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SUMMER–19EXAMINATION
SubjectName:Auto.AirConditioning ModelAnswer SubjectCode:

ImportantInstructionstoexaminers:
1)Theanswersshouldbeexaminedbykeywordsandnotasword-to-wordasgiveninthemodelanswer

scheme.
2)Themodelanswerandtheanswerwrittenbycandidatemayvarybuttheexaminermaytrytoassessthe

understandinglevelofthecandidate.
3)Thelanguageerrorssuchasgrammatical,spellingerrorsshouldnotbegivenmoreImportance(Not

applicableforsubjectEnglishandCommunicationSkills.
4)Whileassessingfigures,examinermaygivecreditforprincipalcomponentsindicatedinthefigure.The

figuresdrawnbycandidateandmodelanswermayvary.Theexaminermaygivecreditforanyequivalent
figuredrawn.

5)Creditsmaybegivenstepwisefornumericalproblems.Insomecases,theassumedconstantvalues
mayvaryandtheremaybesomedifferenceinthecandidate’sanswersandmodelanswer.

6)Incaseofsomequestionscreditmaybegivenbyjudgementonpartofexaminerofrelevantanswer
basedoncandidate’sunderstanding.

7)Forprogramminglanguagepapers,creditmaybegiventoanyotherprogram basedonequivalent
concept.

Q.
No.

Sub
Q.N.

Answer Marking
Scheme

1 (A) AttemptanyTHREEoftheFollowing 12
(a) WritethemajorsafetyaspectsinHVACsystem. 04

Ans. (Anytwoofeach01Markeach)
EnvironmentalAspects--(Any4)
1.ToavoidozonedepletionwecanreplaceCFC-12byHFC-134a.
2.InHVACsystem lessCO2released.
3.Emissionstoair:emissionslikesmoke,dust,odour,andfumesfrom
automobileHVAV shouldbeminimum.EffortsmustBbetakentoavoid
theseemissions.
4.VibrationsandNoise:HVAC addsnumberofcomponents;fuelcostis
moreinoperatingHVAC.Invehiclevibrationsandsounddevelopeddueto
frictionandshocks.Properuseofdampersandshockresistantisusedto
avoidvibrationandsound.itwillaffectenvironment.
SafetyAspects-(Any4)
1.Alwaysweareyeprotectionwhenservicingairconditioningsystem or
handlingrefrigerants.
2.Avoidbreathingrefrigerantandlubricantvapourormissed.
3.Donotallow refrigeranttocomeincontactwithopenflamesandhigh
tempsurfaces.4.Serviceequipmentshouldnotbepressuretestedorleak
testedwithcompressedair.

Any
Two

of
each

01Mark
each

(b) Statethefunctionofductsystem.Giveitsclassification.Nametheduct
system usedinheavypassengervehicle.

04

Ans. (Function01Mark,Classification02Marksanditsuse01Mark)

FunctionofDuctSystem:

Todeliverandremoveair.Theneededairflowsinclude,forexample,supply

air,returnair,andexhaustair.Ductscommonlyalsodeliverventilationairas

partofthesupplyair.

Function

01Mark,

Classification

02Marks

and

17620
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Classification:

1.Independentcasesystem withupstream blower.

2.Independentcasesystem withdownstream blower.

3.Splitcasesystem.

4.Hybridcasesystem.

SplitCaseDuctSystem isusedinHeavypassengerVehicle

itsuse

01Mark

(c) Statethefunctionsof;
(i) ThermostaticExpansionValve.
(ii) Fixedorificetube.
(iii) Accumulator.
(iv) Receiver.

04

Ans. (OneFunctionofEach01Markeach)
ThermostaticExpansionValve:
a)Theexpansionvalveseparatesthehighsideoftheairconditioningsystem
from lowside.
b)To vaporizerefrigerantasitpassesthroughtheevaporatororcoils,
absorbingheatfrom thevehicle'sinterior.
FixedOrificeTube:
a).Therefrigerantenteringintotheevaporatoriscontrolledbythefixed
orificetubeinmannerwhichisbasedonpressuredifferenceandsubcooling
characteristicsoftherefrigerant.
b)Fixed orifice tube replaces thermostatic expansion valve to meter
refrigerantintotheevaporatorTheoldandnewexpansiontubesasshownin
figurearenotinterchangeable.
Accumulator:
a)Tostoreexcessrefrigerantand
b)Removemoisturefrom thesystem.Ifanyliquidrefrigerantispassedout
oftheevaporatoritisstoredbyaccumulatorbecauseliquidcannotbe
compressed.Liquid refrigerantcan damage the compressor.Like the
receiverdriertheaccumulatoralsousesdesiccanttoremovemoisturefrom
thesystem.
Receiver:
a)Itmaintainsufficientamountofrefrigerantinsystem
b)Itcondensatevapourrefrigerant&convertitintoliquidrefrigerantwhich
furtherpassestothermostaticvalve.
c)Itremovesmoisture,dustdirtfrom liquidrefrigerant.

