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Abst Aactconditioning is viewed as a major energy consuming ar
vation is effectively possible in air conditioners thdy ceomplrceysi-n
sor | oad. This paper presents an investigative reportbAomartyhe
mi xture of eHPOYy|l end wlayeol i 6Cused as the base fluid in the she
centratH@nnoba<€e fl uid, type o@asdspMgO@iedf haworpaetofl eaanpoAl ui
and he volume fraction of nano particlesgpatdoghbhoaénatrormayexae

and esponse surface plots are generated to observeustemedeedf fienct

u
r
t

performance (CORPlasefd dobemesbanoflauirdconditioner is estimdebkd as
r

a binary mixt jHg Oei swiftohu n2d@ .t605 % npr ove t he system performance ( COF

Key woQpdtsi: ma | performance, Nanofl ui d, Il ntercool er, Air conditi on
HIGHLIGHTS | mprovement in the Coefficient of
. condi tioni n system, l eadin t 8

L I nformative report on opthgwgij fpfeerrfeodgm{:lﬁyeeneecveaslsuaart|olrfrgoe? a
nanofbausiedds i nt er c oo I-ti ynpge i ani rdomlmenrsvdeiis(gciliosr%ltllton | roved Zner e
er using Taguchi based response gurafi%rcecénﬁélhtolc?rllglgg/. can ogfyfer
L ;dIOA was wused to conduct thec)éoEeSranrtn}aonnce ﬁ‘.y]?lsuaitsionoféii Ie W
(reduced number of experimenltﬁtclrgggeqcorg'po%rlﬁdngtoca%%p%iPﬁe red .
wi t h Fradltlonal .RSM)' applicat.ioq of i teIIigeent el ectr
L Opti mal nanofl uid parametercs r%rreesdslosrc 8)s(legl %mOfefrart utrrée 08 S S€
guidelines for energy conservagé%n(.:an be an i.m rgssive met hod
L Research findings contribu{e{eficoiepC mot(%altatl.epl a%Qliglatioznoslfsj
these nanofluid based intercoal ers POY energ conservat.i on_.a
compression cycl emp | df R "aid

effective heat transfer enhtaon(:Ifeemmeonvte |hneyla(i?l{en?grrl](zi)a/1 ioq_%reste
(residential) and food processing industries. .
towe€r with exi s§ting condenser uni

1. INTRODUCTION evaporator filler materi al i s o]
: significantly (Hu and Huang 2005)
The reduction of greenhouse amids pieon oirmamcmajiomprolvalmeangaed sl yail
i n front of engineers and af | uit ed! celrlewal opreomed unide dr esst g aurca hu.r
the condenser (Hajidavalloo 2007)

*To whom correspondencedrsthalud jdi 1b%7 7a@rde eRBrdk il IEEh 0N Of indirect evapor at
coolant, stored in a separate tan
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NOMENCLATURES =
SCHE Shell and coil type hg¢at— clhahger 2 L
= ) 4 == :
COP Coefficient of perflor ma | :
ZARINRRRNINAN N A |
RTD Resistance temperatilurg detec|t or” f‘_l ' ;
FESEM Field emission scanninng el ecftror i
EDX Enendgyperaiye@eX¥ctroscop T
V V ol t a g e Indoor unit i
Outdoor unit -I:
| Current ;
H E nt h al p y 1. Compressor inlet 2. ST-HEX inlet CHR Enhancement 2 E
3. STHEX ou_!lef 4. Condenser system ;
W Wor k done ey :
. . 9. Coolant tank 10. Coolant pump H
Qc Cooling capacity 10 ;
Mr e f Mass flow rate of refrigerant

