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ME8595 THERMAL ENGINEEIRNG II 
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3 0 0 3 

OBJECTIVES:  
 To apply the thermodynamic concepts for Nozzles, Boilers, Turbines, and Refrigeration & 

Air Conditioning Systems. 

 To understand the concept of utilising residual heat in thermal systems. 

UNIT I           STEAM NOZZLE                                                                       9 
Types and Shapes of nozzles, Flow of steam through nozzles, Critical pressure ratio, Variation of 
mass flow rate with pressure ratio. Effect of friction. Metastable flow. 
 
UNIT II          BOILERS                                                                                   9 
Types and comparison. Mountings and Accessories. Fuels - Solid, Liquid and Gas. Performance 
calculations, Boiler trial. 
 
UNIT III         STEAM TURBINES         9 
Types, Impulse and reaction principles, Velocity diagrams, Work done and efficiency – optimal 
operating conditions. Multi-staging, compounding and governing. 
 
UNIT IV        COGENERATION AND RESIDUAL HEAT RECOVERY     9 
Cogeneration Principles, Cycle Analysis, Applications, Source and utilisation of residual heat. 
Heat pipes, Heat pumps, Recuperative and Regenerative heat exchangers. Economic Aspects. 
 
UNIT V         REFRIGERATION AND AIR – CONDITIONING   9 
Vapour compression refrigeration cycle, Effect of Superheat and Sub-cooling, Performance 
calculations, Working principle of air cycle, vapour absorption system, and Thermoelectric 
refrigeration. Air conditioning systems, concept of RSHF, GSHF and ESHF, Cooling load 
calculations. Cooling towers – concept and types. 

 TOTAL:45 PERIODS 
OUTCOMES: 
Upon the completion of this course the students will be able to 
CO1 Solve problems  in Steam Nozzle 
CO2 Explain the functioning and features of different types of Boilers and auxiliaries and 

calculate performance parameters. 
CO3 Explain the flow in steam turbines, draw velocity diagrams for steam turbines and solve 

problems. 
CO4 Summarize the concept of Cogeneration, Working features of Heat pumps and Heat 

exchangers 
CO5 Solve problems using refrigerant table / charts and psychrometric charts 
  
TEXT BOOKS: 
1. Kothandaraman, C.P., Domkundwar .S and Domkundwar A.V.,”A course in Thermal 

Engineering”, Dhanpat Rai & Sons, 2016. 
2. Mahesh. M. Rathore, “Thermal Engineering”, 1st   Edition, Tata Mc Graw Hill Publications, 

2010. 
REFERENCES: 
1. Arora .C.P., “Refrigeration and Air Conditioning”, Tata Mc Graw Hill, 2008 
2. Ballaney. P.L ." Thermal Engineering”, Khanna publishers, 24th Edition 2012 
3. Charles H Butler : Cogeneration” McGraw Hill, 1984. 
4. Donald Q. Kern, “ Process Heat Transfer”, Tata Mc Graw Hill, 2001. 
5. Sydney Reiter “Industrial and Commercial Heat Recovery Systems” Van Nostrand Reinhols, 

1985. 
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UNIT – I  STEAM NOZZLES  

PART – A 

1. What is steam nozzle? 

A steam nozzle is defined as a passage of varying cross section, through which heat 
energy of steam is converted to kinetic energy. Its major function is to produce 
steam jet with high velocity to drive steam turbines. 

2. Define critical pressure ratio. Give its expression. ( AU, Nov / Dec 2013) 

The critical pressure ratio is the pressure ratio which will accelerate the flow to a 
velocity equal to the local velocity of sound in the fluid. The maximum gas flow 
through a nozzle is determined by the critical pressure. The pressure which the 
area is minimum and discharge per unit area is maximum is called critical pressure 
ratio. 

Critical pressure ratio = (p2/p1) = (2/(n+1))(n/(n-1)) 

3. List the effects of friction in nozzle. (AU May / June 2014) 

In practice, there is friction produced between the steam and the sides of the nozzle; 
this friction causes a resistance to the flow which is converted into heat. The heat 
formed tends drying the steam. 

i) The expansion is no more isentropic and enthalpy drop is reduced 

ii) The final dryness fraction of steam is increased as the kinetic energy gets 
converted in to heat due to friction and is absorbed by steam. 

iii) The specific volume of steam is increased as the steam becomes more dry due to 
this frictional reheating. 

4. Define nozzle efficiency ( AU Nov/Dec 2013) 

The nozzle efficiency is therefore defined as the ratio of the actual enthalpy drop to 
the isentropic enthalpy drop between the same pressures. 

Nozzle efficiency = (actual enthalpy drop) / (isentropic enthalpy drop)  

5. What do you mean by supersaturated or metastable flow in steam nozzle? 

When steam flows through a nozzle, it would normally be expected that the discharge 
of steam through the nozzle would be slightly less than the theoretical value. But it 
has been observed during experiments on flow of wet steam that the discharge is 
slightly greater than that calculated by the formula. The converging part of the nozzle 
is so short and the steam velocity so high that the molecules of steam have 
insufficient time to collect and form droplets so that normal condensation does not 
take place. Such rapid expansion is said to be metastable and produces a 
supersaturated state. 

6. What are the effects of super saturation? 

a) There is an increase in the entropy and specific volume of steam 

b) The heat drop is reduced below that for thermal equilibrium as an consequence 
the exit velocity is reduced. 

c) iii)The density of supersaturated steam will be more than for the equilibrium 
conditions which gives the increase in the mass of steam discharged. 

d) The dryness fraction of steam is improved. 
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7. List the factors, which influence nozzle efficiency. 

When the steam flows through a nozzle the final velocity of steam for given pressure 
drop is reduced due to the following reasons 

i) The friction between the nozzle surface and steam 

ii) The internal friction of steam itself     

iii) The shock losses. 

8. Differentiate supersaturated flow and isentropic flow. 

S.No Supersaturated flow Isentropic flow 
1 Entropy is not constant Entropy remains constant 

2 
Super saturation reduces the heat drop 
therefore exit velocity is reduced 

No reduction in enthalpy drop. 

3 Mollier diagram cannot be used Mollier diagram can be used. 

9. Define degree of under cooling and degree of super saturation. 

The degree of under cooling is then the difference between the saturation 
temperature and the super cooled temperature. The ratio of super saturation 
pressures corresponding to the temperature between super saturated region is 
known as the degree of super saturation. 

10. Explain the phenomenon of super saturated expansion in steam nozzle. 

                                                             Or 

What is Meta stable flow? 

When the supersaturated steam is expanded in the nozzle, the condensation should 
occur in the nozzle. Since the steam has a great velocity, the condensation does not 
take place at the expected rate. So the equilibrium between the liquid and vapour 
phase is delayed and the steam continues to expand in a dry state. The steam in such 
set of condition is said to be supersaturated or meta stable flow. 