OneFunction
of

Each
01Mark

each

(d) ExplaintheconstructionandworkingofElectromagneticClutch. 04
Ans. (Sketch02MarksandWorking02Marks)

Construction:

Figure:ElectromagneticClutch
Working:

Sketch
02Marks

and
Working

02Marks
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Theairconditioningcompressorhasanelectromagneticclutchthatcan
engageordisengagethecompressorpulley.Thecompressorpulleyalways
turnswhentheengineisrunning,butthecompressoronlyrunswhenthe
pulleyisengagedtothecompressordrivingshaft.Whenthissystem is
activated,currentrunsthroughtheelectromagneticcoil.Thecurrentattracts
ittothearmatureplate.Thestrongmagneticpulldrawsthearmatureplate
againstthesideoftheturningpulley.Thislocksthepulleyandthearmature
platetogether;thearmatureplatedrivesthecompressor.Whenthesystem
isdeactivated,andcurrentstopsrunningthroughtheelectromagneticcoil,
flatspringspullthearmatureplateawayfrom thepulley.Themagneticcoil
doesnotturnsinceitsmagnetism istransmittedthroughthepulleytothe
armature.The armature plate and hub assembly are fastened to the
compressordriveshaft.Whenit’snotdrivingthecompressor,theclutch
pulleyturnsonadoublerowofballbearings.

1 (B) AttemptanyONEoftheFollowing 06
(a) Listthefactorswhichcontrolsthehumancomfort.Explaintheimportanceof

comfortzonewithcomfortchart.
06

Ans. (Factors02Marks,Importance02MarksandComfortChart02Marks)
FactorswhichcontrolstheHumanComfort:
[1]Humidity [2]Temperature [3]PurityofAir
ImportanceofComfortZone:
Therearearangesofcombinedtemperaturesandhumiditythatprovides
comfortto mostpeople.This ComfortZone Chartshows "IndoorAir
Temperature"ontheverticalaxis,"RelativeHumidity"onthehorizontalaxis,
andashadedareaknownasthe"ComfortZone."

Figure:ComfortZoneChart

Factors
02Marks,

Importance
02Marks

andComfort
Chart

02Marks

(b) Drawthelayoutautomotiveairconditioningsystem.Namethecomponents
andexplainitsworking.

06

Ans. (Layoutandnames03Marksanditsworking03Marks)

Layout
and

names
03Marks

And
its

working
03Marks
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Figure:LayoutofAutomotiveAirConditioningSystem.
Working:
1.Compressor:Itisusedtocompressvapourrefrigerantcomingfrom the
evaporatorandsupplyhighpressurevapourrefrigeranttocondenser.
2.Condenser:The function ofthe condenseris to condense vapour
refrigerantintoliquid.
3.ExpansionValve:Thefunctionofexpansionvalveistometerandcontrol
theflow rateofliquid refrigerantand reducethetemperatureofliquid
refrigerant.
4.Evaporator:Thefunctionoftheevaporatoristogiverefrigeranteffectby
exchangingheattotheliquidrefrigerant.
5.AccumulatororReceiverDrier:Thereceiverdrieractasstoragetankfor
theliquidrefrigerantandalsoabsorbsthemoisturefrom therefrigerant.

2 AttemptanyFOURoftheFollowing 16
(a) Whatiscontrolledventilation?Giveitsapplication. 04

Ans. (Explanation03MarksanditsApplication01Mark)
Controlledventilation:
Controlledventilationisoftwotypes,namelyram airtypeandpowertype.
(i).Ram AirVentilatingSystem:Forwardmovementofcarforcesorramsair
throughtheductsandintothecar.Theairfrom outsideentersthevehicle
throughopeningsinfrontgrill.Theentryofthisairiscontrolledbysuitable
valvesordoors.Thisisdoneeithermanuallybycablesorbyvacuum motors.
Thisbasicsystem isusedonmanyvehicles,includingthosewithheaters
andairconditioners.
(ii)PowerVentilating System:In thissystem,blowermotorisprovided
additionallytoensuresufficientcirculationofoutsideairthroughthecar.The
blowermotorcanbeoperatedatvariousspeedstosuittheventilatingneeds
oftheoccupantsincar.Normallythissystem includesheaterandanair
conditionersystem.
Application:Thismethodiscurrentlyusedinvehicles

Explanation
03Marks

andits
Application

01Mark

(b) ExplaintheconstructionandworkingofAirIntakeSection. 04
Ans. (Construction02MarksandWorking02Marks)

Construction:
Figureshowsschematicsketchofairintakeorinletsection.Itconsistsof
fresh(outside)airinlet;recirculates(inside)airinlet,afreshrecirculatesair
door,ablowerwithmotor,andanairoutlet.Thefreshairinletprovidesthe
system withfreshoutsideairsupply;there-circulateairinletprovidesre
circulatedin-carairsupply.

