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Important Instructions to examiners: 

1) The answers should be examined by key words and not as word-to-word as given in the model answer scheme. 

2) The model answer and the answer written by candidate may vary but the examiner may try to assess the 

understanding level of the candidate. 

3) The language errors such as grammatical, spelling errors should not be given more Importance (Not applicable for 

subject English and Communication Skills. 

4) While assessing figures, examiner may give credit for principal components indicated in the figure. The figures 

drawn by candidate and model answer may vary. The examiner may give credit for any equivalent figure drawn. 

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values may vary and 

there may be some difference in the candidate‟s answers and model answer. 

6) In case of some questions credit may be given by judgement on part of examiner of relevant answer based on 

candidate‟s understanding. 

7) For programming language papers, credit may be given to any other program based on equivalent concept. 

          

Q. 

No. 

Sub 

Q. 

No. 

Answer  Marking 

Scheme 

1.a)  Attempt any SIX of the following 12 

 i 

Define  

1)Thermodynamic state: It is the condition of the system (when the system is in 

thermodynamic equilibrium) at any particular moment which can be identified by the 

statement of its properties such as pressure, temperature, volume, etc. 

2) Thermodynamic cycle: When the process or processes performed on the system are in 

such a way that the final state is identical with initial state, it is known as thermodynamic 

cycle or cyclic process. 

 

 

 

1  

 

 

1 

 ii 

State Zeroth law of thermodynamics. 

Ans: When two systems are each in thermal equilibrium with a third system, then the two 

systems are also in thermal equilibrium with one another. This law provides the basis for 

temperature measurement.  

 

 

 

2 

 iii 

Ideal Gas: It is defined as the gas which strictly obeys all the gas laws under all conditions 

of temperature and pressure. 

Assumptions:1)Its evaporation from its liquid state is complete, the gas consists of a large 

number of molecules, which are in random motion and obey Newton's laws of motion; 

 2)the volume of the molecules is negligibly small compared to the volume occupied by the 

gas; and  

3)no forces act on the molecules except during elastic collisions of negligible duration.( Any 

two assumptions) 

1 

 

 

1 

 

 iv 

State Avogadro’s law: 

Ans: Avogadro's law (sometimes referred to as Avogadro's hypothesis or Avogadro's 

principle) is an experimental gas law relating volume of a gas to the amount of substance of 

gas present. A modern statement of Avogadro's law is: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. 

 

 

1  

 

 

 

 

1 

 v 

Ans: i) Dryness fraction:- It is defined as a fraction of steam that is in vapour form in 

liquid vapour is called dryness fraction.  

          Dryness fraction is the ratio of the weight of actual dry steam to the weight of wet 

steam. 

X = Ws/ Ws + W = Actual weight of dry steam / Weight of wet steam 

 

 

1  
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Where X – Dryness fraction 

Mv – mass of vapour (dry steam) contain in steam  

Ml = mass of water in suspension in steam 

Dryness fraction is ratio of the mass of actual dry steam to the mass of wet steam. 

 

ii)Degree of superheat: It is the difference between the temperature of superheated vapour 

& saturation temperature corresponding at given pressure. This said to be degree of 

superheat.  

Degree of superheat = (Tsup – Tsat) 

 

 

 

 

 

 

 

1 

 vi 

Write continuity equation of steam nozzle. 

The Law of Conservation of Mass states that mass can be neither created nor destroyed. 

Using the Mass Conservation Law on a steady flow process - flow where the flow rate do 

not change over time - through a control volume where the stored mass in the control 

volume do not change - implements that-inflow equals outflow. This statement is called 

the Equation of Continuity.  It  can be expressed as: ρAC = Constant 

m=  

where 

m = mass flow rate (kg/s) 

ρ = density (kg/m
3
); v = specific volume(m

3
/kg) 

C = speed (m/s) 

A = Cross sectional area of nozzle (m
2
)   

 

 

1 mark 

for 

meaning 

 

 

 

 

 

 

 

 

