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ExperimentNo: 1 

AIM:-Tostudy Lowpressure Boilerand theirmountings andaccessories . 

Apparatus: - Model ofCochran andLancashire Boiler 

Theory:- 

Boiler:-Asteamboilerisaclosedvesselinwhichsteamisproduced fromwaterbycombustionof fuel. 

ClassificationofBoiler: 

Boilersare classified onthe basis of following- 

1. According to contents in theTube: 

a)Firetubeboiler:Infiretubeboilers,thefluegasespassthroughthetubeandwatersurround them. 

b).Watertubeboiler:Inwatertubeboiler,waterflowsinsidethetubesandthehotfluegasesflow outside the 

tubes. 

2. Accordingto the pressure of steam: 

a). Lowpressureboiler:Aboilerwhichgeneratessteamatapressureofbelow80bars iscalledlow pressure 

boiler. Examples-Cochran boiler, Lancashire boiler etc. 

b). Highpressureboiler:Aboilerwhichgeneratessteamatapressurehigherthen80bariscalled high 

pressure boiler. Example- Babcock and Wilcox boiler etc. 
 

COCHRANBOILER: 

circulationboiler. 

Construction: 

 

Cochranboilerisavertical, multitublarfiretube,internallyfired, natural 

Figure shows a Cochran boiler. It consists of a vertical cylindrical shell having a 

hemispherical top and furnace is also hemispherical in shape. The fire grate is arranged in the 

furnace andthe ash pitisprovided below the grate. Afire door is attachedon the fire box. Adjacent to 

the fire box, the boiler has a combustion chamber which is lined with fire bricks. Smoke or fire 

tubes are provided with combustion chamber. These tubes are equal in length and arranged in a 

group with wide space inbetween them. The ends ofthese smoketubes are fittedin the smoke box. 

The chimney is provided at the top of the smoke box for discharge of the gases to the atmosphere. 

The furnace is surrounded by water on all sides except at the opening for the fire door and the 

combustion chamber. The smoke tubes are also completely surrounded by water. Different boiler 

mountings and accessories are located at their proper place. 

Working: 

Thehot gasproduced fromthe burning ofthe fuelon the graterises upthrough the flue 
pipe and reaches the combustion chamber. The flue gases from the combustion pass through thefire 

tubes and the smoke box and finally are discharged through the chimney. The fluegases during their 

travel from fire box to the chimney gives heat to the surrounding water to generatesteam. 
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Specificationof Cochran Boiler: 

Diameter of the drum→ 0.9 mto 2.75 m 

Steampressure → 6.5 bar to15bar 

Lancashire boilers: Lancashire is a stationary firetube, internally fired, horizontal, natural 

circulation boiler. It is a commonly used in sugar – mills and textiles industries where along with 

the power steam and steam for the process work is also needed. 

 

ThespecificationsofLancashireboileraregivenbelow: 

Diameter of the shell – 2 to 3 m. 

Length of the shell – 7 to 9 m 

Maximumworkingpressure–16bar 

Steam capacity – 9000 kg/h 

Efficiency – 50 to 70 % 

Lancashire boiler consists of a cylindrical shell inside which two large tube are placed. The 

shell is constructed with several rings of cylindrical from and it is placed horizontally over a brick 

work which forms several channels for the flow of hot gasses. These two tubes are also constructed 

with several rings of cylindrical form. They pass from one end of the shell to other end all covered 

with water. The furnace is placed at the front end of the each tube and they are known as furnace 

tubes. The coal is introduced through the fire hole into the great. There is a low brick work fire 

bridge at the back of the gate to prevent the entry of the burning coal of ashes into interior of the 

furnace tubes. The combustions from the grate pass up to the back end of the furnace tube and then 

in downward direction. There after they move through the bottom channel or bottom flue upto the 

front end of the boiler where they are divided and pass upto the side flues. 
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BOILERMOUNTINGS:- 

The components which are fitted on the surface of the boiler for complete safety and control of 

steam generation process are known as boiler mountings. The following are the various important 

mountings of a boiler. 
 