ANOVA Analysis of wvariandge Figu$Sehdmatic arrangement of the

RS M Response surface methodol ogy

systems (Loai za, Pruzaesky and Pe

ethylene glycol mi xed with deioni
in COP, accompanied by a redupai bincli @s ploiwlke siohiscoampandnall Jmissa
2011) . Mat hemati cal model s pcrcedidttiongi nd es yhsetag mse x(cRhaafnagtei , i MHa a
direct evaporative cooler canPdsi tuiseerd tdepepnddntt malgeredorcdiftiieoln
existing in a system (Hassamar aoder Hamnasls, an20 1lh2e)at tAmansf er
evapotranspiration condenser dddiftoiuonndalt ov alnucmee afsrea dthieonh e@ft nan
coefficient c o ntpoaorleedd tcoondaensange tohferReédwl ei gh number (Soltan
i mproving the performance of Mdhtel agh, cd2BEbthbbAkhiawarspast ed0LShu
Sato, 2013). A structure with Icreldphietudomesi ac 2&d st arsstbi@t laesd erie
of air condenser is observedand adrshegllabaontd eaili mpypeemeat ie

energy savings (Hajidavall oo eamdo¥fgtiteBari enlR8d6i) ng Atnh ea nhad ayts i

and prediction of energy salviimagr yi mi xtewri e emft iatthyb einledigh ¢ c ali
conditioner has proved the hiaghetrheefshelilenciyde fc ovalt a3iH00 aibh e dv
air conditioner compared to akmasae rflcwiod,edt ppe ©EC€hguasmpttendlig@n dn aY
2008). An alternative refrigefrlamitd ifsl pwopatsedat hsbabh BsBirdeverfs
and exergy analysis for enhancfinganbhep&Oti ¢ Mastaye Phdmdopmbhan
and Senthil kumar , 2013). A pemdmaenanfc eS@h R | iyrsti esr d amo Imd rc raan ¢ hamm
evaporator designs has shown ithheai mpeconhndnteéeooaf ngerstyist¢ &Ilmsi. n dMoidre
angle of evaporator for an i mphreosvee dp ehreaame tterrasnsif ®r esaesti al c 0 m
(Mal vandi and Ganji, 2015). Taguchi met hod of experimentation
A mixture of two refrigeranteffcaanmt ionffprpaeaméeeheadnt tdres frers pt
single conventional refrigergrnegy @&ahebney (afmhdanperdi,nc iSpalduc o mprodch e
Masjuki, 2014) . A typically moidredtlieddn aof @anmdinteit®@misn g( Adall d rnags

incorporating an enthalpy he2t0lé&Ych&®&eg@eonsansal sac & umetth mdco | wi
i mproved energy -Wakedi andy Bé hoads auf s, e2dB lt3g .f or m a quadratic model
Addi tion of splitter vanes i mpethmerxalst dogmaspst(Adsal aFrasa@n wi tSh
suspended nano particles i n t2hOel absa s eS afnltuhiadn aiksu mfaog ured tad .i MPrldy)
heat transfer performance ( Waange pShoearsg f and s tNimayinrag t2h0el 4r)el at
Suspension of nano particles iimpuei glatr aimeaet s o n(sAdfarloanm als.aOn5 %S a
0.3 % can offer better convec2t0Oilvseb)heat transfer characteristioc

enhancement in the convectiveThpeergowaranc@nsiusmpoboar wdd cbomprbes
similar to one reported in walulci agnttrhel loepde rsay s tneggmsp r(eGusputrae, ok u
and Aror a, 2015) . Di f.0¢er €nt0 mRadopeaedtirefes gé¢Cant Al emper atur e a

Ti O) at di fferent vol ume fr dateischinswaaerd/ tpaap twatl er dfioarmeeveapsor a
observed to enhance the enerignyg dfiftieciagmnucye. i Howevercohdomi anicr



Optimal Performance Analysis of Energy Efficient Residential Air Conditioning System with Nanofluid-based Intercooler using Taguchi-based 143
Response Surface Methodology /J. New Mat. Electrochem. Systems

SCHE intercooler

Pressure gauge

Micro controller-
based Temperature
indicator

-
ERT 20000 Sgmet A» e Corefoenm ity by (ore

- ®
WO=DArem  Meg=309C2€X Subyeures Unbardy

Fi guPleoR2ographic view of exper':"

served that us age Hglba md,CbHansa ray

fluid and condenser side cool g Fur tt
usage of nanofluids as cool an i cati or
Taguchi based response surface dictin
the opti mal parameters and he ail abl
Il iterature. Hence the present nvest.i
in performance i-agpndv Mgp©ntbased

ids in SCHE i nttegrmpeoodoemesdfi ca 4

empl oy2izngasR refrigerant.

