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Experimental Investigation of Using Water and Ethylene Glycol as Coolants in a
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, the effects of using pure water, water/ethylene glycol mixture with 50:50 wt% and pure
Received 29 August 2017 ethylene glycol as the working fluids on the energy and exergy efficiencies of a photovoltaic thermal
Accepted 08 October 2017 (PVT) system are experimentally investigated. Moreover, the performance of the PVT systems are

Available Online 02 November 2017 compared with a conventional photovoltaic (PV) system. The experiments are performed on a selected

day in August at the Ferdowsi University of Mashhad, Mashhad, Iran (Latitude: 36° and Longitude:

Keywords: A . . N ! .

Photovoltaic Thermal System 59°). The investigated parameters in this study are: the photovoltaic cells temperature; output electrical

Water/Ethylene Glycol Mixture and thermal powers; electrical and thermal energy efficiencies; output electrical and thermal exergies;

Energy and Exergy Analysis and electrical and thermal exergy efficiencies. Based on the results, the PVT system with water/ethylene
glycol mixture increases the output electrical power by about 5.41 % compared to that of the PV
system. Furthermore, the results indicate that using pure water in the PVT system enhances electrical
and thermal energy efficiencies compared to those of pure ethylene glycol and water/ethylene glycol
mixture, whereas the overall exergy efficiency of PVT systems with pure water and water/ethylene
glycol mixture working fluids are approximately same.

2] gariyer logSimmicl 1 ot s sl Se, Sl ales douio -1

g ce ool [4] suiyes slaglr! 5 [B] sos e slapsSis 5 (hd slocsaw Gl aie) )0 dszge Gl G S 4 o5l
S5 peiae oo jshite 4 gadyen lapianw glgl 51 s (SO Sesliiul a8 Jaorecn; OMSEe 500 Bb 5l 5 mlie slacgdgase
50 i (PV)' Solgsid gl o oSl (5550 4 a5 ils Syt 4z g 090 (Gowdys> (851 Sl eslaiul ol g 0 S sw ()l

) 09555 wolie sl st sl 5 ol a3 ool 455,55

* photovoltaic

Please cite this article using: 2 Lod o3l Jod &yl 1 o ol & gla (610
M. Hosseinzadeh, A. Kazemian, M. Sardarabadi, M. Passandideh-Fard, Experimental Investigation of Using Water and Ethylene Glycol as Coolants in a Photovoltaic Thermal System,
Modares Mechanical Engineering, Vol. 17, No. 11, pp. 12-20, 2018 (in Persian)