11. What are the conditions that produce super saturation of steam in nozzles? 

When the superheated steam expands in the nozzle, the condensation will occur in 
the nozzle. Since, the steam has more velocity, the condensation will not take place at 
the expected rate. So, the equilibrium between the liquid and vapour phase is delayed 
and the steam continues to expand in a dry state. The steam in such set of condition is 
said to be supersaturated or meta stable flow. 

12. What are the effects of super saturation in a steam nozzle? 

The following effects in a nozzle on steam, in which super saturation occurs, may be 
summarized as follows.  

1. The dryness fraction of the steam is increased. 

2. Entropy and specific volume of the steam are increased. 

3. Exit velocity of the steam is reduced. 

4. Mass of stream discharged is increased. 

PART – B 

STEAM NOZZLES 

1. Determine the mass flow rate of steam through a nozzle having isentropic flow 
through it. Steam enters nozzle at 10 bar, 500_C and leaves at 6 bar. Cross-section 
area at exit of nozzle is 20 cm2. Velocity of steam entering nozzle may be considered 
negligible. Show the process on h-s diagram also. 
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2. In a nozzle steam expands from 12 bar and 300_C to 6 bar with flow rate of 5 kg/s. 
Determine throat and exit area if exit velocity is 500 m/s and velocity at inlet to 
nozzle is negligible. Also find coefficient of velocity at exit. Coefficient of velocity is 
the ratio of actual velocity of fluid at nozzle exit to the velocity at exit considering 
isentropic flow through nozzle. 

3. In a steam nozzle steam expands from 16 bar to 5 bar with initial temperature of 
300_C and mass flow of 1 kg/s. Determine the throat and exit areas considering (i) 
expansion to be frictionless and,  (ii) friction loss of 10% throughout the nozzle. 

4. A convergent-divergent nozzle operates with 5 kg of steam per minute being 
discharged at 1 bar. For the steam supplied to nozzle being at 10 bar and 200_C and 
supersaturation occurring up to throat and normal afterwards, determine,         (i) the 
diameter of nozzle at exit, (ii) the maximum degree of supersaturation, (iii) the 
amount of undercooling at throat. For supersaturation take Pv1.3 = constant and 
P/T1.3/0.3 = constant. The flow rate through steam nozzle with isentropic flow from 
pressure of 13 bar was found 60 kg /min. steam is initially saturated. Determine the 
throat area. If the flow is super saturated,  determine the increase in flow rate. ( AU, 
May/ June 2014) 

5. Steam enters a group of convergent-divergent nozzles at a pressure of 22 bar and 
with a temperature of 2400C. The exit pressure is 4 bar and 9% of heat drop is lost in 
friction. The mass flow rate is 10kg/s and the flow upto the throat may be assumed 
frictionless. Calculate (i) Throat and Exit velocitites (ii) Throat and Exit areas. 

6. A Steam turbine develops 185 kW with a consumption of 16.5 kg/kW-hr. The 
Pressure and temperature of the steam entering the nozzle are 12 bar and 2200C. The 
steam leaves the nozzle at 1.2 bar.The diameter of the nozzle at throat is 7mm. Find 
the number of nozzles. If 8% of the enthalpy drop is lost in friction in the diverging 
part of the nozzle, Determine the diameter at the exit of the nozzle and the exit 
velocity of the leaving steam. 

7. The dry saturated steam expands in a nozzle from a pressure of 2bar to 1bar. If the 
expansion is supersaturated, Determine the degree of under cooling and the degree 
of super saturation. 

8. Find the percentage increase in discharge from a convergent-divergent nozzle 
expanding steam from 8.75 bar dry to 2bar, when;1. the expansion is taking place 
under thermal equilibrium, and 2. The steam is in meta stable state during part of its 
expansion.   

9. A gas expands in a convergent-divergent nozzle from 5 bar to 1.5 bar, the initial 
temperature being 7000C and the nozzle efficiency is 90%. All the losses takes place 
after the throat. For 1lg/s mass flow rate of the gas, find throat and exit areas. Take n 
= 1.4 and R=287 J/kg.K 

                                                           PART- C 

10. An injector is to deliver 100 kg of water per minute from a tank, whose constant 
water level is 1.2m below the level of the injector into a boiler in which the steam 
pressure is 14 bar. The water level in the boiler is 1.5m above the level of the injector. 
The steam for the injector is taken from the same boiler and it is assumed to be dry 
and saturated. The pressure of the steam leaving the steam nozzle is 0.5 times that of 
the supply pressure. If the velocity in the delivery pipe is 13.5 m/s, Find : (i) Mass of 
water pumped per kg of steam (ii) Area of mixing cone (iii) Area of steam nozzle (iv) 
Temperature of water leaving the injector, if the temperature of water in the feed 
tank is 150C. 
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11. The nozzles of the impulse stage of a turbine receive steam at 15 bar and 3000C and 
discharge it at 10 bar. The nozzle efficiency is 95% and the nozzle angle is 200 . The 
blade speed is that required for maximum work, and the inlet angle of the blades is 
that required for entry of the steam without a shock. The blade exit angle is 50 less 
than the inlet angle. The blade friction factor is 0.9. Calculate for a steam flow of 1350 
kg/h 

UNIT II BOILERS 

1. 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 compression of a very wet vapour is very difficult. 

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

At the low reheat pressure the heat cycle efficiency may be less than the Rankine 
cycle efficiency. Since the average temperature during heating will then be low. 

3. What is the physical significance of baffles in air pre heaters? 

Baffles are used to deflect the air in air pre heater. 

4. What is the function of the Economizer? 

Economizer extracts the heat of the flue gas to pre heat the water before it is fed into 
the boiler. 

5. What are types of super heater? 

a) Convective super heaters 

b) Radiation super heaters. 

6. Give some examples for high pressure boiler. 

a) Bab cock boiler 

b) Lamount boiler 

c) Benson boiler. 

7.  Give some examples for low pressure boiler. 

a) Cochran boiler 

b) Lancashire boiler 

c) Locomotive boiler. 

d) Lamount boiler 

e) Benson boiler 

8. What are the difference between low pressure and high pressure boiler? 

S.No. Low pressure boiler High pressure boiler 

1 The boiler produces steam at a 
pressure less than 80 bar 

The boiler produces steam at a 
pressure more than 80 bar 

2 Dry steam is produced Super heated steam is produced 

3 Fire tube boilers are used . Water tube broilers are used 

9.  What are the boiler mounting components in boiler? 

(i) Pressure gauge 

(ii) Safety valve 

(iii) Steam stop valve 
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10. What is the purpose of a man hole in the boiler?  

A man hole is a provision for a skilled personnel to enter into the boiler shell for 
cleaning, inspecting or for attending any repairs in the boiler.  

11. What is meant by scaling in the boiler? What is its effect?  

The impurities that are left behind when water is transformed into steam, forming a 
thin layer is called scaling in the boiler. When the scaling is more around in a water 
tube boiler, it leads to poor heat transfer.  

