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|O}WQwN pwS=t OQmrta Q@ |@}mQD w |wtyU
�OWQ= |U=vWQ� � OwU= |i]YtQ}t

�O=DU=� �|HQo O}it
�OWQ= |U=vWQ� � |wOyt VQ;

|v=wQ}Wwv |DavY x=oWv=O 'l}v�t |UOvyt |xOmWv=O

"OQm p}O@D xD}U} QDmr= x@ |O}WQwN |=ypwS=t R= xO=iDU= =@ u=wD|t =Q |O}WQwN |SQv=
QO "OwW|t pwS=t K]U |wQ Q@ |O}WQwN |SQv= V@=D V}=Ri= ?@U xOv@=DR=@ R= xO=iDU=

pwS=t xOR=@ w =tO Q@ |@}mQD w |wtyU 'CND xLiY |=yxOv@=DR=@ `=wv= Q}F-=D 'xr=kt u}=
|O}WQwN pwS=t |=tO OyO|t u=Wv pY=L G}=Dv "OW |R=Ux}@W |Oa@ wO CQwYx@

xHQO 360/82 x@ ji= x@ C@Uv xHQO 85 ?}W =@ |DND xLiY xOv@=DR=@ =@ xOW s=eO=
QO "OUQ|t u} wrm xHQO 371/11 x@ |wtyU xOv@=DR=@ =@ xOW s=eO= pwS=t |=tO w u} wrm
xLiY w |wtyU Cr=L wO Qy |=Q@ xHQO 50 ?}W =@ |}xOv@=DR=@ =@ pwS=t |=tO 'p@=kt
xLiY |=yxOv@=DR=@ QO x} w=R V}=Ri= =@ "OUQ|t u} wrm xHQO 346 w 345/94 x@ CND
?}W |=yx} w=R QO |wtyU |=yxOv@=DR=@ w Ci=} V}=Ri= pwS=t |=tO '|wtyU w CND

"OvQ=O CND xLiY |=yxOv@=DR=@ x@ C@Uv |QDq=@ |O}rwD u=wD w QDq=@ |=tO 'QDq=@
=@ =yu; G}=Dv w |@=} RQ= R}v |@}mQD xOv@=DR=@ ẁv 6 R= xO=iDU= =@ pwS=t |=tO 'u}vJty

"OW xU}=kt Qo}Om}

mostafaasvad75@gmail.com
gorji@nit.ac.ir
arashmahdavi93@gmail.com

"xOR=@ 'pwS=t |=tO 'xOv@=DR=@ '|O}WQwN pwS=t '|O}WQwN |SQv= %|O}rm u=oS=w

xtOkt "1
u=DU@=D QO |}xv}; |=yxOv@=DR=@ R= xO=iDU= =@ l}�=DrwwDi |=ysDU}U QO |O}rwD u=wD
V}=Ri= OYQO 10�13/23 C@Uv x@ u=DUtR QO w OYQO 10�19 84 C@Uv x@

"O@=}|t
sDU}U l} [6]'|mvqwU w |v=ov=U \UwD xOW s=Hv= |Qo}O xar=]t QO
|HwQN u=wD sDU}U u}= "OW xDN=U w |L=Q] V pmW x@ l}�=DrwwDi RmQtDt
QO "O=O V}=Ri= OYQO 44 C@Uv x@ xOv@=DR=@ uwO@ sDU}U =@ xU}=kt QO =Q
R= xO=iDU= xm OW XNWt 'OvO=O s=Hv= [7]u=U w nv=wy xm |r}rLD w x} RHD
=@ w OyO|t V}=Ri= OYQO 24/5 =Q |HwQN u=wD 2x RmQtD C@Uv =@ xOv@=DR=@
xR=Ov= x@ jQ@ O}rwD 'C}akwt xU QO s}_vD C}r@=k =@ xQwLt l} ?=}OQ ?}mQD
|R=Uxv}y@ xv}tR QO |}xar=]t QO [8]'u=Q=mty w =vry "O@=}|t V}=Ri= OYQO 56
xH}Dv u}= x@ 'u=tDN=U |=tv ?U=vt l}�=DrwwDi |=ysDU}U |=Q@ xOv@=DR=@ xUOvy
pwS=t l} x@ C@Uv OYQO 72 =D =Q jQ@ O}rwD u=R}txOv@=DR=@ R= xO=iDU= xm OvO}UQ
xOvvm RmQtDt sDU}U l} [9]'u=UQ=wrU w u=t}U=Q=v "OyO|t V}=Ri=xOv@=DR=@ uwO@
|=Q@ |HwQN u=wD QFm =OL xm OW xOy=Wt w OvOQm |L=Q] =Q |}xv}; xOv@=DR=@ =@

"CU= C}ty= R�=L Q=}U@ |m} QDmr= |SQv= O}rwD '|SQv= x@ QW@ R=}v V}=Ri= =@
|}=tQo u}tR |SQv= '|O}WQwN |SQv= Ovv=t Q}PBO}OHD |SQv= `@=vt R= xO=iDU=
|=y|oOwr; pmWt pL x@ Ov=wD|t |m} QDmr= |SQv= O}rwD |=Q@ O=@ |SQv= w
'Q}PBO}OHD `@=vt u}= R= |m} u=wvax@ |O}WQwN |SQv= "Ovm ltm |]}Lt CU} R
u=wvax@ |O}WQwN |=ypwS=t "CU= |SQv= u}t-=D |=Q@ q=@ Q=}U@ p}Uv=DB |=Q=O
uwO@ =ypwS=t u}= "OvDUy QFwt Q=}U@ '|SQv= u}= R= |Q=OQ@xQy@ |=Q@ |}xr}Uw
u}= R= xO=iDU= 'p}rO u}ty x@ "Ovvm|t Q=m |mQLDt xa]k uDW=O uwO@ w =OY
xOQm ?rH OwN x@ =Q u=QoDavY w u=kkLt R= |Q=}U@ xHwD xRwQt= =y|SwrwvmD

[1]"CU=
O=OaD w OyO|t V}=Ri= =Q O}WQwN |SQv= V@=D COW =yxOv@=DR=@ R= xO=iDU=
QO [4�2]"OyO|t Vy=m =Q XNWt u=wD O}rwD |=Q@ R=}v OQwt |O}WQwN |=ypwrU
V}=Ri= u}ov=}t xm OW XNWt [5]'pOvJ w l}r=t \UwD xOW s=Hv= xar=]t l}

pw�Ut xOvU} wv �
"1401 7 27 VQ}PB '1401 7 16 x}LqY= '1401 3 17 Ci=} QO %M} Q=D

%xr=kt u}= x@ O=vDU=
'h} QW l}v=mt |UOvyt "|O}WQwN pwS=t OQmrta Q@ |@}mQD w |wtyU 'CND xLiY |=yxOv@=DR=@ xU}=kt w |L=Q] "1402 'VQ; '|wOyt w 'O}it '|HQo '|i]YtQ}t 'OwU=

