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l}D=}rwwDi |=yxv=t=U OQmrta Q@ Q=@e w OQo Q}F-=D xRwL QO =yVywSB O=OaD "1 pmW
[3]"�2018�2000�

'30 '38 '48 '64 ?}DQDx@ \}Lt QO uDiQo Q=Qk RwQ 38 R= Oa@ '600 w 450

C=aq]= Q}UiD R}v =Hu}= QO "OyO|t MQ Qwv Qw@a u=R}t QO Vy=m OYQO 17
s=Hv= |Dw=iDt |=yRwQ QO h}Fm w R}tD |=yxLiY |Q}oxR=Ov= xm =QJ CU= Q=wWO
xDiQo CQwY V}=tR; \}=QW |R=Uu=Um} |=Q@ |D=O}ytD OUQ|tv Q_v x@ w xOW

"OW=@
|=yxLiY 'x=oW}=tR; QO [8]'u}UL w 7|Wm@Wr= 'Qo}O |}xar=]t QO
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|r}tmD C=aq]= C=QP O=a@= |Qw;`tH pLt
(�m) Q=@e w OQo

xOW VQ=Ro �TQ w xU=t u}@ O=a@=� 1 Cr}U O=a@= QO Q=@e w OQo C=QP xOta
8�4 [14]C} wmR= QDnQR@ C=QP w OvDUy 2 C}rU= TvH R= QDlJwm Cr}U C=QP "CU=

"Ov= 3 RDQ=wm TvH

"Ov=pmW |wQm x@ p}=tDt '|rm Qw]x@ =t= 's_vt=v w hrDNt =ypmW 176�0 5 u=DU@ Qa 'u=Qy_
[15]

TQ l =N 'QDtwQm}t 10 u=t}U %R= Ov=CQ=@a xOW V}=tR; |=yxvwtv Q}=U 10�2 [17w16]l} Sr@QDtwQm}t 250 O}iU |xU=t w uW w QDtwQm}t 68

"CU= |wQm |@} QkD Qw]x@ =t= CU= s_vt=v C=QP pmW 780�95 [18]xQ} RHr=

|awvYt l =N w OQo |x}yD |=Q@ sQv TQ l =N 78�53 [19]Ovr}=D 'lwmv=@

Q}eDt CQwYx@ hrDNt |=yx=t QO Q=@e w OQo C=QP xR=Ov= 1000�0 5 [21w20]|@}r

CU= Cw=iDt Qo}O u=mt x@ u=mt l} R= K]U Q@ Q=@e w OQo |oOvm =QB 63�2 [22]u=ta

"CU= xOW VQ=Ro R}v QDtwQm}t 10 O=a@= =@ CN=wvm} Q}e C=QP |OwOLt O=OaD 2 u}ov=}t [23]Q]k
10silt 20slate 30quartz

"OwW|t xOy=Wt hrDNt O=a@= QO Q=@e w OQo C=QP `} RwD sHL w CL=Ut '|v=w=Qi

Q=@e w OQo |}=}t}W |=yVvm =w p}rLD "2"2
|wQ 16po x}q l} w ?PH =Q ?; Q=N@ '?w]Qt s}rk= QO Q=@e w OQo C=QP
'OwW|t lWN ?=Di; V@=D w CQ=QL CLD x}q u}= xm |t=ovy "Ov=Wv|t pvB
OQo C=QP =@ ?; Vvm =w [26w25]"OwW|t QDQ=wWO Q=}U@ pvB K]U R= u; hPL
CQwY l =N w OQo C=QP \UwD ?; |=ypwmrwt QF-wt ?PH p}rO x@ Q=@e w
sOa |x}L=v O=H}= ?@U x@ l =N \UwD ?; |=ypwmrwt ?PH u}= "OQ}o|t
OyO|t MQ l =N C=QP w xOW pL |=yuw} '?; |=ypwmrwt u}@ wQ}v pO=aD
xOW p}mWD po 'u}= Q@ xwqa [27]"OQ=O |oDU@ Q=@e w OQo C=QP xR=Ov= x@ w
u=Wv Vvm =w T=tD QO K]U =@ w CU= p=ai |}=}t}W Q_vt R= Cr=L u}= QO
xOW p}mWD K]U w po u}@ |oOv@UJ |wQ}v V}=Ri= Q@ |tyt Q}F-=D w OyO|t

[30�28]"OQ=O
=D 1 |=yVvm =w |] '18C}r=y w 17C}Urm Ovv=t Q=@e w OQo C=QP uOW pL
?; |=ypwmrwt =@C}r=yVvm =w |xOvyOu=Wv 1Vvm =w [32w31]"OQ}o|t CQwY 3
pL ?; |=ypwmrwt QO w =OH =RHt |=yuw} CQwYx@ s}OU w O} Qrm u; |] xmCU=
l}v@ Qm O}U= p}mWD w ?; QO O}Um =|Ou@ Qm pqLv= |xwLv 'R}v 2Vvm =w "OwW|t
"OwW|t �3 Vvm =w� ?; QO C}Urm pqLv= x@ QHvt xt=O= QO xm OyO|t u=Wv =Q