 

 

 

Fusible Plug:- It isfitted to the crown plate of the furnace of the fire. The function of fusible plugis 

to extinguish the fire in the fire box, when water level in the boiler comes down the limit and it 

prevents from blasting the boiler, melting the tube and over heating the fire-box crown plate. A 

fusible plug is shown in fig. It islocated in water space of the boiler. The fusible metal is protected 

fromdirectcontact ofwaterby gunmetal plug and copperplug. When water levelcomes down,the 

fusible metal melts due to high heat and copper plug drops down and isheld by gunmetal ribs. 
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Steamcomes in contactwithfire anddistinguishes it. Thusitprevents boiler from damages. 

 

Blow off Cock: The blow off cock as shown in fig., is fitted to the bottom of a boiler drum and 

consists of a conical plug fitted to body or casing. The casing is packed, with asbestos packing, in 

groves round the top and bottom of the plug. The asbestos packing is made tight and plug bears on 

the packing. Blow off cock has to principle function are: 

BOILERACCESSORIES: 

The appliances installed to increase the efficiency of the boiler are known as the boiler accessories. 

The commonly used accessories are: 

 

Economiser: Economiser is a one type of heat exchange which exchanges the some parts of the 

waste heat of flue gas to the feed water. It is placed between the exit of the furnace and entry into 

the chimney. Generally economiser isplaced after the feedpump because ineconomiser water may 

transfer into vapour partially, which creates a priming problem in feed pump water into the boiler 

drum. If economiser is used before feed pump it limits the temperature rise of water. It consists of 

vertical cast iron tubes attached with scraper. The function of scraper is to remove the rootdeposited 

on the tube, mechanically. 

 

Air Pre-heater:- The function of air pre-heater isto increase the temperature of airbefore itenters 

the furnace. It is installed between the economiser and the chimney. The air required for thepurpose 

of combustion is drawn through the air pre-heater and its temperature is raised whenpassed through 

ducts. The preheated air gives higher furnace temperature which results in moreheat transfer to the 

water and reduces the fuel consumption. There are three types ofpre-heaters. 
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ExperimentNo: 2 

 

AIM:-Tostudy theworking andconstruction ofhigh pressure Boiler. 

Apparatus: -Model ofBabcock &Wilcox Boiler. 

High pressure boiler: A boiler which generates steam at a pressure higher then 80 bar is called 

high pressure boiler. Example- Babcock and Wilcox boiler etc. 

BABCOCKANDWILCOX BOILER: 

Babcock and Wilcox boiler is a horizontal shell, multitubular, water tube, externally fired, natural 

circulation boiler. 

Construction: Figure shows the details of a Babcock and Wilcox water tube boiler. It consists of a 

drum mounted at the top and connected by upper header and down take header. A large number of 

watertubesconnecttheuptakeanddowntakeheaders.Thewatertubesareinclinedatanangleof5 to 15 

degrees to promote water circulation. The heating surface of the unitis the outer surface ofthe tubes 

and half of the cylindrical surface of the water drum which is exposed to fluegases. 

Below the uptake header the furnace of the boiler is arranged. The coal is fed to the chain grate 

stoker through the fire door. There is a bridge wall deflector which deflects the combustion gases 

upwards. Baffles are arranged across the water tubes to act as deflectors for the flue gases and to 

provide them with gas passes. Here, two baffles are arranged which provide three passes of the flue 

gases. A chimney is provided for the exit of the gases. A damper is placed at the inlet of the 

chimney to regulate the draught. There are superheating tubes for producing superheated steam. 

Connections are provided for other mounting and accessories. 

Working: 

The hot combustion gases produced by burning of fuel on the grater riseupwards and are deflected 

by the bridge wall deflector to pass over the front portion of water tubes and drum. By thisway they 

complete the first pass. With the provision of baffles they are deflected downwards and complete 

the second pass. Again, with the provision of baffles they rise upwards and complete the third pass 

and finally come out through the chimney. During their travel they give heat to waterand steam is 

formed. The flow path of the combustion gases is shown by the arrows outside the tubes. 

Thecirculation of water intheboilerisdueto naturalcirculation set-up byconvectivecurrents(due to 

gravity). Feed water is supplied by a feed check valve. 

The hottest water and stem rise from the tubes to the uptake header and then through the riser it 

enters the boiler drum. The steam vapours escape through the upper half of the drum. The cold 

water flows from the drum to the rear header and thus the cycle is completed. 
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To get superheated steam, the steam accumulated in the steam space is allowed to enter into the 

super heater tubes which are placed above the water tubes. The flue gases passing over the flue 

tubesproducesuperheatedsteam.Thesteamthussuperheatedisfinallysuppliedtotheuserthrough a steam 

stop valve. 

