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The use of new energies, including geothermal energy, is rapidly devoloping in the world. In Iran, the
Sabalan area has a great potential for generating energy from geothermal energy sources. In this paper, a
new power generation combined cycle (flash combined cycle with supercritical carbon dioxide and
organic Rankine cycle) is proposed with respect to two wells with different temperatures and pressures
for Sabalan geothermal sources. For the organic Rankine cycle, four fluids are considered appropriately
and then proposed combination cycle is investigated by energy and exergy analysis. In this study, a new
method proposed for the determination of Pinch point for carbon dioxide heat exchangers. In the end the
proposed cycle has been optimized relative to seprators pressure, the second evaporator temperature and
the carbon dioxide cycle pressure ratio. The results show that the n-butane agent has been selected as
the most suitable fluid for the Rankine cycle. For the optimal condition, the net power of the proposed
cycle is 19934 kW, the cycle efficiency will be 17.05% and the exergy efficiency will be 65.38%.The
results of exergy analysis show that the low pressure turbine in geothermal have the highest value of
exergy destruction. The results show that net power output, energy and exergy efficiencies of the
proposed cycle in this paper is 15.29 %, 17.06% and 18.35% higher than the corresponding values
obtained for the previously proposed system.
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Fig. 1 New proposal cycle for power generation from Sabalan geothermal wells
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Table 2 Real properties of fluid from Sabalan geothermal wells
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Table 3 The properties of the working fluids for ORC
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Table 5 Calculated thermodynamic properties of fluids in proposal of a new combined cycle
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16573 2.988 1150 57 1072 183 aloF omes 1
16328 3.002 1150 57 900 175.4 aloF omes 2
9907 6.622 2774 11.43 900 175.4 aloF omes 3
8280 6.676 2647 11.43 400 143.6 aloF omes 4
13920 2.912 1100 53 700 165 aloF omes 5
13105 2.965 1100 53 400 143.6 aloF omes 6
21386 3.623 1374 64.43 400 143.6 aloF omes 7
17494 6.896 2739 23.23 400 143.6 aloF omes 8
1611 7.242 2154 23.23 3.169 25 aloF omes 9
14.23 0.367 104.8 23.23 3.169 25 aloF omes 10
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6421 2.095 742.9 45.57 900 175.4 b, oo 12
2792 1.483 487 45.57 900 115.9 Sl ey 13
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0 0.2242 63.01 2252 100 15 2 26
412.9 0.297 84.16 2252 100 20.06 2 27
0 0.2242 63.01 800 100 15 2 28
263.2 0.3216 91.39 800 100 21.79 2 29
0 0.2242 63.01 1200 100 15 2 30
24.04 0.2483 69.97 1200 100 16.66 2 31
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Fig. 10 T-Q diagram between the geothermal flow and n-butane in the
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Table 6 Summary of combined cycle optimization results for different
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OUsr ol dele Jlows 6lil & (oS 5 45 2 izl (65,351 w50 &5 18 IS

3.401

3.085 2.855

Exergy destruction ratio [-]

Pump 1
Preaeating
Turbine 3
andznser 2
Pump 2
Turbine 4
Pump 3

— (]
v v
5 5
5 s
B =
£ B

Condznser 1
vapcerator 1
vaperator 2
andznser 3

=1 o = [&]
Fig. 19 The rate of exergy destructions in the components of combined
cycle with n-butane as a working fluid in comparison to the input
exergy

© 6399 6P & 55 Sz Glp) 655 e B Cand losei 19 UG
SBemol dale Jlow 15!