1 mark 

for 

equation 

 

 vii 

Compounding: the arrangement to reduce pressure from boiler pressure to condenser 

pressure by use of multiple system of rotors in series, keyed to common shaft or by 

increasing number of stages and the steam pressure or steam velocity is absorbed in stages 

as it flows over moving blades. This is known as compounding 

The steam produced in the boiler has got very high enthalpy. In all turbines the blade 

velocity is directly proportional to the velocity of the steam passing over the blade. Now, if 

the entire energy of the steam is extracted in one stage the, then its velocity will be very 

high. Hence the velocity of the rotor (to which the blades are keyed) can reach to about 

30,000 rpm, which is pretty high for practical uses. Moreover at such high speeds the 

centrifugal forces are immense, which can damage the structure. Hence, compounding 

is needed. 

 

 

 

1 

 

 

 

 

1 

 viii 

State Dalton’s law of partial pressures.  

This law states that “The total pressure exerted by a mixture of air and water vapour on the 

walls of container is the sum of partial pressure exerted by air separated and that exerted by 

vapour separately at common temperature of the condenser”. 

 

P = Pa + Ps 

Where  

Pa= partial pressure exhausted by air  

 

 

1 mark 

for 

definition, 

 

 

 1 mark 
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Ps = partial pressure exhausted by vapour  

P = total pressure of mixture at temperature. 

 

for 

formula  

1.b)  Attempt any TWO of the following 8 

 i 

 

Classification of Boilers: 

1.Content in the tube- Fire tube /Water tube 

2.Circulation of water/steam- Natural circulation/Forced circulation 

3.No. of tubes-Single tube/Multi tubular  

4.Axis of shell-Horizontal/vertical/inclined 

 

1 mark 

for each 

point 

 ii 

Sources of air leakage in condenser and its effect :  

Sources: 

Leakage through packing glands and joints. 

Leakage through condenser accessories, such as atmospheric relief value, etc. 

Air associated with exhaust steam may also liberate at low pressure. 

In the jet condenser, the dissolved air in the cooling water liberates at low pressures. 

The effect of the presence of air in condenser are: 

1) It increases the back pressure of the prime mover and reduces the work done per kg 

of steam 

2) The partial pressure of steam and its corresponding temperature decreases due to 

pressure of air. 

3) Because of poor thermal conductivity of air the rate of heat transfer from the vapour 

is reduced.  

4) The presence of air in the condenser increases the corrosive action. 

 

 

 

2 

 

 

 

 

 

 

2 

 iii 

Define black body, grey body, absorptivity, reflectivity  

Ans:  

 

Black body: 

A body which absorbs all the incident radiation is called black body irrespective of its 

colour. For black body condition is α = 1, β = 0,  τ = 0.  

 

Grey body: If the body absorbs a definite percentage of incident radiation irrespective of 

their wavelengths, the body is known as „grey body‟. 

     The body whose absorptivity do not vary with temperature and wavelength of the 

incident ray is called gray body. 

  

Absorptivity: It is defines as the ratio of amount of energy absorbed to amount of energy 

incident on a body   OR 

Fraction of total energy absorbed by the body is called Absorptivity. 

 

Reflectivity: it is defined as amount of energy reflected to total amount of energy incident 

on the body 

 

 

 

1 mark to 

each 

definition 

2  Attempt any FOUR of the following 16 

 a 

Thermodynamic system:  
A thermodynamic system is defined as a quantity of matter or a region in space which is 

selected for the study. The mass or region outside the system is called surroundings.  

On the basis of mass and energy transfer the thermodynamic system is divided into three 

types.1.Closed system  2.Open system  3.Isolated system     

Closed system: A system in which the transfer of energy but not mass can takes place across 

 

 

1 
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the boundary is called closed system. The mass inside the closed system remains constant. 

For example: Boiling of water in a closed vessel.  

Open system: A system in which the transfer of both mass and energy takes place is called 

an open system. This system is also known as control volume. For example: Boiling of 

water in an open vessel is an example of open system because the water and heat energy 

both enters and leaves the boundary of the vessel. 
 
Isolated system: A system in which the transfer of mass and energy cannot takes place is 
called an isolated system. 
For example: Tea present in a thermos flask. In this the heat and the mass of the tea cannot 
cross the boundary of the thermos flask. Hence the thermos flak is an isolated system.  