2. EXPERIMENTATION -l el et ®

The section di scl oaes etmipéoyelgqberfféogwggMalmsq nano, particles
performance evaluati on, type o] | ah of 6” domi nan't
parameters chosen for |nvest|(; )ti% Umirhg exper|mental design
procedure involving Taguchi s orthogonal array is also present

2.1. Experimental set-up

A sphpe domestic air condltiro%oeq'r(q_'@enl\lakoe C308M5P" Ae2S75303 7 (()Bal aj i
with a cooling capacity of 18,Td¢0 rBetur/'hgrer""sntcheoxspeenr'feonceﬁer"’\‘oﬁ:r
the experimentations. D2Re nNefFPﬁPQaé‘tséHP empbyY®yapd jfsin@lly to th
system power rating of 1850 W hernd&l 'scthlernPahd e theracn NetnfeMsSt e o fi St
experi mental setup shown i-uqu)b%'}aenglerantdopﬁsmeﬁﬁaﬁl%eofhetaﬁe osfe t
shown in Figure 2. The excpoann"selcot'Vvealtheerln‘@datleocﬁsbett\ﬁ@erﬁlﬂﬁn
ndenser and inlet of evapordaiteMt ofpleSraantiensd ont Menef 100 o'sd tt&e &fi

is

co

compressor in the outdoor unf€aP&aRetWonWho|Csh ENsAiresc P @iPEiMor
unit are av-dobmblaitn cbmpln3|anngk o(fC53tF}+ae)C'"\1/&adeor%ftoFVC Beurdon
coil and blower fan inside t hHE Do @é“dcoodjlweecf med & ' p W g d's el
up utilizes a SCHE |ntercoolséjrrefF‘f‘f’eﬂo"beert\AFeoerhsuén(ﬂ’ﬁd@ﬁsé“rea%‘hH‘
compressor . For condenser siUfednbat mMeqSelcriiingdn t 8/fhd #MPRERE UT
mi xt upHRO, @i bCHi s used as coozzuﬂtro(msﬁé"'lel rs‘alfd'é)gearrf"d”"[R's absorbed
is used as refrigerant (tube'é‘l @)e hehbcabvePtys off tHGHEy o r )t
empl oying the nanofluids for transfer in intercool er. i
refrigerant i s passed througthNﬂnOﬂﬁ“él oppe _tuge _(extern
di amédt &r mm and |n'1te8n|antn)daamegié%t%‘%??lglu'd IS m|xe h nan
stainless steel (Grade 3041L) N e&s el 4 als® fhorm§hneaInIOfrha ds 01
intercooler decreases the prels uy R ?at?%l b ? B PRQOB%b

condenser, assisting i n a r(ebdunc""erdy Imgegztan gr ﬂt pfrfeesrsure pth
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FiguEbX4test on MgO nano partiFclgeumag®etic stirring of MgO base

the alumina and magnesium oxl dwei manotfdge ss addki npgr etphaer eddi swietrhs
di fferent concentrations takitng ulnttroa saccrciofuincta ttihoen ifnodri vl 2401 athi n,n
of both base fluid and nano ppaarrttiicclleess oasnodi itffairgiahtreifronuifaoirae2 4 Onpmic
ment s ((Bal aj i et al . 2015, Rhanr asndl| tdiancgo bnianef | @il d n2iOx1t2u)r.eT hi
FESEM i mages show the nano ptaor tdrcd tlerse ussteabiiln t gpr dpar idwugr atth e n
nanofluids (Figure 3). The siRave®dghinaelhmpalvtail2uleks3)ods ed fiexctiimvet lv
of 50 nm to &ndmMg QO hmrammd par t2i0cH4efse ,a r Sea etdeosdti end, and Maheobdive P
for purity and wuniformity incomdutcRBbwgh gmb(dbref @adeh tdte akrepandt
nanofluids(Scherrer 1918). Mahmoodif,or20di4f)f erent concentratic
The el ement al analysis (EDXpepst ismatead ousnerdg twa réd nmsusd)ep r lmnglneama
purity |l evels of both the nansohopnanr tiinc|Teasb.l eThile report of EDX t e
MgOnano particles is disclosedhirs Rippurach. iadi utno dboed eaclyd e rbveenc

