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1.0 Ventilation

1.1 Calculatethequantityofair.

COMPOSITIONOFMINEAIR
DryatmosphericairhasthecompositionasgiveninTable.Compositionofwetairisof
coursedifferentdependingonthemoisturecontent.

Component %byvolume %bymass

Oxygens(O2) 20.95 23.15
Carbondioxide(CO2) 0.03 0.046
Nitrogen(N2) 78.09 75.52
Argon(Ar)andotherrareinertgaseslike

Krypton,non,xenonetc. 0.93 1.284

Total 100.00 100.00

Mineairontheotherhand,invariablycontainssomeimpurities.Evenintheleast
contaminatedstate,mineaircontainsmorecarbondioxidethanordinaryatmosphericair
asthereisnoplantworldundergroundtoreconvertcarbondioxidetooxygen.Moisture
contentofmineairisalsonormallyhigherthanofsurfaceair.

1.3 DescribethedifferenttypesofBarometer.

FortinBarometer:Thisisthecommonesttypeofmercurybarometer.Itconsistsofaglass
tubeencasedinabrasstubewhichprotectstheglassandcarriesthegraduatedscale.The
glasstubeisinvertedoveracisterncontainingmercury.Thelevelofmercuryinthe
cisterncanbevariedbyanadjustingscrewsothatthelevelcanalwaysbesettothezero
ofthescale.Thisenablesthescaleonthebrasstubetoreadtheheightofthemercury
columndirectly.

Kew-patternBarometer:This,ontheotherhand,hasafixedcisternwherethelevelof
mercuryinthecisterncannotbeadjusted.So,whenthelevelofmercuryinthetube
changesduetovariationofbarometricpressurethereisachangeinthelevelofmercuryin
thecisternalso.Theamountofthischangedependsontherelativediameterofthecistern.
IfA1istheinternalcross-sectionalareaofthetubeandA2thatofthecistern(excluding
theoutercross-sectionalareaofthetailofthetube),thenariseof1mminthetubewill
causeafallofA1/A2mminthecisternsothatthetotalriseinthebarometerreadingwill
be(A1+A2)/A2mm.Or,inotherwords,forabarometricriseof1mm,thelevelofmercuryin
thetubewillrisebyA2(A1+A2)mm.Toavoidcomputationafterreading,thescaleinsucha
barometerisgraduatedinunitsofA2/(A1+A2)standardunitssothatitgivesthe
barometricreadingdirectly.ThevalueofA2(A1+A2)isusuallykeptbetween0.95and0.99.

AneroidBarometers:Mercurybarometershaveanaccuracyof+0.025mmHgor+3.33Pa,
butarenotveryportableorsturdyinconstruction.Henceforminingpurposes,aneroid
barometersarecommonlyused.Theaneroidconsistsofaconcentricallycorrugated,
evacuatedchambernormallykeptfrom collapsingbyaspringinsideit.It,however,
collapsesorexpandsunderincreasingordecreasingatmosphericpressure,thedistortion
beingtransmittedthroughasensitivespringandaseriesofleversandchainstoapointer
about200timesandcanbeeasilyread.Theaccuracyofaneroidsisoftheorderof+6.66Pa.
Inmoresensitiveinstrumentsmeasuringsmallerrangesofpressure,theaccuracyhas
beenimprovedto+3.33Pa.
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1.4 Describekatathermometer.

KATATHERMOMETER:ThekatathermometerdevelopedbyHilletal.,asearlyas1916isaglass
thermometerwitha40mmlongand20mmdiameterbulbfilledwithcolouredalcohol
connectedtoa200mmlongstemhavingtwosmallerbulbsorreservoirsatthetopandthe
bottomends.Thestemhastwobulbs.Whentakingareadingwiththekatathermometer,
thebulbisfirstheatedbydippingiitinhotwatersothattheliquidrisestothetop
reservoir.Thebulbisthentakenoutofwaterwipedwithadryclothandisallowedtocool
inthemineair.Thetimetakenbythethermometertocoolfrom311Kisusuallywrittenon
thekatathermometer.Thisfactordividedbythetimetakenforthecoolinggivestherate
ofheatlossfromthekatathermometer.
Thedrykatareadinggivesanestimateoftheheatlossfromthesurfaceofthebulbdueto
radiationandconvectionandhenceisoflittleimportance,particularlyunderhotandhumid
conditionswheremostoftheheatlossfromthehumanbodyisthroughevaporation.Allthe
sameHilladvocatesadrykatareadingofnotlessthan250Wm-2forgoodworking
conditions.

1.6 Calculateventilationpressurebyusingpitonstatictube.

THEPITOT-STATICTUBE:Thepitot-statictube,oftenerroneouslyreferredtoasthepitot
tubeconsistsessentiallyofapitottubeoratotal-headtubeplacedconcentricallyinside
astatictube.Itcomprisesaheadwhichfacestheair-streamandastembentatright
anglestoit.Thepitottubeisnothingbutatubewithanopenendfacingtheair-streamso
thatitmeasuresthetotalheadwhereasastatictubeisonewithitsnose(whichfacesthe
air-stream)closedandwithafewholesonthesideofthetubetherearetwoconcentric
tubes,theouterofwhichhasafewholesonthesides.Theannularopeningbetweenthetwo
tubesatthenoseendissealedsothattheinnertuberecordsthetotalpressureandthe
outer,thestaticpressureonly.Thenoseistotalpressureandtheouter,thestatic
pressureonly.Thenoseissuitablyshapedsoastoavoidundueturbulenceandhenceoffer
theleastresistancetoflow.Thetwocomponenttubesofthepitot-statictubeare
connectedtothetwolimbsofamanometerwhichreadsthevelocitypressure.The
velocitycanbeobtainedfromthevelocitypressurebyusingtherelation

