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1 O=a@= =@ |Ov@Vt u}=Q@=v@ "O};|tv OwHw x@ Q=N@ Oa@|@ pw] Q}O=kt QO |v=OvJ

"Ovm|t =Qoty ?wr]t ?=wH x@ =Q |OOa pL QDt|r}t

"xr�Ut |RQt \}=QW "2 pmW

xR=Ov= |=Q@ |OOa |R=Ux}@W R= xOt; CUO x@ Q=N@ xOwD Oa@|@ pw] "3 pmW
"hrDNt |xm@W

sQH p=kDv= "4"3
x@ "OQm |R=Ux}@W hrDNt |=yVwQ x@ u=wD|t =Q Qo}O R=i x@ R=i l} R= sQH p=kDv=
x�=Q= 'OQ}o@ Q@ QO =Q Q}N@D w Vr=oJ |=yCr=L |xty Ov=wD@ xm |rOt Rwvy |rm Qw]
p=kDv= w Vr=oJ w Q}N@D sQH p=kDv= OQm} wQ wO R= |m} R= u=wD|t =t= "CU= xOWv
xOW xO=iDU= u}at MQv sQH p=kDv= pOt R= xr�Ut u}= QO xm OQ@ xQy@ u}at MQv sQH
p=kDv= xm CU}v =vat u}= x@ u}at MQv =@ sQH p=kDv= pOt xm CU= QmP x@ sRq "CU=
|r=kDv= sQH Q=Okt u=wD|t VwQ u}= ltm x@ xmr@ CU= C@=F u=tR pw] QO sQH
Q@ 18 |xrO=at "OQm x@U=Lt 'R=i wO T=tD u=tR pw] QO =Q Qo}O R=i x@ R=i l} R=
l} R= XNWt |tQH MQv p=kDv= |=Q@ pOt u}= "OQ=Po|t xLY jwi C=L}[wD
?; QNDU= QO Q=N@ Vr=oJ uOw@ |}xOwD C}Y=N "OwQ|t Q=m x@ Qo}O R=i x@ R=i
x@ w &OW=@ QDQ}PBx}HwD C@=F ?} Q[ =@ sQH p=kDv= pOt R= xO=iDU= OwW|t Ea=@
xO=iDU= =@ "O@=} V}=Ri= u; |}=Qoty w |OOa pL CaQU 'CqO=at |oO=U p}rO
sQH p=kDv= C@=F ?} Q[ |=Q@ |}x]@=Q u=wD|t |OOa pL w |@ QHD |=ypOt R=

%OQm x@U=Lt 18 |x]@=Q R= u=wD|t =Q Q=Okt u}= "OQm x@U=Lt

_mpq = Max [0; _r�p�q]�Max [0;� _r�p�q] (18)

|@ QHD |=yV}=tR; R= w CU= C=QP xOwD \=U@v= w Z=@kv= u}at MQv _r u; QO xm
"O};|t CUO x@

|OOa |R=Ux}@W "4
pOt |=Q@ |QwLt uQ=kD |Oa@ wO |R=Ux}@W 'OwOLt sHL |Ov@pwtQi R= xO=iDU= =@
u}= QO "CU= xOW s=Hv= ?; QO Q=N@ j} QRD QO s}kDUt T=tD Vr=oJ |xO}OB uOQm
VwQ w �xD} RwmU} w� |wQu=Qo |=Q@ OQ=Ov=DU= SIMPLE sD} Qwor= R= |R=Ux}@W
|R=UxDUUo VwQ u}vJty "CU= xOW xO=iDU= u=tR |R=UxDUUo |=Q@ |vt[
=ypL |t=tD |=Q@ "CU= xOW xDiQo Q=m x@ =}=B=v |Ov@pwtQi |=Q@ pw= x@DQt CUOq=@
QO |}=Qoty Q=}at u=wva x@ 0 001 R= QDsm xOv=t|k=@ ẁtHt '|SQv= pL RH x@
xOW xDiQo Q_v QO 10�6 Q@=Q@ |SQv= |xrO=at |=Q@ Q=Okt u}= "CU= xOW xDiQo Q_v
CU= xOW xO=iDU= |R=Ux}@W QO xJv; T=U=Q@ u=} QH w =yp=}U C=YNWt "CU=

"CU= xOW xO=O u=Wv 2 pwOH QO
|x_iLt |RmQt QwLt pwL |QwLt uQ=kD |Oa@ wO pL 'OW u=}@ Qw]u=ty
Q_v QO ?; w Q=N@ |OwQw |=Q@ |tQH Q=W |RQt \QW "CU= xOW p=ta= |}xv=wDU=
"CU= xOW xO=O X=YDN= Q=Wi |HwQN |RQt \QW |}q=@ K]U x@ w xOW xDiQo

