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Original Research Paper In this research, ammonia-water regenerative Rankine cycle driven by solar energy with LNG as its heat
Received 19 September 2016 sink in condenser is simulated from the energy, exergy and exergoeconomic viewpoints. A relatively
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c ’ new method is used for cycle to perform in pinch point condition which causes improvement in the
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thermodynamic performance and output power of the system. Also, heat exchangers are simulated by
using heat transfer correlations of shell and tube heat exchanger in detail. The results of base condition

Keywords: . . . .

Solar Energy show the suitable performance of natural gas cycle from the thermodynamic and exergoeconomic points

Ammonia-Water Rankine cycle of view and illustrate the importance of using the natural gas cycle. Solar collector and condenser of

ENG cycle ammonia-water cycle, because of their high cost values, are introduced as the components that should
xergy

be further considered from the exergoeconomic viewpoint. The parametric analysis results show that in
high inlet pressure of ammonia-water turbine the exergy efficiency and the total cost rate of the system
have more suitable values while the net output power of the system decreases. Also, by changing the
ammonia mass fraction, change of output parameters has a complicated pattern. Finally, by increasing
the pinch temperature difference in heat exchangers the decreased amount of the system’s
thermodynamic performance is more than the amount of the system’s economical performance
improvement.
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Table 7 validation of combined cycle simulation

B9 oo oolatul

L SaS O¥olae b oljon caies gliz! )0 anie &5 aijle lallg,
o WS e ol |, a3 <¥olas | slasgee SPECO g, 5l eolicul
¥olee [39] 090 drnlons lapsl 2 plos (53,551 axly ansa bl J> L
S Blizme sl golasdl = 65,55) Jelow 4 bgype (SeS g Lol
[40,39,17] el 0sl 5 Jgaz 1o pol> uios (oS 5

s Sy 65,8 0ok Glule slp Jpaze g S ges iy
a by auie 0byz 5 CSge 4 by ange olbyr yel 4 e
Slp Jyame 5 S g axly Lawgie 458 00,5 (oo piar sl Jyare
1261 oo s (46) 5 (45) L, las s o K o3

Crik
Crx = # (45)
Fk
Crx
CP,k = EJ:’ (46)
Pk
[26] 53,5 oo avlons (47) alad 51 (65,55 u 55 4o
Cgestx = Crx Expx (47)
ey (48) alal) Bllae 2 o o (golanl (65,551 ;5516 colyd o
- (48)
k _——< <
Zy + Cgestx

95 Sl -5
9 651005k ¢ (2P AL g (oS 5 JSem 0,ee Julod pplate 4
g oo dnmlons (B1) b (49) Laly) 5l (oS 5SS JS a0 £

Wnet = (Wt,AW + Wt,LNG) - (Wp,AW + Wp,LNG + Wp,sol)

. (49)
W,
Mox = o (50)
Extcol + Exing
Ctot = Z Zk + Z Cdest‘k (51)

e 9 b -6

a4l b mbi-1-6

Llg) (eizred s p RS 5 Laly; 5 655l 5 py2 (Sl SYolas oS
@ oSS S Wik Gl s golatdl - 65,581 el 4 Lo
T Somo polate ay il j0 05d e (jlwaned EES 33l 5 aliss
obamdh 55,51 Jolot jshaie 4 (oS SVolas g 4o 53l 5 Jguer

Table 5 Cost balance and auxiliary equation for exergoeconomic
analysis

Ex (kW) Ex (kW) ojles
[14] &= Fl> e Ll
4.17 3.77 1
4.26 3.87 2
6.25 6.54 3
30.1 35.8 4
10.2 1411 5

5.9 7.998 6
140.3 112.8 7
140.4 112.9 8
46.1 37.68 9
1.59 0.98 10

S abal, kel alal 354
€13 =1y Ciy + €y = Ciz+ G+ Zeyy 591l

€4 =Cs Cs + Celaw Weaw = Co + Zpaw 1wy

Cg = ¢g Cy+ Cy=Cg+ Cg+ Zeon gdlaus’