Kv
2p

Pv=----------------
2

Where
V=velocityinms-1

Pv=VelocitypressureinPa,
P=densityofairinkgm-3

K=correctionfactorfortheparticularpitot-statictube
(forstandarddesigns,K=1)

Fornormaldensityofairof1.2kgm-3,equation8.11reducesto
V=1.29√Pv

1.7 Explaineffectsofheat&humidity.

Ithasbeensaidearlierthatthehumanbodyproducesalotofwasteheatbythe
processofmetabolismwhichhastobedissipatedintothesurroundingmineair.

Themajorpartoftheheatproducedbythebodyisdissipatedfromthesurfaceof
theskinbyradiation,convectionandevaporationofsweat,thoughaverysmallpartis
dissipatedfromthelungthroughexhaledair.Theheattransferfromtheinnerpartsofthe
bodytotheskinisthroughthebloodcirculatorysystem,althoughconductionaccountsfor
aminorpart.
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Whenthetemperatureoftheatmosphereis298Korless,thenormalblood

circulationofthebodyalongwithconductionissufficienttotransfertheheatfromthe
innerpartsofthebodytothesurfaceoftheskin.Theheattransferfromtheskintothe
ambientairatthesetemperaturesismainlybyconvectionandradiation.Butabove298K,
theheattransfertotheskinhastobefaster.Here,thevaso-motorcontrolcomesinto
operation,dilatingthesizeofbloodvesselsandthusensuringlargerbloodcirculationto
theskin.Asthetemperaturerisesabove302K,thesweatglandsstartfunctioningandnow
theheattransferfromtheskinismainlybytheevaporationofsweat.

Whenthedrybulbtemperatureofthemineairexceedsthebodytemperature
(310.05K0thebodycangiveawayheattothesurroundingatmospherebytheevaporationof
sweatonly.

1.8 NATURALVENTELATION

Smallandshallowminesaresometimesventilatedbynaturalmeansonlythoughthe
ventilationinsuchcasesisusuallypoor,fluctuatestoalargeextentandisevensubjectto
reversalofdirection.Incasesofemergencysuchasfiresunderground,mechanical
ventilationcanbesubjectedtocontrolwhilenaturalventilationcannotbe.Itisforthese
reasonsthatallminesshouldpreferablybemechanicallyventilated.However,natural
ventilationdoesplayaroleinallmechanicallyventilatedmines.

CAUSESOFNATURALVENTILATION
1.Temperature:Naturalventilationcanbevisualizedtobecausedbythedifferencein

densitiesofairintheupcastanddowncastshafts.Theheavierairsinksdownandthe
lighterairmovesupthussettingupanaircurrent.Thedifferenceinairdensitiesin
theupcastanddowncastshaftsismainlycausedbytheheatingandrarefactionof
airinthemineworkingsduetotheadditionofheatfromrocks,men,machinery.
Lights,spontaneousheatingetc.

2.Moisturecontentoftheair:Additionofmoistureinthedowncastshaftdecreases
thedensityofairasmoistureislighterthanair,butthisalsocausesevaporative
coolingofthedowncastairandconsequentincreaseinitsdensitysomuchsothat,in
effect,evaporationofmoistureinthedowncastshaftusuallyaidsnatural
ventilation.

3.BarometerPressure:Itiswellknownthatairdensityisafunctionofbarometric
pressure.Ifthemeanbarometricpressureofthedowncastaircolumnishigherthan
thatoftheupcastaircolumn,ithelpsnaturalventilationandviceversa.However,
sincebarometricpressurerarelyvariestoanyappreciableextentfromplaceto
placewithinthelimitsofaminingproperty,theeffectofsuchvariationonnatural
ventilationisnegligible.

4.AdditionofGases:Methaneemittedfromtheworkingsofcoalminesreducesthe
densityofreturnairthusaidingnaturalventilation.Thiseffectmay,however,be
slightlyoffsetbythecoolingofmineairproducedbythedesorptionofmethane.
Largeadditionofcarbondioxideontheotherhandhastheoppositeeffect.

5.Leakage:Inmultilevelmines,leakageofdenserdowncastairtotheupcastshaft
causesanincreaseinthedensityofupcastair,thusreucingnaturalventilation.In
viewofthelowefficiencyofnaturalventilation,oftheorderof1.4to1.6%itis
importanttominimizeleakageofairfromthedowncasttotheupcastshaftin
ordertogetthemaximumbenefitofnaturalventilation.

6.Circulationofrefrigeratedair:Circulationofrefrigeratedairthroughthe
downcastshaftsincreasesthedensityofdowncastairthusaidingnatural
ventilationtoalargeextent.

7.Otherfactors:Otherfactorssuchassprayingofwaterinthedowncastshaftfor
preservingshafttimberfromdryrotorminimizingfirehazardetc.orhavingsteam
pipesthroughtheupcastshaftwheresteamisusedundergroundhelpnatural
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ventilationbyincreasingthedowncastairdensityordecreasingtheupcastair
density.

