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PCC-ME-212   THERMAL LAB-I 

B. Tech (Mechanical Engineering) IV Semester 

No. of Credits: 1 
Sessional: 15 Marks 

L T P Total Theory : 35 Marks 

0 0 2 2 
Total : 50 Marks 

Duration of Exam: 2 Hours 

Pre- Requisite: Thermodynamics, Applied Thermodynamics 

Successive: IC Engines, Air craft Technology, Gas Dynamics and Jet Propulsion. 

Course Objectives: 

The aim of this course is to familiarize students with the various energy conversion devices 

and their performance. 

Course Outcomes: After the completion of this course, the students will be able to: 

1. Understand the basic components of a power plant. 

2. Learn about the various types of boilers and their parts. 

3. Gain knowledge of the working of four stroke and two stroke engines. 

4. Do the performance testing of I.C. engines.  

List of Experiments: 

1. To study the function and working of various mountings and accessories in a boiler. 

2. To study the construction and working of some low pressure boilers. 

3. To study the construction and working of some high pressure boilers. 

4. To study the basic elements of a power plant. 

5. To study the construction and working of 2 stroke & 4 stroke diesel engine.  

6. To study the construction and working of 2 stroke & 4 stroke petrol engine.  

7. To prepare heat balance sheet on single/multi-cylinder diesel engine/petrol engine. 

8. To prepare variable speed performance test of a multi-cylinder/single cylinder petrol   

engine/diesel engine and prepare the curves (i) bhp, ihp, fhp vs speed (ii) volumetric 

efficiency & indicated specific fuel consumption vs speed. 

9. Study of Valve Timing Diagram for an I. C. Engine. 

10. Study the engine cooling system. 

Note:  1. At least eight experiments are to be performed in the semester. 

2. At least six experiments are to be performed from the above list and the rest may be 

designed and set by the concerned institution as per the scope of the syllabus. 
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EXPERIMENT NO. 1 

Aim: To study the function and working of various boiler mountings and accessories in a 

boiler. 

Theory:  

A boiler is defined as a closed vessel in which steam is produced from water by combustion 

of fuel. Also defined as “A combination of apparatus for producing, furnishing, or recovering 

heat together with the apparatus for transporting the heat so made available to the fluid being 

heated and vaporized.” 

Classification of Boilers: 

The boilers may be classified according to following criteria: 

1. According to relative position of water and hot gases. 

(a) Water tube boiler:  A boiler in which the water flows through the tubes which are 

surrounded by hot combustion gases i.e. Babcock and Wilcox, Stirling, Benson 

boilers etc. 

(b) Fire tube boiler: The hot combustion gases pass through the boiler tubes, which 

are surrounded by water i.e. Lancashire, Cochran, Locomotive boilers etc. 

2. According to water circulation arrangement 

(a) Natural circulation:  Water circulates in the boiler due to density difference of hot 

and cold water e.g., Babcock and Wilcox boiler, Lancashire boiler, Locomotive 

boiler etc. 

(b) Forced circulation:  A water pump forces the water along its path, therefore, the 

steam generation rate increases e.g.. Benson, LaMont, Velox boilers etc. 

3. According to position of furnaces: 

(a) Internally fired:  The furnace is located inside the shell e.g., Cochran, Lancashire 

boilers etc. 

(b) Externally fired:  The furnace is located outside the boiler shell i.e. Babcock and 

Wilcox, Stirling boilers etc. 

4. According to the use:  Stationary, Portable, Locomotive or marine boiler. 

5. According to position of the boilers:  horizontal, inclined or vertical boilers. 

Boiler Mountings: 

The boiler mountings are the part of the boiler and are required for proper functioning.  In 

accordance with the Indian Boiler regulations, of the boiler mountings is essential fitting for 

safe working of a boiler. Some of the important mountings are: 
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Water level Indicator 

Water level indicator is located in front of boiler in such a position that the level of water can 

easily be seen by attendant.  Two water level indicators are used on all boilers. 

Pressure Gauge 

A pressure gauge is fitted in front of boiler in such a position that the operator can 

conveniently read it.  It reads the pressure of steam in the boiler and is connected to steam 

space by a siphon tube.   

The most commonly, the Bourdon pressure gauge is used.   

Safety Valve 

Safety valves are located on the top of the boiler.  They guard the boiler against the excessive 

high pressure of steam inside the drum.  If the pressure of steam in the boiler drum exceeds 

the working pressure then the safety valve allows blow-off the excess quantity of steam to 

atmosphere.  Thus the pressure of steam in the drum falls.  The escape of steam makes a 

audio noise to warm the boiler attendant. 

There are four types of safety valve. 

1. Dead weight safety valve. 

2. Spring loaded safety valve 

3. Lever loaded safety valve 

4. High steam and low water safety valve. 

Fusible Plug 

It is very important safety device, which protects the fire tube boiler against overheating.  It is 

located just above the furnace in the boiler.  It consists of gun metal plug fixed in a gun metal 

body with fusible molten metal. 

During the normal boiler operation, the fusible plug is covered by water and its temperature 

does not rise to its melting state.  But when the water level falls too low in the boiler, it 

uncovers the fusible plug.  The furnace gases heat up the plug and fusible metal of plug 

melts, the inner plug falls down  The water and steam then rush through the hole and 

extinguish the fire before any major damage occurs to the boiler due to overheating. 

Blow-Off Cock 

The function of blow-off cock is to discharge mud and other sediments deposited in the 

bottom most part of the water space in the boiler, while boiler is in operation.  It can also be 

used to drain-off boiler water.  Hence it is mounted at the lowest part of the boiler.  When it is 

open, water under the pressure rushes out, thus carrying sediments and mud. 



Page 5 of 59 
 

Feed Check Valve 

The feed check valve is fitted to the boiler, slightly below the working level in the boiler.  It 

is used to supply high pressure feed water to boiler.  It also prevents the returning of feed 

water from the boiler if feed pump fails to work. 

Steam Stop Valve 

The steam stop valve is located on the highest part of the steam space.  It regulates the steam 

supply to use.  The steam stop valve can be operated manually or automatically. 

Boiler Accessories: 

The accessories are mounted on the boiler to increase its efficiency.  These units are optional 

on an efficient boiler.  With addition of accessories on the boiler, the plant efficiency also 

increases.  The following accessories are normally used on a modern boiler: 

(i) Economizer (ii) Super heater (iii) Air pre heater (iv) Feed water pump (v) Steam injector. 

Economizer 

An economizer is a heat exchanger, used for heating the feed water before it enters the boiler.  

The economizer recovers some of waste heat of hot flue gases going to chimney.  It helps in 

improving the boiler efficiency.  It is placed in the path of flue gases at the rear end of the 

boiler just before air pre-heater. 

Super heater 

It is a heat exchanger in which heat of combustion products is used to dry the wet steam, 

pressure remains constant, its volume and temperature increase.  Basically, a super heater 

consists of a set of small diameter U tubes in which steam flows and takes up the heat from 

hot flue gases. 

Air Pre-heater 

The function of an air pre-heater is similar to that of an economizer.  It recovers some portion 

of the waste heat of hot flue gases going to chimney, and transfers same to the fresh air 

before it enters the combustion chamber.   

Due to preheating of air, the furnace temperature increases.  It results in rapid combustion of 

fuel with less soot, smoke and ash.  The high furnace temperature can permit low grade fuel 

with less atmospheric pollution.  The air pre-heater is placed between economizer and 

chimney. 

Feed Water Pump 

It is used to feed the water at a high pressure against the high pressure of steam already 

existing inside the boiler. 

Steam Injector  

A steam injector lifts and forces the feed water into the boiler.   It is usually used for vertical 

and locomotive boilers and can be accommodated in small space.  It is less costly.  It does not 

have any moving parts thus operation is salient. 
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Fig. 2.1 Water Level Indicator 
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Fig. 2.2 Pressure Gauge 

 

 

 

 

Fig. 2.3 Lever Safety Valve 
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Fig. 2.4 Fusible Plug 

 

 



Page 9 of 59 
 

 

Fig. 2.5 Blow off Cock 
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Fig. 2.6 Feed Check Valve 
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Fig. 2.7 Steam Stop Valve 
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Fig. 2.8 Economizer 

 

Fig. 2.9 Super Heater 
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EXPERIMENT NO. 2 

 

Aim: 

To study the construction and working of some low pressure boilers. 

