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INSTRUCTIONSFORTHESTUDENTS 
 

Experimental work, in most situations you will encounter, and a quick and fast 

comparedsystemsyouwillfindintheADPLaboratory. 

 

torecordit.Dataacquisitionsystemswillinvariablywrite 

thedatatoaproprietaryfileformatonanisolatedcomputersystemrequiringextensiveefforttoget 

datatoananalysisprogramonaworkstations. 
 

experimentsrelatedtothestudiesintheareaofAerodynamics,andotherfortheexperimentsrelat 

edtothestudiesintheareaofPropulsion. 
 

Preparations must be handed in on the hour at the start of the laboratory. Formal 

reportsmust be handed in one week after the experiment is performed. The laboratory 

notebookentryforeachlaboratoryexperimentwillbemarkedafterthereportishandedinandbefo 

retheendoftheterm. 

 
Your report preparation answers must be submitted at the beginning of the class 

beforestartingtheexperiment.Prepareyouranswersonlooseleafpaper,thesewillnotbereturned. 

Amarkofzerowillbeassignedifapreparationisnotsubmittedpromptlyatthebeginningofthelabp 

eriod. 

 
Reports must be handed in to the instructor in the prescribed format given by the 

instructornotlaterthanoneweekaftercompleting theexperiment. 
 

RecommendedGuidelinesinthePreparationofExperimentReports 
 

The text portion of a report (from Introduction to Conclusion) must not exceed 10 

doublespaced typed pages but a good report will be shorter. Marks will be deducted for oversized 

texts.There is no restriction on the number of Figures, Tables, Computer printouts and Programs. 

Markswill NOT be deducted for a handwritten report. If using a word processor, you may use it to  

formatequations and symbols only if it does them properly, otherwise it is preferable and more 

expedienttowritetheminneatly byhand. 

After years of marking reports, it has become clear the people who produce the longest 

textsections in their reports usually have less of an idea of what they wish to convey and invariably  

endup conveying less. In producing monster reports students do not increase their mark, they 

wastetremendousamounts oftime,usuallyinfrontofa computer,andthencomplainthe 

reportsrequireanundueamountofwork. 
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Since the reports are general worth more than problem sets in other courses, students 

aretempted to spend every hour between doing the experiment and handing in the report working 

onthereporttothedetrimentoftheirothercourses.Itisstronglyrecommendedthatyoudonotspendmore 

than8to10hours preparingany oftheselabreports. 

The suggestions provided here serve merely as pointers for the production of a good 

report.There is no absolutely correct methodology for report preparation - a critical reviewer can 

alwaysfindafew   todot or 

tocross.Stylemanualswhichsetthestandardforscientificjournalschangewith time, and this is good; 

nothing should be cast in stone, unless it really is the last word. Moststudents will be submitting 

papers for publication in the near future and reports are an excellentvehicleforhoning 

formattingandliteraryskills. 

 
Please include a table of contentsit provides a useful guide, and only the page numberschange 

from report to report. Here is an example table of contents with estimated page lengths 

foreachsection.Reportswillnotbemarkedonhowwelltheirsections conformtotheseestimations. 

 
Simpleformatofareport: 

 

 
1. Introduction 

2. Notation 
3. Experimental 

ProceduresandResults 

4. Erroranalysis 
5. Discussion 
6. Suggestions 
7. Conclusions 
8. References and 

BibliographyTables: these are 
your 
resultsFigures:theseareyourr 
esultsAppendices 
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IMPORTANTDEFINITIONSANDSYMBOLSTOBEKNOWN 

1) Aerodynamics: Aerodynamics is the branch of fluid mechanics dealing with air motion 
andreactionofabodymoving withinthatofair. 

 

2) Aerodynamic centre: The point in the chord line about which pitching moment is constant. 
Itwill notvary withangleofattack. 

 
3) Airfoil:Thecrosssectionofanysurfacewhichcanproduceaerodynamicliftfromtheatmosphere. 

 

4) Angleofattack:Anglebetweenthefreestreamwinddirectionandchordline. 
 

5) Angleofincidence:Anglebetweenthe chordlineandlongitudinalaxis oftheairplane. 
 

6) Centreofpressure:Thepointatwhichthetotalresultantpressureforceacts. 
 

7) Chord:Itisthestraightlinejoiningtheleadingandtrailingedgeofanairfoilsection. 
 

8) Drag:Itisanaerodynamicforceopposingthe 
directionofmotion.Dragisinevitabletominimizecompletely but its effect can be reduced to some 
extents. It can be due to surface viscosity(friction drag), pressure differences due to shape of 
an object (form drag), lift acting on a finitewing(induceddrag) 
andotherenergylossmechanismintheflowsuchaswavedragtoshockwavesandinefficienciesinengi 
nes. 

 
9) Drag coefficient (CD): It is defined as drag divided by dynamic pressure multiplied by 

referencearea. 
CD=Drag/(DynamicpressurexReferencearea) 

 
10) Dynamicpressure:Itisproductofdensityandsquareofvelocitydividedbytwo. 

 
11) Lift:Itisforceacting 

perpendiculartothedirectionofflight.Forcegeneratedbyanairfoilsectionactingatrightanglestoairst 
reamflowingpastit.Inlevelflightsliftshouldbeequaltotheweightofaircraft. 

 

12) Liftcoefficient:CL=Lift/DynamicpressurexReferenceArea 
 

13) NACAAirfoil:TheseairfoilsarewingcrosssectionsdesignsinventedbyNACAorganization. 
 

14) PressureCoefficient:Itisanon-dimensionalformofpressure. 
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15) Stall: Normally the lift increases with the increase in angle of attack. When angle of attack 
isreachedtoacertainvalue,theflowovertheuppersurfaceofthewingsseparatesfromthebodyand 
the lift starts decreasing even with increase in the angle of attack and this 
condition(decreaseinliftwithincreaseinangleofattack)iscalledstall. 

 
16) Streamline: The imaginary line along which the tangent at every point will give velocity at 

thatdirection. 
 

17) Wingloading:Theratioofthetotalweightsofaircraft,andthespanareaofwing. 

 
18) Wingspan:Itisthetotallengthofthewing(measuredfromwingtiptowingtip) 

 

19) Aspect ratio: Ratio of span to chord of an airfoil. Hence a high aspect ratio wing has great 
spanandnarrowchordandviceversa. 

 

20) Boundary layer: A boundary layer is a thin layer of viscous fluid close to the solid surface of 
awallincontact 
fromzeroatthewall(wheretheflow 

tothewallbecauseofitsviscosity)uptoUeattheboun 
dary,whichapproximately(within1%error) correspondstothefreestreamvelocity. 
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Experiment 1 
 

CALIBRATIONOFAWINDTUNNEL 
 

AIM:Tofindthemaximum velocityofthewindtunnel. 

 
APPARTUS: WindTunnelTestRig. 

DESCRIPTION: 

Wind tunnel is a facility for creating a uniform wind of known value in a test section 
wherefluid flow phenomena can be investigated, models, of Aircrafts etc., can be tested from 
theirperformance,andalsostudentstraining/teaching 
influidmechanics/aerodynamics.Thefacilitycanalsobeusedforindustrialaerodynamicstestingandsim 
ulationstudiesonmanyoffluidproblems. 

THEFACILITY: 

The line fetch of facility is given in the lab. The main part of the tunnel are Honey 
combsection,screens,contractioncone,testsection,diffuser,safetyscreens,fansection,fan,motorands 
peedcontrol drivers.Thedimensionandspecificationofthefacilityisgivenbelow. 

SPECIFICATION: 

Typeoftunnel :Lowspeed,opencircuit-suctiontype. 

Testsectionsize :Crosssection -300mmx300mmandLength 

1000mmMaximumspeed 

:70m/sec 

Fan 

:Axialflowfan,Maximumrpm1500,Numberofblades6,Spin 

neris provided 

ContractionRatio :9:1 

SettlingChamber :1mx1m 

HoneyCombSize :65mmx65mm 

Screens :Twosections8meshand16mesh 

MAINPARTSANDFUNCTION: 

The subsonic wind tunnel consists of mainly honey comb, inlet mesh screen, diffuser, 
axialflowfan,andmotorwithspeedcontrolunit. 

INLETDUCT: 

Inletduct(effuser)isaerodynamicallycontouredsectionwithcontractionarearatio9:1.Theinlet 
starts dimension of 900mmx900mm contoured to 300mmx300mm. The axial and 
lateralturbulencearereduced andsmoothflowofairenteringthetestsectionisachievedbyinstalling 
thehoneycombandscreensformostefficiencyandefficiencies oftheair inlet. 

The ratio of length to wall size of the honey comb is maintained as per the 
recommendedstandards. The wire mesh is also fixed to smoother the flow further. This is  
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particularly, useful forobtaininglaminarflow. 
Theductissecuredtothetestsectionbyflange.Theprovisionisalsomadefor easy removal of diffuser 
and diffuser for possible separation from the test section, whenrequired.Itis alsohighly 
smotheredandpainted 
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TESTSECTION: 

The central portion in the tunnel is the test section sandwiched between the inlet duct 
andthe diffuser using the flange. It has square 300mmx300mm cross sectional inside, and 
length1000mm.Thistestsectionhasbeendesignedtoprovidethespaceforsettingupofexperimentationa 
nd visualization, and ready access to the experiments region. The test section is also printed with4 
Perspex windows two on each side. One wooden window is also provided for mode mounting. 
Ahole,aplugisprovidedonthewoodenwindow,theplugcanberotatedandtherotationanglereadout 
from an angular scale, around the plug. This plug can there be used to rotate the model in 
thepitchdirection. 

DIFFUSER: 

Thedownstreamportionofthetunnelisdiffuser.Totheendofthisisattachedonaxialflowfan. The 
diffuser starts with 300mmx300mm square section at the test section end and enlarges 
to420mmdiameterroundatthefandrivesend.Itisflangedandboltedtothetestsection. 

AXIALFLOWUNIT: 

Axial flow unit consist AC Motor and variable speed AC drive. The 6 bladed propellers 
areconnectedtothemotorthroughkeyways.ACmotorisconnectedtothevariabledrivewhichisusedtova 
rythespeedofthepropellersfrom100 rpmto1500 rpm. 

PROPELLERS: 

The propeller should ideally be situated as for as possible from both ends of the 
workingsection, so as not to cause more turbulence than necessary. It is usually placed in a section 
whoseareaofcrosssectionissome1.5to2timesthatofworkingortestsection.Thepropellermustbeofvari 
ablespeedandsometimesthebladesofvariablepitch,togivegoodspeedcontrolinthetunnel. 

BELLMOUTHEDENTRY: 

A bell mouthed entry with honeycomb network and screens with smooth settling 
lengthprovidedbeforethetestsection.Airflowisgeneratedbyasuitablydesignedaxialflowfan,byaD.Cm 
otor of 5H.P, 2800 RPM and a thyristor drive for speed control. The approx. Volume flow 
rate10,000cmhwithstaticpressureof50mmofW.C,underfreerunningcondition.Thesturdyangularsta 
ndis providedforvibrationfreerunning. 

ATTACHMENTS: 

SMOKEGENERATOR: 

This unit is meant for creating the streamlined dense white smoke in the direction of air 
flowandacross themodel.Allaccessories areprovidedforcompletionofthis unit. 

A smoke rake can be inserted in the contraction CMC for visualizing flow pattern on 
theblocks. For flow visualization it is advised to keep one side block to see the smoke with contrast 
ofthe black background. The user of the tunnel may keep a black paper or a black painted 
plywoodsheet of appropriate size which fits exactly the side wall. The block color must let be 
shining. Thiswouldenhancelineflowvisualizationwhichwouldenabletotakegoodpictures. 

MULTI TUBE MANOMETERS: This Manometer is used for studying the pressure distribution 

acrossthevarious models. 
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PITOTTUBE: 
A Prandtl pitot tube is provided to measure the velocity 

ofairflow. 

