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Optimum design and performance improvement of the Heat Recovery Steam Generator (HRSG) have
noticeable effects on the thermal efficiency of the combined cycle power plants. Therefore, HRSG must
be designed in such a way that the heat recovery is maximized and the overall performance of the plant
is improved. In this paper, a method for design and optimization of a triple pressure HRSG is proposed.
It is shown how to simultaneously optimize the operating and geometric design parameters of the
HRSG by using the constructal theory. Considering the minimum total entropy generation as the
objective function, the optimum parameters in the HRSG unit are derived by using the genetic algorithm
method under the fixed total volume condition. Optimized total volume is derived by converting the
exergy destruction to cost of entropy generation in order to compare with the capital cost and the results
show that there is a trade-off between them. Also, aspect ratios of the units, the heat transfer area for
each component of the HRSG and thermodynamic properties are significant features of the flow
configuration inducted by the Constructal design. Furthermore, the effects of changes in the temperature
and flow rate of hot gas on the optimal values of the total volume, power and steam production are
determined.
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1. High Pressure Superheater (HS)
2_Rcheater (RIT)

3. High Pressure Evaporator (HB)
4_ITigh Pressure Eeonomizer (T1E)

5. Intermediate Pressure Superheater (IS)

Ly

6_ Intermediate Pressure Bvaporator (IB)
7. Intermediate Pressure Economizer (IE)
8. Low Pressure Superheater (LS)

9. Low Pressure Evaporator (L.B)

10. Low Pressure Leonomizer (LE)

Fig. 1 Simplified diagram of the dual pressure heat recovery steam
generator [16]
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Fig.2 Schematic diagram of the Reheater, Superheaters and
Economizers [16]
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Fig. 3 Schematic diagram of the Evaporators
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Fig. 9 Entropy generation and capital cost by varying volume with
different gas inlet temperatures

5 el slapze ol (6 138 ke s a0 5 (59,51 odgh Dol pois 9 S
Q5lj.1.a $99)9 )'L? ‘_g‘.bl.aa

).3‘).3 6575 kg/s ‘5‘){ 9 2460 m3 ).3‘).3 49487 kg/S )15 LS") ‘5‘){
.2 3780 M’
IS8 plesz b sl alge (6l i o2 (358 baly, 4 4z L
ol 8,8 a0 b Ceend fpl 0 .l oo sy 2500 m?® Sy L...).a.. "4
IS5 L @il bk Wse sl 59455 OlF e ol IS o Jlaie
55 5 alisee slales gl g S oo S 50 Ban mliglse a1y "4
Seboled .l ol eols ylis "11 ISE" 0 5 oot iy &l nl (59959
4 dsly puiies Hob 4 sadgs g3 90,5 o sdmlin 11 S s a8
Gds Ol dbes Sl aS 65k ar ool Sl Wse a (6999 515 (sles
seseseess Entropy generation Cost, hg=494.87 kg/s
Entropy generation Cost, mg=657.5 kg/s

—-—-— Capital Cost, hg=494.87 kg/s
x10% mmm-- Capital Cost, hg=657.5 kg/s

(] AN T T Y S T s L NN TR N T N TR T T TN SN S T N T N
0 1000 2000 3000 4000 5000 6000 7000
F(m?)

Fig. 10 Entropy generation and capital cost by varying volume with
different gas flow rates
@ il 4 iz slapme sy 638 ke s 430 g 95l a5 10 5B
B by olite