 

Theory: The steam boiler or steam generator is a closed vessel in which water is heated, 

vaporized and converted into steam at a pressure higher than the atmosphere pressure.  The 

heat energy required for steam generation is produced by burning of the fuel in the furnace.  

The steam produced in the boiler may be used for producing power, for industrial process or 

for heating purposes. 

Principle parts and their functions 

Generally a boiler consists of the following parts: 

1. Drum:  The boiler drum consists of shell and end heads.  The shell of the boiler 

consists of one or more steel plates bent into the cylindrical form and riveted or 

welded together.  The ends of the shell are closed by means of the flat or curved 

plates called boiler head and boiler drum is formed. 

2. Setting:  It is also called foundation and constructed of bricks.  It supports the 

boiler drum and other components.  It forms the wall of the furnace, combustion 

chamber and passage to flue gases. 

3. Grate:  It is the space located below the furnace.   

4. Furnace:  It is the space above the grate and below the boiler shell.  It is the space, 

where the volatile matter and combustible gases are burnt and flue gases are 

generated. 

5. Flue gases:  It is the hot mixture of products of combustion, generated in the 

furnace. 

6. Heating Surface:  It is the surface of boiler, which is exposed to hot flue gases on 

one side and water on other side. 

7. Water space:  The space of the boiler shell occupied by water is called water 

space.  The level of water is maintained in the boiler and can be seen through 

water level indicator. 

8. Steam space:  The entire space of boiler shell which is not occupied by water is 

called steam space. 

9. Feed water:  The water supplied to the boiler is called feed water.  The pump 

which supplies the water is called feed pump. 

10. Working pressure:  It is the pressure of steam  

11. Economizer:  The feed water supplied by the feed pump is heated by the waste hot 

gases before they escape to the chimney.  Therefore, some of the waste heat is 

recovered  

12. Air preheater:  Similar to feed water heating the fresh air going to furnace is also 

preheated to improve the combustion process.  The device of air heating system is 

knows as air pre heater. 

13. Super heater:  These are the devices which heat the saturated steam generated in 

the boiler.  The super heaters are located above the furnace and they increase the 

heat content of steam without increasing it pressure. 
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The following low pressure boilers are studied: 

1. Cochran Boiler: 

It is a vertical fire tube boiler.  The flue gases from the furnace are passed through a number 

of small tubes surrounded by water. 

As shown in figure 1 it consists of cylindrical shell, grating, fire box, combustion chamber, 

number of smoke tubes, smoke box, chimney and various mountings. 

The fuel is burnt on grate in the fire box.  The hot gases pass through a short flue to 

combustion chamber, small smoke tubes and then collected in the smoke box, from where 

they are discharged to atmosphere through the chimney. 

The heat is transferred to water by radiation through the dome of fire place and by convection 

from the walls of the smoke tubes.  On heating and vaporization the water is converted into 

steam.  The generated steam is collected in the steam space above the water.  This steam is 

then taken for use through main steam stop valve. 

A man hole is provided in the crown of boiler for periodic cleaning and maintenance. 

Mud hole is provided at the bottom for draining out the muddy water from the boiler.  The 

pressure gauge water gauge, blow off cock, feed check valve, feed pump, fusible plug and 

chimney are provided for proper functioning of boiler. 

The Cochran boiler are made in sizes from 1 m to 3 m in diameter, 2 m to 6 m height, its 

steam generation rate is approximately 3600 kg/h with working pressure limited to 11 bar. 

2. Lancashire boiler: 

It is horizontal, internally fired, fire tube, stationary boiler.  The boiler has cylindrical shell 

usually 2 to 3 mm diameter and 7 to 9 m long.  This boiler is used for power generation at 

moderate steam pressure of 15 bar. 

As shown in figure 2, the boiler consists of a large shell supported by refractory brick 

masonry.  Two large, horizontal and parallel flue gas tubes are passing through shell.  The 

fire place is located in front of flue tubes.  In brick work, a flue passage, A below the boiler 

shell, two flue passages B and C at the sides of boiler are formed.  The flue passages B and C 

are connected to a chamber and then to chimney. 

The fuel is burnt on the grate and the hot gases travel along internal flue tubes followed by 

flue passage A and then in side passages B and C.  The flue gases are then collected in the 

chamber before they are lead to atmosphere through a chimney.  The hot flue gases transfer 

its maximum heat contents to water during it long passages.  The water is converted into 

steam and collected in the steam space in the shell and it is then taken out through steam stop 

valve for use. 
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The boiler is also provided with usual mountings like pressure gauge, water gauge, blow off 

cock, steam stop valve and safety valve.  It is also provided with low water and high steam 

alarm, which gives audio signal for low water level and high steam pressure. 

3. Cornish Boiler: 

The Cornish boiler is very similar to Lancashire boiler; it is also horizontal, fire tube, 

internally fired stationary boiler.  However, it differs from Lancashire boiler in two respects. 

1. It is small in size. 

2. It has only one flue tube. 

 

4. Locomotive Boiler: 

It is also an internally fired, horizontal, fire tube boiler.  It is mostly used on Locomotive for 

generating steam to drive a steam engine.  The locomotive boiler generates the steam at a 

pressure of about 25 bar with steam rate of 60-70 kg/h per square meter of the heating 

surface. 

A view of Locomotive boiler is shown in figure 3. It consists of the following main parts: 

 1.  Boiler shell        2.  Fire box surrounded by water 

 3.  Smoke tubes       4.  Super heater tubes 

 5.  Smoke box        6.  Chimney 

 7.  Blast pipe        8.  Damper 

 9.  Steam Dome with regulator   10. Safety valve and other mountings 

The flue gases are formed due to combustion of solid fuel, coal in presence of air on grate.  

These gases rise up and are deflected by a brick arch for their proper distribution to pass 

through smoke tubes and over super heater tubes and then finally get discharged into the 

atmosphere through a short chimney. 

The heat is transferred to water through the walls of the furnace, smoke tubes and super 

heater tubes. 

The steam generated is collected in steam space above the water in the boiler drum.  A steam 

regulator is located in the steam dome and is operated by a long regulator rod from the engine 

cabin by a driver.  When this valve is opened, the wet steam passes through the super heater 

header to super heated tubes located in a smoke box.  As steam passes through super heated 

tubes, it picks up additional heat and becomes superheated.  The superheated steam is then 

supplied to steam engine. 

Since on locomotive engine the long chimney cannot be installed thus the sufficient suction 

effect (natural draught) cannot be created.  Therefore, the exhaust steam from the engine is 
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discharged through a nozzle at the top of the blast pipe (exhaust pipe).  The jet of steam 

draws the flue gases to atmosphere through the short chimney thus creates sufficient suction 

in the fire box to suck the fresh air. 

6. Babcock and Wilcox Boiler: 

Babcock and Wilcox boiler is probably first water tube boiler designed and widely used.  A 

schematic of Babcock and Wilcox boiler is shown in figure 4 and its construction and 

operation are stated below. 

Construction: 

         (1). A horizontal steam and water drum: 

This is a main part of boiler.  It is supported by steel structure at a certain height and is 

independent of brick work.  The size of the boiler drum is small as compared with boiler 

drum of fire tube boiler of same capacity.  It contains water and steam.  All safety and control 

devices are mounted over the boiler drum. 

       (2). A bundle of steel tubes: 

The front end of the boiler drum is connected to uptake header (water only) by short tube and 

rear end is connected to the down take heater (water box) by a long tube.  In between the 

headers a number of small diameter steel tubes are fitted at an angle 5
0
 to 15

0
 with horizontal 

to promote the water circulation.  These steel tubes are arranged in combustion chamber in 

zigzag manner so that more surface area of the tube is exposed to hot gases. 

         (3). Combustion Chamber: 

It is the space above the grate below the front end of the drum where combustion of fuel takes 

place.  This chamber is enclosed by brickworks and it is lined from inside by fire bricks and 

doors are provided to give access of cleaning, inspection and repair purpose. Combustion 

chamber is divided into three separate compartments by baffles.  Thus the first compartment 

above the furnace is hottest and last chamber is of lowest temperature.  This makes the longer 

path of hot gases before leaving the boiler through the chimney.  Dampers are provided at 

rear end of the chamber to regulate the fresh air supply for maintaining proper combustion of 

fuel. 

        (4). Safety and control devices: 

Safety and control devices are called mountings basically these devices are mounted over a 

boiler drum.  These are safety valve, pressure gauge, water level indicator, feed check valve, 

steam stop valve, and blow off cock, fusible plug and man hole. 