Figure:AirIntakeSection
Working:
Thepositionofvacuum motoroperatedfresh/recirculatedoordependson

Construction
02Marks

and
Working

02Marks
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system mode.Actuallyinallmodesexceptmaximum cooling,theairsupply
isfrom outside.Inmaximum cooling,theairsupplyisfrom inside.Evenin
themaximum coolingmode,somesystemsprovideforupto20%freshair.
Thisistoprovideforaslightlypositivein-carpressure

(c) ExplainconstructionandworkingofThermostaticExpansionValve. 04
Ans. (ConstructionalDetails02MarksanditsWorking02Marks)

Construction:
Thecapillarytube,tubeendandupperdiaphragm chamberform aclosed
system filledwithatemperaturesensinggas.(Refrigerant-carbondioxide,
similargas).Thecapillaryremotebulbisclampedontotheevaporatoroutlet
pipeanditisinsulatedfrom theoutsideairwithspecialtapeanditmeasures
onlythetemperatureofrefrigerant,asitleavestheevaporator.

Figure:ThermostaticExpansionValve
Working:
Anyincreasedinrefrigeranttemp.attheevaporatoroutletincreasethe
pressureintheremotebulb&tubesystem.Thisexertsdownwardpressure
onthediaphragm isgreaterthanthecombinationoftheevaporatorpressure
&thesuperheatspringpressure,asaresultvalveisopenandincreaseflow
ofrefrigeranttoevaporatorcoil.Asthetemp.ofrefrigerantdecrease,it
decreasespressureintheremotebulbandtubesystem.Thisdecreases
pressure on the diaphragm & this pressure less than combination of
evaporatorpressureandsuperheatspringpressureandallowingthevalve
tubecloseandcontrolflowofrefrigeranttotheevaporatorcoil.

Constructiona
lDetails

02Marks
andits

Working02
Marks

(d) WhichtypeofcondenserisusedinCarAirConditioningSystem?Explainits
workinginbrief.

04

Ans. (Name01Mark&Sketchwithitsworking03Marks)
[NOTE:Creditshouldbegiventoanyothersuitablesketch]
EvaporativetypecondenserisusedincarACsystem.
Construction:
Theseareusuallymadeofaluminium orsometimesmadeofcopperor
brass.Itlookverymuchlikeradiator,justlittlethinnerandsincetheyalso
dependonairflowingthroughthem,theyareusuallylocatedinfrontof
radiatorasshowninthefigure.Condenserscanbeconstructedasaseries
oftubeswithfinsaroundthem.

Name
01Mark

&
Sketch

with
its

working
03Marks
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Figure:Condenser
Working:
Itsmainfunctionistocondensetherefrigerantvapourfrom compressor.The
refrigerantentersthecondensersasahighpressurevapour,butasitflows
throughthecondenserrefrigerantrejectstheheattoflow airoveritandgets
convertedintohighpressurerefrigerantliquid.

(e) Statethefunctionofmeteringdevices.Explaintheworkingoffixedorifice
tube.

04

Ans. (Function01MarkandWorking03Marks)
Functions:Tocontroltherefrigerantflow

Figure:Oldandnewstylefixedorificetube
Working:Therefrigerantenteringintotheevaporatoriscontrolledbythe
fixedorificetubeinmannerwhichisbasedonpressuredifferenceandsub
cooling characteristics of the refrigerant.Fixed orifice tube replaces
thermostaticexpansionvalvetometerrefrigerantintotheevaporatorTheold
andnewexpansiontubesasshowninfigurearenotinterchangeable.

Function
01Mark

and
Working

03Marks

(f) ComparetheInternallyEqualizedValvewithExternallyEqualizedValve. 04
Ans. (AnyfourPoints01Markeach)

S.N. InternallyEqualizedValve ExternallyEqualizedValve
1 Internallyequalized

expansionvalvespermit
refrigerantpressurefrom the
outletsideoftheorificeto
passthroughaninternal
passageandpushagainstthe
undersideofthediaphragm.

Externally equalized expansion
valveshavealineconnectedtothe
outletsideoftheevaporatorand
refrigerant pressure passes
throughthislineto pushagainst
theundersideofthediaphragm

2 An internally equalized TXV
senses its outlet pressure,
usingitasaclosingforceon
the underside of the
powerhead’s diaphragm to
offsetthe opening force of
the pressure from the
temperaturesensingbulbon
the top side of the
powerhead.Thesevalvesare

Anexternallyequalizedvalve
sensesthepressureatthe
evaporatoroutletthroughan
externalequalizertube,whichruns
tothesamelocationasthevalves
temperaturesensingbulb,
compensatingforanypressure
dropsoftheevaporator,the
refrigerantdistributorand
distributortubes.

Any
four

Points
01Mark

each
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typicallyusedonevaporators
witharelativelylow pressure
dropi.e.theoutletpressure
isnearlythesameastheinlet
pressure.

3 Aninternallyequalizedvalve
usedonanevaporatorwitha
highpressuredrop,thevalve
willtendtocontrolatahigher
superheat,starvingthecoil

An externally equalized valve
shouldbeusedonanyevaporator
withamultiplerefrigerantcircuits
and a distributor because the
typicalrefrigerantdistributorand
distributor tubes will have
approximatelya 35 psipressure
drop.