 

 

 

 

Specificationof Babcock and Wilcox Boiler: 

Diameterofthedrum - 1.22mto1.83m 

 

6.096 to 9.144m 

 

7.62 to 10.16cm 

 

3.84to5.71cm 

100bar 

40,000 Kg/hr (Maximum) 

 

60 to 80% 

Length of the drum - 

Size of water tubes - 

Sizeof super heater tube - 

Workingpressure - 

Steaming capacity - 

Efficiency - 
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BOILERMOUNTINGS: - 

The components which are fitted on the surface of the boiler for complete safety and control of 

steam generation process are known as boiler mountings. The following are the various important 

mountings of a boiler. 

Steam Stop Valve- A valve placed directly on a boiler and connected to the steam pipe which 

carries steamto the engine or turbine iscalled stop valveor junction valve. It isthe largest valveon 

the steam boiler. It is, usually, fitted to the highest part of the shell by means of a flange as shownin 

fig. 

Theprincipalfunctionsof astopvalve are: 

1. Tocontrolthe flowofsteamfromtheboilertothemainsteampipe. 

2. Toshut offthesteamcompletely whenrequired. 

The body of the stop valve is made of cast iron or cast steel. The valve seat and the nut through 

which the valve spindle works, are made of brass or gun metal. 

 

 

BOILERACCESSORIES: 

The appliances installed to increase the efficiency of the boiler are known as the boiler accessories. 

The commonly used accessories are: 
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Steam Injector- An injector is a device which is used to lift and force water into a boiler i.e. 

operating at high pressure. It consists of a group of nozzles, so arranged that steam expanding in 

these nozzles imparts its kinetic energy to a mass of water. There are many advantages of using 

injector such as they occupy minimum space, have low initial costs and maintenance cost. Though 

the steamrequired to operatethe injectoris much more than that inthe feedpump for an equivalent 

duty; the injector has the advantage that practically the whole of the heat of the steam is returned 

back to the boiler. 

 

 

 

 

RESULT: We have studied successfully of high pressure boiler and their mounting andaccessories. 
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ExperimentNo: 3 

Aim:To Studytheworking ofImpulseandReaction steam turbines. 

 

Apparatus:Modelof Impulseand Reactionsteamturbines. 

 

Theory: 

Steam turbines: The steam turbine is a prime mover in which the potential energy of steam is 

transformed into kinetic energy and latter in its turn is transformed into the mechanical energy of 

the rotation of the turbine shaft. 

Classificationofsteamturbine:With respecttotheactionof steam,turbines areclassified as: 

 

• Impulseturbine 

• Reactionturbine 

1. Impulseturbine:- 

It is a turbine, which runs by the impulse of steam jet. In this turbine, the steamis first made toflow 

through a nozzle. Then the steam jet impinges on the turbine blades with are curved like bucket and 

aremountedon the circumferenceof thewheel. The steam jet afterimpinges glide over the concave 

surfaceofblades and finally leave the turbine. The top portion ofImpulse turbine exhibits 

alongitudinal section through theupperhalf,the middle portion shows one set of nozzle which is 

followed by a ring of moving blades, whilelowerpart indicatechangesin press and velocity during 

the flow of steam through the turbine. The principle equation of this turbine is the well known “De 

Laval” turbine. 

 

2. Reactionturbine:- 

In a Reaction turbine, the steam enters the wheel under pressure and flow over the blades. The 

steam while gliding proper the blades and then makes them tomove.Theturbinerunneris rotated by 

the reactive forces of steam jets. In this, there is a gradual pressure drop takes place continuously 

over the fixed and moving blades. The fuel of fixed blades is that they after allow it expand to a 

larger velocity as the steam passes over the moving blades. Its K.E.is absorbed bythem a three stage 

Reaction turbine 
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Compounding:- If the steam is expended from the boiler pressure inonestagethespeedof rotor 

becomes tremendously high which drop up practical complicacies. The several methods of reducing 

this speed to lower value, all these methods utilized a multiple system of rotor in series. Keyed on a 

common shaft and the steam pressure or jetvelocityisabsorbedinstage asthe steam flows over the 

blades, this is known ascompounding. 