NaCl +H2O ! Na+1 + Cl�1 +H2O (1)

H2O + CO2 ! H2CO3 (2)

"hrDNt O=a@= QO Q=@e w OQo C=QP `} RwD sHL w CL=Ut '|v=w=Qi "2 pmW

pvB K]U Q@ �QDUm =N� QDsm O=a@= =@ C=QP QDCN=wvm} `} RwD R= |W=v Cw=iD u}=
"CU= xOW VQ=Ro

CaQU =@ |}=yO=@ xm OvDW=O u=wva Qo}O |WywSB QO [24]'u=Q=mty w |Wm@Wr=
|=Q@ =yu; VQ=Ro x@ "Ovvm|t =Hx@=H QDW}@ xH}DvQO w QDu=U; =Q QDCWQO C=QP 'q=@
R= O=@ \UwD 'pvB K]U Q@ xOW xDUWv Q=@e sQH R= OYQO 15 =D 7 'QDR} Q C=QP
R= OYQO 20�15 OwOL QDCWQO C=QP |=Q@ xm |r=LQO 'OwW|t hPL K]U |wQ
R}v Vv=Qo |x@P=H 'O=@ Q@ xwqa "OwW hPL CU= umtt K]U Q@ xDUWv Q=@e sQH
`tHD MQv "OyO|t Q=Qk Q}F-=D CLD =Q K]U Q@ Q=@e w OQo `tHD MQv |Q}osWJ Qw]x@
C=QP |=Q@ w OYQO 5 'uwQm}t 5 R= QDsm Q]k =@ lJwm C=QP |=Q@ x@P=H R= QF-=Dt
2 pmW QO 'T=U= u}= Q@ "CU= OYQO 75 'uwQm}t 5 R= QDW}@ Q]k =@ QDCWQO
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Qt"�9�6 \@=wQ� OQm x@U=Lt utRDrw@ u=iDU= |aWaWD |x]@=Q R= u=wD|t u=tU; w

Qrad;B;sky = "B�FB;sky(Temp34 � Tsky4) (6)

Qrad;B;ground = "B�FB;ground(Temp34 � Tground4) (7)

Qrad;F;sky = "F�FF;sky(Temp24 � Tsky4) (8)

Qrad;F;ground = "F�FF;ground(Temp24 � Tground4) (9)

"OQm x@U=Lt 11 w 10 \@=wQ R= u=wD|t =Q q=@ \@=wQ QO u}tR w u=tU; |=tO
Tsky = 0 0552Tamb1 5 (10)

Tground = Tamb (11)

V}=tQU |x]@=Q R= ?}DQD x@ R}v ?ka w wrH K]U R= |}=Hx@=H CQ=QL p=kDv= u=R}t
%OwW|t x@U=Lt �13 w 12 \@=wQ j@=]t� uDw}v

Qconv;F = hF (Temp2 � Tf1) (12)

Qrad;B;ground = "B�FB;ground(Temp34 � Tground4) (13)

15 w 14 \@=wQ ltm =@ u=wD|t =Q ?ka w wrH K]U wO QO sr}i |=tO u; QO xm
%OQm x@U=Lt

Tf1 = (Tamb + Temp2)=2 (14)

Tf2 = (Tamb + Temp3)=2 (15)

|va} pwOt ?ka w wrH Kw]U QO |}=Hx@=H CQ=QL p=kDv= ?}=Q[ Q=Okt u}}aD
RwQ pw] QO pwOt |=tO `} RwD Q@ Q=PoQ}F-=D |=yQwDm =i u} QDsyt xm hB w hF
'OW xQ=W= R}v QDV}B xm Qw]u=ty "CU= Q=OQwNQ@ |}xS} w C}ty= R= 'OvDUy
O=R; |}=Hx@=H CQwY wO x@ \}Lt |=wy w pwOt u}@ |}=Hx@=H CQ=QL p=kDv=
?ka w wrH Kw]U |}=Hx@=H CQ=QL p=kDv= ?}=Q[ "OwW|t s=Hv= |Q=@H= w
|v}@V}B |=Q@ "OvwW|t pY=L Ov}=Qi wO u}= |yvsyQ@ R= l}}=DrwwDi pwOt
xO=iDU= 17 =} 16 \@=wQ R= u=wD|t 'O=R; |}=Hx@=H CQ=QL p=kDv= ?} Q[

[38]"OQm
NuF = 0 56 4pRacr sin 
m + 0 13( 3pRa1 � 3pRacr) (16)

NuB = 0 56 4pRa2 sin 
m (17)

