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Q@ =Q Qo}O hQ=Yt CyH |SQv= u}t-=D |xi}_w sy w 'pwtat hQ=Yt |=Q@ R=}v
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Patm
PI;GT

� k�1
k �

�
Patm +DPg

PI;GT

� k�1
k
!
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17



"""T
=U=Q

@|
@}mQD

pm}
UQ

OR=
ou}

@QwD
CQ

OkV
}=Ri=

|L=Q] |=yQDt=Q=B u}@ R=o Q=Wi Ci= w R=o u}@ QwD CQOk Q}O=kt |xU}=kt "4 pmW
"xv}y@ w x}=B

|L=Q]|=yQDt=Q=B u}@ CQ=QL pO=@D K]U w xOW |@=} R=@ CQ=QL |xU}=kt "5 pmW
"xv}y@ w x}=B

C@Uv |O}rwD CQOk Q=Okt '4 pmW x@ xHwD =@ "CU= xOW x�=Q= pwOH u}= QO R}v
?=} R=@ Qr} w@ R= |Qw@a R=o Q=Wi Ci= Vy=m =t= 'CU= xDW=O V}=Ri= x}=B Cr=L x@

"CU= R=o Q=Wi Ci= w R=o u}@ QwD |O}rwD CQOk Twmat |x]@=Q |xOvyOu=Wv
R= QDW}@ x}=B Cr=L QO xOW |@=} R=@ CQ=QL Q=Okt 5 pmW x@ xHwD =@ u}vJty
'CQ=QL p=kDv= K]U V}=Ri= x@ QHvt x}=B Cr=L QO QDW}@ |@=} R=@ "CU= xv}y@ Cr=L
O=OaD 'R=}v OQwt CQ=QL p=kDv= K]U V}=Ri= =@ "OwW|t Q=Wi Ci= V}=Ri= xH}DvQO w
?=} R=@ Qr} w@ R= |Qw@a d=O R=o T=tD u=R}t xH}DvQO w Ovm|t =O}B V}=Ri= =yxrwr
?=} R=@ Qr} w@ R= |Qw@a R=o Q=Wi Ci= Q@ w O@=}|t V}=Ri= CQ=QL pO=@D Kw]U =@
OQwNQ@ |QDsm K]U =@ R=o xm u}= |=Q@ xv}y@ Cr=L QO u}=Q@=v@ "OwW|t xOwRi= R}v
x}=B Cr=L R= QDsm xOW |@=} R=@ CQ=QL O}=@ 'OW=@ xDW=O |QDsm Q=Wi Ci= w Ovm
Cr=L R= QDsm xv}y@ Cr=L QO R=}v OQwt CQ=QL p=kDv= K]U Q=Okt xH}DvQO "OW=@

"�5 pmW� CU= x}=B
|=yQDt=Q=B |xv}y@ w x}=B Cr=L QO ?=} R=@ Qr} w@ |SQUm = p}rLD R= pY=L G}=Dv
|=yQDt=Q=B |xv}y@ Cr=L QO "CU= xOW xO=O u=Wv 6 pmW QO ?=} R=@ Qr} w@ |L=Q]
CUO R= ?@U xm '?=} R=@ Qr} w@ \UwD xOW |@=} R=@ CQ=QL u=R}t Vy=m =@ '|L=Q]
?=} R=@ Qr} w@ QO |SQUm = ?} QND 'OwW|t R=o u}@ QwD R= |HwQN d=O R=o |SQv= uDiQ
Vy=m ?=} R=@ Qr} w@ |SQUm = xOR=@ xH}DvQO w O@=}|t V}=Ri= x}=B Cr=L x@ C@Uv

"O@=}|t
x}=B Cr=L QO R=o O=} R Q=Wi Ci= 'OwW|t xOy=Wt 7 pmW QO xm u=vJ

R=o Q=Wi Ci= C=Q}}eD ?UL Q@ R=o u}@ QwD |O}rwD CQOk C=Q}}eD OvwQ "3 pmW
"?=} R=@ Qr}w@ R= |Qw@a

"u=Wxv}y@ w x}=B Q}O=kt w |R=Uxv}y@ |xOwOLt 's}tYD |=yQDt=Q=B Q}O=kt "2 pwOH
Q}O=kt xOwOLt s}tYD |=yQDt=Q=Bxv}y@ x}=B xv}tm xv}W}@