AMOUNTOFNATURALVENTILATION
Thequantityofaircirculatedbynaturalventilationdependsontheabovefactors,the
mostimportantofthembeingtheheataddedtotheairfromthestrataintheworking.In
shallowminesthenaturalventilatingpressuremaybeoftheorderofafewpascals,butin
deepandhotmines,itincreasesconsiderablyvaryingfrom250Patoeven750Pa.Insomehot
anddeepminessuchasRobinsonDeepontheRand,SouthAfrica,whererefrigeratedairis
sentdowntheintakeshaft,theN.V.P.isestimatedtobeoftheorderof1200Pa.

2.0 AIRCROSSINGANDDISTRIBUTION
2.1 Describeventilationstopping,aircrossing,ventilationdoor.

STOPPING:Stoppingmaybetemporaryorpermanent.Temporarystopping,thoughcommonly
usedincoalmines(particularlywithbord-and-pillarmethodofworking),arerareinmetal
mineswheremoststoppingorbulkheadsareofapermanentnature.

Temporarystopping’sincoalminesareusuallymadeofbratticecloth,tarredpaper
orplasticclothwithwirenettingreinforcements.Theycanbehungascurtainsfor
allowingaccessthroughtheroadwayornailedtoaframework,theformerallowingmore
leakage.Eventhelattercanallowsubstantialleakageattheperipheryoftheairway.
Inflatableplasticstoppinghavebeendesignedtominimizesuchleakage.Thesematerials
are,howeer,rarelyusedinmetalmineswherethestrongerblastingconcussionmight
damagethemeasily.Besides,theymakeapoorfitagainsttheroughwallsofthedrivesin
metalminesandhencecausealotofleakage.Temporarybulkheadsinmetalminesare
usuallymadeofwoodenboardsnailedontoaskeletonframeofwood,thegapsbetween
differentboardsaswellasthosebetweentheboardsandtherockwallbeingclosedair
tightbystuffingthemwithragsandplasteringwithclay.

Permanentstoppingincoalminesareusuallymadeofbrickorcement-concert
walls.Agoodfoundationreachinguptosolidunfracturedgroundsurroundinganairwayis
essentialforpreventingleakage,particularlyincaseofstoppingerectedtosealofffire
areas.AccordingtoIndiancoalminesregulation,allstoppingbetweenmainintakesand
returnsshouldbeeitherofbrickworkormasonryofaminimumthicknessof250mmand
suitablyplasteredbylimeorcementmortar.Theyshouldbeaccessibleforinspection.

AIRCROSSING:Aircrossingbecomenecessarywhenreturnairhastobetakenacrossintake.In
metalmines,thesystemofventilationisusuallysuchthataircrossingsarerarely
required,butincoalmineswheremainreturnandintakeairwaysrunclosetogether,their
usebecomesessential.Aircrossingmustbethoroughlyleakproofsincetheygenerally
involvemainreturnsandintakes.Theyareusuallymadeofbrickorconcretewallscovered
withareinforcedconcreteroof.Woodenroofs,thoughsometimesused,areveryleaky,and
areinflammable.AccordingtoIndianregulations,aircrossingshouldbefireproofandin
gassycoalmines,explosionprooftoo.Theyshouldbeofaminimumthicknessof250mmif
constructedofbrickorlightlyreinforcedconcreteorof150mm ifconstructedof
properlyreinforcedconcrete.Sometimesbrickorconcretearchesmaybeusedinsteadof
therectangularconstruction.

Naturalaircrossing,wherethereareafewmetersofrockseparatingtheintake
fromthereturn,arethebestfromthepointofviewofleakageandaredefinitelyexplosion
proofthoughtheyarecostlier.Aircrossingscanbeovercastorundercast,theformer
beingmorecommon.Undercastaircrossingcanbemadebydiggingupthefloor,butareless
commonbecauseoftheirquantitiesofreturnaircanbetakenacrosstheintakethrough
oneormorelargediameterpipesorducts.

VENTILATIONDOOR:Whereaccessthroughstopping’sisessential,doorsareused.Theterm
doorusuallymeanstheassemblyofbothdoorandframe.Theframesaresetinsuitableair
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-tightstopping’s,madeusuallyofcementconcreteandthedoorshungfrom them
verticallybymeansoftwotothreestrapironhinges,Indiancoalminesregulationsrequire
thatthethicknessofthemasonryorconcretewallinwhichthedoorframeissetshould
notbelessthan250mm.singledoorsaremostcommoninusethoughdoubledoorsare
sometimesinstalledwhereawideopeningisrequired.Mostdoubledoorscloseinoneplane
thoughdoubleV-doorsoperatedmanuallyorbycompressedairorelectricityare
sometimesusedonrope-haulageroads.Insomecasesautomaticslidingdoorshavebeen
usedonropehaulageroads.Thesizeofdoorsisoftenaslargeasthatofthestoppingitself
exceptinairwayswhichareinfrequentlyusedforthepassageofmenonly;insuchcases
smalldoorsof0.6X0.9msizemayservethepurpose.Doorsrangeinsizefromabout1.5X2m
inmetalminesupto2X4mincoalmines,dependingonthewidthofcarsthathavetopass
throughthedoor.