QO "CU= |v=QL@ |r}=Q OOa u=ty Racr w ji= x@ C@Uv pwOt ?}W 
m

\}=QW O}=@ 'hrDNt C=ar=]t QO ?U=vt |Q=@H= CQ=QL p=kDv= ?} Q[ ?=NDv=
jOY Q_v OQwt |xrO=at OQwtQO xOW QmP |xOwOLt QO xr�Ut Q_v OQwt
CQ=QL p=kDv= ?} Q[ |x@U=Lt |=Q@ |O=} R \@=wQ 'xDWPo C=ar=]t QO "Ovm
xOW xQ=W= \@=wQ u}= R= |NQ@ x@ xt=O= QO xm 'xOW O=yvW}B |Q=@H= |}=Hx@=H

%CU=
h = 2 8 + 3Vwind (18)

h = 8 56 + 2 56Vwind (19)

h = 11 9 + 2 2Vwind (20)

h = 8 91 + 2Vwind (21)

H2CO3 + CaCO3 ! Ca+2 + 2(HCO3)�1 (3)

xOW pL |=yuw} 'OwHwt ?; Q}N@D w po uOW lWN Ov}=Qi |]
|vw} Ovw}B w l}D=DU=wQDmr= |wQ}v Crax@ '(Na+;K+; Ca+2; Cl�; SiO�)

|wQ}v V}=Ri= Ea=@ w OvyO|t p}mWD =Q |}=yQwr@ w OvwW|t po Q=DN=U ?PH
[32w31]"OvwW|t |oOv@UJ

Q=@e w OQo QF= w =tQo p=kDv= Q@ sm =L CqO=at "3"2
|=ypvB K]U Q@ Q=@e w OQo CUWv xm OyO|t u=Wv xOW s=Hv= |=yVywSB QwQt
pwrU |=tO R}v w pvB K]U x@ xO}UQ V@=D u=R}t Q@ |rm Qw] x@ l}}=DrwwDi
|=ypvB |Q=mR}tD |=yVwQ |UQQ@ R= V}B 'wQu}= R= [33]"OQ=Po|t Q}F-=D l}}=DrwwDi
|=ypvB QO =tQo p=kDv= Q@ sm =L CqO=at R= |NQ@ x@ QYDNt CQwYx@ 'l}}=DrwwDi

"OwW|t xQ=W= l}}=DrwwDi
|UQQ@ x@ 'l}}=DrwwDi |=ypvB |DQ=QL |R=UpOt =@ [36�34]'u=Q=mty w |aQ=R
u}= QO "OvDN=OQB Q=@e w OQo Qw[L sOa w Qw[L QO pvB R= CQ=QL p=kDv= Ov}=Qi
Q=Qk xar=]t OQwt |Oa@l} CQwY x@ V@=D w CiQty 'C}=Oy CQ=QL p=kDv= 'pOt
hrDNt |=yx}q |=Q@ |SQv= pO=aD CU= sRq '|DQ=QL pOt |OOa pL |=Q@ "CiQo
pmW x@ |SQv= |=k@ |xrO=at |rm sQi Cr=L u}= QO "O@=} xaUwD l}}=DrwwDi pvB R=

[37]"CU= 4 |x]@=Q
_Ein � _Eout + _Egen = d

dt
Esys (4)

CQwYx@ l}}=DrwwDi pvB pN=O QO ( _Egen = 0) |SQv= O}rwD sOa ZQi =@ xm
[37]"OwW|t pL 5 |x]@=Q

_Ein � _Eout = d
dt
Esys (5)

l} u=wvax@ 'l}}=DrwwDi pwOt QO CQ=QL p=kDv= Ov}=Qi R= |rm |}=tv 3 pmW QO
QO xv=t=U x@ |OwQw |SQv= '|rm Cr=L QO "CU= xOW xO=O u=Wv x}qOvJ |xv=t=U
'?PH pwOt hrDNt |=yx}q \UwD xm 'CU= pvB K]U x@ |OwQi V@=D '5 |x]@=Q
CQ=QL x@ p}O@D pwOt |=yx}q QO xOW ?PH |SQv= "OwW|t xO=O Qw@a w ?=DR=@
wO x@ w OwW|t C}=Oy pwOt ?ka w wrH K]U x@ CQ=QL p=kDv= VwQ x@ w xOW
CQ=QL p=kDv= "OwW|t pkDvt \}Lt x@ |aWaWD w |}=Hx@=H CQ=QL p=kDv= VwQ
O=R; CQwY wO x@ |}=Hx@=H CQ=QL p=kDv= w pwOt ?ka w wrH K]U wO R= |aWaWD
u}tR x@ =Q ?ka w wrH Kw]U R= |aWaWD CQ=QL p=kDv= "OQ}o|t CQwY |Q=@H= w

[37]"l}}=DrwwDi pwOt l} QO CQ=QL p=kDv= Ov}=Qi R= |}=tv "3 pmW
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Q=Qk xO=iDU= OQwt l}}=DrwwDi |=ypvB OQmrta Q@ Q=@e w OQo QF= Vy=m |=Q@
Q=yJ x@ u=wD|t =Q xOW VQ=Ro Q=@e w OQo Vy=m |=yVwQ [51]"CU= xDiQo
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