http://mjmec.ir/

Ve 9 03y Joxo

,_,'u')l);._E_A_gl.ﬂg,ﬁ'niuwJﬂ)éowhﬁi'}olpqu,wwlg.._'leuéLiKmI\,g):_ﬁum)).g

P oy l; g_j -(Zn0) &9y A*MS‘ 9 g_j —(TiOy) lng,uLu.J J......S‘ “_)—‘
ST sl b s 318 L5 LT sy yp 30,5 sy |, 0.20
o J ool 1 (SysUl 65,581 5 5 003k cn i ol —pauilis
Sl 65551 5 3 003k ytier T =55y ST Sl b s
5 osliial 31 s g sode Oyge 4 [10] lKes 5 g Sl I,
1152 8 Jlom b (5> Salilysi i 3,5kos  (slaind iy
Glads b 5l eolaiul a5 ol lis )] gl aisls )13 w350
551005k 9 RalS 1) (S 38Ul (5550 o3l ()l Saldggid g 5o
Do 4 [20] lSen 5 o amd e P ) e Sl
6 Jo b 5l Slilysid i K 55,551 5 (55, o0 (s30e
5 58l A5 eosl ol i bl mls aisls 18 dalllas o )5e 1y Isa
5 Jhw b ) Salidgsis pitame S 5, Shoe (308 &9 4 [21]
s 51y 033l a5 ols lias o] gl aisls 1E ) 00 |,
7 @ S bl przes e G b s o0 GBI L
Pedise dpder g S5 65,551 003l ol o 4T Wo S by e
SESIS s A 3,Skee 6 Sge & (221 OB g loleusgd
e 3 (Jyere Sallggid pianw o G5 Jhw b god >
laoy] wis,S amslin K0S bl OF )5 Jho b 5> Slsss
S s Sl ot Gl Sldys pitass &5 W0 S osalie
O)an g (2 0,00 ouls axlllas Gl gt plo 4 Cond |, IS 280 5o
B oghmaga i () Salllgsth s Sy 8,Skes (225 O)90 4 [23]
sles &S 50 0 0l olis lagl bt is S w1y 0T 6,5 L b
003b il ailje, les uSibee plp LeSIS 4 (689,9 cuiS s ol
Salggd s S 4 Cond 8% (e @ gl )l 655
5 Shble wwyoe 40% Jlade & 5wl mlBl Jgere (shewge
o S 0 Shoe adllas 4 o2 g (GO0 Djgo A [24] ol Sen
o 8lee fuizmen Lol s, O )5 Jlw b 5l Soldggd
byl 05 dugliin gy SIS S L1 (), Sealidggid pliancens
SISy Gl Sallegl e )l 551 033k Wo S cvmline
003b axs F ass lag)] .ol 71.50% 4 58.70% oSy 4 (o ye>
s 5 52 ool 1369% 5> Saldssid w650
5 5l eojl p ke sl Sl 28 5 sove Sype 4 [25]
sar 950 [ ol 65 Jhw b ()l Saldsgid slaptans 65,55
Salgsis Jsho 03l ol anlllae 1o 00d sy sl yall isls )3
sloo g ol S by b ol Jlw o0 (20 S bey s
s & Gl idg 098] 45 Ws S cvalin o] g luse
5 655 033k 5 RIBN) s (IS 550 003k ()l Seuldges
B by (oo g Ostmge i ()l Sllygds slaptane o,Slee
&5l 003l iy ols i o] sy iols 13 aalllas 5550 1) O
5% 5 15% iy 4 (o (ol Seldegd g (Sl g (S0l
oS 55,551 003k g (o xSl (65550 003l 4 0B 5 ass la ] Ll

ol s 9w g 5 pimes 51 2,57 9 3% (A ooy o

® Thermosyphon
6 Packing factor

13

Sebies iz (B3 sad e (5551 90% Sgu> Suldgsid slaptasn
5 Goeyes sladole g5 & 4z g b gt ol 0jb &5 s [5]
HB u cpl b 6] el jiis 17% 4% (o cpianes 0,515 Layl s
ol EMas Gl (S ogdiee b LS a8l 655 ) s
29 sk Sl az s Gl Jdo 4 (S0l essl malS ot
o33k aid ) & jge ladllas wluly [7] col T30 e 5Ly cdl ases
S Gl b (FSbns Talliny S S5 slo sk b Spllpid gloetinns
Sae sl ol 31 3,k 5l 8] wb e Laals 0.45% ol S sole 4>y
D o o] Jisls w8 15 Sl Glleg cov @b ol;
o (omibsl Caenl Sulggs slaasly 3,8 S oplplo 9] o5
solizal PVT) (3,12 Seolidgsnd slapts I plgion sl (nl & a5
2,5

Saldsgd Glaptans 5l (55 (SHl Soldegs slapiars
5 S5l plespn wdg sk 4 (Sl slayeslS 5 (Jgese
w9 Sl glaasly 5l plospe eolitul siiee ola)S
ros Jsbo (Rl ez 53 5 b obe sled (falS wuld Jlisl slas als
Defen pees (Gl 9 (SIS el Gl 8 g ptens
1970 ans Lulyl 5 )l Soldsgid slopimms p Slillhs (piasds
@ 3b Sl 5 (225 soue slagiagy 0L [10] Cénd, )50
£y dhox Sl gl S Slas At Jolge Sl o) sl
Ll (18] 55515 £33 012 55 Jlw 5 11] 50ty sla ol
sl 4285 & j50 [14] 055 e