 

a) Velocitycompounding:- 

Steam is expanded through a stationary nozzle from the boiler or inlet pressure to condenser 

pressure. So the pressure in the nozzle drops, the K. E. of steam increase due to increasein velocity. 

A portion of this available energy is absorbed by a row of moving blades. The steam then flow 

through the second row of the blades which are fixed. They redirect the steam flow without altering 

its velocitytothefollowing nearest row moving blades. Where again workis done on them and steam 

with a low velocity from the turbine. 
 

b) Pressurecompounding:- 

In this rings of fixed nozzle incorporated between ring of moving blades. The steam of boiler 

pressure enters the first set of nozzle and expands partially. The K.E. of steam thus obtained in 

absorbed by the moving blades. The steam then expands partially in the second set of nozzleswhose 

its pressure again falls and the velocity increases. The K.E. thus obtainedisobservedby thesecond 

ring of moving blades. Thisis repeated instage 3 and steam finally leavesthe turbineat low velocity 

and pressure. 
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c) Pressure-Velocity compounding:- 

This method is the combination of velocity and pressure compounding. The total drop in steam 

pressure is divided into stages and velocity obtained in each stage is also compounded. The ring of 

nozzle, are fired at beginning of each stage and pressure remains constant during each stage. 

Conclusion:Thus, thestudy is completedforthe workingofImpulse andReaction steam turbines. 
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ExperimentNo: 4 

 

Aim:Toprepare heatbalance sheetfor agivenBoiler. 

 

Theory-Efficiencyofaboileristheratioofheatutilizedinproducingsteamtoheheatliberatedin the furnace. 

Also the heat utilized is always less than heat liberated in the furnace. 

Thedifferenceofheatliberatedinthefurnaceandheatutilizedisknownasheatlossintheboiler. The 

following are important losses: 

1. Heatlossindryfluegases 

 

=mg×cpg(tg-tb) 

Where mg= Mass of dry fluegases per kg of fuel, 

Cpg=Meanspecificheatofdryfluegases, 

Tg=Temperatureoffluegasesleavingchimney Tb= 

Temp. of boiler room 

 

2. Heatlostinmoisturepresentinthefuel 

 

=mm(hsup-hb)=mm[hg+cp(tg-t) –hb] 

=mm[2676 +cp(tg-100)–hb] 

 

Where mm=Massmoisterperkgoffuel 

Cp=Meanspecificheatofsuperheatedsteaminfluegases, Hb= 

Enthalpy of water at boiler room temp. 

3. Heatlosttosteamformedbycombustionofhydrogenperkgoffuel 

 

=9H2[2676+cp(tg-100)-hb] 

 

4. Heatlossduetounburntcarboninashpit 

 

= m1×c1 

Where m1=massofcarboninashpitperkgoffuel C1= 

calorific value of carbon 

5. Heatlossdueincompletecombustionofcarbon tocarbonmonoxide 

 

= m2×c2 

Where m2=massof carbonmonoxideinfluegasperkgof fuel C2= 

calorific value of carbon monoxide 
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Numerical- 

Drawtheheatbalancesheetfromthedatagivenbelowwhichboilergenerating500kg/hrofsteam at 10.5 

bar pressure and 0.97 dryness fraction. 

Fuelusedanditscalorificvalue:75kg/hrand31500KJ/kg 

Moisture present in the fuel : 6% by mass 

Massofdryfluegases : 10kg/kg offuel 

Temp. of flue gases  : 315°C 

Specific heat of flue gases :1.1KJ/kgK 

Temperature of boiler room : 38°C 

Feed water temperature : 50°C 
 

 

Solution 

Given:p=10.5bar;ms=500kg;mf=75kg/hr;mm=0.06kg/kgoffuel;mg=10kg/kgoffuel;C= 31500KJ/kg ; 

tg= 315°C; tb= 38°C; t1= 50°C ; cpg= 1.1 KJ/kgK; x= 0.97 

Heat supplied per kg of fuel 

= (1-0.06)31500 

= 29610 KJ 

1. Heatutilizedinraisingsteamperkgoffuel: me= 

ms/mf= 500/75 = 6.67kg 

Fromsteamtableenthalpyoffeedwaterat50ºC Hf = 

209 KJ/kg 

Enthalpy ofsteamat 10.5 bar 

Hf=772.0KJ/kg Hfg=2006.0KJ/kg 

 

 

Heatutilized inraisingsteamperkg offuel 

=me(h-hf1)=me(hf+xhfg-hf1) 

= 6.67(722+ 0.97×2006 - 209) 

=16740 KJ/kg of fuel 

2. Heatcarriedbydryfluegas 

=mg×cpg(tg-tb) 

=10×1.1(315-38)= 3047KJ/kgof fuel 
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3. Heatlostinmoisturepresentinthefuelperkgoffuel 

 

Fromsteamtableat38ºC Hb 

= 159.1 KJ/kg 

Qm=mm[2676+cp(tg-100)–hb] 

=0.06[2676 +2.1(315-100) -159.1] 

=178.1 KJ/kg of fuel 

4. Heatlostbyradiation: 

=29610 – (16740 + 3047 + 178.1) 

=9644.9 KJ/kg of fuel 
 

 

 

Heat supplied KJ Heat Expenditure KJ % 

Heat supplied 29610 1.Heatutilizedinraising 16740 56.33 

1 kg offuel  steam   

2.Heatcarriedbydryflue 3047 10.29 
  gas   

  3.Heatlostinmoisture   

  presentinthefuelperkg 178.1 0.60 
  offuel   

  4.Heatlostbyradiation 
9644.9 32.57 

   29610 100% 
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ExperimentNo: 5 

 

Aim:To findpower output& efficiencyof asteamturbine. 

 

Theory:Asteamturbineisadevicethattakeshot,high-pressuresteamandextractsmechanicalenergy from it. 

This energy can then be used to do useful work that uses steam turbines is the steam power plant, 

which generates electricity used in everyday life. 

 

Work doneon the blade 

Theworkdoneontheblademaybefoundoutfromthechangeofmomentumofthesteamjetduring its flow over 

the blade. 

FromNewton’ssecondlawofmotion 

Forceon the wheel =mass of steam× acceleration 

=mass ofsteam/sec. ×change of velocity 
. 

=m{cw1–(-cwo)} 
. 

=m(cw1+ cwo) 

Workdone on thebladeper second =force × distancetravelled/sec. 
. 

=m(cw1+cwo)×cbl 
. 

=mcwcbl/1000KW 

 

Bladeefficiency = 
𝑤𝑜𝑟𝑘𝑑𝑜𝑛𝑒𝑜𝑛𝑡ℎ𝑒𝑏𝑙𝑎𝑑𝑒 

𝑒𝑛𝑒𝑟𝑔𝑦𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑𝑡𝑜𝑡ℎ𝑒𝑏𝑙𝑎𝑑𝑒 

 

=2cbl(cw1+ cw2)/c1
2 
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ExperimentNo:6 

Aim: To find the condenser efficiencies. 

Theory: Steam condenser isa closed space into which steam exits the turbine and isforced to give 

up its latent heat of vaporization. It is a necessary component of a steam power plant because 

oftworeasons.Itconvertsdeadsteaminto livefeedwater.Itlowersthecostofsupply of cleaningand 

treating of working fluid. It isfareasier to pumpa liquid than a steam. It increases the efficiency of 

thecyclebyallowingtheplanttooperateonlargestpossibletemperaturedifferencebetweensource and 

sink. The steam’s latent heat of condensation is passed to the water flowing through the tubesof 

condenser. After steam condenses, the saturated water continues to transfer heat to cooling water as 

it falls to the bottom of the condenser called, hot well. 

Types of condenser 

1. Jetcondenser 

2. Surface condenser 

Jet condenser:- 

In jet condenser the exhaust steam and water come in direct contact with each other andtemperature 

of the condensate is same as that of cooling water leaving the condenser. The cooling water is 

usually sprayed into the exhaust steam to cause, rapid condensate. 

Surface condenser:- In surface condenser the exhaust steam and water do not come into direct 

contact. The steam passes over outer surface of tubes through which a supply of cooling water is 

maintained. There may be single-pass or double-pass. In single pass condenser the water flow in 

one direction only through all the tubes, while in two-pass condenser the water flow inone direction 

through the tubes and returns through the remainder. 