4 Fig: Fig:

3 AttemptanyFOURoftheFollowing 16
(a) StatetherequirementsforHVACSystem inheavypassengervehicles. 04

Ans. (correctanswer04Marks)
RequirementsforHVACSystem inHeavyPassengerVehicles:
Providingdriversandpassengerswithanadequatecomfortlevelisacritical
designobjective.AutomotiveHVACclimatecontrolisacriticalelementin
thehighlyinfluential.Cabincool-downandwarm-uptimesarenotonlykey
designrequirements,butareoftenregulated.Increasingglobalizationof
brandsmeansvehiclesmustbedesignedtooperateinaneverwiderrange
ofenvironmentalconditionswithveryhighorverylowambienttemperatures
andstrongsolarradiation,andsometimesunderextremeconditionswith
heavy loads on the engine.Vehicle electrification is adding additional
efficiencyrequirementsonthedesignofHVAC systems.Cabincomfort
assessmenttraditionallydependsheavilyontesting physicalprototypes.
Physicaltestingisveryexpensive,timeconsuming,andinflexible.Solar
radiationisacriticalcomponentthatcanbereproducedonlytoalimited
degreeinclimaticwindtunnels.Measuringsurfaceandfluidtemperaturesis
notsufficient.Passengercomfortisacomplexphysiologicalfunctionof
temperature,heattransferrates,airvelocity,clothing,bodytype,bodymass,
andotherfactors.Withphysicaltesting,suchevaluationsareverysubjective.

Correct
Answer
04Mark

(b) Comparethedownstream ductsystem withupstream ductsystem. 04
Ans. (CorrectAnswer04Mark)

Downstream DuctSystem Upstream DuctSystem
Construction:
Itconsistsoffresh(outside)air
inlet,are-circulate(inside)air
inlet,fresh recirculateairdoor,

Construction:
Thissystem isusedtohousetheheater
coreandtheairconditionerevaporator,
and todirect the selected supply air

Correct
Answer
04Mark
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evaporator,heater,temperature
blenddoor,restrictedairdoor,
blower motor andconditioned
airoutletsfordefrosters,panel,
flooretc.
Working:
Theheaterwatervalveisopen
toallow hotenginecoolantto
flow through theheatercore.
Cooloutsidefreshairisheated
asitpassesthroughtheheater
core.Theairconditionerisnot
operational;therefore,ithasno
effectontheairtemperatureas
the air first passes through
evaporator. Thedesired
temperature levelis achieved
by the position ofthe blend
door.Thisallowsapercentage
ofthecooloutsideairtobypass
theheatercore.Theheatedair
andcoolairarethenblendedin
plenumto provide desired
temperature level before
passing on to the air
distribution section. From
theplenum thisairispassedto
distribution section with the
helpofblower.Dependingupon
theposition of mode door
conditioned air may be
delivered to the flooroutlets,
thedefrostoutlets,orthedash
panel outlets, or any
combinationofoutlets.Inother
than maximum cooling (MAX
A/C),fresh outside airpasses
through the air conditioning
evaporatorandiscooledbefore
deliveryintothecar

through these components into the
passenger compartment of the car.
Anupstream integral blower or an
independentblowerisusedonsplitcase
system.This system is used onlarger
carsandlocatedonbothsidesofengine
firewall.
Working:
Theoutsidefreshairisforcestothe

evaporatorwiththehelpofblower.Since
theairconditionerisnotoperational,it
hasnoeffectontheairtemperatureas
theairfirstpassesthroughevaporator.
The desired temperature level is
achieved bythe position ofthe blend
door.This allows apercentage ofthe
cooloutside airto bypass the heater
core.Theheatedairandcoolairarethen
blendedin plenum to provide desired
temperaturelevelbeforepassingonto
the air distribution section.
Thistemperedairisthendirectedtothe
airdistributionsectionDependingupon
thepositionofmodedoorconditionedair
maybedeliveredtotheflooroutlets,the
defrostoutlets,orthedashpaneloutlets,
oranycombinationofoutlets.

(c) Name the compressorused in carair-conditioning system.Explain its
workingwithneatsketch.

04

Ans. (Types01MarksandExplanation03Marks)
TypesofCompressor:
iReciprocatingcompressor
iiRotaryVanecompressor
iiiScrollcompressor
ivScrewcompressor
v.HermeticallySealedCompressor.

Types
01Marks

and
Explanation

03Marks
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Working:
Compressoris heartofthe refrigeration system as itcirculates the
refrigerantinthesystem liketheheartofahumanbeingcirculatingtheblood
inthebody.Twodifferentpressuresexistintherefrigerationcycle.The
evaporatororlow pressure,andthecondenser,orhighpressure.These
pressureareasaredividedbytheothertwocomponents.Ononeend,isthe
meteringdevicewhichcontrolstherefrigerantflow,andontheotherend,is
thecompressor.Itcompressesthelowpressurerefrigerantvaporfrom the
evaporatorandcompressesitintoahighpressurevapor.Theinlettothe
compressoriscalledthe“SuctionLine”.Itbringsthelowpressurevaporinto
thecompressor.Afterthecompressorcompressestherefrigerantintoahigh
pressureVapor,andtheoutletofthecompressoriscalledthe“Discharge
Line”.