Cs = Cg Cot+C3=Cop+ Cs+Zreq <bsb

C, + Cel AW- Wp,Aw + Zp,AW =, 1wy

Cg = C10 Cio + Cerne Weine = Co + Zeing 2 ey

c; = 13-6(%) C; + oW ng + Zping = Cg 2 oy
Crcol =0 Cis = Ciz + Creol EXpeol + Zeol Jracy
Celsol = 10(%) Ciz = Ciy + Cets0iWps01 + Zpysol 3 ey

12 o jlesis 16 095 1395 siiul (e SuilSe wie

740


www.sid.ir
www.sid.ir

Ol § 63 pilga )98

b 5L 4 b 285 9 53k gh 653l I pe b ShigeT- T alails usly S $3Laidl -5, 551 3 )Shac ) 2

Sseter ookl = (65,551 Slate S i 9,Sos w058 o0 s 2l

M o0

Srelyl Julos ~2-6
D8 (69,9 S & Cansd (oS 5 S (75 oyl Corle
s sled 3l i il & Sigel oy S oy 4 5 Sligeb ol
ke S (e 4y Cond Sligel =0l (s (59955 slod 5 pgmilasS
Lalps 5o Slisel =0l o 60905 Sled 5 s5mdlaiS (255 slos
Sl by ogdiee a8 S Sl o cull L ooz Bl s canlio Sl
o S o Sligel =0l Gy 69955 Jlid Sl eyl ple aile
7o Sl p Sl sledane o g sles LS5 Slisel
50k 25 B 10 51 b (99959 HLad Dliedi ogumme 109500 (s
bl Jlw (39 5 358 jsbite 4 Sligel (02 juS jlade JSla>
w5 5 5506 cond ol Jlid eogucme ;o Sligel =l (ys 4 6395
Dy

> oSS S 2er A Ol Sl 4 S8
FE ilizes o> sloyuS j0 Slisel -0l g (63959 Jlid il
Flie o oy ;0 (Brae ol polie (39 72U s 4ol al>dle
S omyg 99 )3 g8 g polie ggemme oyl )3 a9 Ul
ol (1S 5SS JS (295 (A g Dl 00lS Gend (5 5
Ol Syt e 0z Glo S plod o ol (aie 4 S5 514 j5bo e
Slogel =0 ey 52959 JUid Gl b (oS 5 S (29,5 LAl
iy ala ) &5 wblse (medie L Sy 4 A dla Sy gl
3 50 (o la S )39 SVL slaylid )3 Simb (e sla S s
24 YL JLed jo a5 col cplaz g BB aiSS aes o 7y Somb sla,lad
B 28l oS 5 S (255 AL Ul Shisel ey S 0 0
o Lid dand 5 Slosel oz puS Sialidl b aizman 1o (glilisdle
Fom g oom Gl a g, 091 900 oy oS b (295 A Ol
slolas 5 wesoe L alS (o5 e 4 0.99 o S B (]
Oy e Sligal sz 5 Gl L 075 GVl oy 1S 5 0l
o Jedo &5 seo 0 Lt s Glifl oS 5 S (29,5 A
ST 53l ] 85 0351 a5 5 a5 oy S
J5b 4 abl oo o ol edgamme 43 e Jloms (o9 Sy ialidl 515 55
63959 S8 4 S (55 e 2o A Ol ol IS
Foml o S 3 Slisel oz S 5 Slisel =0T (s
5,005 gl alisMo LB Elpiis 0.85 5 5L oy oS 0 5 008y
Ot Sl ( Sy S5l @ Jlew 3, ud Sop s 4 e
4442 | ply oo ol Olpss esguzme o (g LallE oly lade
Sligel =0l Gryss 6099 128 19 5 0.91 (o2 1S 50 45 005 sl
@ bslie Jlw 18, oy 58 0ol o bl gl L 1421
10 Bl il il s 45 ond oy g S5 w5,
5 JS 65,551 o33k Rl s 55 (65,551 B SRl 09 S o0 e
abais (ol ;o 85 59k 4 09l o0 e U5 (63,55 55 an e Sl
1525 L ly i JS 4z 9 0135 L ol JS™ (65,551 003b olime
b oo el yYo