 

Comparisonbetween jetand surface condenser 

 

Jet condenser Surface condenser 

Coolingwaterandaremixedup. 

Low manufacturing cost. 

Requiresmallfloorarea. 

Thecondensatecannotbeusedasfeedwaterin the 

boiler unless the cooling water is free from 

impurities. 

Itrequireslessquantityofcoolingwater. 

Less suitable for higher capacity plants. 

Coolingwaterandsteamarenotmixedup. High 

manufacturing cost. 

Requirelarge floorspace. 

Condensatecanbereusedasfeedwaterasit does 

not mix with cooling water. 

Itrequireslargequantityofcoolingwater. More 

suitable for higher capacity plants. 
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Condenserefficiency 

It is defined as the ratio of the difference between outlet and inlet temperature of cooling water to 

the difference between temperature corresponding to the vacuum in the condenser and inlet 

temperature of cooling water i.e., 

 

Condenserefficiency=
𝑡𝑒𝑚𝑝𝑟𝑖𝑠𝑒𝑜𝑓𝑐𝑜𝑙𝑖𝑛𝑔 𝑤𝑎𝑡𝑒𝑟 

𝑣𝑎𝑐𝑢𝑢𝑚𝑡𝑒𝑚𝑝−𝑖𝑛𝑙𝑒𝑡𝑐𝑜𝑙𝑖𝑛𝑔𝑤𝑎𝑡𝑒𝑟𝑡𝑒𝑚𝑝 

 

Numerical 

The inlet cooling water temp for a surface condenser is 9°C and outlet temp is 27°C. The vacuumin 

the condenser is 715mm of mercury when the barometer read 760 mm. find the condenser 

efficiency. 

Solution: 

Absolute pressure = 760 – 715 

= 45 mmof mercury 

=13600×9.81×45×10-3 

=0.0612bar 

From steam table 

Saturationtempcorrespondingtothispressure 

= 36.2°C 

Condenserefficiency=
𝑡𝑒𝑚𝑝𝑟𝑖𝑠𝑒𝑜𝑓𝑐𝑜𝑙𝑖𝑛𝑔 𝑤𝑎𝑡𝑒𝑟 

𝑣𝑎𝑐𝑢𝑢𝑚𝑡𝑒𝑚𝑝−𝑖𝑛𝑙𝑒𝑡𝑐𝑜𝑙𝑖𝑛𝑔𝑤𝑎𝑡𝑒𝑟𝑡𝑒𝑚𝑝 

 

= 
27−9 

36.2−9 

 

= 66.2% 



 

 

 

ExperimentNo:7 

 
Aim:To study cooling towerand find its efficiency. 

Apparatus: Cooling Tower set up. 

 

Theory: 

Cooled water is needed for, for example, air conditioners, manufacturing processes or power 

generation. A cooling tower is equipment used to reduce the temperature of a water stream by 

extracting heat from water and emitting it to the atmosphere. Cooling towers make use of 

evaporation whereby some of the water is evaporated into a moving air stream and subsequently 

dischargedintotheatmosphere. Asaresult,theremainderofthewater iscooleddownsignificantly. Cooling 

towers are able to lower the water temperatures more than devices that use only air to reject heat, 

like the radiator in a car, andare therefore more cost-effective and energy efficient. 

Cooling towers use the evaporative cooling principle to cool the circulated water, and they can 

achieve water temperatures below the dry bulb temperature - tdb- of the air cooling air and they are in 

general smaller and cheaper for the same cooling loads than other cooling systems. 

Coolingtowersarerated intermsofapproachandrange,wheretheapproach isthedifferenceintemperature 

between the cooled-water temperature and the entering-air wet bulb - twb–temperature the range is 

the temperature difference between the water inletand exit states. Sincea cooling tower isbased on 

evaporative cooling the maximum cooling tower efficiency is limited by the wet bulb temperature - 

twb-of thecoolingair.Thewaterconsumption-themakeupwater-ofacoolingtowerisabout0.2- 

0.3literperminuteandtonofrefrigeration.Comparedwiththeuseandwasteofcitywaterthewater 

consumption can be reduced with about 90 - 95%. 

