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\}=QW Ow@y@ R}v w xv} Ry Vy=m xH}DvQO w xOvyOR=i Q}}eD |xO=t Q=Okt Vy=m |=Q@
xm xOvyOR=i Q}}eD |xO=t |x}q |=Q@ ?U=vt Ct=N[ u}}aD 'j=D= |DQ=QL V}=U;
u}= QO xDiQo s=Hv= C=k}kLD xrtHR= "CU= |QwQ[ xOW xDiQo Q=m x@ =yQ=w}O QO
xm O}UQ xH}Dv u}= x@ OwN V}=tR; QO w= "OQm xQ=W= [19]u}r j}kLD x@ u=wD|t xv}tR
=@ s}N[ |}x}q R= QDy@ 'nQR@ |L]U =t= sm |Dt=N[ =@ lR=v |x}q l} OQmrta
|SQv= |R=UO=R; w xQ}NP MQv V}=Ri= Ea=@ nQR@ K]U =Q} R CU= lJwm |L]U
"Ovm|t u=Q@H =Q O=wt u}= QO |}=tQo C}=Oy ?} Q[ uOw@sm |O=} R OL =D w OwW|t
CUO u}r |xH}Dv =@ x@=Wt |}xH}Dv x@ [1]OwN C=ar=]t QO R}v |Qo}O u}kkLt
`H=Qt QO PCM |=Q@ xOW VQ=Ro pw=ODt Ct=N[ xm xDmv u}= x@ xHwD =@ "OvDi=}
xOvyOR=i Q}}eD |xO=t Ct=N[ j}kLD u}= QO 'CU= 20mm xOwOLt QO hrDNt

|=yC}=Oy ?} Q[ =@ xOvyOR=i Q}}eD |xO=t |x}q =@ j=D= |=wy |=tO "6 Q=Owtv
"(W=m0C) hrDNt
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"xOvyOR=i Q}}eD |xO=t |x}q OQ@ Q=m uwO@/=@ j=D= |}=tQo Q=@ "9 Q=Owtv

"xOvyOR=i Q}}eD |xO=t |x}q OQ@ Q=m uwO@/=@ j=D= |SQv= hQYt "10 Q=Owtv

QO j=D= |=wy |=tO xm |]}=QW QO |@ Qe Q=w}O |rN=O K]U |=tO "11 Q=Owtv
"OW=@ C@=F 220C

_Qsys R= |Q}o p=QoDv= =@ "CU= xOW xO=O u=Wv 'j=D= QO u; OQ@=m uwO@ w PCM

pwS OL=w ?ULQ@ s=o Qy QO j=D= |iQYt |}=tQo |SQv= Q=Okt '|v=tR s=o Qy QO
%O};|t CUO x@

Q(J) =
tZ

t=0
_Qsysdt (5)

|}=tQo |SQv= hQYt pm Q=Okt '|v=tR |=ys=o s=tD QO |SQv= hQYt Q}O=kt `tH =@
?ULQ@ j=D= |}=tQo |SQv= hQYt pm Q=Okt "OwW|t x@U=Lt RwQxv=@W Qy QO j=D=

xOvyOR=i Q}}eD |xO=t |x}q OQ@ Q=m =@ PMV XN=W Q}}eD |ovwoJ "8 Q=Owtv
"hrDNt |=yCt=N[ =@

|SQv= hQYt w |}=tQo Q=@ "6"6
40 OwOL "OvDUy u=yH QO |SQv= |=yxOvvmhQYt u} QDxOta R= |m} =yu=tDN=U
u=}t u}= R= w OwW|t hQYt VN@ u}= QO 'u=yH QO |iQYt |SQv= pm R= OYQO
"OwW|t =[i V}=tQo w V}=tQU hQY 'u=tDN=U QO |iQYt |SQv= R= |t}v ,=@} QkD
u=tDN=U QO |SQv= hQYt Vy=m |=Q@ |}=yx=Q uDi=} *C}ty= Qou=Wv ?r]t u}=
|SQv= R= |WN@ xOvyOR=i Q}}eD |xO=t QO xOWxQ}NP u=yv |}=tQo |SQv= "CU=
=@ xU}=kt QO |SQv= hQYt Vy=m Ea=@ w Ovm|t u}t-=D =Q j=D= R=}v OQwt |}=tQo
V}=Ri= =@ xm O=O u=Wv [20]xOW s=Hv= C=ar=]t "OwW|t O=wt u}= OQ@ Q=m uwO@ j=D=
Q}}eD |Br=Dv; V}=Ri= R}v w j=D= |rN=O Kw]U QO xDiQ Q=m x@ PCM |x}q Ct=N[
T=U= u}=Q@ &CU=m u=DUtR pYi QO j=D= V}=tQo |=Q@ sRq |SQv= R= u=wD|t u; R=i
'60kJ/kg R=i Q}}eD |Br=Dv; w 30mm Ct=N[x@ xOvyOR=i Q}}eD |x}q OQ@ Q=m =@
QO QDW}@ =} OYQO 10 pO=at umB QyW QO xvwtv |k=D= QO |}=tQo |SQv= hQYt
PCM Q=PoQ}F-=D QDt=Q=B u} QDsyt xm OvDi=} QO u}kkLt "O@=}|t Vy=m u=DUtR pYi
OwN j}kLD QO =yv; [21]"CU= u; O=tHv= |x]kv '|SQv= hQYt Vy=m XwYNQO
OQwt |=tO x@ O}=@ =tO u}= '=t= OW=@ q=@ O}=@ O=wt u}= O=tHv= |x]kv xm OvO=O u=Wv

"OW=@ l}ORv R}v j=D= |=Q@ Q_v
Q}}eD |xO=t OQ@ Q=m Q}F-=D |UQQ@ |=Q@ TqB|SQv= Q=Ri=sQv R= j}kLD u}= QO
QO w OR} QyW QO xvwtv j=D= l} |}=tQo |SQv= hQYt w |}=tQo Q=@ Q@ xOvyOR=i
j}kLD u}= QO� j=D= |=tO uOw@ C@=F \QW =@ "CU= xOW xO=iDU= u=DUtR pYi
xDWwv u}vJ j=D= |=wy |=Q@ |DQ=QL Tvq=@ '�CU= xOW xDiQo Q_v QO 220C

%OwW|t

� _Qsys =
NiX
i=1

_Qi +
N=surfacesX

i=1
_Qconv + _Qvent (4)

|x} wyD j}kLD u}= QO� j=D= |=wy |x} wyD R= |W=v CQ=QL p=kDv= _Qvent u; QO xm
p=kDv= ẁtHt N=surfacesP

i=1
_Qconv '�OwW|t s=Hv= Ca=U QO Q=@ l} j=D= |=wy

Ovv=t j=D= |rN=O |=yQ=@ ẁtHt NiP
i=1

_Qi 'j=D= |rN=O Kw]U R= |}=Hx@=H CQ=QL
|rN=O |=yQ=@ QF= R= Q[=L j}kLD QO� j=D= QO Q[=L O=Qi= uO@ R= xOW O=R; |=tQo
Q=Okt _Qsys "CU= |W}=tQo sDU}U |HwQN u=wD _Qsys w '�CU= xOW Q_vhQY
220C QO j=D= |=tO =D OwW u}t-=D |W}=tQo p}=Uw \UwD O}=@ xm CU= |}=tQo
OQ@ Q=m =@ Cr=L wO |=Q@ j=D= |}=tQoQ=@ '9 Q=Owtv QO _Qsys Q=Okt "Ov=t@ |k=@ C@=F
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|DQ=QL V}=U; \}=QW Q@ u=tDN=U QO xOvyOR=i Q}}eD O=wt OQ@ Q=m Q}F-=D j}kLD u}= QO
QyW x=t |O 15 =D 12 RwQ Q=yJ "OW |UQQ@ OR} |Q} wm s}rk= QO |SQv= hQYt w
"OW ?=NDv= 'G}=Dv p}rLD w x} RHD |=Q@ u=DUtR pYi R= xvwtv RwQ Q=yJ u=wvax@ OR}
%R= CU= CQ=@a j=D= |=yQ=w}O QO xOvyOR=i Q}}eD |xO=t |Q}oQ=mx@ R= pY=L G}=Dv
|}xvwox@ OQ=O j=D= |=wy |=tO Q@ =Q Q}F-=D u} QDW}@ '200C ?wP |=tO =@ PCM "1
=Q j=D= |=wy \UwDt |=tO w 230C =D QFm =OL =Q j=D= |=wy |xv}tm |=tO xm

"OyO|t V}=Ri= RwQxv=@W QO 1 80C

|DQ=QL V}=U; ^=Lrx@ 200C ?wP |=tO =@ xOvyOR=i Q}}eD |xO=t OQ@ Q=m "2
RwQxv=@W C=a=U QDW}@ QO OwW|t Ea=@ xm |}xvwox@ OQ=O =Q OQmrta u} QDy@
R= |m =L xDmv u}= "OW=@ xDW=O Q=Qk 0 =D �0 5 |xOwOLt QO PMV Q=Okt
|W}=tQo p}=Uw OQ@ Q=m R= |R=}v|@ w j=D= |=wy |DQ=QL V}=U; ?wr]t \}=QW

"CU=
u; Q}}eD w OQ=Ov j=D= |=wy |=tO Q@ |v=OvJ Q}F-=D PCM |}=tQo C}=Oy ?} Q[ "3
"OQ=Po|t |k=@ �O=tHv=� |SQv= |R=UO=R; s=ovyx@ j=D= |=wy |=tO Q@ |tm QF=
Ow@y@ R}v w =yxv} Ry Vy=m w =yQ=w}O QO xDiQ Q=m x@ PCM Q=Okt Vy=m |=Q@ "4
20mm Ct=N[x@ O=wt u}= R= |}x}q OQ@ Q=m 'j=D= |DQ=QL V}=U; \}=QW

"OQ=O Q@ QO =Q xH}Dv u} QDy@
Q=Okt V}=Ri= Ea=@ u=tDN=U |=yQ=w}O QO 20mm Ct=N[ x@ PCM OQ@ Q=m "5
PMV Q=Okt xm |}xvwox@ 'OwW|t RwQ |=OD@= |v=QL@ C=a=U QO xS} wx@ PMV

"OQ=O 0 =D �0 5 u}@ |Q=Okt RwQxv=@W C=a=U QDW}@ QO
hQYt u=R}t QO Vy=m u} QDW}@ '230C O=tHv= |=tO =@ xOvyOR=i Q}}eD |xO=t "6
j=D= |}=tQo Q=@ xv}W}@ xm |}xvwox@ 'OQ=O x=Qty x@ =Q j=D= |}=tQo Q=@ w |SQv=
=Q RwQxv=@W QO j=D= |SQv= hQYt w OYQO 5 7 \UwDt Qw]x@ =Q RwQxv=@W QO

"OyO|t Vy=m OYQO 3 3 \UwDt Qw]x@

10 Q=Owtv QO 'j=D= QO u; OQ@ Q=m uwO@ w PCM OQ@ Q=m =@ Cr=L wO |=Q@ pwSwr}m
"CU= xOW xO=O u=Wv

190C O=tHv= |x]kv =@ xOvyOR=i Q}}eD O=wt OQmrta |UQQ@ Q[=L j}kLD QO
j=D= |SQv= hQYt w |}=tQo Q=@ Vy=m QO Q}F-=D u} QDW}@ xm O=O u=Wv '240C =D
|=Q@ |R=Ux}@W R= pY=L G}=Dv "CW=O Oy=wN 230C O=tHv= |=tO =@ |}xO=t =Q
9 Q=Owtv QO 220C ?wP |x]kv w 230C O=tHv= |x]kv =@ |}xOvyOR=i Q}}eD |xO=t
|=wy |=tO uDW=Oxov |=Q@ sRq |}=tQo Q=@ u=R}t Q=Owtv u}= QO "OwW|t xOy=Wt
15 =D 12 |}=wy w ?; \}=QW QO '�220C� |DQ=QL V}=U; ?wr]t |=tO QO j=D=
O=tHv= |=tO =@ PCM xm O=O u=Wv G}=Dv "CU= xOW xO=O u=Wv 'OR} QyW x=t|O
xm |}xvwox@ OwW|t ?Hwt =Q j=D= R=}v OQwt |}=tQo Q=@ QO Vy=m u} QDW}@ '230C
|}=tQo Q=@ �C=w 56� OYQO 5 7 pO=at \UwDt Qw]x@ |UQQ@ OQwt |v=tR xR=@ QO
|}=tQo Q=@ QFm =OL R= |Q}o\UwDt =@ \UwDt Q=Okt� O@=}|t Vy=m RwQxv=@W QO j=D=
u=wD|t Vy=m u}= Cra K} QWD QO "�CU= xOt; CUO x@ |UQQ@ OQwt |=yRwQ QO
uOv=t |k=@ Ea=@ '220C ?wP |=tO w 230C O=tHv= |=tO =@ PCM xm Cio
RwQxv=@W C=a=U u} QDW}@ QO '230C x@ l}ORv |}=tO QO j=D= |@ Qe Q=w}O |=tO
p}rOx@ xO=t u}= R=i Q}}eD Ov}=Qi uOw@ |vqw] ẁ[wt u}= Cra "�11 Q=Owtv� OwW|t
|rN=O K]U QO xOW xQ}NP |}=tQo |SQv= "CU= u; u=yv |=tQo C}iQ_ uOw@ q=@
j=D= |=wy |=tO w xOW pkDvt j=D= |=wy x@ '|}=Hx@=H CQ=QL p=kDv= j} Q] R= Q=w}O
u}= "OwW|t j=D= R=}v OQwt |}=tQoQ=@ Vy=m Ea=@ ?r]t u}= xm OyO|t V}=Ri= =Q
?wP |=tO w 210C O=tHv= |=tO =@ xOvyOR=i Q}}eD |xO=t |x}q xm CU= |r=L QO
|xrLQt x@ 'CU= u; O=tHv= |=tO R= QDq=@ j=D= |=wy |=tO xm u}= p}rOx@ '200C
u}= u=wD|t x@=Wt Qw]x@ "OyO Vy=m =Q j=D= |}=tQoQ=@ Ov=wD|tv w xO}UQv R=i Q}}eD
hQYt u=R}t 10 Q=Owtv QO "O=O s=Hv= R}v j=D= |SQv= hQYt Q=Owtv |=Q@ =Q p}rLD
|xO=t 'G}=Dv u}= T=U=Q@ "CU= xOW x�=Q= RwQxv=@W QO j=D= V}=tQo |=Q@ |SQv=
Qw]x@ =Q j=D= |}=tQo |SQv= hQYt u=R}t '230C O=tHv= |=tO =@ xOvyOR=i Q}}eD
\UwDt Q=Okt� OyO|t Vy=m RwQxv=@W QO �pwSwr}m 1854� OYQO 3 3 \UwDt

"�CU= xOt; CUO x@ |UQQ@ OQwt |=yRwQ QO |iQYt |SQv= R= |Q}o\UwDt=@

=yCWwv=B
1. phase change material (PCM)
2. energy Plus
3. heat balance (HB)
4. conduction �nite di�erence
5. enthalpy temperature function (ETF)
6. computational 
uid dynamics (CFD)
7. Fanger comfort model
8. predicted mean vote (PMV)
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