DOI:10.24200/J40.2022.60438.1642 "24�13 "XY '�2�39
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L=Q]QO [18]|v}UL =[Q w xO=R uULt Oq}t "OW=@|t O=Qo|Dv=U xHQO 66/8 `HQt
OvOQm xOy=Wt Ow@ xOv@=DR=@ x@ RyHt xm PVT sDU}U l} |wQ Q@ OwN xar=]t
w OUQ|t OYQO 22 x@ |O}WQwN `WaWD V}=Ri= u}ov=}t 'xOv@=DR=@ uOwRi= =@ xm
l}�=DrwwDi sDU}U OQmrta Ow@y@ w pwrU |=tO Vy=m Ea=@ xOvvmlvN R= xO=iDU=

"OwW|t
CND xLiYw|wtyU '�u}q|rB�|]NOvJ xOv@=DR=@ ẁv xU [19]'u=Q=mty w w}m
'pY=L G}=Dv =@ j@=]t "OvOQm |UQQ@ |O}WQwN CND xLiY |=yQwDmrm |=Q@ =Q
|=yxOv@=DR=@ R= xO=iDU= s=ovy =yQwDmrm |wQ Q@ |O}WQwN |SQv= V@=D V}=Ri=
'40/3 ?}DQD x@ p=U x=t xU u} QDOQU QO CND xLiY w |wtyU '|]NOvJ
xOv@=DR=@ 'p=U x=t xU u} QDOQU QO 'u}vJty "OW=@|t OYQO 19/8 w 27/7
=yxOv@=DR=@ Qo}O u=}t QO =Q |O}WQwN |SQv= V@=D u} QDW}@ xW}ty |]N OvJ
xO=iDU= xm OyO|t u=Wv C=ar=]t R= pY=L G}=Dv "OyO|t X=YDN= OwN x@
u}ty QO "OQ@|t q=@ =Q O}WQwN `WaWD COW w xDW=O |tm xv} RyxOv@=DR=@ R=
w OQ=Ov =Q l}�=DrwwDi pwS=t QDW}@ O=OaD ?Yv u=mt= xm |}=yu=mt |=Q@ '=DU=Q
=yxOv@=DR=@ R= xO=iDU= 'CU= sm O}WQwN V@=D COW xm |}=}i=QeH |=yC}akwt =}
|WywSB 'CU= xDiQo s=Hv= uwvm =D xm |D=ar=]t x@ xHwD =@ "OW=@ O}it Ov=wD|t
s=Hv= 'Ovm xU}=kt sy =@ =Q OvW=@ xDW=O u=Um} pw] xm xOv@=DR=@ pOt OvJ xm
|OQ=wt =} w xOv@=DR=@ pw] Q}}eD T=U= Q@ xDiQo CQwY C=ar=]t "CU= xOWv
Q=Ri=sQv R= xO=iDU= =@ =D CU= xOW |aU 'VywSB u}= QO "OW=@|t QD |�RH
xOv@=DR=@ `=wv= |=Q@ |Oa@ wO w pt=m |xar=]t l} 'ANSYS Fluent 2021R2
CQwY CND xLiY w l}rw@=Q=B '�CND xLiY xOv@=DR=@ =@ =}=wR R= |@}mQD� |@}mQD

"OQ}PB

xr-=Ut h} QaD "2
l}�=DrwwDi pwS=t =@ s=eO= |=Q@ |@}mQD w |wtyU 'CND xLiY xOv@=DR=@ pOt xU
"CU= xOW xO=O u=Wv 1 pmW QO xm OW xDiQo Q_v QO |Oa@ wO CQwYx@
QDt}r}t 600 � 480 'xOv@=DR=@ |L=Q] QO xO=iDU= OQwt l}�=DrwwDi pwS=t O=a@=
Q=Ri=sQv \UwD |Oa@ wO |=y|R=Ux}@W \UwD pwS=t |=tO w OW=@|t `@ Qt

"Ot; CUOx@ ANSYS Fluent 2021R2

xOv@=DR=@ |L=Q] "1"2
O=H}= |]}=QW u=wD|t |ak=w \}Lt QO |O}WQwN |@=}OQ C=R}yHD R= xO=iDU= =@
ZQi 'xar=]t u}= QO "OW=@ Owta pvB K]U Q@ xQ=wty |O}WQwN V@=D Q=OQ@ xm OQm

"OW=@|t pwS=t K]U Q@ Owta xQ=wty O}WQwN V@=D xm CU= u}= Q@
%O};|t CUOx@ 1 xrO=at w 2 pmW T=U= Q@ CND xLiY xOv@=DR=@ O=a@=

LRe
ector = Sin(2�� 90)
Sin(90� �)

:LPV = �Cos(2�)
Cos(�)

:LPV (1)

xOv@=DR=@ pw] =@ xOv@=DR=@ pw] xm 4 =D 2 CqO=at T=U= Q@ |wtyU xOv@=DR=@ O=a@=
CND xLiY xOv@=DR=@ =@ xU}=kt |=Q@ 'Ow@ Q@=Q@ XNWt ?}W x} w=R =@ CND xLiY

%O};|t CUOx@
r(x) = xî+ y(x)ĵ (2)

y(x) = x2

600 � 150 (3)

RmQtD C@Uv |=Q@ u=wD Ow@y@ OYQO w C=w 10/5 w 9 x@ 2x w 1x RmQtD C@Uv
OtLt "CU= `HQt pwS=t x@ C@Uv OYQO 45/8 w 22/3 ?}DQDx@ 2x w 1x
w OvOQm |UQQ@ =Q l}�=DrwwDi pwS=t |wQ Q@ xOv@=DR=@ Q}F-=D [10]'u=Q=mty w QwYvt
sDU}U R= QDW}@ OYQO 30 OwOL |SQv= G=QNDU= xm OyO|t u=Wv pY=L G}=Dv
p=L QO xm |D=w=ot 5 |DavY x=owQ}v l} 'u}vJty "OW=@|t `HQt l}�=DrwwDi
Qo = xm O=O u=Wv G}=Dv w CiQo Q=Qk xar=]t OQwt 'CU= C}r=ai p=L QO Q[=L
|O}rwD u=wD OwQ|t Q=_Dv= 'OwW RyHt xOv@=DR=@ sDU}U x@ l}�=DrwwDi x=owQ}v u}=
QO "O@=} V}=Ri= Ca=U C=wwr}m 4/43 OwOL x@ 3/41 R= |D=w=ot 5 x=owQ}v xv=RwQ
sDU}U OQmrta w |}=Q=m Q@ =yxv}; pw] Q}F-=D [11]u=Q=mty w u}DU} Qm 'Qo}O |WywSB
R= jQ@ O}rwD xvq=U V}=Ri= 'pY=L G}=Dv xm OvOQm |UQQ@ =Q RmQtDt l}�=DrwwDi
LR = LPV =2 R= xOv@=DR=@ pw] Q}}eD s=ovy QO OYQO 28/7 x@ OYQO 8/5
CQwY VywSB QO |R=Ux}@W xH}Dv "OyO|t u=Wv =Q LR = 2 � LPV x@
pwS=t |=tO 'xOv@=DR=@ R= xO=iDU= xm O=O u=Wv [12]u=Q=mty w =m}vwt \UwD xDiQo
\}=QW QO w s=Q; |=wy u=} QH \}=QW QO O=Qo|Dv=U xHQO 40 |r= 30 =Q l}�=DrwwDi
Qta pw] xJQo = "OyO|t V}=Ri= O=Qo|Dv=U xHQO 20 |r= 10 xDiW; |=wy u=} QH
21 x@ p=U 25 R= ?wr]t O=@ u=} QH \}=QW QO xOv@=DR=@ s=eO= =@ l}�=DrwwDi pwS=t
Qta pw] C=irD Q@ xOW O}rwD |m} QDmr= u=wD V}=Ri= p=L u}= =@ 'Ci=} Vy=m p=U