zenesul fonate (SDB) is added mesntaaldiwgleressandoitrociidmrwivteh tthlee sa
ity of nanofluids (Bal aj.i et nmdnt a2t0ilo5n) .i ST heomrcdwdtienduoiurs a&i r ebhas
nanofl uids, along with the presnancne unfch8bBe@nsbhowsvear paml|l bnge
settling ti me. Regul ar usage w€r vsey sttheem vianr iraetsiiodnesn taifatle rs eac tparro | w
the prevention of settling as well.The preparation includes ¢t}

TabllEef fecti pbysheamoproperties of nano particles and nanofl uids

SI . No Nano particles Thermal conductivity K (W mK)
1 A }Os 36
2 Mg O 48
Nano particNanof | uCHOr 1Y) i o Volume fraction of Kngnw mKgr Qi(cKige sm. (s%)
20: 80 0.25 0.4089 0.00249
20: 80 0.5 0.4119 0.002514
20: 80 0.75 0.4148 0.00260
A 4O 30:70 0.25 0.3783 0.00385
30:70 0.5 0.3810 0.00393
30:70 0.75 0.3838 0.00401
40:60 0.25 0.3473 0.00520
40: 60 0.5 0.3498 0.00531
40:60 0.75 0.3523 0.0054
Nano particNanof | uGHO )i o (Volume fraction of Kngn mKgr Qi Klige sm. (s%)
20: 80 0.25 0.4089 0.00246
20: 80 0.5 0.4119 0.0025
20: 80 0.75 0.4149 0.0025
30:70 0.25 0.3783 0.00380
Mg O 30:70 0.5 0.3811 0.0038
30:70 0.75 0.3839 0.00385
40: 60 0.25 0.3473 0.005114
40: 60 0.5 0.3498 0.00517
40: 60 0.75 0.3524 0.0052
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estimated as t he response for %

Wnf satcheior = (1 + 230 + 6,507 )y (1l)parameters and the trials are col
effects of extraneous factors (A
Mnfwang = (1 +7.30 + 12307 (2)Raj mohan, 2015a; Sant hanakumar et
) ) o values are I|isted in Table 2 al or
K _ Bp+le-Ukpr 20811 (ke - kp) refrigeration effect.
L T N bf (3) . . . .
kp +lB— LU hpr+BlRpr—kp) The air conditioner is switched

. . . i effect, and the measur emen
WhernesOthenanofIU|df|esffbeaf5te|vfdeqﬁddesr%at it o (|On|t|a| set point) o

cosity, o is the el uame cedri(e%‘qtgrgaet%@ 'Hmi%lter reaching a tempe
conductivityyaef thandfhleuimd,l K:eﬂgugbby bt YoRTti"nBd % f the compres

parti cylies anadseK fl ui d ther mal Ceqr‘fdeuco(t'vétyrecorded bet ween t he
23.E . ¢al desi d d temperature. System efficiency i m
. xperimenta esign and procedure . . ,

. . ) reduction in the compressor oper |

A binary iOxanudCGHiosf uGed as thern l?%se f|lljld [ P P .
. . comp ssor oad ?BaIaA et al 20

SCHE intercool er . The inter cr%oler yging, & c t ch i.s

. . - e performance ot the system i

mi xture of -waeezi moghdmatnagrii al s Ilke ethylene quco

. : g ) cal cul ated’ from h’e empe ur e a

with different ratio is obse egl t7 R 4duced con5|d ai)

. . o u t|—02ns r( used_ 't fi ﬁ{l §
cooling time (Balaji and Sure(s OF;T}Oh n kumar, 2013) . e v me
concent rGHQioma sef f | ui d, type of suspended nano
parti cOseasnd( AMg O) , fluid flow Thtﬁ{ﬁtﬁ’rﬁcdﬁ‘nﬁ?perﬁ?{ﬂ"jl 11_,%Wﬂd_|e of
intercooler and the vol ume _||_ﬂ}.n {p_ﬁpg‘lj?)artlcles drde) chos