12. At what pressure do the modern high pressure boilers produce steam?  

 Modern high pressure boilers produce steam at a pressure of 200 bar.  

13. What is a grate in the boiler?  

A grate is a part of the boiler over which solid fuel is burnt.  

14. List the various boiler accessories.  

 Economizer  

 Air Preheater  

 Super Heater  

 Steam Separator  

 Steam Trap  

 Feed Pump    

15. How boilers are classified? 

 According to flow of water and gases (a) Fire tube boiler (b) Water tube boiler  

 According to pressure (a) Low pressure boiler (b) High Pressure  

 According to method of firing (a) Internally fired boiler (b) Externally fired boiler 

16. List out the advantages of high pressure boiler. 

(i) Heat energy per kg of steam is increased at high pressure (ii) Production rate of 
steam is high. (iii) Superheated steam can be produced 

17. What are the various applications of steam boilers? 

 Steam produced by the boiler is used for driving steam turbines for power 

generation  

 Steam is used in steam engine in railway locomotives. 

  Steam boiler is also used in industrial applications. 

18.  What is the purpose of an economizer in boilers? 

The purpose of an economizer in a steam boiler is used to preheat the feed water 
from the tank, before it enters the boiler.  

19. What is the purpose of super heater in boiler? 

A super heater is used to increase the temperature the steam to convert the dry 
steam into super heated to steam. Superheated steam with high energy content is 
used to drive the turbine 

20. What is meant by forced circulation boiler? 

In forced circulation boiler, water is circulated with high pressure by a pump driven 
by the motor. Example: Lamont boiler 

21. What is meant by scaling in the boiler? What is its effect?  
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The impurities that are left behind when water is transformed into steam, forming a 

thin layer is called scaling in the boiler. When the scaling is more around in a water 

tube boiler, it leads to poor heat transfer. 

22. Differentiate between boiler mountings and accessories. 

S. No. Boiler mountings Boiler accessories 
1 Mountings are fitted for the safety of 

the boiler  
Accessories are fitted to increase the 
efficiency  

2 They form integral parts of the boiler  They are not integral part of the boiler  
3 They are usually mounted on the boiler 

shell  
They are usually installed outside the 
boiler shell  

4 A boiler should not be operated without 
mountings  

A boiler can be operated without 
accessories  

PART B- (13 Mark Questions) 

1. With a neat sketch, briefly explain about a Low pressure fire tube boiler.  

2. Explain with a neat sketch, the construction and working principle of a high 

pressure water tube boiler.  

3. Differentiate between boiler mountings and accessories.  

4. List out the various boiler mountings. Explain with sketches.  

5. List out the boiler accessories. Explain with neat sketches.  

6. With a neat layout, briefly explain Babcock and Wilcox boiler.  

7. A boiler produces 4kg of steam per kg of steam per kg of coal from feed water at 

450C. The steam pressure is 10.5bar. If the dryness fraction of steam is 0.98, 

Determine the equivalent evaporation from and at 1000C. 

8. In a boiler test, the following observations were made: Feed water temperature = 

120C; Pressure of steam = 11bar; Dryness fraction of steam = 0.95; Mass of coal 

burnt = 300 kg/h; calorific value of coal = 32000 kJ/kg of coal; Mass of water 

supplied to boiler in 7hrs 14min = 14.625 kg. The mass of water in the boiler at the 

end of the test was less than at the commencement by 900kg. Calculate : 1. Actual 

evaporation per kg of coal; 2. Equivalent evaporation from and at 1000C per kg of 

coal and 3. Thermal efficiency of the boiler. 

9. In a Boiler trial, the following observations were recorded : Boiler pressure = 10 bar; 

Dryness fraction of steam = 0.95; Coal consumption = 500kg/h; Calorific value of the 

coal = 30 500 kJ/kg; Feed water temperature = 500C; Feed water supplied = 4 

tonnes/h. Calculate the evaporation factor and the equivalent evaporation from at 

1000C in kg per kg of coal fired. Take specific heat of the feed water as 4.187 kJ/kg K. 

10. A boiler produces 9000 kg of steam while 1 tonne of coal is burnt. The steam is 

produced at 10 bar from water at 150C. The dryness fraction of the steam is 0.9. 

Determine the efficiency of the boiler when the calorific value of the coal is 

32000kJ/kg. 
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PART C- (15 Mark Questions) 

1. Analyze the diagram given below and answer the questions. (i) Calculate the boiler 

efficiency by direct method, (ii) Calculate the water temperature in the condensate 

tank. (iii) Estimate the fuel loss due to drop in feed water temperature. 

 
2. Estimate the boiler efficiency by indirect method for the following data. 

 
UNIT III STEAM TURBINES 

1. Write short notes on steam turbines.  

It is a device which converts the pressure energy of steam into kinetic energy. The 
kinetic energy is then converted into mechanical energy. The major parts of a steam 
turbine are fixed nozzle, rotor, fixed and moving blades, casing etc.  

2. What are the advantages of steam turbine?  

(i) It is reliable (ii) Requirement of floor space is less (iii) Maintenance cost is low. 
(iv)Consumption of lubricating oil is less  

3. How turbines are classified? Give examples for each.  

Turbines are mainly classified into impulse turbine and reaction turbine. Example 
for impulse turbine is Pelton wheel. Examples for reaction turbine are Kaplan 
turbine and Francis turbine.  
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4.  Write short notes on impulse turbine.  

The steam coming out at a very high velocity through the nozzle impinges on the 
blades fixed on the periphery of rotor. The blades change the direction of steam flow 
without change in pressure. The resulting force causes the rotation of the turbine. 
E.g. Pelton wheel.  

5. Write short notes on reaction turbine.  

The high pressure steam from the boiler is passed through the nozzles. When the 
steam comes out through these nozzles, the velocity of steam increases relative to 
the rotating disc. The resulting force of steam on nozzle gives the rotating motion to 
the disc and the shaft. The shaft rotates in opposite direction of the steam. E.g 
Francis Turbine, Kaplan Turbine.  

6. Explain the need of compounding in steam turbines. 

                                               (Or) 

Explain the purpose of compounding in steam turbines. 

In simple impulse turbine, the expansion of steam from the boiler pressure to 
condenser pressure takes place in a single stage turbine. The velocity of steam at the 
exit of turbine is very high. Hence, there is a considerable loss of kinetic energy (i.e. 
about 10to 12%). Also the speed of the rotor is very high (i.e. up to 30000rpm). 
There are several methods of reducing this speed to lower value. Compounding is a 
method of absorbing the jet velocity in stages when the steam flows over moving 
blades. 

7.  What are the different methods of compounding? 

 Velocity compounding 

 Pressure compounding 

 Pressure-velocity compounding 

8. What is meant by carry over loss? 

The velocity of steam at exit is sufficiently high thereby resulting in akinetic energy 
loss called "Carry over loss" or "Leading velocity loss". 