Figure:ScrollTypeCompressor Figure:RotaryVaneTypeCompressor

Figure:ReciprocatingCompressor
(d) Describetheterm ofmodulatingandcontrollingactionasafunctionof

thermostaticexpansionvalve.
04

Ans. (Description02MarkEach)
1.ThrottlingAction:Theexpansionvalveseparatesthehighsideoftheair
conditioningsystem from lowside.Sincethereispressuredropacrossthe
valve,theflow ofrefrigerantisrestricted,orthrottled.Thestateofliquid
enteringthevalveishighpressureliquid.Therefrigerantleavingthevalveis
low pressureliquid.Adropinrefrigerantpressureisaccomplishedwithout
changingthestateofrefrigerant.
2.ModulatingAction:Athermostatically-controlledvalvelocatedinsidethe
expansion valve bodyfluctuatestoward an open orclosed position as
requiredtocontroltheliquidrefrigerantpassingthroughtheorifice.This
ensuresthattheevaporatorreceivestheproperamountofrefrigerant.The
lowpressurecreatedattheexpansionvalvemakesitpossiblefortheliquid
refrigerantto vaporize as itpasses through the evaporatororcoils,
absorbingheatfrom thevehicle'sinterior.

Description
02Mark

Each

(e) Listthedifferentcontrolsystem usedinHVACsystem ofvehicle.Explainthe
climatecontrolsystem.

04

Ans. (List01MarksandExplanation03Marks)
[Note:CreditShouldbegiventosuitableAnswer]

List
01Marks
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ClimateControlSystemsare:
(1)HumidityControlSystem.
(2)TemperatureControlSystem
(3)AirControlSystem
(4)MotionControlSystem
ClimateControl:
Mostautomotiveairconditioningandheatingsystemsareintegratedintoa
"climatecontrol"system thatcontrolsthetemperature,humidityandair
circulationbycoolingtheairinsidethepassengercompartmentwhenit'shot
outside and heating itwhen the outside airis cold.Climate control
automaticallymaintainsadesiredtemperaturewithinthecar’scabinby
continuouslyadjustingtheair-conandheatersettings.

and
Explanation

03Marks

4 (A) AttemptanyTHREEoftheFollowing 12
(a) Explainthemodeofheattransfer,bywhichheatistransferredincar-air

conditioningsystem.
04

Ans. (CorrectAnswer04Marks)
ConductionHeatTransfer:
Theconductionisconsideredastransferofheatwithinthesubstancefrom
hightemperatureregiontolow temperatureregion.Conductionofheatis
duetothevibrationofmolecules.Inconductiontheremustbephysical
contactortouch.
ExampleofConduction:Whensolidbarofmetalisheatedfrom oneend,we
findotherendofthemetalisgettinghot
ConvectionHeatTransfer:Whenfluidflowsoverhotsolidbody,heatwillbe
transferredfrom hotbodytoflowingfluid.Thusconvectionistransferof
heatduetofluidflowingorduetotransferofmolecules.
ExampleofConvection:Heattransferinwatertubeboilerwherewateris
heatedbyhotfluegases.
Radiation HeatTransfer:Conduction and convection heattransferneed
somemedium.Inradiationthereisnoneedofanymedium fortransferof
heat.Itcantakeplaceinspacealso,from bodyathightemperaturetobody
atlow temperature in the form ofelectromagnetic waves emitted by
vibratingelectronsatsurfaceofbody.Thequantityofheatradiateddepends
uponabsolutetemperatureofbody.
ExampleofRadiation:Energyemittedbysunreachestheearththrough
radiation

Correct
Answer

04Marks

(b) Statetherefrigerantsusedincarair-conditioningsystem.Givethecolour
codesusedfordifferentrefrigerantsinpractice.Stateitssignificance.

04
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Ans.

© State the function and location ofhigh side and low side temperature
switches.

04

Ans. (FunctionandLocationofeach01Markeach)
(i).HighSideTemperatureSwitches:
Function:Itprovides temperature data to the processoroftemperature
controllerwhichfurthercontrolselectromagneticclutchofcompressor.
Location:ItislocatedinbetweenCondenseroutlet& Expansionvalveor
orificetubeinlet.
(ii)LowSideTemperatureSwitches:
Function:ItProvides data to processorto disengage compressorclutch
circuittopreventcompressoroperationduringlowpressureconditions.Low
pressureconditionmayresultduetolossofrefrigerantorcloggedorifice
tube.
Location:Itislocatedinthelow sideofairconditioningsystem,usuallyon

Function
and

Location
of

each
01Mark

each
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accumulator.
(d) Listthedifferentequipmentandtoolsusedinrepairandmaintenanceof

