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Original Research Paper The waste heat management in heavy industry significantly increases productivity in this sector.
Received 11 February 2018 Organic Rankine cycles (ORCs) are appropriate technology for the conversion of low quality thermal
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Avaikible Online 11 May 2013 energy to electrical power. The Organic Rankine Cycle (ORC) applies the principle of the steam

Rankine cycle, but uses organic working fluids with low boiling points can be used to recover heat from

Kermord lower temperature heat sources. In this study the performances of three different organic Rankine cycles
eywords.

Organic Rankine Cycle (ORCs) systems including the basic ORC (BORC) system, the single-s_tage regen_eralive ORC (SRO[{_C)
Waste Heat system and the double-stage regenerative ORC (DRORC) system using five different working fluids
Exergy under the same waste heat condition are optimized by thermo-economic method using genetic
Thermo-economic algorithm. The results indicate that the R113 has the best performance between fluids. By using

Genetic algorith . : . . . . N
Hehic algontiu economic analysis, the optimized turbine inlet temperature and pressure in comparison with when

thermodynamic analysis uses only, decreases. By changing basic Rankine cycle to the single-stage
regenerative and the double-stage regenerative cycles, 12.5% and 18.75% change in specific power cost
occurs respectively. Also results indicate that, as superheat degree in turbine inlet increases, the specific
power cost increase and the exergy efficiency of system decreases.
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Table 1 Thermodynamic properties of working fluids

S 5 oolitl 590 Jale SVl olgs 1 Jatz

GWP oDP [vear] K] [MPa] K] [keg/kmol]

Sas 950 0 7.2 Bl 4272 3.64 288.05 134.05 R245fa
700 0.086 93 na. 47996 4.46 3052 116.95 R141b
120 0.012 13 Bl 456.83 3.662 300.97 152.93 R123
4600 1 45 Al 471.11 4.408 296.86 137.37 RI11
6130 0.9 85 Al 487.21 3.392 320.74 187.38 R113
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Fig. 2 System layout and cycle 7T-s chart of the single-stage
regenerative ORC system
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Fig. 1 System layout and cycle 7-s chart of the basic ORC system

2ol =led Jlagai olpe a aole J1 5SSy S Silods 1 S

18] el (B (S5 50 2wt S Led (o by o &
opdige wd T s 5l s se sladSen giluacd
S o IS bl o s s ]

3 omns oslall opadasS o sleF Sl 5 by o L el 2
el 5 0o B ns

el ot ools L5 2 Jgam g S 5,8kes ol b Loyl Koo

x990 S SSw kaly) -2-2

ol Bl )8t parhe Shoolinal b Jla5 0 50 sla S ) 50

[20] o5 oo iy 5 (1) alayl; & j50 4y (575051

e; = (hy — hy) — To(s; — 5,) )
3)ls g2y (2) dlaly Djgo Sl el )3 (95551 YL (izmen

J21]

Ze-m—Zeom:i @

e 2 Oliee 2l 550 5 58T Glodil (293 Ol Amslme g

& Ol om0l Jite 65 5l aislys et il 1) JSw o Jale

G &S (Jae g et a3 Glg oy ol g ces S a8 U

08 o)lasis 18 0,95 1397 LT (3w Suillo s



OIKad 9 25Lad 0313 Himwgs sl

i @iy 9l 5 o 3Maunl y (RORC) yisS 15 b T (i) (5lid JSaan SunginSlos s Jali 9 (6 jlwdisys

(BORC) JT (255 ; ool JSumw by, -1-2-2
S S il sloanl B ad o)Ll Lad Ll o a5 jeblan
e Ol BB 5 ol ppe

1 blus! ol 2a-1 (a8ly Sl o a8 0] 8 opl 0 2-1 sl 3 -

2l e
055 o0 ploml cul i Cdl o ile e 3-2 ] b

nos bags a8 I35l ol 4a-3 adly Sl s a5 493 anl i

a8l e alasl

Syl il el Jlad o 1-da adly s o 1-4 wnl 3

Wdls el
25 gy O) alaly JlGlg a1 oy (Fpas g
m(h, — hy)
Wy = mlhig = hy) = Ft %)
550 Cesd 4 (10) alayl, 51 g5 g0 55 1 95 Jags (gadsS oS
m(h, — h,)
Wexp = m(hy — hye) = T 10y
alyl ) o9 g0 plowl ool JL2d B8 0 o2 yeilalyl 5l ol JUil 25
(11
Q =m(hy — hyq) 11y

4 s 2l Sl 1y 858 T 5 534 lenily (e (7.6) Ly, )
28,5 5 0 (13,12) Ly, & 90
M = Wee/Q = [m(hy — hyg) — m(hye — h3)l/mihy — hya) 12y

Wie T,
=0 (=5 = [m(hy — hea) = m(hsq = hy)]/m(hy

Q
T,
—h-m)(l—a)] a3

Me

(SRORC) (o1 3b al> 5o S5 b JT (5255 JSmo ~2-2-2
OSaf 9o & Jine S eud ols L2 JSB 5 &5 JSow (pl sl
Sl gl a8 o ls 13 S o (Lol ey S g ad S J B 0t o
ol 00l a8 Tl s sadice o)y Ne S ATl ) oS jLid
all, 5l olgiees | 000 2)ly 0,5 JFo 4 a8 Lile Sl 5l gao 0