5 Ul eaBge waz g b (6 5 SEE wlp s ead esliad Jlw
wlasle) Slule IS aiws aw a1y 5l lgs o0 g 009 Dglaie 0 )5 45
S5 eslitl 058 Gty BOT 5 (5255 b5 192 (sl 5 900
20® nlae g bl (Gl Sulggd e ;0 0nd ol VL
JES! Ol o 05 bl 92 )5 Jlw b slapins culas 35l
l9p ol (ol calas oyl g ple)S ced)l Jds 4 Jobe 5l o)l >
Sl! dgn ol I s w0 Teme Jll Gl oo YU [15]
2 L Sllug sgrg ¢ [16] Toa cuts Gyl 5l piew YL )l
o cl S5 bl axies [17] e oS TS a2 s @ e
S Jbw b (5l Sealdagid s 035l (A8 o 0ud3l Julge
Sl Jlw b lapmacs 5o Jsbo 5ol JUid e Nish e l90
Ides Sl Sl cpe g @l Sl pog b s @
9 S Grizmen J16] col inlee )5 Sl b slaptens
bz o5 o2 5 Jbw YL Sil> e 0 @ et )3 Led Sllag
[17) sz OT )5 Jlow b (slapianns sbl3e ;500 5

9 &5 B 99 5l Wl se (5> Sulgyd slapiuw o Slee
o asbie 4 ook slategh (L 0T I8 asllls 550 (535,55
aB)S Ojge it )5 b b (Gl Sealdgsnd slapis o,Slos
Soptam 8,Sles (syg0 Alin o e [12] o Ken 5 Guds o
anllls 1) 5500 5 158 5 Ol o 0l )5 o b (5> Saldgss
551 5 6551 033k (228 g 4 [18] ljSen 5 sobTlo i S
~(AL03) poragl wnST EYLwsl b 5l Suldggid wiapn SO

! Open circuit voltage
2 Monocrystalline

3 Volume transfer

4 Thermal mass

11 o pleus 17 095 1396 O ORI Sulle wiie



Ve 9 03y Joxo

‘,'u')l);._f..nlgl.'i],,.'iéMé)éomhﬁiol,qu,mwlg.,;leoé&h»ld)qﬁum)).}

SrSeslul T agl e S S 4 e IS (b ke (rizes w2l
el 00 val Sy i mhio b 3lse Djpo 4 45 09l e
Jsb 5 420 36 Lilaa (oye b agide (pwgoyd oStils 5o lailes]
5 Oeme 9y S0 GialesT (slaosls el ouds plol a0 59 Ll x>
oas (5,910,5 4i35 30 o alols 15 15:30 15 9:30 celus 5l ole oloye

ol dg0 § ol -3

alox 5l el GlaolBuys I Wil g (Sl pagw S 0,Sles

(18] 5> Sallssid gt Slasie 1 Joax
Table 1 Properties of the photovoltaic thermal system [18]

(it talejT sl o) Spllgzd aly

55k s S 5 £

2.57 A) obigS Jlasl 5l >

216 M) b e 5kl

0.726 b Sslsl oy

40 W) ool s

16 ) Seldggd Joho o33k

15 %) Seuldgeid axlg ool
Sl oesls

gl —dio &y

o o

0.4 (MM) L3> axio Cwls

10 (mm) baaly) L5l L3

12 (Mm) dg) >, ld

[29,28] 5,5 eVl (Seolizdge 5 olss 2 Jgaz
Table 2 Thermodynamic properties of the working fluids [28,29]

LSJlSJL:-“‘ Caols

JSelEolsl Ul plal 5 o bglsee ol
-12.9 -33.8 0 ©C) slezsl slos
187.4 107 100 <C) b gles
11132 1051 99.7 kgm®) JS>
s et .
0.258 0.414 0613 ST TR e
WmK1y
- L5 s b
2470.2 3509 4179 oy slef bl
kgmshy

