head due to Acceleration and (iii)
pressure head in the cylinder at the beginning and end of the suction stroke.

10. Discuss with a neat sketch the working of a single-acting reciprocating pump. Also obtain the
expression for weight of water delivered by the
pump per second.

11. In a single acting reciprocating pump with plunger diameter of 120 mm and stroke of 180 mm
running at 60 rpm, an air vessel is fixed at the same level as the pump at a distance of 3 m. The
diameter of the delivery pipe is 90 mm and the length is 25 m. Friction factor is 0.02. Calculate
the reduction in accelerating head and the friction head due to the fitting of air vessel.

12. A double acting reciprocating pump running at 60 rpm is discharging 1.5 m3 of water per
minute. The pump has a stroke length of 400 mm. The diameter of the piston is 250 mm. The
delivery and suction heads are20 m and 5 m respectively. Predict (Find) the power required to
drive the pump and the slip of the pump.

13. A double acting reciprocating pump has a bore of 150 mm and stroke of 250 mm and runs at 35
rpm. The piston rod diameter is 20 mm. The suction head is 6.5 m and the delivery head is 14.5
m. The discharge ofwater was 4.7 lit/s. Prepare (Determine) the slip and the power required.



14. A centrifugal pump is to discharge 0.118 m3/s at a speed of 1450 rpm against a head of 25 m.
The impeller diameter is 250mm. Its width atoutlet is 50 mm and the manometric efficiency
is 75%. Find the vane angle at outer periphery of the impeller

15. (i) A single acting reciprocating pump has a bore of 200 mm and a stroke of 350 mm and runs
at 45 rpm. The suction head is 8 m and the delivery head is 20 m. Determine the theoretical
discharge of water and power
required. If slip is 10%, what is the actual flow rate? (12)
(ii). What is priming? Why is it necessary? (3)

16. A centrifugal pump has a head discharge given by H = 35 - 2200 Q2,where H is head by
pump in ‘m’ and Q is discharge in m3/s. The pump is to deliver a discharge against a static head
of 12m. The suction pipe is 15 cm diameter and 20 m long with f = 0.018. The delivery pipe is
20 cm diameter and 40m long with f = 0.02. Calculate the head and discharge delivered by the
pump, if the overall efficiency is 0.7, also calculate the power supplied.

17. It is required to deliver 0.05 m3/s of water to height of 25 m through a150 mm diameter
and 120 m long pipe. If the overall efficiency of the pump is 80% and co-efficient of friction =
0.01 for the pipeline, find the power required to drive the pump and identify the pump.



UNIT 5

PART A
1. Classify turbines according to flow.
2. Explain high head turbines. Give examples.
3. Define hydraulic efficiency of a turbine.
4. The mean velocity of the buckets of the Pelton wheel is 10 m/s. The jet supplies water at 0.7

m3/s with a head of 30 m. The jet is deflected through an angle of 160° by the bucket.
Calculate the hydraulic
efficiency. Take CV = 0.98.

5. Define specific speed & unit speed of a turbine.
6. Classify the different types of draft tubes.
7. Discover the functions of a draft tube.
8. Discuss the role of draft tube in Kaplan turbine.
9. Illustrate an example for a low head turbine, a medium head turbine anda high head turbine.

10. Describe reaction turbines? Give examples.
11. Differentiate the impulse and reaction turbine.
12. Label (Draw) velocity triangle diagram for Pelton Wheel turbine.
13. Give the comparison between impulse and reaction turbine.
14. Judge (Write) a note on performance curves of turbine.
15. Prepare a short note on Governing of Turbines.
16. Formulate the expression for the efficiency of a draft tube
17. Define unit speed of turbine.
18. Define volumetric efficiency of turbine.
19. A shaft transmits 150 kW at 600rpm. Evaluate the torque in Nm..
20. Express and concise on Euler turbine equation.

PART B & C
1. Derive an expression for maximum hydraulic efficiency in an impulseturbine and Compare

radial flow and axial flow turbo machines.
2. A Pelton wheel, working under a head of 500 m develops 13 MW when running at a speed of

430 rpm. If the efficiency of the wheel is 85%, examine the rate of flow through the turbine,
the diameter of the wheel and the diameter of the nozzle. Take speed ratio as 0.46 and
coefficient of velocity for the nozzle as 0.98

3. A Pelton wheel works under a gross head of 510 m. One third of gross head is lost in friction
in the penstock. The rate of flow through thenozzle is 2.2 m3/sec. The angel of deflection
of jet is 165°. Predict the (i) power given by water to the runner (ii) hydraulic efficiency of
Pelton wheel. Take CV = 1.0 and speed ratio = 0.45

4. A Pelton turbine is required to develop 9000 kW when working under ahead of 300 m the
impeller may rotate at 500 rpm. Assuming a jet ratio of 10 and an overall efficiency of 85%
calculate(i) Quantity of water required, (ii) Diameter of the wheel, (iii) No of jets, (iv) No and
size of the bucket vanes on the runner.



5. A Pelton wheel turbine develops 3000 kW power under a head of 300 m. The overall efficiency
of the turbine is 83%. If the speed ratio = 0.46, CV= 0.98 and specific speed is 16.5, and then
calculate the diameter of the turbine and diameter of the jet.

6. A Pelton wheel has a mean bucket speed of 10 m/s with a jet of water flowing at the rate of 700
lps under a head of 30 m. The buckets deflect the jet through an angle of 160o. Identify the
power given by the water to the runner and the hydraulic efficiency of the turbine. Assume
coefficient of velocity as 0.98

7. Analyze the inlet and outlet velocity triangles of a Pelton turbine and indicate the direction of
various velocity components. Also obtain an expression for the work done per second by water
on the runner of the Pelton wheel.

8. A reaction turbine works at 450 rpm under a head of 120 m. Its diameter at inlet is 1.2 m and the
flow area is 0.4 m2. The angles made by absolute and relative velocities at inlet are 200 and 600

respectively with the tangential velocity. Identify: (i) the volume rate of flow, (ii) the power
developed, and (iii) the hydraulic efficiency.

9. The velocity of whirl at inlet to the runner of an inward flow reaction turbine is 3.15 H m/s and
the velocity of flow at inlet is 1.05 H m/s. The velocity of whirl at exit is 0.22 H m/s in the same
direction as at inlet and the velocity of flow at exit is 0.83 H m/s, where H is head of water 30m.
The inner diameter of the runner is 0.6 times the outer diameter. Assuming hydraulic efficiency
of 80%, Measure angles of the runner vanes at inlet and exit.

10. A hub diameter of a Kaplan turbine, working under a head of 12 m, is 0.35 times the diameter of
the runner. The turbine is running at 100 rpm. If the vane angle of the runner at outlet is 150 and
flow ratio 0.6, Examined (i) diameter of the runner, (ii) diameter of the boss, and (iii) Discharge
through the runner. Take the velocity of whirl at outlet as zero.

11. A Kaplan turbine develops 24647.6 kW power at an average head of 39 m. Assuming the speed
ratio of 2, flow ratio of 0.6, diameter of the boss equal to 0.35 times the diameter of the runner
and an overall efficiency of 90%, calculate the diameter, speed and specific speed of the turbine.

12. i) A Kaplan turbine delivers 10 MW under a head of 25 m. The hub and tip diameters are 1.2 m
and 3 m. Hydraulic and overall efficiencies are 0.90 and 0.85. If both velocities are right angled
triangles, predict the speed, guide blade outlet angle and blade outlet angle.

ii) Summarize the construction details of Kaplan turbine with a neat sketch.

13. A Francis turbine with an overall efficiency of 70% is required to produce 147.15 KW. It is
working under a head of 8 m. The peripheral velocity = 0.30√2gH and the radial velocity of the
flow at inlet is 0.96√2gH. The wheel runs at 200 rpm and the hydraulic losses in the turbine are
20% of the available energy. Assume radial discharge, Invent i) guide blade angle, ii) wheel
vane angle at inlet, iii) diameter of wheel at inlet and iv) width of wheel at inlet.
triangle. Draw the velocity triangle



14. i) A Francis turbine developing 16120 KW under a head of 260 m runs at 600 rpm. The runner
OD is 1500 mm and the width is 135 mm. The flow rate is 7 m3/s. The exit velocity at the draft
tube outlet is 16 m/s. Assuming zero whirl velocity at exit and neglecting blade thickness.
Analyze the overall and hydraulic efficiency and rotor blade angle at inlet. Also find the
guide vane outlet angle.

ii) Explain about draft tube and its types.
15. The following data are given for a Francis turbine. Net head H = 60 m, speed N = 700 rpm,

Shaft power P = 294.3 KW, overall efficiency = 84%, hydraulic efficiency = 93%, flow ratio
= 0.20, breadth ratio = 0.1, outer diameter of the runner = 2 x inner diameter of the runner,
velocityof flow is constant at inlet and outlet and discharge is radial at outlet. Determine:

(i). Guide Blade angle.
(ii). Runner vane angle inner and outer.
(iii). Diameter of runner at inlet and outlet and(iv). Width of the
wheel at inlet.

16. A Kaplan turbine working under a head of 20 m develops 15 MW brake power. The hub
diameter and runner diameter of the turbine are 1.5 mand 4 m respectively. The guide blade
angle at the inlet is 30°, Hydraulic efficiency 0.9 and overall efficiency 0.8. The discharge is
radial. Find the
runner vane angles and turbine speed.

17. Draw the inlet and outlet velocity diagram for a pelton wheel. Obtain anexpression for work
done and hydraulic efficiency and also derive the expression for maximum hydraulic
efficiency.

18. Explain with neat sketch the principle of operation of a Kaplan turbineand give its
characteristics and also compare merits and demerits of other turbines.
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