Doorsshouldpreferablyopenononeside,i.e.thehigh-pressureside,openinginthe
otherdirectionbeingcheckedbytheframe.Theyshouldbesoinstalledthattheyclose
automaticallyifleftopen.Incoalmines,thisiscommonlyachievedbyinstallingtheframe
atasmallangleofabout0.175rad(10°)withtheverticalsothatthedoorclosesbyitsown
weight.Inmetalmines,counter-weightsorspringsalongwithmanuallyoperatedcatches
areusuallyrelieduponforkeepingthedoors,theyareoftenblockedopenbyirresponsible
trammerssomuchsothatingassycoalminesitbecomesnecessarytoplacespecial
operatorsatthedoors.Incoalmines,regulationsprovidethatwhenadoorisfrequently
usedforthepassageofmenormaterial,anattendantshallalwaysbeplacedatthedoor.

2.1 Definesplittingofaircurrent.

SPLITTING:Whenaminehasseveralworkingdistricts,itispreferabletodivideorsplitthe
airrequiredfortheminetotherepectivequantitiesneededinthesedistrictsandsupply
themthroughseparateventilationroutesorcircuitsinparallel.Justascombinationof
airwaysinparallelreducestheirresistance,splitsreducetheoverallresistanceofthe
mineandincreasethefanquantity.Controlofquantitiesdeliveredtodifferentdistricts
tosuittheirneedscanbedoneeasilybycontrollingtheresistanceofthesplits.Besides,
splittinghelpsinprovidingfreshuncontaminatedairtoeachdistrict.Explosionsorfires
occurringinonedistrictcanbeeasilyconfinedtothatdistrictbysuitableventilation
controlmeasures.Splittinghelpsinkeepingdownairvelocitiesinroadwaysbydistributing
thequantitythroughseveralopeninginsteadofone.

However,splittinghasitsdisadvantagessuchas(a)thenecessityofmaintaininga
larernumberofairwaysand(b)aditionofagreateramountofheattotheairbyvirtueof
itslowvelocityandcontactwithalargerrocksurfaceinthesplits.

Foridealairdistribution,(a)thesplitsshouldhaveresistancescommensuratewith
theirairrequirements;(b)theyshouldbefairlylongsothatthetrunkairwaysconnecting
themtotheshaftsatbothendsareasshortaspossible,asthesetrunkairwaysare
usuallyoverloadedandcancauselargefrictionlosses;and(c)thenumberofsplitscausea
largenumberoffacestobeventilatedbyasinglesplitwhereastoomanysplitsmay
producesluggishventilationattheface.

3.0 MECHANICALVENTILATION
3.1 Explainconstruction&principleofoperationofcentrifugalflowfans.

Acentrifugalfanessentiallyconsistsofanimpeller,rotororwheelrotatinginsidea
volutecasing.Theimpeller,inturn,consistsofseveralbladesorvanesmountedona
centralhuboverthedrivingshaft.Whentheimpellerrotates,airisdrawnintoitatthehub
andisdischargedattheperipheryintothecasing.Followingfigureindicatesanimpellerof
acentrifugalfaninwhich

U=theperipheralvelocityoftheimpellerinms-1

V=theabsolutevelocityofflowinms-1
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W=therelativevelocityofflowinms-1,i.e.velocityofairrelativetothatofthe

impellersothatVistheresultantofWandU
VR=radialcomponentoftheabsolutevelocityofflow
VU=tangentialcomponentoftheabsolutevelocityofflow
r1=radiusoftheimpellerinletinm,
r2=radiusoftheimpelleroutletinm,

andsubscripts1and2indicatetheflowconditionsattheentranceanddischareofthe
impellerrespectively.

Velocitytrianglesattheinletandoutletofacentrifugalimpeller.

NowconsideraquantityofairQpassingthroughtheimpellerperunittime.Themassofthis
airisequaltoQpkgs-1whereQ=quantityinm3s-1andp=densityofairinkgm-3.Thismassof
airrotatesintheimpellerabouttheaxisC.thetorqueTcausingthismotionisgivenbythe
rateofchangeofangularmomentumormomentofmomentumofairattheimpellerinlet
isequaltoQpVu1

r
1sinceitisonlythetangentialcomponentQpVu1ofthelinearmomentum

QpV1whichiseffective,theradialcomponentQpVR1havingnomomentaboutC.Similarlythe
momentofmomentumofairtheimpellerouletisequaltoQpVu2

r
2orthechangeofthe

momentofmomentumfromtheimpellerinlettotheimpelleroutlet,whichisalsotherate
ofchangeofmomentofmomentumsincethechangetakesplaceinunittime,isequalto
QP(VU2

r
2–VU1

r
1)orT=QP(VU2

r
2–VU1

r
1)J

3.2 Statefanlaws&calculatefanefficiency.

Hydraulicefficiencyisthendefinedastheratiooftheavailabletotalheadtotheinput
head.

TheratiooftheinputheadtoEuler’sheadisusuallyreferredtoasvaneefficiency,
althoughthereisnoactuallossinvolved.

SometimestheratiooftheactualtotalheadtothetheoreticalorEuler’sheadis
termedasmanometricefficiency,butthishasnophysicalmeaningandhenceservesno
usefulpurpose.
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Leakagethroughclearancesbetweentherotatingandstationarypartsofaturbo-
machinecausescapacitylosses.IfQ=actualdevelopedcapacityofthefanandQL=leakage
capacitylossthenthevolumetricefficiencyisgivenbytherelation

Mechanicalefficiencyistustheratioofthepoweractuallyabsorbedbythe
impellerandconvertedintoheadtothepowerappliedtotheshaft.

Thegrossortotalefficiencyistheratioofthepowerintheairtotheinputpower
(itisoftencalledmechanicalefficiencythoughobviouslytheterm isnotquite
appropriate).