.o”-l Cewd 4 (14)

_ hger = hyg
ey h2(‘ln - h4a (14)
g oo deilzma (15) dally, 5l 08 (98 5 Baay Oly3
wp = m[(hMm - hScl)] (15‘3)
Wpz = m(1 — x5 (hyq — h3)] (15-b)
"'Vexp b m[(hi = hznn) +(1- Icl)(hklo. - hza)] (15-::)

4 S onl 2 6581 5 $5A Gl sl 51 (7.6) L, )
5 eslanl el o (17,16) Laily; & g
_ Whet =~ Wi — Wp‘l - sz
n= Q0 0
= {m[(hy = hzra) + (1 = %c1 ) (hacaa
= hyq )] = M(hyera — R3er)d
—m (1 = x¢,)(hyq — h3)/m(hy
- h-ﬂcla)] (16)
— Wne[ — Wt - Wpl - sz
" Q(1-L) T RG-Tu/T )]

= {{m[(hy — hyeiq)
+ (1= xe)(Mzera = haa ) = Mm(hsera
—hge1) —=m (1= x¢q )(hag

T,
—ha)}/[m(h 1= hAcla)(1 =221} a7y

08 o plesis 18 0,95 1397 ybLT (e Suilo s

1 Turbine

Evaporator

4cla PE]

Feed-water

Feed-water

Pump2 Pump3 3 Condenser

TIK]

A

5 [kd/kg-K]
Fig. 3 System layout and cycle 7-s chart of the double-stage
regenerative ORC system
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Table 4 Configurations of genetic algorithms

Individuals 32
Objective function Cw
Chromosome vector [TnPLX]]
Mutation probability 04
Generations 256
Iterations 8430
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TableS validation of simulations by R11 with ref. [§]

[8] azpo LRIT Jlow 51 eolinwl b ond (g jludnns (slopimmmms (oo S 5 Jgu

BORC SRORC
& il 4 & I & $ile 4t
Te(K) 401.263 401.6 407.412 407.7 407.682 408
P; (kPa) 125.961 1253 125.961 1253 125.961 1253
Tou (K) 401.930 401.4 413312 413.5 414.104 414.6
7 50.61 58.4 55.00 63.19 56.87 65.2
7 13.89 15.99 15.64 17.98 16.21 18.62
Woi(kW) 1.362 1.502 0.5967 0.6251 0.496 05175
Wpa(kW) - - 0.138 0.1457 0.128 0.1396
Wpa(kW) - - - - 0.074 0.07804
Wi (kW) 40.003 43.91 16.845 17.65 15418 16.17
Whet(KW) 38.641 42.41 16.111 16.88 14.720 15.43
m (kg/s) 1.215 117 0.568 0.5212 0.536 0.4929
0. (k/s) 278.267 265.1 102.999 96.63 90.800 91.32
Qe (kl/s) 239.626 2227 86.888 93.89 76.080 82.89
Xet - - 0.20309 0.2031 0.132 0.1323
Xe2 - - - - 0.128 0.129
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Table 6 Optimum solution of the BORC for different working fluids

R123 R113 R11 R245fa R141b

7045 3940 7814 11190 6019 (kPa) () 55959 S04

363.4 368.8 3712 367.7 368.0 K) )88 $99)9 les

11.86 11.83 12.57 11.41 12.05 (%) ‘53)3‘ e‘))‘L_i
5337 5285 5399 3305 322 (%) 5551 a3l
7465 7327 1570 7685 7435 OF MWF oepane e

(5/GI)
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Table 7 Optimum solution of the BRORC for different working fluids

R123 RI113 R11 R245fa  R141b

8176 4546 8504 1244 7204 (kPa) s (5058 Lid
3750 3747 3751 3762 3763 (K)ot (5993 sles
N A
(Xer) 4o das uS.nJiﬁ

(%) 535 033k

(%) ‘53)...5\ uJJ'L_u

sl egate anje
(S/GI) o)l

0.1934 0.1587 0.1644 0.1724 0.2169

13.74 13.58 14.0 12.9 13.99
55.88 551 56.18 54.32 55.7

8.671 8296 8.834 8.766 8.788
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Table 8 Optimum solution of the DRORC for different working fluids

R123 R113 R11 R245fa R141b

838 490 8194 1270 7067 (KPa) Gy (5358 ol

376.1 378.1 3731 374.7 3752 (K) ¥ (5993 .51-#-‘1
$9959 e ey
@er) Jgl s % 51
$99)8 £ e
(xc2) pgo apdis L)ia)j.v_l
(%) L;))"l a.s)"L!

(%) 6),..5! a.s)'L!

Ol lgi pgase aiyje
(5/GI)

0.1703  0.1567  0.1065  0.1491 0.1382

0.1232 0.1273 0.0989 0.1066 0.1157

14.32 14.48 14.10 13.52 14.31

56.72 56.91 56.48 55.58 56.75

9.339 9.016 9.162 9.246 9.007
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Fig. 7 Effects of Turbine inlet Superheat degree on Specific power cost
for R245fa
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