"|@ QHD w |OOa |R=Ux}@W QO p=}U w u=} QH |=yQDt=Q=B "2 pwOH
CFD |R=Ux}@W |@ QHD VywSB

0 4 0 7� 0 2 (MPa) Q=N@ |OwQw Q=Wi
170 170� 110 (0C) Q=N@ |OwQw |=tO

500� 200 500� 150 (kg=m2s) Q=N@ |tQH Q=W
117893� 8351 117893� 8351 ?; u=} QH ROrwv} Q OOa

50� 20 70� 20 (0C) ?; |=tO
8 8 (mm) Q=N@ |OwQw pR=v Q]k
80 80 (mm) |Owta xrwr Q]k
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"hrDNt \}=QW QO xOt; CUO x@ C@=F ?} Q[ Q=Okt "4 pmW

'Tw = 200C QO �AJ�|@ QHD w �CU=Q� |OOa G}=Dvl}D=tW |xU}=kt "5 pmW
"Rew = 8351 w Ge = 500kg=m2s

G}=Dv "5
x@ xOwD pw] C@Uv� Q=N@ xOwD Oa@|@ pw] 'u}kkLt u}W}B C=k}kLD x@ xHwD =@
'|OwQw Q=N@ u=} QH COW '?; ROrwv} Q p}@k R= |}=yQDt=Q=B x@ xDU@=w �pR=v Q]k
pw] QO |OwQw Q=N@ |=tO xD@r= "CU= |OwQw Q=N@ |=tO u}vJty w ?; |=tO
R= sQH p=kDv= MQv '18 |xrO=at x@ xHwD =@ "OwW|t xDiQo Q_v QO C@=F V}=tR; u}=
|t=tD QwmPt |xrO=at QO "OQ=O s}kDUt |x]@=Q _r C@=F ?} Q[ =@ `}=t x@ Q=N@ R=i
G}=Dv R= O}=@ _r Q=Okt u}}aD |=Q@ =t= "O};|t CUO x@ |OOa pL R= _r RHx@ =yQ}eDt
sy=Qi =Q u=mt= u}= _r |=Q@ |}x]@=Q uOQw; CUO x@ u}=Q@=v@ "OwW xO=iDU= |@ QHD
xaH=Qt x@ R=}v uwO@ `}=t x@ Q=N@ R=i R= sQH p=kDv= MQv 'hrDNt \}=QW QO =D Ovm|t
xOW pkDvt |xO=t |tHL |@O Qou=}@ _r Ck}kL QO "OwW x@U=Lt |@ QHD G}=Dv x@
xOW pkDvt sQH |x]@=Q |UQQ@ R= u=wD|t =Q Qt= u}= "CU= `}=t R=i x@ Q=N@ R=i R=

"OQm \=@vDU= �18 |x]@=Q�
|=Q@ xm CU= u}vJ '|OOa pL QO xO=iDU= |=Q@ _r Q}O=kt u}}aD |=Q@ Q=m VwQ
=D OwW|t xO=O Q}}eD C@=F ?}=Q[ QOkv; =]N w |aU VwQ R= xO=iDU= =@ xr�Ut Qy
"OwW u=Um} [10]wS nv=}m VywSB QO Oa@|@ pw] =@ |OOa pL Oa@|@ pw] Q=Okt
VwQ |xr}Uwx@ xO}OB |R=Ux}@W Q=@ 5 OwOL '=yxO=O R= l} Qy |=Q@ \UwDt Qw] x@
sQH p=kDv= pOt |@ QHD ?} Q[ 'Q=m u}= =@ Ck}kL QO "CU= xOW s=Hv= |OOa
x@ C@=F ?}=Q[ Q}O=kt 4 pmW QO "O};|t CUO x@ |R=Ux}@W Qy |=Q@ Q_v OQwt