"Ovm|t x@re
'ACPC(1=53x)) l}�=DrwwDi sDU}U ẁv xU [13]'u=Q=mty w =ov=Q
|UQQ@ =yu=tDN=U |=Q@ =Q (V � trough(1=40x) w CPC(1=46x)

'(ACPC) uQ=kDt=v |@}mQD |wtyU xOv@=DR=@ xm OyO|t u=Wv pY=L G}=Dv "OvOQm
xOR=@ "Ovm|t O}rwD Qo}O |=y|Ov@ Qm}B =@ xU}=kt QO =Q |HwQN u=wD u} QDq=@
OQwNQ@ x} w=R QO RmQtDtQ}e pwS=t l} R= QDq=@ OYQO 42/2 'ACPC |m} QDmr=
16 |rwtat pwS=t w p=U 9/7 'ACPC CN=OQB R=@ xQwO w OW=@|t xHQO 10
j} Q] R= O=Qo|Dv=U xHQO 25 QO pwrU |=tO ^iL 'u}vJty "OW |v}@V}B p=U
"O=O V}=Ri= OYQO 31 =D =Q ACPC \UwD xOW O}rwD u=wD 'p=ai |R=UlvN
=@ l}�=DrwwDi xOv@=DR=@ sDU}U R= O}OH |Ov@ Qm}B l} [14]u=Q=mty w wro =DUw=
Compound Hyperbolic Concentrator- Trumpet(CHCT) u=wva
xm OyO|t u=Wv pY=L G}=Dv "OvOQm xU}=kt pmW V w CPC |=yxOv@=DR=@ =@ =Q
CHC- wV-trough 'CPC R= xO=iDU= =@ |O}WQwN pwS=t |m} QDmr= u=tOv=Q
|HwQN u=wD w xOw@ OYQO 18/59 w 18/51 '18/44 ?}DQD x@ Trumpet

58/97 OwOL w CPC-PVT R= QDW}@ OYQO 42/9 OwOL CHCT-PVT

l}DUwm "OW=@|t xOv@=DR=@ K]U OL=w QO VT-PVT |=ysDU}U R= QDW}@ OYQO
Q@ sw}v}twr; p} wi w sw}v}twr; jQw R= xOW xDN=U xOv@=DR=@ C=Q}F-=D [15]'u=Q=mty w
=yxOv@=DR=@ 'xv}y@ C}akwt QO xm OW XNWt w OvOQm |UQQ@ =Q PVT QwDmrm
w Q@=Q@ 1/44 |tw}v}twr; jQw R= xOW xDN=U xOv@=DR=@ |=Q@ xv=RwQ RmQtD C@Uv
|SQv= pm "OW |@=} RQ= Q@=Q@ 1/66 |tw}v}twr; p} wi R= xOW xDN=U xOv@=DR=@ |=Q@
xDN=U |=yxOv@=DR=@ =@ PVT QwDmrm \UwD xOW O}rwD xv=RwQ |m} QDmr= w |DQ=QL
QDW}@ OYQO 8/6 w 39 ?}DQD x@ xv}y@ C}akwt QO |tw}v}twr; jQw R= xOW
s=eO= C=QF= [16]'u=Q=mty w QwB=}[ RwQy@ "Ow@ xOv@=DR=@ uwO@ PVT QwDmrm R=
Q}O=kt w OvO=O Q=Qk |UQQ@ OQwt =Q PVT sDU}U l} OQmrta Q@ =yxOv@=DR=@
CUO x@ �xOv@=DR=@ uwO@� C=w 788 w �xOv@=DR=@ wO R= xO=iDU= =@� C=w 1138
CPC-PVT |=yQwDmrm |wQQ@ [17]u=Q=mty w p=J}t j}kLD R= |DtUk QO "Ot;
xW}W VWwB =@ w |Q=mlvN uwO@ w xOv@=DR=@ wO =@ QwDmrm |=tO xm OW XNWt
pwS=t |=tO w O=Qo|Dv=U xHQO 58/37 |Q=mlvN =@ 'O=Qo|Dv=U xHQO 98/16
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Ovyt

"|@}mQD xOv@=DR=@ �G� '|wtyU xOv@=DR=@ �?� 'CND xLiY xOv@=DR=@ �hr=� "1 pmW

"Vt x@ |oDU@=w "1 pwOH
3600s 2400s 1200s 600s 300s 60s =yu=tr= O=OaD

353=7481 353=7188 352=7863 346=0763 332=569 307=8589 3571
353=7186 353=6841 352=7533 346=047 332=5491 307=8555 11057
353=7094 353=669 352=7382 346=0344 332=5379 307=8514 20590
353=7068 353=6604 352=7272 346=0255 332=5327 307=8498 33917
353=7048 353=6524 352=7123 346=0085 332=5151 307=8425 52593

|OOa |R=Ux}@W "2"2
DO pOt R= ANSYS Fluent 2021R2 Q=Ri=sQv QO `WaWD |R=Ux}@W |=Q@
xm Qw]u=ty 'OQ=O R=}v |O=t \}Lt l} x@ VwQ u}= xm =Hv; R= "CU= xOW xO=iDU=
u=wvax@ \}Lt l} =yxOv@=DR=@ w pwS=t K]U u}@=t 'OwW|t xOy=Wt 1 pmW QO

%OvW=@|t Q} R KQW x@ xr=Ut u}= pL |=Q@ |RQt \}=QW "CU= xOW h} QaD =wy
&OQ=O OwHw pwS=t CWB w wrH QO |}=H@=H CQ=QL p=kDv= ��

&OW=@|t j}=a =yxOv@=DR=@ CWB K]U ��
&OwW|t OQ=w |O}WQwN pwS=t |wQ Q@ Owta CQwYx@ |O}WQwN `WaWD ��

Rw}i}O `WaWD w OW xDiQo Q_v QO s}kDUt CQwYx@ qt=m |O}WQwN `WaWD ��
&OwW|t ZQi QiY

&OwW|t xDiQo Q_v QO OYQO 100 ?=DR=@ =@ w |rk}Y qt=m =yxOv@=DR=@ K]U ��
"OwW|t ZQi u} wrm xHQO 298/15 pwS=t |=RH= s=tD x}rw= |=tO ��

xm@W R= pqkDU= "3"2
xOW xO=O u=Wv Vt O=OaD x@ |O}WQwN pwS=t K]U |=tO |oDU@=w '1 pwOH QO
u}= QO "OW=@|t u} wrm ?UL Q@ 2 pwOH QO xOt; CUO x@ |=y=tO |=m} %CU=
?=NDv= 33917 =@ Q@=Q@ Vt O=OaD C=@U=Lt Vy=m w CkO V}=Ri= Crax@ 'xar=]t

"CU= xOW
Q=Ri=sQv C=t}_vD QO O}=@ O=wt |m}DB= w |m} R}i X=wN '|R=Ux}@W s=Hv= |=Q@

"OyO|t u=Wv =Q xar=]t u}= QO xO=iDU= OQwt O=wt X=wN 2 pwOH "OvwW OQ=w

Q@ |O}WQwN `WaWD OQwNQ@ x}w=R w |O}WQwN pwS=t |=yx}q l}D=tW "2 pmW
"xOv@=DR=@ h=QLv= x}w=R T=U=

Lre
ector =
xZ

300

s�
@x
@x

�2
+
�
@y
@x

�2
dt (4)

R= xO=iDU= =@ CND xLiY w |wtyU xOv@=DR=@ =@ xU}=kt |=Q@ |@}mQD xOv@=DR=@ O=a@=
w |wtyU xOv@=DR=@ l} pw] =@ |@}mQD |=yxOv@=DR=@ pw] "OW |L=Q] 1 xrO=at
|=yxOv@=DR=@ `=wv= 3 pmW "CU= Q@=Q@ xHQO 80 ?}W x} w=R =@ CND xLiY xOv@=DR=@

%OyO|t u=Wv =Q VywSB u}= QO |@}mQD
%OwW|t u=}@ [18]5 xrO=at \UwD RmQtD C@Uv

C = Gtot
Gnet

(5)

s=ovy pwS=t K]U x@ |OwQw `WaWD u=R}t ?}DQDx@ Gnet w Gtot 'q=@ xrO=at QO
"OW=@|t xOv@=DR=@ uwO@ pwS=t K]U x@ |OwQw `WaWD u=R}t w xOv@=DR=@ R= xO=iDU=
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L=Q]

"�6 =D 1 xvwtv� |@}mQD |=yxOv@=DR=@ "3 pmW
[21w20]"|O}WQwN pwS=t |=yx}q QO xO=iDU= OQwt O=wt |m}DB= w |m} R}i X=wN "2 pwOH

?} Q[
mm Ct=N[ |DQ=QL X=wN xO=tCUmW Qw@a ?=DR=@ ?PH

526/1 92/0 04/0 04/0 2/3
� = 3000[kg

�
m3]

GlassCp = 500[J/(kgK)]

k = 2[W/(mK)]

45/1 9/0 02/0 08/0 5/0
� = 960[kg

�
m3]

EVACp = 2070[J/(kgK)]

k = 0 35[W/(mK)]

69/3 02/0 08/0 9/0 2/0
� = 2330[kg

�
m3]

CellCp = 677[J/(kgK)]

k = 148[W/(mK)]

45/1 012/0 86/0 13/0 3/0
� = 1200[kg

�
m3]

TedlarCp = 1250[J/(kgK)]

k = 0 2[kg/(mK)]
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v=mt
|U

Ovyt G}=Dv "3
|HvU CLY G}=Dv "1"3

w xO=R uULt Oq}t VywSB '|R=Ux}@W |=Q@ Q_v OQwt VwQ |HvUCLY |=Q@
pwS=t xUOvy "CU= xOW ?=NDv= |@ QHD xar=]t l} u=wvax@ [18]|v}UL =[Q
Q=Ri=sQv\}Lt QO x]w@ Qt xOv@=DR=@ =@ x=Qty =yv; |xar=]t QO xO=iDU= OQwt |O}WQwN
u}ov=}t Q=Okt w xOW s=Hv= =}=B=v Cr=L QO |R=Ux}@W "O}OQo |Ov@ Vt w |L=Q]

"CU= xOt; CUOx@ |v=tR xrLQt Qy QO pwS=t xW}W K]U |=Q@ =tO
|SQv= CqO=at =@ u=tRty xm OW xO=iDU= DO pOt R= '`WaWD CqO=atpL |=Q@
C=t}_vD QO pt=m CQwYx@ |R=Ux}@W QO xO=iDU= OQwt O=wt X=wN "OvOW pL
xOW p=ta= |O}WQwN pwrU x}q |=Q@ jQ@ O}rwD x@ \w@ Qt UDF w OQ=w Q=Ri=sQv
w =yxOv@=DR=@ CWB K]U '|O}WQwN pwS=t CWB |=Q@ j}=a |RQt \}=QW "CU=
Q_vhQY =wy ?PH ?} Q[ R= w p=ta= |O}WQwN pwS=t |=yx}q |Q=vm |=yxQ=w}O
w Second Order Upwind VwQ R= |SQv= CqO=at pL |=Q@ "CU= xO}OQo

"CU= xOW xO=iDU= First Order Upwind VwQ R= DO CqO=at |=Q@
u=tR R= |a@=D xm |OwQw `WaWD xrO=at 'xr-=Ut u}= |RQt \}=QW p=ta= |=Q@
\}=QW QO xrO=at u}= w G=QNDU= xr=kt uwQO R= 'xOW xO=O u=Wv 4 pmW QO w CU=
CQ=QL p=kDv= w `WaWD R= |@}mQD xm (Insolation Wall) |}q=@ Q=w}O |RQt

"CU= xO}OQo p=ta= Ow@ |}=H@=H
13 xrO=at \UwD q=@ Q=w}O (mixed) |@}mQD |RQt \QW |=Q@ u=tU; |=tO

[25]%O};|t CUOx@ 'OW=@|t \}Lt |=tO R= |a@=D xm
Tsky = 0=0522T 1=5

amb (13)

pwS=t x@ xW}W K]U |wQ Q@ O}=@ xm |rm |}=H@=H CQ=QL p=kDv= ?} Q[ 'xwqax@
?} Q[ xOvyO u=Wv 15 xrO=at 'u}vJty [26]"Ot;CUOx@ 14 xrO=at R= 'OwW p=ta=
Ovm|t Q}}eD 'xOW xOQ@ xQy@ u; QO xm |rL VwQ T=U= Q@ xm CU= |DQ=QL p=kDv=