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise

52000 1200 51V JS sz ialidl (Jle Glyie 4 09 dmlys YL
ol b ams oo s °CATL 4,423 °C 511, WL Jled )y sles cunSe
b ol 5l el ool ools las "8 S s a5 sbioles (Jl>
Gl & d9dios i abB el o (o5 e 4 JS e (1
lply 9350 O)lm bk Glagmie cod el cow ralS
b sioie o 5 2000 Lad |y oledl BB ol ois YU Led by sleo
2 opdle 08 4185 L 5 a4 Soop VM >2500 m? gl aly e
S92tz BB sk 4 639)5 51 led Dl &5 W oo 0]
°C 5l Tsuprp 53959 35 lod wdy o Jlie jsbas 5,35 oo 3| Tsupp
83 s i 479 °C 4,390
Sl 4 gyl ades 3500 M® 5 200 MP 51 S x> il b
s Bk sl aboe 28l i bl (izres g jLad S8l e a8
ol Sl e Wee el 5 gildSale p e ( JS e Giali8 L
BT 5 T alop anza g Jlite SISy alply b oo 13
oo 55 (298l adsi it (nl j30 s vszg IS e IBIL 65,55
Ol B ool Joos (65,551 LBl azyja 4y (35) loles jl ool L bl
IS s a5 jbilen auiled auslin S alepw ansa L 1) o] e
¢l 1500 m? 4200 M? ) JS e ial3dl Canl ou ool ojlas "9
slagie hlie 10 005520 21.8 4,6.99 I 6,la8 4l pus a3 258l
alai; "9 S jo ol ply il o ielS 35.34 4, 68.4 5l g35,551 SNl
B Jge e o (Gl DLk e Wae angy (goie g0 gl
6899 slales &5 Sloy dgp e (pl WS (o0 et | ()l L
5 2460'm° . 2590 m® 55 4y el 500 °C 4 450 °C 400 °C ;5
a5 les il b ool ateie a5l ol 2385 m°
B sles blie jo 1) angy e jlaged ST &5 (5yebar whie 2al8
Ao e i 095 511y o Loy g, o jlogei 03,5 ) (6999
@ ) ale jlade g5 sl IS Ak s 5 (9908l S5 anie rizren
oges 0 a5 jeblen el ool ools lis 10 ISS" jo 6og,9 3
b glray e o 5 o plpy 1.3 55 oo a5 Slejy el onds eols iolesd
b oo Lial331 58.08 4 33.44 51 2000 M? o> (sl (55,551 &1 )
35 33.97 4, 27.49 511, 6,138 ake yo a4 3o ¢ il 38l oo ol pien
aoe o> b G e 183 ang o Ol (nlale des e
+ Ting =500 °C

® Ting =450 °C
a Ting =400 °C

500 1

480 A

440 1

Tsup.HP (OC)

420 A

380 A

360 A

340 T T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500 4000
V(m?*)

Fig. 8 Optimized high pressure steam temperature versus the total
volume

I oz e Y jLad L oad anpge sles 8 S

342


http://journals.modares.ac.ir/article-15-11446-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:03 IRDT on Sunday May 13th 2018

O 9 95 0 (P43 00

SIBLW (6955 (6045 )3 L HLid o A b GO L Hligs Wb 9 53 )Shes S )iel)ly Silwding 9 Alb by dauwgs

I sles Shoss Gl @)l JUl gshe @i o5 )sbar )l
wles 3L eols L5 650 °C 4, 350 °C
Sl dlae 9o b Joo zulis cond ools dxwgi Jow i lael jglatea
S o dnlie 3 Jgoz el ons auglie [33] 5 [32] anlye j5 ous
oS jsboles s o olas 1) alie cnl 55 oud ) Joe 5 [32] a0
Sal BWS g ol 9929 gl o Jod BB sldail 005 o ala>dls
s cpl jo a5 col sgume pae il Slus B (Sl 36 sgzge
Wlis ol 4 [33] gy ol crm dnnlie uizman .ol ond a3 5 jlai s
S oo 0anlice K& 45 aS jsbylen el oo sols las 13 S o
Sl pols dlie mls g aiies polie Loy slacud 6l b loges

Ao oo plitd | gadsi B Glie jo Sali8l

S 5 4o -6
bl Qbbb Wse S siloainte 5 )bl (b alie ool o
o 0,5 1) (85,551 5 5 sl o jsliions L s
L e |y e g 2 b o slaiay o 4 asls
e (IS ud @ e b ol ISl o semen ) eslind
Gl o 5l Sopp Lol angy slul ()il — (5,585 5l eoliul b ogas
JSas 1y Gl Sl B e g ol Gl a5 Sl
Ao F e Sl b as sl lis s el sl Cassdy ims o

Ol patie Jlaie Sy 4 x> e Sl o Ll b 2 (g9 50

Sl 2l sl ase ol )l sl Jae S5 j0 st Jsb 2 Jgu
Table 2 Optimal length for main heat exchangers of the HRSG
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7.41 8.93 12.42 9.95 8.97 400
7.44 8.96 12.96 9.99 9.01 450
7.35 8.85 12.15 10.36 8.90 500
7.44 8.96 12.24 10.00 9.01 550
7.29 9.02 11.92 10.01 9.07 600
7.37 8.88 8.69 9.90 8.93 650
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Fig. 11 Optimal power production as a function of the inlet hot gas
temperature
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