Therearetwo maintypesofcooling towers 

1. Naturaldraught 

2. Artificialdraught(Mechanicaltype) 

a. Forceddraught(Forced fan) 

b. Induceddraught(Suctionfan) 

 

Natural draught:- 

When the circulation of air through the tower is by natural convection, it is known as a natural 

draught. In this, hot water from the condenser is pumped to top of tower where it is sprayed down 

through a series of spray nozzles. The hot water after giving its heat to air which circulates through 

the tower due to natural convection, gets cooled and is collected from bottom of tower. 
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Artificial draught:- 

Whenthecirculationofairthroughthetowerisbyartificialconvectioni.e.Forcedfan,Suctionfan is known 

as artificial draught. It is of two types:- 

(a) Forceddraught:- 

The tower is completely encased with discharged opening at the top and fan at the bottom to 

produce flow of air. 

(b) Induceddraught:- 

Here fan is placed at the top which draws air through the tower. The warm water to be cooled 

introduce at the top of the tower through spray nozzles. It falls through a series of trays which are 

arranged to keep the falling water to be broken up into fins drops. The cooled water is collected at 

the bottom. 

 

Procedure: 

1. Maketheinitial setting as perequipment. 

2. Starttheexperimentandtakethetemperaturereadings. 

3. Completethecalculations. 

 

Observations&Calculations: 
 

Sr. No. Ti To Twb μ 
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CoolingTowerEfficiency 

Thecoolingtowerefficiencycanbeexpressedas μ = 
(ti- to) 100 / (ti- twb) 

where 
μ=coolingtowerefficiency-commonrangebetween70-75% ti= 

inlet temperature of water to the tower (oC or oF) 
to=outlettemperatureofwaterfromthetower(oCoroF) twb= 
wet bulb temperature of air (oC or oF) 

Thetemperaturedifference betweeninlet andoutlet water(ti-to)isnormally inthe range10-15 
oF. 

 

Conclusion:Hence the efficiency ofthe coolingtoweris . 
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ExperimentNo: 8 

 

 

Aim:To findout efficiency ofa Rankine cycle. 

Theory:-Itmayberecalledthatneglectingpumpwork,theefficiencyofaRankinecycleisequal to 

 

 

η=
ℎ1−h2 

ℎ1−ℎ3 

 Theenthalpyof steamh1isdeterminedbythepressureandtemperatureofsteamat inlettothe steam 

turbine. 

 Theenthalpyoffeedwaterh3isdeterminedbycondenserpressure. 

 Theisentropicheatdrop=(h1–h2)isdeterminedbythepressureandtemperatureatentranceto the 

steam turbine and the pressure at the end of expansion inthe turbine i.e.the condenser pressure. 

 

Numerical 

In a thermal power plant operating on Rankine cycle, steam at 15 bar and 250°C enter a turbine 

whichgenerates40KWindicatedpower.Ifthesteamconsumptionis300kg/hrandcondenseris 

maintained at 0.15 bar, determine the final condition of steam, determine Rankine efficiency and 

relative efficiency. Neglect pump work. 

Solution:Fromsteam table 

At 15 bar, (steamis superheated) 

h1=2923.5KJ/kg 

s1=6.709 KJ/kgK 

At 0.15 bar 
 

hf=226 KJ/kg 

hfg=2372.2KJ/kg 

sf = 0.775 KJ/kg 

sfg= 7.254 KJ/kg 
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(a) consideradiabatic expansion fromstate 1 to 2 

s1=s2;s1= (sf+ x2.sfg) 

6.709 = 0.755 + x2×7.254 

x2=0.821 

(b) h2=(hf+x2hfg)0.15bar 

= 226 + 0.821 × 2372.2 

= 2174.4 KJ/kg 

h3=(hf)0.15bar=226 KJ/kg 
 

 

η=
ℎ1−h2 

ℎ1−ℎ3 
=
2923.5−2174.4 

2923.5−226 
=0.278or27.8% 

(c) Indicatedpower=40 KW=40KJ/kg 

Heatinput=(h1 –h3) =(2923.5 -226) KJ/kg 

 

Indicatedthermalefficiency=40= 0.718 
224.79 

 
Andrelativeefficiency=0.178=0.64or 64% 

0.278 
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Aim:-Tostudy theworking ofBomb Calorimeter. 

