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Abstract—Arefrigerationandair

conditioningengineerworksoncommercial,

residential,publicandindustrialprojects,

includingtransportationandstorage.

Refrigeration isaprocessofremovingheat

from alow-temperaturereservoirand

transferringittoahigh-temperature

reservoir.A condenser isadeviceorunitused

to condense asubstancefrom its gaseous

state toits liquid state,bycoolingit.The latent

heat isgivenupbythesubstanceand

transferredtothesurroundingenvironment.

Condenserscanbemadeaccordingto

numerousdesigns,andcomeinmanysizes

rangingfrom rathersmalltoverylarge

(industrial-scaleunitsusedinplantprocesses).

Inthisprojectwewilldesigncondenserfins

with properdimensions and with different

materials.Thematerialoftubesismadeupof

copperand fins are varying with different

materialslikeAluminum 1100andAluminum

1050.TherefrigerantsvariedwillbeR12,R22

and R134.The refrigerants are used for

analysisoncondenserbyusingANSYSCFD

(Fluent)andmodelingofthecondensertubes

isdoneinSOLIDWORKS.CFDFluentisused

fortodeterminetheflowrate,temperatureand

velocityofrefrigerantflow.

ThematerialsconsideredfortubesareCopper

andmaterialconsideredforfinsareAluminum

alloys1100and1050.Therefrigerantsvaried

willbeR12,R22andR134.CFDanalysisis

done to determine temperature distribution

and heat transfer rates by varying the

refrigerants.Heattransferanalysisisdoneon

thecondensertoevaluatethebettermaterial.

From theanalysisresults,whencompared

the results for fin material between

Alu¬minum alloy 1100 and 1050, using

Aluminum alloy1050isbetter

Keywords—condensor,fins,refrigrents,alluminuim

alloys,CFD.

I. INTRODUCTION

A condenserisadeviceorunitusedto

condenseasubstancefrom itsgaseoustoits

liquidstate,bycoolingit.Insodoing,thelatent

heatisgivenupbythesubstance,andwill

transfertothecondensercoolant.Condensers

are typically heat exchangers which have

various designs and come in many sizes

rangingfrom rathersmall(hand-held)tovery
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large industrial-scale units used in plant

processes.Forexample,arefrigeratorusesa

condensertogetridofheatextractedfrom the

interior of the unit to the outside air.

Condensers are used in air conditioning,

industrial chemical processes such as

distillation,steam powerplantsandotherheat

-exchangesystems.Useofcoolingwateror

surroundingairasthecoolantiscommonin

manycondensers.

A condenser unit used in central air

conditioning systems typically has a heat

exchangersectiontocooldownandcondense

incoming refrigerant vapor into liquid, a

compressor to raise the pressure of the

refrigerantandmoveitalong,andafanfor

blowing outside air through the heat

exchanger section to coolthe refrigerant

inside.A typicalconfiguration of such a

condenser unit is as follows: The heat

exchangersectionwrapsaroundthesidesof

theunitwiththecompressorinside.Inthis

heatexchangersection,therefrigerantgoes

through multiple tube passes,which are

surroundedbyheattransferfinsthroughwhich

coolingaircanmovefrom outsidetoinside

theunit.Thereisamotorizedfaninsidethe

condenserunitnearthetop,whichiscovered

bysome grating to keep anyobjects from

accidentallyfallinginsideonthefan.Thefanis

usedtoblowtheoutsidecoolingairinthrough

theheatexchangesectionatthesidesandout

thetopthroughthegrating.

Thesecondenserunitsarelocatedonthe

outsideofthebuildingtheyaretryingtocool,

withtubingbetweentheunitandbuilding,one

forvaporrefrigerantenteringandanotherfor

liquidrefrigerantleavingtheunit.Ofcourse,an

electric power supply is needed for the

compressorandfaninsidetheunit.

Mostcommonusesforthiscondenserare

domesticrefrigerators,uprightfreezersandin

residentialpackagedairconditioningunits.A

greatfeatureoftheaircooledcondenseris

theyareveryeasyto clean.Sincedirtcan

cause serious issues with the condensers

performance,itishighlyrecommendedthat

thesebekeptclearofdirt.

Theideabehindtheproposedsystem isto

design optimi¬zation technique thatcan be

usefulinassessingthebestconfigurationofa

finned-tube condenser. Heat transfer by

convectioninaircooledcondensers.Modeling

isdoneinPro/Engineer.Heattransferanalysis

isdoneon thecon denserto evaluatethe

material and refrigerant. The mate¬rials

considered for tubes are Copper and

Aluminum al¬loy1100andforfinsare1050

and1100.TherefrigerantsvariedareR12,R

22 and R 134.3D modeling is done in

Pro/EngineerandanalysisisdoneinAnsys.

Aircooledcondensersareusedinsmall

units like house¬hold refrigerators, deep

freezers, water coolers, window air-

conditioners, split air-conditioners, small

packagedair-conditionersetc.Theseareused

inplantswherethecoolingloadissmalland

the totalquantityofthe refrig¬erantin the

refrigeration cycle is small. Air cooled

con¬densersarealsocalledcoilcondensers

as they are usually made of copper or

aluminum coil.Aircooledcondensersoccupy

a comparatively larger space than water

cooledcondensers.Inthepresentwork,the

performance analy¬sis of air cooled

condensing unithas been carried outby

varyingthefinmaterialandfinthickness.At

presentalu¬minum alloy204isbeingusedfor

fins.

Twofinmaterialsnamely,Aluminum alloys
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1100and1050wereconsideredtostudythe

effectoffin’s thermalconductivity on the

performanceofthecondenser.ProEngineeris

used to modelthe system. For thermal

analy¬sispurposeANSYSWorkssoftwareis

used.Consider¬ing differentfactors fora

condenser,suchasheattransfer,densityetc.,

andAluminum alloy1100isfoundtobethe

bestfinmaterial.

II. MODELLING

Materialsselected:-

Alluminium 1050

Thisalluminium 1050alloyusedinextrusion

orrolling.

This material having high electrical

conductivity&highcorrosionresistance.

Itisusedinmanufacturingofheatskinsithas

higherthermalconductivitythanotheralloys.

Itcanbestrengthenbycoldworking

Alluminium 1100

This alluminium 1100 is mechanically

strongestalloyintheseries

Itislightestalloycomparedtootherseries

Itishavinghighelectricalconductivity,thermal

conductivity,corrosion resistance & work

ability.

Itcanbestrengthenbycoldworking

Table1

MaterialpropertiesofAluminum 1050

Table2

MaterialpropertiesofAluminum 1100

Twofinmaterialsnamely,Aluminum

alloys1100and1050wereconsideredtostudy

theeffectoffin’sthermalconductivityonthe

performanceofthecondenser.ProEngineeris

used to modelthe system. For thermal

analy¬sispurposeANSYSWorkssoftwareis

used.Consider¬ing differentfactors fora

condenser,suchasheattransfer,densityetc.,

andAluminum alloy1100isfoundtobethe

bestfinmaterial.

III. CADMODELOFTUBESANDFINS

Figure1:Condensorfins

condensertubesaremadeofcoppershownin

abovefig and finsaremadeofalluminium

1050&1100alloys.

refrigrent flows R12,R22 & R134 through

coppertubes

Property Value

Density 2.71g/m3

MeltingPoint 650°C

ModulusofElasticity 71GPa

ThermalConductivity 222W/m.K

ThermalExpansion 24x10-6 /K

Property Value

Density 2.71g/cm3

MeltingPoint 689°C

Modulusof

Elasticity

74GPa

Thermal

Conductivity

218W/m.K

ThermalExpansion 23.6x10-6 /K
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Figure2:CondensorTubes

A condenseris a heatexchanger,

allowingcondensation,bymeansofgiving-off,

ortaking-inheatrespectivelyRefrigerantand

air will be physically separated, at air

conditioner condenser, and evaporator.

Therefore,heattransferoccursbymeansof

conduction.

ANSYS:

ANSYS is general-purpose finite element

analysissoftware,whichenablesengineersto

perform thefollowingtasks:

1. Build computermodelsortransferCAD

model of structures, products,

componentsorsystems

2. Apply operating loads orotherdesign

performanceconditions.

3. Study the physicalresponses such as

stresslevels,temperaturesdistributionsor

theimpactofelectromagneticfields.

4. Optimize a design early in the

development process to reduce

productioncosts.

5. A typical ANSYS analysis has three

distinctsteps.

6. PreProcessor(BuildtheModel).

Figure3:condenserfinsinansys

IV.LITRATUREREVIEW

P.Sathiamurthi,PSS.Srinivasan
1

energy

savingisoneofthekeyissues,notonlyfrom

theviewpointoffuelconsumptionbutalsofor

theprotectionofglobalenvironment.So,itis

imperative thata significantand concrete

effortshouldbemadeforconservingenergy

throughwasteheatrecoverytoo.Themain

objectiveofthispaperistostudyandanalyse

thefeasibilityofretrofitting thewasteheat

recoverysystem forhotwatergeneration.

N.Balaji, P.Suresh Mohan Kumar
2

., on

energysaving methods forairconditioning

havefocusedonlargechillersastheirsubject.

Amajorityoftheofficebuildings,classrooms

and residentialbuildings are equipped with

singlewindow airconditioningsystems.This

researchpaperdiscussesenergyconservation

inasingleWindowairConditionsystem.

V.MethodologyOfSoftware

 Createa3D modeloftheaccondenser

assemblyusingparametricsoftwarepro-

engineer.

 ConvertthesurfacemodelintoParasolid

fileandimportthemodelintoANSYSto

doanalysis

 Perform CFD analysis on the existing

modelofthe surface ac condenserfor

Velocityinlettofindoutthemassflow

rate,heattransferrate,pressuredrop.
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VI. RESULTS

ResultsofAluminum alloy1050&

1100

Temperature

Figure4:Temperature

TotalHeatFlux

Figure5:Totalheatflux
FinsAlluminium alloy1050

FinsAlluminium alloy1100

CFD analysis is done to determine

temperature distribution and heat transfer

ratesbyvaryingtherefrigerants.Heattransfer

analysisisdoneonthecondensertoevaluate

thebettermaterial.

From theanalysisresults,theheattransfer

rate is more when refrigerantR22 is used

sinceheatfluxismore..Whencomparedthe

resultsforfin materialbetween Alu¬minum

alloy1100 and 1050,using Aluminum alloy

1050isbetter.Heattransferanalysisisdone

onthecondensertoevaluatethematerialand

refrigerant.

VII. CONCLUSION

.The materials considered fortubes are

Copperandmaterialconsideredforfinsare

Aluminum alloys1100and1050.

TherefrigerantsvariedwillbeR12,R22and

R134.CFD analysis is done to determine

temperature distribution and heat transfer

ratesbyvaryingtherefrigerants.

Heat transfer analysis is done on the

condensertoevaluatethebettermaterial.

From theanalysisresults,theheattransfer

rate is more when refrigerantR22 is used

sinceheatfluxismore..Whencomparedthe

resultsforfin materialbetween Alu¬minum

alloy1100 and 1050,using Aluminum alloy

1050isbetter.Heattransferanalysisisdone

onthecondensertoevaluatethematerialand

refrigerant.
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