Fig. 1 A view of the experimental setup
bl 5l ol 1 g

4 Pyranometer
5 Filled factor

11 o plads 17 0,93 1396 cyars « yw)e SilSe o ditco

Ol 65 Jhw &' JSlSolsl it ey oo,y 3958l
1271 55 0 5w 2l9m 5 o Lyl 50 wiasas ozl 31 b slo ol 5
Gl asle nles b oAl Tl & J5SASGLSI o558l 4281
SO orzer g e Silr elae oy g ohy sbeS cud)b
127] ol ol pon Jlow s 31,8 a4 coml 5 a1 (152
e 4 ol Sldllas eSt aes o lid iy Slalllae (o)
Sl Seldssd Gl 3o 5 it )5 VLo Sl (o p
Jls 5l oolazaal I3l T o a5 Liaghy 555 ax S .l a8 5 & 00
Sl Sellssd slapis 65,551 5 S5 033k » JSL LS )8
g 5,%os addlhs ol s el outs @l sl ead ol
L JsSlSolsl 5 of bylse calls Ol )5 Jlw b (5l Soliggzd
Bao el oal anglie KuSs L alls JeSIS Ll 9 50% (e ws o
ead plo (Sl Sllgd slapiunn oL (ow) 0 adllae ool (Lol
O,8les yol> gh 0 ez «Zewl (65,551 9 5, B o
Fyore Saldggd pitans So L 50 (5] Saldged slapiass
5D e 9y S 4D g Sgdee casgd 8 olSils )5 Lo yiolej] 0sd o duslie
] 00 PL?UI olo olo).a

BT g -2
by 3 5 Sullsgnd aly 9 Jolss (plRasles] ey anlllas ol 5o
SIS sl laaxly 51 (So el (oo Job 36 b (oSl
SIS 9 (6508 5 (ol Sl piun) (oo D)l S3LSL
9ly o)l Saldegtd pin 5o Sl (Jgone Sulggd )
28 e S iU amio Vb 4 SoSelw ozl oolitul b Splidgsi
JolS” Slaseiie ol ous Jate s )13 ojle we sladgd T 55
@ gy Lt Sl 0ad Glo 1 Jouz o Sl Sl pitas
obeyl 3yge GlSy lalyd cod g 33l s 4250 30 agl5 b g oo
el o ooly las 1 ISy alfislesT s 5l Sled i S e 18
5 2l bgle (alls Ol ad S L o )5 Jlw (tagh cnl o
Slasie o5 Conl LAl 5SS L1 5 50% oz s o b JsSalS !
Sealdsgd gl )0 Cel 00l Gl 2 Joor 0 S (Sealuoge
S SeS 4 45 odd 0S5 5 e S0 ) Sl ()l
Ol e JB1 j0 Celo ) SelS 30 Cull (or (20 b ey
Joe S5l 6 Jlow (sl it o pitaces S5 0wl jelaie 45 ol oo
B ol o oslid )l S8 oy 518 5o a5 Tl oS b
o 50 88 Jhw suled SuS i JBI0 50 0l 05 5l e |y Sl
P55k 40 ooy 0 b b ol w0 e odlil (5SS (sl 5>
b oo 0,5 elig, awgi ooy sl s LinlesT ol o ] s 5
5 05SIS (295 5 69959 s Slod 09dee 6Tl s algial
'S &5 5 GladisSser by «Sollygd glashe sled eizen
50 odd eal Gloger ziwles lawg e sles Ligd oo (5ol
50695 Jlasl 0l > (65505l S 398 o0 (6 T 03Il s S35
o ooliasl Loools (55l i3 opllB by Sl 2o g 515 lote 5605