Operation: 

The water is pumped by feed pump and it enters the drum through the feed check valve upto 

the pre specified level so that the headers and tubes are flooded always.  When the 

combustion takes place above the grate the product of hot gases comes out and rushes 

through each compartment of combustion chamber.  Hence front portion of the tubes have the 
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highest temperature and rear portion has lowest.  When water is heated inside the tubes, it 

becomes lighter and rises up in the tube.  Due to continuous heat supply, some of water gets 

vaporized into steam inside the tubes and the mixture of water and steam enters the boiler 

drum through uptake header and the cold water from the boiler drum comes down through 

the downtime header and enters the lower end of the water tubes for getting heated further.  

This natural circulation of water remains continuous due to difference in temperature.  Such a 

circulation is called thermo-siphon system. 

The steam generated gets collected in the steam space above water space in the boiler drum.  

In order to remove all water particles from the steam, it is finally, passed through the super 

heater tubes for its superheating.  The superheated steam is then available for use. 

 

 

Fig. 1. Cochran Boiler 
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Fig. 2 Lancashire Boiler 

 

 

 

 

Fig. 3 Locomotive Boiler 
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Fig. 4 Babcock and Wilcox Boiler 
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EXPERIMENT NO. 3 

 

Aim: 

 To study the construction and working of some high pressure boilers. 

 

Theory: 

The modern trend in central power stations is to generate and use steam at a high pressure 

and temperature.  The modern high pressure boilers used for power generation are for steam 

capacities ranging from 30 to 650 tons/h and above with a pressure up to 200 bar and 

maximum steam temperature about 600
0
C.  Now, it is possible to generate steam above the 

critical pressure of water (221.2 bar).  But these supercritical boilers are different than sub 

critical boiler in both design and operation because of the fact that properties of steam in the 

critical range are different.  The high pressure boilers are characterized by the following: 

 

(i) Forced circulation of water. In high pressure boilers, circulation of water is forced 

instead of natural.  Therefore, a pump is used to force the water in the boiler. 

(ii) Arrangement of drums and tubing.  In order to avoid any large resistance to flow 

of water, these boilers have a parallel set of tubes arrangement.  They have a very 

small steam separating drum or may be entirely free of drum. 

(iii) Improved method of heating.  The following methods are used to improve 

heating:- 

a. Superheated steam is used to heat the water. 

b. Saving of latent heat by evaporation of water at pressure above critical. 

c. The heat flow through the tube walls may be increased with the use of hot 

gases traveling with supersonic velocity. 

 

Advantages of high pressure boilers: 

The following are the advantages of high pressure boilers: 

(i) Smaller bore and therefore lighter tubes make the unit more compact. The space 

and weight requirements are minimized which reduces the erection time and cost. 

(ii) Reduction in the number of drums. 

(iii) There is greater freedom for disposing of the heating surface and hence greater 

evaporation for a given size. 

(iv) Lighter structure for a given output. 

(v) The boiler is capable of meeting rapid changes of load without the use of 

complicated or delicate control devices. 

(vi) All the parts are heated uniformly which eliminate the danger of overheating and 

setting up thermal stresses. 

(vii) Due to uniform temperature of parts, the differential expansions are minimized; 

this reduces the leakage of gas and air. 

(viii) There is complete elimination of high head which is needed for natural 

circulation. 

(ix) Due to high circulation velocity the tendency to form scales is eliminated to a 

large extent. 
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(x) If an external supply of power is available, very rapid start from cold state is 

possible.  Hence the boiler is suitable for carrying peak loads.  It is also useful for 

standby purposes in hydraulic stations. 

 

The system is slightly complicated and a certain percentage of the power is consumed by the 

circulating pump.  Examples of high pressure boilers are Lamont, Benson, Velox, Loeffler,   

etc. 

1.   Lamont Boiler: 

This is a high pressure, forced circulation, water tube type boiler invented by Lamont in 

1925.  Figure 1 shows the details of a Lamont high pressure boiler. 

The feed water from the hot well is supplied through an economizer to a separating and 

storing drum that contains a feed regulator which controls the speed of the feed pump.  Since 

the economizer is placed in the boiler at a place from where hot combustion gases pass, the 

economizer supplies sensible heat to the feed water. Water from the boiler drum flows by 

gravity to a circulating pump, which discharges water into a distributing header.  Water from 

the distributing header flows through long small diameter boiler tubes located in the walls 

and roof of the furnace to the drum where the steam is separated and water returns to the 

pump.  Orifices located at inlet to each circuit on the distributing header correctly proportions 

the water among the many parallel circuits, so that, each receives its proper share.  The 

circulating pump raises the water pressure to about 3.5 bars above the drum pressure to 

overcome the resistance to the flow controlling orifices and the long circuit of small diameter 

tubing.  At normal load, the quantity of water circulated in each tube is about 3.8 times the 

steam evaporated in the long circuit of small tubes.  This avoids the overheating of the tubes. 

Since three circuit tubes are placed in the combustion chamber through which the hot gases 

are passing upwards, the steam is generated in them.  The mixture of water and steam from 

these tubes enter the boiler drum where the moisture is separated from the drum.  Now the 

steam is led to the super heater tubes in which the steam gets superheated.  The superheated 

steam goes to ultimate destination through the steam stop valve. 

It is essential to maintain a constant level of water in the drum.  This is possible by supplying 

feed water equivalent to the steam quantity blown-off continuously.  The pump consumes 

about 0.5 to 0.6 % of the boiler output which is supplied by the power unit using the steam 

from boiler.  For economic combustion forced air preheated by the flue gases is used. 

 

2.   Benson Boiler: 

The Benson high pressure boiler introduced by Mark Benson in 1923 is a forced circulation 

water tube boiler.  The main feature of this boiler is the absence of the steam separating 

drum.  The entire process of heating, steam formation and superheating is done in a single 

continuous tube but to increase efficiency  many parallel circuits are used The efficiency of 

this boiler is as high as 90%. 

Figure 2 shows the details of a Benson boiler.  It consists of: 

(i) Air preheater in which air is preheated for economical combustion. 

(ii) Economizer in which sensible heat is imparted to feed water. 

(iii) Radiant surface of tubes in which radiant heat is supplied by combustion. 

(iv) Evaporative surface where the major quantity of water is evaporated 

(v) Super heater tubes in which steam is superheated and led to the work. 
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It is an established fact that the rate of heat transmission from flue gas to water is seriously 

impaired by the presence of steam bubbles in contact with the tube, and that, the release of 

these bubbles causes the water circulation to pulsate.  It was pointed out by Mark Benson that 

if the boiler pressure was raised to the critical pressure, the steam and water would have the 

same density and, therefore, no bubbles would be formed, thus eliminating the trouble.  But 

to raise the pressure above critical, a large amount of power is consumed by the feed pump 

which lowers the efficiency of the plant.  Hence by using pressure slightly lower than critical 

improved efficiency is possible.  At normal load, this boiler has an operating pressure of 210 

bar with 13500 kg/h evaporating capacity at 405
0
 C superheating temperature. 

 

The Benson boiler has the following advantages: 

(i) There is no pressure limitations and it may be as high as supercritical 

(ii) Absence of circulating pump and down comers. 

(iii) Absence of drum hence the cost is less. 

(iv) Lighter in weight, higher specific output with high safety factor. 

(v) Evaporation is quick 

(vi) Self-contained unit and can be easily erected. 

 

The disadvantages are: 

(i) Evaporation process accompanied by formation of salt and solids in the tubes.  

Special arrangements are required to remove this. 

(ii) On evaporative surface, there is chance of corrosion of the tubes. 

(iii) Overheating of the tubes in case of insufficient water supply. 

(iv) Since the storage capacity is small, it requires close coordination between steam, 

feed water and fuel input. 

 

3.   Loeffler Boiler: 

This boiler is a forced circulation, indirect heating type of boiler.  In this, water is evaporated 

solely by means of superheated steam i.e., steam is used as the heat carrying and heat 

absorbing media. 

Figure 3 shows the details of a Loeffler boiler.  It consists of an evaporator drum which may 

be placed at any convenient point outside the furnace setting.  The feed water pump is placed 

where the feed water passes through an economizer on the way to the drum.  Since the 

economizer is placed in the path of the outgoing hot gases, the economizer gives sensible heat 

to water.  The steam circulating pump extracts steam from the evaporator drum and forces it 

to pass through the radiant and convective surface of the super heater tubes placed in the path 

of the hot combustion gases.  From the super heater tube, a big portion (about ¾) of the 

superheated steam is trapped off for external use while the remainder (1/4) passes on to the 

evaporator drum where it gives up it super heat to the water contained in this drum, this 

generates an amount of steam equal to that trapped off. 

