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Abstract

Asolarairheatinghaslowefficiencycomparedwiththesolarwaterheatingbecausetheheatcapacityoftheairissmall.Theheat

receivedbysolarcollectorplateisnotfullytransferredtotheairandthenapartofthembecamethelossestotheenvironmentthrough

conductionandconvectionprocess.Thisresearchisfocusingonadesignofbettercombinedmulti-purposedsystemsuggestedbyusand

aimstosecurethemoreefficientsolarenergyutilizationbycombiningthehotwaterandairheatingsystem.Theresultinthispaperhas

shownthattheproposeddesignhasbetterthermalperformancethanthatofthecommondesign.Furthermore,itwasfoundthatthe

performanceofthecombinedair-waterheatingsystemincreasestheefficiencyfrom30%to35%-40%.
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Nomenclatures

 =Cross-sectionalarea,m2

 =Transparentfrontalarea,m
2

 =Grosscollectorarea,m
2

 =Specificheat,J/(kg.°C)

 =Rateofusefulenergyextraction,W

 =Globalsolarirradiance,W/m
2

 =Solarcollectorheatremovalfactor,[-]

 =Transmittance,[-]

 =Absorptance,[-]

 =Heattransferlosscoefficient,W/m
2

=Temperatureinput,°C

=Temperatureoutput,°C

 =Ambientairtemperature,°C

 =Massflowrate,kg/s

1.Introduction

Solarairheatingsystemisatypeoftypical

solarenergysystemwhichcollectssolarenergy

and transformsitintothermalenergy.The

generalideaisthatwhileairisflowingthrough

asolarcollector,thetemperatureofairnaturally

canbeheatedbystrongsunlighting.Circulation

oftheairinthebuildingcanbedonebynatural

drivingforces(buoyancyeffect)orbyfanwhich

ismorecertain.Optionally thefan can be
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Figure1.Proposeddesignofthesolarheating

system

poweredbysolarcellmountedontheroof.

Conventional building heating schemes

mainly included boiler heating,heat pump

heating and solarenergy heating.With the

deteriorationofenergyshortageandenvironment

pollution,solarenergy can beused asthe

substitutionofconventionalenergyforbuilding

heatingandplaysanimportantroleinreducing

thedependenceonconventionalenergyresources

[1].

Preheatingofairsuppliedtobuildingshas

gainedmuchinterestsintherecentyears.The

advantageofthistechnologyisthatitischeap

andsimple.Itcanhelptogetridofmouldand

badsmellsaswellasincreasethetemperature

insidewithoutneedofadditionalheating.Inthis

waytheindoorenvironmentinthechambersuch

ashouseismaintainedonagoodlevelduring

thewinterseason.

Solarairheatinghaslowefficiencycompared

tothesolarwaterheatingbecausetheheat

capacityoftheairislow.Theheatreceivedby

solarcollectorplateisnotfullytransferredtothe

air,a partofthem become losses to the

environmentthroughconductionorconvection

process[2].Thisproblembecomesabackground

ofthisstudytodesignthemoreefficientsolar

energyutilizationforheatingapplication.

Themotivationofthisstudyistoimprove

theheatgainfrom theconventionalsolarair

heatingsystem bycombiningsolarairheater

withsolarwaterheater.Thesolarairheating

systemhaslowefficiencyduetoitslowthermal

capacity.

Thisgoalofthestudyistoimprovetheheat

gainofthesolarheatingsystem.Theairheating

system haslow efficiencybecausesomany

lossesduetoitslowthermalcapacity,therefore

thewaterheatingsystemisappliedtogetherto

utilize the losses.This study analyzes the

performanceofanewdesignofthesolarheating

system and alsoanalyzestheeffectofthe

operatingtemperatures.

2.ExperimentalMethod

TheASHRAE93-2003standardwasusedas

reference ofevaluation in this study.This

standarddescribestestmethodsforsteady-state

thermalperformanceofsolarheatingsystem.

Fig.1showsthedesignoftheproposedcollector

andFig.2showsthetestingconfigurationfor

thesolarheatingsystem

Figure2.Designoftheproposedcollector

Thethermalperformanceofacollectorcan

bedefinedbyfollowingequations:
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Figure3.Experimentalapparatusfortheoutdoor

Figure4.Solarradiationin10th,Dec2011

Fortheliquidheatingsystem,




 (1)     

     


 (2)

Thesolarcollectorefficiencyisdefinedas:

                                     

        
  

 (3)

Thentheefficiencyforanon-concentrating

collectorisgivenby;

   


 (4)      

 

  (5)

Fortheairheatingsystem,



 (6)

 


 (7)

 
 


 (8)

3.ExperimentalResults

The solar radiation atcold season 10,

December2011isplottedinFig.4.Thetotal

efficiency ofcombinedairandwaterheater

system then plotted in Fig.5.For each

comparison,thetotalefficiencyoftheairheater

systemareplottedasshowninFig.6.

TheEfficiencyofsingleairheatersystemis

around30%,butaftercombining withthewater

heater,thesystemefficiencyincreasedtoaround
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Figure5.Efficiencyoftheproposedsystem

Figure6.Efficiencyoftheairheatersystem

35%-40%.Theefficiencyincreasecausedby

heatlossoftheairheatersystemisabsorbedby

thewaterheatingsystem.Eventhewaterheater

systemneedspumptoactivatethesystem,but

stilltheenergygainishighertheenergyfor

activation.

4.Conclusions

Thisstudywasdonetoimprovethe

thermalefficiencyfrom theconventional

solarairheating system by making it

combined with water heater. The

combinedairheaterwith waterheater

increasesthethermalefficiencyfrom 30%

upto40% comparedtotheconventional

type.Even the water heater system

needspumptoactivatethesystem,but

stilltheenergygainisstillhigherthe

energyactivation.

Reference

1.Cai-huaLiang,,Xiao-songZhang,

Xiu-weiLi,Xia Zhu,Energy and

Buildings,Volume43,Issue9,September

2011,Pages2188-2196.

2.S.Jaisankar,J.Ananth,S.,Thulasi,

S.T.Jayasuthakar,K.N.Sheeba.,

RenewableandSustainableEnergy

Reviews,Volume15,Issue6,August

2011,Pages3045-3050

3.ASHRAE,ASHRAEStandard93-2003

-MethodsofTestingtodetermine

thetermalperformanceofsolarcollector,

2003.




