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Exergy analysis of a new proposal combined cycle from Sabalan geothermal
source
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The use of new energies, including geothermal energy, is rapidly devoloping in the world. In Iran, the
Received 17 December 2017 Sabalan area has a great potential for generating energy from geothermal energy sources. In this paper, a
ﬁﬁiﬂfﬂ gnﬁen?i?mifzma 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
Keywords: for Sabalan geothermal sources. For the organic Rankine cycle, four fluids are considered appropriately
Exergy analysis and then proposed combination cycle is investigated by energy and exergy analysis. In this study, a new
Sabalan Geothermal Power Plant method proposed for the determination of Pinch point for carbon dioxide heat exchangers. In the end the

Organic Rankine Cycle

proposed cycle has been optimized relative to seprators pressure, the second evaporator temperature and
Supercritical Carbon Dioxide Cycle

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.

Oy el Sl eslial b3l slagle 53 B wdy ez ol dodio -1
G g U5 ey 10 5l s ayelS (S y0 9wl RN ol S e oy ISt Jdoa cpdinass 555l gl B slale o
sloolsy s «Sas 1 (slaelsy s [2] sgdice wdg loelSg s nl bwg Lo j0 le)F (e (651 sl 039 25 0550 sl (et GlacS s
SolS 5 5l (ol g8 am (S, 432 SlaolSgps 5 Sl bl Lu e b cd b g sl sl cullB Lsa pdy oo (slagss
odlil 2)50 Lo () gte Slod @ azg b S wien Lo T el ey 5l VL iy 4 4z b 1] cul 43S 13 axgi 006
235 5l i olefS ey ke slod &5 (yge 0 [8] WpSe HIE L agh ce colinul gie ol 5l (639050 (i S ez gl 50 (2le)S

Please cite this article using: 2 Lod o3l Jod oyl 1 o ol & gla ) (gl

M. Abdolalipouradl, Sh. Khalilarya, S. Jafarmadar, Exergy analysis of a new proposal combined cycle from Sabalan geothermal source, Modares Mechanical Engineering, \VVol. 18, No.
04, pp. 11-22, 2018 (in Persian)


http://mjmec.ir/

Obed 9 Jac g allsue ol

O Lo xS pe) aaie H1 ST S 9 s 38 (1) SamSTisS G 3l ST )5 A3 53 630551 Jukxs

3ol 8 gl 3 90 1) eSSl 4 2 s 7o

50 5 ool (sl s> b il S (Do dilate ol 5o
sleS ees gy sle [18] ool il wwilbise aloS (s
Gllye 50 5 Glalrpe S G e Sz Sl g0 Gl | Dl
5 57 i 4 ol 9 Y lad b b o jLad ST glal> e g0
ey gl5a 497 e 4y Wi oo LAl ol wial L 11

5 63551 w83 el a i o [16] il iSen 5 syele
s 2losS (0 o8558 sl slaloyo 99 ST 5 43 2 giloaie
Lld 1) sy s lad> e 90 poud a5 2 addllas ol o wlasls
el 00ls lzs glal o S ST pBS 4 Cand Glg 0dsE g Ul 09
e 5o oably Ll 5,5 Sl o L [17] (aikons 5o il fSon 5 o
Oly Sl o Wo S sty gmsr a3 e boS )
R141b Jlw )y 14.357 plp o &)l eojb 5 @lglfe 17.11 Lalls
&5 Jels @ [18] il e g Jle Koo sladllas jo ow] cowsay
Sz ol Gl by Pl @l oy lulpd Glp wus Sz
b slp Dloghss 12467 S (55,551 < )55 9 90,3 5338 (55,55 035
0,5 dowlxe R141b
5 SeosisSlinsl ol @ S hdos o [19] e 5 e
DS (2855 a5 50 b (oSl G i (oS i 4552 e

Jhs 0 dlews ailaie sl ol (sl [19-17] o Son 5 e anlllas o
Sl JSio slonl a5 055 (55L890 & jgods [LadeS aye8 4 ol o)l
Al ol Jo pslaiedy oz a3 2 G Lol Baiod WS o0 (eysS
Oy Solz Sl (795 Jlw wozr (golering 43z 55 wsd e Sty
500 jlwlaz (55 3l G g 00 (ST bl e & j90 4 olo S
9 0l95 R85 Hekate 4 g e AT IS 45 12 it glacend )
S, slots 2 oS e sloely 55 Sl 3 s 5,591
S o ;o cwl ol adlal Lol as > 4y Jlou 398 (S anSTlso o
adai 380 e o9 asine cdedy Sl 398 (p S Sl g0 a5 >
O alall 385 (S 39,5 Ty sl B9, e 57 slabes 5 S
SOl daz 43z adlllas (ol o 098 00 Sletdny (295 slaled
S 5 48,5 158 (55,551 Jelow 3,30 o (a8 3005 slosly sl