Totalefficiencyisusuallycalculatedonthebasisoftotalheadbutwhencalculated
onthebasisofstatichead,itiscalledstaticefficiency.Itisthetotalefficiencywhichis
howeverusedindesignprocedure.

3.3 Explaininstallationofminefanwithreversalarrangement.

InIndianminesitisrequiredbylawtoprovidearrangementsforthereversalofair-
currentinordertomeetwitheventualitiesoffiresinthedowncastshaftornearthe
downcastshaft-bottom.Airreversalmaywellservethepurposeincoalmineswherethe
numberofopeningsareusuallylimited,butitisofnotmuchuseinmetalmineswherethere
aremanyshaftsandoutletsandthereisusuallyastrongnaturalventilation.Insuchcases,
amoreelaborateventilationcontrolbydoorsandreadilyerectedstoppingsbecomesmore
importantthanreversalofair-currentforcontrollingundergroundfires.However,in
metalmineswithalimitednumberofopeningsitiswisetoprovideforreversalofair-
currentparticularlysinceitistheintakeswhichareusuallydryandliabletofirehazards.
Inmineswherethereisastrongnaturalventilationaidingthefanventilation,itshouldbe
ensuredthatthefangeneratesenoughpressuretoovercometheopposingnatural
ventilatingpressureintheeventofareversalofair-flow.Itmustbenotedherethatthe
decisionforthereversalofventilationisaveryimportantonewhichcanbetakenonlyby
responsibleofficialsandhencereversingarrangementsshouldbekeptlockedandoperated
byresponsiblepersonsonly.

3.5 Explainfancharacteristicandminecharacteristic.

Themostimportantcharacteristicofafanisthehead-capacitycharacteristic
whichdeterminesitsapplicabilitytoaparticularminecharacteristic,theother
characteristicssuchasofefficienc-capacityandinputpower-capacitybeingof
secondaryimportance.

Actualcharacteristicsarethereforedrawnfromtestdataonfansandholdgood
forothergeometricallysimilarfans.Thepressure,powerandefficiencycharacteristics
offanstotalheadorpressure.

www.MINEPORTAL.in    Call/Whatsapp-8804777500



8
Thefanvelocity-pressurecharacteristiccaneasilybedrawnfromaknowledgeof

thecross-sectionalareaofthefanoutlet.
Theheadcharacteristicofforward-bladedfansfallsatfirstwithincreasing

capacityuntilitflattensoutorevenshowsarisingtrendbeforestartingtofallagain.
Thepowercurvesofbothforwardandradial-bladedfansarerising,butthisisnot

reallyaseriousdisadvantageiftheoperatingpointdoesnotvary,orinotherwords,ifthe
systemcharacteristicdoesnotchange.Thepowercharacteristicofthebackward-bladed
fanisnon-overloadinginnaturethusmakingthefanmoresuitableforoperationovera
wide range of quantity without the motor getting overloaded.The efficiency
characteristicsofallcentrifugalfansareusuallywithaflatpeakwhichmeansthatgood
efficiencyismaintainedoverawiderangeofoperation.

3.6 Describemethodsforoutputcontrolfans.

Controlofthecapacityofacentrifugalfancanbeachievedinthreemainways.
(a)Constantspeedofdriveandfanwithcapacitycontrolbydeviceswhichmodifythe

fanorthesystemcharacteristics:Suchdevicesinclude(i)dampercontroland(ii)
inlet-vaneorinlet-louvrecontrol.Thesedevicesare,however,notcommonlyused
inminefans.

(b)Constant-speeddrivewithprovisionforvariationoffanspeedbyauxiliary
intermediatedevicesbetweenthefanandthedrive:Suchdevicesinclude(i)
hydrauliccoupling(ii)electromagneticcouplingand(iii)V-beltofgeardrive.

(c)Variable-speeddrivedirectlycoupledtothefan:suchdrivescanbe(i)D.C.motors,
(ii)slip-ringinductionmotors,(iii)multispeedA.C.motors(iv)A.C.commulator
motorsor(v)steamturbines.

Anyoftheabovemethodscanbeusedforthecontrolofcapacityofaxial-flowfans.In
addition,capacityofaxial-flowfanscanbevariedbyalteingthepitchoftherotorblades
wherethefanisprovidedwithvariable-pitchblades.Sometimesadjustableinletguide
vanesareusedforimpartingaswirlorcounterswirltotheinletair-flowforthepurpose
ofvaryingoutput.Thesearelesscostlythanadjustableotorbladesbuttheirrangeof
efficientperformanceisnotsowide.

4.0 BOOSTERFANANDITSEFFECTS.
4.1 Describeinstallationandlocationofboosterfan.

Asthenamesuggests,boosterfansarethoseinstalledundergroundforboostingup
orsupplementingtheaircirculatedbythemainminefan.Theymayassistthesurfacefan
forventilatingthewholeminewhentheyactinserieswiththesurfacefan,butsuch
installationsareraresinceitisalwaysbetterfromthepointofviewofcapitalcostand
efficiencytochooseasinglefan.

Boosterfansusuallycirculate25to50m3s-1atpressuresvaryingfrom0.25to1kPa,
thoughboosterscirculatingasmuchas140m3s-1at1.5kPahavebeeninstalled.