9. Differentiate impulse turbine and reaction turbine. 

S.No Particulars Impulse Turbine Reaction Turbine 

1 Pressure drop 
Only in nozzles and 
not in moving blades. 

In fixed blades (nozzles) as well as in 
moving blades. 

2 
Area of blade 
channels 

Constant Varyin 

3 Blades Profile type Aerofoil type. 

4 
Admission of 
steam 

Not all round All round or complete 

5 Nozzles 
Diaphragm contains 
the nozzle 

Fixed blades similar to moving blades 
attached to the casing serve as nozzles 
and guide the steam. 

6 Power 
Not much power can 
be developed. 

Much power can be developed. 

7 Efficiency Low High 
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10.  Classify steam turbine according to the classification of flow. 

1. Impulse turbine  

2. Reaction turbine  

3. combination of impulse and reaction 

11.  Define compounding of turbine. Classify it 

The steam is expanded from the boiler pressure to condenser pressure in one stage 
the speed of the rotor becomes tremendously high which crops up practical 
complicacies.  There are several methods of reducing this speed to lower value all 
these methods utilize a multiple system of rotor in series keyed on a common shaft 
and the steam pressure or jet velocity is absorbed in stages as the steam flows over 
the blades. This is known as compounding. The different methods of compounding 
are i) Velocity compounding ii) Pressure compounding iii) Pressure velocity 
compounding 

12.  What is the purpose of compounding? 

Compounding is the method in which multiple system or rotors are keyed to 
common shaft in series and the steam pressure or jet velocity is absorbed in stages 
as it flows over the rotor blades. 

Purpose of compounding: Reduction of pressure (from boiler pressure to condenser 
pressure)in single results in the very high velocity entering the turbine blades. 
Therefore, the turbine rotor will run at a high speed about 30,000 rpm which is not 
useful for practical purpose. In order toreduce the rotor speed up to about 400 
m/sec, compounding of steam turbine is necessary. 

13.  Define blade efficiency or diagram efficiency 

It is the ratio of work done on the blade per second to the energy entering the blade 
per second. 

14.  Define stage efficiency 

The stage efficiency covers all the losses in the nozzles, blades, diaphragms and 
discs that associated with that stage. 

stage

Networkdoneonshaftperkgofsteamflowing

adiabaticheatdropperstage
   

15.  Define blade velocity coefficient 

The blade velocity co-efficient is defined as the ratio of relative velocity of steam as 
is passes over the blades without  frictional resistance to relative velocity of steam 
with friction resistance. 

0

1

r

r

C
K

C
  

where K is blade velocity coefficient 

16.  Define blade speed ratio 

Blade speed ratio is defined as the ratio of blade speed to steam speed  

1

blC

C
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17. Define degree of reaction. ((AU May / June 2014) 

Degree of reaction or reaction ratio (R) is defined as the ratio of static pressure drop 
in the rotor to the static pressure drop in the stage or as the ratio of static enthalpy 
drop in the rotor to the static enthalpy drop in the stage. 

 

18.  What do you mean by governing of steam turbine? Classify it 

Governing of steam is to control the rotational speed of turbine by controlling the 
flow of steam into turbine irrespective of varying load on turbine. Classification i) 
Throttle governing  ii) Nozzle governing iii) By-pass governing iv) combination of 
Throttle Nozzle By-pass governing. 

 

PART – B 

1. An impulse turbine of 1 MW has steam entering at 20 bar and 300_C and steam 

consumption of 8 kg per kWh. Steam leaves at 0.2 bar and 10% of total heat drop is 

lost in overcoming friction in diverging portion of nozzle. If throat diameter of each 

nozzle is 1 cm then determine (i) the number of nozzles required (ii) exit diameter 

of each nozzle. Solve using mollier diagram. 

2. In a single stage impulse turbine the isentropic enthalpy drop of 200 kJ/kg occurs in 
the nozzle having efficiency of 96% and nozzle angle of 15°. The blade velocity 
coefficient is 0.96 and ratio of blade speed to steam velocity is 0.5. The steam mass 
flow rate is 20 kg/s and velocity of steam entering is 50 m/s. Determine (a) the 
blade angles at inlet and outlet if the steam enters blades smoothly and leaves 
axially, (b) the blade efficiency, (c) the power developed in kW and (d) the axial 
thrust. 

3. Steam enters the blade row of an impulse turbine with the velocity of 600 m/s at an 

angle of 25° to the plane of rotation of the blades the blade mean speed is 250 m/s. 

The blade angle at the exit side is 30°. The blade friction loss is 10 percentage. 

Determine blade angle inlet, blade efficiency and work done per kg of steam.       ( 

AU, May/ June 2014) 

4. Following data refer to a De Laval steam turbine having equiangular blades; Steam 
entering nozzle = 100 m/s, Blade speed = 200 m/s, Blade velocity co-efficicent = 
0.85, Rate of steam mass flow = 3 kg/s, Absolute velocity of steam at exit from stage 
with tangent of wheel = 750. Determine, (a) Blade angles, (b) Nozzle angle, (c) 
Absolute velocity of steam at inlet, (d) axial thrust and (e) Power developed. 

5. In a simple impulse steam turbine stage steam enters the nozzle at 15 bar, dry 
saturated with velocity of 150 m/s. Nozzle angle is 20° and steam leaves nozzle at 8 
bar and enters into smooth blades. Considering nozzle velocity coefficient of 0.90 
and blades to be equiangular determine the following for maximum diagram 
efficiency, (a) the blade angles, (b) the blading efficiency and (c) the stage efficiency. 

6. In a Parson’s reaction turbine the rotor of 1m diameter runs at 3000 rpm. Determine 

the isentropic enthalpy drop in the stage considering stage efficiency of 0.80 , ρ = 0.7, 

blade outlet angle = 20°. 

PART-C 

1. A Parson’s reaction turbine has mean diameter of blades as 1.6 m and rotor moving 
at 1500 rpm. The inlet and outlet angles are 80° and 20° respectively. Turbine 
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receives steam at 12 bar, 200°C and has isentropic heat drop of 26 kJ/kg. 5% of 
steam supplied is lost through leakage. Determine the following considering horse 
power developed in stage to be 600 hp.(a) the stage efficiency and (b) the blade 
height. 

2.  Steam expands isentropically in a nozzle from 1 MPa , 250o C to 10 KPa . The flow 
rate of the steam is   1 kg/ s. Find the following when the inlet velocity is neglected, 
(i) Quality of steam, (ii) Velocity of steam at the exit of the nozzle, (iii) Exit area of 
the nozzle.   