%Ovm|t Q}}eD u}}=B Q=w}O x@ C@Uv q=@ Q=w}O CL=Ut Q}}eD C@Uv x@ w
hconvection = 3=3� vwind + 6=5 (14)

hinsolation wall = APV
Ainsolation wall

� hconvection (15)

K@Y 9 Ca=U R= pvB x@ xOQ=w xv=RwQ |O}WQwN `WaWD COW Q=Owtv "4 pmW
[18]"xOv@=DR=@ =@ x=Qty w xOv@=DR=@ uwO@ Qy_ R= Oa@ 17 =D

[22]%Ot;|tCUOx@ 6 xrO=at\UwD|O}WQwNpwS=t|=yx}q|=Q@?PH?} Q[

a = 1
d

ln

24 (1� r)2

2� +

s
r2 + (1� r)4

4� 2

35 (6)

l} Qy Qw@a ?} Q[ w ?=DR=@ ?} Q[ 'Ct=N[ ?}DQD x@ � w r 'd xrO=at u}= QO
"OvW=@|t =yx}q R=

l}�=DrwwDi pwS=t xOR=@ "4"2
%OW=@|t Q} R CQwYx@ |O}WQwN pwS=t |=yx}q pN=O QO CQ=QL p=kDv= |xrO=at
@(�iCPiTi)

@t
= r:(kirTi)� 
 _eelec + Sh (7)

x@ \w@ Qt x}q |=Q@ 
 C}tm "CU= |O}WQwN pwS=t |=yx}q XDNt i T}Ov=
Q=Qk QiY =yx}q x}k@ |=Q@ w 1 Q=Okt 'pwrU |x}q |=Q@ xm OW=@|t |O}WQwN pwrU

[23]%O};|t CUOx@ 8 xrO=at j} Q] R= l}�=DrwwDi pwS=t xOR=@ "OwW|t xO=O

�PV = �ref
�

1� �ref (Tcell � Tref ) + 0=085 ln
�
Isolar
Iref

��
(8)

OQ=w `WaWD COW ?}DQD x@ Iref 'Tref '�ref '�ref 'Isolar '8 xrO=at QO
xHQO 298/15 |=tO QO |O}WQwN pwrU `HQt |m} QDmr= xOR=@ 'sDU}U x@ xOW
w �u} wrm xHQO 298/15� `HQt|=tO '�0/0046� `HQt |=tO ?} Q[ 'u} wrm

"OvW=@|t `HQt Cr=L QO `WaWD COW
%O};|t CUOx@ 9 xrO=at R= |O}WQwN pwS=t \UwD |O}rwD xD}U} QDmr=

_eelec = Eelec
Vcell

= (acell�glassIsolar)�PV
dcell

(9)

'|O}WQwN pwrU x}q ?PH ?} Q[ ?}DQDx@ dcell w �glass 'acell 'xrO=at u}= QO
"OvW=@|t |O}WQwN pwrU x}q Ct=N[ w xW}W Qw@a ?} Q[

`WaWD CqO=at "CU= xOW xO=iDU= DO pOt R= `WaWD CqO=at pL |=Q@
xOW xO=O u=Wv 10 xrO=at QO xm OwW|t pL u=tRsyQw]x@ |SQv= CqO=at =@

[24]%CU=
r:(I(~r;~s)~s) + (a+ �s)I(~r;~s) =

an2 �T 4

�
+ �s

4�
4�Z
0
I(~r;~s)�(~s;~s0)d
0 (10)

"OvW=@|t |oOvm =QB ?} Q[ w |oOvm =QB CyH Q=OQ@ ?}DQD x@ �s w ~s0 'q=@ x]@=Q QO
x} w=R w Cr=L `@=D 'CUmW ?} Q[ '?PH ?} Q[ ?}DQDx@ 
0 w � 'n 'a

%OQm h} QaD Q} R CQwYx@ u=wD|t =Q sQD TQwU "OvW=@|t �|Oa@ xU� |}=[i

Sh = �r:qR = r:
+1Z
0
qRv dv (11)

00~n00 OL=w Owta Q=OQ@ =@ K]U R= |Qw@a |i}] |W@=D Q=W qRv 'q=@ x]@=Q QO xm
%OwW|t h} QaD Q} R CQwYx@

qRv = ~qRv :~n =
Z
4�

Iv~n:~sd
 (12)
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L=Q]p=L VywSB |R=Ux}@W G}=Dv uOw@ pw@k p@=k xOvyOu=Wv w xOw@ OYQO 3/86
"CU= Q[=L

CFD |R=Ux}@W G}=Dv "2"3
Q_v QO `@ QtQDt Q@ C=w 1000 =@ Q@=Q@ |R=Ux}@W OQ=wt |xty |=Q@ `WaWD COW
'u}vJty "CU= xOW ZQi u} wrm xHQO 298/15 =@ Q@=Q@ \}Lt |=tO w xOW xDiQo
CQ=QL p=kDv= ?} Q[ "CU= xOt; CUOx@ 12 x]@=Q R= xO=iDU= =@ u=tU; |=tO
xUOvy |}q=@ Q=w}O |=Q@ 'u} wrm `@ QtQDt Q@ C=w 5 u=R}tx@ pwS=t CWB |=Q@ |}=H@=H
QO u; Q=Okt w xDi=} Vy=m 15 x]@=Q =@ j@=]t q=@ Q=w}O pw] V}=Ri= x@ C@Uv
|O}WQwN pwS=t |=yx}q |Q=vm |=yxQ=w}O 'u}vJty "CU= xOW OQ=w |RQt \}=QW

"Ov=xOW xDiQo Q_v QO j}=a =yxOv@=DR=@ CWB Q=w}O w
|O}WQwN pwS=t OQmrta QO xOv@=DR=@ |xUOvy Q}F-=D "1"2"3

339/64 x@ xOvvmlvN xOv@=DR=@ OwHw sOa \}=QW QO |O}WQwN pwS=t |=tO
s=eO= C=Q}F-=D 'u}vJty "O}UQ OYQO 11/08 x@ pwS=t u}= xOR=@ w u} wrm xHQO
|O}WQwN pwS=t |Q=m |=tO Q@ |@}mQD w |wtyU 'CND xLiY xOv@=DR=@ ẁv xU

"OW |UQQ@
|=Q@ pwS=t K]U |=tO 'CiQo s=Hv= =}=B=v Cr=L QO xm |Oa@ wO |R=Ux}@W QO
u}@ xU}=kt 10 =D 6 |=ypmW "OW |UQQ@ Q@=Q@ xOv@=DR=@ pw] =@ xOv@=DR=@ pOt wO

%OvyO|t u=Wv =Q |wtyU w CND xLiY xOv@=DR=@
xLiY xOv@=DR=@ x@ C@Uv |wtyU xOv@=DR=@ R= xO=iDU= s=ovy pwS=t K]U |=tO
'4/04 '1/5 '0/07 ?}DQD x@ xHQO 85 w 80 '70 '60 '50 |=}=wR |=Q@ CND
|=tO xm q=@ |=yQ=Owtv QO "CU= xDW=O V}=Ri= |@=} RQ= OYQO 11/74 w 6/16
u=tR CWPo =@ xm OwW|t xOy=Wt 'OvyO|t u=Wv u=tR x@ C@Uv =Q pwS=t K]U
OQ=wt R=l} Qy QO |Q=mlvN Ov}=Qi Qo = '=DU=Q u}ty QO "O@=}|tV}=Ri= pwS=t |=tO
|HwQN u=wD QFm =OL R= u=wD|t 'O@=} Vy=m pwS=t |Q=m |=tO w OwW s=Hv= jwi
xOv@=DR=@ 'u}}=B ?}W |=}=wR QO '7 w 6 |=ypmW =@ j@=]t "OW OvtxQy@ pwS=t
=D 8 |=ypmW QO "OvQ=Ov OQmQ=m |=tO QO |v=OvJ hqDN= CND xLiY w |wtyU
|wtyU xOv@=DR=@ =@ pwS=t |Q=m |=tO '?}W x} w=R V}=Ri= =@ xm OwW|t xOy=Wt 10
C@Uv QF= xOvyO u=Wv Qt= u}= xm CU= CND xLiY xOv@=DR=@ =@ pwS=t |=tO R= QDq=@

"OW=@|t CND xLiY x@ |wtyU xOv@=DR=@ RmQtD

xLiY w |wtyU xOv@=DR=@ R= xO=iDU= s=ovy |O}WQwN pwS=t K]U |=tO "6 pmW
"xHQO 50 CND

xOt; CUOx@ |U=vW=wy C}=U j} Q] R= \}Lt |=tO w O=@ CaQU '14 xrO=at QO
p=kDv= ?} Q[ p=ta= |=Q@ '3 pwOH =@ j@=]t "CU= xOW xO=O Q=Qk xrO=at QO w

"CU= xOW xO=iDU= 15 xrO=at R= q=@ Q=w}O x@ |}=H@=H CQ=QL
xOW xDiQo Q_v QO h=iW xt}v QqOD x}q R= Q}ex@ |O}WQwN pwS=t |=yx}q s=tD
xOW pB wm Qo}Om} =@ =yx}q u}= w Ovm Qw@a =yv; j} Q] R= O}=@ O}WQwN Qwv =Q} R 'CU=
Q_v QO h=iW Q}e QqOD x}q "OW=@ xDW=O OwHw =yv; u}@ QO C}=Oy CQ=QL p=kDv= w

"CU= xOW p=ta= j}=a |RQt \QW u; |vwQ}@ K]U Q@ w xOW xDiQo
Qwv CUmW ?} Q[ w q=@ Q=}U@ Vv=UQ CQ=QL p=kDv= ?} Q[ =@ =wy p=}U
|=tO =D xOQm p=eW= =Q q=@ Q=w}O =D =yxOv@=DR=@ w |O}WQwN pwS=t u}@ |=[i 'l}
|Q}F-=D R}v O}WQwN Qwv V@=D QO xm |r=L QO 'Ovm C}=Oy q=@ Q=w}O x@ =Q pwS=t K]U

"OW=@ xDW=Ov
=yx}q |t=tD QO |O}WQwN pwS=t |=yx}q xOvyO p}mWD O=wt |=y|oS} w
"Ov=xOw@ Q=Po Q}F-=D `WaWD |R=Ux}@W QO =yx}q |t=tD w CU= xOW ?=NDv= |DUQOx@
p=ta= pwrU x@ \w@ Qt x}q QO xD}U} QDmr= O}rwD |=Q@ xO=iDU= OQwt UDF 'u}vJty

"CU= xO}OQo
s=Hv= [18]|@ QHD VywSB QO |R=Ux}@W QO xO=iDU= OQwt VwQ |HvUQ=@Da=
"CU= xOW xO=O u=Wv 5 pmW QO xOt; CUOx@ u=tR ?UL Q@ =tO Q=Owtv w xOW
QFm =OL |@ QHD |xH}Dv =@ |Oa@ wO |R=Ux}@W |xH}Dv hqDN= '5 pmW j@=]t

xar=]t |=Q@ Qy_ R= Oa@ 16 =D K@Y 9 |v=tR xR=@ QO O=@ CaQU w =tO "3 pwOH
[18]"|v}UL w xO=R uULt

\}Lt |=tO ẁQW u=tR O=@ CaQU Ca=U
(K) (s) (km=h)

298=15 0 4 9
301=15 3600 4 10
304=15 7200 4 11
307=15 10800 4 12
307=15 14400 4 13
307=15 18000 4 14
308=15 21600 6 15
309=15 25200 8 16

xar=]t xH}Dv =@ |Oa@wO |R=Ux}@W QO |O}WQwN pvB K]U |=tO xU}=kt "5 pmW
"|@ QHD
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"xHQO 85 CND

QO |@}mQD |=yxOv@=DR=@ R= xO=iDU= s=ovy |O}WQwN pwS=t K]U |=tO "11 pmW
"xHQO 80 CND xLiY w |wtyU xOv@=DR=@ =@ xU}=kt

QDtm |r@k xOv@=DR=@ wO x@ C@Uv |O}rwD u=wD hqDN= 'xOv@=DR=@ ?}W V}=Ri= =@
|O}rwD u=wD V}=Ri= OvwQ '|wtyU |=yxOv@=DR=@ |HwQN u=wD OQwt QO =t= "OwW|t
wO x@ C@Uv |O}rwD u=wD hqDN= '?}W V}=Ri= =@ |va} 'CU= |OwaY CQwYx@
QO RmQtD C@Uv xm CU= p}rO u}= x@ R}v xH}Dv u}= "OwW|t QDW}@ |r@k xOv@=DR=@

"CU= QDW}@ CND xLiY |=yxOv@=DR=@ x@ C@Uv |wtyU |=yxOv@=DR=@
"OW |UQQ@ =yv; OQmrta w |R=Ux}@W =}=B=v Cr=L QO R}v |@}mQD |=yxOv@=DR=@
11 pmW QO xHQO 80 |wtyU wCND xLiY xOv@=DR=@ =@|@}mQD |=yxOv@=DR=@ xU}=kt

"CU= xOW xO=O u=Wv
R= xO=iDU= s=ovy pwS=t K]U |=tO V}=Ri= xm OwW|t xOy=Wt 11 pmW QO
?}DQD x@ 6 =D 1 ẁv R= xHQO 80 CND xLiY xOv@=DR=@ x@ C@Uv |@}mQD xOv@=DR=@
|=tO V}=Ri= w xO}UQ OYQO 7/14 w 5/15 '3/55 '2/82 '2/48 '1/16 x@
0/92 'xHQO 80 |wtyU xOv@=DR=@ x@C@Uv 6 ẁv|@}mQD xOv@=DR=@ |=Q@ pwS=t K]U
=@ |O}WQwN pwS=t |=tO xm OyO|t u=Wv pY=L G}=Dv "CU= xOW |@=} RQ= OYQO
xOv@=DR=@ =yvD "OW=@|t QDy@ CND xLiY xOv@=DR=@ R= CQwY Qy QO |@}mQD xOv@=DR=@
C@Uv =Q} R 'OW=@ xHQO 80 |wtyU xOv@=DR=@ R= |QDy@ xv} Ro Ov=wD|t 6 ẁv |@}mQD
OW=@ QDW}@ |wtyU xOv@=DR=@ CN=U xv} Ry xm |}=yOQ@ Q=m QO w OQ=O |QDq=@ RmQtD

"OQm xO=iDU= |@}mQD xOv@=DR=@ R= u=wD|t

xLiY w |wtyU xOv@=DR=@ R= xO=iDU= s=ovy |O}WQwN pwS=t K]U |=tO "7 pmW
"xHQO 60 CND

xLiY w |wtyU xOv@=DR=@ R= xO=iDU= s=ovy |O}WQwN pwS=t K]U |=tO "8 pmW
"xHQO 70 CND

xLiY w |wtyU xOv@=DR=@ R= xO=iDU= s=ovy |O}WQwN pwS=t K]U |=tO "9 pmW
"xHQO 80 CND

w CND xLiY |=yxOv@=DR=@ s=eO= =@ l}�=DrwwDi pwS=t |O}rwD u=wD 4 pwOH
uDiQ q=@ s=ovy xOR=@ Vy=m seQ}ra '4 pwOH =@ j@=]t "OyO|t u=Wv =Q |wtyU
OvwQ 'u}vJty "O@=}|t V}=Ri= xOv@=DR=@ ?}W V}=Ri= =@ |O}rwD u=wD 'xOv@=DR=@ ?}W
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L=Q]"|wtyU w CND xLiY |=yxOv@=DR=@ R= xO=iDU= s=ovy |O}WQwN pwS=t |O}rwD u=wD "4 pwOH
S(W ) |O}rwD u=wD (mm) xOv@=DR=@ pw] (mm) pwS=t pw] xOv@=DR=@

29/9 162/089 600 50� 
at

40/3 600 600 60� 
at

48/55 1343/86 600 70� 
at

52/57 3246/88 600 80� 
at

54/07 6779/64 600 85� 
at

29/94 162/089 600 50� parabolic

41/43 600 600 60� parabolic

54/76 1343/86 600 70� parabolic

75/32 3246/88 600 80� parabolic

98/57 6779/64 600 85� parabolic

CND xLiY |=yxOv@=DR=@ R= xO=iDU= s=ovy |O}WQwN pwS=t K]U |=tO "13 pmW
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6 ẁv |@}mQD xOv@=DR=@ R= xO=iDU= s=ovy |O}WQwN pwS=t K]U |=tO V}=Ri= �
x@ xHQO 80 |wtyU xOv@=DR=@ w xHQO 80 CND xLiY xOv@=DR=@ x@ C@Uv
=yxv}; O=OaD QOkJQy O=O u=Wv G}=Dv "OW |@=} RQ= OYQO 0/92 w 7/14 ?}DQD
w OwW|t xOy=Wt pwS=t QO |QDy@ OQmrta 'OW=@ QDW}@ |@}mQD |=yx} w=R =@
xv} Ro |@}mQD xOv@=DR=@ 'CU= q=@ |wtyU xOv@=DR=@ CN=U xv} Ry xm |OQ=wt |=Q@

"OW=@|t xO=iDU= |=Q@ |@U=vt

s�qa CUQyi
&(Wm�2) xOv@=DR=@ =@ pwS=t K]U x@ |OwQw `WaWD COW %Gtot

&(Wm�2) xOv@=DR=@ uwO@ pwS=t K]U x@ |OwQw `WaWD COW %Gnet
&(m2) K]U CL=Ut %A

&(Jkg�1K�1) xS} w |}=tQo C}iQ_ %Cp
&(Wm�1K�1) |D}=Oy CQ=QL p=kDv= ?} Q[ %k

&(mm) Ct=N[ %d
&(K) =tO %T

&(Wm�2K�1) |}=H@=H CQ=QL p=kDv= ?} Q[ %h
&(Wm�2) |O}WQwN V@=D COW %Isolar

&(Wm�2) `HQt V@=D COW %Iref
&(Wm�3) |O}rwD |m} QDmr= u=wD MQv % _eelec

&(W ) |O}rwD |m} QDmr= u=wD %Eelec

�References� `@=vt
1. Kalogirou, S.A., 2018. Introduction to Renewable En-

ergy Powered Desalination. In Renewable Energy Pow-

ered Desalination Handbook, Butterworth-Heinemann.
pp.3-46.

2. Baccoli, R., Kumar, A., Frattolillo, A., Mastino, C., Ghi-
ani, A. and Gatto, G., 2021. Enhancing energy produc-

22



2|
xQ=t

W'
39

|xQ
wO'

�14
02

R}}=B
�h

}QW
l}

v=mt
|U

Ovyt tion in a PV collector-re
ector system supervised by an
optimization model: Experimental analysis and valida-
tion. Energy Conversion and Management, 229. 113774.
https://doi.org/10.1016/j.enconman.2020.113774.

3. Baccoli, R., Frattolillo, A., Mastino, C., Curreli,
S. and Ghiani, E., 2018. A comprehensive op-
timization model for 
at solar collector coupled
with a 
at booster bottom re
ector based on
an exact �nite length simulation model. Energy
Conversion and Management, 164, pp.482-507.
https://doi.org/10.1016/j.enconman.2018.02.091.

4. Lu, W., Wu, Y. and Eames, P., 2018. Design and
development of a building fa�cade integrated asym-
metric compound parabolic photovoltaic concentra-
tor (BFI-ACP-PV). Applied Energy, 220, pp.325-336.
https://doi.org/10.1016/j.apenergy.2018.03.071.

5. Malik, P. and Chandel, S.S., 2020. Performance en-
hancement of multi-crystalline silicon photovoltaic mod-
ules using mirror re
ectors under western himalayan cli-
matic conditions. Renewable Energy, 154, pp.966-975.
https://doi.org/10.1016/j.renene.2020.03.048.