Boosterfansarenormallyinstalledinthereturnairwaysothattheydonot
interferewithhaulage.Beltdrivesarecommonwiththedriver(aflame-proofmotorfor
gassycoalmines)beingplacedanadjacentroomconnectedtotheintake.Themotorroomis
ventilatedbyintakeairleakingthroughtherecessinthepartitionbetweenthefanandthe
motorroomprovidedforthepassageofdrivingbelts.Abypasswithasuitableairlockis
providedalongsidetheairwayhousingthefaninordertoprovideaccessacrossthefan.
Sometimes,ifthemainairwayisrequiredforoccasionaltransport,theboostermaybe
installedinabypassairwaywhileasuitableair-lockisprovidedinthemainairway.

Itiswellknownthattheinstallationofaboosterfaninonedistrictreducesthe
flowofairinotherdistrictsandmayevencompletelystoptheair-flowthroughthemif
theboosterisnotjudiciouslyselectedandinstalled.Thatiswhyitisnecessaryandisalso
requiredbylawthatacarefulventilationsurveybemadeandtheventilationneedsofthe
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differentsplitsintheminecarefullyassessedbeforedecidingontheinstallationofthe
boosterfan.Installationofaboosterundergroundincreasesthetotalquantity
circulatingintheminewhichshiftstheoperatingpointonthemainfancharacteristic.

Boosterfansareliabletodamagebyundergroundexplosions.Toguardagainstsuch
contingenciesaswellasthestoppageoftheboosterfanduetoanyotherreason,itis
necessarytoensurethatintheeventofthefailureoftheboosterfan,asufficient
quantityofairiscirculatedtothesplitbythemainminefaninordertopreventthe
developmentofadangerousatmospherethere.Itisalsoforthisreasonthatgood
maintenancebyaseparateundergroundcrewisvitalforensuringcontinuousrunningof
boosterseventhoughitinvolvesanincreaseinthemaintenancecostofventilation.

6.0 VENTILATIONSURVEY
6.1 Describemethodsofpressuresurveyusingbarometer,gaugeandpitottube
withmanometer.

Pressure survey with DifferentialBarometers:A very suitable instrument for
undergroundmeasurementofpressuredifferencesisthedifferentialbarometerwhich
hasbeensuccessfullyusedinminesintheU.S.S.R.Thisisfreefromtheerrorsduetocreep
andsetcommonlymetwithinaneroidbarometersalthoughitssensitivitycompareswell
withthatofaneroid.Itdoesnotrequiremuchskilledoperationandcantake15to20
readingsinashift.

Thedifferentialbarometerconsistsofavesselconnectedtotheatmospherebya
tubehavingatap.Tubeoneendofwhichextendsnearlytothebottomofthevesselis
connectedattheotherendtoaU-tubemanometer.Tubeisconnectedtoanaspiratorbulb
throughthetap.Thevesselisencasedinaninsultingvacuumflaskfilledwithiceand
contains50cm3ofalcohol.

Atthebasestation,twotapsareopenedandtheaspiratorissqueezeduntilthe
alcoholrisesinthetubeandfillsitaswellasthemanometer.Firsttapisthenclosed.The
liquidlevelintheexposedlimbofthemanometeristhesameasinthevessel.Theiceisthen
chargedintothevacuumflaskand15to20minutesallowedfortheairintoattainthe
temperatureofice.Secondtapisnowclosedsothattheairinthevesselismaintainedat
273.15Ktemperatureandattheatmosphericpressureofthebasestation.Theinstrument
isnowmovedtothenextstationofmeasurement.Ifthereisachangeofatmospheric
pressure,therewillbeachangeintheliquidlevelintheexposedlimbofthemanometer.
ThisdifferenceinlevelcanbemeasuredbyasuitablescaleplacedalongsidetheUtube.The
leveldifferencegivesthedifferenceinabsolutepressurebetweenthetwostationssince
thechangeinliquidlevelisnegligible.Ifthescalebegraduatedinmillimetersandifalcohol
beassumedtohaveaspecificgravityof0.8,asensitivityof7.8Pacanbeobtained.Tohave
anaccuracyof+5%inthemeasurement,theminimumpressuredifferencetobemeasured
shouldbe156Pa.

DifferentialPressureSurveybyGaugeandTube:Thedifferentialpressurebetweentwo
pointsismeasuredbyasuitablewatergaugeormanometer,thetwolimbsofwhichare
connectedbyflexibletubestothetwopointsofobservation.Formeasurementofstatic-
pressuredifferences,thetwoendsofthetubesareusuallyheldinmanholesonthesidesof
theairway,wherethereisnoairvelocity.Iftherearenosuitablemanholesavailable,
statictubescanbeused.Thestatictubeissoorientedthatthenoseexactlyfacestheair
-currentwhenthetruestaticpressureisrecorded.Pressuresurveyswithgaugeandtube
aremoreaccuratethanwithaneroidordifferentialbarometersandaretobeadopted
wheremoreaccuratepressuresurveyscoveringlessextensiveareasarerequired.

