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A.Y. : 2017-18
NAME OF THE FACULTY: Satya Amarnadh Parimi
DESIGNATION: Asst. Professor
SUBJECT : THERMAL PRIME MOVERS(EEE2106)
PROPOSED AND MODIFIED SYLLABUS:

1. LAWS OF THERMODYNAMICS (statements only), gas laws, relation between gas constant and specific heat at constant pressure and constant volume. Thermo dynamic processes of perfect gases and entropy.

2. PROPERTIES OF STEAM and use of steam tables. Extent work and internal energy. Thermodynamic processes of vapour and entropy of steam.

3. BOILERS: Classification, simple vertical, cochron,  lancshire, and babcock & wilcox boilers.

4. I C ENGINES : Classification, otto cycle, diesel cycle and duel

Combustion cycle. Working of 2-stroke and 4-stroke engines. Petrol engines and diesel engines. Power and efficiency of IC engines.

5. STEAM NOZZLES: Flow Through Steam Nozzles Critical Pressure Ratio, Effect Of Friction And Super Saturation.

6. STEEAM TURBINES: Impulse and Reaction Turbines, and Velocity diagrams. Methods Of Reduction Of Rotor Speed.

7. GAS TURBINES: Introduction, Classification of Gas Turbines. Analysis of Constant Pressure Closed Cycle Gas Turbines, Open Cycle Gas Turbines. Methods To Improve the Thermal Efficiency of Gas Turbines.

TEXT BOOKS:

1.THERMAL ENGINEERING BY R.S. KHURMI AND J.K. GUPTA, S.CHAND & CO LTD.

2.ELEMENTS OF HEAT ENGINES, VOLS. I & II BY R.C. PATEL AND C.J. KARAM CHANDANI,ACHARYA BOOK DEPOT, BARODA.

COURSE OBJECTIVES:

1. To impart basic laws and concepts of Thermodynamics

2. To make the student learn about the constructional features, operational details of various types of    internal combustion engines.

3. To train the students in the aspects of steam formation and its properties through the standard steam data tables and charts.

4. To impart the knowledge of gas turbine fundamentals and the methods to improve the efficiency of gas turbines.

COURSE OUTCOMES:

1. To understand about the constructional features, operational details of various types of Internal Combustion Engines & steam boilers, steam nozzles.
2. To calculate the performance parameters of I.C.Engines using basic laws of thermodynamics
3. To accompain the aspects of steam formation and its utilities through the standard steam data tables 

4. To determine the performance of steam turbines using velocity diagrams.
5. To analyze the working and the methods to improve the efficiency of gas turbines.
LECTURE SCHEDULE

	Sl. No.
	No. of Hrs.
	Topic(s) planned
	Related COs
	Proposed

Date
	Reference

(Books with page numbers)
	Teching Methodology

	1
	1
	Introduction to thermal prime movers
	CO1
	
	T1-1
	Chalk&Talk

	2
	1
	Basics of thermodynamics
	CO1
	
	T1-7
	Chalk&Talk

	3
	1
	Laws of thermodynamics (statements only)
	CO1
	
	T1-19
	Chalk&Talk

	4
	1
	Gas laws
	CO1
	
	T1-30
	Chalk&Talk

	5
	1
	Gas equation and gas constant
	CO1
	
	T1-31
	Chalk&Talk

	6
	1
	Specific heat at constant pressure and Constant volume
	CO1
	
	T1-38
	Chalk&Talk

	7
	1
	Relation gas constant and Specific heat at constant pressure and Constant volume
	CO1
	