28 46 25 50 5 (0C) h}a[ Q=Wi |y=owro |x]kv |=tO
39 48 25 50 5 (0C) |wk Q=Wi |y=owro |x]kv |=tO
42 99 25 50 5 (0C) h}a[ Q=Wi p}t |x]kv |=tO
49 42 25 50 5 (0C) |wk Q=Wi p}t |x]kv |=tO
50 26 75 100 20 (mm) QR}=twvwm = |=yxrwr |t=v Q]k
74 01 75 100 20 (mm) QwD=QB=w= |=yxrwr |t=v Q]k
64 10 75 100 20 (mm) QD}yQB wU |=yxrwr |t=v Q]k
143 04 175 285 35 (mm) QR}=twvwm = |=yxrwr |[Qa s=o
202 18 175 285 35 (mm) QwD=QB=w= |=yxrwr |[Qa s=o
182 50 175 285 35 (mm) QD}yQB wU |=yxrwr |[Qa s=o
13 21 15 25 13 (mm) QR}=twvwm = |=yxrwr u}i `=iDQ=
13 07 15 25 13 (mm) QwD=QB=w= |=yxrwr u}i `=iDQ=
13 21 15 25 13 (mm) QD}yQB wU |=yxrwr u}i `=iDQ=
0 91 1 2 3 0 9 (mm) QR}=twvwm = |=yxrwr u}i Ct=N[
0 91 1 2 3 0 9 (mm) QwD=QB=w= |=yxrwr u}i Ct=N[
0 94 1 2 3 0 9 (mm) QD}yQB wU |=yxrwr u}i Ct=N[
29 88 25 30 10 (m) QR}=twvwm = |=yxrwr pw]
29 99 25 30 10 (m) QwD=QB=w= |=yxrwr pw]
29 85 25 30 10 (m) QD}yQB wU |=yxrwr pw]
2 11 5 8 2 (mm) QR}=twvwm = |=yxrwr Ct=N[
2 22 5 8 2 (mm) QwD=QB=w= |=yxrwr Ct=N[
2 05 5 8 2 (mm) QD}yQB wU |=yxrwr Ct=N[

157 29 150 275 50 (�n/m) QR}=twvwm = |=yxrwr u}i |r=oJ
50 00 150 275 50 (�n/m) QwD=QB=w= |=yxrwr u}i |r=oJ
74 26 150 275 50 (�n/m) QD}yQB wU |=yxrwr u}i |r=oJ

Cr=L QO|L=Q]|=yQDt=Q=B =@ |R=UpOtG}=Dv '|R=Uxv}y@ QF= QDW}@|UQQ@ |=Q@
|=yQDt=Q=B 'xOt; R}v 2 pwOH QO xm u=vJ "Ov=xOW xU}=kt sy =@ xv}y@ Cr=L w x}=B
C=Q}}eD |xOwOLt w ?=NDv= |R=Uxv}y@ |=DU=Q QO s}tYD |=yQ}eDt u=wvax@|L=Q]
xOW xv}y@ w x}=B s}tYD |=yQDt=Q=B Q}O=kt u}vJty "CU= xOW QmP R}v =yQDt=Q=B u}=

18



"""w
jL

QW@=
}[

OwaU
t'|

r}a=
tU=

=[Q
}ra %CiQo xH}Dv u=wD|t 'xOW

R=o u}@ QwD |O}rwD CQOk u=R}t ?=} R=@ Qr} w@ R= |Qw@a R=o Q=Wi Ci= V}=Ri= =@ ��
"Ovm|t Ci=

xH}DvQO wCUq=@ Q=}U@ x}=BCr=L QO ?=} R=@ Qr} w@ |R=Ux}@W QO R=o Q=WiCi= ��
"Ovm|t Ci= COW x@ R=o u}@ QwD |O}rwD CQOk

Q=Wi Ci= Vy=m QF=Q@ R=o u}@ QwD |O}rwD CQOk 'xDiQo CQwY |R=Uxv}y@ =@ ��
"CU= xDi=} Ow@y@ R=o

R=o u}@ QwD R= |HwQN d=O R=o R= xOW |@=} R=@ CQ=QL Q=Okt 'xv}y@ Cr=L QO ��
x@ |QDsm CQ=QL p=kDv= K]U xH}DvQO w xDW=O Vy=m ?=} R=@ Qr} w@ R= |Qw@a w

"CU= R=}v OQwt R=o QDsm Q=Wi Ci= w p}rO u}=
?} QND u=R}t 'xDi=} Ow@y@ R=o u}@ QwD CQOk xm u}= OwHw =@ xv}y@ Cr=L QO ��

"O@=}|t Vy=m ?=} R=@ Qr} w@ |SQUm = xOR=@ w V}=Ri= |SQUm =
5 R= V}@ |t=v Cr=L x@ C@Uv R=o u}@ QwD CQOk Ci= OYQO x}=B Cr=L QO ��
p}rkD OYQO 1 Q} R x@ xv}y@ Cr=L QO CQOk Ci= OYQO u}= xm CU= OYQO

"O@=}|t

s�qa CUQyi
(kJ/kg.K) xS} w |}=tQo C}iQ_ %Cp

?=} R=@ Qr} w@ R= |Qw@a d=O R=o Q=Wi Ci= %DPg
(kJ/kg) xS} w |SQUm = %e

QR}=twvwm = %ECO
|SQUm = ?} QND Q=Okt %ED

?=} R=@ Qr} w@ |SQUm = xOR=@ Q=Okt %EFF
QwD=QB=w= %EV A

(kJ/kg) xS} w |Br=Dv; %h
xS} w |}=tQo ?}=Q[ C@Uv %k

(kg/s) |tQH |@O % _M

(kPa) R=o Q=Wi %P
d=O R=o R= xOW |@=} R=@ CQ=QL Q=Okt %Q

(kJ/kg.K) xS} w |B wQDv; %s
QD}yQB wU %SUP

(0C) R=o |=tO %T
(kW/m2:0C) |rm CQ=QL p=kDv= ?} Q[ %U

|v=vw} s�qa
xOR=@ %�

=y T}wvQ} R
\}Lt %atm

u}i %F
R=o u}@ QwD %GT

R=o %g

u}@ ?=} R=@ Qr}w@ |SQUm = ?} QND w |SQUm = xOR=@ Q}O=kt |xU}=kt "6 pmW
"xv}y@ w x}=B |L=Q] |=yQDt=Q=B

"R=o u}@ QwD |t=v Cr=L x@ C@Uv R=o u}@ QwD CQOk Ci= OYQO "7 pmW

R=o Q=Wi Ci= xm |Dr=L x@ C@Uv R=o u}@ QwD CQOk |OYQO 5 Vy=m ?@U
OYQO u}= xv}y@ Cr=L QO "OwW|t �� R=o u}@ QwD |t=v CQOk |va} �� OQ=Ov OwHw
O}rwD Q@ |R=Uxv}y@ C@Ft Q}F-=D |xOvyOu=Wv xm 'OUQ|t OYQO 1 Q} R x@ Ci=
'?=} R=@ Qr} w@ |L=Q] |=yQDt=Q=B |R=Uxv}y@ =@ xH}DvQO "CU= R=o u}@ QwD CQOk
R=o u}@ QwD Q@ |vD@t |=yOL=w QO |DQ=QL |@=} R=@ |=Q@ ?=} R=@ Qr} w@ ?Yv Q}F-=D
=O}B =Q Ci= u} QDsm R}v u=tRty O}rwD OL=w |t=v CQOk O}rwD w O@=}|t Vy=m

"Ovm|t

|Q}oxH}Dv "6
|HwQN R=o CQ=QL |@=} R=@ =@ xm CU= CQ=QL ?=} R=@ Qr} w@ l} |UQQ@ OQwt OL=w
O}rwD |=Q@ xOW O}rwD Q=N@ u}= R= "Ovm|t Q=N@ O}rwD Q=Wi K]U wO QO R=o u}@ QwD R=
"OwW|t xO=iDU= �� xQ}e w CQ=QL 'u} Q}W ?; 'OOHt CQOk O}rwD Ovv=t �� u=tRty
QO CQOk Ci= u}= 'CQ=QL ?=} R=@ Qr} w@ |=yQDt=Q=B |xv}y@ |L=Q] =@ xar=]t u}= QO
Qr} w@ u=tO}J "CU= xOW |UQQ@ sDU}U OQmrta Q@ u; Q}F-=D w '|R=Uxv}tm R=o u}@ QwD
|=yQDt=Q=B QF= xOW |aU Q=m u}= QO "CU= xOW xDiQo Q_v QO C@=F CQwYx@ ?=} R=@
R=o Q=Wi Ci= Q@ '|UOvy w |m}t=v}OwtQD |=yQDt=Q=B xrtHR= '?=} R=@ Qr} w@ |L=Q]
?=} R=@ Qr} w@ |R=Uxv}y@ w |R=Ux}@W =@ u}vJty "OwW |UQQ@ ?=} R=@ Qr} w@ R= |Qw@a
Qr} w@ |L=Q] |=yQDt=Q=B 'R=o u}@ QwD |O}rwD CQOk |R=Uxv}W}@ hOy =@ CQ=QL
sUQ |=yQ=Owtv w xOW s=Hv= p}rLD R= "CU=xOW xv}y@ QDy@ |};Q=m |=Q@ ?=} R=@

