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The flat plate solar collector as a heat exchanger is responsible for absorbing
the radiant energy of the sun and transferring heat to the working fluid. Water
and air are among the most common fluids that flow as the working fluid
among these collectors. Considering that efficiency is one of the most
important criteria in the evaluation of these collectors, in this study, four fluids
from the group of organic liquids and therminol oils were selected and their
thermal performance was investigated on the efficiency of a flat plate solar
collector. The results obtained in this article show that organic liquids are
more efficient compared to therminol oils and have better performance in
absorbing heat from the collector and transferring it to the working fluid, and
the reason for this is the lower specific heat of organic liquids. It is raised at
working temperature. Also, with the increase in the intensity of solar radiation,
the energy efficiency and exergy of the collector will decrease and the amount
of heat transferred from the working fluid to the collector will increase, and
with the increase of the ambient temperature, the exergy efficiency and useful
exergy of the collector will decrease. The average values of energy efficiency
and exergy due to the choice of working fluid in this design show that organic

liquids can be the best working fluid in these type of collectors after water.

Introduction

Solar collectors are responsible for transferring and
converting solar energy into useful heat. One type
of these collectors is the flat plate collectors, which
are designed to work at low temperatures. One of
the most important criteria in the evaluation of flat
plate solar collectors is their efficiency, so in this
research, four liquids from the group of organic
liquids and therminol oils have been selected as
working fluids for these collectors so that their
thermal performance on the energy efficiency and
exergy of these collectors can be investigated.

Model description

In this study, in order to investigate the thermal
performance of organic liquids and therminol oils
on the energy efficiency and exergy of a
collector.Solar flat plate, the governing equations of
the problem along with the values provided in
MATLAB software are programmed. The frame,
insulation, absorber plate, metal tube and glass
cover are the most important components of this
solar collector.The aim area in this study includes
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all cities in Iran and the world that have good
radiation intensity and have more than 300 sunny
days per year.

Results and discussions

The present study is only a theoretical research and
the results obtained in this research, which are
presented in Figure 1 and 2, show that among the
fluids selected as the working fluid, organic liquids
are more efficient and absorb heat than therminol
oil. From the collector and transferring it to the
working fluid, they have better performance.The
reason for this is the lower specific heat of organic
liquids compared to therminol oils at the mentioned
working temperature. Also, increasing the intensity
of the two parameters of Incident solar radiation
and ambient temperature will decrease the energy
efficiency and exergy in these collectors.
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Fig. 1. energy efficiency and exergy of the working fluid (the figure on the left is related to organic liquids and the
figure on the right is related to therminol oils)
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Fig. 2. amount of heat transferred from the collector to the working fluid and useful exergy (the figure on the left
related to organic liquids and the figure on the right related to therminol oils)

54



izl (6553 (5l Aolikiad

https://ses.ut.ac.ir :as pis colw

;w.b"' 95 o

G551 9 &5y Hlousily ymt Jo—mo i (x99 JT Clule 1> o Shas (o)
Thwo 4o (G 95 5SS

ol ol

70395 oS oS (S 358 (ot g (£ B (qmiges psle 09,5

oauS Ao Sledb!
=l (65l Cdz A by o Sl Jae SO (laie 4 mhas azio (00l 93 9IS ‘o glagy G

0 45 2l Vs 05l Sl lgmgl o) aage &1y ele Jlow & Loy8 JUisil 5 055
ol e aSil an amrgi L i)l ol boygisIS cnl Gl o Jole Jlow (lge
e Sz pol ddllae 10 B oad gow Conl Loy 2SIS ol (2l )1 50 Wajlns 0 fotes
5585 S5 el bl ()l o Shes g Gl Jgie 5 slacgs; 5 (I Slale 098
oL ol ddlie ) sasliwsndy mlis 055 )8 (o) 9 90 s dbo (a5
Lo ,8 i 0 g yiies leadly gLl Jsine i sloyeg, b avslio o JI Glule a5 ao 0
0392 Foml 568 Ol e g as (e 0 Slas slls Jole Sl & T Jliil 5 452805
G Bl 38l Uy oy izmas ol s s (615 sles 4 T Slagle 335 (slo)S
@ Jole Jlw 5l o Jiie sla)S Ol 9 2015 595U (65,551 5 6551 el e 55
2SI aube (65,551 9 (65,551 pledily e (glos il L cdb walgs il SIS
ook ol o dele Jlow GBI AT 5 65,551 5 6551 Olently (eSile polie il oo RalS
Wl b, gSIS e65 ol jo Jole Jlow (g e illes g0 Sl 5lam JI Slale aos oo lis