"CU= xOW xO=O u=Wv |OOa pL QO xO=iDU= |=Q@ xOt; CUO
QO Q=N@ xOwD pw] |i}m |UQQ@ 'xOt; CUO x@ G}=Dv p}rLD QO s=o u}DUNv
|xU}=kt 7 =D 5 |=ypmW QO "CU= |@ QHD G}=Dv =@ u; |xU}=kt w |R=Ux}@W
xOW xO=O u=Wv |@ QHD w |OOa pL R= xOt; CUO x@ Q=N@ |=yxOwD R= xvwtv OvJ
|OOa pL u=}t Q=N@ xOwD pw] QO |@ wN j@=]D 'OwW|t xOy=Wt xm u=vJ "CU=
xOy=Wt u=wD|t =ypmW u}= x@ xHwD =@ u}vJty "CU= Q=QkQ@ |@ QHD G}=Dv w Q[=L
w |OOa pL QO hrDNt |L=wv QO Q=N@ xOwD ZQa u=}t |mOv= hqDN= xm OQm
xm 'R=i wO u=}t |x}L=v CL=Ut R}v w Q=N@ xOwD pw] p=L u}= =@ 'OQ=O OwHw |@ QHD
|@ QHD G}=Dv =@ j@]vt |@ wN CkO =@ 'OvDUy Vr=oJ u=R}t QO |rY= |=yQDt=Q=B

"CU=
|L]U VWm uOw@ C@=F R= |W=v u=wD|t =Q Q=N@ xOwD ZQa QO hqDN= Cra
'CU= |}q=@ Q=Okt u=} QH ROrwv} Q xm u}= x@ xHwD =@ "CiQo Q_v QO |OOa pL QO
xHwD =@ =t= "CU}v QU}t u=OvJ |OOa pL s=ovy QO |L]U VWm Q}}eD u=mt=
|@ wN CkO =@ |OOa pL x@ u=wD|t 'Q=N@ xOwD CL=Ut w pw] ?U=vt j}@]D x@

"OQm u=v}t]=
pw] 'Q=N@ `=@W= MQv Q@ hrDNt |=yQDt=Q=B w \}=QW Q}F-=D p}rLD |=Q@ 'xt=O= QO
Q=N@ Oa@|@ pw] =@ |@ QHD G}=Dv Q@ j@]vt |=y|R=Ux}@W R= pY=L Q=N@ xOwD Oa@|@
xrLQt Qy QO sQH p=kDv= u}at ?}=Q[ u}ov=}t R= xO=iDU= =@ |R=Ux}@W R= pY=L
OwHw CQwY QO '8 pmW |=yQ=Owtv QO 'Ck}kL QO "OwW|t |UQQ@ u; h=Q]= w
QO |v=OvJ Q}F-=D Q_v OQwt QDt=Q=B Q}}eD Cio u=wD|t '=y|R=Ux}@W G}=Dv u=}t j@=]D

"CU= xOW xO=O u=Wv 8 pmW QO =y|UQQ@ u}= G}=Dv "OQ=Ov _r ?} Q[ Q=Okt
p}rO x@ 'Q=N@ xOwD Oa@|@ pw] G Q=Okt V}=Ri= =@ OwW|t xOy=Wt xm u=vJ
u}@ |=yG QO "�hr= 8 pmW� O@=}|t V}=Ri= |OwQw Q=N@ |tQH |@O V}=Ri=
V}=Ri= =@ =t= OvQ=Ov |v=OvJ Cw=iD Qo}Om} =@ =yQ=Owtv ' _r C=Q}}eD =@ 400 w 300
x@ "O@=}|t V}=Ri= hrDNt |=y _r QO Q=N@ Oa@|@ |xOwD pw] Cw=iD G Q=Okt
|=y _r QO Q=N@ xOwD Oa@|@ pw] C=Q}}eD '|OwQw Q=N@ COW u=R}t V}=Ri= p}rO
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?} Q[ Q=Okt x@ C@Uv xOt; CUO x@ Q=N@ Oa@|@ pw] C}U=UL |UQQ@ "8 pmW
"hrDNt \}=QW QO _r C@=F

p@=k Q=N@ xOwD Oa@|@ pw] C=Q}}eD 'OW=@ 0 01 R= QDsm sQH p=kDv= C@=F ?}=Q[
"CU= uOQm Q_v hQY

'p@k |=yCtUk QO Q=N@ xOwD Oa@|@ pw] C=Q}}eD |=yQ=Owtv x@ xHwD =@
'CU= ?U=vDt Q=N@ xOwD Oa@|@ pw] =@ C@=F ?} Q[ C=Q}}eD xm CU= XNWt
Q=N@ xOwD Oa@|@ pw] x@ \w@ Qt \@=wQ =OD@= C@=F ?} Q[ |x]@=Q u}}aD |=Q@ =Pr
\}=QW QO _r u}tND |=Q@ |}x]@=Q 'xv}y@ _r Q=Okt |x@U=Lt R= TB "OwW|t |UQQ@
|OwQw ?; |=tO w Q=N@ u=} QH COW '?; ROrwv} Q O=Oa= p}@k R= '|OwQw hrDNt
=@ ?U=vDt L/d C@Uv xm =Hv; R= 'G}=Dv x@ xHwD =@ |iQ] R= "CU= xOW x@U=Lt