 
AIRFOIL: 

The airfoil is two dimensional body, which is streamlined 

sothat the separation occurs only in the extreme range of 

thebody. The airfoil model conforms to NACA 0018 axial 

chord16cmandspam29cmwith12parametrictappingforpress 

ure distribution studies. The separation point is 

nearthetrailingedgeandthewidthoftheresultingworkissmalls 

oas toprovidelowdrag. 

 
DRAGCOEFFICIENT: 

 

 

Figure2.1-PrandtlPitottube. 

Thedragcoefficientissmallatlowanglesbecauseoftheappearanceofthewakebehindthebodyand the 

separation of flow from the upper surface. The airfoil is made out of seasoned 

teakwoodtoprovidelong lastingusage. 

Asuitablestandprovidedwithprecision2componentsforcetransmittertomounttheairfoilmodel.Adigita 

lforceindicatortomeasureliftforceof5- 

kgfanddragforceof5kgfisprovided.Theindicatoriscalibratedtoreadingrams. 

 

EXPERIMENTALPROCEDURE: 
 

Switchonthe 

motorandsetupmotorRPM.Notethemanom 

eterreadingh1andh2. 

Byusingtherelationbetweenh1,h2anddensityofwaterandaircalculatevelocity.Calcula 
tetheMachnumberandvelocity 

2(Pt Ps) 

VelocityHeadofAirV ,andP P gH V 

V2 
a 

t s w a 

h h 

DynamicPressure P 2g w    H a  11002 

wisthe Densityofwater=1000kg/m3and 

ature. 
aistheDensityofair=1.16kg/m3atroomtemper 

V 
AccelerationduetoGravityg=9.81m/s andMachnumberM= 

a 

Whereaisthespeedofthesound=340m/s. 
 
 
 
 
 

 

2wgHa 

a 
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Sl.No 

 
RPM 

Manometer 
Readingmmofwater 

h1 h2=Ha 

 
Pt Ps wgHa 

V 
2wgHa 

a 

Mach 
Number 

1.      

2.      

3.      

4.      

 

Result: 
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VivaQuestions 
 

1. WhatisanIncompressibleFlow? 

2. ExplainSpeedofSound? 

3. DefineMachnumber? 

4. WhatisaPotentialFlow? 

5. DefineStreamFunction,VelocityPotential? 
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Experiment 2 
 

FLOWVISUALIZATIONOVERASYMMETRICAEROFOIL(NACA-0012) 
 

Aim:TovisualizetheflowseparationoverAerofoil(NACA0012)atdifferentanglesofattacks 

Apparatus:Windtunnel,TestingmodelandSmokeGenerator. 

Description: 
 

Flow visualization is the study of methods to display dynamic behavior in liquids and gases. 

Thefield dates back at least to the mid-1400, where sketched images of fine particles of sand and 

woodshavings which had been dropped into flowing liquids. Since then, laboratory flow visualization 

hasbecome more and more exact, with careful control of the particulate size and distribution. An 

advanceinphotographyhasalsohelpedextendourunderstandingofhowfluidsflowundervariouscircumstanc 

es.Morerecently,computationalfluiddynamics(CFD)haveextendedtheabilitiesofscientists to study flow 

by creating simulations of dynamic behavior of fluids under a wide range ofconditions. 

The result of this analysis is usually a 2-D or a 3-D grid of velocity vectors, which may be uniformly 
ornon- 
uniformlyspaced.Thegoalisthentoanalyzethisvectorfieldtoidentifyfeaturessuchasturbulence,vortices,a 
ndotherformsofstructure. 

 

Procedure: 

 
1. Mountthetestmodelatvariousangles(0o,5o,10o,15o,20o,and25o)onthestandprovidedinthetest 

sectionofthewindtunnel.Thetrailingedgeshouldbefacedtowardsthefan. 
 

2. Onthe SmokeGeneratorandwaitforafewminutestogeneratesmoke. 
 

3. Visualizetheflowovertestmodelandthestreamlinesseparatingfromthesurface. 
 

4. Takethepicturesofflowseparationsatvariousvelocities oftheair. 
 

Precautions: 
 

1. Donot standbehindthewindtunnelwhileoperating it. 
 

2. Waitforafewminutestogeneratethesmokeafterswitching onSmokegenerator. 

Result: 
Note:Draworcapturetheflowpatternsandboundarylayerformationsatvariousangleofattacks 

(0o,5o,10o,15o,20 o,and25o). 
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Experiment 3 
 

PRESSUREDISTRIBUTION OVERASYMMETRICAEROFOIL(NACA-0012) 
 

ToconductExperimentsbyusingwindtunneltofindoutthepressuredistribution,velocitydistributi 
onandAerodynamicforcesacting onvarious models. 

 

APPARTUS: 
 

WindTunnelTestRig,Aerofoilmodel(NACA0012) 

DESCRIPTION: 

Amultitudemanometer isprovidedtomeasure thepressuredistribution. 
 

 

Figure2.1:Windtunnelandsymmetricairfoil 

Figure2.0:Testsectioninthewindtunnel 
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2(Pt Ps) 

a 

 

 

Inthisexperiment,anairfoilmodelNACA0018willbeusedasatestingobjectandthegeometrical 

pressure distribution and 13th tap was for the reference pressure Pref. The distance of all the 
airfoilsurface pressure tapping from the leading edge is given by Pressure taps 1 to 6 on the lower 
surface,7ontheleading edge,and8to12theuppersurface. 

 

STEPSTOBEFOLLOWED:O 
 

BSERVATIONS: 
 

Atmospherepressure:--------N/m2 Temperature ------------------------ oC 

a=Patm/RT=---------Kg/m3 ChordCofmodel= ------------------------ m. 
 

RPM:--------------- FlowvelocityinthetestsectionV = 

 

SubtractthereadingsofP1toP12fromthereadingofP13(Pref)tofindthegaugepressureineachofthepressureta 
pslocatedontheairfoilmodelandthevelocityheadusingthePitottube.Allthese 
values must be multiplied by SIN a0, where a0 is the angle of inclination of the manometer to 
getverticalheights. 

 
ThestaticpressurecoefficientforAerofoilmodelCPi 

2PiPref  

2 whereiisthepressuretap 
a 

numbers(1to12),WherePref =P1-(h1-h2)andP1=Pressureatstagnationpoint.Plotgraphbetween 

Cpasafunctionofdistancebetweentaps.Thearea 

includedgivestheliftforceperpendiculartotheairfoilchord. 
 

Note: In the multitude manometer due to the position of the scales higher number denotes 
thelowerpressure.Hencethescalereadingsare 
readasnegativevalues.TheDistancebetweentheairfoilsurfacepressurestappingfromLEis 
showninmm. 

 

EXPERIMENTALPROCEDURE: 

Mounttheairfoilmodelonthestandprovidedandkeepthemodelinthewindtunnelthroughthe 

opening at the bottom. The tail edge facing the fan. Care should be taken to ensure therod 

connecting the model to the balance does not touch the wind tunnel wall. This should 

becheckedevenwhenthewindtunnelisinoperation. 

Calibratethestraingaugebalancedtoindicateaninitialvalueforliftforce0anddragforce 

 
Connectthepressuretappingtothemultitudemanometerasperthetable1shown,andnotethe 

angles of incidence of air on the model. The incidence angle is changed by loosening thebolts 

and manually positioning the airfoil at the required incidence angle. Give pitot 

tubeconnections 
 

Connectconstant220V,A.C powersupply 
tothyristorunitusingsuitableratingwire.ConnecttheD.Cmotorwiththethyristorthrough4wiresA,A 
A,(Armature)andZ,ZZ(fieldcoil)properly 

V 
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If thedirectionofrotationofthefantobechanged, 
interchangedthefieldcoilwireZ,ZZinthethyristorunit 

 

Ensurethat thespeedcontrolknobisinminimumpositionandturnonthemainswitch. 

 
Operatethepushbuttonswitchandturnthespeedcontrolknobslowlytoobtaintherequiretestsectio 
nvelocity. 

 

NotethereadingondifferentialpressurewatermanometerconnectedtothePitottube. 

 
NotethereadingsonthemultitudemanometerP1toP12,andP13correspondingtotheatmosphericpressu 
re. 

 

Notetheanglesofinclination ofthemanometer. 

Fromthedifferentangleofincidenceofaerosolmodelandfordifferentairflowratethe 

experimentmayberepeated. 
 

CALCULATIONS  
TABLE-1:PRESSURETAPPINGPOINTS: 

 
 

TapPoints 1 2 3 4 5 6 7 8 9 10 11 12 

 

Distance 

inmm 

 

160 
 

120 
 

80 
 

50 
 

30 
 

10 
 

0 
 

10 
 

30 
 

50 
 

80 
 

120 

 

TABLE-2:Multitubemanometer/PitottubeU-tubeManometerreading. 
 
 

Slno Deg Pref P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 h1 h2 

 
1 

                

 

2 
                

 
3 

                

 

VelocityHeadofAirV 
2(Pt Ps) 

,andP P gH V 
t s w a 

a 
V2 

w Ha h h 

DynamicPressureq 2g 
a 

w 11002
 

wistheDensityofwater=1000kg/m3andaistheDensityofair=1.16kg/m3atroomtemperature. 
Thepressuredistribution isexpressedindimensionlessformbythepressurecoefficient 1 

V
2
, 

 

C anddynamicpressureq i=1to12 
 

Pi q 2 a 

Pi 
P

ref 

2wgHa 

a 
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S.No Degrees Cp1 Cp2 Cp3 Cp4 Cp5 Cp6 Cp7 Cp8 Cp9 Cp10 Cp11 Cp12 

1 0             

2 5             

3 10             

 

ResultsandDiscussions: 
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VIVAQUESTIONS 
 

1. Whatisangleofattack? 

 
2. Whatiscriticalangleofattack? 

 

3. Explainstagnationpoint? 

 
4. Explaincoefficientofpressure? 
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Experiment 4 
 

PRESSUREDISTRIBUTIONOVERACIRCULARCYLYNDERICALBODY 
 

AIM: To determine the Drag over circular cylinder with various angle of attacks 
(180o,270o,0o,90oand,180o) 

 

APPARTUS:WindTunnelSet-up,andtestingbodies(circularcylindricalbody) 

DESCRIPTION: 

Theflowpastatwo-dimensionalcylinderisoneof themoststudiedofaerodynamics. 

Itisrelevanttomany engineering applications. 

The flowpatternandthedragonacylinderarefunctionsoftheReynoldsnumberReD=VD 

 2/s),and 
 

Vistheundisturbedfree-streamvelocity. 

 
Figure4.1:Basicfeaturesoftheflowpastacircularcylinder 

d 
1 2 

VD 
ThedragisusuallyexpressedasacoefficientCd= 2 

whered isthedrag 

forceperunitspan. 
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Figure4.2:Definationsofthesymbolesforcalulatingpressuredrag. 

EXPERIMENTALPROCEDURE: 

 
1. Mount the model on the stand provided and keep the model in the Wind 

Tunnelthrough the opening at the bottom. The tail edge facing the fan. Care 

should betaken to ensure that the rod connecting the model to the balance does 

not touchthe wind tunnel wall. This should be checked even when the wind 

tunnel is inoperation. 

2. Calibratethestraingaugebalancetoindicatean initialvalueofLift=0andDrag=0. 

3. Connect the pressure tapping to the multi tube manometer as per the table 

giveand note the angle of incidence of air on themodel. The incidence angle 

ischanged by loosening the bolts and manuallypositioning the aerofoil 

attherequiredincidenceangle.GivePitottubeconnections. 

4. SwitchontheDriveunit. 

5. Notethereadingonstraingaugebalance 

6. NotethereadingofPrandtlPitottube. 

7. CalculatethevelocityofflowusingthereadingsinPrandtlPitottube. 

8. Notetheangle ofinclinationofthemanometerconnectedtoPrandtlPitottube. 

9. Fordifferentangleofincidenceofmodelandfordifferentairflowrate,theexperim 
entmay berepeated. 
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20 

Pi 
P

ref 

 

 

Estimatetheairvelocityinthewindtunnel: 

Withthehelp 
 

ofPitottube,manometermesu2r(mPet ntPs,sa) ndbuusingtheformaulaforthevelocityofairV 

a 

estimatethevelocityinsidethewind 

tunnel.   

EstimatethepressurecoefficientsCpwith variousangleof attacks(180o,270o,0 
o,90oando180o) 

C anddynamicpressureq 
1 

V2,i=1to12 

Pi q 2 a 

Table1:MeasuredvaluesofPressurecoefficientsatvariousangleofattacks 
 

S.No Degrees Cp1 Cp2 Cp3 Cp4 Cp5 Cp6 Cp7 Cp8 Cp9 Cp10 Cp11 Cp12 

1 180o             

2 2700             

3 00             

4 900             

5 1800             

 

Determiningthepressuredragfromsurface-pressuremeasurements 

d 

Non-dimensionaldragcoefficient=Cd 1 
V2D

andwhereDisthecylinder 

2a 

P
i 

P
ref 

diameter.PressurecoefficientCPi 

 
12 

1 
V2 i= 1to12 

2a 

InintegralformofCdi Cpicosd i=1to 12. 

 

 
Table1:MeasuredvaluesofDragcoefficientsatvariousangleofattacks 

 

S.No Degrees Cd1 Cd2 Cd3 Cd4 Cd5 Cd6 Cd7 Cd8 Cd9 Cd10 Cd11 Cd12 

1 180o             

2 2700             

3 00             

4 900             

5 1800             



DEPTOFANE ADPLABMANUAL 

22|Page 

 

 

 

 

Notes: 

Thisintegrationcanbedone numericallyusingSimpson'sorthetrapezium 

ruleorbyplottingCp 

The above estimate of Cd takes account only of the pressure drag on the 

cylinder.Incalculatingthis,however,itisfairlyaccurate,themainsourceoferrorprobab 

lybeingthenumericalintegration. 

Workstobedone: 

Conduct the same experiments with various speeds of the velocities V = 20, 

30,35, 40m/s. 

EstimatetheReynoldsnumber(ReD). 
 

 
AtAngleofattack180o 

 

S.No V m/s ReD Cd1 Cd2 Cd3 Cd4 Cd5 Cd6 Cd7 Cd8 Cd9 Cd10 Cd11 Cd12 

1 20              

2 30              

3 35              

4 40              

 
AtAngleofattack90o 

 

S.No V m/s ReD Cd1 Cd2 Cd3 Cd4 Cd5 Cd6 Cd7 Cd8 Cd9 Cd10 Cd11 Cd12 

1 20              

2 30              

3 35              

4 40              

 
Drawplotsforthefollowing 

MeasuredvaluesofPressurecoefficientsVSvariousangleofattacks. 

Measuredvaluesofany3oftheDragcoefficientsVsReynoldsnumber(ReD) 
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ResultsandDiscussions 
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VivaQuestions 
 

1. WhatisDrag? 

2. WhatisthesignificanceofCoefficientofDrag? 

3. ExplaindifferenttypesofDrag? 

4. WhatisReynoldsNumberandexplainitssignificancewrtDrag? 

5. WhatisWake? 
6. ExplainLaminarandTurbulentFlow 



DEPTOFANE ADPLABMANUAL 

25|Page 

 

 

 

 

Experiment 5 
 

PRESSUREDISTRIBUTIONOVERASPHERE 
 

AIM:TodeterminetheDragoveraspherewithvariousangleofattacks(180o,270o,0o,90oand18 
0o) 

 

APPARTUS:WindTunnelSet-up,andtestingbodies (Sphere) 
 

DESCRIPTION: 
Inthisexperiment,youwillmakeastartontheflowpatternsandfluidforcesassociatedwith 

flow of a viscous fluid past a sphere by restricting consideration to low Reynoldsnumbers 

ReD = V D V is the uniform approach velocity and D is the diameter 

ofthesphere). 

At very low Reynolds numbers, Re << 1, the flow lines relative to the sphere 

areabout as shown in Figure 5.1. The first thing to note is that for these very 

smallReynoldsnumberstheflowpatternissymmetrical fronttoback. 

Theflowlines arestraightanduniforminthefree streamfarinfrontofthesphere,but 

they are deflected as they pass around the sphere. For a large distance awayfrom 

the sphere the flow lines become somewhat more widely spaced, 

indicatingthatthefluidvelocityislessthanthefree-streamvelocity. 

The velocity of the fluid is everywhere zero at the sphere surface (remember 

theno-slip condition) and increases only slowly away from the sphere, even in 

thevicinity of the midsection: at low Reynolds numbers, the retarding effect of 

thesphereis feltforgreatdistancesoutintothefluid. 

 

Figure5-1.  

past a sphere. The flow lines are shown in a planar section parallel to the flow 

directionandpassing throughthecenterofthesphere. 
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Figure5.2.Coordinatesfordescriptionofthetheoreticaldistributionofvelocityinflowpastasph 

ereatverylowReynolds numbers(creepingflow). 

 

Figure5.3.Flowofaninviscidfluidpastasphere.Theflowlines 

areshowninaplanarsectionparalleltotheflow 

directionandpassingthroughthecenterofthesphere. 

d  
1
V2D 

2 
Thedragisusuallyexpressed asacoefficientCd= wheredisthedrag 

forceperunitspan. 
 
 
 
 
 
 
 
 
 
 
 

Figure5.4:Definationsofthesymbolesforcalulatingpressuredrag. 
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EXPERIMENTALPROCEDURE: 
1. Mount the model on the stand provided and keep the model in the Wind 

Tunnelthrough the opening at the bottom. The tail edge facing the fan. Care 

should betaken to ensure that the rod connecting the model to the balance does 

not touchthe wind tunnel wall. This should be checked even when the wind tunnel 

is inoperation. 

2. Calibrate the strain gauge balance to indicate an initial value of Lift = 0 and Drag 
=0. 

3. Connect the pressure tapping to the multi tube manometer as per the table 

giveandnotetheangleofincidenceofaironthemodel.Theincidenceangleischangedbyl 

ooseningtheboltsandmanuallypositioningtheaerofoilattherequiredincidenceangle. 

GivePitottubeconnections. 

4. SwitchontheDriveunit. 

5. Notethereadingonstrain gaugebalance 

6. Notethereading ofPrandtlPitottube. 

7. CalculatethevelocityofflowusingthereadingsinPrandtlPitottube. 

8. NotetheangleofinclinationofthemanometerconnectedtoPrandtlPitottube. 

9. Fordifferentangleofincidenceofmodelandfordifferentairflowrate,theexperime 
ntmay berepeated. 

 

a. Estimatetheairvelocityinthewindtunnel: 

Withthe helpof Pitottube,manometermesurments,andbuusingtheformaula 

2(Pt Ps) 

forthevelocityofairV estimatethevelocityinsidethewind 
a 

 

tunnel.   
 

b. Estimate the pressure coefficients Cp with various angle of attacks 
(180o,270o,0o,90oando180o) 

C anddynamicpressureq 
1 

V
2
, 

Pi q 2 a i=1to12 

Table1:MeasuredvaluesofPressurecoefficientsatvariousangleofattacks 
 

S.No Degrees Cp1 Cp2 Cp3 Cp4 Cp5 Cp6 Cp7 Cp8 Cp9 Cp10 Cp11 Cp12 

1 180o             

2 2700             

3 00             

4 900             

5 1800             
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Pi 
P

ref 

 
 
 
 

c. Determiningthepressuredragfromsurface-pressuremeasurements 

d 

Non-dimensionaldragcoefficient=Cd 1 
V2D 

andwhereDisthecylinder 

2a 

 

diameter.PressurecoefficientCPi 

 
12 

1 
V2 i= 1to12 

2a 

InintegralformofCdi Cpicosd i=1to 12. 
 

Table1:MeasuredvaluesofDragcoefficientsatvariousangleofattacks 
 

S.No Degrees Cd1 Cd2 Cd3 Cd4 Cd5 Cd6 Cd7 Cd8 Cd9 Cd10 Cd11 Cd12 

1 180o             

2 2700             

3 00             

4 900             

5 1800             

 

Notes: 
 

 

 
 
 

 

 
Thisintegration 

canbedonenumericallyusingSimpson'sorthetrapeziumruleorbyplottingCp 

TheaboveestimateofCdtakesaccountonlyofthepressuredragonthecylinder. 

Incalculatingthis,however,itisfairlyaccurate,themainsourceoferrorprobablybeingt 

henumericalintegration. 
 

Workstobedone: 

ConductthesameexperimentswithvariousspeedsofthevelocitiesV=20,30,35,and4 

0m/s. 

EstimatetheReynoldsnumber(ReD). 

AtAngleofattack180o 
 

S.No V m/s ReD Cd1 Cd2 Cd3 Cd4 Cd5 Cd6 Cd7 Cd8 Cd9 Cd10 Cd11 Cd12 

1 20              

2 30              

3 35              

4 40              
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AtAngleofattack90o 
 

S.No V m/s ReD Cd1 Cd2 Cd3 Cd4 Cd5 Cd6 Cd7 Cd8 Cd9 Cd10 Cd11 Cd12 

1 20              

2 30              

3 35              

4 40              

 
Drawplotsforthefollowing 

MeasuredvaluesofPressurecoefficientsVSvariousangleofattacks. 

Measuredvaluesofany3oftheDragcoefficientsVsReynoldsnumber(ReD) 

ImportantTask: 

ComparetheresultsoftheExperiment4and5andconcludetheresults 

ResultsandDiscussions 
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Experiment 6 
 

ESTIMATIONAERODYNAMICCHARACTERSTICKSOFNACA-2312AEROFOIL 

AIM:Tocalculatethedrag coefficient(Cd)andliftcoefficient (CL)ofNACA-2312Airfoil. 

APPARTUS: 
1 LowSpeedWindTunnelSet-up 

2 NACA-2312Airfoil 

 
DESCRIPTION: 

Distributionofpressureoveranairfoilsectionmaybea sourceofanaerodynamictwistingforce 

as well as lift. A typical example is illustrated by the pressure distribution 

patterndevelopedby thiscambered(nonsymmetrical)airfoil: 

 
Theuppersurfacehaspressuresdistributedwhichproducethe uppersurface 
lift.Thelowersurfacehaspressuresdistributedwhichproducethelowersurfaceforce 
. 
The net lift produced by the airfoil is the difference between left on the 
uppersurfaceandtheforceonthelowersurface.Netliftiseffectivelyconcentratedatap 
ointonthechordcalledtheCenterOfPressure. 

 
Whentheangleofattackisincreased: 

 
Upper surface lift increases relative to the lower surface force. Since the 

twovectors are not located at the same point along the chord line, a twisting 

force isexertedaboutthecenterofpressure. 

 
Center of pressure also moves along the chord line when angle of attack 

changes,because the two vectors are separated. This characteristic of 

nonsymmetricalairfoils results in undesirable control forces that must be 

compensated for if theairfoil is usedinrotary wing applications. 

 
When the angle of attack is increased to develop positive lift, the vectors 

remainessentially opposite each other and the twisting force is not exerted. 

Center ofpressure remains relatively constant even when the angle of attack is 

changed.This is a desirable characteristic for a rotor blade, because it changes the 

angle ofattackconstantly duringeachrevolution. 
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INTORIDUCTIONTOTHEPROFILEOFNACA-2312AEROFOIL 

 
Figure6.1:NACA-2312AEROFOIL 

 

MeasurementsinWindTunnel:BoundarylayerMeasurements,WakeSurvey: 
 

The effective free stream Mach number of the position of the model was obtained 

bycorrecting a value measured far upstream of the model for the blockage effect of 

themodel, its support system and the wakes of these items. This correction was made 

byrepresenting the model, etc., by suitable distributions of sources and sinks and 

thencalculatingtheratiobetween 

(i) The sum of central line pressure increments due to image arrays of the model, etc., 

inthetunnelwalls,and 

(ii) The sum of roof or floor pressure increments due to both image arrays and the 

directeffectofthemodel,etc. 

A selection of measured roof and floor pressures and knowledge of the 'empty 

tunnel'calibration3thenpermittedthecorrectedMachnumbertobecalculated.Thesecalcula 

tionsalsoshowedthatthemeancorrectedMachnumberatmid-spanofthemodeldid not 

differ from that at any particular chord wise point in the same span wise 

positionbymorethan0.0015.ThemeancorrectedMachnumberisthatquotedasthefreestrea 

mMachnumberforeachsurveyconditionand 

isthatusedincomputingforceandpressurecoefficients. 

EXPERIMENTALPROCEDURE: 
 

1. Mount the model on the stand provided and keep the model in the Wind 

Tunnelthrough the opening at the bottom. The tail edge facing the fan. Care 

should betaken to ensure that the rod connecting the model to the balance does 

not touchthe wind tunnel wall. This should be checked even when the wind 

tunnel is inoperation. 

2. Calibratethe straingaugebalancetoindicateaninitialvalueofLift=0andDrag=0. 
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3. Connectthepressuretapping tothemultitubemanometerasperthetablegiveand 

note the angle of incidence of air about the model. The incidence angle 

ischanged by loosening the bolts and manually positioning the airfoil at 

therequiredincidenceangle.GivePitottubeconnections. 

4. SwitchontheDriveunit. 

5. Notethereading onstraingaugebalance 

6. NotethereadingofthePrandtlPitottube. 

7. CalculatethevelocityoftheflowusingthereadingsinaPrandtlPitottube. 

8. NotetheangleofinclinationofthemanometerconnectedtothePrandtlPitottube. 

9. Foradifferentangleofincidenceofmodelandfordifferentairflowrate,theexperiment 

may berepeated. 

10. TaketheReadingsofDragfromthestraingaugebalance. 
 
 

CALCULATIONS: 
 

VelocityHeadofAirV 

 

 
2(Pt s ,andP 

a 

 

 

t   
P 

s 

 

 
 

wgHa V 

V2 h h 

DynamicPressure P 
2g 

w H  w 

a 

a a 

1 2 

100 

wistheDensityofwater=1000kg/m3andaistheDensityofair=1.16kg/m3atroomtemperature. 
V 

AccelerationduetoGravityg=9.81m/s andMachnumberM =    
a 

Whereaisthespeedofthesound=340m/s. 

 
Coefficient of drag (CD) = Actual Drag (Kg/f) / (dynamic 

pressure*area)coefficient of drag (CL) = Actual Lift (Kg/f) / (dynamic 

pressure*area) *PlatformareaofaerosolA=0.046m2 

Actualliftforcemeasuredonthedigitalindicatororbyusingthefollowingformulaswe 

canestimate 
1C 

F LV2A 
L 2 

F 

D 

and 

1C 
DV2A 

 

2 

 

 
whereCL=liftingcoefficient, =densityoffluid 

(kg/m3),V=flowvelocity(m/s),A=bodyarea(m2)andCD=Coefficientofdrag. 
 

TABLE-1 

2wgHa 

a 
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S.No 

Angleofattack 
 

Degrees 

 
 

LiftKg/f 

 
 

LiftKg/f 

 

CL 

 

CD 

 

CL 

CD 

1 15      

2 25      

3 35      

4 45      
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VivaQuestions 
 

1. WhatisNACA? 

2. ExplainNACA4DigitSeriesAirfoil? 

3. WhatisCamberedAirfoil? 

4. Whatis LiftandDragandExplainsignificanceofLiftandDragcoefficient? 

5. WhatisaCenterofPressureandAerodynamicCenter? 
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Experiment-7 
 

EFFICIENCYOFVANESINCENTRIFIGURALBLOWER 
 

AIM:ToconducttestsonthegivenblowerandtodeterminetheoverallefficiencyusingvariousV 
anesprovided. 

APPARATUS:Blower 

DESCRIPTION: 

The given blower is a single stage centrifugal type. Air is sucked from atmosphere in 
thesuction side and the slightly compressed air passes through the spiral case before it 
comesoutthroughtheoutlet. 

 
The given blower is provided with three interchangeable impellers namely straight 

curved,forward curved and backward curved vanes. The vanes are pressed out of sheet 

metal andriveted to the shrouds. This volute contour helps in reducing eddy current losses 

along thepath. The casing is designed such that it can separated to facilitate easy 

interchanging ofimpellers. 
 

The blower is directly coupled to a swinging field induction motor of 5HP, 2880rpm. 

Theoutlet of the blower is connected to a pipeline of 3 meters length. A Venturimeter, a 

flowcontrol valve and pressure tappings are provided along the pipe. Pitot tube for 

measuringtheheadis alsoprovidedonthesuctionanddeliveryoftheblower. 
 

APanelmountedonsturdyironstands,withswitchstarterfortheblowermotor,the3- 

phaseenergymetertomeasuretheinputenergyfortheblower,andamanometertomeasure 

theflow,staticandtotalhead. 
 

ExperimentalProcedure: 
 

1. FillmercuryintheManometerprovidedforVenturimeter,thelevelsmustequal,ifnotre 
moveairblocks. 

 
2. FillwaterinthemanometerprovidedforPaddlePitottubes,providedonthesuctionand 

delivery side, Close the cock connected to the inner pipe of the Pitot tube, 

andleavethiscolumnofthemanometeropentotheatmosphere.Openthecockconnectin 

gthestatics pressureendPitottube. 
 

3. Closethedeliverycontrolvalve,andstarttheunit. 
 

4. Openthedelivery valveto¼thlevel. 
 

5. Notethe timetakenfor10revolutionsofenergymeterreading. 
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2g 

a1h a2h 

 

 

6. Notespringbalancereadingconnected 
tothetorquearmtotheswingingfieldmotor;Notethespeedofthemotor. 

 

7. Notethemanometerreadings. 
 

8. Repeattheexperimentfordifferentopeningsofthedeliveryvalveandfordifferentimpellerv 
anes. 

 

Calculation: 
 

TofindtheblowerdischargeQt=K m3/sec 

WhereK=a1*a2 .Whereg=9.81m/sec2,h=(h1 h2)(S1/S2-1)mofair 
 

columnand S1and S2are densitiesofmanometricfluidandairrespectively,h1 

 
meterreadingsinm 

 
 

h2ismano 

ofmercurycolumn,a1=areaofVenturimeterinlet,diameterofinlet,a2areaofVenturimeterthr 
oat,diameterofthroat. 

Specificgravityofmercury,airandwaterare13.633kg/m3,1.205kg/m3, 1kg/m3vrespectively. 

 
TofindthetotalheadH=HD+HSoftheblower, 

 

HD+HS=(h1 h2) (S1/ S2-1) m of air column Where S1 and S2 are densities of manometer 

fluidandairrespectively. 

h1 h2ismanometerreadingsinmofthewatercolumn 
 

Blower Output P =a * Q* 9.81* H Watts. Wherea is the density of the 

air.TheInputtotheBlowerPi=(3600/E)*(10/t)Watts. 

Where, E = (80 Rev / Kw) energy meter constant, and tis the time taken (Seconds) for 

10revolutionsofenergy meterdisc. 

Hencetheefficiency (%)oftheBlower=(Po/Pi)*100. 
 

InthecaseofblowerprovidedwithswingingfieldmotortheInputpowermayalsobecalculatedas 
follows: 

 

InputpowerPi NT/60watts. 

WhereTisthetorquearmlength*springbalancereadinginKg*gandNisthespeedofthemotor. 
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S.No VenturiHead DeliveryHead SuctionHead Timefor2Rev Spring Blower 
 

h1m h2m h1m h2m h1m h2m Energym/sec BalanceKg efficiency% 

1          

2          

3          

4          

 

RESULT: 
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PROPULSIONLAB 
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Experiment-8 
 

PERFORMANCEESTIMATIONOFSINGLECYLINDERFOURSTROKE PETROLENGINE 
 

Aim:Toconduct aperformance testonfourstokesinglecylinderpetrolengine. 

Instrumentation: 

1. DigitalRPMIndicatortomeasurethespeedoftheengine. 

2. Digitaltemperatureindicatortomeasurevarioustemperatures. 

3. Differentialmanometertomeasure quantityofairsuckedintocylinder. 

4. Burettewithmanifoldtomeasuretherateconsumedduringtest. 
 

EngineSpecifications: 
Engine : BirlaPower 
Bhp : 3Hp 

Rpm : 3000Rpm 
Fuel : Petrol 
No.OfCylinders : Single 
Bore : 61.9Mm 
StorokeLength : 60Mm 
Starting : Rope&PulleyStarting 
WorkingCycle : FourStroke 
MethodOfCooling : AirCooledMethod 
OfIgnition : SparkIgnition 

OrificeDia : 20Mm 
CompressionRatio : 4.67 
SparkPlug : MicoW160z2 
Carburator : BirlaPowerGovernorSystem 

: MechanicalGovernor 
Type : Self-ExcitedDcShuntGenerator 
POWER : 1.5Kw 
SPEED : 3000RPM 
RATEDVOLTAGE : 220vDC 

(Max.speedtorunasdcmotor:2600RPM) 
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ResistanceLoadBankSpecification: 
RATING : 2.5Kw, (singlephase) 

VARIATION : In10steps,bydcswitches. 

COOLING : Aircooled 
bservations: 

Indicatedpower : IP 
Brakepower : BP 
Specificationfuelconsumption : Sfc 

 
 

LoadingSystem 
Theengineshaft 

isdirectlycoupledtotheDCGeneratorwhichcanbeloadedbyresistiveloadbank.Theloadcanbeva 
riedbyswitchingontheloadbankswitchesforvariousloads. 

 

Procedure: 
1. Connect the instrumentation power input plug to a 230v, 50 Hz single phase AC 

supply.Now, all the digital meters namely, RPM indicator, temperature indicator display 
therespectivereadings. 

2. Fillupthe petroltothe fueltank mounted behindthepanel. 
3. Checkthe lubricatingoillevelinthe oilsumpwiththedipstickprovided. 
4. Startthe enginewiththe helpofrope andpulleyarrangement. 
5. Allowtheenginetostabilizethespeedi.e.2800RPMbyadjustingtheacceleratorknob. 
6. Keepthe changeoverswitchinthegeneratordirection. 
7. Apply1/4Load(1.9Amps). 
8. Notedownalltherequiredparametersmentionedbelow. 

a. Speedoftheenginein RPM. 
b. Loadfromammeterinamps. 
c. Burettereadingsincc. 
d. Manometerreadingsinmm. 
e. TimetakenforconsumptionofXccpetrol. 
f. Exhaustgas temperatureindegreeC. 

9. Loadtheenginestepby stepwiththeuseofdcswitchesprovidedontheloadbanksuchas, 
a. ½load= 
b. ¾load= 

c. Fullload= 
10. Notedownallrequiredreadings. 
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ENGINEPERFORMANCE: 

1. BrakePower 
VI WattsorVi/1000K.W. 

Where,V 
=DCvoltageinvolts.I=D 
Ccurrentinamps. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. MassOfFuelConsumed: 

Actualvolume : 
 

Brakethermalefficiency 

 
: 

 
Indicatedthermalefficiency : 

 
 

Va 

 
bthit 

h 

 

 
Swept volume : Vs 

 

Mechanicalefficiency : 
 

Volumetricefficiency : : 

mech 
 
 

 
v 
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Frictionalpower : FP 
 

Description: 

Theengineisafourstrokesinglecylinder,air- 

cooled,sparkignitionengine.TheoutputiscoupledtoDCGENERATOR.TheloadisgiventoenginebyDCG 

eneratorhavingaresistiveloadbankwhichwill take load with the help of dc switches and also 

providing motoring test facility to find outpowerofengine. 

Fuelmeasurement: 

The fuel is supplied to the engine from the main feel tank through a graduated measuring 

fuelgauge(Burette)with3-wayclock.Tomeasurethefuelconsumptionoftheengine,filltheburetteby 

opening the cock. By starting a stop clock, measure the time taken to consume Xcc of fuel 

bytheengine. 