HVACsystem ofvehicles
04

Ans. (AnyFour04marks)
Serviceanddiagnosistools:
1.Manifoldgaugeset
2.Serviceadapters
3.Thermometers
4.Vacuum pumps
a)Airpowervacuum pump
b)Rotaryvanetypevacuum pump
5.Chargingtoolsandequipments
6.Leaktesters
a)Halidetorchleakdetector
b)Halogenleaktester
7.Bubbledetectors
8.Thesightglass(non-accumulatorsystems)

Any
Four

04marks

4 (B) AttemptanyONEoftheFollowing 06
(a) Fora particularcarair– conditioning system,how willyou selectthe

refrigerant?
06

Ans. (AnySix01Markeach)
SelectioncriteriaofRefrigerantsforCarAir–Conditioning;
1.Itshouldhavelowboilingpoint.
2.Itshouldbeaboveatmosphericpressure.
3.Itshouldhavehighlatentheatofvaporization
4.Toxicityshouldbelow.
5.Itshouldbecorrosive.
6.Itshouldnotbeinflammable.
7.Itshouldbestableinnature.
8.Itshouldhavelowviscosity.
9.Itshouldhavehighthermalconductivity.
10.Itshouldbeeasyandsafetohandle.
11.Itshouldbeeasilyavailableatlowcost.

Any
Six

01Mark
each

(b) WritetheFunctionAndLocationoffollowing:
(i) SunLoadSensor.
(ii) OutsideTemperatureSensor.
(iii) CarTemperatureSensor.

06

Ans. (i)SunLoadSensor:
Function:Thissensorsendsignaltotheelectricalclimatecontrolmodule
(ECCM)indicatingthestrengthofthesunlight(sunload)whichinfluences
thevehicleinteriortemperature.Ifthesunloadishighassignaledbythesun
loadsensortheECCM willactivatethehighestlowerfanspeedandmax
coolingtocompensateforthisadditionalradiatedheatload.Likewiseifthe
sunloadislow(cloudcover)assensedbythesunloadsensortheECCM will
reduced theblowerfanspeed and thesystem willnotoperateatmax
cooling.
Location:Thesunloadsensorisaphotochemicaldiode(PCD)locatedon
topofthedashboard.
(ii)OutsideTemperatureSensor:
Function:Itspurpose isto sense the outside temperature condition to
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providedatato processor.Thissensorcircuithasseveralprogrammed
memoryfeaturestopreventfalseambienttempdatainputduringtheperiod
oflow speeddrivingorwhenstoppedsuchaswhenwaitingfortraffic
control.
Location:Itisusuallylocatedjustbehindtheradiatorgrilleandinfrontof
condenser.
(iii)CarTemperatureSensor:
Function:Itmonitorstheairtemperatureofthepassengercompartment.
Location:Itislocatedbehindaspiratorblowerventgrill.

5 AttemptanyFOURoftheFollowing 16
(a) Explainconstructionandworkingofrearheatingsystem. 04

Ans. (SketchwithConstructionandWorking04Marks)
Construction:
Aschematicsketchofrearheatingsystem isasshowninfigure.Depending
ondesignitmayhavemajorcomponents;blowerandmotor,temperature
door,evaporatorcorewithmeteringdevice,heatercorewithflow control,
outletmodedoor,controlpanel,andcontroller.

Figure:RearHeatingSystem
Working:
In thissystem second heatercoreislocated attherearofpassenger
compartment.Drivercontrolsoveralloperation.Somesystem sallowsthe
rearpassengertocontrolthetemperature.Forcontrolofrearblowerswitch
isprovidedatthefrontoratrearorsometimesatbothplaces.Inthissystem
rearblowerforcestheairintothesecondheatercorefrom whereheatedair
enters into the distribution section and finally delivered to the rear
compartment.

Sketch
with

Construction
and

Working
04Marks

(b) Explaintheroleofblowerclutchcontrolandheatercontrolinautomotiveair
–conditioningsystem.

04

Ans. (Explanationofeach02Marks)
RoleofBlowerClutchControl:
Themeansusedtoconvertlow currentsignalsfrom controlpaneltohigh
currentfeed to theblowermotor.Blowerspeeds with this controlare
infinitely variable The speed is controlled through a resistorstrip on
temperature dooractuator.The resistorstrip then functions same as
rheostattoinputdatatothecontrolpanel.Thecontrolpanelinturninputsthe
blowerspeedsignaltotheblowercontrol.
RoleofHeaterControl:
Whenwarm enginecoolantpassesthroughtheheatercontrolvalveandinto

Explanation
of

each
02Marks
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theheatercore,sothathotaircanbeproducedfrom thevehicle'svents.
© Explaintheelectronicclimatecontrolsystem withblockdiagram. 04