VNS VNE Cdl s s
VEANE S5k gl
VE VNS g b

103lguanls’
Sl y5 eSS
J ol

Jeie i slopyes,

olendl,

o ) oo it plraly o> Jil gy h
(WIm?K) acpls 4y o3l

il 5l ead Jite glals o> JEsl cye hw
W/m2K) Lo

W pxio g b ol )b Liodle Caw b
(m?) oIS coloe A,

(m?) L3> amio Colus A

(1/Kg°C) Jum o5 sos o

(WIm?K) o y95 (il ol I mm) glacals jibe ¢ il aman o dlold d
S U5 9 < o=

WM K) s 5> Colan oy o
m) s 4y Jsbo L

Kg/s) Jole Jlow coy> oo M
cdub soe Ny

(W) olibs 5,815 Ea
(W) o555 s5,51¢5  Eim
W) 255 a5 ¢5  Four
(W) sazerss 3,515 Bs

W) 55585 e (5551 Qu sg-ise Jiite Jole Jlow & 2 455505 5l oS sloS Ga

W) ;.JéL} P .Ia..»y Odwau» 6)),| QS
4 OSlz ami o oai it glraly ol il Qe

(W/m?)
(m?/s) IS s 8

W) ased
W) plowl @ atids jl adats o)l > Jal - Qr

0o

Sy b *

Email: ahmadi.lpro4@gmail.com


https://ses.ut.ac.ir/
mailto:ahmadi.lpr04@gmail.com

1P by o) 5,los ¥ 5,90 (5lauly (65 51 (Sl poiownw

5% e Sslene 5 (Ko 09 oo Jiie s slacond
Lagl S L (a3l olie (s j95- (sl eSS L5
5 ol 0] ) Ken 5 soblo i Lawg a5 Slalllas ;5 Caud
sl S,y ons abool [V] o e 5 dsndly 5 [F] o San
Sile S5 Ao sl SIS ey (alil sl sk
5 Jole Jhw g5 9 IS0 a0 oS5, SIS abe colis
Lyl 00 slgiig ole Jloms § il (yes bl ) 55
Sbeasly Jlidl jegmaz g0 aS ciiny Sladsd dalllas
AU odd orw ol B35 O g0 pans aao sl ,)gSIS
95 Loy gL it 4z e T4 s polate
sl ooliiul 550 ole Jlmsi g5 S 5o ‘\CJ""““’ b
ol Gl a0 iy O g0 W IS deygiSIS )l
Sl Jole Jlws Olyze & e slacsts, 5" T lals
5y Shos 1 Cansd 008y 5l rlans dmi (g 55 ,5:SIS
=2 Ol 655515 6551 pleadly o SVl ol )l
A ol 5l ol (Vs 5148 005y pgspe (93 B 05
gl a0 (G yo> byl o ele Jlw Olgie
o 0, Slas g DLl 5L S L Lol gl oolal
5 leddly 2 Jgina s slopsts, ahies lsl 5 JT Slale
WS O )j90 s axbo G0k )55 eSS Sy 65,55
390 Eg—ig0 | aslllas ol o U odds e (plply
5 ddle Jbms lsie @ 055 b STl 0,8 13 o)
Sl Slalllas 50 .55 (o S oy 350y jskate &
ol sl asllas (0l )0 5 aSB S 8 () 090
s a0 5SS o] o ()l 0,Skes
sbaigs; gl Sl p)lS 5l (o miren 95800 (s
baygsIS o Jole Jlow e & lag] 5l osliinl «Jyine 5
LVl slales ;5 o ygiSIS” el el (9ot €55 S300)55
o=l Ll as als anles saalie aslllae (pl jo g 0iS o
gl aio b, gSIS gl (sl Jale Sl diés
oy 9 99 Sl S (oo 8 Sl sles o oS
SVl 09 )5 a5 o S LSy Lailp S o b o9 o0
Lo eI ol plaasly 1y 9 Shos (o g Wi o 03,20l
Lo yiSIS g5 el 3o c¥lns 3l 05,5 5 ol LT 5 sl sl

gt o oSl o

1. Flat Plate Solar Collector
2. Organic Liquids
3. Therminol Qils

N4

W) Loz & a5l glrale o)l
bl e

(°C) azds sleo

(°0) o sleo

CO Jbw 69953 sbes

(0 Juw (29 sl

() 5eSNilee sloo

(°C) Ll amio (59, Tp 50! Kiks
°C) olows! slos

H
S dTs 20 a e
<

CC) 2y 5ol sles
M?/s) Seals asjoSumy Vv

M/s) ol e oo

(Mmm) 55,0 b alg) 350 5laluls W

Slg pdle
(m?/5) 55, S9i ®
(1/K) &, blusl o o §
B8 4 s 58I (5 )15 4l 0
5.67 X 1078(W/ m2k*) ya3ly oylizl cols o
A>T 5 Phe i pd (Tee
Sl plenily Ten
5,51 pledl, Mlex
doudio )