%CiQo Q_v QO u}vJ R}v =Q _r |x]@=Q u=wD|t 'Ovm|t Q}}eD _r ?} Q[
_r = a0G� (Ts � Tw)� Re
 (19)

?; |xS} w |=tQo w |Br=Dv; w CU= C@=F V}=tR; pw] QO Q=N@ |Br=Dv; u}vJty

'Tw = 200C QO �AJ�|@ QHD w �CU=Q� |OOa G}=Dvl}D=tW |xU}=kt "6 pmW
"Rew = 117893 w Ge = 500kg=m2s

'Tw = 200C QO �AJ�|@ QHD w �CU=Q� |OOa G}=Dvl}D=tW |xU}=kt "7 pmW
"Rew = 58946 w Ge = 500kg=m2s

u=R}t 'OW=@ QDsm _r u=R}t xJQy 'hrDNt |=y _r u=}t QO "CU= QDTwULt hrDNt
QDW}@ Q=N@ Oa@|@ |xOwD pw] w O@=}|t Vy=m `}=t x@ Q=N@ R=i R= sQH p=kDv=

"OwW|t
|=y _r QO Q=N@ xOwD Oa@|@ pw] '?; u=} QH |=tO V}=Ri= =@ '?8 pmW QO
|=tO hqDN= x@ `}=t w Q=N@ R=i wO u=}t sQH p=kDv= u=R}t "Ovm|tv Q}}eD hrDNt
QO w �O=Qo|Dv=U xHQO 170 |OwQw Q=N@ |=tO� OQ=O |oDU@ ?; w Q=N@ u=} QH
"OQ=O `}=t w Q=N@ R=i u=}t |Br=Dv; C=Q}}eD QO |tm Q}F-=D hqDN= u}= Q_v OQwt xR=@
CU= R}J=v hrDNt Cq=L QO `}=t w Q=N@ R=i wO u}@ sQH p=kDv= hqDN= xH}DvQO

"Ov=t|t C@=F ,=@} QkD Q=N@ xOwD Oa@|@ pw] w
|WwBsWJ p@=k Q=N@ xOwD Oa@|@ pw] Q@ ROrwv} Q OOa V}=Ri= QF= 'G8 pmW QO
O@=}|t V}=Ri= ROrwv} Q OOa V}=Ri= =@ `}=t w Q=N@ R=i wO u=}t |@Uv CaQU "CU}v
w OwW|t u=} QH |oDiW; u=R}t V}=Ri= Ea=@ ROrwv} Q OOa V}=Ri= u}vJty w
Q=N@ xOwD Oa@|@ pw] w V}=Ri= R=iwO u}= u=}t sQH p=kDv= C=Q}}eD u=R}t xH}DvQO
G}=Dv R= |R=Ux}@W G}=Dv _r Q}}eD =@ uwJ xm OwW|t xOy=Wt u}vJty "O@=}|t Vy=m

"OQ=O _r u}}aD QO |yHwD p@=k Q}F-=D u=} QH ROrwv} Q OOa 'OQ}o|t xrY=i |@ QHD
sQH p=kDv= C@=F ?} Q[ V}=Ri= =@ xm OwW|t XNWt =yQ=Owtv x@ xHwD =@
Vy=m =@ u}vJty "O@=}|t Vy=m Q=N@ xOwD pw] w xDi=} V}=Ri= sQH p=kDv= u=R}t
V}=Ri= Q=N@ xOwD pw] w xDi=} Vy=m sQH p=kDv= u=R}t sQH p=kDv= C@=F ?} Q[
QO |QDW}@ Q}F-=D =tO x@ C@Uv u=} QH ROrwv} Q OOa w Q=N@ u=} QH COW "O@=}|t
C=Q}}eD |Dkw xm OwW|t XNWt u}vJty "OQ=O sQH p=kDv= C@=F ?} Q[ C=Q}}eD
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l}
v=mt

|U
Ovyt %O};|t CUO x@ u}vJ 19 |xrO=at |=yu=wD w ?}=Q[ 'xOW QmP VwQ

_r = 1 155G�1 79 (Ts � Tw)0 073 Re0 67 (20)