Ans. (BlockDiagram 02MarksanditsExplanation02Marks)
(Note:Creditshallbegiventoanyothersuitablesketch)
Construction:
Theelectronicclimatecontrol(ECC)System offersautomaticcontrolofthe
frontandrearrooftopairconditionersandfurnace/sinthemotorhome.The
system includes an energymanagementsystem thatshuts offthe air
conditionerswhennecessarytopreventelectricaloverload.Italsoincludes
anumberoffeaturesthatprovidetheownerwiththemostcomfortable
temperaturecontrolledenvironmentpossible.
Working:
TheSystem containstwomajorcomponents,theECCThermostatandthe
ECCmodule,alongwithadditionalexternalsensorswhichareconnectedto
thesemodules.TheThermostatallowstheownertosetthefrontandrearair
conditioningandheatingsystems'modesandtemperatures.Theelectronics
inthispanelmeasureambienttemperaturesviatwoexternaltemperature
probes(frontand rear).Based onthemodeand setpointtemperature
settings,theprobessendappropriatecontrolsignalstotheECCmodule.The
ControlModule performs the timing,sequencing,switching,and load
shedding functions for the furnace/s and air conditioner fans and
compressors.Itisoftenlocatedundertherefrigerator.

OR

OR

BlockDiagram
02Marks

and
its

Explanation
02Marks
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Figure:BlockDiagram ofElectronicClimateControlSystem

(d) How willyoucarryoutthefollowingtestsinautomotiveair-conditioning
system?(i)LeakTest (ii)TemperatureTest.

04

Ans. (i).ProceduretocarryoutLeakTest:
1.Installthe gauges and gauge manifold.Note the pressure and the
temperatureinthebeginning.
2.Closethemanifoldvalves.
3.Now,attachtherefrigerantcylinderatthecenterofthegaugemanifold.
Donotopentherefrigerantcylindervalves.Donotoperatethecompressor.
4.Starthalideleakdetector.
5.Nowopentherefrigerantcylindervalve.
6.Nowopenthegaugemanifoldvalvesslowly.Raisingthepressuretoabout
1.75kgf/cm2.
7.Checktheleakswithtorch.Anyleakdetectedshouldberepairedproperly.

8.Raisethesystem pressureto about3.75kg/cm
2

and checkleaksat
variousjointsandsurfaces.Repairtheleakage.
9.Now Raisethepressureabout5.0kgf/cm2 inthegaugesandcheckthe
leaks.
10.Closerefrigerantcylindervalveaftercompletingthejob,closegauge
manifoldvalves
(ii)ProceduretocarryoutTemperatureTest:
1.Connectmanifoldgaugesetathighandlowsidevalves.
2.Turnonengineandallowtemperaturetoreach210Corhigh.
3.Taketachometerandrunengineat1500rpm.
4.TurnonACfor5minandcloseallwindowsanddoors.
5.BeforethatplacethermometeratthecentreoutletofACpanel.
6.Comparereadingsasperspecifications.

© Explain the moisture removalprocedure used while servicing the A/C
system.

04

Ans. (Explanation02Markssketch02Marks)
MoistureRemovalProcedureUsedWhileServicingTheA/CSystem:
Liquidrefrigerantentersthroughtheinlet.Anydirtisfilteredbythefilterpads

Explanation
02Marks

sketch
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and moisture is absorbed from the refrigerantby the desiccant.Any
refrigerantvaporthatdoesnotliquefyinthecondenser,istrappedandheld
untilitcondenses.Finally,cleananddryliquidrefrigerantleavesthereceiver
dehydrator and goes to expansion valve. Evaporator also helps in
dehumidification,aswarmerairtravelsthroughthealuminum finsofcooler
evaporatorcoil,themoisturecontentintheaircondensesonitssurface.

Figure:MoistureControlbyReceiverDrier

02Marks

(f) Statethefunctionofcomfortheatingsystem.Explainitsconstructionand
workingwithblockdiagram.

04

Ans. (Anytwofunctions½ markeach,Sketchwithconstructionandworking03
Marks)
FunctionsofComfortHeatingSystem:
1.Toprovidethedesiredairtemperatureinsidethepassengercompartment.
2.Tocirculatethehotwaterfrom anengine.
3.Toheattheaircomingfrom outsideatmosphere.
4.Tocontrolthetemperaturebyusingtemperaturedoor.
5.Tocontroltheairflowbyusingairdoor.
6.Tosupplyheatedairontheinsideofwindshieldbyusingdefrosterdoor.

Figure:ComfortHeatingSystem
Construction&Working:
The comfortheating system in vehicle is able to provide desired air
temperatureinsidethevehicle.Itoperateswithventilatingsystem.Figure
showscomfortheatingsystem inavehicle.Itconsistsofheatercorewhich
isasmallradiatoraslikeengineradiator.Hotcoolantfrom theengineis
circulatingthroughthisheatercorebyusingenginewaterpump.Thisheats
theheatercore.Airfrom theoutsideflowsthroughtheheatercoreair
passages.Thisheatstheair.
Thisheatingsystem hasthreedoors-
1.Temperaturedoor-Itisusedtopermitmoreorlessairtoflow through
heatercorer.
2.Airdoor-Itcanbeoperatedtoallow fullairflow ornoairflow orany

Any
two

functions
½mark

each,
Sketchwith

construction
andworking

03Marks
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positioninbetween.
3.Defrosterdoor-Itcanbeusedtosupplytheheatedairontheinsideofthe
windshieldortotheoutletoftheheaterinthecar.
Allthesedoorsareoperatedmanuallybycontrolleversorknobsonthe
instrumentpanel.