! Ethylene glycol
2 Helical coil heat exchanger
3K

14



Ve 9 03y Joxo

,_,'u')l);._E_A_gl.ﬂg,ﬁ'niuwJﬂ)éowhﬁi'}olpqu,wwlg.._'leuéLiKmI\,g):_ﬁum)).g

S (5531 5 Bl o9l mhaw axly (2 bS5 &5
S5 5 53 5 By 5 Seilags slo Jskos o 35ls 1 s
Sy oy T pizmen Wil SIS mhaw axly p (69955 A ye>
0SS Lol @ Saldgsid slo Jobo Colae Cud Djgo g 0oy
oS 50 003k ead L baly, 4 g5 b aogd oo i yas (Apy/Al)
08) balal, bwg iy 4 Sl Saldygd wien 2bS 5

115] wgts o puens

. = Eel _ Voc " Isc * FF

el Esun  G-Ace Tgl " Acell ®)
e = Eq ¢ pe (Trour — Ttin)

th Esun G-Ac- Tgl " Acell C))

632351 Jelo -2-3

Ol 4 (il Seldsgid pitan (35 Sl 0 b 655 Jobos b alie

J18] el sy oL (10) alaly s (65,551 doles caxly S o

EXsun + ExXmassin = EXel + EXmass,out + EXloss 10
ExXgun owizmed ol (1 65,551 &5 Exjoss (10) abal, o

Sebion e (1) alal) Lwg a5 Cul and s (63,551 sammsslis

1311

. Ta
=G A==
sun

olow o ST plgie 4 apdyes Jolae lod Tyn (A1) alal) o

Exsun

an

6551 55 5 et el (3l a4z )0 5800 il Lo 45 ooy
311 55 g0 eas (12) alasl; g ,55SIS 51 (6500 2
Exmass,out - Exmass,in = Exth
= 1¢[(hout = hin) = Ta(Sout = Sin)]

; Ttout
=Mg-Cpf (Tf,out - Tf,in) - Taln(&) 12)
Tf,in
9 63939 0 prr obp (B e @ hoye 9 hin A2) ada, o
2 e obr @Sl eSS @ Sout 3 Sin Geired 9 LeSIS 29,5
S sl (6 58I (655 ples oS LT 51 i iSUST (295 9 (5999
Joleo Solggid axly (g5 (S Sl (65,581 el ot o
[25] el oas ool oles (13) alayl,y ;o oS oogs 29,5 So Sl (35,0
Exe] = Eel (13)
Sl Seldssd s A5 (65,551 003l (55, Jelos b alins
s 2l 5 (Sl (65,551 Gleonslh 5l ol Do 4 Wil e
[25] il oty oLy (14) alall, o a5 59 aisgs
S AEX" o + ApvEx"o)dt
t2, - = E&h T 7. Ee)
Ac [ (Ex"gup)dt 14
(S rSI (65,551 005k i 4 EpyT 5 Eh ot (A4) Ak, o
S 6555 EFEX ) Sallssd w55 oS
2 7o S 6581 EFEX e eI gl w2y (2>
gho axly ol o3 65,8 Exsun 9 Saldgssd slaJolo mhaw o>l
9 éJ),SJI ST lros;l oo ol Ly, & a5 b o ,oSUS
o (16,15) Ly by i 4y 5l Sallagd e olo)S

EpvT =

15

o xS R byl 99 (hmmeien; g solaBl (Sealndge
s Gl s 4 (Sl s 6 (63,551 5 655D (Seelasge
Jelos el loy55 5 (VL Comnl 5l calizs (g0, 8hee Iyl 50 s
Saldggid s S5 0 1y (6551 S (63,551 Jedo 5 S w555

WS oo 23 Sl

&35! Jude -1-3

aly JRS e S plpre @ (il Sl pieen (335 k5 0 L

el b ol (1) alady > Sealiposas J5l o5l b bulyd 55 L

18]

Esun + Emass,in = 'el + Emass,out + Eloss @
oximolid Equn cuizmess ol (851 (65,31 & 5 Ejgss (1) alaly yo

dgdisn et @) ey baog o Ceol il B S5e 35 £

18]

E =G- Ac : Tgl T el (2)