Dedige & lwaigs Fao sl ell 4 Cos (65,55

Slgidy o 4z inog 2
$)lad s pled Lulps boolz 99 Glpl po Ml dilare 0 p2l> J> 5o
a2 olz g0 (pl (1285 i o b sl b S )18 (o)1 0,500 90 calie
1SS o maz eolii a3z o)l )b el o iy sox
el ailaie slooly L5 b gillae s 2 ol o ol o0 o0l i
el 0 (601 o YU L5 g cyaly Lid (glmoly 09,5 95 & laelz o)
B sl laz 5 ol e o YU jlid ool 5l ol S e O
b Glaoly (oleS o) ol rizeen Sadice 1 o)y b
ol 0)ls 1 gy 5l o795 @l b oS 5 ood bacie 5l am 0l
pll S g 0l 2 s 3)ly e b mle gilulaz I Gy 5 0al 2

04 o louts 18 055 1397 15 (w0 Suilse wise

3 AYL A Shse 50 g 9gd o eoliu] Sis Bu cail Gugeda a0
oolaiul 050 (glal o 50 5 & ST bl jl il Gugenlos 4>, 180
423 180 5l jeS (ole)F (rmej arie Sod &5 (yge )3 0pF (o0 1
0SSl 4z oy o Sln ple)S ey clis 43zl el
S8 eslainl 8j50 Sy 4B > lgicas &S pleds > ol o aBb s
55 lgian 5 00 caslio s I bole Jlow b ploas 2 S oo
15 [54] 0,8 5 eolitasl Lagio 5 o5 glod ghls losS oo aulie
sbas > Giledite 5 omin S 2 ook Sbllhs 3 gla Lo
a4 b oo [6] gl cwl eal bl oS ey sleolSg
wooles (oSl a5 dn (SeasisSys) S o (Sealusge s amlie 5 (o n
e a sln Sbb oS, a3 2 9 (2 (Sl Joawe b oS, 45 2
033l i shls (LB Sl Jaw b Sl a5 2 el le
4 G 4035 o ol golaidl Ll 5l ool S0l 4 > 5 5>
4 Fedod yo [7] o) Bea 5 (558 .23 )5 513 b)) 0550 laaS 2 ple
5 @l e g 452 99 3,Shee (Al g (Sealudge i (o
R141b Jole Jlow Jloz slp laloyo 50 s 5 oS, - slal> 0SS
J9 009 p93 9 Jgl 098 jlade L yidien Shils (Sl b o S5 eSS
5 S5 il ol olamdl Ll j gl e 50 e 45,2
5,8 les sdmslin 5 (SangigSles 51 Judow 4 (Koo Ao 0 [8] o Ken
5 Ll alfss JT oSl (s Gl Jaee LN S a5 2
T Sl a3 2 oy ol e il sy ailSss Lad b S, a5 >
a5z rysladl LIS a5 52 5 gads Olg G ptien glls alsge L
olatdl los & () So 5o [O] OB 5 )b wBlioe (o2 9590
Sl T d S,y Sz 5 LIS a8z (JT S a5 2wl
kgt (Sl 45 oy p p] 0 &5 WS ol Les (Sl il
OLSen 5 (5SS 09 ;K00 Sad 2 4 S S P Iy sl
Sbad > SeegisSlae s (silwdintr 5. 65)55 1 Jelow 4 (o) 2 o 50 [10]
SIS 5y LS 5 Sl 6 S 5 oS, ecs Al o 90 ST ik
5 slal> e 95 blacl a2 Gl loy C25 5 0090 (omyn o0l Gob
Jlo 9 Sl as 2 sl 5 Jlo 83 S 5 a5 y2 (6l Jlo 5.8 LS
S5 S S (Seeladge i el 4 [11] Sen 5 JuSTs a0l o
5wl le)S aes 5l e b 3,08 SlgT 5 2yl Sl
T 5 05 b 5T S Akl ol S ey sbos & 4z L
Beod S o [12] () Sen 5 Sigine isls 8 (gildingy 3550 (mye8
Jole Jlow an b Gl )35 (S0 22 L) pbeS ey 422 S
o 6oladl g (Soliyoge s blod 511 R125 g RAT (S unSl g
el ool las K Jlw 99 4 Cand (g5 S R125 Jlw g 00,8
Bz de (SeegsSlye oip 4 Gedod 5o [18] GLlSes 5 CoegS
5 st 45 Sl g e Sl JT bele Jlow b oS3l p0
300 G 100 oL )3 sy g boo oogume slp |y gl )05 a5 >
5 Seolinsge s Julow 4 [14] o) Sen 5 ol5 caisls y ugendes 4z o
@b omey 3Pl @ by 5 OlF g (oS 5 S S ol