6 AttemptanyFOURoftheFollowing 16
(a) Explaintheconstructionandworkingofremotebulb. 04

Ans. (SketchwithConstructionandworking04Marks)
ConstructionofRemoteBulb:
Figureshowsremotebulb.Oneendofcapillarytubeisconnectedtoremote
bulbandotherendisconnectedtothermostaticexpansionvalve.Aremote
bulbfilledwithrefrigerantsamelikerefrigerantinA/Csystem.Itislocatedat
evaporatoroutlet.

Figure:RemoteBulb.
WorkingofRemoteBulb:
Itmaintainspressureondiaphragm againstevaporatorpressureandspring
pressure.
Astemperatureofrefrigerantattheoutletofevaporatorincreases,the
temperatureintheremotebulbalsoincreasesandgetvaporizedandvapour
exertspressureondiaphragm anddiaphragm getopen.

Sketch
with

Construction
and

working
04Marks

(b) Listthevacuum operateddevicesusedincontrolsystem.Givethefunction
andlocationofcheckvalveandcheckrelay.

04

Ans. Vacuum OperatedDevices:
CheckValve
Function:Itallowsvacuum from controltoreachthevacuum motor.
Location:Checkvalveislocatedinthevacuum linebetweenthereservetank
andthevacuum source.
CheckRelay
Function:Itpreventsvacuum lossduringlow manifoldvacuum conditions
andmaintainthesufficientvacuum inthesystem modeoperationsduring
theseperiods
Location:

© Statethefunctionsof:
(i) HalideTorch.
(ii) NitrogenLeakTester.
(iii) GaugeCalibrationRecoveryUnit.
(iv) Vacuum Pump.

04

Ans. HalideTorch:Tofindoutthetypeofrefrigerantleakageinair-conditioning
system.
NitrogenLeakTester:Tofindouttheleakage,ifany,oftherefrigerantinair-
conditioningsystem.-
GaugeCalibrationRecoveryUnit:Tochargetheairconditioningsystem with
newrefrigerants.
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Vacuum Pump:Toremoverefrigerant,moisture&airfrom ACsystem
(d) ListthecommonfaultsoccursoncompressorofcarA/C.Suggestthe

remediesoverit.
04

Ans. (AnytwoFaultsandanytworemediesoverit01Markeach)
S.
N.

Faults Causes Remedies

1 Noisein
Compressor

1.Loosecomponents
2.Lackofoil
3.Piston
4.LooseFloorMounting.

1.Tightening
2.Replenishtheoillevel&
checkthebearing.
3.checkdebrisonpiston
4.Tighteningthebolts.

2 Compressor
notWorking

1.BrokenBelt
2.BrokenClutchWire
3.BadThermostat
4.BadClutchoil

1.ReplaceBelt
2.RepairWire
3.Repairit
4.Replace

3 Low
Compressor
Discharge
Pressure

1.Leakageinsystem
2.DefectiveExpansion
Valve
3.SuctionValveClosed

1.RepairLeakage.
2.RepairValve.
3.Openit.

4 High
Compressor
Discharge
Pressure

1.AirinSystem
2.CloggedCondenser
3.DischargeValve
Closed.

1.RechargeSystem.
2.CleanCondenser.
3.Openit.

5 LowSuction
Pressure

1.RefrigerantShortage.
2.WornCompresor
Piston
3.CompressorSuction
ValveLeakage.

1.AddRefrigerant
2.ReplaceCompressor.
3.ChangeValve.

6 HighSuction
Pressure

1.Looseexpansionvalve
2.OverchargedSystem
3.ExpansionValveStack
Open.

1.Tightit.
2.Removesome
Refrigerant
3.ReplaceExpansion
Valve

Any
two

Faults
and
any
two

remedies
overit

01Mark
each

(e) Listthecommonfaultsoccursincomfortheatingsystem.Suggestthe
remediesoverit.

04

Ans. (AnytwoCauseanditsRemedies01Markeach)
(1)LittleorNoHeat:

Causes:
a.Aircirculationnotenough.
b.Airintheheatercore.
c.Heatcoreisclogged
d.Thermostatofenginecoolingsystem isstuckopen.
Remedies:
a.Blowermotororswitchisatfault.Temperaturedoororcablemaybe
adjusted.Leakageofairfrom heaterhousingmaybestopped.
b.Bleedairout.
c.Coreshouldberepairedorreplaced.
d.Replacethethermostat.

Anytwo
Cause

and
itsRemedies

01Mark
each
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(2)DefrostingInsufficient:
Causes:
a.Controlcableofdefrostdoorisoutofadjustment.
b.Defrostoutletsblocked.
Remedies:
a.Cableshouldbereadjusted.
b.Removetheobstructions