6. Sangani, C.S. and Solanki, C.S., 2007. Experimen-
tal evaluation of V-trough (2 suns) PV concentra-
tor system using commercial PV modules. Solar En-
ergy Materials and Solar Cells, 91(6), pp.453-459.
https://doi.org/10.1016/j.solmat.2006.10.012.

7. Huang, B.J. and Sun. F.S., 2007. Feasibility study
of one axis three positions tracking solar PV with
low concentration ratio re
ector. Energy Con-
version and Management, 48(4), pp.1273-1280.
https://doi.org/10.1016/j.enconman.2006.09.020.

8. Gajbert, H., Hall, M. and Karlsson, B., 2007.
Optimisation of re
ector and module geome-
tries for stationary, low-concentrating, fa�cade-
integrated photovoltaic systems. Solar Energy
Materials and Solar Cells, 91(19), pp.1788-1799.
https://doi.org/10.1016/j.solmat.2007.06.007.

9. Narasimman, K. and Selvarasan, I., 2016. De-
sign construction and analysis of solar ridge
concentrator photovoltaic (PV) system to im-
prove battery charging performance. Ecotoxicol-
ogy and Environmental Safety, 127, pp.187-192.
https://doi.org/10.1016/j.ecoenv.2016.01.024.

10. Simon, S.P., Kumar, K.A., Sundareswaran, K., Nayak,
P.S.R. and Padhy, N.P., 2020. Impact and economic as-
sessment on solar PV mirroring system-A feasibility re-
port. Energy Conversion and Management, 203, 112222.
https://doi.org/10.1016/j.enconman.2019.112222.

11. Nour, C. A., Migan-Dubois, A., Badosa, J., Bour-
din, V., Marchand, C. and Akiki, T., 2020. Ge-
ometrical optimization for a photovoltaic installa-
tion equipped with 
at re
ectors based on plane of
array estimations. EPJ Photovoltaics, 11(1), pp.14.
DOI:10.1051/epjpv/2019010.

12. Agrawal, M., Kumar, A. and Chowdhury, A., 2021. A
detailed simulation-based study on the e�ect of mirror

integration on PV Module (s) with analysis of di�er-
ent wind 
ow scheme. Solar Energy, 222, pp.129-144.
https://doi.org/10.1016/j.solener.2021.05.028.

13. Parupudi, R.V., Singh, H. and Kolokotroni,
M., 2020. Low concentrating photovoltaics
(LCPV) for buildings and their perfor-
mance analyses. Applied Energy, 279, 115839.
https://doi.org/10.1016/j.apenergy.2020.115839.

14. Ustaoglu, A., Ozbey, U. and Torlakli, H., 2020.
Numerical investigation of concentrating photo-
voltaic/thermal (CPV/T) system using compound
hyperbolic-trumpet, V-trough and compound parabolic
concentrators. Renewable Energy, 152, pp.1192-1208.
https://doi.org/10.1016/j.renene.2020.01.094.

15. Kostic, L.T., Pavlovic, T.M. and Pavlovic, Z.T., 2010.
In
uence of re
ectance from 
at aluminum concentra-
tors on energy e�ciency of PV/Thermal collector. Ap-
plied Energy, 87(2), pp.410-416.

16. Ziapour, B.M., Palideh, V. and Mokhtari, F., 2016.
Performance improvement of the �nned passive PVT
system using re
ectors like removable insulation cov-
ers. Applied Thermal Engineering, 94, pp.341-349.
https://doi.org/10.1016/j.applthermaleng.2015.10.143.

17. Michael, J. J., Iqbal, S. M., Iniyan, S. and
Goic, R., 2018. Enhanced electrical perfor-
mance in a solar photovoltaic module using
V-trough concentrators. Energy, 148, pp.605-613.
https://doi.org/10.1016/j.energy.2018.01.101.

18. Mohsenzadeh, M. and Hosseini, R., 2015. A
photovoltaic/thermal system with a combina-
tion of a booster di�use re
ector and vacuum
tube for generation of electricity and hot water
production. Renewable Energy, 78, pp.245-252.
https://doi.org/10.1016/j.renene.2015.01.010.

19. Qiu, G., Ma, Y., Song, W. and Cai, W., 2021. Compar-
ative study on solar 
at-plate collectors coupled with
three types of re
ectors not requiring solar tracking
for space heating. Renewable Energy, 169, pp.104-116.
https://doi.org/10.1016/j.renene.2020.12.134.

20. Duan, J., 2021. A novel heat sink for cooling
concentrator photovoltaic system using PCM-porous
system. Applied Thermal Engineering, 186, 116522.
https://doi.org/10.1016/j.applthermaleng.2020.116522.

21. Maadi, S.R., Khatibi, M., Ebrahimnia-Bajestan, E.
and Wood, D., 2019. Coupled thermal-optical nu-
merical modeling of PV/T module-Combining CFD
approach and two-band radiation DO model. En-
ergy Conversion and Management, 198, 111781.
https://doi.org/10.1016/j.enconman.2019.111781.

22. Hassanien, A.S. and Akl, A.A., 2016. E�ect of Se addi-
tion on optical and electrical properties of chalcogenide
CdSSe thin �lms. Superlattices and Microstructures, 89,
pp.153-169. http://doi.org/10.1016/j.spmi.2015.10.044.

23. Khanna, S., Newar, S., Sharma, V., Reddy, K.S.
and Mallick, T.K., 2019. Optimization of �ns �t-
ted phase change material equipped solar photo-

23



u=Q=
mty

wOw
U=

|i]
Yt

Q}t/
"""C

NDx
LiY

|=y
xOv@

=DR=@
xU}

=kt
w|

L=Q]voltaic under various working circumstances. En-
ergy Conversion and Management, 180, pp.1185-1195.
https://doi.org/10.1016/j.enconman.2018.10.105.

24. Maadi, S.R., Khatibi, M., Ebrahimnia-Bajestan, E.
and Wood, D., 2019. Coupled thermal-optical nu-
merical modeling of PV/T module-Combining CFD
approach and two-band radiation DO model. En-
ergy Conversion and Management, 198, 111781.
https://doi.org/10.1016/j.enconman.2019.111781.

25. Emam, M. and Ahmed, M., 2018. Cooling con-

centrator photovoltaic systems using various con�g-
urations of phase-change material heat sinks. En-
ergy Conversion and Management, 158, pp.298-314.
https://doi.org/10.1016/j.enconman.2017.12.077.

26. Liu, Y., Chen, Y., Wang, D., Liu, J., Luo, X.,
Wang, Y., Liu, H. and Liu, J., 2021. Experimen-
tal and numerical analyses of parameter optimization
of photovoltaic cooling system. Energy, 215, 119159.
https://doi.org/10.1016/j.energy.2020.119159.

24