1 Organic Rankine Cycle
2 Trilateral Rankine Cycle
8 Pinch Point

12



=
o
Ry

L
7 Iojeiodeag
L

ORC
23
g
14Y
% Y 25
= Condenser 3
22 [\/\/\4

41

Obed 9 Jac g lsuc Ol e O 2o xS pe) @iie S AT 1Sy 9 Sy B9 (prF JauSTi5d &3y ST )35 S4B 3 83055 Jakxs
3
w2 7]
(1] (¢}
2 g ()3
g g
—_— [ =]
o\ 12 A
P
X ‘L 20 6
il o vy’
f— &
=
=]
=
: X
13 — { g 27
1 ) 19 g 5 (:u'g
W 173
S-CO, g I
ﬁ,— = T 4 - 26
a
g
=3
i)
____HPW A v —_— v 10
= 18
LP.W
g
19 vi
16 = Condenser2 5 E
1 MM 21
A J 1

Fig. 1 New proposal cycle for power generation from Sabalan geothermal wells
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Table 3 The properties of the working fluids for ORC

Sl Rl olusn!  olisry Slasis
3186 2042 187.2 152 (°C) Sl csloo
4126 4249 3370 3796 KPa) il L
1104  32.06 27.85 -0.53 (°C) Jloy Lbs> sloo

0 0 0 0.086 oDP

ST sl silend @l (oxilel 4 Jgaar
Table 4 Verification of simulation results for single flash

[17] Je sebos ol adod
h P T h 3 T s
(kikkg) (kPa)  (°C) (kilkg)  (kPa)  (°C)
1150 1072 183 1150 1072 183 1
1150 800 170.4 1150 800  170.4 2
2769 800 170.4 2769 800  170.4 3
2458 92 97.32 2458 92 97.32 4
7212 800 170.4 721.2 800 1704 12
Wiy = 3711 kW Wiy = 3711 kW
lEES
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Table 5 Calculated thermodynamic properties of fluids in proposal of a new combined cycle

63);‘ ;5'5)""] g;‘JL"'] T 0 )L‘f‘é L JL...; alais
(kW) (kI/kgK) (ki/kg) (kg/s) (kPa) C)
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
16.73 0.367 104.9 23.23 110 25 aloF omes 11
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
831.9 0.9161 280.6 45,57 900 66.87 aloF omes 14
3891 1777 604.9 41.19 400 1436 b oy 15
565.6 0.8334 252.3 41.19 400 60.19 aloF omes 16
21851 -1.491 -232.3 110 6434 25 S Sl 17
24143 -1.479 -207.8 110 22132 50.97 oS aeSles 18
26755 -1.103 -75.7 110 22132 107 oS aeSles 19
30149 -0.8418 30.35 110 22132 164 oS aeSles 20
23022 -0.8119 -25.83 110 6434 61.69 oS aeSles 21
493.9 1.207 259.4 21.59 2437 25 eyl 22
522.9 1.208 260.9 21.59 1013 25.47 SBar 23
2043 2474 696.3 21.59 1013 80.02 SBar 24
787.1 2.503 646.4 21.59 243.7 39.34 SBar 25
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 o 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
200 F—— : T T T 3
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= 100} 7 & 20— p[111-3.17 [kPa]
» P T2 =80 1°C]
= P[2]=900 [kPa] £ wop PR3
5 50} P[6]=400 [kPa] 1 g
= PR=3[-] £ 1oy
7 = 13
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F

g. 6 T-S diagram of the supercritical carbon dioxide cycle
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Fig. 5 T-S diagram of the geothermal system
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Fig. 9 T-Q diagram between the geothermal flow and carbon dioxide in
the evaporator 1

Loglals) 55 sSaemSlss 5 2l )F oy o o T-Q yloged 9 S

200 ‘ . ‘ ‘
[ Geothermal Flow
****** ORC (n-Butane)
— 1501
@)
-
g 13
E L
S 100
5 [
g
e ATppen2 P[2]=900 [kPa]
sol- , P[6]=400 [kPa] ]
[ /,»" ATpp,cv2=3 [°C]
o T2 =80 [C]
[ PR=3[-]
0 L 1 L 1
0 02 04 0.6 0.8 1

Relative heat transfer [-]

Fig. 10 T-Q diagram between the geothermal flow and n-butane in the
evaporator 2
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Fig. 11 Effect of the evaporator 2 temperature on the net output power
for different ORC fluids
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Table 6 Summary of combined cycle optimization results for different
working fluids
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(1) @550 0534

(1) 65,551 023

3.299 3.186 3.233 3.281
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Fig. 7 T-S diagram of the Organic Rankine Cycle
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Fig. 15 Effects of the carbon dioxide cycle pressure ratio on the net
output power for different ORC fluids
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Fig. 18 The rate of exergy destructions in the components of combined
cycle with n-butane as a working fluid
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Table 7 Performance comparison of the proposed combined cycle in this
work with previously systems
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