 

1 

 

 

1 

 

 

 

1 

 b 

1 Kg of air initially at 1 bar  and 156⁰C  is compressed isothermally till the volume is 

reduced to 0.28 m
3 
Determine Work done and change in internal energy. 

 ( We Assume R= 0.287 KJ/KgK for air) 

Ans: Given 

m = 1 kg , 

 Initial temp  T1 = 156⁰C = 156+273= 429⁰K, 

Initial pressure  P1= 1 bar = 100KPa , 

Final Volume V2= 0.28m
3
 

Applying characteristic gas equation,. 

P1V1 = mRT1 

100 X V1= 1 X 0.287 X 429 

V1 =1.231 m3 

For Isothermal process, 

P1V1=P2V2 

100 X 1.231 = P2 X 0.28 

P2 = 439.64 KPa 

Work done for Isothermal process 

dW= P1V1loge(V2/V1) 

      = 100 X 1.231 X loge(0.28/1.23) 

      = - 182.138 KJ 

Minus sign indicates that work is supplied during compression. 

 

Change in Internal energy = dU 

                                          = mCv(T2-T1) = 0    (As T1 = T2 For isothermal process) 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

2 

 

 

 

 

 

1 

 c 

Formation of steam using T-H diagram: 

 

Formation of steam at constant pressure 

 

 

 

 

 

 

Diagram-

2 
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Consider formation of steam from ice at -10⁰ C at atmospheric pressure of 1.01325 bar. 

This is explained from stage a to stage f as shown in fig. 

a-b  ( Heating of ice from -10⁰C to melting point of ice) :- 

In this heating, temp of ice will increase, which can be sensed by thermometer. 

Therefore it is called as „sensible heat‟. During this heat addition, solid phase exists.  

This sensible heat is denoted as „hi  „ 

b-c (Latent heat of fusion of ice):- 

Point b is saturation state of ice. Further addition of heat will not increase the temp of 

ice but ice will start converting into water. Thus b-c is transformation phase. In this 

region, solid as well as liquid phase exists and heat supplied is called as „Latent 

heat‟ as it is not sensed by thermometer. It is  denoted by „hi f „ 

c-d (Sensible heating of water from 0⁰C to saturation temp) :- 

In this region water at 0⁰C is heated to 100⁰C (Boiling point of water at 1.01325 bar.) 

This change in temp is sensed by thermometer. So it is known as „ sensible heat‟ of 

water. It is denoted by hf  . Here only liquid phase exist. 

Heat supplied = hf  = mCp (Td -Tc)  = 1 X 4.18 (100-0)  = 4.18 KJ/ kg 

d-e (Latent heat of vaporization  of water) :- 

At point „d‟ water is at saturation state. Further addition of heat will not increase the 

temp but heat is transferred at constant temp to change the phase from liquid to 

vapour (steam). This is known as „ Latent Heat of vaporization of water‟. It is 

denoted by‟ hfg   „ .From steam tables, at 1.01325 bar, hfg =   2256.9 KJ/Kg . In this 

region, both liquid and vapour phase exist. 

e-f (Superheating of steam):- 

At point „e‟, steam is present in dry saturated state. It does not contain any moisture, as 

all liquid is converted into steam. Further heating of steam will increase the temp of 

steam, which is known as superheating. Thus, superheating is defined as heating of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Explanati

on-2 
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steam above saturation temperature. 

 d 

Classification of steam turbine: 

(i) Action of steam over blade- Impulse/Reaction/Impulse-Reaction turbine 

(ii) Direction of steam flow- Axial/Radial/tangential flow 

(iii) Steam pressure-High pressure/low pressure/Medium pressure turbine 

(iv) Exhaust steam pressure-Condensing/non condensing type steam turbine 

1 mark 

each for 4 

points 

 e 

Mach Number 

In fluid dynamics, the Mach number (M or Ma) is a dimensionless quantity representing the 

ratio of flow velocity past a boundary to the local speed of sound. 

M=  

where: 

M is the Mach number, 

u is the local flow velocity with respect to the boundaries (either internal, such as an object 

immersed in the flow, or external, like a channel), and 

c is the speed of sound in the medium. 