wld 631 e AR Clyie 4 93 (65 03954l
o S ss 5 ©ogo s lgin |y 6551 cnl 090
5 Sl 3 Doge 4 i g SSlagid lagiaen )b
3 50 el pslaie 4 ey sl,giSIS 5l eli b
RESENEL PR RO S E P gloz 3L 5550 (555
by oS asls (il ol o )5 s G0 )
Jle sl ol oo asl Yo o F Jlw o [¥] 5, 89Ls
=k omls lales ;0 5 (6l hane axio la,yisSIS
Sl s jom cdind ClllB L (sg0pm (sl eSS cilonds
YU loaly b g Gogemndas 82 )0 YO+ gmen YL slales
il S B L 0 )9 mag0 (sl SIS 5l 9wy o0 S 4
[F] 055 oo oslisd oLS5,5 15 (5351 055 (sl ey
S5 S5l b g Jil daby (a9 (sl eSS
reias ©)g0 & Ol (al Ao enge ) dude Ol > 4
sl @ Jiml jslae 4 alasly 5 Jole Jlow @ puiins 22



e 3938 (655351 9 §551 owily p Jgime i s(Eg) 9 T Olule ()l 0 Sdos (o) 2 ige]

ol Galline 5 o 5 150 slo yiolyly ¥ Jsur

Hlade Caols
Voo (WIM?) st 55 2l s
r- (degree) ,y:SIs s ayl;
o+ 0¥ (Kgls) Jele Jbow (a2 (22
Y'Y (°C) oo &Yl sloo (oKilea
fo (°C) 05,5 ol Jow (sloo
v (°C) 255 Jsle Juw sloo

azsl Y

S yg3 HoSIST oIS 05y jolaie gl dalllae o
g.,hl.m )|)_‘3‘lo)_‘ )‘ ool l_: L5 oo S ‘Cla.m.a Ao
P L Joiwey slagés, g Jolube (5l 0 Slee
sV o) sl gz 1o ool iy e glo el il yog Sl
a5 b0 anl Jhw plye 4 OVl )l Some
5.5 leasily 8550 43 saalidas zls Lol wiloas
Je 5zl baales o oVl (pl @ by e (65,5

A algs duslie OF i a,giSIS cpl o ale

@L..v [ gs.’l'?.})| Ay

s Coo jl Hluebl Jyax jshie 4 pol> dslllas o
o=l sl oS slaak o Koo dalllas g 4o oniall) yolas
Sl 00 (6138 gl oals atdigl idie Jl38le 5 50 aslllas
&5_3 5@\) oo LE) .'094].9 ).nbl.fbo 9 CL:M P25 LSM)?
plw g ;500 A alllae 90 L aslllas (ol )0 ooiand 3 laj o
5 s ol dalllas  sriwcons [ ol O Koo Adlllas
G593 Jdos Sladlae ol 5 nY el 00l solazul u_j
3 Jols does ¥ S 0 g canl oas ploul Al Jgelis
L alie ol 5o 65,557 ool 2 dawoe slos aal3dl 3G
dalllan (o iz el 00 ool i Lol dslllas
AU 5l dolo s (8] ooy jpdiins bog 6,50
=l 59 65,351 pleadly eSS 5l (29,5 sled a8
Alie pl o el ool &1 Y S o pol> dalllas b allie
8IS 65,581 5 651 by p lalewsil 15U ol 4,
Sl 00 A2 5y mhais aans (GoD 95>

9y 9 9lge .Y
Sy50 Sy H9SIS Dloakin g z,b (s (nl 5o
=it ol o mlil an (gl 0ed oo L)) aslllas
o Ji8la s 4o calasl)l polie g Al @S> SYoles
olos ol anlllao ol 5o CBam Aot Cand 0 pgitali

@ oW St gl as el gl g Olal 0 alaned
axdly Jlo o S8 59, Yoo 5l o Gl 5 0,95
Awasd )Y

5 Glaiad idg g 658 gl (D3l azio (Bl (B
Sl (S30dy57 )5iSIS (ol Baims J S5 (sl (n e
Slakin 5 mhus axio ol )55 o8I (pl 7 )b oS
ool A1 Jgoz 5o 5 ) S 5 ol e ol 4 b ye
dslllas jo oud aid 8 s o ola el )l ioen L]
ROMPRVACRE 2 IRV