3. Explain the pressure band velocity compounding of a multi stage turbine.  

4. (a) What are the effects of friction in a nozzle? Explain 

(b) A convergent-divergent nozzle is required to discharge 2 kg/s of steam. The 
nozzle is supplied with steam at 7 bar and 180oC and discharge takes place against a 
back pressure of 1 bar.the expansion upto the throat is isentropic and the frictional 
resistance between=n the throat and  the exit is equivalent to 63 kJ/kg of 
steam.Taking approach velocity of 75m/s and throat pressure of 4 bar estimate 
suitable areas for throat and exit and Overall of the nozzle based on the enthalpy 
drop between the actual inlet pressure and temperature and the exit pressure. (8)    

5. (a) The velocity of steam leaving the nozzle of an impulse  turbine  is 10000m/s and 
the nozzle angle is 20o . The blade velocity is 350m/s  and the blade velocity of co-
efficient is 0.85. Assuming no losses due to shock at inlet, calculate for a mass flow of 
1.5kg/s and symmetrical blading, (i) Blade inlet angle, (ii) Driving force on the 
wheel, (iii) Axial thrust on the wheel and (iv) Power developed by the turbine. (12) 

(b) Differentiate between impulse and reaction turbine.      

 

UNIT IV COGENERATION AND RESIDUAL HEAT RECOVERY 

1. What is the difference between co-generation and combined-cycle power 
generation? 

Co-generations uses waste heat for many different processes, such as space heating 
or drying. Combined-cycle power generation is a two-cycle electricity generation 
process that uses the heat from the first cycle to run a second cycle. 

Combined Heat and Power (CHP) is defined as the sequential generation of two 
different forms of useful energy from a single primary energy source, typically 
mechanical energy and thermal energy. Through separate heat and power route the 
primary energy input in power plant will be 60 units (24/0.40). 

2. What is cogeneration cycle? 

A cogeneration cycle makes use of the waste heat generated by a thermodynamic 
process in order to heat homes, cars, and other appliances. Cogeneration or 
combined heat and power (CHP) is the on-site generation of electricity from waste 
heat 

3. How does cogeneration save energy resources? 
Cogeneration makes use of the simultaneous production of electricity and heat. 
Most power plants generate electricity using turbines that are spun by steam (the 
steam may be produced by burning coal, natural gas, petroleum, or from nuclear 
fission). 

4. What is the source of input energy for cogeneration of energy? 
Cogeneration, combined heat and power (CHP), is the simultaneous production of 
electrical and thermal energy from one fuel source. The waste heat from electricity 
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generation is recovered and used for applications such as space heating and cooling, 
water heating, and industrial process heat.  

5. Is CHP renewable energy? 
Renewable energy and combined heat and power (CHP) Find out about 
renewable energy technologies and download guidance on renewable energy 
generation, combined heat and power (CHP), and ground- and air-source heat 
pumps. Renewable energy refers to energy that occurs naturally and repeatedly in 
the environment. 

6. What is cogeneration and what are its advantages? 
Advantage of Cogeneration: The energy process utilized in our mills is called 
Combined Heat and Power (CHP) generation, also known as cogeneration. The 
biomass in our energy system is processed in a boiler to produce high pressure 
steam which drives electricity turbines and generates green energy. 

7. How Cogeneration is advantageous over conventional power plant? 
Benefits of Cogeneration. Cogeneration can significantly reduce carbon emissions 
and energy costs, as this EPA case study shows. And while typical combustion 
systems have an efficiency of about 40-50 percent, cogeneration systems that 
combine the power and heat generation processes can be up to 80 percent efficient 

8. What are the sources of waste heat recovery? 
The biggest point sources of waste heat originate from machines (such as electrical 
generators or industrial processes, such as steel or glass production) and heat loss 
through building envelopes. The burning of transport fuels is a major contribution to 
waste heat 

9. What is waste heat recovery boiler?      

A waste heat recovery unit (WHRU) is an energy recovery heat exchanger that 
recovers heat from hot streams with potential high energy content, such as hot flue 
gases from a diesel generator or steam from cooling towers or even waste water 
from different cooling processes such as in steel 

10. What is a recuperator heat exchanger?  

A recuperator is a special purpose counter-flow energy recovery heat exchanger 
positioned within the supply and exhaust air streams of an air handling system, or in 
the exhaust gases of an industrial process, in order to recover the waste heat. 

11. Define Heat pump. 

A heat pump is a device, which is working in a cycle and transfers heat from lower 
temperature to higher temperature. 

12. What is meant by Regenerators? 

In this type of heat exchangers, hot and cold fluids flow alternately through the same 
space. Examples: IC engines, gas turbines. 

13. What is heat exchanger? 
A heat exchanger is defined as an equipment which transfers the heat from a hot 
fluid to a cold fluid. 

14. What are the types of heat exchangers? 

The types of heat exchangers are as follows 

 Direct contact heat exchangers  

 Indirect contact heat exchangers  

 Surface heat exchangers  

 Parallel flow heat exchangers  
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 Counter flow heat exchangers  

 Cross flow heat exchangers  

 Shell and tube heat exchangers  

 Compact heat exchangers.  

15. What is meant by Direct heat exchanger (or) open heat exchanger?  

In direct contact heat exchanger, the heat exchange takes place by direct mixing of 
hot and cold fluids. 

16. What is meant by Indirect contact heat exchanger? 
In this type of heat exchangers, the transfer of heat between two fluids could be 
carried out by transmission through a wall which separates the two fluids. 

17. What is meant by Recuperater (or) surface heat exchangers? 

This is the most common type of heat exchangers in which the hot and cold fluid do 
not come into direct contact with each other but are separated by a tube wall or a 
surface. 

18. What is meant by parallel flow and counter flow heat exchanger? 
In this type of heat exchanger, hot and cold fluids move in the same direction. 

In this type of heat exchanger hot and cold fluids move in parallel but opposite 
directions. 

19. What is meant by shell and tube heat exchanger? 
In this type of heat exchanger, one of the fluids move through a bundle of tubes 
enclosed by a shell. The other fluid is forced through the shell and it moves over the 
outside surface of the tubes. 

20. What is meant by compact heat exchangers? 

There are many special purpose heat exchangers called compact heat exchangers. 
They are generally employed when convective heat transfer coefficient associated 
with one of the fluids is much smaller than that associated with the other fluid. 

(LT)m – Logarithmic mean temperature difference. 
21. What is meant by Fouling factor? 

We know the surfaces of a heat exchangers do not remain clean after it has been in 
use for some time. The surfaces become fouled with scaling or deposits. The effect of 
these deposits the value of overall heat transfer coefficient. This effect is taken care 
of by introducing an additional thermal resistance called the fouling resistance. 

22. What is meant by effectiveness? 
The heat exchanger effectiveness is defined as the ratio of actual heat transfer to the 
maximum possible heat transfer. 

PART-B 

1. Give two examples of waste heat recovery. 

2. What are the direct and indirect benefits of waste heat recovery? 

3. How will you go about developing a waste heat recovery system? 

4. Explain the various types of recuperators. The ceramic recuperators can withstand 

temperatures up to (a)400°C (b) 1700°C (c) 1300°C (d) 1400°C 

5. Explain the operating principle of a regenerator. 

6. What are heat wheels? Explain with sketch. 

7. Explain the principle of operation of a heat pipe. 

8. What are the typical applications of a heat pipe in heat exchangers ? 
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9. Explain the operation of an economizer. 

10. How does a shell and tube heat exchanger work?  

PART -C 

 

1. A ceramic firm installed a heat wheel on the preheating zone of a tunnel kiln where 

7500 m3/hour of hot gas at 300°C was being rejected to the atmosphere. The result 

was that the flue gas temperature was reduced to 150°C and the fresh air drawn 

from the top of the kiln was preheated to 155°C. The burner previously used for 

providing the preheated air was no longer required. The capital cost of the 

equipment was recovered in less than 12 months. 

2. Water with a flow rate of 0.05kg/s enters an automobile radiator at 400K and leaves 

at 330 K. The water is cooled by air in cross flow which enters at 0.75kg/s and 

leaves at 300K. If the overall heat transfer coefficient is 200W/m2.K, what is the 

required heat transfer surface area?  

3. Calculate for the following cases, the surface area required for a heat exchanger 

which is required for a heat exchanger which is required to cool 3200 kg/hr of 

benzene (Cp=1.74 kJ/Kg°C) from 72°C to 42°C. The cooling water (Cp=4.18 kJ/Kg°C) 

at 15°C has a flow rate of 2200kg/hr. 

a) Single pass counter flow 

b) 1- 4 Exchanger (one shell pass and four tube passes) 

c) Cross flow single pass with water mixed and beneze unmixed. 

Assume all the cases U=0.28 kW/m2 K.                                                                                      

4. Explain the different types of Fouling in Heat exchanger 

5. Saturated steam leaves a steam turbine at a flow rate of 1.5 kg/s and a pressure of 

0.51 bars. The vapor is to be completely condensed to saturated liquid in a shell and 

tube heat exchanger which uses water as the coolant. The water enters the thin-

walled tubes at 17C. If the overall heat transfer coefficient of 200W/m2 leaves at 

57K, determine the required heat exchanger surface area and the water flow rate. 

After extended operation, fouling causes the overall heat transfer coefficient to 

decrease to 100W/m2. For the same water inlet temperature and flow rate, what is 

the new vapor flow rate required for complete condensation? 

6. A heat exchanger circulates 5000 kg/hr of water to cool oil from 150oC to 50oC. The 

rate of flow of oil is 2500 kg/hr. The average specific heat of oil is 2.5 kJ/kgK. The 

water enters the heat exchanger at 21C. Determine the net change in the entropy 

due to heat exchange process, and the amount of work obtained if cooling of oil is 

done by using the heat to run a Carnot engine with sink temperature of 21oC. (13) 

May/June2007 

7. An ideal gas of 0.12 m3 is allowed to expand isentropically from 300kPa and 120oC 

to 100 kPa. 5 kJ of heat is then transferred to the gas at constant pressure. Calculate 

the change in entropy for each process. Assume γ = 1.4 and Cp=1.0035 kJ/kg.K. If 

these two processes are replaced by a reversible polytropic expansion, find the 
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index of expansion between original and final states. What will be the total changes 

in entropy? (10) May/June2007 

8. A house hold refrigerator is maintained at a temperature of 275 K. Every time the 

door is opened, warm material is placed inside, introducing an average of 420 kJ, but 

making only a small change in the temperature of the refrigerator. The door is 

opened 20 times a day, and the refrigerator operates at 15% of the ideal COP. The 

cost of work is Rs 2.50 per kW-hr. What is the bill for the month of April for this 

refrigerator? The atmospheric is at 303 K.  

9. A heat pump working on the Carnot cycle takes in heat from a reservoir at 5oC and 

delivers heat to a reservoir at 60oC. The heat pump is driven by a reversible heat 

engine which takes heat from reservoir at 840oC and rejects heat to a reservoir at 

60oC. The reversible heat engine also drives a machine that absorbs 30 kW. If the 

heat pump extracts 17 kJ / s from the reservoir at 5oC, determine (1) the rate of heat 

supply from 840oC source, and (2) the rate of heat rejection to 60oC sink. (8) 

April/May 2010 

10. An aluminium block (Cp = 400 J/kgK) with a mass of 5 kg is initially at 40oC in room 

air at 20C. It is cooled reversibly by transferring heat to a completely reversible 

cyclic heat engine until the block reaches 20C. The 20C room air serves as a 

constant temperature sink for the engine. Compute (1) The change in entropy for the 

block, (2) The change in entropy for the room air, (3) The work done by the engine. 

11. The stream data for a heat recovery problem are given. 

No. Type (C) (C) (MW/K) 

1 HOT 425 45 0.25 

2 HOT 40 30 1.4 

3 COLD 20 375 0.2 

4 COLD 20 380 0.05 

5 COLD 119 120 21 

Compute the heat cascade &hot utility requirement of the above process for a   
ΔTmin= 20C. The process also has a requirement of 6 MW of power. Two alternative 
options for cogeneration are available: 

a) A steam turbine with its exhaust saturated at 150C is one of the options to be 

considered for process heating. Superheated steam is generated in the central 

boiler house at 40 bar and 290C. The superheated steam can be expanded in a 

single‐stage turbine with an isentropic efficiency of 90 %. Calculate the 

maximum power generation possible by matching the exhaust stream against 

the process. 

b) A second possible option may be a gas turbine with an air flow rate of 93 kg/s, 

which has an exhaust temperature of 390C. Calculate the power generation if 

the gas turbine has an efficiency of 28 %. Ambient temperature = 12C. 

c) The cost of heat from fuel for the gas turbine is $ 4.4 GW‐1. The cost of imported 

electricity is $18.8 GW‐1. Electricity can be exported with a value of $13.4 GW‐1. 
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The cost of fuel for steam generation is $ 3.1 GW‐1. The overall efficiency of 

steam generation and distribution is 85 %.  

Which option is more economical? 

 

UNIT – V  REFRIGERATION AND AIR-CONDITIONING 

PART – A 

1. Define refrigeration. 

 Refrigeration is the branch of science which deals with the transfer of heat from a 
low temperature region to a high temperature region, to maintain a space or region 
at a temperature lower than that of surroundings. 

2. Define Tonne of Refrigeration. 

One tonne of refrigeration is the amount of refrigerating effect (heat removed) 
produced by melting 1 tonne (1000 kg) of ice at 0°C in 24 hours. 

1 TR  = 210 kJ/min = 3.5 kW 

3. List the applications of refrigeration. 

a) Used in preservation of food items, fruits, vegetables, dairy products, fish, meat, 
etc. 

b) Used for making ice and preservation of ice-creams. 

c) Used for chilling and transportation of beverages. 

d) Used for liquefaction of gases. 

e) Used in preservation of life saving drugs, vaccines, etc. 

f) Used for providing comfort air conditioning in offices, houses, restaurants, 
theatres, etc. 

g) Used in industries for providing suitable working environment for precision 
machines as well as employees. 

h) Used for processing of textiles and printing works. 

i) Used for preservation of photographic goods. 

j) Used in control rooms and aircrafts. 