By definition, Mach 1 is equal to the speed of sound. Mach 0.65 is 65% of the speed of 

sound (subsonic), and Mach 1.35 is 35% faster than the speed of sound (supersonic). 

The local speed of sound, and thereby the Mach number, depends on the condition of the 

surrounding medium, in particular the temperature. The Mach number is primarily used to 

determine the approximation with which a flow can be treated as an incompressible flow. 

The medium can be a gas or a liquid. If Mach is much greater than 1, flow is called 

Hypersonic. 

 

 

 

 

 

 

2 

 

 

 

 

 

 

2 

 F 

State  Kelvin Planck and Clausius statements of the second law of Thermodynamics : 

Kelvin – Planck statement: 

 

Kelvin – Planck statement states “it is impossible to construct an engine, which is operating 

in a cycle, whose sole purpose is to convert heat energy from single thermal reservoir into 

equivalent amount of work. Thus whole heat cannot be converted into work. There is 

degradation of energy. 

It considers the transformation of heat into work. 

Clausius tatement: 

 

Clausius statement states “it is impossible for a self acting machine working in a cyclic 

process without any external force, to transfer heat from a body at a lower temperature to a 

body at a higher temperature. Thus external mechanical work expenditure is necessary to 

transfer heat from a body at a low temperature to body at high temperature. 

 

 

 

 

 

 

 

 

2 

 

 

 

 

 

 

 

2 

3.  Attempt any FOUR of the following  

 

 

 

 

a. Q. Define thermodynamic work and heat transfer also give sign conventions used for 

transfer of work and heat. 

Ans: Thermodynamic Heat: 

It occurs due Temperature difference. 

 Here is no restriction for transfer of heat.  

1 mark 

for any 

two 

points 
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The sole effect external to system could be reduced to raise the weight but heat transfer of 

the effect is also considered. 

 Body or system contains heat. Heat is low grade energy. 

 Entire heat cannot be converted into work. 

Application:- Any example related from Conduction, Convection or Radiation. 

Heat Received by system is considered as Positive (+Q). Heat rejected by system is consider 

as Negative (-Q). 

Thermodynamic Work: 

It occurs due to Displacement or motion. 

In stable system work transfer will be zero. 

 The sole effect external to the system could be reduced to rise of a weight. Body or system 

never contains work. 

 Heat is high grade energy.  

Entire work can be converted into heat. 

Application :- Any example were force and displacement occurs  

Work done on the System is consider as Negative (-W) 

Work done by the System is consider as Positive (+W) 

 

 

 

 

1 mark 

for sign 

conventio

ns 

 

1 mark 

for any 

two 

points 

1 mark 

for sign 

conventio

ns 

 

b. Q. Draw P-V and T-S chart of following gas processes. 

i) Isobaric process 

ii) Isothermal process 

Ans: i) Isobaric process:- 

 

ii) Isothermal Process:- 

1 mark 

for P-V 

chart 

 

 

1 mark 

for T-S 

chart 

 

 

1 mark 

for P-V 

chart 

 

 

1 mark 

for T-S 
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chart 

 

 

c. Q. Explain with neat sketch working of air preheater in boiler. 

Ans:- Construction and Working of air preheater: -  

Air Preheater is an important accessory for steam boiler.  It consists of plates or the tubes 

with hot gases on one sides and air on other side.  For air Preheater the cold air required for 

burning of the fuel is passed from bottom, it comes out after circulation from the top as a 

hot air which is then passed further for combustion of fuel. Due to arrangement of air 

Preheater the efficiency of boiler increases and also the smoke is reduced.  Since it is 

comparatively high temperature air coming out from the Preheater, there is better 

combustion of fuel. 

 

 

 

 

 

2 marks 

 

 

 

 

 

2 marks 

for 

diagram 

 

d. Q. Explain with neat sketch regenerative feed heating system. 

Ans:- Construction and Working: -  

1. The process of heating feed water is known as “regenerative feed heating”.  

2. The dry saturated steam, from the boiler enters the turbine at a higher temperature  

3. Then this high temperature dry steam expands adiabatically to a lower temperature 

 4. The expansion of steam in the same way as that in Rankine and Carnot cycle.  

5. Now the condensate from the condenser is pumped back and circulated around the 

 

 

 

 

 

2 marks 
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turbine casing.  