8 SRl e (oS S (55,551 003k Dlpess B IS o
el ali>do BB alisee oy sl S 0 Sligal -0l i (59959

741

il e 0155 IS (65,551 o3l 5 lslSe 3852 qiens s 5 LAlS
S sln @olatdl =655 @l sonmaglas 9 Jaa Ll 5o
23S g SIS Al akie 9 Jouz 4 axg bl oS S
390 gobamdl = (65,551 Sl 5l o 5l i Wb Sligel -0 JSow
Lol ol & 3l Zc+Cpi ke oyt 097 35,5 )3 a2g
Joee 9 59uilaiS gl nlyl Caslay Jgaz 5l oS jobples uizen ol o
4 polis aibioe Lo ) golaidl - (65,551 ;o1 jlade opeS objL
0P8 Cod a5 Cel pme pl 4 eal 53 sl Glp esw] Cawo
"G5 LSl rals fel a5 sog e oll cwld 65,55
4 @l Cwed (Bl (IS 5o Dl iz 090 )3 09h o0 oLl
o ;5 390 (nl 35doe drog (65,51 u B e 28l sl
Cead Gl 4 i ) S Jame Colas Gl absgty 5>
5) Sl Jae 55 Les DS fal5 S 55w 315 (055000 O] 2
Bedee Bie (83,50 ) Joes 0 spilaSy palf 4 e
2 g by oo adg (SO S 65, axly anse Jlade e
76.081 polie oiyi @ aly Sl o ol 5 5 Shigel -0 S
&5 axly anse sl JoSS Yo 25.36 5 JgilsS Ve
Jedo 0 et el [22] &y Aoy b 35 udys (SNl
S 30 T og a8 g 005 008 wlg (sla JSew (solaidl - (5,557
#@wljlﬁjgwdwlwy@hmagwﬁga}lf
el 53 BB Lol jo w0 ls Shigel =m0l s 4y G (g2 0 Shes
Soy 249 oS5 SIS lp olatdl - (65,551 )5S IS jlade a5
39 e 4y do 0 101 aS el pl saies las lade cplall e
L lizl gon B 4 a0 dlie (63)551 a5 b Bl anje il
ayp Gl 655 e ause alS a4 e a5 YL Ced

=55 S (55,551 5 555 B 8 Jaux

Table 8 Energy and exergy results for combined cycle

Nex  Exp(kW) Ex,(KW) Exp(kW) Wi QW) oKiws

0.4045 8712 5919 14631 10919 pecity
04723 3123 279 5991 10919 L5l sl
0.829 349.4 1693 2043 1693 L ey
0.181 258 57.04 315.1 1785 bk
0.1117 5030 505.3 4525 9241 JYNREL 1
06728 5053 10.39 15.44 15.44 L any
07419 8102 2329 3140 2329 2 oy
02127 1219 32.94 154.8 154.8 2 o

s 5 S gLt (65,551 s 9 Jguar
Table 9 exergoeconomic results for combined cycle

) 6 el o s
0.4045 180.2 265.2 8.455 0 L5iSls
00376 3804 9.7 18.332 8.48 MK
0.3757 43.28 71.91 76.081 57.192 1 aye
0.01267 0.6815 53.12 319.157 57.192 k_JlA)L)
0.0074 1.882 254.2 126.69 14.035 )9..“.5‘&45
0.2807 0.54 1.384 127.524 76.081 1oy
0.5693 54.11 40.94 25.368 14.035 2 )9
0.2347 3.415 11.13 148.051 25.368 2 ey

12 oplads 16 053 1395 siawl LA Adslcs sbdid


www.sid.ir
www.sid.ir

Ol 9 63 yilga )98

b 5L 4 b 285 9 s3ubgh 653l I e b ShigeT- T alail psly S $3Laidl -5, 551 3 )Shac ) 2