Nozzles are provided which distribute steam through out the water contained in the drum.  

The nozzles are of special design which avoid priming and noise so that the boiler can carry a 

higher salt concentration than any other type of boiler.  This makes it very suitable for marine 

transport and for power generation.  
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The air, preheated through the air preheater placed in the path of the outgoing hot gases is 

used for economical combustion.  The operating pressure of this boiler is 140 bars and the 

steaming capacity is 95000 kg/h. 

4.   Velox Boiler: 

The Velox boiler is a high pressure, forced circulation, pressurized or forced combustion 

boiler but with the limitation of firing with oil or gas under pressure with little or no ash 

problem.  The evaporative capacity is limited to 10200 kg/h of steam. 

Figure 4 shows the details of a Velox boiler.  Air is compressed to about 2.5 bar in an axial 

compressor (which, at the time of start is driven by a motor) before being supplied to an oil 

fuel furnace.  The purpose of this compression of air is to secure a high velocity of gas and 

also at the same time release of a great amount of heat.  The fuel and the compressed air are 

injected downwards into a vertical combustion chamber which is surrounded by hollow 

evaporator tubes.  On reaching the bottom of the combustion chamber the products of 

combustion are deflected upward into the evaporator tubes by means of a spiral water coil.  

The evaporator tubes consist of an outer annulus through which 10 to 20 times the water 

evaporated is circulated at a high velocity.  The core of the lower half of the evaporator tube 

or element is occupied by a central pipe which supplies water to the outer annulus, while the 

upper half is occupied by U-type super heater tubes.  In the space between the inner pipes and 

outer annulus, the flue gas rushes at a speed of about 250 m/s. 

 

There is provision of a ring main (4) which collects the steam and water and discharges it 

tangentially into the separating chamber (5).  This forms a forced vortex, which, by 

centrifugal loading on the water particles, allows steam release, without priming about two 

hundred times as great as in boilers of normal design.  The dry steam then passes up the 

central tube (2) the super heater.  The mud drum collects the separated water which is 

extracted by means of a circulating pump.  This circulating pump also creates a high water 

velocity through the evaporator tubes. 

 

The flue gases, after passing through the superheater enter exhaust gas turbines that drives the 

compressor.  The exhaust from the turbine passes through the counter flow feed heater where 

the feed water is preheated and which is discharged tangentially into the separating drum.  

 

This boiler is a very compact steam generative plant of great flexibility.  It is capable of quick 

starting and its thermal efficiency is about 90 to 95%. 
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Fig. 1 La Mont Boiler 

 

Fig. 2 Benson Boiler 
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Fig.3 Loeffler Boiler 

 

Fig. 4 Velox Boiler 



Page 26 of 59 
 

EXPERIMENT NO. 4 

Aim:  

To study the construction and working of 4- stroke petrol / diesel engine. 

Theory:  

A machine or device which derives heat from the combustion of fuel and converts part of this 

energy into mechanical work is called a heat engine. Heat engines are broadly classified into 

internal combustion engines [I.C. engines] and external combustion engines. 

Petrol and diesel engines fall under the category of internal combustion engines as these are 

reciprocating heat engines in which fuel mixed with correct amount of air is burnt inside a 

cylinder. The gaseous products of combustion form the working substance which make the 

piston move and produce mechanical work at the engine crankshaft. In contrast, the 

combustion of fuel in external combustion engines (ex. Steam engines) is external. 

Classification of I.C. Engines: 

I.C. engines can be classified as follows: 

1. According to the number of strokes required to complete a cycle: 

        (i) 2 stroke engine 

        (ii) 4 stroke engine 

2. According to fuel used: 

        (i) Petrol engine  

  (ii) Diesel engine 

        (iii) Gas Engine 

3. According to thermodynamic cycle of operation: 

       (i) Constant volume or Otto cycle 

(ii) Constant Pressure or Diesel cycle 

(iii) Mixed or Dual cycle 

4. According to the ignition system used: 

        (i) Spark Ignition engine 

        (ii) Compression Ignition Engine 
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5. According to the number of cylinders: 

       (i) Single cylinder engine  

       (ii) Multi Cylinder engine 

6. According to arrangement of cylinders: 

       (i) Vertical engine 

       (ii) Horizontal engine 

       (iii) In line engines 

       (iv) V engines 

       (v) Radial engine 

7.  According to the cooling system: 

       (i) Air cooled engine 

       (ii) Water cooled engine 

8. According to the speed of the engine: 

       (i) Low Speed (below 400 rpm) 

       (ii) Medium Speed (400 to 900 rpm) 

       (iii) High Speed (above 900 rpm) 

9. According to lubrication system: 

      (i) Splash Lubrication 

      (ii) Pressure Lubrication 

10. According to field of application: 

      (i) Stationary engine  

      (ii) Mobile engine. 

Four Stroke Petrol Engine: 

The cycle of operation in a four stroke petrol engine is completed in two revolutions of 

crank shaft or four strokes of piston. Stroke is defined as the distance traveled by the 

piston from one of the dead centers to the other dead centre. It is also equal to two times 

the crank radius. Hence in a four stroke engine work is obtained only during one stroke 
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out of the four strokes of the piston required to complete one cycle. This engine works on 

Otto or constant volume cycle. 

1. Suction stroke: To start with the piston is at or very near T.D.C. and the inlet valve is 

open and exhaust valve is closed. As the piston moves from T.D.C. to B.D.C. 

rarefaction is formed in the cylinder which causes the charge to rush in and fill the 

space vacated by the piston. The charge consists of a mixture of air and petrol 

prepared by the carburetor. The admission of charge inside the engine cylinder 

continues until the inlet valve closes at B.D.C. 

2. Compression stroke: Both the valves are closed and the piston moves from B.D.C. to 

T.D.C. The charge is compressed up to a compression ratio of 5:1 to 9:1 and pressure 

and temperature at the end of compression are about 6 to 12 bar and 250º C to 300º C 

respectively. 

3. Working, Power or Expansion stroke: When the piston reaches T.D.C. position, or 

just at the end of compression stroke, the charge is ignited by causing an electric spark 

between the electrodes of a spark plug, which is located some where in the walls of 

cylinder head. During combustion the chemical energy of fuel is released and there is 

rise in temperature and pressure of gases. The temperature of gases increases to about 

1800º C to 2000º C and the pressure reaches 30 to 40 bar. Up till now the volume of 

gases formed however remains almost constant with both valves closed. Now the 

combustion products expand and push the piston down the cylinder. The reciprocating 

piston motion is converted into rotary motion of crankshaft by a connecting rod and 

crank. During expansion the pressure drops due to increase in the volume of gases and 

absorption of heat by cylinder walls.  

4. Exhaust stroke: Theoretically exhaust valve opens at the end of working stroke when 

the piston is at B.D.C. position. But actually exhaust valve begins to open when about 

85 % of the working stroke is completed. A pressure of 4 to 5 bar at this instant forces 

about 60 % of the burnt gases into the exhaust manifold at high speed. The remaining 

burnt gases are cleared off the swept volume when the piston moves from B.D.C. to 

T.D.C. During this stroke the pressure in side the cylinder is slightly above the 

atmospheric value. Some of the burnt gases are however left in the clearance space. 

The exhaust valve closes shortly after the piston reaches T.D.C. The inlet valve opens 

slightly before the end of exhaust stroke and the cycle repeats.  

Four Stroke Diesel Engine: 

The cycle of operation in a four stroke diesel engine is completed in two revolutions of 

crankshaft or four strokes of piston using diesel oil as fuel. This engine works on diesel 

cycle. 

1. Suction Stroke: Starting of engine is done by an electric motor or manually. In both 

cases the energy is supplied to the engine. In this stroke the inlet valve opens and the 
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outlet valve remains closed. Piston moves from T.D.C. to B.D.C. and in this way a 

vacuum is created in the cylinder. This vacuum is filled by air alone and piston 

reaches to B.D.C.  

2. Compression Stroke: Both valves are closed. This time piston moves from B.D.C. to 

T.D.C. Air is compressed in this stroke up to a compression ratio of 15:1 to 22:1 and a 

very high temperature is produced due to high pressure. The high temperature is the 

only cause of combustion of the fuel. The piston takes the power in this stroke from 

the flywheel. During this stroke the pressure and temperature attain a high value of 40 

to 60 bar and 600º C to 700º C.  