	T1-42
	Chalk&Talk

	8
	1
	Thermodynamic processes of perfect gases
	CO1
	
	T1-50
	Chalk&Talk

	9
	1
	Reversible non flow processes
	CO1
	
	T1-51
	Chalk&Talk

	10
	1
	Steady flow processes
	CO1
	
	T1-86
	Chalk&Talk

	11
	1
	Entropy and its significance
	CO1
	
	T1-103
	Chalk&Talk

	12
	1
	Problems practice
	CO1
	
	
	Chalk&Talk

	13
	1
	Introduction to I C engines
	CO1
	
	T1-582
	Chalk&Talk

	14
	1
	Carnot cycle and its P-V and T-S diagrams
	CO1
	
	T1-153
	Chalk&Talk

	15
	1
	Otto cycle and Diesel cycle
	CO1
	
	T1-171,178
	Chalk&Talk

	16
	1
	Duel Combustion cycle and its P-V and T-S diagrams
	CO1
	
	T1-188
	Chalk&Talk

	17
	1
	Classification of IC engines
	CO1
	
	T1-583
	Chalk&Talk

	18
	1
	Working of 2-stroke and 4-stroke Petrol engines
	CO1
	
	T1-586,587
	Video Presentation

	19
	1
	Working of 2-stroke and 4-stroke diesel engines
	CO1
	
	T1-589,594
	Video Presentation

	20
	1
	Comparison of 2-stroke and 4-stroke engines
	CO1
	
	T1-586
	Video Presentation

	21
	1
	Comparison of Petrol and diesel engines
	CO1
	
	T1-592
	Video Presentation

	22
	1
	Indicated Power  and Brake Power  
	CO1,CO2
	
	T1-611
	Chalk&Talk

	23
	1
	Morse Test and Frictional Power  
	CO1,CO2
	
	T1-613
	Chalk&Talk

	24
	1
	Brake thermal efficiency and Indicated thermal efficiency of IC engines 
	CO1,CO2
	
	T1-616
	Chalk&Talk

	25
	1
	Introduction to Gas turbines
	CO1,CO5
	
	T1-707
	Chalk&Talk

	26
	1
	Classification of gas turbines.
	CO1,CO5
	
	T1-708
	Chalk&Talk

	27
	1
	Brayton cycle
	CO1,CO5
	
	T1-153
	Chalk&Talk

	28
	1
	closed cycle gas turbines,
	CO1,CO5
	
	T1-708
	Chalk&Talk

	29
	1
	Gas turbine cycle with inter cooling and reheating
	CO1,CO5
	
	T1-711,713
	Chalk&Talk

	30
	1
	Open cycle gas turbines.
	CO1,CO5
	
	T1-717
	Chalk&Talk

	31
	1
	Comparison of closed cycle gas turbines and open cycle gas turbines
	CO1,CO5
	
	T1-718
	Chalk&Talk

	32
	1
	Analysis of Constant pressure gas turbines
	CO1,CO5
	
	T1-719
	Chalk&Talk

	33
	1
	Methods to improve the thermal efficiency of gas turbines
	CO1,CO5
	
	T1-721
	Chalk&Talk

	34
	1
	Introduction to Boilers
	CO1
	
	T1-323
	Video Presentation

	35
	1
	Classification of boilers and Requirements of a good boiler
	CO1
	
	T1-324
	Video Presentation

	36
	1
	Fire tube and water tube boilers
	CO1
	
	T1-323
	Video Presentation

	37
	1
	Construction and working principle of Simple vertical boiler and Cochran boiler
	CO1
	
	T1-325,326
	Video Presentation

	38
	1
	Construction and working principle of Babcock and Wilcox boiler
	CO1
	
	T1-329
	Video Presentation

	39
	1
	Construction and working principle of Lancashire boiler
	CO1
	
	T1-327
	Video Presentation

	40
	1
	Boiler mountings and accessories
	CO1
	
	T1-334
	Video Presentation

	41
	1
	Boiler draught
	CO1
	
	T1-360
	Video Presentation

	42
	1
	Properties of steam 
	CO1,CO3
	
	T1-199
	Chalk&Talk

	43
	1
	Use of steam tables. 
	CO1,CO3
	
	T1-203
	Chalk&Talk

	44
	1
	Extent work and internal Energy. 
	CO1,CO3
	
	T1-207,208
	Chalk&Talk

	45
	1
	Thermodynamic processes of vapour 
	CO1,CO3
	
	T1-230
	Chalk&Talk

	46
	1
	entropy of steam
	CO1,CO3
	
	T1-219
	Chalk&Talk

	47
	1
	Measurement of dryness fraction of steam
	CO1,CO3
	
	T1-211
	Chalk&Talk

	48
	1
	Introduction to Steam nozzles 
	CO1
	
	T1-469
	Chalk&Talk

	49
	1
	Types of steam nozzles
	CO1
	
	T1-469
	Chalk&Talk

	50
	1
	Flow through steam nozzles critical pressure ratio
	CO1
	
	T1-470
	Chalk&Talk

	51
	1
	Critical pressure ratio
	CO1
	
	T1-480
	Chalk&Talk

	52
	1
	Effect of friction and super saturation
	CO1
	
	T1-490
	Chalk&Talk

	53
	1
	Introduction to Steam turbines 
	CO1,CO4
	
	T1-501
	Chalk&Talk

	54
	1
	Classification of steam turbines
	CO1
	
	T1-502
	Chalk&Talk

	55
	1
	Impulse turbines
	CO1
	
	T1-502
	Chalk&Talk

	56
	1
	Velocity diagram and calculations for impulse turbines 
	CO1,CO4
	
	T1-503
	Chalk&Talk

	57
	1
	Pressure and velocity compounding of impulse turbine
	CO1,CO4
	
	T1-552
	Chalk&Talk

	58
	1
	Reaction turbines
	CO1,CO4
	
	T1-521
	Chalk&Talk

	59
	1
	Velocity diagram and calculations for Reaction turbines
	CO1,CO4
	
	T1-524
	Chalk&Talk

	60
	1
	Methods of reduction of rotor speed
	CO1,CO4
	
	T1-552
	Chalk&Talk


Text Books:
1.Thermal engineering by R.S. Khurmi and J.K. Gupta, s.chand & co ltd.