Janse g (295 A Gly abs Gl o adl e sl L 25 Ll
@p)oWdMlewngA?@u@@&b
P Gl 4 dily o5 wilie (65,551 w0 auze 4 by S
A S s JS a3 Ol W)l (oS S JSe 0 65,55
MlS” Sligal oz ;8 5 Sligel =0T oy 3509 S8 Sl
@ A bodboe pteew J5 s pdb i ib Olass &g, L alie
Cod S a3 Slyoss (ol ooy Gy [0 a5 sl aine 6 S
e o ol (Vb Sl SLigel =0 (g5 (59955 L8 Silil 4
ok 4ol uad pkels &gy YL eym Gl S o aS s o
4 ymie Sligel oy S Gl (astine croye (6999 JLad ST e
sl g a8 sl Lt o ialdl gl 4 ead JS 4tz iyl
2 s (295 s yall (59, 1) Ee slos DS BT S
Olis S 18 L ol Sligel =0l (ryei (5999 Jlid 5 0.8 oy S
auie oelplsl 0wy gles IS I3l L 8 S 4y azgi L om0
6 sg90> oy @ 90 2 (oSS SN (795 A OIP 5 et IS
@ o9 5 i g5 el Sl e blaass oo plis el wss
I3 g8l 5 e B b L IS (55,587 a5l olian o
Py s IS 450 099> U loi o g5l nlsl jo ain (sles LS

1800 ——m8M8 ™ ——————4—————r—— 71— —7—— 1

. -O~x=0.65

u —{-x=0.75

7o F ——x=0.85]

r —X-x=0.95

1600 E

1500 E

% r ]

=~ 1400 3
8
-

1300 &

1200 E

1100 &

1000 E | L | L | L Il L | L 1 L Il L | :

10 12 14 16 18 20 22 24 26
AW turbine inlet pressure (bar)
Fig. 6 Effect of ammonia-water turbine inlet pressure on total cost rate
of the system

s S 4038 755 S35 5 Sbigal Ol (rmye5 (539,95 JLid 516 S5

0.155 ——4300
all HXs eva ]
F —O-7ex =O-7ex 7 3900
| e -0 Wa 1.
015 g =l 3500
1 =
- —H31002
. ] 3
£ 1, ©
0.145 | Omes=Qr=m==Q-----O-==--O====Or===-O==== O--=--0----0 42700 -
g =
g x
- —{2300 =~
] N
0.14f- 1900
- 1500
i A ) SRS G S A=t ]
0.135 L L | L | L | L | L | L | L 1 L | L L] 1100
5 6 7 8 9 10 11 12 13 14

ATy (K)
Fig. 7 Effect of pinch temperature difference on output parameters

797 sl 69) » g los DS ST JSB

12 o jlesis 16 095 1395 siiul (e Suilse wie

oz S GRlBl L pasie jlid e o IS b 4 5SS Gillae
a3 e Lt 2Rl Gy S P S (65,551 003k Dl s Sligel
Dgy ool el Faal 075 (VU w0y oS o Sl ol &5
s 41 5935 S 5,55 £ amg W6 Gl 5 2 als
Sl 4y b eandys> 69959 65,551 ¢ A6 all; sk ailb e
E5 9 Sl Gaedyer Sl LS 9y9e gl @b eyl ple o
Ol Jbw (0 (@0 @b kS ot ple (b S 6099 65,551
Ol Sl 150 (65,55 003k Ol s 5l (slodes Caond @Blg jo 0l oo
Slpss bl 0y (20 Olpess o5 col (S8 LB Lcwl gLl g0
SIS 5L 850 e St 5 col Sligel ~0l Sl (o 20
Sz ety Jw sbod (9 Sl 4 axg b S sand e
Sladliee KIS 4 (60959 Gt ye> Jlow Slos Sliss b SIS
o9 JLad SRl bl (asie 5 IS Gl as jsbiles K0s g5
ORIl 4 5y (55,551 eajl et oz puS 5o 50 Shisel =l (s
69559 JLad Dlpsd 4y Sl (S 5 S (65,551 003k ol 5 o
e ol i VL ayz (6l S 50 Slisel sy S 5 s
0.164 L 5l oo ob &lyss 05gamme 10 giwaw S (55,51 05 jlade
Sligel =0l 55 63959 Jid ;0 9 0811 oz juS 0 &5 wil e

4400 E
4300}

4200F E
__4100f

T
1

TTTTTT

=
<4000

.= 3900F

TTTT

3800

TTTTT

3700

TTTTT

3600

3s00bt 00000
10 12 14 16 18 20 22 24 26
AW turbine inlet pressure (bar)
Fig. 4 Effect of ammonia-water turbine inlet pressure on total net
output power of the combined cycle