3. Working Stroke: At the end of compression stroke or when the piston reaches the 

T.D.C. position, a fine spray of diesel is injected in the cylinder through injector. The 

fuel burns by the heat of compressed air and due to its burning the power is produced. 

This power pushes the piston downward i.e. from T.D.C. to B.D.C. The excess energy 

of the piston is stored in the flywheel of the engine, which is further used for the 

remaining three strokes of the engine. The reciprocating motion of the piston is 

converted into the rotary motion of the crankshaft by connecting rod and crank. 

During expansion the pressure drops due to increase in volume of gases and 

absorption of heat by cylinder walls. 

4. Exhaust Stroke: The exhaust valve begins to open when about 85% of the working 

stroke is completed. The force of piston coming from B.D.C. to T.D.C. forces the 

burnt gases into the exhaust manifold. Some of the gases are forced out due to higher 

pressure in the cylinder and the remaining gases are forced out by the piston. Some of 

the burnt gases are however left inside the clearance space. The exhaust valve closes 

shortly after T.D.C.  The inlet valve opens slightly before the end of exhaust and in 

this way the cycle repeats.  

Comparison between petrol and diesel engine: 

S. No. Criteria of comparison Petrol Engine  Diesel Engine 

1. 

 

Working cycle Otto Cycle Diesel cycle 

2. Fuel used Petrol  Diesel 

3. Compression Ratio 5:1 to 9:1 14:1 to 22:1 

4.  Fuel Supply Carburetor is there Fuel injector is there 

5. Ignition Spark plug is required  Heat of compressed air 
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6. Pressure & temperature Lesser due to lower CR Higher due to more 

compression ratio 

7. Weight & size Lighter & Smaller Heavier & Larger 

8. Initial cost Lesser More expensive 

9. Running cost More Less 

10. Maintenance cost Frequent but costs less Rare but costlier 

11. Thermal efficiency Lesser, about 25 to 35% More, about 40 to 50% 

12. Starting effort Less cranking effort More effort required 

due to higher CR 

13. Chances of pre-ignition More chances No chances 

14. Vibration & noise Less More 

15. Field of application Light duty work Heavy duty work 
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Fig. 3.1 Four Stroke Petrol Engine 
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Fig. 3.2. Working of 4-stroke Petrol engine 
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Fig. 3.3 Four Stroke Diesel Engine 
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Fig. 3.4  Working of 4-stroke Diesel engine 
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EXPERIMENT NO. 5 

 

Aim:  

To study the construction and working of 2- stroke petrol / diesel engine. 

Theory:  

In this engine the cycle is completed in 2- strokes of the piston or in one revolution of 

crankshaft. The preparatory strokes (suction and exhaust) are combined with the working 

strokes (compression and expansion). In 2- stroke engines, instead of valves ports are used 

for suction and exhaust purposes. As the moving parts are less; mechanical efficiency is high. 

But thermal efficiency of the engine is lower due to some charge escaping without burning, 

through the exhaust port. Also, in 2 –stroke engines, as the power is available once in every 

revolution of the crankshaft, flywheel required is less in weight and small in size.  

Two Stroke Petrol Engine: 

Fig. 2.1 shows a two stroke petrol engine. It has no valves but consists of inlet or induction 

port (IP), exhaust port (EP), and a third port called the transfer port (TP). Referring to the fig. 

2.1 (a) let the piston be nearing the completion of its compression stroke. The ignition starts 

due the spark given by the spark plug and the piston is pushed down (fig. (b) and (c) ) 

performing the working strokes and in doing so the air fuel mixture already drawn from the 

inlet port in the previous stroke is compressed to  a pressure of about 1.4 bar. When about 

4/5
th

 of this stroke is completed the exhaust port (EP) is uncovered slightly and some of the 

burning gases escape to the atmosphere. Immediately afterwards as the exhaust port is 

uncovered by the further downward movement of the piston, the transfer port which is only 

very slightly lower than exhaust port is also uncovered as shown in fig.(d) and a charge of 

compressed fuel air mixture enters the cylinder and further pushes out the burnt gases out of 

the exhaust port. The top of the piston is made of a particular shape that facilitates the 

deflection of fresh charge upwards and thus avoids its escape along with the exhaust gases. 

This process is known as scavenging. 

After reaching the bottom dead center when the piston moves up, it first closes the inlet port, 

then transfer port and then exhaust port. The charge of fuel which previously entered the 

cylinder is now compressed. Simultaneously there is a fall of pressure in the crank case, 

creating a partial vacuum. When the piston is nearing the upward movement, the inlet port 

opens and a fresh charge of air fuel mixture from the carburetor enters the crank case. After 

the ignition of the charge, the piston moves down for the power stroke and the cycle is 

repeated as before. 
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Two Stroke Diesel Engine: 

In a two stroke cycle C.I. engine all the operations are exactly the same as those in S.I. engine 

except that in this case only air is taken in instead of air fuel mixture and the fuel is injected 

at the end of compression stroke, a fuel injector being fitted instead of a spark plug. 

Applications of Internal Combustion Engines: 

The main applications of I.C. engines are: 

1. Four stroke petrol engine- light vehicles such as cars, jeeps, motor bikes, and small 

generating sets etc. 

2. Two stroke petrol engines- very light vehicles such as scooters, mopeds, three 

wheelers and portable crop sprayers etc. 

3. Four stroke diesel engine- diesel power plants, heavy vehicles such as trucks, buses, 

road rollers, tractors, diesel locomotives and water pumps. 

4. Two stroke diesel engine- mainly used in marine engines where lesser weight is the 

main consideration. 

Comparison between 2- stroke and 4- stroke cycle engine: 

S. No. Criteria of 

comparison 

2- stroke cycle engine 4- stroke cycle engine 

1. Power stroke One working stroke in each 

cylinder per revolution of 

crankshaft 

One working stroke in 

each cylinder per two 

revolutions of 

crankshaft  

2. Weight and size Lighter and compact for same 

power 

Heavier and larger 

3. Turning moment  Even and more uniform Less uniform  

4. Flywheel size Smaller  Larger 

5. Construction Simpler and easy to 

manufacture 

More complicated due 

to valve mechanism 

6. Moving parts Few in number More 

7. Mechanical efficiency More due to lesser moving 

parts 

Lesser 
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8. Thermal efficiency Lesser because a part of air fuel 

mixture goes as waste with the 

exhaust gases 

More 

9. Noise  More Lesser 

10. Wear and tear More due to smaller size for the 

same power 

Less 

11. Scavenging Required Most efficient 

12. Fuel consumption More  Less 
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Fig.4.1 Two Stroke Petrol Engine 
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Fig.4.2 Two Stroke Diesel Engine 
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Experiment - 6 

AIM: To draw valve timing diagram of a petrol/diesel engine 

Valve timing diagram for 4 stroke system  

Theoretically it may be assumed that valve open and the spark (or injection of fuel) occurs at 

the engine dead centre .However, in actual operation, the valve do not operate at dead centre 

position but operate some degree on either side of the dead centre .The opening occurs earlier 

and the exhaust continues even at later crank angle .The ignition is also timed is also timed to 

also timed to occur in advance of the completion of compression stroke. 

  The timing of these events, referred in term of crank angle from dead centre position, is 

represented on a valve timing diagram. The correct timing are of fundamental importance for 

the efficient and successful running of the I.C engine.  

 

 

 

1. Inlet valve :  Due to inertia effect and the time required in attaining full opening, the 

inlet valve is made to open somewhat earlier than TDC so that by the time the piston 

reaches TDC, The valve is fully open .For an engine running at low speed and with 

throttle opening , there is vacuum in the cylinder throughout the intake strike and on 

the completion of the strike the cylinder is almost filled with charge   at atmosphere 

pressure .However, majority of I.C. engine run at tremendous speed .Consequently 

during suction stroke the piston will reach the BDC Before the charge could get 

enough time to enter the cylinder through the inlet valve passage. Moreover, there is 

considerable resistance to flow of charge through the air cleaner .Inlet and ports .This 

means that if the inlet valve is closed at BDC the cylinder would remain somewhat 

less than the atmosphere. 
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Consequently, in actual operation, inlet is kept open the cylinder pressure equals 

atmospheric pressure. It may app. The inlet valve is open even during compression, 

some of charge may be sent back to induction pipe. On the contrary, the kinetic 

energy of the air fuel mixture (or air) produces the ramming effect which enables 

more charge more than volume capacity of the combustion space. 