100
9.6 9033 9476 90.23
90 8675 8464 8598

80
70
60
50
40
30
20
10

Exergy efficiency [%]

Pump 1
Preheating
Turbine 3
Pump 2
Turbine 4
Pump 3

— (]
v o
g g

5 5
t E

=

Condenser 1
Evaporator 1
Condenser 2
Evaporator 2
Condenser 3

Fig. 20 The exergy efficiency in the components of combined cycle
with n-butane as a working

5ol Jole Sl 31 4 (o055 4552 i (55,551 003t 20 S

S 5 doxii-5
RS oS P A 2) Wz lg g S S a5 SO aios ol
Loly 50 & azgi L (I ey 5 Sl G358 oS oeSlse o552 b ST

04 o )los 18 055 1397 155 (e Silse s

~70

T T2 =87.6 [°C] N

66

- 9
£ 64 =
i
F 9
H {62 &
2 )
& | =
E‘ 60 5
n-Butane Iss Eﬂ
—+—Ilsopentane %
lop =

~—-R141b =

—o—Toluene 154

13 s . . . s s

1 1.5 2 25 3 3.5 4

Pressure ratio [-]

Fig. 16 Effects of the carbon dioxide cycle pressure ratio on the energy
and exergy efficiency for different ORC fluids

65,551 5 655053k S5y S amSles 45 2 jlad cons 13616 S

=3
n
e £

—_~ =
SR N T
= o ® =

1Y

A Exergy Shciency L\
*

»
@\AL

Fig. 17 Effects of the evaporator 1 and preheating pinch point
temperature difference on the exergy efficiency

S35 el 5y SeS i 5 1 glnlsl 185 gles BB 36 17 Sl
ez

o o Sl & o5 5 Sl 5,551 e 5 18 IS o
eye 91 HeuslanS 2y yeh el ool ool iuled ags Sl yo bg
5 65,8 s Sl Gl o s 1) 65,581 B e (i 3
Sl s (S 5 a3 > ag a0 el sunl Cussay BilgelsS 8562
o S 19 S o 505 65,55 w5 bajlulas g bl
g A o gl dele Jlw Gl 4 oS5 452 Gzl 65,55
2 5 o JS (69958 S5, 009 bl 4 daz gl bl ool ooly yioles
aaly> 1) (65,55 B8 S Jlaie (p a3 Gnagi 9 1 jgmlasS
dls

ol Jlw sl 4 S 5 5 sl 55,551 o33k "20 ST
G153 51 slacay oL sl ulsl ol oa 03,50 aigy el s Qs
b e (65,551 03k Jlade o yiian

A Gl s 65,551 eail (Gl el anilie 5 (o p slaten
[ XW) fal?ol OeRg )0 Sg>ge A > L dJlase u;l e L_;ol.er.w S 4> > ‘_gAJBJ
sz A Olg (e 2b)F ey e @l [1917] et

5 20,0 17.06 ol 51> 003l can;0 16.29 Lol sallie jo (golpring

50 bl oo Cmiin golgiion 452 3l i we 0 1835 (65,58 ool
ol odal (LS (545 12 0 s 45 > S5 e T Jgo

20


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.15.8
https://mme.modares.ac.ir/article-15-5347-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1397.18.4.15.8 ]

ol o ‘J.\.:)”‘):JI.\.Q.: Ol

oM (2lo S (30) aaie S ST S 9 Sz BgB (2T JamS16S &3l LT 3 $A3 )2 83551 Julxs

() cpts X
YN
(/) 350 005b Men
(1) oy Sggyiiplossl Mp
s Syl eojly Mtur
(1) 3,55 003 €

Lo gin)
s D
s$lnll €Y
glalgle f
©) gbsl b 8

YU Lo ol HPW
ol b oly  LPW

© e P
255 alag; PP
OSeSiey PT
© S g S
STy Tur

&7

[1] M. Aneke, B. Agnew, C. Underwood, Performance analysis of the Chena
binary geothermal power plant, Applied Thermal Engineering, Vol. 32, pp.
1825-32, 2011.

[2] C. R. Chamorro, M. E. Mondejar, R. Ramos, Segovia, M. C. Martin, M. A.
Villamanan, World geothermal power production status: energy,
environmental and economic study of high enthalpy technologies, Energy,
Vol. 42, pp. 8-10, 2012.