2.Elements of heat engines, vols. I & ii by R.C. Patel and C.J. Karam chandan, Acharya book depot, baroda
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Question Bank

I.C Engines

1. How are the injection system classified? Describe briefly why the air injection system is not used now a day?

2. Explain the important qualities of a good ignitions system.

3. Compare SI and CI engines.

4. With neat sketches explain the working principle of four stroke spark ignition engine.

5. Explain the two types of cooling systems and compare them.

6. With neat sketches explain the working principle of a simple carburetor.

7. Compare the splash lubrication system and pressure lubrication systems.

8. Explain about the valve timing diagram of four stroke engine.

9. Explain about the port timing diagram of two stroke engine.

10. Explain with the help of P-V and T-S diagrams the processes of an otto cycle and derive its air standard efficiency. 

11. An engine of 250 mm bore and 375 mm stroke works on Otto cycle. The clearance volume is 0.00263m3. The initial pressure is limited to 25 bar, find the following: (i) The air standard efficiency of the cycle. (ii) The mean effective pressure for the cycle. 

12. The minimum pressure and temperature in a Otto cycle are 100 kPa and 27oC. The amount of heat added to the air per cycle is 1500 kJ/kg. (i). Determine the pressure and temperatures at all points of air standard Otto cycle. (ii). Calculate the specific work and thermal efficiency of the cycle for a compression ratio of 8:1. 

13. In a working on the Diesel cycle the ratio of the weights of air and fuel supplied is 50:1. The temperature of the air at the beginning of the compression is 600Cand the Compression ratio used is 15:1. What is the ideal efficiency of the engine? Calorific value of fuel used is 42000kJ/kg. Assume Cp = 1.004 kJ/kg K and Cv= 0.717 kJ/kg K for air.

14. Compare otto, diesel and dual cycle performances for (i) Same compression ratio.(ii)  Maximum pressure and heat input.

15. Explain with the help of P-V and T-S diagrams the processes of an Diesel cycle and derive its air standard efficiency. 

16. Find the air fuel ratio of a four strokes, single cylinder, air cooled engine with fuel consumption time for 0.1 m3 is 16 sec. The load is 18kg at a speed of 3000 rpm. Find also brake specific fuel consumption in kg/kWh and brake thermal efficiency.  Assume   the density of air as 1.2 kg/m3 and specific gravity of fuel as 0.7. The lower heating value of fuel is 43 MJ/kg and dynamometer constant is 5000.

17. A four stroke gas engine having a cylinder of 250mm diameter and stroke 450 mm has a volumetric efficiency of 80%, ratio of air to gas is 8:1, calorific value of gas is 20MJ/m3 at NTP. Find the heat supplied to the engine per working cycle. If the compression ratio is 5, what is the heating value of the mixture per working stroke per m3 of total cylinder volume?

18. The following observations were recorded during a trial of a four stroke, single cylinder oil engine. Duration of the test is 45 min ; oil consumption is 4 liters ; calorific value of the oil is 43MJ/Kg ; specific gravity of the fuel =0.8: area of the indicator is 8.5cm2; length of the indicator diagram =8.5 cm spring constant = 5.5  bar/cm ; brake load=150kg; Spring balance reading =21kg ; effective brake wheel diameter =1.5m speed =200 rpm; Cylinder dia.= 30cm; stroke = 45cm; jacket cooling water = 10 kg/min; temp rise is 360c Calculate i) indicated power ii) brake power iii) mechanical efficiency iv) indicated thermal Efficiency . v) Brake specific fuel consumption.

Steam & Steam Turbine

1. Define and explain the concept of triple point?

2. Describe the process of formation of steam and give its graphical representation 

3. Explain the formation of steam with the help of T-S diagram and H-S diagram.

4. Steam enters an engine at a pressure 10 bar absolute and 2500C. It is exhausted at 0.2 bar. The steam at exhaust is 0.9 dry. Find i. Drop in enthalpy ii. Change in enthalpy. 

5. A rigid vessel contains liquid vapour mixture in the ratio of 3:2 by volume determine quality of water vapour mixture and total mass of fluid in the vessel if the volume of vessel is 2m3 and initial temperature is1500C.

6. A block of iron weighing 100kg and having a temperature of 1000c is immersed in 50kg of water at a temperature of 200c. Determine the change of entropy of the combined system of iron and water. Specific heat of iron and water are 0.45 and 4.18 kJ/kg K respectively.