The greater charge sucked in by opening the inlet valve before TDC, and closing it 

40-45deg after BDC increase the potential output of the engine. 

 

2Ignition (or injection): The TDC would be proper time to produce spark if the 

charge could burn instantaneously. However, there is bag between the timing of spark 

and that of actual ignition. for best result with regard to power and economy , and to 

avoid explosion knock, the ignition of charge is timed to occur as early as the engine 

as the engine permit . At higher speed the ignition timing is called ignition advance. 

 

With too early ignition, the complete ignition may occur before the piston reaches the 

TDC and this may back explosion. The back explosion will cause the engine to run in 

the reversed direction of rotation. 

In diesel engine, too, there is a brief interval of time for the fuel oil to mix with the 

hot compressed air in cylinder and ignite. The injection of fuel is timed to occur about 

10-15  before TDC, so that by the time the piston reach TDC the actual combustion of 

fuel start. 

3.Exhaust valve :  The scavenging period (period available for discharge of bunt 

gases) in increased by opening the exhaust valve in advance i.e. before BDC, and 

closing it with delay, i.e. after TDC Earlier opening make it possible for the exhaust 

gases to leave by virtue of their pressure being higher than the atmosphere . During 

late closer, the kinetic energy of fresh charge is utilized to assist in the maximum 

exhausting cylinder .The scavenging is being obtained is being obtained at the cost of 

power from the expansion stroke. All the same a greater portion of the burnt gases is 

exhaust and this reduces the amount of the work to be done by the piston on the return 

stroke. The Valve timing diagrams for stroke petrol engine and diesel engine in 

Figure. The valves of the angular positions quoted are only average one and 

considerable difference exists with different engine. Further the timing area function 

of the engine speed. When the engine is to run faster, the inlet valve is made to close. 

The exhaust valve opens earlier and ignition occurs earlier. 

It may be seen that for some part of the cycle near TDC both the valve are open and 

this period is called overlap. 
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Valve Timing Diagram for Diesel Engine 

 The valve timing for actual engine is show in fig. For a typical diesel engine. 

 The various strokes are modified for similar reasons as explained in case of 

petrol engine. 

 

 

 

Fuel injection timing: 

 The fuel need to be injected few degree before TDC, for better evaporation 

and mixing of fuel and air. 

 The fuel valve is closed few degree after TDC, as show in fig. 

 Valve timing have to be adjusted depending upon the speed of engine. Usual 

timing are as follow: 

Inlet valve open (IVO) – 10 to 25  before T.D.C 

Inlet valve closed (IVC) - 25 to 50  before B.D.C 

Fuel injection start (FVO) - 5 to 10  before T.D.C 

Fuel injection stop (FVC) - 15 to 25  before T.D.C 

Exhaust valve open (EVO) - 30 to 50  before B.D.C 

Exhaust valve closed (EVC) - 10 to 15  before T.D.C 
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Experiment - 7 

Aim: To study the engine cooling system. 

Introduction: In case of Internal combustion of air and fuel take place inside the cylinder and 

hot gases are generated. The temperature of gases will be around 2300-2500degree. This is 

very high temperature and may result into burning of oil film between the moving part and 

result into seizing or welding of the same. So, this temperature must be reduce to about 150-

200deg at which the engine will work most efficiently. Too much cooling is also not 

desirable since it reduce the thermal efficiently. So, the object of cooling system is to system 

is to keep the engine running is to keep the engine running at its most efficiently operating 

temperature. 

It is to noted that the is quite is engine is quite inefficient when is cold and hence cooling 

system is designed in such a way that it prevent cooling when the engine is warning up and 

till it attains to maximum efficient operating temperature, then it start cooling. 

It also be noted that: 

a) About 20-25% of total heat generated is used for producing brake power (useful 

work) 

b) Cooling system is designed to remove 30-35% of total heat. 

c) Remaining heat is lost in friction and friction and carried away by exhaust gases. 

Theory: AIR COLING SYSTEM 

There are two type of cooling system: 

a) Air cooled system, and  

b) Water cooled system. 

Air cooled system 

Air cooled system is generally used small engine say up to 15-20 kW and in aero plane 

engine. 

In this system fine or extended surface are provided on the cylinder walls, cylinder head, 

etc. Heat generated due to combustion in the engine cylinder will be conducted to the 

fins and when the air flow over the fin, heat will be dispatched to air. 

The amount of heat dissipated to air depend upon : 

a) Amount of air flowing through the fins. 

b) Fin surface area. 

c) Thermal conductivity of meal used for fins. 
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Fig: Cylinder with fins 

Advantage of Air Cooled system 

Following are the advantage of air cooled system: 

a) Radiator/pump is absent hence the system is light. 

b) In case of water cooling system there are leakages, but in this case there are no 

leakage. 

c) Coolant and antifreeze solution are not required. 

d) This system can be used in cold climates, where if water is used it may freeze. 

 

Disadvantages of Air Cooled System  

 

a) Comparatively it is less efficient. 

b) It is used in aero plane and motorcycle engine where if used it may freeze. 

 

 

WATER COOLING SYSTEM 
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In this method, cooling water jacket are provided around the cylinder, cylinder 

head, valve seat etc. The water when circulated through the jacket, it absorbs 

heat of combustion. This hot water will then be cooling in the radiator partially 

by a fan and partially by the flow developed by the forward motion of the 

vehicle. The cooled water is again re-circulated through the water jacket. 

 

Types of Water Cooled System 

 

There are two types of water cooling system 

Thermo Siphon System 

In this system the circulation of water is due to difference in temperature (i.e. 

difference in densities) of water. So in this system pump is not required but water 

is circulated because of density difference only. 

 

Pump Circulation System 

In this system circulation of water is obtained by a pump. This pump is driven by 

means of engine output shaft through V-belt. 

 

 

Component of Water Cooling System  
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Fig: Water cooling system of a 4 cylinder Engine 

Water cooling system mainly consists of: 

(a) Radiator 

(b) Thermostat valve 

(c) Water pump 

(d) Fan 

(e) Water Jackets, and 

(f) Antifreeze mixtures. 

Radiator 

It mainly consists of an upper tank and lower tank between them is a core. The 

upper tank is connect to the water outlet from the engine jackets by a hose pipe 

and the lower tank is connect to the jacket inlet through water pump by means of 

house pipes. 

There are two types of core  

(a) Tubular 

(b) Cellular as shown. 

 

 

Thermostat valve  

 It is a valve which prevent flow of water from the engine to radiator, so that 

engine readily reaches to it maximum efficient operating temperature. After 
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attaining maximum efficient operating temperature, it automatically begins 

functioning. Generally, it prevents the water below 70degree. 

 

Water pump 

It uses to pump the circulating water. Impeller type pump will be mounted at the 

front end. 

Pump consists of an impeller mounted on a shaft and enclosed in the pump 

casing. The pump casing has inlet and outlet opening. 

The pump is driven by means of engine output shaft only through belts. When it 

is driven water will be pumped. 

Fan 

It is driven by the engine output shaft through same belt that drive the pump. It is 

provided behind the radiator and it blow air over the radiator for cooling purpose. 

Water Jacket 

Cooling water jackets are provided around the cylinder, cylinder head, valve seat 

any hot part which are to be cooled. Heat generated in the engine cylinder, 

conducted through the cylinder walls to the jacket. The water flowing through 

the jackets absorbs this heat and gets hot. This hot water will then be cooled in 

the radiator. 

Antifreeze Mixture 

In Western countries if the water used in the radiator freezes because of cold 

climates, then ice formed has more volume and produces crakes in the cylinder 

block, pipes, and radiator. So, to prevent freezing antifreeze mixture or solutions 

are added in the cooling water. 

The ideal antifreeze solution should have the following properties: 

(a) It should dissolve in water easily. 

(b) It should not evaporate. 

(c) It should not deposit any foreign matter in cooling system. 

(d) It should not have any harmful effect on any part of cooling system. 

(e) It should be cheap and easily available. 

(f) It should not corrode the system. 

Advantage and Disadvantage of Water Cooling System   

Advantage 
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(a) Uniform cooling of cylinder head and valve. 

(b) Specified fuel consumption of engine improves by using water cooling 

system. 

(c) If we employ water cooling system, then engine need not be provided at the 

front end of moving vehicle. 

Disadvantages 

(a) It depends upon the supply of water. 

(b) The water pump which circulates water absorbs considerable power. 