[3] M. Yari, Exergetic analysis of various types of geothermal power plants,
Renewable Energy, Vol. 35, pp. 112-121, 2010.

[4] G. Shu, J. Zhao, H .Tian, X. Liang, H. Wei, Parametric and exergetic
analysis of waste heat recovery system based on thermoelectric generator
and organic rankine cycle utilizing R123, Energy, Vol 45, pp. 806-16, 2012.

[5] M. Yari, Performance analysis of the different organic rankine cycles
(ORCs) using dry fluids, International Journal of Exergy, Vol. 6, No. 3, pp.
323-42, 2009.

[6] V. Zare, A comparative exergoeconomic analysis of different ORC
configurations for binary geothermal power plants, Energy Conversion and
Management, Vol. 105, pp. 127-138, 2015.

[7]1 N. Shokati, F. Ranjbar, M. Yari, Comparative and parametric study of
double flash and single flash/ORC combined cycles based on
exergoeconomic criteria, Applied Thermal Engineering, Vol. 91, pp. 479-
495, 2015.

[8] N. Shokati, F. Ranjbar, M. Yari, Exergoeconomic analysis and optimization
of basic, dual-pressure and dual-fluid ORCs, Renewable Energy, Vol. 83, pp.
527-542, 2015.

[9] M. Yari, A. S. Mehr, V. Zare, S. M. S. Mahmoudi, M. A. Rosen,
Exergoeconomic comparison of TLC (trilateral Rankine cycle), ORC
(organic Rankine cycle) and Kalina cycle using a low grade heat source,
Energy, Vol. 83, pp. 712-722, 2015.

[10] A. Coskun, A. Bolatturk, Thermodynamic and economic analysis and
optimization of power cycles for a medium temperature geothermal resource,
Energy Conversion and Management, Vol. 78, pp. 39-49, 2014.

[11] Y. M. Yuksel, M. Ozturk, I. Dincer, Thermodynamic analysis and
assessment of a novel integrated geothermal energy-based system for
hydrogen production and, International Journal of Hydrogen Energy, In
Press.

[12] Y. Min-Hsiung, Y. Rong-Hua, Economic performances optimization of the
transcritical rankine cycle systems in geothermal applications, Energy
conversion and management, VVol. 95, pp. 20-31, 2015.

[13] S. Lecompte, S. Lemmens, Thermoeconomic comparison of advanced
organic rankine cycles, Energy Procedia, Vol. 61, pp. 71-74, 2014.

[14] Y. Zhao, J. Wang, L. Cao, Y. Wang, Comprehensive analysis and parametric
optimization of a CCP (Combined cooling and power) system driven by
geothermal source, Energy, Vol. 97, pp. 470-487, 2016.

[15] S. Jalilinasrabady, 1. Ryuichi, Flash cycle optimization of Sabalan
geothermal power plant employing exergy concept, Geothermics, Vol. 43,
pp. 75-82, 2012.

[16] M. Ameri, S. Amanpoor, Energy and exergy analysis and optimization of a
double flash power plant for meshkin shahr region, World Renewable
Energy Congress, Linkoping, Sweden, May 8-13, 2011.

21

B ot b anlllas opl o goloiiing (oS 5 a5z 0 Slae aylin 7 Jgu
Table 7 Performance comparison of the proposed combined cycle in this
work with previously systems

sSless giplent A Ol Gl 452
) %) KW) 25 >
53.38 14.14 16886 [19-17] ey sl sinsy
65.38 17.05 19934 Lol s
18.35 17.06 15.29