. W W + 1, Tcosg oA
t he domi nant par ameters fpgr Trmen Taguchi 6s L
orthogonal array (mixed) 1is 1p t cond the trial runs
parameters and their Ilevels F'Séf{”"“"'ﬁt@%fﬁgf‘"‘gﬁ"%ﬂgmﬂﬂ;}ﬁn t he (e5xistin
l'iterature (Bal aji et al . 2011:§'Epmpa'rPéth—§'ft]|, Hami di and Shari‘ati N
2012; Soltanipour, Khalilarya and Yekani Mot |l agh, 2016;
Ak ha-Bahabadi et al . 2015; Ruan and Jacobi, 2012) . The COP i s
Table 2. Parameter combinations and obtained response (COP) va
Vol ume . om essoReWwoilgeration. effect
. Type ofcnauentravollounmeoffraFCIto'mnrath?%‘ KJ/ Kg( Re) KJ/ Kg coP
Tri al pano par tNandaesflu
parti «ClHeOsi nbase 0/v/v) (LPM)
( %v/ v) R1 R 2 R1 R2 R1 R2

1 20 0.25 1.5 33.4533.56169.90D70.04.6824.678

2 20 0.5 2.5 29.6429.78170.2%70.35.8585.861

3 20 0.75 3.5 27.4427 .56171.6271.95. 4705. 480

4 30 0.25 1.5 33.0033.12170.38B69.908.8864.847

5 A }Os 30 0.5 2.5 29.0029.38170.6B870.28. 7475.752

6 30 0.75 3.5 27.0527.3072.6072.0%. 4545. 4314

7 40 0.25 2.5 29.8129.60070.1069.85.5745. 567

8 40 0.5 3.5 28.6028.51172.0071.95. 4355. 446

9 40 0.75 1.5 30.3030.40171.4071.35.2305.242

10 20 0.25 3.5 28.6028.86171.6071.45.5545. 546

11 20 0.5 1.5 30.0129.80170.5069.85.4665. 463

12 20 0.75 2.5 27.5027.76172.50D71.98. 9755. 963

13 30 0.25 2.5 29.8030.01172.2071.983.8425. 779

14 Mg O 30 0.5 3.5 25.4525.20172.6D72.28.1546. 122

15 30 0.75 1.5 29.0129.35172.5072.36.5736.598

16 40 0.25 3.5 28.4028.6071.8071.65.9105.9114

17 40 0.5 1.5 29.4029.2072.0071.85.8705.863

18 40 0.75 2.5 27.4027.2072.8072.56.0416. 034
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Steprédict the opti mal par ameter
Coolingcapacity = @, = my.s(H, — Hy) (6)ana l'ysis. _ )
StepPebform t he confirmation t e:
proposed approach.
CGP:QC.'{I.L'T (7)
4. RESULTS AND DISCUSSION
Wh e WgompS the comira&ssdrhewdraln, wor
WounpS the pumpHrMio sk t ihe IéW.thaIf)‘ C'éhﬂc“ﬁo eéf"rﬁ(’l?

. e G me t trial s;g@arreayx.ond
compressor HKH,I Kgtke amange A h&n e ﬂ}) A I|1 1e
evaporator (KJ/Kg.K). entra comp05|te design (CCD)

generally used with R&Mr agchei gse
3. PROCEDURE FOR SELECTING THE OPTI- decrease the number of experiment
MAL NANOFLUID PARAMETERS USINGRsM °f analysis, a mathematical model

fraction of nano particles and f
Response sur face met hodol ogyualds atdi ¢S tntdiedt iicsald e BtbdAP @anrf@ifd b
generating a model , linkingvygdihee i(npPriuetdi epeamet e myi wdttihngt htene
responses. The method invol Vveentchee gewmied atrodre | &f #r enalghe@abipe
mod el and response surface plosfferehRedtensi Hgddesti ymdigxdp eqft

Ssystem. RS M involving t he mebkPwWphRE@semntters i d SEqogep8falahy Eq
suppl emented by the desirabiIti,tiya|anraég/§|itssfor predicting the o
| evel (Adal arasan, Santhanakumar i mohan, 2015a'
Santhanakumar et al. 16) . COP Z(DS)AI-S: 76156 *+0 29362* B +10. 2¢
Stefohstruct a mat hemat i cal ;nggé£ dgé?a}}%ﬁ 596%()%’82;5&@%%?95%2&)'!3
second order J/cubic equatlon)+B g l;l&g*aDsu antlal
to understand the system behaV|our.