19



"""T
=U=Q

@|
@}mQD

pm}
UQ

OR=
ou}

@QwD
CQ

OkV
}=Ri=`=@W= `}=t %l

|HwQN %O
|HQ=N %o

`=@W= Q=N@ %v
OQ=Ov=DU= \}=QW %0

|wk Q=Wi CtU %H
|OwQw %I
|rN=O %i

j = 1; 2; ::; 8 %j
h}a[ Q=Wi CtU %L

�References� `@=vt
1. Mohagheghi, M. and Shayegan, J. \Thermodynamic op-

timization of design variables and heat exchangers layout
in HRSGs for CCGT, using genetic algorithm", Elsevier,
Applied Thermal Engineering, 29, pp: 290-299 (2009).

2. Ahmadi, P. and Dincer, I. \Thermodynamic analysis and
thermoeconomic optimization of a dual pressure com-
bined cycle power plant with a supplementary �ring
unit", Elsevier, Energy Conversion and Management,
52, pp. 2296-2308 (2011).

3. Manassaldi, J.I., Mussati, S.F. and Scenna, N.J. \Opti-
mal synthesis and design of heat recovery steam genera-
tion (HRSG) via mathematical programming", Elsevier,
Energy, 36, pp. 375-385 (2011).

4. Reddy, B.V., Ramkiran, G., Ashok Kumar, K. and Nag,
P.K. \Second law analysis of a waste heat recovery
steam generator", Pergamon. International Journal of
Heat and Mass Transfer, 45, pp. 1807-1814 (2002).

5. Franco, A. and Russo, A. \Combined cycle e�ciency in-
crease based on the optimization of the heat recovery
steam generator operating parameters", Elsevier, Inter-
national Journal of Thermal Sciences, 41, pp. 843-859
(2002).

6. Sanaye, S. and Rezazadeh, M. \Transient thermal mod-
elling of heat recovery steam generators in combined cy-
cle power plants", Wiley. International Journal of En-
ergy Research, 31, pp. 1047-1063 (2007).

7. Casarosa, C., Donatini, F. and Franco, A. \Thermoe-
conomic optimization of heat recovery steam genera-
tors operating parameters for combined plants", Else-
vier, Energy, 29, pp. 389-414 (2004).

8. Walter, H. and Ho�man, R. \How can the heat transfer
correlations for �nned-tubes in
uence the numerical sim-

ulation of the dynamic behavior of a heat recovery steam
generator?", Elsevier, Applied Thermal Engineering, 31,
pp. 405-417 (2011).

9. Tajik Mansouri, M., Ahmadi, P., Ganjeh Kaviri, A. and
Nazri Mohd Jaafar, M. \Exergetic and economic evalua-
tion of the e�ect of HRSG con�gurations on the perfor-
mance of combined cycle power plants", Elsevier, Energy
Conversion and Management, 58, pp. 47-58 (2012).

10. Esmaieli, A., Keshavarz, M.P., Shakib, S.E. and Amid-
pour, M., Applying Di�erent Optimization Approaches
to Achieve Optimal Con�guration of a Dual Pressure
Heat Recovery Steam Generator, Published online in Wi-
ley Online Library. International Journal of energy Re-
search, DOI: 10.1002/er.2944 (2012).

11. In, J.S. and Lee, S.Y. \Optimization of heat recovery
steam generator through exergy analysis for combined
cycle gas turbine power plants", Wiley, International
Journal of Energy Research, 32, pp. 859-869 (2008).

12. Carazas, F.J.G., Salazar, C.H. and Souza, G.F.M.
\Availability analysis of heat recovery steam generators
used in thermal power plants", Elsevier, Energy, 36, pp.
3855-3870 (2011).

13. Ganapathy, V., Industrial Boilers & Heat Recovery
Steam Generators, New York, Marcel Dekker (2003).

14. Cengel, Y.A., Thermodynamics: An Engineering Ap-
proach, New York, McGraw-Hill (2006).

15. Behbahani-nia, A., Bagheri, M. and Bahrampoury, R.
\Optimization of �re tube heat recovery steam genera-
tors for cogeneration plants through genetic algorithm",
Elsevier. Applied Thermal Engineering, 30, pp. 2378-
2385 (2010).

16. Bejan, A., Thermal Design and Optimization, New York,
Wiley (1996).

20