IS 29,5 Al G5 S 59, 2 Slisel =0l comyss (63959 5Lad 514 Y&
S5

T

sl bl

Loy

salinig

saliny

FAEETL

onsb—— )

10 12 14 16 18 20 22 24 26
AW Turbine inlet pressure (bar)

Fig. 5 Effect of ammonia-water turbine inlet pressure on exergy

efficiency of the combined cycle

=5 5 S (65,51 033l (595 » Sligal =0l 5 (59959 5128 315 JSb

742


www.sid.ir
www.sid.ir

Ol § 63 pilga )98

b 5L 4 b 285 9 53k gh 653l I pe b ShigeT- T alails usly S $3Laidl -5, 551 3 )Shac ) 2

applications, Renewable and sustainable energy reviews, Vol. 20, No.1, pp.
103-118, 2013.

[2] F. A. Al-Sulaiman, Energy and sizing analyses of parabolic trough solar
collector integrated with steam and binary vapor cycles, Energy, Vol. 58, No.
C, pp. 561-570, 2013.

[3] Y.-L. He, D.-H. Mei, W.-Q. Tao, W.-W. Yang, H.-L. Liu, Simulation of the
parabolic trough solar energy generation system with Organic Rankine
Cycle, Applied Energy, Vol. 97, No. 1, pp. 630-641, 2012.

[4] M. Ashouri, A. M. K. Vandani, M. Mehrpooya, M. H. Ahmadi, A.
Abdollahpour, Techno-economic assessment of a Kalina cycle driven by a
parabolic Trough solar collector, Energy Conversion and Management, \ol.
105, No. 1, pp. 1328-1339, 2015.

[5] O. Behar, A. Khellaf, K. Mohammedi, S. Ait-Kaci, A review of integrated
solar combined cycle system (ISCCS) with a parabolic trough technology,
Renewable and Sustainable Energy Reviews, Vol. 39, No. 1, pp. 223-250,
2014.

[6] J. Roy, M. Mishra, A. Misra, Performance analysis of an Organic Rankine
Cycle with superheating under different heat source temperature conditions,
Applied Energy, Vol. 88, No. 9, pp. 2995-3004, 2011.

[7] M. Imran, B. S. Park, H. J. Kim, D. H. Lee, M. Usman, M. Heo, Thermo-
economic optimization of Regenerative Organic Rankine Cycle for waste
heat recovery applications, Energy Conversion and Management, Vol. 87,
No. 1, pp. 107-118, 2014.

[8] J. Roy, A. Misra, Parametric optimization and performance analysis of a
regenerative Organic Rankine Cycle using R-123 for waste heat recovery,
Energy, Vol. 39, No. 1, pp. 227-235, 2012.

[9] T. Li, J. Zhu, K. Hu, Z. Kang, W. Zhang, Implementation of PDORC
(parallel double-evaporator organic Rankine cycle) to enhance power output
in oilfield, Energy, Vol. 68, No. 1, pp. 680-687, 2014.

[10] X. Li, C. Zhao, X. Hu, Thermodynamic analysis of organic Rankine cycle
with ejector, Energy, Vol. 42, No. 1, pp. 342-349, 2012.

[11] T. Ho, S. S. Mao, R. Greif, Comparison of the Organic Flash Cycle (OFC) to
other advanced vapor cycles for intermediate and high temperature waste
heat reclamation and solar thermal energy, Energy, Vol. 42, No. 1, pp. 213-
223, 2012.

[12]J. Wang, Z. Yan, M. Wang, Y. Dai, Thermodynamic analysis and
optimization of an ammonia-water power system with LNG (liquefied
natural gas) as its heat sink, Energy, Vol. 50, No. 1, pp. 513-522, 2013.

[13] K. H. Kim, H. J. Ko, K. Kim, Assessment of pinch point characteristics in
heat exchangers and condensers of ammonia—water based power cycles,
Applied Energy, Vol. 113, No. 1, pp. 970-981, 2014.

[14] K. H. Kim, K. C. Kim, Thermodynamic performance analysis of a combined
power cycle using low grade heat source and LNG cold energy, Applied
Thermal Engineering, Vol. 70, No. 1, pp. 50-60, 2014.

[15] