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|}x}qx}wyD w l}vwQO}y |aWaWD V}=tQU
|vwmUt |=[i l} QO

�Q=}Wv=O� �CiQat |Oyt
�OWQ= |U=vWQ� |wHWv=O� CwQt O}wv

TQOt C}@ QD x=oWv=O 'l}v�t |UOvyt |xOmWv=O
�|QDmO |wHWv=O� |v}UL =[QQ}t= O}U

uq}o x=oWv=O 'l}v�t |UOvyt |xOmWv=O

?}mQD QO =wy C}i}m w |DQ=QL V}=U; \}=QW p}rLD w |UQQ@ x@ 'Q[=L j}kLD QO
OQmrta |UQQ@ Qw_vt x@ "CU= xOW xDN=OQB |}x}q x} wyD w l}vwQO}y |aWaWD V}=tQU
|=tO '=wy Z} waD MQv pt=W |DQ=QL w |m} R}i |=yQDt=Q=B Q}F-=D '|O=yvW}B O} Q@}y sDU}U

C@Uv pt=W |UOvy |=yQDt=Q=B R}v w '|aWaWD V}=tQU pv=B |=tO w |OwQw |=wy
Q=Qk |@=} RQ= OQwt =wy GwQN xJ} QO pLt w |aWaWD V}=tQU pv=B \UwD hkU VWwB
\}=QW Q@ Q=PoQ}F-=D QDt=Q=B u} QDtyt =wy GwQN xJ} QO pLt OyO|t u=Wv G}=Dv "CU= xDiQo
Q=@ R= OYQO 40 =D 30 xm |t=ovy Qo}O |wU R= "OW=@|t =wy C}i}m w |DQ=QL V}=U;
|DQ=QL V}=U; ^=Lr R= \}=QW u} QDy@ OOQo GQ=N |}x}q x} wyD sDU}U xr}Uw@ |W}=tQU
|DQ=QL V}=U; \}=QW u=tRty u}t=D 'Q[=L j}kLD "OwW|t pY=L =wy ?wr]t C}i}m w
=Q |}x}q x} wyD w l}vwQO}y |aWaWD V}=tQU O} Q@}y sDU}U \UwD =wy ?wr]t C}i}m w

"CU= xOQm |iQat |OQ@ Q=m w O}OH |Di=}yQ u=wvax@

maerefat@modares.ac.ir
navid.morovat@modares.ac.ir
hosseini.mechanic@gmail.com

'|DQ=QL V}=U; '|}x}q x} wyD 'l}vwQO}y |aWaWD V}=tQU %|O}rm u=oS=w
"|D=@U=Lt Cq=}U l}t=v}O '=wy C}i}m

xtOkt "1
QDy@ |}=H@=H x} wyD |=ysDU}U x@ C@Uv =ysDU}U u}= |DQ=QL V}=U; 'xwqa x@
'`t=H |=y|R=Ux}@W R= |}xawtHt R= TB u=Q=mty w =v}r=D=m [2]"CU= xOW VQ=Ro
[3]"Ov=xOwtv x}YwD =Q |aWaWD V}=tQU sDU}U '|DQ=QLV}=U; x@ |@=}DUO |=Q@
|DQ=QL |UOvyt x=oW}=tR; QO xm l}vwQO}y |aWaWD V}=tQU sDU}U R= |}xvwtv
"CU= xOW xO=O u=Wv 1 pmW QO xDiQo Q=Qk xar=]t OQwt TQOt C}@ QD x=oWv=O
u=yv |DQ=QL Q=@ GwQN |}=v=wD sOa xm CU= |QwQ[ ẁ[wt u}= x@ xHwD
|U=U= w syt ?}=at xrtH R= '|Dt=k= |=[i |=wy C}i}m uOw@ u}}=B w
|Q=my=Q x�=Q= wQ u}= R= [4]"OW=@|t l}vwQO}y |aWaWD V}=tQU |=ysDU}U
nv=S 2003 p=U QO "CU= |QwQ[ Q=}U@ ?}=at u}= `iQ Qw_vt x@ |OQ@ Q=m
sDU}U =@ l}vwQO}y |aWaWD V}=tQU ?}mQD OQmrta |UQQ@ x@ u=Q=mty w
|UQQ@ x@ u=Q=mty w |Q=yOwJ 2008 p=U QO [5]"Ov=xDN=OQB |]qDN= x} wyD
xH}Dv u}= x@ w Ov=xDN=OQB =}r=QDU= ?w]Qt w sQo xk]vt QO |DQ=QL V}=U;
w |}=H@=H x} wyD sDU}U =@ l}vwQO}y |aWaWD V}=tQU ?}mQD xm Ov=xO}UQ
QO [6]"Ovm|t sy=Qi =Q ?wr]t |DQ=QL V}=U; \}=QW '|OwQw |=wy V}=tQU V}B
V}=tQU O} Q@}y sDU}U OQmrta Q@ QFwt |=yQDt=Q=B u=Q=mty w |wq@m 2011 p=U

u}}aD QO QFwt w syt pt=wa R= '?wr]t 2|=wy C}i}m w 1|DQ=QL V}=U; u}t=D
V}=U; Q_v R= u=tDN=U pN=O ?U=vt=v \}=QW "OvW=@|t ẁ@]t x} wyD sDU}U ẁv
Q]N x@ R}v =Q =yv; |DtqU 'O=Qi= |};Q=m Vy=m Q@ xwqa '=wy C}i}m w |DQ=QL
|@=}DUO Qw_vt x@ u} wv ẁ@]t x} wyD |=ysDU}U |wQ Q@ xar=]t u}=Q@=v@ "OR=Ov=|t
sDU}U "CU= |QwQ[ w syt Q=}U@ =wy C}i}m w |DQ=QL V}=U; ?wr]t \}=QW x@
x} wyD |=ysDU}U xrtH R= 4l}vwQO}y |aWaWD V}=tQU sDU}U w 3|}x}q x} wyD
`WaWD w |}=H@=H CQ=QL p=kDv= sR}v=mt T=U=Q@ ?}DQD x@ xm OvW=@|t u} wv ẁ@]t

"Ovvm|t Q=m
Kw]U |=tO uOw@ QDq=@ p}rO x@ l}vwQO}y |aWaWD V}=tQU sDU}U QO
j@=]D 'j=D= \}Lt |=tO x@ u; uOw@ QDl}ORv w |WRw |=ysDU}U x@ C@Uv |W@=D
OwHw sOa u}vJty "OQ=O OwHw p;xO}= `} RwD w j=D= |=tO |Owta `} RwD u=}t|@U=vt
[1]"CU= =ysDU}U u}= Qo}O |=}=Rt xrtH R= |Owta CyH QO O=} R |=tO hqDN=

pw�Ut xOvU} wv �
"1393 2 20 VQ}PB '1393 1 19 x}LqY= '1392 6 12 Ci=} QO %M} Q=D
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aQ[=L j}kLD QO xm OvDUy |}=yQDt=Q=B xrtH R= =wy |HwQN |xJ} QO ?U=vt
|W}=tQU Q=@ C@Uv 'xOW QmP |=yQDt=Q=B C=QF= xU}=kt w |UQQ@ =@ "Ov=xOW |@=} RQ=
x@ l}vwQO}y |aWaWD V}=tQU sDU}U w |}x}q x} wyD sDU}U xr}Uw@ xOW GQ=N

"CU= xOW u}}aD ?wr]t C}i}m w |DQ=QL V}=U; \}=QW u}t=D Qw_vt

|UQQ@ OQwt |=yQDt=Q=B h}YwD "2
|}=tQo w |}x} wyD OQmrta |@=} RQ= x@ 5lB Q}= Q=Ri= sQv R= xO=iDU= =@ Q[=L j}kLD QO

"CU= xOW xDN=OQB |}x}q x} wyD w l}vwQO}y |aWaWD V}=tQU ?}mQD
?}DQD x@ `=iDQ= w ZQa 'pw] =@ [9]u=Q=mty w u=}D \UwD xar=]t OQwt |=[i
QDy@ xU}=kt u=mt= =D xOW xDiQo Q_vQO uwtR; |=[i u=wvax@ QDt 2 6 w 2 9 '3 9
Q} R QDt=Q=B GvB Q}F-=D TBU 'xOW xDiQo Q_v QO =v@t u=wvax@ C}a[w l} "OwW sy=Qi

%CU= xDiQo Q=Qk xar=]t OQwt =wy C}i}m w |DQ=QL V}=U; \}=QW Q@
�3 w 2 '1 |=yC}a[w� =wy Z} waD MQv �

�6 w 5 '4 |=yC}a[w� |}x}q x} wyD sDU}U R= |OwQw |=wy |=tO �
�9 w 8 '7 |=yC}a[w� |aWaWD V}=tQU pv=B |=tO �

�12 w 11 '10 |=yC}a[w� |aWaWD V}=tQU pv=B hkU VWwB C@Uv �
�16 w 15 '14 '13� =wy |HwQN xJ} QO |}=tv=H �

QO xm xOW |R=Ux}@W 1 pwOH QO xOW x�=Q= hrDNt C}a[w 17 ẁtHt QO
"CU= Q}eDt QDt=Q=B l} C}a[w Qy

R= 490 ppm pO=at CO2 C_re 'xar=]t OQwt |=yC}a[w |t=tD QO

"Q[=L j}kLD QO xar=]t OQwt |=yC}a[w "1 pwOH
|=tO C@Uv pLt |=tO

ACH

xvwtv
pv=B VWwB xJ} QO |=wy |R=Ux}@W

hkU =wy GwQN |OwQw xOW
24 80 hkU 24 5 5 =v@t
24 80 hkU 24 4 5 1 C}a[w
24 80 hkU 24 3 5 2 C}a[w
24 80 hkU 24 25 3 C}a[w
24 80 hkU 19 5 5 4 C}a[w
24 80 hkU 21 5 5 5 C}a[w
24 80 hkU 26 5 5 6 C}a[w
19 80 hkU 24 5 5 7 C}a[w
21 80 hkU 24 5 5 8 C}a[w
26 80 hkU 24 5 5 9 C}a[w
24 20 hkU 24 5 5 10 C}a[w
24 50 hkU 24 5 5 11 C}a[w
24 70 hkU 24 5 5 12 C}a[w
24 80 1 |HwQN 24 5 5 13 C}a[w
24 80 2 |HwQN 24 5 5 14 C}a[w
24 80 3 |HwQN 24 5 5 15 C}a[w
24 80 4 |HwQN 24 5 5 16 C}a[w

x=oW}=tR; QO xar=]t OQwt l}vwQO}y |aWaWD V}=tQU pv=B R= |}xvwtv "1 pmW
"TQOt C}@ QD x=oWv=O |DQ=QL |UOvyt

Q=Qk |UQQ@ OQwt |DQ=QL V}=U; \}=QW Q@ =Q |}=H@=H x} wyD w l}vwQO}y |aWaWD
[7]"Ov=xO=O

xv=o =OH xar=]t |wQ Q@ =DOta u}W}B C=k}kLD OwW|t x_Lqt xm Qw]v=ty
x} wyD =} w |}=H@=H x} wyD sDU}U =@ u; ?}mQD =} w l}vwQO}y |aWaWD V}=tQU
Q=Qk |UQQ@ OQwt |DQ=QL V}=U; \}=QW =yvD =@r=e u}vJty "CU= xOw@ |]qDN=
V}=tQU O} Q@}y sDU}U |wQ Q@ |}xar=]t uwvm =D xmv}= x@ xHwD =@ "CU= xDiQo
Q[=L j}kLD QO wQv}=R= 'CU= xDiQov CQwY |}x}q x} wyD w l}vwQO}y |aWaWD
u; Q@ QFwt |=yQDt=Q=B w =wy C}i}m '|DQ=QL V}=U; '|O=yvW}B O} Q@}y sDU}U QO

"CU= xDiQo Q=Qk xHwD OQwt u=tRty CQwYx@
\}=QW u}t=D Qw_vt x@ [9w8]u=Q=mty w u=}D \UwD Q=@ u}rw= |}x}q x} wyD sDU}U
"CU= xDiQo Q=Qk|UQQ@ OQwt\UwDt wlJwm |=yj=D= |=Q@ ?wr]t|DQ=QLV}=U;
"CU= xOW xHwD OQ=O Q=Qk O=Qi= uOQo w QU xm j=D= R= |}x}L=v Q@ =yvD sDU}U u}= QO
sDU}U xm Ov=xO=O u=Wv PPD w PMV |=yXN=W x@ xHwD =@ u=Q=mty w u=}D
[9]"OW=@|t O=Qi= |k=WvDU= x}L=v QO |DQ=QL V}=U; u}t=D x@ QO=k |}x}q x} wyD
OQwt |]qDN= x} wyD w |}=Hx@=H x} wyD '|}x}q x} wyD |=ysDU}U |SQv= hQYt
x} wyD sDU}U QDu}}=B ?D=Qt x@ |SQv= hQYt xOvyO u=Wv G}=Dv xm xDiQo Q=Qk xU}=kt

[10]"OW=@|t |}x}q
O}=@ 'OW QmP |}x}q x} wyD sDU}U |=Q@ xm |D@Ft |=y|oS} w s=tD seQ|ra
x} wyD |=ysDU}U xR=Ov= x@ |}x}q x} wyD sDU}U xm CW=O xHwD ẁ[wt u}= x@
Q=@ =@ |=y=[i QO wQ u}= R= "OQ=Ov =Q |DQ=QL Q=@ GwQN |}=v=wD |]qDN= w |}=H@=H
u}vJty [11]"OvQ=Ov =Q |DQ=QLV}=U; \}=QW u}t=D |}=v=wD =ysDU}U u}= q=@ |DQ=QL
O}OW |oDU@=w =@ w |DQ=QLV}=U; CN=wvm} `} RwD sOa pmWt =@ =ysDU}U u}=

[9]"OvW=@|t xH=wt =tO w CaQU |=yu=O}t
x} wyD |=ysDU}U R= l} Qy ?}=at w =}=Rt x@ xHwD =@ Q[=L j}kLD QO wQ u}= R=
O}OH |Q=my=Q u=wva x@ =ysDU}U u}=?}mQD 'l}vwQO}y|aWaWDV}=tQU w|}x}q
?wr]t |=wy C}i}m w |DQ=QLV}=U; \}=QW u=tRty u}t=D Qw_vt x@ |OQ@ Q=m w
|@=} RQ= 'Q[=L j}kLD s=Hv= R= hOy "CU= xDiQo Q=Qk xar=]t OQwt w xOW O=yvW}B
w |DQ=QL V}=U; \}=QW Q@ |UOvy w |DQ=QL '|m} R}i |=yQDt=Q=B Q}F-=D xU}=kt w
XN=W wO u}= Ow@y@ CyH QO |OQ@ Q=m |=yO=yvW}B x�=Q= w pN=O |=wy C}i}m
pv=B |=tO '|}x}q x} wyD sDU}U R= |OwQw |=wy |=tO '=wy Z} waD MQv "CU= syt
|}=tv=H w x}@aD w pv=B \UwD hkU VWwB C@Uv 'l}vwQO}y |aWaWD V}=tQU
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"x = 2 15 m; y = 1 75 m\N O=ODt= QO |OOa pL|HvUCLY "3 pmW

�t = 0 03874�vl (1)

"CU= Q=w}O u} QDm}ORv =D xrY=i l w |rLt CaQU Q=Okt v 'p=}U |r=oJ � xm
x@ |rm Cr=L QO |SQv= w |]N CmQL xR=Ov= '|oDUw}B Q@ sm =L CqO=at
[14]"CU=xOW xOQw; 2 pwOH QOS' w �' ''C=}} RH xm OvwW|t xDWwv Q} R CQwY
@
@t

(�') + div (�~u'� �'grad') = S' (2)

"uwtR; |=[i "2 pmW

xOW xO=O u=Wv |Dt=k= |=[i OQ=w QDt|r}t 170 QO 210 O=a@= =@ |}xJ} QO "j} Q]
"OwW|t 2 pmW QO

O}rwD u=wD =@ xv=}=Q w XNW l} pt=W R}v |rN=O CQ=QL O}rwD `@=vt
OQi TivD MQv [8]"CU= xOW xDiQo Q_v QO C=w 180 w 100 ?}DQD x@ CQ=QL
Q_v QO [13]0 23 l/min TivD R= pY=L CO2 O}rwD MQv w [12]8 l/min Q@=Q@

"CU= xOW xDiQo

|OOa |R=Ux}@W "3
|OOa pL |HvU CLY "1"3

,qwtat =t= 'CU= u}}=B ROrwv} Q OOa =yu=tDN=U |rN=O |=yu=} QH QO xmv}= OwHw =@
|R=UpOt R= O}=@ sm =L CqO=at pL |=Q@ =Pr "OW=@|t VwWet ẁv R= u=} QH
u=oOvU} wv \UwD '|OOa pL |HvUCLY Qw_vt x@ [14]"Owtv xO=iDU= |W=WDe=
|W=WDe= pOt Q=yJ R= pY=L G}=Dv [15]'|Qo}O xOW QWDvt xr=kt QO Q[=L xr=kt
G=QNDU= `]kt 8 QO k�"RNG w k�" '|rN=O |}xrO=at QiY '|}xrO=at QiY
`} RwD |=Q@ G}=Dv R=|}xvwtv "CU= xOW xU}=kt [11]xQ=tW `HQt|@ QHD G}=Dv =@ w xOW
x = 2 15 m; y = 1 75 m \N O=ODt= QO CO2 xOv}q; C_re w =tO 'CaQU
'|D=@U=Lt `]kt 8 |=Q@ [11]`HQt QO p=Ft u=wvax@ "CU= xOW xOQw; 3 pmW QO
=Pr 'CU= xOQm h}YwD pw@k p@=k =Q G}=Dv =tO |@Uv |=]N OYQO 30 OwHw =@
"CU= pw@k p@=k R}v OQ=O hqDN= OYQO 18 |@ QHD G}=Dv =@ xm Q[=L j}kLD G}=Dv
QO =]N u=wD|t =Q |@ QHD G}=Dv w |OOa |R=Ux}@W G}=Dv u=}t OwHwt |=]N Cra
uwtR; |=[i QO |rN=O |=yxQ=w}O uOw@v l}D=@=}O; qt=m '|y=oW}=tR; |Q}oxR=Ov=
xm CiQo Q_v QO \}Lt |t}rk= \}=QW R= |y=oW}=tR; G}=Dv uOw@ QF=Dt w |@ QHD
pOt R= Q[=L j}kLD QO =Pr "CU= xDiQo Q=Qk O}m =D OQwt R}v [11]`HQt QO OQ=wt u}=
|R=Ux}@W |=Q@ X=N Qw] x@ pOt u}= "CU= xOW xO=iDU= |rN=O |}xrO=at QiY
|}=H@=H '|a}@] |}=H@=H 'pOt u}= "CU= xOW G=QNDU= =yu=tDN=U pN=O u=} QH

[14]"Ovm|t pL ?U=vt CkO =@ w |@ wN x@ =Q |]qDN= |}=H@=H w |Q=@H=

|rN=O |}xrO=at QiY pOt %sm =L CqO=at "2"3
%CU= xOW xO=iDU= |W=WDe= |wQv=Qo u=}@ |=Q@ |Q@H xrO=at l} R= pOt u}= QO
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a"|rN=O |}xrO=at QiY pOt QO TmwDU= Q}w=v CqO=at "2 pwOH
� �' S'

1 0 0
u �eff � @p@x + @

@x

�
�eff @u@x

�
+ @
@x

�
�eff @v@y

�
+ @
@z

�
�eff @w@y

�
+ gx

�
�� �ref �

v �e� � @p@y + @
@x

�
�eff @u@y

�
+ @
@y

�
�eff @v@y

�
+ @
@z

�
�eff @w@y

�
+ gy

�
�� �ref �

w �e� � @p@z + @
@x

�
�eff @u@z

�
+ @
@y

�
�eff @v@y

�
+ @
@z

�
�eff @w@z

�
+ gz

�
�� �ref �

h
�e�

�h

Sh; �h = 1
�eff = �+ �t; �t = 0 03874�vl

|UQQ@ OQwt |=yXN=W |iQat "4
ẁv u}}aD QO QFwt w syt pt=wa R= '=wy ?wr]t C}i}m w |DQ=QL V}=U; u}t=D
|DQ=QL V}=U; ASHRAE OQ=Ov=DU= T=U=Q@ "OvW=@|t ẁ@]t x} wyD sDU}U
|]}=QW u}vJ QO w Ovm|t C}=[Q R=Q@= \}Lt \}=QW R= OQi xm CU= |vyP |Dr=L
R= |v=}@ pN=O |=wy C}i}m [16]"OvW=@|t ?wr]t |DQ=QL T=UL= |=Q=O O=Qi=
R=Ht C_re s}_vD w |DQ=QL V}=U; \}=QW uOQw; sy=Qi QO =wy |}=v=wD w p}Uv=DB
'?wr]t C}i}m =@ |=wy '|QW= OQ=Ov=DU= QO [17]"CU= OwHwt |=yxOv}q; |=Q@
XNWt w u}at OL R= u; QO =yxOv}q;C_re xmCU= xOWh} QaD |}=wy CQwYx@

[18]"O}=tvv Rw=HD
PPD w PMV pt=W |DQ=QL V}=U; syt XN=W xU 'Q[=L j}kLD QO
=wy C}i}m XN=W xU R}v w '|@Uv xOR=@ w |Owta CyH QO =wy |=tO hqDN=
"CU= xOW |UQQ@ x} wyD |}=Q=m w =wy Qta |a[wt u}ov=}t 'xOv}q; `} RwD pt=W

|DQ=QL V}=U; |=yXN=W "1"4
|v}@V}B |DQ=QLV}=U; OQwt QO =Q O=Qi= |=Q\UwDt u=R}t `k=w QO PMV XN=W
pOt u} QDOQ@ Q=mQB pOt u}= "CU= xOW G=QNDU= [19]Qovi pOt T=U=Q@ w O}=tv|t
QFwt pt=wa u=wvax@ '|YNW pt=a 2 w |]}Lt pt=a 4 u; QO "CU= xO=iDU= OQwt
CaQU %R= OvDQ=@a |]}Lt pt=a Q=yJ "OwW|t xDiQo Q_v QO |DQ=QL V}=U; Q@
MQv R}v |YNW pt=a wO "|aWaWD |=tO u}ov=}t w =wy C@ w]Q '=wy |=tO '=wy
|Ov@s}UkD 7 ?r=k QO PMV XN=W "OW=@|t O=Qi= VWwB u=R}t w l}rw@=Dt
xm |DQwY QO "Ovm|t |v}@V}B =Q |DQ=QLV}=U; 3 pwOH QO xOW xO=O u=Wv

"CU= ?wr]t |DQ=QL V}=U; OW=@ �0 5 � PMV � +0 5
T=UL= X=NW= R= |oQR@ xwQo u}@ QO xm |O=Qi= OYQO PPD XN=W

[19]%Ovm|t u}}aD Q} R x]@=Q R= =Q OvQ=O |DQ=QL |D}=[Q=v
PPD = 100�95�exp(�0 03353�PMV4�0 2179PMV2)

(3)

"|DQ=QL V}=U; T=}kt "3 pwOH
d=O sQo =D@Uv pO=aDt =D@Uv lvN OQU T=UL=

sQo lvN |DQ=QL
+3 +2 +1 QiY �1 �2 �3 PMV

|RQt \}=QW "3"3
\QW |HQ=NQ=w}O |wQ "CU= xOW ZQi C@=F |W@=D V}=tQU pv=B K]U |=tO
xOW Qw_vt O}WQwN `WaWD uDiQo Q_v QO =@ x=Qty |}=H@=H CQ=QL p=kDv= |RQt
C=}YwYN "CU= xOW xDiQo Q_v QO j}=a hm w hkU '|rN=O |=yQ=w}O "CU=
xU}=kt u=mt= =D CU= xOW ?=NDv= [9]xQ=tW `HQt j@=]t =yQ=w}O |DQ=QL w |UOvy
|=tO pO=at xm xOW xDiQo Q_v QO 36(0C) uwQ}@ \}Lt |=wy |=tO "OwW sy=Qi
R= `WaWD |R=U x}@W |=Q@ "CU= u=QyD |}=wyw?; \}=QW QO |v=DU@=D sQo RwQ l}

"CU= xO}OQo xO=iDU= 6�DO� pOt
=yu; xOW O}rwD CQ=QL xm xOW pOt p}]DUt ?amt CQwYx@ xv=}=Q w XNW
p}rO x@ [16]"CU= 7 ASHRAE OQ=Ov=DU= R= xOW G=QNDU= |ak=w Q}O=kt T=U=Q@
xvwo OvJ Qw[L x@ xHwD =@ w |rN=O CQ=QL O}rwD `@=vt xr}Uw@ |Qw=vW u=} QH O=H}=
xO=iDU= p;xO}= R=o ?} QkD R= �u@ QmO}Um =|O 'C@ w]Q '=wy� j=D= |=[i QO |tQH

"OR=U|t \@DQt =tO hqDN= x@ =Q |r=oJ C=Q}}eD xm CU= xOW

xm@W R= pL pqkDU= |UQQ@ "4"3
w x = 1 65 m C=YDNt QO =tO `} RwD '=v@t C}a[w |=Q@ 4 pmW QO
G}=Dv ?wN j@=]D "CU= xOW xU}=kt hrDNt |=y|Ov@xm@W =@ y = 1 45 m

"CU= xm@W R= pL pqkDU= xOvyO u=Wv 823659 w 468327 |=Q@ =tO `} RwD
xOW xO=iDU= |D=@U=Lt xQo 468327 =@ |Ov@xm@W R= Q[=L j}kLD QO u}=Q@=v@

"CU=

"xm@W R= pL pqkDU= |UQQ@ "4 pmW
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"y = 1 45 xLiY QO =v@t C}a[w � (m/s) u=} QH u=O}t "5 pmW

"(x = 1 65; y = 1 45)QO CaQU `} RwD "6 pmW

"(x = 1 65; y = 1 45)QO =tO `} RwD "7 pmW

x@ wQ |DWoR=@ |=wy u=} QH w |aWaWD pv=B OQU K]U =@ sQo |=wy T=tD ẁ[wt
xOW j=D= |q=@ CtUk QO =wy u=} QH \qDN= Ea=@ xm OW=@|t u; R= |W=v u}}=B
|rmWt 'OW=@ xDW=Ov Pwiv O=Qi= |k=WvDU= x}L=v x@ xOwOLt u}= xm |v=tR =D w CU=
`@=vt CQOk uwJty |rt=wa "Ovm|tv O=H}= =wy C}i}m w |DQ=QL V}=U; ^=Lr R=
Q=}U@ |DWoR=@ |=wy u=} QH u=R}t QO |W}=tQU pv=B Q=@ w |rN=O CQ=QL O}rwD
j}kLD x@=Wt |DQ=QL `@=vt w xUOvy =@ |vwmUt |=[i |=Q@ "OvW=@|t C}ty= R�=L
^=Lr R= |rmWt 'OW=@ 100 W/m2 R= QDtm |W}=tQU Q=@ xm |v=tR =D 'Q[=L

[23]"OQ=Ov OwHw |k=WvDU= x}L=v x@ |DWoR=@ |=wy u=} QH Pwiv

x]@=Q R= xm OW=@|t j=D= |=[i R= CQ=QL hqD= swyit |=v@tQ@ |@Uv xOR=@ XN=W
[20]%O};|t CUO@ Q} R

Et = (tout � tin)/(tbz � tin) (4)

'x} wyD sDU}U R= |OwQw |=wy |=tO ?}DQD x@ tbz w tout 'tin jwi x]@=Q QO xm
"OvW=@|t |k=WvDU= x}L=v QO =wy |=tO w xJ} QO R= |HwQN |=wy |=tO

=wy C}i}m |=yXN=W "2"4
XN=W xU x} wyD sDU}U |}=Q=mw =wy Qta |a[wt u}ov=}t 'xOv}q; C=QP `} RwD

"OvW=@|t |rN=O |=wy C}i}m u}}aD QO syt w |U=U=
u=wvax@ CO2 xOv}q; C_re 1000 ppm u=R}t '62 - |QW= OQ=Ov=DU= QO
j}kLD QO u}=Q@=v@ [18]"CU= xO=O O=yvW}B pN=O |=wy C}i}m |@=} RQ= |=Q@ |Q=}at
sy=Qi QO x} wyD sDU}U p}Uv=DB |@=} RQ= Q=}at u=wvax@ CO2 R=o C_re 'R}v Q[=L

"CU= xDiQo Q=Qk xO=iDU= OQwt =wy ?wr]t C}i}m uOQw;
xm OwW|t xDiQo Q_v QO |v=tR u}ov=}t u=wvax@ '� '=wyQta |a[wt u}ov=}t
=wy Qta [21]"Ov@=}|t p=kDv= Q_v OQwt x]kv x@ =wy |OwQw R= =wy |=ypwmrwt s=tD
x]@=Q R= w OQ=O Q=Qk xO}WwB QU u=mt l} QO =wy xm OyO|t u=Wv =Q |v=tR COt

[22]%OwW|t G=QNDU= Q} R p=kDv=
@
@t

(��) + @
@xj

(�uj�) = @
@xj

(��
@�
@xj

) + � (5)

sDU}U xOR=@ Q@ |HwQNxJ} QO pLt w xOv}q; `@vt C}akwt Q}F-=D |@=} RQ= CyH
xm OQ}o|t Q=Qk xO=iDU= OQwt x} wyD sDU}U|}=Q=m XN=W xOv}q; hPL |=Q@ x} wyD

[22]%OwW|t h} QaD Q} R CQwYx@
� = ce � cs

cbz � cs (6)

x}L=v w |OwQw '|HwQNQO xOv}q; C_re ?}DQD x@ cbz w cs 'ce 'x]@=Q u}= QO xm
=yxOv}q; C_re uOw@ QDW}@ swyit x@ OW=@ � > 1 Qo = 6 x]@=Q QO "CU= |k=WvDU=
xOvyOu=Wv u}=Q@=v@ w xOw@ j=D= |=wy QO =yxOv}q; C_re x@ C@Uv |HwQN |=wy QO

"CU= ?U=vt x} wyD

EL@ w G}=Dv "5
=wy u=} QH |wor= "1"5

w |DQ=QLV}=U; Q@ |O=} R Q}F-=D 'x} wyD |=ysDU}U xr}Uw@ xOW O=H}= u=} QH |wor=
u=} QH |wor= |UQQ@ x@ =OD@= xm CU= |QwQ[ wQu}=R= [9]"OQ=O |rN=O |=wy C}i}m
w (y = 1 45 m)x� z xLiYQO CaQU u=O}t 5 pmW QO "OwW xDN=OQB =wy
|wQ u}J\N =@ xm OQi Qw[L x}L=v QO =tO w CaQU `} RwD 7 w 6 |=ypmW QO

"CU= xOW xOQw; '(x = 1 65; y = 1 45) xO}OQo XNWt 5 pmW
'j=D= u=mU= |xk]vt QO |DQ=QL `@=vt OwW|t x_Lqt 5 pmW QO xm Qw]v=ty
'u=} QH u}= "Ovvm|t O=H}= |DQ=QL sO sQi x@ w q=@ CtU x@ |}=H@=H |=yu=} QH
"OQ@|t q=@ CtU x@ OwN =@ w xDiQo =Q u=mU= |xk]vt QO OwHwt |=yxOv}q; w =tQo
K]U R= QDu}}=B |x}L=v pt=W xm OQ}o|t pmW j=D= QO =RHt |x}L=v wO TBU
u}= Cra "CU= |]qDN= u=} QH =@ u; |q=@ |x}L=v w |}=H@=H u=} QH =@ |Ov@x}q
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"(x = 1 65; y = 1 45) QO =v@t C}a[w |=yQ=Owtv "9 pmW

u}ov=}t 'xwqa x@ "CU= xOW OQi |k=WvDU= x}L=v QO QD?U=vt |DQ=QL V}=U;
u=Wv xm OW=@|t j=D= |L=wv Q}=U R= QDtm |k=WvDU= x}L=v QO =wy Qta |a[wt

"CU= QDy@ C}i}m =@ w QDxR=D |=wy xOvyO

=wy C}i}m w |DQ=QL V}=U; Q@ QFwt |=yQDt=Q=B |@=} RQ= "2"5
|=tO '=wy Z} waD MQv pt=W |DQ=QL w |m} R}i QDt=Q=B xU Q}F-=D Q[=L j}kLD QO
w l}vwQO}y |aWaWD V}=tQU pv=B |=tO w |}x}q x} wyD sDU}U R= |OwQw |=wy
w x}@aD w |W@=D V}=tQU pv=B hkU VWwB C@Uv pt=W |UOvy QDt=Q=B wO R}v

x}L=v� QDt 1 1 `=iDQ= QO xm OwW|t x_Lqt 6 pmW CaQU `} RwD Q=Owtv QO
lU} Q pmWt u}=Q@=v@ w CU= 0 25 m/s R= QDtm =wy CaQU �OQi |k=WvDU=
"OW=@|t |}x}q x} wyD sDU}U |=}=Rt xrtH R= ẁ[wt u}= xm OQ=Ov OwHw 8u=Qwm

|k=WvDU= x}L=v |=tO xm OwW|t x_Lqt 7 pmW =tO `} RwD Q=Owtv QO u}vJty
OQi QU w =B It u}@ |Owta CyH QO =wy |=tO hqDN= w xOw@ |L=wv Q}=U R= QDtm
|aWaWD V}=tQU sDU}U |=}=Rt xrtH R= ẁ[wt u}= xm CU= 1(0C) OwOL QO

"CU= |a[wt |DQ=QL V}=U; \}=QW |=yQ=}at =@ j=@]v= QO w xOw@ l}vwQO}y
'PMV |=yXN=W '=wy C}i}m w |DQ=QL V}=U; \}=QW xar=]t Qw_vt x@
xOW |UQQ@ 9 w 8 |=ypmW QO =v@t xvwtv |=Q@ =wy Qta |a[wt u}ov=}t w PPD

x}L=v QO PPD w PMV |=yQ=Owtv w (y = 1 45 m) =yQwDv=m x@ xHwD =@ "CU=
xOW XNWt =yQwDv=m |wQ u}J\N =@ xm (x = 1 65; y = 1 45) OQi Qw[L
\}=QW u}t=D x@ QHvt |}x}qx} wyD sDU}U R= |OwQw |=wy xm OwW|t x_Lqt CU=

"y = 1 45 m xLiY QO =v@t C}a[w |=yQwDv=m "8 pmW
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t Ca=U l} QO j=D= pm |=wy Z} waD C=aiO O=OaD |=vat x@ xm ACH = 2 5

w �PMV� |DQ=QL V}=U; XN=W |=Q@ 10 pmW QO "CU= xOW |UQQ@ 'CU=
pY=L G}=Dv �=wy Qta |a[wt u}ov=}t� =wy C}i}m XN=W |=Q@ 11 pmW QO

"CU= xOW VQ=Ro
\}=QW Ow@y@ ?Hwt =wy Z} waD MQv V}=Ri= OwW|t x_Lqt 10 pmW QO
xJQo = CW=O xHwD O}=@ Qo}O |wU R= "CU= xOW =wy C}i}m w |DQ=QL V}=U;
w |DQ=QL V}=U; |=yXN=W Ow@y@ Q@ |yHwD p@=k Q}F-=D =wy Z} waD MQv V}=Ri=
"O@=}|t Vy=m QDq=@ |=wy Z} waD |=yMQv QO Q}F-=D u}= =t= CU= xDW=O =wy C}i}m

|OwQw |=wy |=tO "4"5
w syt |=yQDt=Q=B R= |m} u=wvax@ |OwQw |=wy |=tO C=QF= |UQQ@ x@ VN@ u}= QO
QO xm Q[=L j}kLD G}=Dv [27]"CU= xOW xDN=OQB |DQ=QL V}=U; \}=QW Q@ Q=Po Q}F-=D
|=wy |=tO =@ 4 C}a[w |=Q@ OyO|t u=Wv CU= xOW x�=Q= 13 w 12 |=ypmW
|rN=O |=wy C}i}m w |DQ=QL V}=U; \}=QW u} QDy@ O=Qo}Dv=U xHQO 19 |OwQw
Q@ |OwQw |=wy |=tO Q}F-=D Cra "CU= xOW pY=L =yC}a[w Q}=U =@ xU}=kt QO
|OwQw |=wy |=tO QO Q}}eD xvwo Qy xm CU= u; R= |W=v =wy Qta |a[wt u}ov=}t

"PMV XN=W Q@ =wy Z}waD MQv Q}F-=D "10 pmW

"=wy Qta |a[wt u}ov=}t Q@ =wy Z}waD MQv Q}F-=D "11 pmW

xar=]t OQwt =wy C}i}m w |DQ=QL V}=U; \}=QW Q@ =wy |HwQN |xJ} QO |}=tv=H
QO `k=w |ki= xLiY QO hrDNt |=yxvwtv l} QDt=Q=B xar=]t G}=Dv "CU= xDiQo Q=Qk
?=NDv= |QDt 1 1 `=iDQ= "CU= xOW xOQw; 4 pwOH QO hm |q=@ QDt 1 1 `=iDQ=
"OQ=O Q=Qk `=iDQ= u}= QO |UivD x}L=v w CU= xDUWv XNW `=iDQ= uwJ CU= xOW

=wy Z}waD MQv "3"5
u=Q@H |m} &OvQ=O xOya Q@ =Q xOta xi}_w wO ẁ@]t x} wyD |=ysDU}U |rm Qw] x@
pN=O |=wy |=yxOv}q; pQDvm w =wy Z} waD |Qo}O w |DOwQ@ w |DQ=QL |=yQ=@
x@ R=}v jwi hOy wO Qy u}t=D |=Q@ |W@=D V}=tQU |=ysDU}U QO [25w24]u=tDN=U
=ysDU}U u}= Q=vm QO =wy x} wyD |=ysDU}U R= xO=iDU= "OW=@|t |r}tmD |=yQ=my=Q
?@U 'pN=O |=wy C}i}m Ow@y@ Q@ xwqa Q=my=Q u}= "CU=yQ=my=Q u}= xrtH R=
x]kv |=tO Vy=m p}rO x@ l}vwQO}y |aWaWD V}=tQU |=ysDU}U OQmrta Ow@y@
u}= |=Q@ =Q u=yv CQ=QL `iO u=mt= KQ] u}= R= xO=iDU= u}vJty "OwW|t sv@W
V}=U; \}=QW Q@ =wy Z} waD MQv V}=Ri= Q}F-=D Cra [26]"Ovm|t sy=Qi =ysDU}U
O}rwD w =wy |=tO u=}t |DQ=QL Tvq=@ T=U=Q@ =yXN=W u}= xm CU= u; |DQ=QL
Tvq=@ Q@ |yHwD p@=k Vkv =wy Z} waD MQv w OvwW|t x@U=Lt |rN=O CQ=QL
xH}DvQO w =wy Qta Vy=m ?Hwt QDq=@ |=wy Z} waD MQv u}vJty "OQ=O |DQ=QL
V}=U; \}=QW Q@ =wy Z} waD MQv Q}F-=D Q[=L j}kLD QO "OwW|t QDy@ |=wy C}i}m
w ACH = 3 5 'ACH = 4 5 C}a[wxU |R=Ux}@W =@ =wy C}i}m w |DQ=QL
xLiY QO xar=]t OQwt |=yC}a[w |=Q@ xOt; CUO@ G}=Dv u}ov=}t "4 pwOH

"hm |q=@ QDt 1 1 `=iDQ= QO `k=w
!� CO2 AGE PPD

PMV �T xvwtv
Supply (ppm) (s) ���

28 497 537 12 0 60 1 20 =v@t Cr=L
30 497 542 16 0 75 0 50 1 C}a[w
40 502 830 23 1 1 2 C}a[w
47 550 1200 31 1 10 1 60 3 C}a[w
65 501 510 5 0 15 0 80 4 C}a[w
55 499 480 8 0 30 1 5 C}a[w
25 500 550 30 1 0 60 6 C}a[w
35 500 500 5 0 20 1 7 C}a[w
30 500 500 7 0 35 1 10 8 C}a[w
22 500 500 26 1 0 90 9 C}a[w
40 500 500 34 1 30 0 20 10 C}a[w
32 500 520 20 0 90 0 40 11 C}a[w
35 500 532 14 0 7 1 12 C}a[w
15 560 575 17 0 82 0 60 13 C}a[w
20 540 520 9 0 50 1 40 14 C}a[w
30 345 300 9 0 50 0 30 15 C}a[w
40 305 135 5 0 25 0 50 16 C}a[w
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"PMV XN=W Q@ |W}=tQU pv=B |=tO Q}F-=D "14 pmW

"=wy Qta |a[wt u}ov=}t Q@ |W}=tQU pv=B |=tO Q}F-=D "15 pmW

|=tO Vy=m x@ C@Uv l}vwQO}y |aWaWD V}=tQU pv=B |=tO Vy=m OwW|t
xU}=kt =@ u}vJty "OQ=O |DQ=QL V}=U; \}=QW Q@ |QDtm Q}F-=D |OwQw |=wy
hqN Q@ |W@=D V}=tQU pv=B |=tO C=Q}}eD OwW|t x_Lqt 15 w 13 |=ypmW
|k=WvDU= x}L=v QO =wy Qta |a[wt u}ov=}t Q@ |mOv= Q}F-=D |OwQw |=wy |=tO

"CU= xDW=O

hkU VWwB C@Uv "6"5
hkU VWwB C@Uv V}=Ri= OwW|t x_Lqt 4 pwOH QO xOW x�=Q= G}=Dv x@ xHwD =@
V}=Ri= ?Hwt |OwOL =D =t= OQ=O |DQ=QL V}=U; \}=QW Ow@y@ QO |yHwD p@=k Q}F-=D

"OwW|t =wy C}i}m Vy=m xH}Dv QO w =wy Qta |a[wt u}ov=}t
u=} QH V}=Ri= =wy C}i}m Q@ hkU VWwB C@Uv V}=Ri= |ivt Q}F-=D Cra
Qw[L |=[i x@ |W@=D V}=tQU pv=B OQU K]U CQw=Ht R= |DWoR=@ |=wy
q=@ CtU x@ xm xOW sQo |=wy hkU VWwB C@Uv V}=Ri= =@ "CU= u=vm =U
w xDiQo Q=Qk |W@=D V}=tQU pv=B R= |QD`}Uw K]U CQw=Ht QO Ovm|t CmQL
Oy=wN u=} QH j=D= |=[i CtU x@ w xOW OQU |QDW}@ |=wy sHL xH}Dv QO
Vy=m xH}Dv QO w =wyQta |a[wt u}ov=}t V}=Ri= QHvt ẁ[wt u}= xm CW=O
x�=Q= 4 pwOH QO xm Q[=L j}kLD G}=Dv 'Qo}O |wU R= "OOQo|t =wy C}i}m

"PMV XN=W Q@ |OwQw |=wy |=tO Q}F-=D "12 pmW

"=wy Qta |a[wt u}ov=}t Q@ |OwQw |=wy |=tO Q}F-=D "13 pmW

CaQU w =tO |=yu=O}t |oDU@=w x@ xHwD =@ xm xOW |Qw=vW |wQ}v Q}}eD ?Hwt
xH}DvQO w =wy Qta |a[wt u}ov=}t wQ u}= R= "CU= xDi=} Q}}eD =wy u=} QH |wor=

"OW=@|t |OwQw |=wy |=tO R= QF=Dt |rN=O |=wy C}i}m

l}vwQO}y |aWaWD V}=tQU pv=B |=tO "5"5
|=yXN=W Q@l}vwQO}y|aWaWDV}=tQU pv=B K]U |=tO Q}F-=D|UQQ@ Qw_vt x@
�=v@t C}a[w� 24 '21 '19 Q@=Q@ pv=B K]U |=tO '=wy C}i}m w |DQ=QLV}=U;
15 w 14 |=ypmW QO pY=L G}=Dv w xOW xDiQo Q_v QO O=Qo}Dv=U xHQO 26 w
CaQU pt=wa 'Vr=oJ xO}OB Q@ sm =L sR}v=mt x@ xHwD =@ "CU= xOW xU}=kt
pt=wa u=wvax@ =wy sv@W |=tO =@ =tO u}= hqDN= w pv=B K]U |=tO '=wy u=} QH
O}=@ Vr=oJ lU} Q R= |Q}owrH Qw_vt x@ [28]"Ov=xOW |}=U=vW Vr=oJQ@ QFwt
[29]"OW=@ \}Lt sv@W x]kv |=tO R= QDq=@ xHQO 1 5 pk=OL OQU pv=B K]U |=tO
x�=Q= G}=Dv "CU= xOW xDiQo Q_v QO O=Qo}Dv=U xHQO 19 pv=B |=tO wQ u}= R=
|a[wt u}ov=}t Q@ |Q}F-=D pv=B |=tO Q}}eD xJQo = OyO|t u=Wv 4 pwOH QO xOW
|=yXN=W Q@ |yHwD p@=k Q}F-=D =t= 'OQ=Ov CO2 xOv}q; C_re w =wy Qta
x_Lqt 14 w 12 |=ypmW xU}=kt =@ Qo}O |wU R= "CU= xDW=O |DQ=QL V}=U;
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t QDq=@ u; |@Uv xOR=@ w |}=Q=m u}=Q@=v@ w OQ=O CO2 xOv}q; C=QP |QFm =OL GwQN

"CU=

|@Uv xOR=@ w x}wyD |}=Q=m |UQQ@ "6
Qw]v=ty "CU= xOW xOQw; 16 pmW QO 'xar=]t OQwt xvwtv 16 |=Q@ x} wyD |}=Q=m
pv=B |=tO w =wy GwQN xJ} QO pLt '|OwQw |=wy |=tO OwW|t x_Lqt xm
Z} waD MQv =t= OvQ=Ov x} wyD sDU}U |}=Q=m Q@ |Q}F-=D l}vwQO}y |aWaWD V}=tQU
R= TB R}v hkU VWwB C@Uv "CU= xDW=O x} wyD |}=Q=m Q@ =Q Q}F-=D u} QDW}@ =wy
17 pmW QO "CU= x} wyD |}=Q=m QO Q=Po Q}F-=D pt=wa xrtH R= =wy Z} waD MQv
x_Lqt xm Qw]v=ty "CU= xOW xOQw; xar=]t OQwt xvwtv 17 |=Q@ |@Uv xOR=@
w |}x}q x} wyD sDU}U R= |OwQw |=wy |=tO 'hkU VWwB C@Uv OwW|t
w =wy Z} waD MQv =t= 'Ov=xDW=Ov |@UvxOR=@ Q@ |Q}F-=D =wy GwQN xJ} QO pLt
|@Uv xOR=@ Q@ Q=Po Q}F-=D pt=wa u} QDtyt xrtH R= |W@=D V}=tQU pv=B |=tO
x}L=v w |OwQw u=}t =wy |=tO hqDN= =wy Z} waD MQv V}=Ri= =@ "OvW=@|t
C@Uv 'xwqa x@ "O@=}|t V}=Ri= |@Uv xOR=@ xH}Dv QO w xDi=} Vy=m |k=WvDU=
QF= QO =t= OQ=Ov |k=WvDU= x}L=v |=wy |=tO Q@ |v=OvJ Q}F-=D hkU VWwB
QO w j=D= |=tO u}ov=}t Q}}eD ?Hwt j=D= Kw]U =@ |aWaWD CQ=QL pO=@D
Q}F-=D u}= xD@r= xm OOQo|t |@Uv xOR=@ Ea=@ |HwQN |=wy |=tO Q}}eD xH}Dv
x} wyD sDU}U |@Uv xOR=@ Vy=m =} Ow@y@ ?Hwt Ov=wD|t pv=B |=tO x@ xDU@

"OwW
u=tRty CQwY x@ xm |}=yQDt=Q=B =} QDt=Q=B u}}aD 'xOW x�=Q= G}=Dv x@ xHwD =@
j}kLD h=Oy= xrtH R= Ovvm sy=Qi =Q ?wr]t |=wy C}i}m w |DQ=QL V}=U; \}=QW
|=yxvwtv s=tD |=Q@ PMV ?ULQ@ x} wyD |}=Q=m Q=Owtv Qw_vt u}O@ "OW=@|t Q[=L
17 R= OwW|t x_Lqt xm Qw]v=ty "CU= xOW x�=Q= 18 pmW QO |UQQ@ OQwt
|DQ=QL V}=U; ?wr]t xOwOLt QO C}a[w VW =yvD |UQQ@ OQwt C}a[w
u=}t R= "OvQ=O Q=Qk (� � 1) =wy C}i}m w (�0 5 � PMV � +0 5)

|Q}oQ=Qk =@ Q_=vDt ?}DQD x@ xm 16 w 15 |=yC}a[w R}v ?wr]t |=yC}a[w
\}=QW u} QDy@ CU= 4 |HwQN w 3 |HwQN |=yC}a[w QO |HwQN xJ} QO

|DQ=QL V}=U; XN=W R= |a@=D u=wvax@ x}wyD sDU}U |}=Q=m C=Q}}eD "18 pmW
"hrDNt C}a[w 17 QO PMV

Q}F-=D OYQO 80 x@ 70 R= hkU VWwB C@Uv V}=Ri= OyO|t u=Wv CU= xOW
CW=O Q=_Dv= u=wD|t u}=Q@=v@ "CU= xDW=O j=D= |=tO u}ov=}t Q@ |R}J=v Q=}U@
Vy=m |DQ=QL V}=U; \}=QW Q@ u; Q}F-=D u=R}t hkU VWwB C@Uv V}=Ri= =@ xm

"O@=}

=wy GwQN xJ} QO pLt "7"5
=wy GwQN xJ} QO pLt xm |t=ovy OwW|t x_Lqt 4 pwOH QO xm Qw]v=ty
R= "OQ=Ov |Owta CyH QO =wy |=tO hqDN= Q@ |yHwD p@=k Q}F-=D Ovm|t Q}}eD
[30]'l}vwQO}y |aWaWD V}=tQU w |}=H@=H x} wyD ?}mQD hqNQ@ 'Qo}O |wU
|aWaWD V}=tQU w |}x}q x} wyD ?}mQD |=Q@ xm OyO|t u=Wv Q[=L j}kLD G}=Dv
C}i}m w |DQ=QL V}=U; \}=QW Q@ |}=RUx@ Q}F-=D =wy GwQN xJ} QO pLt 'l}vwQO}y
|}x}q x} wyD sDU}U ?}mQD QO xm CU= u; R= |W=v ẁ[wt u}= "CU= xDW=O =wy
R= QDu}}=B w |k=WvDU= |L=wv QO j=D= |=wy 'l}vwQO}y |aWaWD V}=tQU w
wQ u}= R= 'CU= |]qDN= CQwYx@ j=D= |q=@ |L=wv QO w |}x}q CQwYx@ u;
h}a[D =} Ow@y@ ?Hwt Ov=wD|t Q=Po QF= |QDt=Q=B u=wvax@ =wy GwQN xJ} QO pLt
OwW|t x_Lqt 4 pwOH QO xmQw]v=ty "OwW =wy C}i}m w |DQ=QL V}=U; \}=QW
QDh}a[ =yxvwtv Q}=U x@ C@Uv =wy C}i}m w |DQ=QL V}=U; 13 C}a[w QO
xOR=@ w x} wyD sDU}U |}=Q=m 17 w 16 |=ypmW x@ xHwD =@ u}vJty "CU=
Ci=Ut =wy xm CU= u; ẁ[wt u}= p}rO "OW=@|t QDy@ C}a[w u}= QO |@Uv
w QDu}}=B |=wy C}i}m u}=Q@=v@ w O}=t}B|t j=D= |=[i QO =Q |QDW}@ u=tR w
|=Q@ |QDW}@ CYQi =wy Qo}O |wU R= w CW=O Oy=wN |QDh}a[ |DQ=QL V}=U;

"|UQQ@ OQwt |=yC}a[w x}wyD |}=Q=m "16 pmW

"|UQQ@ OQwt |=yC}a[w |@Uv xOR=@ "17 pmW
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[30]"CU= xOW VQ=Ro |}=H@=H x} wyD sDU}U

|Q}oxH}Dv "8
xar=]t OQwt |}x}q x} wyD w l}vwQO}y |aWaWD V}=tQU ?}mQD 'Q[=L j}kLD QO
|UQQ@ OQwt =wy C}i}m w |DQ=QL V}=U; \}=QW Q@ Q=PoQ}F-=D |=yQDt=Q=B w CiQo Q=Qk
V}=tQU w |}x}q x} wyD ?}mQD R= pY=L G}=Dv u} QDtyt "CiQo Q=Qk xU}=kt w

%CU= Q} R KQW x@ l}vwQO}y |aWaWD
V}=U; |=yXN=W Ow@y@ Q@ |yHwD p@=k Q}F-=D =wy Z} waD MQv V}=Ri= xJQo = �
Vy=m q=@ |=wy Z} waD |=yMQv QO Q}F-=D u}= =t= 'xDW=O =wy C}i}m w |DQ=QL

"O@=}|t
\}=QW Ow@y@ ?Hwt xJQo = |W}=tQU pv=B \UwD hkU VWwB C@Uv V}=Ri= �
u=} QH |wor= Q@ |Q=PoQ}F-=D p}rO x@ Qo}O |wU R= =t= 'OwW|t |DQ=QL V}=U;
Vy=m ?Hwt 'pv=B K]U CQw=Ht R= |DWoR=@ |=wy u=} QH u=R}t V}=Ri= w =wy
u=R}t 'hkU VWwB C@Uv V}=Ri= =@ u}vJty "OOQo|t |rN=O |=wy C}i}m

"O@=}|t Vy=m |DQ=QLV}=U; \}=QW Q@ u; Q}F-=D
|aWaWD V}=tQU pv=B |=tO Vy=m x@ C@Uv |OwQw |=wy |=tO Vy=m �

"OQ=O =wy C}i}m w |DQ=QL V}=U; \}=QW Q@ |QDW}@ Q}F-=D l}vwQO}y
j}kLD G}=Dv '|ikU |W@=D V}=tQU w |}=H@=H x} wyD sDU}U ?}mQD hqNQ@ �
x} wyD ?}mQD x@ RyHt |=[i QO =wy GwQN xJ} QO pLt xm OyO|t u=Wv Q[=L
V}=U;\}=QW Q@ Q=PoQ}F-=D QDt=Q=B u} QDtytl}vwQO}y |aWaWDV}=tQU w |}x}q

"OW=@|t =wy C}i}m w |DQ=QL
xJ} QO pLt OwW|t O=yvW}B 'Q[=L j}kLD QO xOt; CUO@ G}=Dv x@ xHwD =@ �

"OQ}o Q=Qk =[i hm x@ l}ORv w |}x}qx} wyD sDU}U |wQ@ wQ =wy GwQN
=Q =[i |W}=tQU Q=@ R= OYQO 40�30 |}x}q x} wyD sDU}U xm |t=ovy �
sy=Qi =wy ?wr]t C}i}m w |DQ=QL V}=U; Q_v R= \}=QW u} QDy@ 'O}=tv GQ=N

"OOQo|t
V}=tQU O} Q@}y sDU}U 'Q[=L j}kLD R= xOt; CUO@ G}=Dv x@ xHwD =@ �
x@ |OQ@ Q=m w O}OH |Q=my=Q u=wvax@ |}x}q x} wyD w l}vwQO}y |aWaWD
|iQat =wy ?wr]t C}i}m w |DQ=QL V}=U; \}=QW u=tRty u}t=D Qw_vt

"OwW|t

s�qa CUQyi
&Ca=U QO =wy Z} waD MQv %ACH

&(kJ/kg) |Br=Dv; %h
&�Oa@ uwO@� =wy R= sQo Qy QO sQo wQm}t l} %ppm

&�Oa@ uwO@� |DQ=QL T=UL= %PMV

&�OYQO� |DQ=QL |D}=[Q=v %PPD

&(s) =wy Qta |a[wt u}ov=}t %AGE

&(0C)xDUWv OQi QU =D =B It |=tO hqDN= %�T
&�Oa@ uwO@� |@Uv xOR=@ %Et

4 pwOH QO xm Qw]v=ty u}vJty "Ov=xOwtv sy=Qi x} wyD sDU}U |}=Q=m Q_v R= =Q
C_re u}ov=}t w =wy Qta |a[wt u}ov=}t 'C}a[w wO u}= |=Q@ OwW|t x_Lqt
hqN Q@ u}=Q@=v@ "OW=@|t =yC}a[w Q}=U R= QDy@ hm R= |QDt 1 1 `=iDQ=QO CO2
\}=QW Q@ Q}F-=D |@ |QDt=Q=B =wy |HwQN xJ} QO pLt u; QO xm |}=H@=H x} wyDsDU}U
QO 'Q[=L j}kLD G}=Dv T=U=Q@ [30]'xOW |iQat =wy C}i}m w |DQ=QL V}=U;
|HwQN xJ} QO pLt '|}x}q x} wyD w l}vwQO}y |aWaWD V}=tQU O} Q@}y sDU}U
wQv}=R= "OW=@|t =wy C}i}m w |DQ=QL V}=U; \}=QW Q@ Q=PoQ}F-=D QDt=Q=B u} QDsyt =wy
|L=Q] =@ '|}x}q x} wyD wl}vwQO}y|aWaWDV}=tQU?}mQD QO xmCi=} QO u=wD|t
w |DQ=QL V}=U; \}=QW u=tRty u}t=D u=mt= =wy |HwQN xJ} QO pLt K}LY
Vy=m '=wy Z} waD MQv V}=Ri= Q}_v |D=t=Ok= x@ |R=}v w xOW sy=Qi =wy C}i}m
xm hkU VWwB C@Uv V}=Ri= w |aWaWD pv=B |=tO Vy=m '|OwQw |=wy |=tO
'CU= x=Qty CN=U w |L=Q] |=yxv} Ry V}=Ri= w |SQv= hQYt V}=Ri= =@ =twta

"OW=@|tv

|W}=tQU Q=@ C@Uv "7
w |}x}q x} wyD sDU}U\UwD xOW GQ=N |W}=tQU Q=@C@Uv |UQQ@ x@VN@ u}= QO
sDU}U Qy xm |W}=tQU Q=@ OYQO w xDN=OQB l}vwQO}y |aWaWD V}=tQU sDU}U
XNWt OOQo sy=Qi =wy C}i}m w |DQ=QL V}=U; ?wr]t \}=QW =D O}=tv GQ=N O}=@

"OwW|t
sDU}U w !supply |}x}q x} wyD sDU}U xr}Uw@ xOW GQ=N |W}=tQU Q=@C@Uv
[31]%OwW|t x@U=Lt Q} R CqO=at T=U= Q@ !ceiling l}vwQO}y |aWaWDV}=tQU
!supply =

_Qsupply

_Qheatsources � _Qenvelope
(7)

!ceiling = 1� !supply (8)

|W}=tQU Q=@ R}v Qsupply "OW=@|t |rN=O `@=vt CQ=QL O}rwD Qheatsources xm
%OwW|t x@U=Lt Q} R x]@=Q R= xm OW=@|t |}x}q x} wyD sDU}U xr}Uw@ xOW GQ=N
_Qsupply = _Vsupply � �air � cp;air � ( �Tair;1 1 � Tsupply) (9)

x]@=Q R= xm OW=@|t =yxQ=w}O j} Q] R= xOW GQ=N/xOW OQ=w CQ=QL Qenvelope

%OwW|t x@U=Lt Q} R
_Qenvelope = Uwall � ( �Tair � �Tout) + _Qsolar air (10)

�air '|}x}q x} wyD sDU}U R= |OwQw |=wy u=} QH _Vsupply 'jwi \@=wQ QO xm
QO j=D= |=wy |=tO u}ov=}t �Tair;1 1 '=wy |DQ=QL C}iQ_ cp;air '=wy |r=oJ
u}ov=}t Uwall '|OwQw |=wy |=tO Tsupply '�|k=WvDU= x}L=v� QDt 1 1 `=iDQ=
u}ov=}t �Tout 'j=D= |=wy |=tO u}ov=}t �Tair '=yQ=w}O CQ=QL p=kDv= ?} Q[
|HQ=N Q=w}O |wQ O}WQwN |aWaWD Q=W _Qsolar air w uwQ}@ \}Lt |=wy |=tO

"OvW=@|t
"CU= xOW x�=Q= 4 pwOH QO =yC}a[w s=tD |=Q@ jwi CqO=at R= pY=L G}=Dv
=@ |}x}q x} wyD sDU}U '16 w 15 |=yC}a[w QO OwW|t x_Lqt xm Qw]v=ty
|DQ=QL V}=U; \}=QW u} QDy@ '=[i |W}=tQU Q=@ R= OYQO 40�30 uOwtv GQ=N
RyHt |=[i QO xm CU= |r=L QO u}= "O}=tv|t sy=Qi =Q =wy ?wr]t C}i}m w
\}=QW u}t=D Qw_vt x@ '|ikU |W@=D V}=tQU w |}=H@=H x} wyD sDU}U ?}mQD x@
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1. thermal comfort
2. indoor air quality
3. Stratum ventilation
4. Hydronic radiant cooling
5. Airpak
6. discrete ordinat
7. American society of heating, refrigeration and air conditioning
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