7 ruloion s
4
5 G/a:mg/ 3
%
Thao dmbio (il y95 HgSUS T,k ) S5
Tho 4o (Gl y95 SIS 4 by po Slazdio ) Jour
ol Al yo
Hlado Caols
Y (M?) =515 Colono
IO (mm) ) s
\YIV (Mmm) e slaaly L
Voo (MM) gl 35 50 b 35 0 alalé
! oadoslawl glaalg) slass
VA0 (M) il> amio b
gt (M) il> axmivo 5,
o P amio i
“IAA 3l amio pE oy
A Sladed Gidgy 5 b

oy



Exergy Efficiency [%]

Exergy Efficiency [%]

1P by o) 5,los ¥ 5,90 (5lauly (65 51 (Sl poiownw

0.8

0.7 e °

0.6

0.5

0.4

0.2 T T

@ Ref [8]
®  Present Study

20 30 40

th

0 60 70 80

Ta [C]

63)551 ool 5 b slos ial38l 5l Y Ut

0.025

® Ref [9]
0.020 4 @  Present study

0.015 A
0.010 A
0.005 A
0.000 A

-0.005 A

-0.010 T T

40 60 80

100 120 140 160

To [C]

52551 oty 8IS 51 (o255 slod ial38l T ¥ Ul

Wl PO °C 3o ol jo Jele Jlw 6,5 slwo
3 SVl l s by ye (S8 e Rl
Sl 00 43‘)1 70 °C 6Loé 29 A 9 Y (_gl'mgjﬁ"\:’

slod 30 T Glylo s bgrye (K 5ud 903 (olss ¥ Jou

£48°C
Working Fluid p (kg/m®) C, (J/Kg °C)
Propane Y Yovy
Ethanol YA Y. fA
Butane Oy yvia
Benzene AY - yay.

OA

Bl ol e o 158l 5 5l saslcasay mls
S 550 dslllas 9o b 9>

Jole Sl o5 jud sladiuo ¥ ¥
0dl ;.)lJLu‘ J_ALC JLA—AAJ 0‘9_"9 L Jg_u.a)a (_Q‘Lcsk).cﬁ)
5 Iz el cikize glalos yo Sl ool
(_gLo; ué}""" B uaLa_v 4 Al (S’BLM o).15 ‘_Q‘Lo;
Lbd)_.fd_’z...u 29 oA_ATCA_chb. C.ul...l » m‘yso o‘}..:.j
SVl 51 a8 El pgen ol b S8 Sl 3G
Aol 4y azgi L 1A) Lol o oolaiul Gles 4z )0 00,.l



e 3938 (655351 9 §551 owily p Jgime i s(Eg) 9 T Olule ()l 0 Sdos (o) 2 ige]

Cowd 4 Vodhal, 51 Ll sae g & dlal, 5l el sae oS

DYl wie
1 44{ 1780 }[ 1780(sin1.89)1'6}
R, cosé& R, cosd
1 *)
(R c0s0)3 1
18

R, :M )
v

5 38l 4 Cad ,giSIS (65,18 &4l5 0 F Al o
B ‘U’“"‘)j ul.._..u g Y :\_Lu‘) )0 9 M‘ QSL") dde Ra
g azinds slos i gas Ty Ty o 5> blusl oo
)9Sy Vg 53 adg) Jobo L2009y (nSilie slos
4 Ol aman jload Jaie olbal o)l ]

Q. =W (T, -T;)h )

ikl 5l Olewl & et 5l getats ol > Jlil

Lyl aﬂ‘so S A
Q, =oeW (Tl Tsky ) )

4S5 Tyy 5506 o) 550 51 bl W oaly L,
Slod 398 o aule Ty = 0.0552 Ty d Ly, 5
e S el ey il i o]
SleoTy g aiud ;i copo &1 Sl 5.67 X 1078 ]
Ll e

il 3l e 4 4§ lrale &> s
e 4 asd 5l olbalr Ol Jlkl oo 5 )
DVF] 098 o dnlone V) Al

Qg =W h, (T;-T,) ()

h, =5.7+3.8V, o)

AR

30 ooy L9y & bgswo (K 5ud g0y (2195 F Jau

#6°C gloo
Working Fluid p (kg/m®) C, (J/Kg °C)
Therminol D-12 AARYIN YYv.
Therminol VLT Y- AID YVF-.
Therminol 66 AYA/D A
Therminol 72 V- YAID \PVE

