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xOvyOR=i Q}}eD O=wt |w=L |DQ=QL R=UxQ}NP
CND |O}WQwN umtQo@; QO

�OWQ= |U=vWQ� |wHWv=O� p[i= u=}ywm TwQ}U
�Q=}O=DU=� |v}t= OtLt

�Q=}O=DU=� �u=}tRtR u}ULQ}t= O}U
|SQv= w O=wt x=oWywSB '|SQv= |xOmWywSB

|SQv= |xQ}NP |=Q@ |tDU}U OwHw '|O}WQwN |SQv= V@=D uOw@ ?w=vDt x@ xHwD =@
QO '|O}WQwN umtQo@; l} QO u=yv CQwYx@ |SQv= |xQ}NP "OUQ|t Q_v x@ |QwQ[

w xOW xrwUBm hQ_ l} uwQO ?re= O=wt u}= "OQ}o|t s=Hv= xOvyO R=i Q}}eD O=wt
QO hQ_ u}= |xR=Ov= w TvH 'pmW "OvQ}o|t Q=Qk ?; uRNt uwQO s}kDUt Q}e CQwYx@

OQmrta Q@ pwUBm Q]k Q}F-=D Q=DWwv u}= QO "CW=O Oy=wN Q}F-=D xQ}NP sDU}U OQmrta
u=wvax@ u}i=Q=B Qw_vtu}O@ "CU= xOW |UQQ@ |@ QHD CQwYx@ CQ=QL |xQ}NP sDU}U
QDt|r}t 6 w 10 '12 |=yQ]k =@ sw}v}twr; TvH R= |}=yxrwr QO xOvyO R=i Q}}eD |xO=t
u=R}t xm CU= u; R= |m =L xrY=L G}=Dv "CU= xDiQo Q=Qk V}=tR; OQwt w xOW xrwUBm

|=yQ]kx@ |tw}v}twr; pwUBm =@ 'xOvyO R=i Q}}eD O=wt uwO@ Cr=L x@ C@Uv |SQv= |xQ}NP
"CU= xDW=O V}=Ri= �4 4 w �15 3 '�11 2 ?}DQDx@ 'QDt|r}t 6 w 10 '12

cyrus.koohian@gmail.com
mohammadaminy@merc.ac.ir
azamzamian@merc.ac.ir

'|DQ=QL |SQv= |xQ}NP '|O}WQwN umtQo@; '|O}WQwN |SQv= %|O}rm u=oS=w
"uOQm xrwUBm 'xOvyO R=i Q}}eD O=wt

xtOkt "1
"Ovt=v|t �2uOQmxrwUBm� =Q ?; =@ s}kDUt T=tD O=H}= R= |Q}owrH |=Q@ 'hQ_ l}
O}=@ |}xR=Ov= xJ QO w '|}xUOvy xJ =@ '|O=wt xJ \UwD =Q uOQmxrwUBm xm u}= =t=
u}kkLt R= |Q=}U@ |xar=]t OQwt Q}N= |=yp=U QO xm CU= |aw[wt O=O s=Hv=
OL=w l} |=QPo |}=tQo Q=DiQ |@ QHD w |Q_v CQwYx@ TwQ}y w wD}=U "CU= xOw@
QO Q}}eD Q=F; u=v; [1]"OvOQm |UQQ@ =Q |wQm |=ypwUBm QO |v=yv |SQv= |xQ}NP
w pwUBm TvH '|OwQw |=tO '�?;� pt=a p=}U CQ=QL p=kDv= MQv 'pwUBm Q]k
s=Hv= |}xv=}=Q |R=Ux}@W =@ =Q xQ}NP OL=w u}= OQmrta Q@ xOvyO R=i Q}}eD |xO=t
300 sHL x@ '|v=yv |xOvvm xQ}NP OL=w xvwtv l} *|y=oW}=tR; G}=Dv =@ w xO=O
l} '=RHt |=yR=i |Ov@pwtQi R= xO=iDU= =@ u=v=}=Q=v=t=Q w |rR}@ "OvOQm xU}=kt QD}r
|}xrwro QDU@ l} |m}t=v}OwtQD |=QPo MU=B |UQQ@ |=Q@ |Oa@l} |OOa pOt
R= xm ur}B wQB|rB |}xrwro QDU@ |=Q@ pOt G}=Dv [2]"OvDN=U xOvyO R=i Q}}eD O=wt
|}=tQo x}rND w SQ=W Cr=L wO QO 'xOW QB xOvyO R=i Q}}eD O=wt u=wvax@ u}i=Q=B
u=tDN=U |=wy ẁ@]t |x} wyD XwYNQO R}v u=Q=mty w |t=Uwr=v "OW xU}=kt
[3]"OvOQm j}kLD |y=oW}=tR; CQwYx@ xOvyO R=i Q}}eD O=wt QDU@ R= xO=iDU= =@
u}= QO u=tDN=U |SQv= C} Q}Ot QO |tDU}U u}vJ |=}=Rt w |Q}oQ=mx@ |=yCr=L
R=i Q}}eD O=wt |=ypwOt uOQmxi=[= QF= u=Q=mty w nv}rt "CU= xOW |UQQ@ VQ=Ro
w uRNt |Ov@j}=a V}=Ri= Q@ =Q uRNt |q=@ QO |}xv=wDU= |=yxrwr CQwYx@ xOvyO

|SQv= |xQ}NP sDU}U l} R= xO=iDU= 'O}WQwN |SQv= V@=D |@ w=vD C}y=t p}rOx@
xO=iDU= w O=} R V@=D =@ `k=wt QO CQ=QL |xQ}NP |=Q@ |O}WQwN |=ysDU}U QO
umtQo@;� =ysDU}U u}= R= |m} "OUQ|t Q_v x@ |QwQ[ 'swRr `k=wt QO u; R=
"CU= Q}PB=vQ=mv= u; QO CQ=QL |xQ}NP sDU}U |Q}oQ=mx@ swRr xm CU= �|O}WQwN
TwULt pmWx@ CQ=QL |xQ}NP "1 %CU= xQ}NP p@=k pmW wO x@ |DQ=QL |SQv=
?; ,=DOta |O}WQwN |=yumtQo@; QO xm 'xOvvm xQ}NP |xO=t |=tO V}=Ri= =@
p=mW= "R=UxQ}NP |xO=t l} R=i Q}}eD =@ u=yv pmWx@ CQ=QL |xQ}NP "2 &CU=
u}= x@ O=wt |xQ}NP |=Q@ uRNt sm C}iQ_ 'CQ=QL TwULt |xQ}NP |xOta
Oy=wN xQ}NP uRNt sHL w sRq |Qw;`tH K]U V}=Ri= u; |xH}Dv xm CU= VwQ
CU= QDq=@ Q=}U@ ?; |xS} w |=tQo x@ C@Uv O=wt ?wP u=yv |=tQo 'xwqax@ "Ow@
R= QDW}@ Q=}U@ 'xOvyO R=i Q}}eD |xO=t l} QO u=yv CQwYx@ xOW xQ}NP |=tQo w
R=i Q}}eD O=wt "Ow@ Oy=wN ?; Q=Okt u=ty QO TwULt CQwYx@ xOW xQ}NP |=tQo
hQ_ l} uwQO sy w OvwW xO=iDU= ?; =@ s}kDUt T=tD QO Ovv=wD|t sy 1xOvyO
uwQO xOvyO R=i Q}}eD O=wt Q=QkDU= "OvW=@ xDW=O Q=Qk ?; =@ s}kDUt Q}e T=tD QO w

pw�Ut xOvU} wv �
"1394 7 6 VQ}PB '1394 5 25 x}LqY= '1393 10 8 Ci=} QO %M} Q=D
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"V}=tR; OQwt x=oDUO xawtHt R= |}=tW "1 pmW

"xOW xO=iDU= |=ypwUBm R= |Q}wYD "2 pmW

�7 � �5 OwOL |@ QJ =@ |DavY u}i=Q=B R= V}=tR; u}= QO "CU= xOW K} QWD
u}i=Q=B u}= |m} R}i C=YNWt "CU= xOW xO=iDU= xOvyO R=i Q}}eD O=wt u=wvax@

"CU= xOW x�=Q= 4 pwOH QO
`=iDQ= x@ xv=wDU= 88 pt=W u; pO@t w xOW ?=NDv= |}xv=wDU= pmWx@ =ypwUBm
xOv=WwB Tqo|UmrBTvH R= xLiY wO =@ =yv; |=yDv= w =OD@= xmCU= QDt|r}t 280
?=NDv= QDt|r}t 6 w 10 '12 Q]k =@ w sw}v}twr; TvH R= =ypwUBm "CU= xOW
C=YNWt "CU= QDt|r}t 1 OQ=wt s=tD QO =ypwUBm Q=OH Ct=N[ "CU= xOW
|=ypwS=t R= |}=tv 2 pmW QO u}vJty "CU= xOW XNWt 5 pwOH QO =ypwUBm
Q_v QO \}=QW "CU= xOW xO=O u=Wv uRNt QO xO=iDU= OQwt |xOvyO R=i Q}}eD O=wt

%R= CU= CQ=@a x=oDUO V}=tR; s=ovy xOW xDiQo
"CU= K@Y 9 Ca=U V}=tR; ẁQW u=tR �

V}=tR; '450C OwOL |=tO =D |DW=Oy@ sQo ?; uOw@ xO=iDU= p@=k x@ xHwD =@ � �

|@HQ w |Dr}[i [4]"OvOQm |UQQ@ |@ QHD w |OOa CQwYx@ ?; lv=D |}=Q=m u=tR
TvH R= |wQm |=ypwUBm QO u}i=Q=B R= xO=iDU= Q}F-=D |y=oW}=tR; |xar=]t l} QO
|UQQ@ OQwt pOt |O}WQwN umtQo@; QO xOvyO R=i Q}}eD O=wt u=wvax@ =Q ur}D=|rB
R=i Q}}eD O=wt u=wvax@ ?; O=tHv= w ?wP Ov}=Qi 'u=Q=mty w s=ver= [5]"OvO=O Q=Qk
|UQQ@ OQwt |OOa CQwYx@ hrDNt |=yTvH =@ |wQm |=ypwUBm QO =Q xOvyO
|=ypwUBm uwQO xOvyO R=i Q}}eD O=wt R= xO=iDU= Q}F-=D wvwQ@ w |=D [6]"OvO=O Q=Qk

[7]"OvO=O Q=Qk xar=]t OQwt |y=oW}=tR; CQwYx@ =Q |U|w|B TvH R= |}xrwr
u}i=Q=B |w=L |O}WQwN umtQo@; OQmrta Q@ pwUBm Q]k Q}F-=D 'Q[=L Q=DWwv QO
u}= QO "CU= xDiQo Q=Qk |UQQ@ OQwt |@ QHD CQwYx@ xOvyO R=i Q}}eD O=wt u=wvax@
|=ypwUBm uwQO xOvyO R=i Q}}eD O=wt u=wvax@ 550C ?wP |=tO =@ u}i=Q=B 'V}=tR;
6 w 10 '12 Q]k =@ QDt|r}t 1 Q=OH Ct=N[ =@ w sw}v}twr; TvH R= |}xv=wDU=

"OW xU}=kt sy =@ G}=Dv w CiQo Q=Qk V}=tR; OQwt QDt|r}t

j}kLD VwQ "2
Q}}eD O=wt |w=L CQ=QL |xQ}NP sDU}U OQmrta QO pwUBm Q]k Q}F-=D xr=kt u}= QO
|wH \}=QW uOw@ Cw=iDt x@ xHwD =@ "CU= xDiQo Q=Qk |UQQ@ OQwt xOvyO R=i
Qy QO O}WQwN V@=D \}=QW w �� O=@ VRw CyH w CaQU '=wy |=tO pt=W ��
O=wt Ok=i w |w=L |O}WQwN umtQo@; O}=@ =yQDt=Q=B Q}}eD Q}F-=D X}NWD |=Q@ 'RwQ
|m} 'x@=Wt ,qt=m |O}WQwN umtQo@; wO Qw_vtu}O@ "OQm xU}=kt =Q xOvyO R=i Q}}eD
OQwt u=Um} \}=QW QO w u=tRty 'u; Ok=i |Qo}O w xOvyO R=i Q}}eD O=wt |w=L
w AtB l} 'CND xLiY |O}WQwN |xOvQw;OQo l} "CiQo Oy=wN Q=Qk V}=tR;
umtQo@; Qy sDU}U |xOvyOp}mWD |rY= <=RH= 'x@=Wt ,qt=m |xQ}NP uRNt l}
w ?; |w=L |Qo}O w ?; |w=L \ki =yumtQo@; R= |m} |xQ}NP uRNt &CU=
'92/05/12 MQwt x@vW |=yRwQ QO V}=tR; "CU= xOvyO R=i Q}}eD O=wt |=ypwS=t
Q}}eD O=wt |w=L lv=D |=Q@ ?}DQDx@ 92/05/15 x@vWxU w 92/05/14 x@vWwO
Q}}eD O=wt |w=L lv=D 'QDt|r}t 10 Q]k =@ sw}v}twr; TvH R= pwUBm =@ xOvyO R=i
O=wt |w=L lv=D w 'QDt|r}t 12 |xR=Ov= =@ sw}v}twr; TvH R= pwUBm =@ xOvyO R=i
"CU= xOW s=Hv= QDt|r}t 6 |xR=Ov= =@ sw}v}twr; TvH R= pwUBm =@ xOvyO R=i Q}}eD
,qt=m \}=QW QO R}v xOvyO R=i Q}}eD O=wt Ok=i |O}WQwN umtQo@; RwQ Qy ut[ QO
xO=iDU= uR=Nt w =yxOvQw;`tH C=YNWt "CiQo Oy=wN Q=Qk V}=tR; OQwt u=Um}
wO \UwD ?; u=} QH "CU= xOW x�=Q= 2 w 1 pw=OH QO ?}DQDx@ sDU}U QO xOW
xHQO |Q}oxR=Ov= |=Q@ "Ovm|t VOQo =yumtQo@; uwQO x@=Wt ,qt=m AtB x=oDUO
|Q}oxR=Ov=C}r@=k =@ xr=v=mCWy p=D}H}O GvU=tOl} R= xOW u}}aD \=kv QO CQ=QL
�ptwQm � ptwr;� K ẁv R= pB wmwtQD w 0 10C C}U=UL =@ x_i=L QO xO=O C@F w
|Q}oxR=Ov= \=kv w V}=tR; OQwt x=oDUO R= |}=tW 1 pmW QO "CU= xOW xO=iDU=
3 pwOH QO =tO |Q}oxR=Ov= \=kv u}vJty &CU= xOW xO=O u=Wv CQ=QL xHQO

"CNDxLiY |O}WQwN |xOvQw;OQo C=YNWt "1 pwOH
C=L}[wD CtUk h}OQ

QDt|r}t 80 jta w QDt|r}t 1335� 500 O=a@= w QDt|r}t 1 Ct=N[ x@ sw}v}twr; jQw R= ?=k 1
QDt|r}t 1280� 445 O=a@= w QDt|r}t 3 Ct=N[ x@ xQ=OHlD |rwtat |xW}W xW}W 2

0 91 kJ/kg xS} w |=tQo w 2700 kg/m3 |r=oJ 'QDt|r}t 1270� 435 O=a@= x@ XwYNt x=}U nvQ =@ xOW xO}WwB |tw}v}twr; jQw ?P=H 3
0 045 W/m2 0K CQ=QL p=kDv= ?} Q[ w QDt|r}t 25 Ct=N[ x@ u=DQw=|rB swi jQw j}=a 4
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v=mt
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Ovyt "uRNt C=YNWt "2 pwOH

C=L}[wD CtUk h}OQ
'QDt|r}t 1000 `=iDQ= w QDt|r}t 10 Q=OH Ct=N[ 'QDt|r}t 280 |rN=O Q]k 'xOW xDU@ ?QO w hm =@ |}xv=wDU= uRNt 155 W/m2 0K CQ=QL p=kDv= ?} Q[ '0 49 kJ/kg xS} w |=tQo '7780 kg/m3 |r=oJ

0 045 W/m2 0K CQ=QL p=kDv= ?} Q[ w QDt|r}t 13 Ct=N[x@ ur}D=|rB |HviU= jQw j}=a 2

"=ypBwmwtQD |Q}oQ=Qk pLt "3 pwOH

C=L}[wD xQ=tW h}OQpBwmwtQD
PCM |w=L umtQo@; QO QwDmrm R= |HwQN ?; |=tO 1 1
umtQo@; wO Qy QO uRNt x@ |OwQw OQU ?; |=tO 2 2

�QwDmrm x@ |OwQw ?; w |iQYt sQo ?;� PCM |w=L umtQo@; QO uRNt R= |HwQN ?; |=tO 3 3
PCM Ok=i umtQo@; QO QwDmrm R= |HwQN ?; |=tO 4 4

�QwDmrm x@ |OwQw ?; w |iQYt sQo ?;� PCM Ok=i umtQo@; QO uRNt R= |HwQN ?; |=tO 5 5
=wy |=tO 6 6

"?; |xQ}NP lv=D QO |SQv= xvR=wt "3 pmW

[9]"Ow@ Oy=wN
[(�cv)water + (�V c)tank + (�vc)pcm] dTfi

dt
+ (�v�H)pcm

= qu � qload � (UA)tank(Tm � Ta) (1)

qu = _mfcp(Tfi � Tfo) (2)

qload = _mloadcp(Tload � Ti) (3)

|=tQo CQwYx@ xOW xQ}NP |SQv= Qou=Wv (�v�H)pcm |xrtH 1 |x]@=Q QO
x]@=Q u}= QO <=RH= |t=tD xm u}= x@ xHwD =@ "CU= xOvyO R=i Q}}eD O=wt QO u=yv
x@U=Lt p@=k R}v u=yv CQwYx@ xOW xQ}NP |SQv= Q=Okt 'CU= x@U=Lt p@=k
|x@U=Lt x@ C@Uv V}=tR; s=Hv= R= TB '3 =D 1 \@=wQ x@ xHwD =@ "Ow@ Oy=wN
'|iQYt sQo ?; CQwYx@ xOW xO=iDU= |SQv= 'uRNt x@ |OwQw |SQv= Q=Okt
w TwULt CQwYx@ xOW xQ}NP |SQv= 'uRNt |=yQ=OH R= xOW hrD |SQv=
|=yCr=L |=Q@ xOW xU}=kt OQ=wt "CU= xOW s=Ok= |v=yv |xOW xQ}NP |SQv=

%R= CU= CQ=@a =ypwUBm hrDNt

"V}=tR; |xNQJ QO xOvyO R=i Q}}eD |xO=t u=wvax@ u}i=Q=B C=YNWt "4 pwOH
Q=Okt C}Y=N
550C ?wP x]kv |=tO

2 kJ/kg0K Ot=H Cr=L QO xS} w |=tQo
2 15 kJ/kg0K `}=t Cr=L QO xS} w |=tQo

187 kJ/kg ?wP u=yv |=tQo
910 kJ/m3 �150C QO� Ot=H Cr=L |r=oJ
790 kJ/m3 �700C QO� `}=t Cr=L |r=oJ

'xOw@ �T3� j@=]t |iQYt sQo ?; |=tO xm |t=O=t =D =yxO=O C@F w x=oDUO
"CW=O xt=O=

Lit/min =@ Q@=Q@ Q=Okt u} QDsm QO =yv; |@O w xOQm Q=m sm QwO QO AtB wO Qy �
"CU= xOW s}_vD 2 6

Q_v QO u=wD|tv |DW=Oy@ sQo ?; hQYt |=Q@ |D@=F OvwQ I}y xmv}= seQ|ra �
|=yCa=U QOl}B xQwO 3 QO u=wD|t =Q|DW=Oy@ sQo ?; hQYt |xOta 'CiQo
V}=tR; OQwt x=oDUO Q=m ẁQW xm u}= x@ xHwD =@ [8]"CiQo Q_v QO 17 w 13 '8
|=yumtQo@; R= 17 w 13 |=yCa=U QO xQwO wO QO =Pr 'CU= K@Y 9 Ca=U
l} QO w xOW ẁQW u=tRty ?; CW=OQ@ "CU= xOW CW=OQ@ ?; Q_v OQwt
w xOW hQYt sQo ?; QD}r 5 'CW=OQ@ Q=@ Qy QO "O}UQ Oy=wN s=tD= x@ u=tR

"OwW|t xi=[= =yumtQo@; x@ OQU ?; QD}r 5 u=tRty CQwYx@ w xrY=iq@
OQwt w x@U=Lt V}=tR; |xrLQt Qy |=Q@ |OQ=wt 'x=oDUO V}=tR; u=}=B QO �
?; |xQ}NP uRNt QO |SQv= |xvR=wt R= |}=tW 3 pmW QO "OQ}o|t Q=Qk EL@
1 |x]@=Q j@=]t |SQv= |xvR=wt ?; |xQ}NP uRNt |=Q@ "CU= xOW xO=O u=Wv
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@"=ypwUBm C=YNWt "5 pwOH
|DQ=QL C=YNWt pwUBm `=iDQ= Q=OH Ct=N[ pwUBm Q]k pwUBm TvH h}OQ�QDt|r}t� �QDt|r}t� �QDt|r}t�

205 W/m2 0K CQ=QL p=kDv= ?} Q[ � 0 91 kJ/kg xS} w |=tQo � 2700 kg/m3 |r=oJ 280 1 12 sw}v}twr; 1
205 W/m2 0K CQ=QL p=kDv= ?} Q[ � 0 91 kJ/kg xS} w |=tQo � 2700 kg/m3 |r=oJ 280 1 10 sw}v}twr; 2
205 W/m2 0K CQ=QL p=kDv= ?} Q[ � 0 91 kJ/kg xS} w |=tQo � 2700 kg/m3 |r=oJ 280 1 6 sw}v}twr; 3

�� V � C ?Q[ pY=L xawtHt pm sHL pwUBm O=OaD pwUBm sQH pwUBm sQH pwUBm pw] pwUBm Q]k pwUBm TvH h}OQ�KJ� pwUBm xawtHt �QD}r� pwUBm xawtHt QO �sQo � QB �sQo � |r=N �QDt}r}t� �QDt}r}t�
7 11 3 8 88 46 1 26 1 280 12 sw}v}twr; 1
5 71 2 9 88 34 2 21 4 280 10 sw}v}twr; 2
3 256 1 7 88 15 1 11 9 280 6 sw}v}twr; 3

"OW Oy=wN xO=U 5 |x]@=Q CQwYx@ 4 |x]@=Q
[(�vc)water + (�vc)tank]dT5

dt
= _mfCwater(T4 � T5)

� _mloadCtank(T5 � T2)� UAtank(T5 � T6) (5)

O=wt |w=L lv=D QO TwULt CQwYx@ xOW xQ}NP |SQv= xm CU= QmP x@ sRq
|=Q@ xOW xO=iDU= O=wt |t=tD w =ypwUBm 'u}i=Q=B '?; pt=W �� xOvyO R=i Q}}eD

"Ow@ Oy=wN �� =ypwUBm uDW=O xov C@=F

EL@ w G}=Dv "3
?}DQDx@ QDt|r}t 6 w 10 '12 Q]k =@ |tw}v}twr; |=ypwUBmV}=tR; R= pY=L G}=Dv
xOvyO R=i Q}}eD O=wt QF= '=ypmW u}= QO "CU= xOW xO=O u=Wv 6 =D 4 |=ypmW QO
|=yCa=U QO ?; x}rND xrLQt wO QO "CU= xOW xO=O u=Wv ?; |=tO C=Q}}eD |wQ
|r=L QO \=kv u}= QO "OwW|t u=}=tv xOvyO R=i Q}}eD O=wt R= xO=iDU= Q}F-=D 17 w 13
uO}UQ =@ 'CU= Vy=m p=L QO ?; |=tO 'OQU ?; OwQw w sQo ?; |x}rND =@ xm
QO |v=yv |xOW xQ}NP |SQv= 'u; O=tHv= Ov}=Qi ẁQW w O=tHv= |=tO x@ u}i=Q=B
QO "CU= xOW uRNt QO OwHwt ?; |=tO uDiQ q=@ Ea=@ w xOW O=R; C@=F |=tO
uwO@/=@ Cr=L |=Q@ uRNt QO OwHwt sQo ?; |=tO |xU}=kt R}v 9 =D 7 |=ypmW

"CU= xOW XNWt xOvyO R=i Q}}eD O=wt

=@ sw}v}twr; TvH R= |=ypwUBm =@ PCM |w=L uRNt QO =tO C=Q}}eD "4 pmW
"QDt|r}t 12 Q]k

%OW xQ}NP |SQv= pm x@ u=yv CQwYx@ xOW xQ}NP |SQv= C@Uv ��
qlat

qsen + qlat

%|Q_v Cr=L QO xQ}NP p@=k u=yv |SQv= pm x@ u=yv xOW xQ}NP |SQv= C@Uv ��
qlat

qlat;max

%x}=B Cr=L x@ C@Uv u}i=Q=B R= xO=iDU= =@ |SQv= |xQ}NP V}=Ri= OYQO ��
qstoragepcm+water � qstoragewater

qstoragewater

xOW xDiQo Q_v QO \}=QW x@ xHwD =@ w 3 w 2 '1 |=yx]@=Q w 3 pmW x@ xHwD =@
%CW=O s}y=wN 'V}=tR; OQwt x=oDUO |=Q@

� _mf = 2 6 lit=min

� mload = mi = 5 lit=charge or discharge

� Tfi = T1 or T4
� Tfo = Tload = Tm = T3 or T5
� Ti = T2
� Ta = T6
� hair = 20 w=m2 0k
� hwater = 50 w=m2 0k

|xOW xQ}NP |SQv= Q=Okt '1 |x]@=Q QO =ysD}; |t=tD uOw@ XNWt x@ xHwD =@
=Q 1 |x]@=Q u=wD|t w Ow@ Oy=wN x@U=Lt p@=k xOvyO R=i Q}}eD O=wt QO |v=yv

%CWwv u}vJ xOvyO R=i Q}}eD O=wt |w=L uRNt |=Q@
qlat = qu � qload � UAtank(Tm � Ta)� [(�vc)water

+(�vc)tank + (�vc)pcm]dTm
dt

qlat = _mfCwater(T1 � T2)� _mloadCtank(T3 � T2)

�UAtank(T3 � T6)� [(�vc)water + (�vc)tank

+(�vc)pcm modules]
dT3
dt

(4)

Oy=wNv OwHw |v=yv |SQv= |xQ}NP u=R}t 'xOvyO R=i Q}}eD O=wt Ok=i uRNt |=Q@
OQwt u}= QO "Ow@ Oy=wN TwULt CQwYx@ xOW xQ}NP |SQv= pm w CW=O
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|U
Ovyt "TwULt w u=yv CQwYx@ xOW xQ}NP |SQv= Q=Okt "6 pwOH�

qlat
qsen+qlat

�
� �100 qlat qsen uRNt RwQ h}OQ

(Mj) (Mj) V}=tR;
16 5 469 4 2377 6 12 sw}v}twr; � PCM |w=L pw= 1
16 5 371 6 1881 8 10 sw}v}twr; � PCM |w=L swO 2
7 6 107 4 1299 9 6 sw}v}twr; � PCM |w=L swU 3

TvH R= |=ypwUBm =@ PCM uwO@/=@ uRNt QO =tO C=Q}}eD |xU}=kt "8 pmW
"QDt|r}t 10 Q]k =@ sw}v}twr;

TvH R= |=ypwUBm =@ PCM uwO@/=@ uRNt QO =tO C=Q}}eD |xU}=kt "9 pmW
"QDt|r}t 6 Q]k =@ sw}v}twr;

|=Q@ xOW xQ}NP |=tQo pm x@ sDU}U QO xOW xQ}NP |v=yv |=tQo OYQO
u}= "CU= xOW C@F 6 pwOH QO R}v Cw=iDt |=yxR=Ov= |=Q@ |tw}v}twr; pwUBm
w �16 5 '�16 5 Q@=Q@ ?}DQDx@ QDt|r}t 6 w 10 '12 Q]k =@ pwUBm |=Q@ OYQO
u}vJty w =ypwUBm QO OwHwt u}i=Q=B u=R}t x@ Q=Okt u}= QO Cw=iD "CU= �7 6
x@ K]U C@Uv 'OW=@ QDlJwm =ypwUBm Q]k xJQy "CU= \@DQt =ypwUBm Q]k
[10]"OwW|t s=Hv= QDpt=m CQ=QL p=kDv= u; `@Dx@ w O@=}|t V}=Ri= u}i=Q=B sHL
|QDsm u=yv |=tQo Q=Okt 'OW=@ QDsm pwUBm QO OwHwt u}i=Q=B Q=Okt xJQy u}vJty
w 12 pwUBm Q]k |=Q@ xm xOW Ea=@ xv=owO Q}F-=D u}ty "OW Oy=wN xQ}NP u; QO
=@ wU l} R= "OwW Q@=Q@ xOW xQ}NP |=tQo pm x@ u=yv |=tQo OYQO QDt|r}t 10
Vy=m =@ 'Qo}O |wU R= w OwW|t s=Hv= QDpt=m CQ=QL p=kDv= 'pwUBm Q]k Vy=m
pwUBm OQwt QO "O@=}|t Vy=m xQ}NP p@=k u=yv |=tQo u=R}t 'OwHwt u}i=Q=B Q=Okt

=@ sw}v}twr; TvH R= |=ypwUBm =@ PCM |w=L uRNt QO =tO C=Q}}eD "5 pmW
"QDt|r}t 10 Q]k

=@ sw}v}twr; TvH R= |=ypwUBm =@ PCM |w=L uRNt QO =tO C=Q}}eD "6 pmW
"QDt|r}t 6 Q]k

TvH R= |=ypwUBm =@ PCM uwO@/=@ uRNt QO =tO C=Q}}eD |xU}=kt "7 pmW
"QDt|r}t 12 Q]k =@ sw}v}twr;
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"xDUwB |xUOvy �
|xQ}NP sDU}U QO �TwULt w u=yv |=tQo ẁtHt� xOW xQ}NP pm |SQv=
|=Q@ xOvyO R=i Q}}eD O=wt R= xO=iDU= uwO@/=@ Cr=L |=Q@ |O}WQwN umtQo@;
V}=tR; xm u}= x@ xHwD =@ "CU= xOW XNWt 8 pwOH QO hrDNt |=ypwUBm
x@ xHwD =@ w 'xOW s=Hv= Cw=iDt |=yRwQ QO hrDNt |=ypwUBm R= xO=iDU= =@ x=oDUO
|=ypwUBm =@ sDU}U OQmrta 'V}=tR; s=Hv= |=yRwQ Cw=iDt V@=D w |}=wy \}=QW

"O}HvU C@Uv u}= |xU}=kt =@ ,=iQY u=wD|t =Q Cw=iDt
Q}}eD O=wt R= xO=iDU= =@ |SQv= |xQ}NP V}=Ri= u=R}t Qou=}@ C@Uv u}= `k=w QO
xOW xO=O u=Wv C=Q}}eD u}=?}W 10 pmW QO &CU= x}=BCr=L x@C@Uv xOvyO R=i
V}=Ri= u=R}t u} QDW}@ 'OwW|t xOy=Wt 10 pmW w 8 pwOH QO xm u=vJ "CU=
=@ |tw}v}twr; |=yxrwr QO xOW xrwUBm u}i=Q=B |w=L uRNt |=Q@ |SQv= |xQ}NP
QO xOW xrwUBm u}i=Q=B |w=L uRNt |=Q@ V}=Ri= u=R}t u} QDsm w 'QDt|r}t 10 Q]k
|xQ}NP V}=Ri= u=R}t "CU= xO=Di= j=iD= QDt|r}t 6 Q]k =@ |tw}v}twr; |=yxrwr
pwUBm 'QDt|r}t 12 Q]k =@ |tw}v}twr; pwUBm |=Q@ u}i=Q=B |w=L uRNt QO |SQv=

"PCM R= xO=iDU= =@ |SQv= |xQ}NP V}=Ri= ?}W "10 pmW

OQmrta |wQ |QDW}@ Q}F-=D xm xOw@ |OL x@ u}i=Q=B Q=Okt Vy=m 'QDt|r}t 6 Q]k =@
p=@vO x@ =Q xOW xQ}NP |=tQo pm x@ u=yv |=tQo OYQO Vy=m w xDW=O =ypwUBm

"CU= xDW=O
|=Q@ |Q_v |xQ}NP p@=k u=yv |=tQo x@ |rta |xOW xQ}NP u=yv |=tQoC@Uv
xOy=Wt 7 pwOH QO xm u=vJ "Ow@ Oy=wN Cw=iDt 'hrDNt |xR=Ov= =@ |=ypwUBm
?}DQDx@ QDt|r}t 6 w 10 '12 Q]k =@ |tw}v}twr; pwUBm |=Q@ OYQO u}= 'OwW|t
C@Uv '=ypwUBm Q]k Vy=m =@ p@k OQwt pFt "CU= �95 9 w �88 '�74 7 Q@=Q@
`@Dx@ w OQ}o|t s=Hv= QDy@ CQ=QL p=kDv= w xDi=} V}=Ri= pwUBm |=Q@ sHL x@ K]U
|Q_v |xQ}NP p@=k u=yv |=tQo x@ |rta |xOW xQ}NP u=yv |=tQo C@Uv u;
u}= xO}UQv �100 x@ C@Uv u}= OQ=wt R= s=OmI}y QO xm u}= p}rO "O@=}|t V}=Ri=
|=tO u; `@D x@ w V}=Ri= p=L QO V@=D uwJ '?; hQYt pw= |xrLQt QO xm CU=
ut[ QO "OwW|tv s=Hv= pt=m CQwYx@ O=tHv= Ov}=Qi 'CU= V}=Ri= p=L QO ?;
h=QLv= CyH QO |rt=a R}v 3|oOvvmlvN Cr=L Q} R \}=QW x@ uO}UQ pmWt RwQ@

"Ow@ Oy=wN |Q_v w |ak=w Cr=L QO u=yv |=tQo |xQ}NP u=R}t
|DQ=@ax@ w 'xOvyO R=i Q}}eD O=wt uOQm xrwUBm |=Q@ xLwQ]t VwQ QO |rm Qw]x@
w xOvyO R=i Q}}eD O=wt |w=L *|rY= |xDUy l} R= pmWDt PCM |=ypwUBm
"OQ}o Q=Qk u; QO sy =wy |xU}m l} CU= umtt 'xrwUBm O=wt |w=L |xDUwB l}
s=ovy PCM =} xOvyO R=i Q}}eD O=wt sHL Q}}eD j}@]D Ea=@ =wy |xU}m u}= OwHw
u}= QF= Q@ xOW O=H}= VvD =@ xr@=kt |=Q@ |i=m |}=v=wD O}=@ xDUwB "OW Oy=wN R=i Q}}eD
"CU= uOQmxrwUBm Ov}=Qi QO syt |Q=}at �xDUwB Ct=N[� "OW=@ xDW=O =Q xO}OB
Ea=@ Cirm |xDUwB w 'pwUBm |m}v=mt C=}YwYN Ci= Ea=@ lR=v |xDUwB
Q=Okt u; |xH}Dv QO xm OW Oy=wN PCM =} xOvyO R=i Q}}eD |xO=t Q=Okt Vy=m
uOQm xrwUBm QO |O}rm |=yQDt=Q=B \}=QW u}= QO "O@=}|t Vy=m |SQv= |xQ}NP

%R= Ov=CQ=@a PCM

&pwUBm xR=Ov= �
&xDUwB Ct=N[ �

&xDUwB O=wt �
"p;xO}= w |ak=w Cr=L QO xOW xQ}NP u=yv |SQv= Q=Okt "7 pwOH�

qlat
qlat;max

�
� �100 qlat;max qlat uRNt RwQ h}OQ

(Mj) (Mj) V}=tR;
74 7 628 3 469 4 12 sw}v}twr; � PCM |w=L pw= 1
88 422 371 6 10 sw}v}twr; � PCM |w=L swO 2

95 9 112 107 4 6 sw}v}twr; � PCM |w=L swU 3

"x}=B Cr=L x@ C@Uv PCM R= xO=iDU= =@ |SQv= |xQ}NP V}=Ri= OYQO "8 pwOH�
qstoragepcm+water�qstoragewater

qstoragewater

�
� �100 qstorage qlat qsen uRNt RwQ h}OQ

(Mj) (Mj) (Mj) V}=tR;
11 2 2847 469 4 2377 6 12 sw}v}twr; � PCM |w=L pw= 12559 4 0 2559 4 ?;

15 3 2253 4 371 6 1881 8 10 sw}v}twr; � PCM |w=L swO 21954 1 0 1954 1 ?;

4 4 1407 3 107 4 1299 9 6 sw}v}twr; � PCM |w=L swU 32559 4 0 2559 4 ?;
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|U
Ovyt pwUBm |=Q@ sHL x@ K]U C@Uv '=ypwUBm Q]k Vy=m =@ "CU= OYQO 95 9

u=yv |=tQo C@Uv u; `@D x@ w OQ}o|t s=Hv= QDy@ CQ=QL p=kDv= w xDi=} V}=Ri=
p}rO "O@=}|t V}=Ri= |Q_v |xQ}NP p@=k u=yv |=tQo x@ |rta |xOWxQ}NP
QO xm CU= u}= O}UQv OYQO 100 x@ C@Uv u}= 'OQ=wt R= s=OmI}y QO xm u}=
'CU= V}=Ri= p=L QO ?; |=tO u; `@Dx@ w 'V@=D uwJ '?; hQYt pw= |xrLQt
R= pY=L pmWt RwQ@ ut[ QO "OwW|tv s=Hv= pt=m CQwYx@ O=tHv= Ov}=Qi
h=QLv= CyH QO |rt=a R}v 'p=}U |oOvvm lvN Cr=L Q} R \}=QW x@ uO}UQ

"Ow@ Oy=wN |Q_v w |ak=w Cr=L QO u=yv |=tQo |xQ}NP u=R}t
sDU}U QO �TwULt w u=yv ẁtHt� |rm |xOW xQ}NP |SQv= C=Q}}eD OYQO �
xOvyOR=i Q}}eD O=wt R= xO=iDU= uwO@/=@ Cr=L |=Q@ |O}WQwN umtQo@; |xQ}NP
'QDt|r}t 6 w 10 '12 Q]k =@ |tw}v}twr; pwUBm |=Q@ u}i=Q=B |w=L uRNt |=Q@

"CU= OYQO 4 4 w 15 3 '11 2 Q@=Q@ ?}DQDx@
|SQv= pm x@ xOW xQ}NP |SQv= C@Uv R= CU= CQ=@a |SQv= |xQ}NP u=tOv=Q �
uRNt QO |SQv= |xQ}NP V}=Ri= u=R}t "�xQ}NP p@=k |SQv=� uRNt x@ |OwQw
Q@=Q@ ?}DQDx@ QDt|r}t 6 w 10 '12 Q]k =@ |tw}v}twr; pwUBm |=Q@ u}i=Q=B |w=L

"CU= OYQO 4 8 w 15 7 '12 1

Q@=Q@ ?}DQDx@ QDt|r}t 6 Q]k =@ |tw}v}twr; pwUBm w 'QDt|r}t 10 Q]k =@ |tw}v}twr;
"CU= �4 4 w �15 3 '�11 2

|Q}oxH}Dv "4
|w=L CQ=QL |xQ}NP sDU}U OQmrta Q@ pwUBm |xR=Ov= Q}F-=D Q[=L Q=DWwv QO
x=oDUO wO pt=W QwmPt umtQo@; "CU= xDiQo Q=Qk |UQQ@ OQwt xOvyO R=i Q}}eD O=wt
|m} xm Ow@ ?; |xQ}NP uRNt wO w AtB wO 'CND xLiY |O}WQwN |xOvQw;OQo
,qt=m \}=QW QO xm Ow@ u; Ok=i |Qo}O w xOvyOR=i Q}}eD O=wt |w=L =yuRNt R=
u=wvax@ OYQO 7 =D 5 |@ QJ =@ |DavY u}i=Q=B R= "Ov=xDiQo Q=Qk V}=tR; OQwt x@=Wt
"OW xO=iDU= |}xv=wDU= |=ypwUBm CQwYx@ uR=Nt uwQO xOvyO R=i Q}}eD |xO=t
pt=W pwUBm hrDNt |=yxR=Ov= |=Q@ Ca=U 12 |@} QkD COtx@ w RwQ 3 QO V}=tR;
s=Hv= C=@U=Lt "CiQo Q=Qk V}=tR; OQwt QDt|r}t 6 w 10 '12 Q]k =@ sw}v}twr;

%OW uwtvyQ Q} R C=mv x@ =yV}=tR; u}= R= pY=L G}=Dv |wQ xOW
|=Q@ |Q_v |xQ}NP p@=k u=yv |=tQo x@ |rta |xOW xQ}NP u=yv |=tQo C@Uv �
w 88 '74 7 Q@=Q@ ?}DQDx@ QDt|r}t 6 w 10 '12 Q]k =@ |tw}v}twr; pwUBm

=yCWwv=B
1. phase change materials (PCM)
2. encapsulated
3. sub-cooling
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