Foraccuracyhowever,sufficientlythick-walledrubberhosesorpolythenetubesat
least12mmininternaldiameterareusedsoastoavoidkinksandcollapseofwalls.They
alsowithstandroughuseinminesandensurealongleakprooflife.Theyarealsoableto
withstandtheirownweightwhensuspendedinshaftswithoutundergoingdistortion.
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Jointsshouldbeasfarapartaspossibleandshouldbemechanicallystringandleakproof.
Leakagecanbecheckedbyclosingoneendofthetubeandblowingairintoitwhileitis
placedunderwater.Chokingofthetubesbykinkingorbydirtandwatershouldbeavoided.
Thetubeshouldbelaidoutintheairwaysufficientlyaheadofconnectingtothegaugeso
thattheairinsideattainstheambienttemperature.Theinclinedmanometercommonly
usedforthesurveyshouldbecalibratedpriortothesurvey.Wheretheinclinationofthe
gaugeisvariable,itshouldbeproperlysettothedesiredinclination.Theinstrumentshould
beproperlyleveled.WhenaU-tubegaugeisusedbetteraccuracyisobtainediftheaverage
oftworeadingsistakenbyinterchangingtheconnectionofthetubestothetwolimbsof
themanometer.Asinthecaseofaneroidsurveying,herealsoitisnecessarytoensure
constancyoffanspeedduringthesurvey.Acheckonthenaturalventilatingpressureisto
bekeptduringthesurveyandcorrectionsappliedincaseofappreciablevariationsinN.V.P.
Thepitshouldbeidleduringthesurveyinordertoavoidchangesinthesystem
characteristics.

6.2 Describethemethodofmeasurementofcross-sectionalarea.
Thisisusuallydonebytapes.Theworkissimpleiftheairwaycross-sectionisofaregular
shapewhichcanbedividedintogeometricalfigureswhosedimensionscanbemeasuredwith
atape,butmostcommonlytheshapeofmineairwaysisirregular,wheresimple
measurementsbyatapewillnotdo.Insuchcasesanyofthefollowingmethodscanbeused.

TapeTriangulation:Inthismethod,atapeisstretchedacrosstheairwayandwiththehelp
ofanothertapeperpendicularoffsetstotheperipheryoftheairwayoneithersideofthe
stretchedtapearetakenatregularintervalsof0.3-0.5m.Themeasurementscanbe
plottedtoacertainscaleandtheareaoftheresultingdiagram determinedbya
planimeter,ortheareacanbecalculatedusingSimpson’sruleforareaasgivenbelow

Area=L/3(Sumoffirstandlastordinates+4timesthesumofevenordinates+2
timesthesumofoddordinates)

WhereL=distancebetweenordinates.
Amodificationofthismethodistohaveawoodenframeofasizealittlesmallerthanthe
cross-sectionoftheairwaybutmoreorlessresemblingitinshape.Offsetsaretaken
fromtheperipheryofthisframetothesidesoftheairway.

PlaneTableMethod:Thisutilizesadrawingboardwithasheetofpaperpinnedontoitand
mountedintheplaneofthesectionoftheairwaytobemeasured.Measurementsaretaken
fromacentralpointonthepapertovariouspointsontheperipheryoftheairwaybymeans
ofatapeandthelengthsareplottedonthepapertoasuitableacaleinthedirectionsof
measurement.Theareaoftheresultingdiagramcanbeestimatedbyaplanimeterorby
calculation(areasofindividualtrianglesformedbyadjacentrayscanbecalculatedand
addedtogethertogettheareaofthecross-section).

TheProfilometer:thisconsistsessentiallyoftheequipmentusedintheplanetable
methodexceptfortheincorporationofamechanicalscalingdevicesimilartothatina
pantographsothattheprofileoftheairwayisautomaticallyplottedonthepaper
mountedontheplanetable.Thismakesthemeasurementquickerandobviatesanypersonal
errorintheplottingoftherays.

CravenSunflowerMethod:Thisutilizesagraduatedbrassrodwhichisadjustableinlength
andcanberotatedaboutacentralpointintheairwaythroughafullcircle.Measurements
fromacentralpointintheairwaytotheperipheryaretakenatvariousangles,therod
beingadjustedeverytimesoastoreadthelengthsattheseangles.Themeasurementscan
beplottedtoscaleandtheareacomputedthereform.

PhotographicMethod:thephotographicmethodconsistsofmarkingtheperipheryofthe
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sectionoftheairwaywithwhitepaintandphotographingitwithascaleplacedintheplane
ofthesectionbymeansofasuitablephotographiccamera.Alternatively,theperipherycan
bemarkedoutbymovingalongitabeamoflightfromacaplampwhilethecamerashutter
iskeptopen.Inthismethod,computationofareacanbedoneonlyafterthephotographhas
beendevelopedandprinted.Computationofareacanbedoneeitherfrompositiveprintsor
fromtheimageofthenegativebyscreeningitthroughasuitableprojector.Awideangle
lensobviateserrorsinroughairways.

6.3 Describethemethodofvelocitymeasurementsbyusinganemometer,
voltmeter,andpito-statictubeandsmoke&cloudmethod.

MethodsofvelocityMesurement:Thevelocityofflowvariesfrompointoverthecross
sectionofamineairwayandthevariationisirregularinnature,particularlyiftheairway
hasroughsidesisnotstraight.Thefollowingmethodscanbeadoptedforcomputingthe
averagevelocityinsuchairways.

(a) SinglepointMesurement:Inthismethod,themeasuringinstrument
(anemometer,velometerorpitot-statictube)isheldatafixedpointonthe
cross-sectionoftheairwayandthereadingmultipliedbyamethodfactorto
gettheaveragevelocity.Theinstrumenthastobeheldwellawayfromthe
bodyoftheobserver.Thatiswhyanemometersshouldpreferablybemounted
onshafts.Usuallyreadingsatthecentrearetakenandthesearemultiplied
byamethodfactorof0.8forgettingtheaveragevaluesofvelocity.