Ao gaiaJgo 2 ¥ ¥
5 851 Oleasly S Vol (65 =l o o
25 By 5l s ambo ol s> sle eSS (5,55
1S o S

dole Jl slos (l5-8l 80 o520 wide (355
Vo] o5 ailons Va5l ool b g oo |, 99 oo

Qu :mcp(To _Ti) )

sleS Gy cdle Jlmws g0y (o1 alal) opl o
Jlw (29,5 5 6395 sles iy Ty o T (Jlow o
A ole

Sypme 4l ke L osii 31 e
:[\‘] ")9"”6" uL,_, 5

Q =A.I M

ol ol Tg jeuSlS Coln Ap ¥ dlal) o
Lol s jo5

odal sty drho (65 S SIS (55,1 e

Cewd ao ¥ d by, 5l as cunl ouds iz (65,0 jlade @

:[\ ’] Jd]Go

Qu
TTen = )
Qs

6))—" Lm.\_:‘ Ml?uswl.: A ‘A.G.AUM‘QL:

SIS aS 1, ole S F Al 5l eoliiul b les oo «giSIS
D] o5 ailone aas o Jole Jlow @

Gy =1 7y, ®

Jh 58I 5l ous Jitie sle)S Gy ¥ Alal, o
el Jale

3l amio o albrals ol JEsl ey o
DY) el ailee L5 0 dlal, 3,k 5l acs 4



1P by o) 5,los ¥ 5,90 (5lauly (65 51 (Sl poiownw

! Ql;. CA.C)—MJ Va Ja.:‘s) U"‘ B

T,
N7 g0l wsS o s9m
o To (TO _Ti )
Eds_meTa[In(_H)—T] ) E, —E,—E, —E, =0 an

S 8= Bin g ol Eg=0 L Lyl 5 o
3s 35t Jom Jlmw Ly Lawgs a5 Cenl (659
DA W] aiS o g VY il

ST pleasly 914 a5l ade (65,551 7,5
Ve dbal) 5l e a0 (goid g3 o8I5S @ by ye

WS (0 (S5
. T,
E, =Eox —Ein (QRY! Ei Zme(Ti -T, —TamT—IJ Ay
a
E . —E; Lo . R
Tox =LT'“ T 0 0gd o0 Joo Jlow bawgi a5 29,5 (65,551 &5
lAc(l—Tf) DVA 5 W 0T e s 40V F a5
) . T,
S ol owypa by pwmbs F.¥ Bow =MC, | T, Ty _Taln-r_ AP
a

255857 65,551 9 65 ooy S Slale ()l 0 Shos
Sl e 5 T IS )0 s a0 (g5
borye sie (65,51 55 9 Jole Jlow 2 )giSIS” 5l o Jiine
S jebolen ol oud il O S5 Jloges o JT Slale 4
oleasly o yiian I Slale cpl o 50 39 co >l
35 9 Jle Jlow a0 i8I 5l Lo S Jlissl y3 0 Slee 0 e
Ethanol Propane cYlew 45 oo jas ko (65,557 ¢ i

3,ls slss Benzene 4 Butane

Sl ot oS5 e 3 55,551 Sl ¢
Ly, jleslinnl by ez U Jsl lili £ 5 s ey o5
o=l el acile OB 5 O yeo s g YA LNVO
oL sleoTs iz - 9 fhe cupo (Ta) Ly,
Up «odlz amio 55, Tp JI,5580 (:Sle T=p el 9>
aao Colus Ay 9 S Ol Jlsl Sl oy o

DA g VAl el Gal>

J=B O Jgaz 50 jl8le 5 5l easlimsay ol by E,=U A, (T -T)0-12) ()
1w ool T P
1 1 1
Eg1=(ra)e Eq1 1A Ta =~ =——T—) (V%)
Tp Tp 's
45
@ Energy

40 ® Exergy @
. 35 °
=
2 30 1 @
c
2
o 25
= 5]
1] 2

20 - [

=}
15
=2
10 T T T T
Benzene Butane Ethanol Propane

Working Fluid
ST olsb 4 bay o 6555515 6551 lovily ylo9es F JSb

&



e 3938 (655351 9 §551 owily p Jgime i s(Eg) 9 T Olule ()l 0 Sdos (o) 2 ige]

Ga (w/im*2), Eu (W)