 

Construction:- The bomb is a thick walled constant volume vessel made of stainless steel which 

provides considerable resistance to corrosion and can withstand a pressure of about 150 bar. The 

unit has silica crucible in which is placed a weighted quantity of the fuel sample. The bomb is 

provided with an electric connection for producing spark, a connection for oxygen supply and a 

release valve for burnt gages. The bomb issurrounded by jacket containing water. The temperature 

of this water is kept uniform with the help of motor driven stirrer. The water temperature is 

measured by a special thermometer reading up to 0.01 degree. The bottom of the bomb also 

contains about 5gm of water to absorb vapours of sulphur or nitrate infuel. 
 

 

Fig. Bomb Calorimeter 
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Procedure:-Thestepsnecessaryfortheconductoftestrunareoutlinedbelow: 

1. Afuelpallet(briquette)of 0.75to1gmisaccuratelyweighted andplacedinthecrucible. 

2. A fuse wire of known mass isstretched between the electrodes and itisensure that the fuse 

wire is in contact with the fuel. 

3. The oxygen required for burning of fuel is admitted in the bomb through oxygen valve to a 

pressure of about 25-30 bar. 

4. The bomb isplaced inthe calorimeter (water jacket) which contains a measured quantity of 

distilled water. 

5. The water in the calorimeter is continuously stirred at moderate rate and temperature 

readings are noted. When the temperature becomes constant, the electric circuit is closedand 

fuel gets ignited. Due to combustion of fuel, heat is liberated and temperature of water starts 

rising. Temperature readings are noted at regular intervals until constantancy is observed. 

6. Having completed the experiment, the bomb isremoved from the calorimeter. The pressure 

is slowly released through the exhaust valve and the content of the bomb areweighed. 

 

Calculation:Theheatgeneratedbythecombustionoffuelandfusewireispartlyabsorbedby water and 

partly by the metal of bomb and calorimeter. That is 

mf×CV+mfwCVfw=(mw+m)cpwdT 

wheremf,CV =massand calorificvalueof fuel 

mfw,CVfw=massandcalorificvalueoffusewire mw= 

mass of water in the calorimeter 

m=waterequivalentofbombandcalorimeter cpw = 

specific heat of water 

dT= corrected temperaturerise ofwaterin thecalorimeter 

Thecorrectedtemperaturerisereferstoobservedriseintemperaturepluscorrectionforradiation loss. 
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ExperimentNo: 9 

 

 

AIM:Tostudy andfind volumetricefficiencyofareciprocatingair compressor. 

Apparatus: Two Stage Air Compressor Test Rig consists of a double stage reciprocating type air 

compressor driven by 2 HP Motor through a belt. The outlet of the air compressor is connected to 

reservoir (Tank) and suction is connected to another air tank with a calibrated orifice plate and a 

water manometer. Bellow is fitted on one side of the air tank to regulate the flow. Temperature of 

inlet air, after single compression, inlet and outlet of second compression and pressure in reservoir 

and at intermediate stage can be measured by thermometers and gauges. 

 

UtilitiesRequired: 

Electricity3kW, 220VAC,Single Phase,Floor Area1.5x 0.75m, Tachometer. 

 

Theory: 

Reciprocatingcompressorsareoftenusedwithairreservoirstoprovidecompressedairfor industrial and 
civil duties driving air tools etc. 
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Thefigurebelowshowsahypotheticalindicatordiagramforasinglestage-singleacting reciprocating 

compressor. 

a-1. Air is drawn into the cylinder on the suction stroke 1- 

 

2.ThesuctionvalveisclosedandairiscompressedaccordingtothelawPvn=c2-b. 

The delivery valve opens and air is delivered under pressure b-a. 

The delivery valve closes and the suction valve opens 

 

Procedure: 

1. Taketheinitialreadingsasrequiredlikecylinderdiameter,pressures,volumes,etc. 

2. Now,runthecompressor to requiredtimeand notetherelevantreadings. 

3. Calculatevolumetricefficiencyaspertheobservationsandformulasas above. 

 

Observations&Calculations: 

 

HP RPM Tank 
Dimensions 
(L,B,H) 

Max Pressure No of cylinders 
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P1 P2 P3 P4 P5 V1 V2 V3 V4 V5 r n c Volumetric 
Efficiency 

              

 

 

Conclusion:Hencethevolumetricefficiencyofthereciprocatingaircompressoris . 
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