(b) ContinuousTraversing:Thisisanapproximatebutquickmethodadoptedwith
anemometersinminorairwaywhichareneitherverystraightnoruniformin
cross-section.Thismethodgivesanaverageaccuracyofwithin5%whenused
withasuitablemethodfactor.Theanemometerisheldbyhandoronashaft
awayfromthebodyandistraversedcontinuouslyeitherupanddownorform
sidetoside.Thedistancebetweenadjacentlegsoftraversesshouldbeabout
300mmforreasonableaccuracyinnormal-sizeairwaysandthisdistance
shouldbeuniformlymaintained.Thedurationoftraversingvarieswiththe
areaofcross-section.Oneminuteissufficientforanareaofabout3m3

whereas3minutesmaybenecessaryforanareaof9m2.
(c) PreciseTraversing:Thisisaveryhighlyaccuratemethodofmeasuringair

velocitybyanemometers,velometersorpitot-statictubes.Anaccuracyof
2%canbeobtainedwiththismethodoftraversingbyanemometers.However,
thismethodismoretimeconsumingandhenceshouldbeconfinedto
measurementsinmajorairwaysonlywhereagreatdealofaccuracyisneeded.
Precisetraversingshouldbedoneinstraightportionsofairwaysofuniform
cross-sectionandpreferablyinsmoothlinedportionsawayfrom any
obstructions.Theobservershouldstandatleast1.2m awayfrom the
instrumentonthedownstreamsideandtheinstrumentshouldbemountedon
ashaft.Itisbetteriftheobserverstandsinasuitablerecessonthe
downstreamsideoftheairway.

ThePitot-staticTube:Thepitot-statictube,oftenerroneouslyreferredtoasthepitot
tubeconsistsessentiallyofapitottubeoratotal-headtubeplacedconcentricallyinside
astatictube.Itcomprisesaheadwhichfacestheair-streamandastembentatright
anglestoit.Thepitottubeisnothingbutatubewithanopenendfacingtheair-streamso
thatitmeasuresthetotalheadwhereasastatictubeisonewithitsnose(whichfacesthe
airstream)closedandwithafewholesonthesideofthetubeforrecordingthestatic
pressureonly.Inthepitot-statictubetherearetwoconcentrictubes,theouterofwhich
hasafewholesonthesides.Theannularopeningbetweenthetwotubesatthenoseendis
sealedsothattheinnertuberecordsthetotalpressureandtheouter,thestatic
pressureonly.Thenoseissuitablyshapedsoastoavoidundueturbulenceandhenceoffer
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theleastresistancetoflow.Thetwocomponenttubesofthepitot-statictubeare
connectedtothetwolimbsofamanometerwhichreadsthevelocitypressure.Thepitot-
statictubemayornotmeasurethetruevelocitypressureaccordinglyasitisdesigned.
Thisdeviationofapitotstatictubereadingfromthetruevalueisduetotheeffectof
flowaroundthenoseandthestemwhichaffectsthestaticpressurereading.Pitot-static
tubesaregenerallyusedforthemeasurementofairvelocityinducts.Astheaccuracyof
theinstrumentispracticallyunimpairedforalargerangeofvelocities,theminimum
velocitythatcanbemeasuredbyapitot-statictubeislimitedonlybythesensitivityof
themanometerthatcanbeusedunderminingconditions.

Smoke-cloudMethod:Itconsistsessentiallyofaglasstube125to150mmlongand12.5mmin
diameterfilledwithgranularpumicestoneof0.8-1.2mmsizesoakedwithtinortitanium
tetrachloride.Thelatterisoftenpreferredasitislesscorrosive.Thetwoendsofthe
tubearepluggedbyglasswoolandaresealed.Whenthetubeistobeused,thesealedends
arebrokenoffandthetubeisattachedtoarubber-bulbaspiratorwhich,whensqueezed,
forcesacurrentofairthroughthetubeproducinganatomizedsprayofthetetrachloride
whichcomingincontactwiththemoistureofmineair,developsathickcloudofwhite
smoke.Thetubenormallyhasachargetolastforeighthours.

Underordinaryconditions,thetubeisheldintheairwayandthesmokereleased
acrossitsaxisatasuitablepointinthecross-section.Thetakenbythesmokecloudto
reachadistanceof8-10m isrecordedbyastop-watchandthevelocitycomputed
thereform.However,thisvelocitymaynotrepresenttheaveragevelocityintheairway.
Therelationbetweentheobservedvelocityandtheaveragevelocitydependsonthe
positioninthecross-sectionoftheairwaywherethesmokecloudwasreleased.Thesmoke
cloudshouldnotbereleasedverynearthesideslestitshouldbeaffectedbeeddycurrents
createdbytheroughsurfaceoftheairway.Ifitisreleasedaboutquarterwayfromthe
side,itisfoundthatthevelocityobtainedexceedstheaverageby10%andthiscorrection
hastobeappliedtotheobservedvelocityinordertogettheaveragevalue.

Also,withverylowvelocitiesinairwaysofaveragecrosssection,thesmokecloud
maythinoutconsiderablysoasnottobediscernableatthenormaldistanceofobservation
of8-10m.Insuchcasesasmallerdistanceof4-5mmaybeusedwhereaswithvelocities
rangingfrom0.55-0.75ms-1andgoodlightingintheairways,thedistanceofobservation
canbeincreasedto15-20m,

Astraightportionoftheairwaywithuniformcross-sectionshouldbechosenfor
velocitymeasurementbythismethodandtheaveragecross-sectionareaofthetest
sectionshouldbeobtained.
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