240

220

200

180

160

140

120

100

® Ga(w/mhr2) ®
- 2 Eu{W)
4 ® =}
1 ]
=

| =

®

=

Benzene Butane Ethanol Propane

Working Fluid

T Slale 4 bt yo o (535557 5 Jale Jloms 41 59355 31 sunds Jiiho sla S 50 -0 S

ST olulo 4 be o gulis & Jgo

Working Fluid Nen (%6) Ney (%6) E, (W) G, (W/m?)
Benzene \YISA YO V- AISY \YY/A-
Butane \VIFY YeIfY \OY /b7 \VEIVY
Ethanol V4/AN ARFATA VYWY E YAANY
Propane YY/IVY fe/e¥ YV YYY/AA

SIS 5 Le,S Jlal jo o Shee o e lesly (i
4 e i Sl 65,81 e 5 9 Jele Jlw 4

Therminol VLT .Therminol D-12 sl o <4,
b mls as o)l 3Ly Therminol 72 Therminol 66

Sl odalie BB Jgazx 50 ,l58le 5 5l sasleasa

Efficiency (%)

28

Joioy GBGEg) (owyp a1 by o s 0¥
9 S5 Gleasly = Jse i sbapss, ()l 3 Shee
b Jitie lo)S Oliee 97 JSB 5 ,55SIS cnl (63,55
a by 9nie (65,551 5 5 Jole Jlow 4,285
el oo ooly Las ¥ S Jloged o Jeime s sloyé g,
SV ol e )3 9B alaxde 4S5 e blen

24

22

20

18

16

14

12

10

@
<

Exergy
Energy

@

@

T
Therminol 72 Therminol 66 Therminol VLT Therminol D-12

Working Fluid

ooy sE9y & bgyo 535551 9 &35 plowdly yloges & U

4



160

150

140G

130

120

Ga (w/m*2) , Eu (W)

110

100

a0

1P by o) 5,los ¥ 5,90 (5lauly (65 51 (Sl poiownw

® Ga(wm”"2)
- = Eu (W)
1 ®
=

=

Therminol 72 Therminol 66 Thermincl VLT Thermincl D-12

Working Fluid

Jooyi gy & barpo dado 65,351 9 Jole Jlow a2 58U 31 oo Jiiio sloyS (yf3m0 -V S5

Joiwo i slaseyy s bgipo s # Jguar

Working Fluid Nen (%0) Neyx (%6) E, (W) G, (Wim?)
Therminol 72 \ /AN \AIYS a¥/of \ - AAY
Therminol 66 ARVARS VAUYY RY2l4 YV V/EY

Therminol VLT VAN YY/AA \Y-/AF ARVAR

Therminol D-12 AR YO/ff YYA/Y - ARATINA

olas mls IS job 4y 098 e cdmlie Vo A sla S
3 5 Olosly w3 2l ol (2l b aas e
Jbws Sl eadsJiiie slo)S Gl 5 GialS SIS (55,551
Ol L Cizman 8L walgs ili8l eSIST 4y ale
235U sk (65,551 525 5 65,551 pleadly elagms sloo

1 kol )y y2lw 35 )3 4 by o s 5 Y
s 5,500 oosy 2 2 05Me b 0 s ol Wi o
598U ol o NS SLs sla el il o Jale
0y 8 ) 9590 5 lans aziio (Gand o>
5 de=ygt (s Dad 4o plydee laytaly ol alex

b aalys el wlenlas by Lo as o, 5 o lil lae slos
60
—a— Energy
—a&— Exergy
50
) 40 -
>
S 30 -
2
2
=
w20 4
10 4
Q0 T T T T
400 600 800 1000 1200 1400

1 (wimA2)

29555 (65,551 9 855 lowily 1 it y93 (b i ST Hlogai A JS

A



e 3938 (655351 9 §551 owily p Jgime i s(Eg) 9 T Olule ()l 0 Sdos (o) 2 ige]

200

—=— Exergy Efficiency (%)
—=— Eu (W)

150 -

100

50

-50

Exergy Efficiency (%) , Eu (W)

-100 T T T T
20 30 40 50 60 70

Ta (C)

29SS e (65,551 3853551 olewly 1 bnxo glod 381 1T jlogei A S

220

200 -

180 -

160 -

140 -

Ga (w/m*2)

120 4

100

80 +

60 T T T
400 600 800 1000 1200 1400

I (w/m*2)