AirIntakeMeasurement: 

The suction side of the engine is connected to an Air tank. The atmospheric air is drawn into 

theengine cylinder through the air tank. The manometer is provided to measure drop across 

andorifice provided in the intake pipe of the Air tank. This pressure drop is used to calculate 

thevolumeofairdrawnintothecylinder(orificediameteris 20mm.) 

Lubrication: 

The engine is lubricated by mechanical 

lubrication.LubricatingoilrecommendedisSAE- 

40OREquivalent. 

TemperatureMeasurement 
Adigitaltemperatureindicatorwithselectorisprovidedonthepaneltoreadtemperatureindegreecentigrade 
,directlysensedbyrespectivethermocouples locatedatdifferentplacesonthetestrig. 

 
Thermocoupledetails: 

T1 = inlet water temperature to 

calorimeterT2= 
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outletwatertemperaturetocalorimeterT3=ex 

haustgasinlettocalorimeter 
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T4=exhaustgasoutlet 

tocalorimeterT5=ambienttemperatur 

e 

X* 0.72*3600 ....................... kg/hr 

Mfc= 1000*T 

Where,X=burettereadingincc 

0.72=densityof petrolingram/cc 

T=timetakeninseconds. 

3. SpecificFuelConsumption: 
Mfc .................. 

BSfc= kg/Kwhr 

BP 

 
4. ActualVolumeOfAirSuckedInToTheCylinder 

Va=Cd*A*2gH*3600  /hr3 

Where H=(H/1000)X Meterofwater 
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A= areaoforifice= 

H= manometerreadingsinmm 

w 

(Densityofwater)=1000kg/m3a(De 

nsityofair)=1.193kg/m3Cd(Coefficie 

ntofdischarge)=0.62. 

5. SweptVolume 
 
 

Vs== mm3/hr 
  

Where,d=diaofbore=61.9mm==0.07 

L= 

lengthofstroke=60mm=66.7mm=0.0667N=Spee 

doftheengineinRPM. 

6. VolumetricEfficiency 
 

V = 
 

7. BrakeThermalOrOverAllEfficiency 

V=   
 

 

 
Where,CV=calorificvalueofpatrol=45000kJ/kg. 

BP=BrakePowerinKW. 

8. MechanicalEfficiency: 
 

ith=   
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9. MechanicalEfficiency: 

=*100 
mech  

Where,BP=BrakePowerinKw. 

IP=IndicatedpowerinKW. 
 

MotoringTest: 

Aim:Tomeasurethe FrictionalPower(FP)ofthegivenfourstrokesinglecylinderpetrolenginebyMotoringTest. 
 
 

Procedure: 

1. Toconduct the motoringtest,first connectthe rectifiertothepanelboard. 

2. Removethesparkplugconnectionfromthe engine &switchofftheignitionswitch. 

3. Keepthechange overswitchinthe motoringdirection. 

4. NowslowlyincreasethepowerusingVariesprovidedinthe rectifiercircuit. 

5. Increase thespeedupto2800RPM andnote downthe armaturecurrent andvoltage. 

6. Now slowlydecreasethepowerandturnthechange-overswitchtoOFFcondition. 

 

 
FrictionalPowerOfTheEngine: 

FP(Engine)=FP(Total) FP(Motor)Where, 

FP(Motor)=Noloadgeneratorlosses. 

FP(Total)=TotalfrictionalPower.FP 
 

= KW 
.................................................................................................. KW 

Therefore,FP= ............ KW. 

IndicatedPower 

 
IP=BP+FP(Engine) 

MfcxCV 
Heatinput= 

60 
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HeatequivalenttoBP=BPX60 ................ KJ/minHeat 

carriedawaybycoolingwater(calorimeter) 

= mw *Cpw *T2 

 
*T1Where,mw=massofwater=VW*w 

 
VW=volumeofwaterflowintocalorimeterthroughrotameterR2 

w=densityofwaterinkg/m3 

 
Heatcarriedaway byexhaustgas 

=mg*Cpg*T3*T5 

Where,mg=massofgas=Vg g 

Vg= volumeofgas 

g g=densityofgas=1.193kg/m3
 

Cpg=specificheatofburntgas=0.24KJ/KgK 

 

E.UnaccountedHeat 

=A ............................ KJ/min 
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Experiment-9 
PerformanceEstimationandheatbalance testforsinglecylinderfourstrokedieselengines 

 

Aim: To study the variations of total fuel consumption, specific fuel consumption, brake 

thermalefficiency&mechanicalefficiencywithbrakepoweratconstantspeed,byconductingtheperform 

ancetestontheengine&todrawthefollowing characteristicscurves. 

i. B.P.(vs.)T.F.C 

ii. B.P(vs.)S.F.C 

iii. B.P.(vs.)brakethermalefficiency 

iv. B.P.(vs.)indicatedthermalefficiency 

v. B.P(vs.)mechanicalefficiency 

ApparatusRequired: 

1. Stopwatch 

2. HandTachometer 

Specifications: 
 

NameOfTheManufacturerS 

peed 

Bhp 
 

Fuel :Diesel 

NoOfCylinder :Single 

BoreDia :80mm 

StrokeLength :110mm 

Starting :Cranking 

MethodOfCooling :WaterCooled 

MethodOfIgnition :CompressionIgnition 

Sfc :0.272kg/Kw-Hr 

OrificeDiameter :20mm 
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i. Power&mechanicalefficiency 

ii. Meaneffectivepressuretorque 

iii. Specificoutput 

iv. Volumetricefficiency 

v. Airfuelratio 

vi. Specificfuelconsumption 

vii. Thermalefficiency 

viii. Specificweight 

Indicated power: The total power developed by combustion of fuel in the combustion 

chamberis called as indicated power. (I.P). The IP is measured from the indicator diagram 

obtained fromindicator coupledtotheengine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
THEORY: Engine performance is an indication of the degree of success with which it 

doesits assigned job, conversation of chemical energy contained in the fuel in to the 

usefulmechanical work. In evaluation of engine performance certain basic parameters 

arechosen & the effect of various operating conditions, design concepts &modifications 

ontheseparameters is studied. 

Thebasicperformanceparametersareenumerated&discussedbelow: 
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Brake power: The brake power is the useful power available at the crank shaft (or) clutch 

shaft.The brake power obtained by applying the load at brake drum .the brake power is less 

than theIndicatedpowersinceittakes intoaccountofthefollowing 

i. Pumplossesduetoindication&exhaust 

ii. Mechanical lossesinthebearings 

iii. Resistanceofaironflywheelrotation 
 

Frictionalpower:ThedifferencebetweenIP&BPiscalledfrictionalpower. 
 

Specific fuel consumption: It is the mass of fuel consumed per kilowatt power developed 

perhour&is acriterionofeconomicalpowerproduction. 

Indicated thermalefficiency: Indicated thermal efficiency of IC engineis the ratioof 

heatconvertedintoindicatedworktotheheatenergyinthefuel suppliedtotheengine. 

Procedure: After taking all the precautions, engine is started with no load on it. Time taken 

forconsumption of 10cc fuel & water manometer reading are noted. Now the load is applied in 

thestepsof2,4,6,8,10&12kgs. 

Thecorrespondingtimetakenfor10ccoffuelconsumption,waterconsumption&watermanometerre 

ading arenoted. 

Precautions: 

1. Parallaxerrorshouldbe avoidedwhile takingreadings. 

2. Beforestartingtheenginecheck the coolingwatersupplyandlubricationsystem. 
Result:Hencetheperformancetestisconductedon5h.pkirloskerengine 

 

 
s.no load Timetaken 

for10ccoffuelconsu 

mption 
 

 

 X(kgf) X9.81(N) 

1.    

2    
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MaximumLoad: 

BP=(2NT) 

60 

T=W*Reff 

Reff=Rdrum+Rbeltthickness 

2R=9705 

R=0.15517mm 
 

Reff=0.15517m 

 
SampleCalculations: 

BrakePower: BP =2  

 

 

Total Fuel 

Consumption:Totalfuelconsu 

mptionTFC= 
 

Heatinput: 

Heatinput=TFCxcalorificvalue ofdieselKJ/hr 

 
BreakThermalEfficiency: 

 
bth= *100 

 
Specificfuelconsumption: 

sfc= 
TFC 

BP(KW 
) 

Indicatedthermalefficiency: 

(IP* 3600) 
ith= TFC CV 

x100
 

4 

 
NT 

60 
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DescriptionOfTestRig: 
 

Airintakemeasurement:Inletendoftheengineis 

connectedtotheintakeairofthetankfittedwithorificeplate. 

Fuelintakemeasurement:Theenginefuelinletisconnectedtothefueltankthrough3locksfor 

runningdownthefuel. 

a. Directlyfrom tanktoengine 

b. Tofilltheburettefromthefueltank 

 
 

MaximumLoadCalculations: 

Brakepowerratingandratedspeedarenotedfromnameplatedetails.Themaxloadiscalculatedusingthef 

ormulasuppliedbythemanufactureritself. 

Bhp=WN/2000 
 

Procedure: Before starting thecheck thefuel supply, cooling water supply andlubricationsystem. 

See that no-load should act on the hydraulic device. Engage the decompression 

lever.Cranktheenginewiththehelpofcrankinghandle.Sincetheleverisengagedwiththedecompressi 

onleverdisengagementmechanism,theenginestartsassoonastheleverdisengages. Keeping the 

load at zero, adjust the fuel supply so that the engine attains its ratedspeed or the desired 

speed. Run the engine till the steady state conditions are attained. Notedown the inlet and 

outlet temperatures of the cooling water. Note down the exhaust gas 

tempandmanometerreadings. 

Set the hydraulic dynamometer to 20% of the full load and adjust the fuel supply so that  

theengine attains the desired speed. After the steady state is reached, note down the 

hydraulicdynamometer reading, fuel consumption rate, cooling water flow rate, manometer 

reading andtemperaturesofcoolingwaterandexhaustgases. 

Repeat the experiment at 40%, 60%, 80%&100% of the full load at constant speed. Stop 

theengineafterremovingloadonhydraulicdynamometer.Calculatetheheatenergysuppliedinthefue 

l,heatenergyequivalenttooutputpower,heatenergycarriedawaybycoolingwater,exhaustgases&mi 

scellaneousheatenergy lossaspercalculationsshown. 
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Precautions: 

1. Parallaxerror shouldbe avoidedwhile takingreadings 

2. Beforestartingthe enginecheckthe coolingwatersupplylubricationsystem 

3. Allloadsontheengineshouldberemovedwhilestartingandstoppingoftheengine. 

 
 

Result:Variousheattransfersin thecyclearenoted &thevaluesaretabulatedinheatbalancesheet. 
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Experiment-10 
 

DeterminationOfPortTimingAndSketchingForTwoStrokePetrolEngine 
 

Aim:Tofindoutthetimingoftheinletportandexhaustportoperationofthegivenpetrolengineandtore 

presentthe resultthroughaporttimingdiagram. 

Theory: The timing sequence of the two stroke petrol engine is represented graphically. 

Theevents such as opening and closing of inlet ports, transfer ports and exhaust ports are 

showngraphically with respect to crank angles from dead center positions. This is known as port 

timingdiagram. 

PortTimingDiagramofSingleCylinderTwoStrokePetrolEngine 
 

The inlet port is uncovered by the piston 45o to 55o before the top dead center position 

.Theinlet port is covered 45o -550 after the top dead position. The exhaust port is uncovered 

andcovered 65o and 75o before and after bottom dead center respectively. The transfer port 

isuncoveredandcovered55oand65obeforetopdeadcentre. 

Precautions: 

1. Lubricate allthepartsforsmoothoperationbefore doingtheexperiment. 
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2. Note the correctthe directionofthe crank shaft andmark the directionofrotationofflywheel. 

3. Rotatethecrankshaftalwaysinthecorrectdirection. 
 

Procedure: 

Removetheportcovers,ifnecessary,toseetheports.Throughouttheexperiment,therotationsofthefl 

ywheelhavetobeinonedirectionclockwiseoranticlockwisedirection.Mark thefixedor reference 

point on the frame or note the pointer attached to the frame .Rotate the flywheeland before 

the piston reaches the top dead center, coincide the piston top or one of the 

pistonringedgeswiththeexhaustporttopedge.Haveamarkontheflywheelwithrespecttothefixedpoi 

nt (say TDC 1). Rotate the flywheel again and the piston ring edge again coincides with 

thesameexhaustport edge,markthispointontheflywheelwithrespecttothefixedpoint(sayTDC2). 