StegoBduct the variance analGOPi s( MEBANOAPAY 2 t+dD . St/ ¢4 thB +10.0¢
significance of nanofl uid paf‘“émé?ér’méz% B3-G4*h% 7rs 08 ﬁ@&%gﬁ)@ion
affecting the system performan% ' SOOQ*iBlgOZGCGfD g G065 D
Stepl 8t the interaction grap Q oebserve the individual and
interaction effects of the parameters chosen for study.

Tabl e 3. ANOVA resul t

Source Sum of sdOegreses ofMdarmresdwom ofF sqalauepval ue
Mo de l 6.91 17 0.41 1736.3 < 0.00012
A-Type of nano particles0.079 1 0.079 337.5 < 0.0001
B-Vol ume ¢ on cCHgObirbaatsieo nf loufd .d0 9 9 1 0.099 421.07 < 0.0001
CVolume fraction of nand. 8P ticl esl 3. 80FE 16.61 0.0007
D-FIl ow rate of nanofluidO. 26 1 0.26 1111.56< 0.0001
AB 0.22 1 0.22 936.75 < 0.0001
AC 0.27 1 0.27 1159.89< 0.0001
AD 0.18 1 0.18 768.37 < 0.0001
BC 0.057 1 0.057 244. 09 < 0.0001
B D 3. 0AE 1 3. 0E 1. 20FE 0.9718
CD 0.89 1 0.89 3781.56< 0.0001
B? 0.57 1 0.57 2443.2 < 0.0001
c? 0.026 1 0.026 112.37 < 0.00012
D? 9. 20& 1 9. 200 &E 3.96 0.062
ABC 3. 3BFE 1 3. 3BFE 14. 45 0.0013
ACD 0.06 1 0.06 258.19 < 0.0001
BCD 0.023 1 0.023 100.36 < 0.0001
AC 0.036 1 0.036 151.77 < 0.0001
Pure Error 4. 2 FE 18 2. 30&E

Cor Tot al 6.91 35
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9 560 — =
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// 4678 —
T T T T T
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4.60 — C: Volume fraction of nano particles (%)
T T T T T
468 5.16 564 612 6.60 . A: Type of nano particles ~ ® A1ARO3
6.5983 — Actual Factors A AZ 19O
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C: Volume fraction of nano particles = 0.50 %
Figutae) 6Resi dual plot (b) plot Ll [ smwo =& || g COP
values /
-9 ;"
o 56381 //
-
4.2. Analysis of variance r//- ATAROS
Analysis of variance is perfo 3% of model
coefficients and fitness of ge ing the
among the inputs and COP. The 4678 in
T g bl Q .3-v alTuhee (FL736. 43) _ gi v e_s t L s . - =t
significance and the significal D: Flow rate of nanofluid (LPM) own by
"walue" (less thaml@WedF)r ThHhe ciugwwr wvu o
due to uncontrollable factors is | esser (0. 01%) The first or
i nput parameters A, B, C andFD irnE%ractlo rms AB, AC, AD,
I | . .
BC and CD, second order of ter'ms"ig® dacd 24 pL?ﬁs interacti or

ABC, ACD and BCD are observed to be S|gn|ficat from the
results of ANOVAsqUheedl vatones$¢00B9R to one

(Tabl e 4), presents a good dedgirsecer i onfi nfaitti menss Tbhheet weNQVA htalglkae:t
cubic model and the obtained ademgearnraicmemmtfalt hedatcaibi Thenodej ugttacer
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4.3. Interaction plots and response surface graphs
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FiguRes@Bonse surface plots