4. What is refrigerant? Give examples of commonly used refrigerant. 

The refrigerant is a heat carrying medium, which undergoes thermodynamic cycles 
of refrigeration. In a refrigeration system, refrigerant absorbs heat from a low 
temperature medium and discards the absorbed heat to a high temperature 
environment. Commonly used refrigerants are air, water, carbon-di-oxide, ammonia, 
Freon-12(R12) and Freon-22(R22). 

5. Give the properties of a good refrigerant. (AU Nov 2013), ( AU May/June 2014) 

a) The saturation pressure of the refrigerant (at low temperature) should be above or 

equal to the atmospheric pressure. 

b) The latent heat of evaporation (at low temperature) should be as high as possible. 

c) The specific volume of the refrigerant should be low to reduce compressor size. 

d) Refrigerant should have low boiling point and low freezing point.  

e) Refrigerant should have high thermal conductivity to reduce heat transfer in condenser 

and evaporator. 

f) Refrigerant should be chemically stable. 

g) Refrigerant should be non-toxic, non-flammable and non-explosive. 
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h) Refrigerant should give high COP to reduce the running cost of the system. 

i) Refrigerant must be cheap and must be readily available.  

6. What is refrigerating effect? 

The amount of heat extracted from a space or region in a given time is known as 
refrigerating effect. 

7. Define COP of a refrigerator. 

The performance of a refrigerator is expressed in terms of coefficient of 
performance (COP), which is defined as the ratio of refrigerating (cooling) effect to 
the work input required to achieve that cooling effect. 

8. List the components of vapour compression refrigeration system. 

a) Compressor. 

b) Condenser. 

c) Expansion Valve. 

d) Evaporator. 

9. List the advantages and disadvantages of vapour compression refrigeration 
system. 

Advantages: 

1. VCR system has high value of COP. 

2. It approaches reversed Carnot cycle except for expansion of refrigerant in 
expansion device. 

3. The size of refrigeration system per tonne of refrigeration is smaller. 

4. It has less running cost. 

Disadvantages: 

1. It has high initial cost. 

2. Leakage of refrigerant may cause harmful effect. 

3. The production of some refrigerant may be hazardous to the refrigerant. 

10. List the components of vapour absorption refrigeration system. 

a) Absorber. 

b) Generator. 

c) Condenser. 

d) Expansion Valve. 

e) Evaporator. 

11. List the advantages and disadvantages of vapour absorption refrigeration 
system. 

Advantages: 

1. As there is no moving part in the system, the operation is quiet and there is 
very little wearing. 

2. The maintenance cost is low. 

3. The system does not depend upon electric power.  

4. It can be built in capacities well above 1000 TR.  

5. Absorption refrigeration system can operate at reduced evaporator 
temperature by increasing the steam which is supplied to generator with 
little decrease in capacity. 
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Disadvantages: 

1. The COP of the system is poor since it uses low grade energy. 

2. The lowest temperature attained is above 0°C, since water is used as the 
refrigerant. 

12. Differentiate vapour compressor refrigeration system and vapour absorption 
refrigeration system. 

Sl. No. Vapour Compression System Vapour Absorption System 

1 
Due to compressor and fan, more 
wear and tear. 

Only moving part is liquid pump and so 
less wear and tear. 

2 
Electrical power is essential to 
operate the system. 

Electrical power is not essential to 
operate the system (heat energy is used). 

3 
Compressor is used to compress the 
refrigerant. 

Compressor is replaced by absorber and 
generator. 

4 
Freon 12, Freon 22, NH3, Propane, Iso 
butane are used as refrigerants. 

NH3 water vapour system and Lithium 
Bromide water vapour system are used. 

5 Occupies less space. Occupies more space. 

6 Performance is poor at partial loads. 
Performance is not affected at partial 
loads. 

13. Define Psychrometry. 

Psychrometry is the study of the properties of moist air (mixture of dry air and 
water vapour). 

14. What do you mean by dry air, moist air and moisture? 

Dry air is the mixture of oxygen, nitrogen, carbon-di-oxide, argon, etc. Moist air is the 
mixture of dry air and water vapour. Moisture is the amount of water vapour 
present in dry air. 

15. Define saturated air and degree of saturation. 

Saturated air is the moist air which contains maximum possible water vapour. 
Degree of saturation is defined as the ratio of actual humidity ratio to the humidity 
ratio of saturated air at the same temperature and total pressure. 

16. What do you mean by humidity and absolute humidity? 

Humidity or moist  is the amount of water vapour in air. Absolute humidity is the 
ratio of the mass of water vapour (mv) in a given volume to the mass of dry air in a 
given volume (ma).  

17. Define relative humidity. 

Relative humidity is defined as the ratio of actual mass of water vapour (mw) to the 
mass of saturated vapour (ms) produced in a mixture of air and water vapour at the 
same temperature and pressure (or) 

Relative humidity is defined as the ratio of partial pressure of water vapour (pw) in 
a mixture to the saturation pressure (ps) of pure water at the same temperature of 
mixture. 

18. Define DBT and WBT. 

Dry BulbTemperature (DBT) of the mixture is the temperature measured by an 
ordinary thermometer placed in the air-vapour mixture. 
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Wet Bulb Temperature (WBT) is the temperature measured by a thermometer 
whose bulb is covered by a thoroughly wetted cotton wick. 

19. Define dew point temperature and dew point depression. ( AU Nov  2010) 

Dew Point Temperature (DPT) of an air-vapour mixtue is a temperature at which the 
vapour starts to condense, when the mixture is cooled at constant pressure. 

Dew Point Depression (DPD) is the difference between dry bulb temperature (DBT) 
and dew point temperature (DPT) of air vapour mixture. 

20. List some important psychrometric processes. 

a) Sensible heating and Sensible cooling.  

b) Heating and humidification.  

c) Cooling and dehumidification.     

d) Mixing of air streams. 

21. Define sensible heat factor. 

The Sensible Heat Factor (SHF) is the ratio between total sensible heat to total heat 
(sum of total sensible heat and total latent heat). 

22. List the requirements of conditioned air for human comfort? 

Temperature - 22°C to 25°C, Relative humidity - 40% to 60% and Air velocity - 5 to 
8 m/min. 

23. Define air-conditioning. 

Air conditioning is the process of treating air in an internal environment to achieve 
and maintain required standards of temperature, humidity, motion and cleanliness 
of air regardless of surrounding conditions. 

24. Give the applications of air-conditioning. 

1. Used in residential buildings, consumer stores, hotels and restaurants to 
promote human health and comfort. 

2. Used in transportation of goods and human beings. 

3. Used in operation theatres and intensive care units. 

4. Also used in offices, libraries, theatres and auditoriums. 

25. Classify air-conditioning system. 

According to season: 

1. Summer air-conditioning system. 

2. Winter air-conditioning system. 

3. Year-round air-conditioning system. 

According to purpose: 

1. Comfort air-conditioning system. 

2. Industrial air-conditioning system. 

According to equipment arrangement: 

1. Unitary air-conditioning system. 

2. Central air-conditioning system.  

26. Name the various components used in simple vapour absorption system. 

1) Absorber 

2) Pump 

3) Generator 
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4) Condenser. 