InletPort(CrankCase Compression OnPetrolEngine) 

Whenthepistonjust openstheinletport,markapointontheflywheelwithrespecttothefixedpoint 

(TPO). When the piston completely closes the exhaust port, mark a point on the flywheelwith 

respect to the fixed point (EPC). Measure the circumference of the flywheel, measure 

theperipheral length from TDC 1 to TDC 2 along the direction of rotation. Take half of this 

timinglength and mark a line from TDC 1 along the direction of rotation. Indicate the line as TDC 

BDCline. Measure the timing length from TDC to TPO and TPC. Measure the timing length from 

BDCtoTPO,TPC,EPOandEPC. Tabulatethereadingsas below. 

TabularColumn 
 

S.No. Operation ReferencePoint Position Timeindegree 

01. IPC TDC After  

02. EPC BDC Before  

03. TPC BDC Before  

04. TPC BDC After  

05. EPC BDC After  

06. IPO TDC Before  
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Experiment-11 
 

DeterminationAndSketchingOfValveTimingForFourStrokeDieselEngine 
 

Aim:TofindoutthetimingoftheinletportandexhaustVALVEoperationoftheEngineandtorepresenttheres 

ultthroughavalvetimingdiagram. 

Theory: 

The valve open and close at the dead centre positions of the piston but in actual practices they 

donot open and close instantaneously at dead centers. They operate at some angular position 

beforeorafterthedeadcenter. Theignition 

istimedtooccuralittlebeforetopdeadcenter.Thetinningoftins sequence of events such as inlet value 

closing, ignition, exhaustvalue opening and closing tobe showngraphicallyinterms 

ofcrankanglesfromdeadcentrepositions. 

ValveTimingDiagramofSingleCylinderFourStrokeDieselEngine: 
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The inlet valve opens at 250 crank angles before top dead centre position and fresh air enters 

intotheenginecylindertilltheinletvalvecloses.Theinletvalveclosesat150to00afterthebottomdeadce 

ntre. 

Compression of air takes place and the fuel injection starts at 50 to 10o before top 

deadcentre. Fuel injection ceases at 150 to 250 after the dead centre in the working stroke. 

Thecombustion process is initiated and the pressure and temperature increases. The exhaust 

valveopensbeforethebottomdeadcentre.Theexhaustgasisforcedoutoftheenginetilltheexhaustval 

ve closes. The exhaust valve is closed 100 to 150 before the top dead center. The inlet valveand 

exhaust valve are operating for a common period and is known as overlap period. The 

anglebetweenthesetwoevents is knownas angleofoverlap. 
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Figure:Valvetimingdiagram 

Precautions: 

1. Checktheengineforitssmoothoperationofcrankshaft,camshaftand rockerarms. 

Applysomeoilforsmoothoperation. 

2. Findouttheproperdirectionofthe rotationofthe 

crankshaftwiththehelpofstartinghandleandmarkitontheflywheel. 

3. Identifytheinletandexhaustvalves. 

4. Rotatetheflywheelinthecorrectdirection. 

Procedure: 

2. The flywheel should be rotated in the proper direction and mark the BDC on the flywheel 

byadjustingtheposition markoutthehalfthecircumferenceoftheflywheelthispoint indicates 

theTDC. 

3. Theconnectingrodshouldbeperpendiculartothecrankshaft. 

4. Insert apaperstripinthe clearance ofthe inlet valve andthe pushrod. 

5. Slowlyrotatetheflywheelinthecorrectdirectionoftherotation;stoptheflywheelwhenthepaperis 

justgripped. 
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6. Make amark onthe flywheelwithrespecttothe fixedpoint (TDCorBDC). 

7. Thisisthepositionatwhichtheinletvalvestartedopening.Rotatethecrankshaftfurtherinthesam 

edirection. 

8. Theinletvalveisfullyopened,when 

thepaperstripisjustfreetomoveandstopthecrankandmakeamarkontheflywheelwithrespecttot 

hefixedpoint. 

 
9. Thispoint representsthecompletecrankoftheinletvalve. 

10. Theexhaustvalveopeningandclosingcanbedetermined 

inasimilarwaybyrespectingtheaboveprocedureforfixing theexhaustvalveopening andclosing. 

11. Measuringthecirculardistanceofalltheopeningalongthemovedperipheryoftherimofthefly 

wheelwithrespecttothenearestdeadcentreandtabulatethereading. 

TabularColumn 
 

S.No. Opening Peripheraldistancealongthe 

rim(Timinglength)(cm) 

Angleindegreesbefore/ 

afterTDC/BDC 

01. IVO   

02. IVC   

03. EVO   

04. EVC   

 
Formula: 

Circumferenceoftheflywheel = 

Q= Arclength 

X3600Xcm=36001cm=3600/X 

AngleinDegree=(3600/X)XTiminglength. 
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Experiment - 

12EstimatingtheEfficiencyoftheCentrifugalCompressor 

Aim:Toconducttestonrotary(centrifugal)aircompressorandtodeterminevolumetricefficiencyatvario 

usdeliverypressures. 

Description: Rotary air compressor is a rotary type driven by primary mover AC motor 
throughbelt. The test rig consists of a base on which the tank (air reservoir) is mounted. The 
outletpressure of the air is indicated by the pressure gauge. The suction is connected to the air  
tankwithacalibratedorificeplatethroughwatermanometer. 

 
Specification: 

 
1. Displacement :300ltr/minat1440RPM. 

 

2. Standardspeed :1440RPM. 
 

3. Workingtemperature :850C 
 

4. Power :1HP 

 
 

Centrifugal compressors, sometimes referred to as radial compressors, are a sub-class 

ofdynamicaxi-symmetric work-absorbing turbo-machinery 

The idealized compressive dynamic turbo-machine achieves a pressure rise by 

addingkinetic energy/velocity to a continuous flow of fluid through the rotor or impeller. This  

kineticenergy is then converted to an increase in potential energy/static pressure by slowing the 

flowthroughadiffuser. 

Imagine a simple case where flow passes through a straight pipe to enter 

centrifugalcompressor. The simple flow is straight, uniform and has no swirl. As the flow 

continues to passinto and through the centrifugal impeller, the impeller forces the flow to spin 

faster and faster.According to Euler's fluid dynamics equation, known as pump and turbine 

equation," the energyinput to the fluid is proportional to the flow's local spinning velocity 

multiplied times the localimpeller tangential velocity. In many cases the flow leaving centrifugal 

impeller is near or 

above1000ft./sorapproximately300m/s.Itisatthispoint,inthesimplecaseaccordingtoBernoulli's 
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principle,wheretheflowpassesintothestationarydiffuserforthepurposeofconvertingthisvelocityenergyi 

ntopressureenergy. 

Procedure: 

 
1. Providethenecessaryelectricalconnectionstothe panel. 

2. Checkforthedirectionofthemotor. 

3. Closetheballvalvesofpressuretappings. 

4. Switchon thestarter. 

5. Allowthesystemtoattainthesteadystate. 

6. Now,openthevalvesoftherespectivepressuretapingsandnotedownthevalue 
sfromthemanometer. 

7. Repeattheexperimentandcalculateaveragevalues. 

 
 

Note:The experimentisdesignedforoneparticularspeedonly. 
 

Calculations: 
 

1. HNTP=hm = hX   
 

W=densityofwater=100kg/m3 

a=densityofair=1.193kg/m3 

 
2. DensityofairatR.T.P.= 

 
3. ActualvolumeofairdrawnatR.T.PconditionsVA 

 
=CdXAX2gh m3/sec 

 
WhereCd,coefficientofdischargeoforifice=0.62.Ar 

eaof cross-sectionoforifice= (d)2/4m2 

D=Diaoftheorifice=10mm 
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h=(ha)m 
 

a=1.193kg/m3(density ofair) 

w=1000kg/m3 (density ofwater) 

4. Thheao=remtaicnaoldmisecthearrrgeeadQin=g inm3. 

  m/sec 
t 

 

5.  A=areabetweenthetwovanes(38X10 

mm) l=lengthofthevane(80mm) 

n=speedinRPM. 

6. Volumetricefficiency= 

 

PRECAUTIONS: 
 
 

 

 

 

 

 

 

RESULT: 

Donot runthemotorifsupplyvoltageislessthan380V 

Do not forget to give electrical earth and neutral connections 

correctly.Frequently,atleastonceinthreemonths,greaseallvisualmovingparts. 

Atleastonceinweek,operatetheunitforfiveminutestopreventanycloggingofmoving 

parts. 

Itisrecommendedtorunthecompressoratlessthan1500rpm. 
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Experiment-13 
 

ESTIMATIONOFPROPERTIESOFFUEL 
 

Aim:ToestimatethepropertiesoffuelAp 

paratus:BombCalorimeter 

ABombCalorimeterwillmeasuretheamountofheatgeneratedwhenmatterisburntinasealedchamber(Bo 
mb)inanatmosphereofpureoxygengas. 

 

The Advance Isothermal Bomb Calorimeter provides a simple inexpensive yet accurate method 
fordeterminationofheatofcombustion,calorificvalueandtheSulphurcontentofsolidandliquidfuels.The 
outfit supplied is complete for analysis as per methods recommended by the Indian 
StandardsInstitution (IS: 1359-1959), British Standards Institution (BS 1016: Part 5 :1967) and the 
Institute ofPetroleum (IP 12/63 T).Each part of the outfit has been finished and tested according to 
thespecificationslaiddownbytheseInstitutions. 

 
 
 

Temperatureinsidethisjacket. 
 
OFFSETSTIRRER: 

Itconsistsofastirrerwith fan drivenataconstantspeedof 800R.P.M.byamotorthroughaheat 
insulator rubber belt. The motor unit is kept at sufficient distance from the vessel to 
eliminateradiativeheatinganda heatinsulatorBakelitedividesthetwopartsofthestirrer rod.This 
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arrangement does not raise the temperature of water by even .01°C in ten minutes, thus 
easilymeeting the specific requirements laid down by the British Standards Institution and the 
Institute 
ofPetroleumandacceptedbytheIndianStandardsInstitution.Theelectricsupplyforthestirrermotorisobt 
ainedthroughtheterminals providedonfiringunit. 

CALORIMETERVESSEL:ismadeofcopperandisbrightlypolishedoutside. 

BOMBFIRING UNIT,VIBRATOR,TIMERANDILLUMINATORWITH MAGNIFIER: 

TheFiringUnitisoperatedbyA.C.Mains(230Volts,50Hz);andisprovidedwithterminals forthe 
Stirrer Unit. Vibrator-Timer-Illuminator Unit and for the Bomb Fuse Wire. The Firing Unit isprovided 
with terminals for the Stirrer unit, the Vibrator-Timer-Illuminator Unit and for the BombFuseWire. 

 

PRESSUREGAUGEONSTAND 
An accurate pressure gauge is supplied for measurement of pressure of oxygen in the 

Bomb.The dial is graduated from 0 to 70 kg/cm2 (0 to about 1000 lb./in2). Normally the oxygen is  
filled intheBombatapressureof25kg/cm2. 
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PELLETPRESS: 
The pellet press has approximately 12 mm diameter punch and die. Coal or other 

powderedsamples are compressed into pellets before weighing and burning. This retards the burning 
rate andtends to retain the particles in the capsule, thereby reducing chances for incomplete 
combustion. 
Thepelletsareeasiertohandlethanloosesamples.Thepelletsshouldnotbemadeveryhardasexcessivehardn 
essleadstobursting,uponignitionwithconsequentwithincompletecombustion. 

 

CRUCIBLE: 
StainlessSteelcruciblesareofferedasstandardwithinstrument.Nickelcruciblesarebeingofferedas 

accessories. 

 
IGNITIONWIRE: 

Nichromewireissuppliedwiththeinstrument; 
butasanalternative,quartzandplatinumwireisalsobeing offered. 

 
PRINCIPLEOFOPERATION: 

A known amount of the sample is burnt in a sealed chamber (Hereafter we shall refer to 
thischamber as Bomb'). The air is replaced by pure oxygen. The sample is ignited electrically. As 
thesample burns, heat is produced. The rise in temperature is determined. Since, barring loss of heat, 
theamountofheatproducedbyburningthesamplemustbeequaltotheamountofheatabsorbedbythecalori 
meterassembly,acknowledgeofthewaterequivalentofthecalorimeterassemblyandoftheriseintemperatu 
reenablesonetocalculatetheheatofcombustionofthesample. 

 
If W =Waterequivalentofthecalorimeterassemblyin caloriesperdegreecentigrade; 

T =Riseintemperature(registeredbyasensitivethermometer)indegreescentigrade,H 
=Heatofcombustionofmaterialincaloriespergram:and 

M =Massofsample burntingrams. ThenWT=HMHis 
 

calculatedeasily since W,TandMareknown. 
 

CHARACTERISTICREQUIREMENTS: 
 

BOMB; When the sample burns, the pressure of gases increasesrapidly, The Bomb walls, lid andjoints 
should be strong enough towithstandthe maximum working pressures, and there should beno leaks. 
Normal working pressures are about 30 atmospheres and overload pressures peak upto 
100atmospheres.ThecapacityofBombshouldbelargeenoughtostoreenoughoxygentoensurecompletebu 
rning ofthesample. 

 
DuringburningthenitrogenandSulphurcontentsareoxidizedtogasesandthentonitricacidandsulphuricacid.T 
 heBombliningmustthereforeberesistanttoacidicorbasicashandshouldbe  
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corrosionproof.Thestirrer 
unitshouldnotgenerateexcessiveamountofheatduetostirring.Further,motorheatshouldnotreachthecol 
orimeter;otherwisethecalculationswillleadtoerroneousresults.All surfaces should have high 
reflectance to minimize losses. Water  equivalent of  the 
calorimeterassemblyshouldbesmalltoensuremaximumriseintemperatureofwaterfollowingignition. 

 
 
 

REAGENTS,SAMPLESANDSAMPLEHOLDERS,STANDARDSAMPLES: 
 

BENZOIC ACID is most commonly used as a calorific standard. It burns easily and completely and 
canbecompressedintopellets. 

 

NAPHTHALENE: is sometimes used as a combustion standard. It is not hygroscopic but due to 
itsvolatilityitis necessarytousecaretoavoiderrorsfromsublimation. 

 

SUCROSE OR CANE SUGAR: is also used as a standard sample and as a combustion aid. This material 
isneithervolatilenorstronglyhygroscopicbutitisratherdifficulttoigniteandsometimesdoesnotburncompl 
etely.Thecrystalline materialshouldbegroundtoapowderbeforeusing. 

 
STANDARD ALKALI SOLUTION The washing from an oxygen Bomb test must be titrated against 
astandardalkalisolutiontodeterminetheacidcorrection.A0.1NSodiumcarbonatesolutionisrecommende 
d. This is prepared by dissolving 5.2996 grams CO3 in water and diluting to one liter.Sodium hydroxide 
or potassium hydroxide solutions of the same normality are acceptable.If Sulphur 
ispresentinthesampleother reagentsas describedinarticle11 arerequired. 

 

METHYL ORANGE OR METHYL RED INDICATORS: These are the usual indicators used for acid- 
alkalititrations. 

 

ALLOWABLESAMPLESIZE:Care shouldbetaken 
toavoidoverchargingtheBomb.Themassofcombustiblecharge(samplepluscombustionaid)shouldnotbe 
morethan1,100grams.Whenstartingtests with new or unfamiliar materials, it is, always best to use 
samples of less than one gram. Notmorethan10,000calories 
shouldliberatedinanytestsanditisadvisabletoworkwithmassliberatinglessthan7000calories. 

 

SELECTION AND PREPARATION OF SOLID SAMPLES: It is necessary that solid samples be air-dry 
andgrounduntilallparticleswillpassthrough a60meshscreen.Theparticlesize isimportant 
becausethecombustionreactionproceedstocompletionwithinafewseconds,andifany 
oftheindividualparticlesare too large they will not burn completely. A sample that is too finely divided 
may also be difficult toburn, because extremely small particles can be swept out of the combustion 
capsule by the turbulentgases, and if they fall to the bottom of the Bomb without being ignited the 
test will give erroneousresults. 
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pelletpressoffersapossiblesolutiontotheproblemofincompletecombustioninthecaseoffinally 
dividedsamples. 

 

ANTHRACITES AND COKE: While testing anthracites coals, coke or other material of slow 
burningcharacteristics, it may be difficult to secure ignition and complete combustion of the entire 
sample. Inthese cases, the sample is ground fine enough to pass through IS sieve 20 (211 microns).A 
smallweighed amount of a standard combustible material such as powdered benzoic acid, should be 
mixedwithsuchsamples tofacilitatecombustion. 

 
 
 

FOOD STUFFS AND CELLULOSIC MATERIALS: The moisture content of most food stuffs will 
usuallyrequire that they be dried before making calorific tests. The operator will have to select a 
method forpreparing the sample that will not destroy or remove any of the combustible constituents. 
It may 
benecessarytomakeseveralpreliminaryteststodeterminetheapproximatemaximumallowablemoisturec 
ontentatwhichthesamplecanbeignitedintheBombwithoutdifficulty. 

 

GELATINE CAPSULES: Volatile liquid samples to be burnt in an oxygen Bomb can be weighed 
andhandled in gelatin capsules. The capsules consist of two cups which telescope together with a 
frictionfit adequate to retain most liquids, correction must be made for the heat of combustion of the 
gelatinwhenusedincalorimetry. 

 

HEAVYOILS:Oilsandotherliquidswhicharenotvolatileatroomtemperaturecanbeweigheddirectlyinto 
crucibles.Theloopof the fuse shouldbepositioned just abovethe surface ofthe 
sample.Nonvolatileliquids alsocanbeweighedandhandledingelatincapsules. 

 

EXPLOSIVESANDHIGHENERGYFUELS: 
Special precautions must be observed when testing materials which release large volumes 

ofgas upon ignition, or which detonate with explosive force. It is possible to test many slow burning 
gunpowders and rocket propellants in conventional bombs, but the user must understand that 
thesebombs are not designed to withstand the shock pressure produced by certain primers and 
othermixtures which detonate with explosive force. It is much safer to test these in a special high 
pressureoxygenbomb. 

Eachnewexplosivesampleorhighenergyfuelintroducesspecialproblemswhichcanbesolvedonlyby 
careful experimentation. Usually it will be welt to observe the burning of a small amountof sample 
over an open frame to determine the explosive behavior and then to proceed to bombcombustions 
using only one tenthor one fifth ofthe usual amountofsample.Further increases upto the 10,000 
calorie maximum permissible should be made gradually, and only after all 
evidenceindicatestheabsenceofviolentbehavior. 

 
SettingUpandAssembly: 
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General Arrangement: The laboratory in which the calorimeter is to operate should be equipped 
withmany of the facilities commonly used for chemical analysis. These include desk space, running 
water,ananalyticalbalance,apparatusformakingvolumetrictitrations,andmiscellaneousitemsoflaborator 
y ware. The calorimeter should be used in a room where fluctuations in temperature can be avoided. 
Inparticular,theinstrument  shouldnotbetakenfromonechambertoanother 
chambermaintainedatadifferent temperature immediately before use. Sufficient time must be 
allowed for equalization oftemperature throughout the jacket before starting to use the calorimeter. 
All parts  of the 
calorimetershouldbekeptcleananddry,andtheinsideofthejacketshouldbewipedcleantoremoveanymoist 
urewhich may have condensed on the walls. Before starting to use a new calorimeter it is advisable 
toassemble all parts of the apparatus without a charge in the bomb and without water in the bucket, 
tobesurethateverythingisinperfectworkingorder. 

 
ASSEMBLY OF CALORIMETER PARTS: Place the star supporter at the bottom of the jacket and set it 
sothatthetwopinsprovidedinsidethejacketdonotallowittobedisplaced.Placethebucketonthestarsupport 
erfittingthebucketpinintothesupportergroove.Liftthebombonitsstandbyhookandplaceit inside the 
bucket. Attach the supply connections to the electrodes provided on the lid of the Bomb.Place the 
combined lid of bucket and outer jacket in such a way that a pin provided on the cover 
plateofjacketfits intothesmallergrooveprovidedinthelid.Screwthesupportrodintothe 

 
 

Supporting plate on the cover. Attach the vibrator timer magnifier unit clamp and the 
thermometerbracket and screws to the rod. The thermometer support bracket and the vibrator 
clamp must beraised to its top position before opening the calorimeter and it should be allowed to 
remain 'UP' at alltimeswhilethecoveris off. 

UnpacktheBeckmanthermometerwithgreatcare,checkformercuryseparationsandreunitethemercu 
ry,ifnecessary.HoldtheBeckmanthermometerintotheclampbypassingitthroughtheholdinthe magnifier 
unit. The bulb of Backman thermometer should extend about halfway to the bottom ofthe water 
jacket. This requires that approximately 15 centimeters of the thermometer be below thetop of the 
cover. Mount the stirrer assembly on the stirrer rod provided on the cover plate of thecalorimeter 
jacket passing the stirrer pipe through the opening provided in the combined lid of bucketand the 
outer jacket.The connecting leads attached withterminals provided onthe bomb lid arenow connected 
to the two terminals providedon cover of the calorimeter jacket.The connectionsare then further 
taken to the firing unit box terminals marked 'BOMB'. Similarly the vibrator and thestirrer connections 
are made to respective terminals on the firing unit box. The firing unit box isconnectedtotheA.C.Mains 
(230Voltto50Hz). 

 
ATTACHING THE FUSE : All manipulations prior to closing the Bomb can be performed by holding 
theBomb lid in the support stand- Cut a single length of fuse wire 10 cms long and attach it to 
theelectrodes. 
It is not necessary to submerge the wire in a powder sample. In fact, better combustion will usually 
beobtainediftheloopofthefuseissetslightlyabovethesurface.Whenusingpelletedsamples,bendthewire 
so that the loop bears against the edge of the pellet firmly enough to hold it against the side 
 ofthecapsule.Incaseofliquid fuels, thecapsuleshouldbeheldasaloopofthiswire.Itisalsoagood  
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practice to tilt the capsule slightly to one side so that the flame emerging from it will not 
impingedirectlyonthetopofthestraightelectrode. 

 

PLATINUMFUSEARRANGEMENT:Platinumfusewirecanbeattachedtotheelectrodes 
inthemannerdescribedabovebutmostplatinumwireignitionproceduresrequirecottonornylonthreadtoca 
rryonignitionflametothesample.Acoilisformedbywindingoutfiveturnsofwirearounda2mmdiameterrod 
and removing the rod. The resulting coil is then connected between the electrodes and 
arrangedtoonesideofthecup,withtheaxisofthecoilspointingtowardthesample.Ashortlengthofthreadisth 
aninsertedthroughthecoilandintothecrucible. 

 
WATERINTHEBOMB:Place2.0mt.ofdistilledwaterintheBombfromapipette. 

 
FILLING THE BOMB WITH OXYGEN : While closing the Bomb always make certain that the head 
gasketor sealing ring is in good condition and care must be taken not to disturb the sample. 
Commercialoxygenproducedbyrectificationofliquidaircanbeuseddirectlyfromthesupplycylinder. 
To attach the filling connection place the Bomb on its stand. Put the high pressure valve in 
oxygencylinder's outlet and connect copper tube to valve outlet. Draw up the union nut tightly.  
Connectcopper tube to pressure gauge, pressure gauge to filling tube and filling tube to Bomb valve 
and makethe connections perfectly tight. Open the filling connection control valve of cylinder slowly. 
Observethe gauge and allow the pressure to rise until the desired point is reached (about 25 
atmospheres),then close the collection of gases control valve. To decrease pressure of Bomb the gas 
release valvecan be used. By rotating the gas release valve in clockwise direction the pressure can be 
reduced tothedesiredextent. 