(c) If the water cooling system fails then it will result in severe damages of 

engine. 

(d) The water cooling system is costlier as it has more number of parts. Also it 

requires more maintenance and care for its parts. 
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EXPERIMENT No. 8 

 

AIM: - To prepare heat balance sheet on Single-Cylinder Diesel Engine. 

APPARATUS USED:- Single-Cylinder Diesel Engine (Constant Speed) Test, Rig, Stop Watch and 

Digital Tachometer 

THEORY:- 

The thermal energy produced by the combustion of fuel in an engine is not completely utilized for the 

production of the mechanical power. The thermal efficiency of I. C. Engines is about 33 %. Of the 

available heat energy in the fuel, about 1/3 is lost through the exhaust system, and 1/3 is absorbed and 

dissipated by the cooling system. It is the purpose of heat balance sheet to know the heat energy 

distribution, that is, how and where the input energy from the fuel is is distributed. 

The heat balance sheet of an I. C. Engine includes the following heat distributions: 

a. Heat energy available from the fuel brunt. 

b. Heat energy equivalent to output brake power. 

c. Heat energy lost to engine cooling water. 

d. Heat energy carried away by the exhaust gases. 

e. Unaccounted heat energy loss. 

FORMULE USED:- 

(i) Torque, T = 9.81 x W x R Effective N-m. 

; Where R Effective = (D + d)/2 or (D + tBelt)/2 m, and 

W (Load) = ( S1 - S2 ) Kg, 

(ii) Brake Power, B P = (2πN T) / 60, 000 KW 

; Where N = rpm, T = Torque N-m, 

(iii) Fuel Consumption, m f = (50 ml x 10
-6

 x ρ Fuel) / (t) Kg/Sec 

Here; 1 ml = 10
-3

liters, and 1000 litres = 1 m
3
 

So 1 ml = 10
-6

m
3
 

(iv)Heat energy available from the fuel brunt, Qs = mf x C. V. x 3600 KJ/hr 

(v) Heat energy equivalent to output brake power, QBP = BP x 3600 KJ/hr 

(vi) Heat energy lost to engine cooling water, QCW = mw x Cw (two - twi) x 3600 KJ/hr 

(vii) Heat energy carried away by the exhaust gases, QEG = mfg x Cfg (tfg – tair) x 3600 KJ/hr 

; Where mfg = (mf + mAir) Kg/Sec, and mAir = Cd Ao √2 g Δh ρ Air ρ Water Kg/ Sec 

; Where Cd (Co-efficient of Discharge) = 0.6, ρ Air = ( Pa x 10
2
) / ( R x Ta ) Kg/m

3
 

Ao (Area of Orifice) = (π do
2
)/ 4 m , P1 = 1.01325 Bar, R = 0.287 KJ/Kg . K, 

Ta = (ta + 273) K, ta = Ambient Temperature in degree centigrade 

(viii) Unaccounted heat energy loss, QUnaccounted = Qs – {QBP + QCW + QEG} KJ/hr 

 

PROCEDURE:- 

1. Before starting the engine check the fuel supply, lubrication oil, and availability of cooling water. 

2. Set the dynamometer to zero load and run the engine till it attain the working temperature and 

steady state condition. 
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3. Note down the fuel consumption rate, Engine cooling water flow rate, inlet and outlet temperature 

of the engine cooling water, Exhaust gases cooling water flow rate, Air flow rate, and Air inlet 

temperature. 

4. Set the dynamometer to 20 % of the full load, till it attains the steady state condition. Note down 

the fuel consumption rate, Engine cooling water flow rate, inlet and outlet temperature of the engine 

cooling water, Exhaust gases cooling water flow rate, Air flow rate, and Air inlet temperature. 

5. Repeat the experiment at 40 %, 60 %, and 80 % of the full load at constant speed. 

6. Disengage the dynamometer and stop the engine. 

7. Do the necessary calculation and prepare the heat balance sheet. 

OBSERVATIONS:- 

Engine Speed, N = 1500 rpm 

No. of Cylinders, n = Single 

Calorific Value of Fuel, C.V. = 38,000 KJ/Kg 

Specific Heat of Water, Cw = 4.187 KJ/Kg K 

Specific Heat of Exhaust Flue Gases, Cfg = 2.1 KJ/Kg K 

Gas Constant, R = 0.287 KJ/Kg K 

Ambient Temperature, ta=  

Atmospheric Pressure, Pa= 1.01325 Bar 

Orifice Diameter, do = 25 x 10
-3

 m 

Co-efficient of Discharge, Cd =0.6 

Density of fuel (Diesel), ρ Fuel = 810 to 910 Kg/m
3
 

Density of Water, ρWater = 1,000 Kg/m
3
 

Brake Drum Diameter, D = 181.5 x 10
-3

 M 

Rope Diameter, d = M 

Or Belt thickness, t belt = 5.5 x 10
-3

M 

 

OBSERVATIONS TABLE:- 

 

S no Engine 

speed 

Dynamometer  

Spring balance 

Time 

taken 

for 50 

ml 

Engine 

Cooling 

Water 

Flow 

Engine 

Cooling 

Water Temp. 

Exhaust 

Gas 

Temperature, 

TFG 

Manometer 

Reading, 

Δh (m) 

S1 S2 TWI 

( ) 

TWO 

( ) 

1 1500         

2 1500         

3 1500         

4 1500         
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Result Table: 

S no Engine speed Brake 

Power, BP 

(KW) 

Fuel 

Consumption, 

mf (Kg/hr) 

Air Flow Rate, 

Mair (Kg/hr) 

Exhaust Gas 

Flow Rate, 

Mfg 

(Kg/hr) 

1 1500     

2 1500     

3 1500     

4 1500     

 

 

 

 

 

Heat Balance sheet: 

Heat Energy 

Supplied 

KJ/hr % age Heat Energy Consumed 

(Distribution) 

KJ/hr % age 

Heat energy 

available 

from the fuel 

brunt 

  (a) Heat energy equivalent 

to output brake power. 

  

 

  

 (b) Heat energy lost to 

engine cooling water. 

 

  

 (c) Heat energy carried away 

by the exhaust gases. 

 

  

 (d) Unaccounted heat 

Energy Loss. 

Total 

  

Total  100 %   100 % 

  

Results 
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Experiment - 9 

AIM: To Study Steam Power Plant 

INTRODUCTION 

A steam power plant converts the chemical energy of the fossil fuel (coal, oil, gas) in to 

mechanical energy. This is achieved by raising the steam in the boiler, expanding it through 

the turbine and the coupling the turbine in to the generator which converts mechanical energy 

to electrical energy as show in fig.  

The two purpose can be revised by la steam power plant: 

(1) To produce electric power. 

(2) To produce steam for industrial purpose besides producing electric power. The steam may 

be used for varying purpose in the industries such as textile, food manufacturer, paper mill, 

sugar mill and refiners etc. 

Classification of Steam Power Plant 

The power plant may be classified as follows: 

1) Central station.  

2) Industries power station as capital power station. 

Central station: The electrical energy available from these stations is meant for general sale 

to customers who wish to purchase it. Generally these stations are of condensing type where 

the exhaust steam is discharged into the condenser instead into the atmosphere. In the 

condenser the pressure is maintained below the atmosphere pressure and exhaust steam is 

condensed. 

Industrial power station as capital power station: 

This type of power station run by a manufacturing company for its own and its output is not 

available for general sale. Normally these plants are non-condensing because a large amount 

of steam is required for different manufacturing operations. 

In condensing steam Power plants the following advantages: 

1) The amount of energy extracted per kg of steam is increased (a given size of the 

engine turbine develops more power). 

2) The steam which has been condensed in to water into the condenser, can be re-

circulated in the boiler with the help of pumps. 

3) In noncondensing power plant a continuous supply of fresh feed water is required 

which becomes a problem at places where there is a shortage of pure under. 

Plant Layout of Modern Steam Power: 

The layout of a modern steam power plant comprise of the following four circuit: 
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      (1) Cool and the ash circuit  

(2) Air and gas circuit 

(3) Feed water and steam low circuit. 

(4) Cooling water circuit. 

Cool and ash circuit: Cool arrives at the storage yard and after necessary handling 

passes on the furnace through the fuel feeding device. Ash resulting from combustion of 

coal at the back of the boiler and is reversed to the ash storage yard through ash handling 

equipment. 

Air and Gas Circuit: 

Air is taken from atmosphere through the action of a forced as induced draught fan and 

passes on to the furnace through the air preheater, where it has been heated by the heat of 

the flue gases which pass to the chimney via the preheater. The flue gases after passing 

after around boiler tubes and super heater tubes in the furnace pass through a dust 

catching device as precipitator, then through the economiser and finally through the air 

preheater before being exhausted to atmosphere. 

. 

Feed Water and Steam Flow Circuit: In the water and steam circuit condensate leaving 

the condenser is first heated in a closed feed water heater through extracted steam from 

the lowest pressure extraction point of the turbine. It then passes through the deaeretaor 

and a few more water heaters before going into the boiler through economiser. 

In the boiler drum and tubes water circulates due to the difference between the density of 

water in the lower temperature and higher temperature sections of the boiler. Wet steam 

from the drum is further heated up in the super heater before being supplied to the prime 

over, After expanding in high pressure turbine steam is taken to the reheated boiler and 

brought to its original dryness or superheated before being passed on to the low pressure 

turbine, From there, it is exhausted through the condense into the hot well. The 

condensate is heated in the feed heater using the team trapped from difference points of 

turbine, 

A part of steam and water is lost while passing through different component and this is 

compensated by supplying additional feed water, The feed water should be purified 

before hand, to avoid the scaling of the tubes of the boiler. 

Cooling Water Circuit: The cooling water supply to the condenser, help in maintaining 

a low pressure in it. Water may be taken from natural resources. Such as river, lake or sea 

or the same water may be cooled and circulated over again. 
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Fig: Layout of a steam Power plant 

Component:  

A modern steam power plant comprises of the flowing components. 

a. Super heater  

b. Re-heater 

c. Super heater 

d. Economizer 

e. Generator 

f. Stream turbine  

g. Cooling tower  

h. Condenser 

i. Boiler feed pump 

j. Circulating water pump 

k. Crushes pump 

l. Wagon tripler 

m. Induced draught fans 

n. Coal mill 

o. Boiler chimney 
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p. Ash precipitators 

q. Water treatment plant 

r. Forced draught fans 

s. Switch yard 

t. Central rom 
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Experiment - 10 

AIM: To prepare variable speed performance test on a Two –Stroke, Single-Cylinder petrol 

Engine and prepare the curve: (i) BP, BSFP, Torque Vs Speed and (ii) Volumetric Efficiency 

& A/F Ratio Vs Speed. 

APPARATUS USED: Two –Stroke, Single-Cylinder petrol Engine Test ring Watch, and 

Digital Tachometer. 

THEORY: S.I. Engine are often used for automotive purpose. It is important to know the 

torque, Brake mean effective pressure, and specific fuel consumption over the engine work 

speed range. For this purpose variable speed test at full load and part load is conducted. To 

test the park ignition engine at full load the throttle valve is kept wide open and the brake 

load is adjusted to obtain the lowest desired speed. The ignition timing may be set to obtain 

maximum output at this speed. Rate of fuel consumption, dynamometer load reading and 

speed are recorded. 

FORMULE USED:  

(i) Torque, T=9.81x W x R N-m 

Where R Effective = (D+ d)/2m and W (Load) = (S1-S2) KG 

(ii) Brake power, B P = (2PIN T)/60,000 kw 

(iii) Inducted power, I P = n(P mx l Stroke x A x n)60,000 KW 

:Where pm = Meant effective pressure n/m
2
 

L Stroke = Stroke m, A (Cross Section of the Cylinder) = (π D
2
)/ 4 m

2 

, 

N’ (Number of Power Strokes/ min.) = N/ 2 per min. ; For Four-Stroke Engine.= N per min ; For 

Two-Stroke Engine., 

N = rpm, and n = Number of Cylinders. 

(iv) Fuel Consumption, m f = (50 ml x 10
-6

) x ρFuel ) / ( t ) Kg/Sec.  

Here; 1 ml = 10
-3

liters, and 1000 litres = 1 m
3
 

So 1 ml = 10
-6

m
3
 

(v) Brake Mean Effective Pressure, BMEP = (BP x 60,000)/ (L Stroke x A x N) N/ m
2 

; Where L Stroke = Stroke m, A (Cross Section of the Cylinder) = (π D
2
)/4 m

2 

N’ (Number of Power Strokes/ min.) = N/ 2 per min.; 

For Four-Stroke Engine = N per min; 
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For Two-Stroke Engine, and N = rpm. 

(vi) Brake Specific Fuel Consumption, BSFC = ( m f x 3600 ) / B P Kg/ KW . hr 

(vii) Indicated Specific Fuel Consumption, ISFC = ( m f x 3600 ) / I P Kg/ KW .hr 

(viii) Indicated Thermal Efficiency, η Indicated Thermal = ( I P x 100 ) / (m f x C.V.)% 

(ix) Brake Thermal Efficiency, η Brake Thermal = ( B P x 100 ) / (m f x C.V. ) % 

(x) Mass of the Air, m Air = Cd Ao √2 g Δh ρ Air ρ Water Kg/ Sec ; Where Cd ( Coefficient 

of Discharge) 

Ao ( Area of Orifice ) = (π do
2
 )/ 4 m ,Pa = 1.01325 Bar, R = 0.287 KJ/ Kg . K,Ta = ( 

ta + 273 ) K, ta = Ambient Temperature 

(xi) Air Fuel Ratio, A/F = ( m Air / m f ) Kg/ Kg of Fuel 

(xii) Volumetric Efficiency, η Volumetric = ( VAir x 100 )/ Vs % 

; Where VAir ( Volume of air inhaled/ Sec.) = ( m 

Air / ρ Air ) m
3
/ Sec. Vs ( Swept Volume/ Sec.) = n . ( LStroke . A.. N’ )/ 60 m

3
/ Sec.,

 

And Volume of fuel is Neglected (Based on free air conditions), 

L Stroke = Stroke m, A (Cross Section of the Cylinder) = (π D
2
)/4m

2
 

N’ (Number of Power Strokes/ min.) = N/ 2 per min. ; For Four-Stroke Engine.= N per min ; 

For Two-Stroke Engine., 

N = rpm., and n = Number of Cylinders. 

(xiii) Mechanical Efficiency, ηmechanical = BP / IP 

 

PROCEDURE:- 

1. Before starting the engine check the fuel supply, lubrication oil. 

2. Set the dynamometer to zero load. 

3. Run the engine till it attains the working temperature and steady state condition. 

4. Adjust the dynamometer load to obtain the desired engine speed. Note down the fuel consumption 

rate. 

5. Adjust the dynamometer to the new value of the desired speed. Note and record the data as in step 

4 

6. Repeat the experiment for various speeds up to the rated speed of the engine. 

7. Do the necessary calculations 

 

OBSERVATIONS:- 
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No. of Cylinders, n= Single 

Brake Drum Diameter, D = 156 x 10
-3

m 

Rope Diameter, d = 18 x 10
-3

m 

Bore, DBore = 56.5 X 10
-3

m 

Stroke, LStroke = 58.04 x 10
-3

m 

Engine Displacement, V Swept = 145.45 x 10
-6

m
3
 

Engine Horse Power, BHP = 7.48 BHP at 5500 rpm. 

Density of fuel (Petrol), ρ Fuel = 720 to 790 Kg/ m
3 

Density of Manometer fluid, ρ Water = 1,000 Kg/ m
3 

Calorific value of fuel (Petrol), C.V. = 42000 KJ/ Kg 

Orifice Diameter, do = 25 x 10
-3

m 

Co-efficient of Discharge, Cd = 0.6 

Ambient Temperature, ta = K 

Atmospheric Pressure, Pa = 1.01325 Bar 

 

Observation table: 

SR. NO. Engine 

Speed, 

N (rpm) 

Dynamometer Spring 

Balance Readings 

Time taken for 

50 ml fuel, 

t (Sec.) 

Manometer 

Reading, 

Δh (m) S1(KG) S2(KG) 

      

      

      

      

 

Result Table: 

 

SR 

.NO. 

Engine 

Speed, 

N 

(rpm) 

Torque 

(N-m) 

Brake 

Power 

BP 

(KW) 

Air 

Consu 

mption 

Rate, 

mair 

Fuel 

Consum 

ption 

Rate, 

mf 

BSFC 

(Kg/ 

KW 

. hr) 

BMEP 

(N/m2 

) 

A/F 

Ratio 

η 

1          

2          

3          

4          
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RESULTS: - Performance curves are plotted and they are similar to the standard performance 

Curves. 

 

 

 

 