5) Throttle valve. 

6) Evaporator. 

27. Define refrigerant. 

Any substance capable of absorbing heat from another required substance can be 
used as refrigerant. 

28. How does humidity affect human comfort? 

If the humidity is above a certain level, water vapour from human body moisture 
cannot be absorbed by the atmospheric air. It results in discomfort because of sweat 

29. Differentiate refrigeration and air-conditioning. 

Refrigeration Air-conditioning 

Process of removing heat from a lower 
temperature region to a higher temperature 
region to maintain a space lower than its 
surroundings. 

Process of treating air in an internal 
environment to achieve and maintain 
required standards of temperature, 
humidity, cleanliness and motion of air. 

30. List out the components of in the vapour absorption refrigeration system. (AU 
Nov/Dec 2013) 

      1. Absorber, 2. Generator, 3. Condenser, 4. Evaporator, 5. Pump 

31. Define RSHF. (AU May/ June 2014) 

RSHF is defined as the sensible heat load in the room divided by the total heat load in 
room. 

PART – B 

1. Explain working of vapour compression refrigeration cycle with neat sketch. (AU 
Nov. 2013) 

2. Explain the working principle of vapour absorption refrigeration cycle with neat 
sketch. 

3. A refrigeration machine is required to produce i.e., at 0°C from water at 20°C. The 
machine has a condenser temperature of 298 K while the evaporator temperature is 
268 K. The relative efficiency of the machine is 50% and 6 kg of Freon-12 refrigerant 
is circulated through the system per minute. The refrigerant enters the compressor 
with a dryness fraction of 0.6. Specific heat of water is 4.187 kJ/kgK and the latent 
heat of ice is 335 kJ/kg. Calculate the amount of ice produced on 24 hours. The table 
of properties of  Freon-12 is given below : 

Temperature 
(K) 

Liquid heat 
(kJ/kg) 

Latent heat 
(kJ/kg) 

Entropy of liquid 
(kJ/kgK) 

298 59.7 138.0 0.2232 

268 31.4 154.0 0.1251 

4. 28 tonnes of ice from and at 0°C is produced per day in an ammonia refrigerator. 
The temperature range in the compressor is from 25°C to – 15°C. The vapour is dry 
and saturated at the end of compression and an expansion valve is used. Assuming a 
co-efficient of performance of 62% of the theoretical, calculate the power required 
to drive the compressor. 

5. Explain various types of air conditioning systems with neat sketch. 

6. Explain various psychrometric processes with the help of psychrometric chart. 
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7. The sling psychrometer in a laboratory test recorded the following readings : 

Dry bulb temperature = 35°C   Wet bulb temperature = 25°     Atmospheric pressure 
= 1.0132 bar, Calculate, (i) Specific humidity, (ii) Relative humidity, (iii) Vapour 
density in air, (iv) Dew point temperature and (v) Enthalpy of mixture per kg of dry 
air. 

8. An air-water vapour mixture enters an air-conditioning unit at a pressure of 1.0 bar. 
38°C DBT, and a relative humidity of 75%. The mass of dry air entering is 1 kg/s. The 
air-vapour mixture leaves the air-conditioning unit at 1.0 bar, 18°C, 85% relative 
humidity. The moisture condensed leaves at 18°C. Determine the heat transfer rate 
for the process. 

9. Saturated air at 3ºC is required to be supplied to a room where the temperature 
must be held at 22ºC with a relative humidity of 55%. The air is heated and then 
water at 10ºC is sprayed to give the required humidity. Determine,    (i) The mass of 
spray water required per m3 of air at room conditions. 

10. A small-size cooling tower is designed to cool 5.5 litres of water per second, the 
inlet temperature of which is 44ºC. The motor-driven fan induces 9 m3/s of air 
through the tower and the power absorbed is 4.75 kW. The air entering the tower is 
at 18ºC, and has a relative humidity of 60%. The air leaving the tower can be 
assumed to be saturated and its temperature is 26ºC. Calculate, (i) The amount of 
cooling water (make-up) required per second. (ii) The final temperature of the 
water. Assume that the pressure remains constant throughout the tower at 1.013 
bar 

PART-C 

1. An ammonia refrigerator produces 30 tons of ice at 0oCin aday of 24 hours. The 
temperature range in the compressor is from 25o C to -15oC. The vapour is dry 
saturated at the end of compression. Assume a COP of 60 % of theoretical value. 
Find power required to drive compressor. Assume latent heat of ice is 335 kJ/kg. 
For properties of ammonia refer table below:     

Temperature  

(oC) 

hf 

(kJ/kg) 

hg 

(kJ/kg) 

Sf 

(kJ/kgK) 

Sg 

(kJ/kgK) 

25 298.9 1465.8 1.124 5.039 

-15 112.3 1426.5 1.4572 5.549 

2. (a) An office is to be air- conditioned for 50 staff when the outdoor conditions are 
30oC DBT and 75% RH if the quantity of air supplied is 0.4 m3/min/ person, find the 
following: (i) Capacity of the cooling coil in tones of refrigeration, (ii) Capacity of the 
heating coil in kW, (iii) Amount of water vapour removed per hour. Assume that 
required inlet conditions are 200C DBT and 60% RH. Air is first conditioned by 
cooling and dehumidifying and then by heating. (12) (b)Describe the factors that 
affect human comfort. (4)    

3. An office is to be air-conditioned for 50 staffs when the outdoor conditions are 30°C 
DBT and 75 percentage RH if the quantity of air supplied is 0.4m3/min/person find 
the following, i) capacity of cooling coil, ii) capacity of heating coil in kW, iii) amount 
of water vapour removed per hour assume the air inlet conditions are 20°C DBT 
and 60 percentage RH, air is conditioned first by cooling and dehumidifying and 
then by heating, and iv) If the heating coil temperature is 25°C, Find the by pass 
factor of heating coil.  

DOWNLOADED FROM STUCOR APP

ALSO REFER LAST YEAR QUESTION PAPERS IN STUCOR APP



PANIMALAR ENGINEERING COLLEGE 
Department of Mechanical Engineering 

ME8595 
Thermal Engineering 

189 

 

 

4. The temperature limits of an ammonia refrigeration system are 25oC and -10oC. If 
the gas is dry at the end of compression, Calculate the COP assuming no-under 
cooling of the system. The properties of ammonia are given below.   

Temperature 

(oC) 

Liquid heat 

(kJ/kg) 

Latent heat 

(kJ/kg) 

Liquid entropy 

(kJ/kgK) 

25 298.90 1166.94 1.2420 

-10 0.5443 135.37 1297.68 

5. Explain briefly various absorption system, and give the comparison vapour 
compression system and vapour absorption system.  
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