 
 

FILLING WATER IN THE BUCKET: On an accurate balance determine the weight of the completely 
drybucket, then add 2000 (± 0.5) grams of distilled water. Prior to weighing, the water should be 
broughtto a temperature above 2°C below that ofthecalorimeter jacket.This initial adjustment 
generallywill ensure a final temperature slightly above that of the jacket. The calorimeter water 
should becooled or heated inanauxiliarycontainerand not in the calorimeter bucket.The operator 
mustalso makesure that there isno moistureon the outside surface of the bucket whenit is placed 
inthejacket. 

 

OPERATINGTHEISOTHERMALBOMBCALORIMETER: 
Accurately weigh in the crucible of the calorimeter about one gram of the air-dried 

materialgroundtopass throughISSieve20(211microns). 
Ifconsidereddesirable,thesamplemaybecompressedintoacylindricalpellet 

beforeweighing.Stretch a piece of the firing wire across the electrodes within the Bomb. Tie about 10 
cm length ofsewing cotton around the wire; place the crucible in position and arrange the loose ends 
of the threadso that they are in contact with the material; use the same amount of thread in each 
determination.Introduceintothebodyofthebombtomilliliters ofdistilledwater. 

ReassembletheBomb,screwhomewiththefingers,finallytighteningitasnecessary,avoidingexcessi 

vepressure.Chargethebombslowlywithoxygenfromacylinder toapressureof25 
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atmospheres without displacing its original air content. Close the valve effectively, using as 
littlepressureas possibleanddisconnectthebombfromtheoxygensupply. 

Weigh into the calorimeter vessel a quantity of the water sufficient to submerge the nut of 
thebomb to a depth of at least two millimeter leaving the terminals projecting. Using the same weight 
ofwater in all tests, transfer the calorimeter vessel water jacket, lower the bomb carefully into 
thecalorimeter vessel, and having ascertained to be gas-tight, connect it to the ignition circuit through 
aswitch for subsequent firing of the charge. Adjust the stirrer; place the thermometer and covers 
inposition and start the stirring mechanism, which must be kept in continuous operation at a 
constantspeedduringtheexperiment.Afteranintervalofnotlessthantenminutes,readthetemperatureto0. 
001'Candcontinuethereadingsforfiveminutes,atequalintervalsofnotmorethanoneminutes,tapping the 
thermometer lightly during 10 seconds prior to each reading. If, over a period of 
fiveminutes,theaveragedeviationofthe individualvaluesofthe  rateofchangeoftemperatureis 
lessthan0.00072°C per minute, close the circuit momentarily to fire the charge and continue the 
observationsofthetemperatureatintervalsofsimilardurationtothoseofthepreliminaryperiod. 

If the rate of change of temperature is not constant within this limit, extend the 
preliminaryperiod until it is constant. In the chief period which extends from the instant of firing until 
the 
timeafterwhichtherateofchangeoftemperatureagainbecomesconstant,taketheearlierreadingstothene 
arest0.01°Csinceit willnotbepossibletotaketheearlierreadingsto0.001°C.Resumethereadingstothis 
precisionas soonas possible. 

Determine the rate of change of temperature in the after period (which follows 
thechiefperiodbytakingreadingsat1minuteintervalsfor atleastfivepreferablytenminutes). 

 

Note: It isdesirable to keep the jackettemperature and the room temperature asclose to 
thecalorimeter temperature as possible. The jacket and room temperature should therefore be 
recorded.Remove the bomb from the calorimeter and after a lapse of about half an hour from the 
time of firingallowing the acid mist to settle, release the pressure by opening the valve. Verify that the 
combustionhas been completed by noting the absence of any sooty deposit within the bomb. The 
presence of anytraceofsootydepositindicatesincompletecombustionandinvalidatesthetest. 

Wash out the contents of the bomb with hot distilled water into a hard glass beaker 
washingthe bomb cap and the crucible. Add a measured excess, say 25 ml. of 0.1 N sodium carbonate 
solutionand boil down to 16 ml. to convert any metallic sulphates or nitrates to the less soluble 
carbonate orhydroxide;theconsumptionofalkalicarbonateisequivalenttothesulphatesornitrates 
togetherwiththe free sulphuric and nitric acids. Filter, wash and make up to 100 ml. To determine the 
Sulphurcontenttake50ml.portionofthissolutionandfollowthemethodasgiveninSection11. 

Determine the total acidityby titratinga 50ml. portionwith 0.1 Nhydrochloricacidusing methyl 
orange as indicator, the titerrepresentingthe excessalkali in onehalf of the 
quantityofsodiumcarbonatesolutionaddedto thewashings. 

 

StandardizingtheCalorimeter: 
 

Definition:Thewaterequivalentistheweightofwaterwhichisequivalentineffectiveheatcapacitytotheentir 
esystem(Calorimetervesselcontainingaspecifiedweightofwater;calorimeterbombchargedwithoxygen;f 

 uelandwater;thermometerandstirrer).Sincethespecificheatofwater  
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is 1.00010.002 Cal /VC in the range 10° to 40`C, the water equivalent is approximately equal to 
theeffectiveheatcapacity(cal/°C),thefactorthatisdeterminedexperimentally. 
Since the true water equivalent  is not required and is never evaluated, it is the effective heat 
capacitywhichshouldbeconsidered.Theeffectiveheatcapacityistheheatrequiredtoeffectunittemperatur 
e rise in the system under the conditions of a calorimetric determination. The effect heatcapacity has 
a temperature dependence since the specific heats of the constituent parts of the systemvary with 
temperature.   25°C has   been   chosen   as the   reference   temperature because   of its use 
inthermochemicalcalculationsandbecausethespecificheatofwaterintherange25°to40`Cisconstantwithi 
n±0.002cal/g°C. 

 
Calculations: 
Theeffectiveheatcapacityofthesystemisdeterminedbyburningpureanddrybenzoicacidweighing not 
lessthan 0.9 andmore than 1.1 gram. Determine the corrected temperature rise T,from the observed 
test data, also titrate the bomb washings to determine the nitric acid correction,and measure the 
unburnt fuse wire, compute the energy equivalent by substitution in the followingequation:- 

 

W=(HM+E1+E2)/T 
 

WhereWenergyequivalentofcalorimeterincaloriesperdegreecentigrade; 
 

Heat of combustion of standard benzoicacid in caloriesper gram; Mmassof standard 
benzoicacidsampleingrams; 

T correctedtemperatureriseindegreescentigrade; 
E1 correctionforheatofformationofnitricacidin calories;and Ezcorrection for heat 

ofcombustionoffiring wire,incalories 
DISCUSSION 

 

Indeterminationofcalorificvalue,principle observationisthatoftemperature- 
risewhichwhencorrected and multiplied by the effective heat capacity at the mean temperature of 
the chief periodgives the heat release. The thermometer readings at the beginning and end of the 
chief  period 
arecorrected,usingthecertificate,obtainablefromNPL,NewDelhiuponrequesttoallowfortheinaccuracyof 
thethermometer. 

Further allowance is necessary for three sources of variable heat change (the cooling loss, 
theSulphur correction and the nitrogen correction) and under certain circumstancesfor a source 
ofconstantheatgain(theheatoffiringduetocottonandwire).Thevariablesourcesofheatchangemustbe 
allowed for in each test, but the source of constant heat gain can be treated as one correction 
andunder specified conditions neglected. It is convenient to calculate the cooling loss as a 
temperaturerise.Thecorrectionismultipliedbytheappropriateeffectiveheatcapacitytogetthetotalheatrel 
ease.Totheheatreleasesocalculated,thecorrectionsforSulphur,nitrogenand,ifnecessary,forthesourceof 
constantheatgain,areappliedtogivethetrueheatrelease. 

 
Precautions: 



DEPTOFANE ADPLABMANUAL 

82|Page 

 

 

 

 

TheOperatormustfollowthefollowingbasicpointinordertooperatethisoxygenbombsafely. 
Do not use too much sample. The bomb cannot be expected to withstand the effects of 
combustiblecharges which liberate more than 10,000 calories. This generally limits the total weight of  
combustiblematerial (sample plus gelatin, firing oil or any combustion aid) to not more than 1.10 
gram. Do 
notchargewithmoreoxygenthenisnecessaryanddonotfirethebombifanoverchargeofoxygenshouldaccid 
entallybeadmitted. 

 

Keep all parts of the bomb especially the insulated electrode assembly - in good repair at all times. 
Donotfirethebombifgasbubblesareleakingfromthebombwhenitis submergedinwater. 

 

Stand back from the calorimeter for at least 15 seconds after firing andabove all, keep clear of thetop 
of the calorimeter.If thebomb should explode, it is most likely that the force of explosion 
willbedirectedupward. 

 

Proceed with caution and use only a fraction of the allowable maximum sample when testing 
newmaterialswhichburnrapidly,orhaveexplosivecharacteristics. 



DEPTOFANE ADPLABMANUAL 

83|Page 

 

 

 



DEPTOFANE ADPLABMANUAL 

84|Page 

 

 

 



DEPTOFANE ADPLABMANUAL 

85|Page 

 

 

 

Experiment 

  14E 

stimatingtheefficiencyofAxialflowcompressorAim: 

Theexperimentisconductedatvariouspressuresto 
a. DeterminetheOverallefficiency. 

b. DeterminetheIsothermalefficiency. 

DESCRIPTIONOFTHEAPPARATUS: 

Axial compressors are rotating, airfoil based compressors in which the working fluid 
principallyflows parallel to the axis of rotation. This is in contrast with other rotating compressors 
such ascentrifugal, axial- centrifugal land mixedflow compressors where the air may enter axially 
but willhaveasignificantradial componentonexit. 

TheapparatusconsistofMechtrixmakeFiveStageCompressoraccordingtothestandarddesig 
n. 

1. ThecompressorisdirectlycoupledtoKirloskarmotorof2hpcapacitybymeansofflang 

ecoupling. 

2. ThemotoriscontrolledbymeansofACDriveofsamecapacitytoconducttheex 

perimentatdifferentspeeds. 

3. PressureTappingsareprovidedatinlet,stageandoutlet,withma 

nometerformeasuring. 

4. MultiTubeManometersaremadeofClearAcrylicwithvinylstickerscaleforbett 

erreadings. 

5. Starterforthemotorandenergymeterforpowermeasurementareprovided 

inthecontrolpanelwithothernecessaryinstruments. 

6. CompressorassemblywithmotorismountedontheseparateframemadeofCChan 

nel.This makesthecompleteassemblysturdy. 

7. ThecontrolpanelismadeofMStubewithpowdercoatingwithpanelmadeofNovap 
anBoard. 

8. Theentireassemblyisaestheticallydesignedconsideringallsafetyprecautions. 
PROCEDURE: 

1. Providethenecessaryelectricalconnectionstothepanel. 

2. Checkforthedirectionofthemotor. 

3. Close 

4. Switchonthesystemtoattainthesteadystate. 

5. Allowthesystemtoattainthesteadystate. 

6. Now,openthevalvesoftherespectivepressuretappingsandnotedownthevalu 

esfromthemanometer. 

7. Repeattheexperimentandcalculateaveragevalues.N 

ote:Theexperimentis designedforoneparticularspeedonly. 
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TABULARCOLUMNSAND OBSERVATIONS: 
 

SLNO FLOWMEASURMENT,mmOFWATERCOLUMN 

  
inlet 

 
1 
stage 

2 
stage 

3stage 4 
stage 

5stage 
 

outlet 

 hi h1 h2 h3 h4 h5 h0 

1        

2        

3        
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Inputpower,ip= 
 
 

Where 

N=no of blinks of energy meter=105 K=energy meter constant=1600revs/kw-hr T=time for n 

rev.ofenergymeterinseconds 

4.Isothermalefficiency, %: 

 
 

iso 
=Wiso 

ip 
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