((AFTIRWIN

Alad sldn e 2beS mey @l lp Solite (Lid g Les
S8 I3 cip 030 Gin (55 Sz » S slayll
aBlee pj Sjge @ addllas ol 5l Jolo s
B Sogo a gle)S ey @l ol 2 lulaz (0 ST aSLAIL e
Sl Ui a5 0gdon L33 o5 Guys 0)ls gl
b o1 50 85 Sl S e sloas iz o )Lad oS (slagrm
Dileen Bybp |y abge 8)ly 55 90 90 4
(RS NSes 4z sl lp 5 abE ey b e
S35 518 o ol o (S San (2505 bl 385 e
03,8 Bly Jase slaiil o abaii ol 1 Lol sl aSls 4o
sl Osls s RIAID byl (bsrol Jole Jw Sz o
O sl bl e &5 0l gy S a3
2l 4 Cans @551 5 @5l ek g g o Slee
il e Jele sloJlas
Obar ol Jbw il (o5 5 a5 2 Gzl 65,5 S g5 e
oy M iy bl e DlgelS 8562 argy <l 4o
9 1 gl 2 Gy sln 65555 e BS ES 9 S
ol Cuwddy 3 el
solie 5 ol b bladl gla,ed 5 Sl 4o obsr o) @l
Had o sl il oads LRl polie (o eS po 1K
Ot e gmmdis 4> )0 87.06 g0 ,a5lplgl (slos ¢ 3.281
Sl ek i Sl 1993 gudy LAl ol
Cawddy Aoy 65.38 (65,551 ool (pyiias g 0ue,017.05
Al e
P2l gl o Al Gl war eoliing gtz sl e
S5 003k g aey 17.06 1 5l 05k wusye 15.29

il oo BB goloitny a5 > 5l i 0o ys 18.35

e S 08 -6
KW) (55,55 55 Exp
(kkg") opase T P
(kgS'l) i £y )I G oy 2 mi
(kPa) JLzs P
() S dunSlgs a5, s eos PR
Jiis slo,S JS a1, abai o 40 oads Jiiie clo S
() Jowe slesl jo o0
(KIKg'K™) ogasie (g,
(C)ls T

W) a2 alls fss W

04 o lots 18 0551397 15 (e Silse uwise


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.15.8
https://mme.modares.ac.ir/article-15-5347-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1397.18.4.15.8 ]

ol o ‘J.\.:)”‘):JI.\.Q.: Ol

oM (2lo S (30) aaie S ST S 9 Sz BgB (2T JamS16S &3l LT 3 $A3 )2 83551 Julxs

geothermal power plant in Iran, Energy Conversion and Management, Vol.
143, pp. 377-390, 2017.

[20] Y. Cengel, M. Boles, Thermodynamics An engineering Approach, Seventh
Edittion, pp. 369-395, New York: McGraw-Hill, New York, 2007.

[21] S. A. Klein, S. F. Alvarda, Engineering Equation Solver (EES), F-chart
software, WI, 2007.

[22] F. Vélez, J. Segovia, F. Chenje, G. Antolin, A. Quijano, M. Carmen Martin,
Low temperature heat source for power generation: Exhaustive analysis of a
carbon dioxide transcritical power cycle, Energy, Vol. 36, pp. 5497-5507, 2011

04 o )los 18 055 1397 155 (e Silse s

[17] A. Aali, N. Pourmahmoud, V. Zare, Proposal and analysis of a new cycle for
power generation from Sabalan geothermal wells, Journal of Mechanical
Engineering of Tabriz University, Vol. 47, No. 3, pp. 139-147, 2017. (in
Persian _..,l5)

[18] A. Aali, N. Pourmahmoud, V. Zare, Exergy analysis of a new proposed cycle
for power generation from Sabalan geothermal wells, Journal of Mechanical
Engineering of Tabriz University, In Press. (in Persian _..,ls)

[19] A. Aali, N. Pourmahmoud, V. Zare, Exergoeconomic analysis and multi-
objective optimization of a novel combined flash-binary cycle for Sabalan

22


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.15.8
https://mme.modares.ac.ir/article-15-5347-en.html
http://www.tcpdf.org