Sl by b e Wl Ty SIS colue A @) a0

sun

slodsh bwg adyes b ol clbl deen csladnd Gibg
ol SIS o wsly p (39,5 Sedygr GME 5 Gy Sy
Omend JB @) alaily basgs )eiSIS 5l (5500 £y 5551 et 5 (e
[11] el
Emass,out — Emassin = Eth = M Cpg* (Teout — Ttin) (©))
@ Teout 3 Tein o3SIS 5l s)se Sl o)z (20 Mg (@) alail, o
S35 5 i LIS (295 5 5999 )0 Sl bawgie sl G
Sgdicn asd () abaly bwsi 5 (Bel) w5 (295 Syl
18]
Eg = Vpe+lg. - FF )
cayo FE 5 oliss Jlasl ol fse b e 515 Voo () aka, o
Ssllgyid wimpes 035k ,iSTam il K28l gy el Sl
1301 o5 oo drnlne B) ala, Lawgs 5 034

Pmax
FF = —
Voc * Isc ®

ool Salggnd o 5| (29,5 0195 b Pmax «B) bl 5o
[30] 55 o (s (6) alayly bawsgs a5
Pnax = Vinax * Tmax ®
Ol o Imax 9 79y 5Wy (o Vax «(6) akl; 5o
Lyl 3o 5 owijle 4,5 bangs o5 Conl Sglygzs anly 51 rg)>
Seoldggid piam S G351 003k Wb s alRtalol Jlow!
@ sz 2lesS 5 (oS ok slag il ggemme Cud plp J)lm
abuly o a5 Cnlty Bty Sloj oyg0 Jsbo )0 andyss (b (59959 55
Sl Seldsgd pies IS 6551 003l cnlple 09l e Ol (D
ALy s 2L0)S 9 (S SN (6550 glvosl 5l oul &j0 @ WIS o0

[25] S
t; L . 1
ft (A Ey + Ay By dt
Mo = o =0, t7r°7
pvt 2, . th el
Ac ftl (Equn)dt M

5 tbesS oSS 55 003l a5 4 M9 Ty, <Ml (7) alad, 5o
Elh «Saldogs slo sl colos Apy )l Saldosid e IS

11 o pleus 17 095 1396 O ORI Sulle wiie



Ve 9 03y Joxo 31N ._E_A_gl.'i.lg,ﬁ'nhwJﬂ)éo.\i.i.\'._ﬁi'aolp.i:qd,&ﬁwlggleoéLﬂnld)ﬁw)»
s E Exel Eel Voc * Isc " FF
c 70F APV e PVI/EG = PVT/EG-water PVT/water Eel = = == =~ T,
g E Exsun Exsun G- Ac . (1 - ) 15
® 65 E 3 sun
2 60 f Exw
3 E & =
a E th -
£ S F EXsun
*;, 50 ? . Tt out
& a5 E mg: Cpf [(Tf,out - Tf,in) - Taln( T )
g E fin
[} E - . T.
40 F . .
; G-Ac-(1-75) 16)
35 b~ L L sun
o ©o o © ©o o o o o ©o o 9o o
o™ o o™ o m o o™ o o™ o o™ o o™
s 8 & 4 4 A& A o s F O B8 8 e
o — — — — — — — — — — — — @Ld _4
Time

Fig 3 variations of the photovoltaic cells temperature during the daily
experiments for the conventional PV and the PVT systems
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Fig 4 Variations of the output electrical power during the daily
experiments for the conventional PV system and the PVT system with
water/ethylene glycol mixture as the working fluid
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Fig. 2 Variations of solar radiation and ambient temperature during the
test period
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Fig 5 Variations of the electrical energy efficiency during the daily
experiments for the conventional PV system and the PVT system with
water/ethylene glycol mixture as the working fluid
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Fig 7 Variations of the electrical exergy efficiency during the daily
experiments for the conventional PV system and the PVT system with
water/ethylene glycol mixture as the working fluid
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Fig 6 Variations of the output electrical and thermal exergies during the
daily experiments for the PVT system with water/ethylene glycol
mixture as the working fluid
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