Jole Jlows & 5giSUS 51 b Jiiio slo S yllio y didyg8 Sl b 3T yloges Ve UK

=BV Joozr 5o amst (il a5 319,05 » 50wl = doole Jw 8l (y g 4 by po ams VY
el sl oLch')
5 I Slale (5 0, Shas cyeiony sl is o

i ol (655557 9 65551 olocily crasilao yrolin ¥ Jguzr ‘ , .
B &30P 9 &3P plosly (Sl 992 . e s - )
= P gleyelb plw 730 50 5 Jow 5 slapes,

ol dalllae 45 Jole Jluw bl
a Sl 0z L o &l gund g ,9iSIS ol Lol
Working Fluid Nen (%) Nex (%) . - T - o
Lo L awlis o Jl Glule vas Llas mls
Organic Liquids YAIYA VOE sloits; b avslis ;o JI ol o T
Therminol Oils \Y/EY YV/IAD Lol o )lo )55 50 (gt (5,1, 0, Shos 5l Jo—e
Water \WAAte FEIAY ol 0, Shas 5l 0,5 90 o Ol b awslio o lzen

sY



1P by o) 5,los ¥ 5,90 (5lauly (65 51 (Sl poiownw

https://www.sciencedirect.com/science/article/pi
i/S0360128504000103

[4].S. Mekhilef, R. Saidur, A. S.-R. and sustainable
energy reviews, and undefined 2011, “A review
on solar energy use in industries,” Elsevier,
Accessed: Jul. 05, 2023. [Online]. Available:
https://www.sciencedirect.com/science/article/pi
i/51364032110004533

[5].A. Noghrehabadi, ... E. H.-C. in N. and, and
undefined 2016, “An experimental investigation
on the performance of a symmetric conical solar
collector using  SiO2/water  nanofluid,”
chal.ush.ac.ir, vol. 5, no. 1, pp. 23-29, 2017,
doi: 10.7508/tpnms.2017.01.003.

[6].Y. Tian and C. Y. Zhao, “A review of solar
collectors and thermal energy storage in solar
thermal applications,” Appl. Energy, vol. 104, pp.

538-553, Apr. 2013, doi:
10.1016/J. APENERGY.2012.11.051.
[71.E. Zambolin, D. D. C.-S. Energy, and

undefined 2010, “Experimental analysis of
thermal performance of flat plate and evacuated
tube solar collectors in stationary standard and
daily conditions,” Elsevier, Accessed: Jul. 05,
2023. [Online]. Available:
https://www.sciencedirect.com/science/article/pi
i/S0038092X10001799

[8].S. Chamoli, “Exergy analysis of a flat plate solar
collector,” J. Energy South. Africa, vol. 24, no.
3, pp. 8-13, 2013, doi: 10.17159/2413-
3051/2013/v24i3a3137.

[9].R. M. Mostafizur, M. G. Rasul, and M. N. Nabi,
“Energy and exergy analyses of a flat plate solar
collector using various nanofluids: An analytical
approach,” Energies, vol. 14, no. 14, 2021, doi:
10.3390/en14144305.

[10]. J. Duffie, W. Beckman, and N. Blair, Solar
engineering of thermal processes, photovoltaics
and wind. 2020. Accessed: Jul. 05, 2023.
[Online]. Available:
https://books.google.com/books?hl=en&Ir=&id
=4vXPDWAAQBAJ&oi=fnd&pg=PR11&dg=D
uffie,+J.A.,+W.A. +Beckman,+and+N.+Blair,+S
olar+engineering+of+thermal+processes,+photo
voltaics+and+wind.+2020:+John+Wiley+%26+
Sons.&ots=kwvDXPmGMN&sig=zRrxDI2b4R
LMfNhMpOYfT5HPgIc

[11]. M. Izquierdo, A. Gonzalez-Gil, E. P.-A. Energy,
and undefined 2014, “Solar-powered single-and
double-effect  directly air-cooled LiBr-H20
absorption prototype built as a single unit,” Elsevier,
Accessed: Jul. 05, 2023. [Online]. Awvailable:
https:/Amww.sciencedirect.com/science/article/pii/SO
306261914005236

£

RPTLLE FIPROLIN 4

P Lol e as cul 5,65 Guizd S ladd ol> dalllas
or eV o) ladgx ;o oaddl] polie (35 )L
2 Ao sl s sus ¢ he Vs > 8 Shae
o\.uiwom @Lu Sl 00 w‘\)).‘ ‘5));‘ 9 ‘5))9‘ QLA-\J‘)
Slbe aoo o lis pol> Alie o YL ol Sl
5 Fede Sladily Sl Jstea i glags) b unlin 1o I
5Slae Jale o e o1 JLi 55505 1o S r
o9 sbo)S 09 Fomly 5 Ol e 5 cls wialys (s
SVl ol Ly el sadi yhae (65 (slod o JT lale
‘5:9Ln.~o 059 GLA; 9 uJL_§> dl)lo calize slales I
CJL"" ) A_)‘y‘SA 3T 6l‘°; uos..a} ) uBLm aS Al
Ol plss 0138 ol ,.,La 6 S Az 48 g odwlcauwod
oolal sles az ;0 00l SV jlaS cel vy
Oleasly Wiy s ol Gl L ioren 0ed 0
oot Jitie sloF fien 5 20l SIS (65,351 5 (53
slos Sl by 5 2l wlys il S 4 Jele JL
Selgs ials SIS aske (65,551 9 (65,51 plewdl) e
slales ;o Joa i slay, a5 ol 5900l 95,0 .8l
AT Slasle an s YL 059 (slo )5 iy s 4 YL
o=l Oaz Ll s lis 095 5l (g s )15 ailgs oo
odaline Wloads b sl lales o )15 ol b, eSIS
Joons Loty L acmlia 5 T Slale 85 355
ool o 1] s lis 03 5l g5 ()5 algi e
ol o) Jalube g o ¥ Jgo 50 oaiddl)| polie

el 1,5 SIS” ol (gl (owlin Sl

&l

[1].A. Mwesigye, T. Bello-Ochende, and J. P.
Meyer, “Numerical Investigation of Entropy
Generation in a Parabolic Trough Receiver at
Different Concentration Ratios”,2021.

[2].E. Bellos, C. T.-J. of T. A. and Calorimetry, and
undefined 2019, “Thermal efficiency
enhancement of nanofluid-based parabolic
trough collectors,” Springer, vol. 135, no. 1, pp.
597-608, Jan. 2018, doi: 10.1007/s10973-018-
7056-7.

[3].S. K.-P. in energy and combustion science and
undefined 2004, “Solar thermal collectors and
applications,” Elsevier, Accessed: Jul. 05, 2023.
[Online]. Available:



[12]. C. Dorfling, C. Hornung, ..

e 3938 (655351 9 §551 owily p Jgime i s(Eg) 9 T Olule ()l 0 Sdos (o) 2 ige]

.B. H.-S. E. M,
and undefined 2010, “The experimental
response and modelling of a solar heat collector
fabricated from plastic microcapillary films,”
Elsevier, Accessed: Jul. 05, 2023. [Online].
Available:
https://www.sciencedirect.com/science/article/pi
i/S0927024810001261

[13]. F. Incropera, D. DeWitt, T. Bergman, and A.

Lavine, Fundamentals of heat and mass
transfer. 1996. Accessed: Jul. 05, 2023.
[Online]. Available: http://www.mid-

contracting.com/sites/default/files/webform/care
ers_webform/_sid_/pdf-fundamentals-of-heat-
and-mass-transfer-frank-p-incropera-david-p-
dewitt-pdf-download-free-book-7841c05.pdf

[14]. H. Taherian, A. Rezania, S. Sadeghi, D. G.-

E. C. and, and undefined 2011, “Experimental
validation of dynamic simulation of the flat
plate collector in a closed thermosyphon solar
water heater,” Elsevier, Accessed: Jul. 05, 2023.
[Online]. Available:
https://www.sciencedirect.com/science/article/pi
i/50196890410002840

[15]. A. Suzuki, “A fundamental equation for

exergy balance on solar collectors,” 1988,
Accessed: Jul. 05, 2023. [Online]. Available:

0

https://asmedigitalcollection.asme.org/solarener
gyengineering/article-abstract/110/2/102/418335

[16]. A.S.- Energy and undefined 1988, “General

theory of exergy-balance analysis and
application to solar collectors,” Elsevier,
Accessed: Jul. 05, 2023. [Online]. Available:
https://www.sciencedirect.com/science/article/pi
i/0360544288900400

[17]. “Kotas, T., The Exergy Analysis Method of

Thermal... - Google Scholar.”
https://scholar.google.com/scholar?hl=en&as_sd
t=0%2C5&0=Kotas%2C+T.%2C+The+Exergy
+Analysis+Method+of+Thermal+Plant+Analysi
s%2C+Krieger.+Melbourne%2C+Australia%2C
+1995.&btnG= (accessed Jul. 05, 2023).

[18]. U. L.-P. A. S. M. and its Applications and

undefined 2016, “Econophysics and bio-
chemical engineering thermodynamics: The
exergetic analysis of a municipality,” Elsevier,
Accessed: Jul. 05, 2023. [Online]. Available:
https://www.sciencedirect.com/science/article/pi
i/S0378437116303946

[19]. Z. Ge, H. Wang, H. Wang, S. Zhang, X. G.-

Entropy, and undefined 2014, “Exergy analysis
of flat plate solar collectors,” mdpi.com, vol. 16,
pp. 2549-2567, 2014, doi: 10.3390/e16052549.