6. The circulated condensate is in direction opposite to the steam flow in turbine.  

7. The steam is thus heated before entering the boiler.  

8. Such a system of heating is known as regenerative feed heating. 

Advantages of feed heating  

1. The thermal efficiency of boiler increases as heat input decreases.  

2. Capacity of Condenser reduced.  

3. Reduce fuel consumption.  

4. Thermal stress in the boiler reduces as hot feed water is supplied.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

for 

diagram 

 

e. Q. Explain with neat sketch working of 2 pass surface condenser. 

Ans:- 

In this type of condenser, the cooling water and exhaust steam do not come in direct contact 

with each other. This type is generally used where large quantities of inferior water are 

available and where better quality of feed water to the boiler must be used. It consists of an 

air tight cylindrical shell closed at each end as shown in the figure. A number of water tubes 

are fixed in the tube plates which are located between each cover head and shell. The 

exhaust steam from the prime mover enters at the top of the condenser and surrounds the 

condenser tubes through which cooling water is circulated under force. The steam gets 

condensed as it comes in contact with the cold surface of the tubes. The cooling water flows 

in one direction through the first set of the tubes situated in the lower half of condenser and 

returns in opposite direction through the second set of the tubes situated in upper half of the 

condenser. The warm cooling water coming out from the condenser is discharged into 

cooling tower, river or cooling pond. The condensate is taken out from the condenser by a 

separate extraction pump and air is removed by an air pump. 

 

 

 

 

2 marks 
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2 marks 

for 

diagram 

 

f. Q. Explain the working of shell and tube type heat exchanger with neat sketch. 

Ans: 

Shell and tube heat exchanger: Shell and tube heat exchanger consists of large number of 

tubes having parallel arrangement inside the shell.  The ends of the tube on both sides are 

connected to a plate called as tube sheet.  The whole assembly is called bundle of tubes.  

The shell should be a house of all the tubes and it should be leakage free.  It is closed on 

both sides. The one fluid flow inside the tube it is called as tube side fluid and the other one 

which flows outside the tube known as shell side fluid. The transfer of heat takes place 

between the two fluids through the medium of tube surfaces.  Naturally heat flow takes 

place from hot fluid to the cold fluid.  The arrangement of inlet and outlet for hot and cold 

fluid is shown in figure   

 

 

 

 

 

 

2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

4.  Attempt any FOUR of the following  
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a. Q. State the limitations of first law of thermodynamics. 

Ans:- 

1. It states that the equivalence of different forms of energy & makes no distinction 

between different forms of energy. 

2. It is restricted with the direction of energy flow/ transfer & work transfer. 

3. Transfer process can proceed along one direction but reverse is impossible. 

Ex: i) Hot cup of tea 

ii) Gasoline used to drive the vehicle up hill 

iii) Braking action 

4. No restriction of conservation of energy from one form to another. 

5. All forms of energy are not equally amenable to transformation into work. 

 

 1 mark to 

each point 

 

b. Q. Define boiler draught and state its necessity. Give its classification. 

Ans:- 

The small static pressure difference which causes a flow of gas to take place is termed as a 

draught. 

OR 

The difference of pressure required to maintain the constant flow of air and to discharge the 

gases through the chimney to atmosphere is known as boiler draught.  

OR 

Boiler draught is the pressure difference, which is necessary to draw the required quantity of 

air for combustion and to remove the flue gases out of the boiler combustion chamber.  

 

Necessity of boiler draught  

1. To provide sufficient quantity of air for combustion.  

2. To expel out the hot gases to flow through the boiler.  

3. To discharge these gases to atmosphere through chimney.  

Boiler draught is classified as: -  

1. Natural or chimney draught 

2. Artificial draught  

a) Fan draught (Produced by mechanical fan) 

i) Forced draught ii) Induced draught iii) Balanced draught 

b) Steam jet draught (Produced by steam jet) 

i) Induced draught ii) Forced draught 

 

 

 

 

1 mark  

 

 

 

 

 

 

 

1 mark 

For 

necessity 

 

 

 

2 marks 

for 

classificat

ion 

 c. Q. Explain the working of impulse steam turbine with neat sketch. Also show pressure  
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and velocity variation for the same. 

Ans:- Construction and Working: 

1.The impulse turbine consists of one set of nozzle, which is followed by one set of moving 

blades as shown as in figure.  

2. In this type of turbine, power is developed by the impulsive force.  

3. The high velocity steam jets are obtained by expansion of steam in the stationary nozzle 

only  

4. Steam then passes at high velocity through moving blade with no drop in pressure but a 

gradual reduction in velocity.  

5. Thus in pure impulse turbine the high velocity jet having nozzle strikes on the blades 

mounted on the wheel attached to the shaft.  

6. These blades changes the direction of steam and hence momentum of the jet of steam, 

which rotates the shaft.  

7. The nozzle axis is inclined to an angle to the tangent of the rotor. 

 

Fig. Simple Impulse Turbine 

 

 

 

 

 

2 marks 

for 

constructi

on and 

working 

 

 

 

 

 

 

 

 

1 mark 

for sketch 

of simple 

impulse 

turbine 
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Fig: Pressure and Velocity variation  

1 mark 

for sketch 

of 

pressure 

and 

velocity 

variation 

 

d. Q. A boiler is made of iron plates 12 mm thick. If the temperature of outside surface is 

120
0
C and that of inner is 100

0
C. Calculate the mass of water evaporated per hour. 

Assume that area of heating surface is 5 m
2
. K for iron is 84 W/mK and Latent heat of 

water at 100
0
C = 2260 KJ.  

Ans:- 

Given:- L = 12 mm = 0.012 m , 

T1 = 120
0
C, 

T2 = 100
0
C, 

m = ? 

A = 5 m
2
,  

K =  84 W/mK, 

Hfg = 2260 KJ. 

Solution: 

Heat transfer from the flat wall is given by, 

 

Q = 700000 W 

We have to calculate mass of water evaporated per hour 

Q = 700000 W ( J/s)   = 2520 x 10
6
  J/hr = 2520 x 10

3
  kJ/hr  

Mass of water evaporated per hour = 2520 x 10
3
 / 2260 

                                                           = 1115 kg  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

 

2 marks 
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e. Q. Find the condenser efficiency, when cooling water enters a condenser at a 

temperature of 28
0
C and leaves at 39

0
C. The vacuum produced is 705 mm of Hg and 

barometer reads 760 mm of Hg. 

Ans:- 

Given:- T0= 39
0
C, Ti= 28

0
C, 

Condenser Vacuum= 705 mm of Hg 

Barometric Pressure= 760 mm of Hg 

Solution:- 

Pressure in condenser = Barometric Pressure–Condenser Vacuum 

Pressure in condenser = 760 – 705 

Pressure in condenser = 55 mm of Hg                                      ……. 1 mark 

Pressure in condenser = 55 x 0.00133       

Pressure in condenser = 0.07315 bar                                    ……. 1 mark 

From steam table, corresponding to pressure of 0.07315 bar, we can find the vacuum 

temperature (TS) 

TS= 39.8
0
C……. 1 mark 

C  

C  

C                                           …… 1 mark 

Hence condenser efficiency is 93.22% 

 

 

f. Q. Define heat transfer. State different modes of heat transfer and explain any one 

with suitable example. 

Ans:- 

Heat is energy, which flow from one region to another due to temperature differences.  

Heat transfer is defined as the transmission of energy from one region to another as a 

result of temperature difference.  

Modes of heat transfer are  

1.Conduction, 2. Convection, 3. Radiation 

 

1. Conduction – It is transmission of heat energy between two bodies or two parts of 

same body through molecules which are more or less stationery e.g. (heating or 

solid)  

2. Convection – It is process of heat transfer from higher temperature to lower 

 

1 mark 

for 

definition 

 

 

 

2 marks 

for 

classificat

ion 

1 mark 

for 
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temperature    due to movement of matter or fluid molecules (density differences) is 

called convention e.g. heating of water.  

3. Radiation – It is process of heat transfer between two bodies without any carrying 

medium through different kind of electro-magnetic wave. 

anyone 

type 

explanatio

n 

Q.5.  Attempt any TWO of the following:  

a)  Write steady flow energy equation stating the meaning of each term in equation and 

apply it to boiler, steam nozzle and steam turbine. 

08 

Marks 

Sol.  Steady flow process ( open system ) : 

 

Hence steady flow equation can be expressed as: 

    Internal Energy at 1 + Potential Energy at 1 + Kinetic Energy at 1 + Flow work at 1 + 

Heat supplied = Internal Energy at 2 + Potential Energy at 2 + Kinetic Energy at 2 + Flow 

work at 2 + Work done 

i.e. 

Hence the steady flow energy equation is, 

 

Where, 

h1& h2 = Enthalpy at inlet and outlet in----  

 

02 Marks 

for 

equation 

 

02 Marks 

Boiler 

equation 

 

 

02 Marks 

Steam 

Nozzle 

 

 

 

 

02 Marks 

For 

P2, V2, T2, 

U2, h2 

P1, V1, 

T1, U1, h1 
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C1& C2 = velocity at inlet and out of fluid----  

Z1 and Z2 = height of inlet & outlet above datum 

Q = heat supplied per ---------------Joule 

W = work done by 1 kg of fluid----Joule 

PV = Flow work---------N-m or Joule 

Boiler: 

Boiler is a steel closed vessel, which converts the water into steam. 

Applying energy equation, 

 

 

                                K.E. = 0  

 

   Hence equation is, 

 

 

 

 

 

Steam Nozzle:  

It is a passage of varying cross-sectional area by means of which pressure energy of flowing 

fluid is change into K.E. It is used for producing high velocity jet. 

steam 

turbine 
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Apply the Steady flow energy equation on steam nozzle, 

 

 

For Steam nozzle, 

                       P.E.= 0, 

                       W  =  0, 

                      Q   =  0, 

Apply on equation 1; 

We get, 

 

 

 

 

Using above equation exit velocity of fluid can be calculated here velocity is in m/s and 

enthalpy (h) in Joules. 

Steam Turbine: 
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In a steam turbine steam or gas is passed through the turbine and a part of its energy is 

converted into work in the turbine. This output of the turbine runs a generator to produce 

electricity, the steam or gas leaves the turbine at lower pressure and temperature. 

     Applying energy equation to the system, 

 

But in this case, 

 

 

 

The sign of Q is negative because heat comes out of the boundary while W is positive 

because work is done by the system. 

b)  What is compounding of steam turbine? Explain with sketch pressure compounding. 8 Marks 

Sol.  Compounding: 

 Compounding is the method adopted to reduce the speed of turbine rotor at the 

same time to utilize internal energy of steam effectively. 

 In pressure compounding arrangement of blades and nozzles are made as below; 

N-M-N-M-N-M 

Where; 

N= Nozzle 

M= Moving blade 

 Nozzle is reduced the pressure and increase the velocity. 

 Moving blade absorb the kinetic energy of steam. 

 Figure shows the rings of fixed nozzles incorporated between the rings of moving 

blades. The steam at boiler pressure enters the first set of nozzles and expands 

 

4 Marks 
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partially. The kinetic energy of the steam thus obtain is absorbed by the moving 

blades (stage 1). The steam then expands partially in second set of nozzles where 

its pressure again falls and the velocity increases; the kinetic energy so obtained is 

absorbed by the second ring of moving blades(stage 2). This is repeated in stage 3 

and steam finally leaves the turbine at low velocity and pressure.  The number of 

stages depends on the number of rows of nozzles through which the steam must 

pass. The changes in pressure and velocity are shown in figure. 

 

Figure: Pressure compounding 

 

 

 

 

 

 

 

 

 

4 Marks 

 

 

 

c)  A CO2 gas expand adiabatically from a pressure and volume of 7 bar and 0.03 m
3
 

respectively to a pressure of 1.4 bar. 

Determine: 

i. Final volume 

ii. Work done 

iii. Changes in internal energy 

iv. Heat transfer 

Take CP = 1.046 KJ/Kg
0
K and CV = 0.752 KJ/Kg

0
K 

8 Marks 
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Sol.  

 

 

 

 

2 Marks 

 

 

2 Marks 

 

 

 

2 Marks 

 

 

 

2 Marks 

Q. 6  Attempt any TWO of the following. 16 Marks 

a)  What is the function of cooling tower? Explain with neat sketch, the working of 

induced draught cooling tower. 

08 

Sol.  Function: 

Cooling towers may either use the evaporation of water to remove process heat and cool 

the working fluid to near the wet-bulb air temperature. 

 

Induced draft towers: 

 

04 Marks 

for 

Function 
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Figure: Induced draught tower 

One or more fans are installed at the top of the tower. Depending on the air inlet and 

flow pattern, induced draft towers are of two types, cross-flow and counter flow towers.  

Major advantages of countercurrent induced draft cooling tower (a) Relatively dry air 

contacts the coldest water at the bottom of the cooling tower (b) Humid air is in contact 

with the warm water and hence maximum average driving force prevails for both heat 

and mass transfer.  

Disadvantage of induced draft towers compared to forced draft towers It consumes 

more horse power. Cross-flow induced draft cooling tower requires less motor horse 

power than countercurrent induced draft cooling towers. 

02 Marks 

for Fig. 

 

 

02 Marks 

for 

Working 

b)  Draw the sketch of Loeffler boiler. Show the path of flue gasses. Describe the working 

of boiler also. 

8 Marks 
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Sol.  

 

Figure: Loeffler Boiler 

Working: 

This is water tube boiler using a forced circulation. In this boiler water is heated mainly 

by means of superheated steam. The steam will act as heat carrying and heat absorbing 

medium. Thus, boiler uses the circulation of steam instead of water and difficulty of 

deposition of salt and sediment in boiler tubes is completely eliminated. 

               Loeffler boiler consist of evaporator drum, which may be placed at any 

convenient point outside the furnace setting.The feed water pumps feed the water to 

economizer, which is placed in the path of flue gases.The economizer extracts sensible 

heat from flue gases and hot water at temp. close to saturation temp. is passed to 

evaporator drum. From superheater big portion of steam (about 3/4) is trapped off for 

external use and remainder portion (about 1/4) is passed to evaporator drum. 

The evaporator drum which is used provided with set of nozzle through which steam 

enters in evaporator drum.Nozzles are made of special design to avoid priming and 

noise.The steam from evaporator drum is passed to superheater through circulating 

pump. The air preheater maybe placed in path of flue gases to supply the hot air in 

combustion chamber. 

Loeffler boiler has steam-generating capacity of 100 tons/hour at 140 bar pressure. 

 

04 Marks 

for 

Figure 

 

 

 

 

 

 

04 Marks 

for 

Working   
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c) (i) State Stefan’s Boltzman law. 4 Marks 

Sol.  Stefan-Boltzmann law state that the total radiant heat energy emitted from a surface is 

proportional to the fourth power of its absolute temperature. 

E = σT
4 

Where;           E = Radient heat energy emitted from surface in W/m
2
 

                        T= Absolute temperature in K 

And  

 = Stefan‟s BoltzmanConstant 

               = 5.67 X 10-8 W/m
2
K

4
 

 

02 Marks 

for 

Statemen

ts 

02 Marks 

for 

Formula 

and 

Value 

 (ii) A wall of refrigerated van of 1.5 mm of steel at outer surface, 10 mm plywood at the 

inner surface and 2 cm of glass wool in between. Calculate the rate of heat flow, if the 

temperature of inside and outside surfaces are -5
0
C and 24

0
C. Take; K (for steel ) = 

23.2 W/mK   

K (for Glass wool) =0.14 W/mk,    K (for Plywood) = 0.052 W/mK 

4 Marks 

Sol.  

 

 

2 Marks 

For 

Formula 

 

 

 

 

2 Marks 

for Ans. 
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If T1 as 24
0
c  and T4as -5

0
c is considered,  answer is 86.6 W/m

2
 

 

 

 

 

 

 

 

                                                                 

 

 

 

 