CUO x@ _r Q}O=kt x=Qty x@ 20 |x]@=Q \UwD xOW xOR u}tND _r Q}O=kt 9 pmW QO
QFm = |oOvm =QB 'OwW|t xOy=Wt xm u=vJ "CU= xOW xOQw; |OOa |=ypL R= xOt;
x@ Q}O=kt x@ C@Uv ��20 xR=@ QO 20 |x]@=Q R= _r |=Q@ xOW xOR u}tND Q}O=kt
|OOa pL =@ x]@=Q u}= ?U=vt j@=]D Qou=}=tv xm CU= |OOa pL R= xOt; CUO

"CU=

|Q}oxH}Dv "6
C=@U=Lt |=Q@ Cv�wri Q=Ri=sQv R= xO=iDU= =@ |O}OH |OOa pL 'VywSB u}= QO
j} QRD |xO}OB QO sQH p=kDv= =@ x=Qty Q=N@ � ?; |R=iwO |=yu=} QH x@ \w@ Qt
"OW |iQat C@=F ?} Q[ =@ sQH p=kDv= pOt R= xO=iDU= =@ '?; u=} QH QO Q=N@
"O};|t CUO x@ |@ QHD G}=Dv T=U= Q@ xm OQ=O OwHw |D@=F ?} Q[ 'pOt u}= QO
w Q=}U@ |=y=]N w |aU R= xO=iDU= =@ C@=F ?}=Q[ u}= =OD@= 'Q[=L VywSB QO
?} Q[ u}= C=Q}}eD MQv x@ xHwD =@ TBU w xOt; CUO x@ |@ QHD pL =@ xU}=kt
?; u=} QH ROrwv} Q '|OwQw Q=N@ |tQH Q=W xrtHR= u=} QH hrDNt |=yQDt=Q=B =@
|=Q@ R=}v OQwt C@=F ?} Q[ |x@U=Lt |=Q@ |}x]@=Q 'Q=N@ w ?; |=tO w |OwQw
p@=k |=]N =@ '|O=yvW}B |x]@=Q R= xOt; CUO x@ G}=Dv "OW O=yvW}B |OOa pL
u; u=wD|t OyO|t u=Wv xm OQ=O j@=]D |OOa pL R= xOt; CUO x@ G}=Dv =@ |rw@k
p=kDv= pOt Ow@y@ ut[ w OQm u} Ro}=H xO}OB u}= x@ \w@ Qt sQH p=kDv= \@=wQ QO =Q

"OQw; CUO x@ |OOa |=ypLx=Q QO |QDj}kO G}=Dv 'OwHwt sQH

pL R= xOt; CUO x@ Q}O=kt w |O=yvW}B |x]@=Q R= _r Q}O=kt |xU}=kt "9 pmW
"|OOa

u; C=Q}F-=D u}=Q@=v@ "OQm ZQi C@=F u=wD|t ,=@} QkD V}=tR; OQwt |}=tO xR=@ QO =Q
pwyHt ?}=Q[ uOQw; CUO x@ Qw_vt x@ "CU= xOW ^=Lr xrO=at C@=F OOa QO
TvH =@ ?U=vDt C=Q}}eD xR=@ l} x]@=Q |=ypwyHt R= l} Qy |=Q@ '19 |xrO=at
x@ =yxR=@ u}= s}UkD =@ TBU "OwW|t u}}aD _r C=Q}}eD QO u; Q}F-=D w Q_v OQwt QDt=Q=B
x@ CqwyHt R= l} Qy |=Q@ =yxR=@ u}= Q}O=kt |t=tD QO _r Q=Okt 'QDlJwm |=yxR=@
|=ypL QO =]N w |aU R= xm _r |rY= Q=Okt x@ xHwD =@ u; |xOv=t|k=@ w xOt;CUO
R= |Q}O=kt |o}=Uty QO |Oa@ Q=QmD QO "OwW|t x@U=Lt 'xOt; CUO x@ |OOa
XNWt C=Q}}eD R= |}xR=@ ,=OOHt 'OQ=O =Q xOv=t|k=@ Q=Okt u} QDsm xm CqwyHt
|@U=vt CkO =@ CqwyHt Q}O=kt =D OwW|t Q=QmD xrLQt OvJ =D Q=m u}= w OwW|t
pwyHt ?}=Q[ |=Q@ Q}O=kt u} QDy@ VwQ u}= T=U= Q@ "OW=@ x@=Wt |r@k Q=QmD =@
x@ xHwD =@ "Ot; Oy=wN CUO x@ _r `} RwD x@ x]@=Q u} QDl}ORv x@ |@=}CUO Qw_vtx@
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