7. a) Describe the different processes of Rankine cycle. Derive the expression for its efficiency and show them on    P-v and T-s diagrams.

 (b) A simple Rankine cycle works between pressure of 30 bar and 0.04 bar, the initial condition of steam being dry saturated, calculate the cycle efficiency, work ratio and specific steam consumption.

8. In a Rankine cycle, the steam at inlet to turbine is saturated at a pressure of 35 bar and the exhaust pressure is 0.2 bar. Find (i) the pump work (ii) The turbine work (iii) The Rankine efficiency (iv) The condenser heat flow and (v) the dryness at the end of expansion. Assume flow rate of 9.5 kg/sec.

9. Give the schematic representation of reheat Rankine cycle and derive an expression for its thermal efficiency. 

10. In a single stage impulse turbine, the isentropic nozzle heat drop = 251 kJ/kg, nozzle efficiency = 90%, nozzle angle = 200 c, ratio of blade speed to whirl component of steam speed = 0.5, blade velocity coefficient = 0.9, the velocity of steam entering the nozzle = 20 m/s. Find the blade angles at inlet and outlet if the steam enters without shock and leaves the blades in an axial direction.

11. What is compounding? Describe various ways of compounding impulse turbines and give their merits and demerits.

12. An impulse turbine with a single row wheel is to develop 100 kW and the blade speed is 150 m/s. A mass of 2 kg/s is to flow through the nozzle with exit velocity of 350 m/s. The velocity coefficient of the blade is 0.8, while the steam is to flow axially after passing through the blade ring. Find out the nozzle angle and the blade angles at exit and inlet. Also calculate the diagram efficiency.

13. The blade tip angles of a reaction turbine are 320 and 250 for fixed and moving blades respectively. The mean ring diameter of a pair of blades is 1.5 m and the blade height is 0.15 m. The steam which passed through the pair at a rate of 20 kg/s is dry saturated at 24 bar. Find (a) axial velocity (b) blade speed and (c) power developed at that speed.

14. In a reaction turbine, both the fixed and moving blades have same tip angles of 300 and 220 for inlet and outlet respectively. The mean blade speed is 90 m/s and steam consumption is 8 kg/s. Determine the power required if isentropic heat drop in a pair is 23.5 kJ/kg.

15. Define the term degree of reaction for the reaction turbine and show that its value is 0.5 for the Parson’s reaction turbine.

Gas Turbines

1.   
In a gas turbine installation, the air is compressed in a single stage compressor from 1 bar 200 c to 6.25 bar. The air after compression is heated in a chamber to a temperature of 7500 c. The hot air is expanded in the turbine and then reheated to a temperature of 7500 c. The hot air is once again expanded in the second turbine. Find the power that can be developed per kg of air.

2.   
In a gas turbine plant air enters the compressor at 1 bar and 70 c. It is compressed to 4 bar with

      an isentropic efficiency of 82%. The maximum temperature at the inlet to the turbine is 8000 c. The isentropic efficiency of the turbine is 85%. The calorific value of the fuel used is 43.1 MJ/kg. The heat losses are 15% of the calorific value. Calculate thermal efficiency, air-fuel ratio, specific fuel consumption in kg/kWh and ratio of compressor work to turbine work. Take cp for gases = 1.15 kJ/kg k and specific heat ratio for gases = 1.33

3.   A closed cycle gas turbine (with reheat) power plant operates using helium as the working medium.      The pressure ratio is 10. The maximum permitted temperature is 1000 k. Assuming the work output to be maximum, calculate the efficiency. If the air is used instead of helium, calculate the efficiency and difference in heat added. Assume ideal Brayton cycle.Temperature at the inlet of compressor = 270 C; Cp of helium = 5.204 kJ/kg k; and specific heat ratio of helium = 1.67.

4.    (a) Explain the working principle of gas turbine along with p-v and T-s diagrams.

       (b) Describe the differences between closed cycle gas turbine and open cycle gas turbine.

5.    (a) Explain the operating principle of Brayton cycle with a schematic diagram, p-v and T-s diagrams.

       (b) Derive the thermal efficiency of Brayton cycle in terms of pressure ratio and  polytropic index.

6.  (a) What are essential components required for the operation of gas turbine cycle and explain their   functionality.

      (b) What are the advantages and limitations of gas turbine power generation units in comparison with other power generating units?

7.  Compare the maximum work delivered by an aircraft gas turbine which works with two stage compression with inter cooling. The compressor pressure ratio is 4 and the temperature limit is 1000 k, for the given ambient conditions of 1 bar and 301 k. If the temperature and pressure at 6000 m altitude is – 250 c and 0.5 bar, find the % change in network output, efficiency and exhaust gas temperature if the volume flow rate is 2.5 m3/ sec.

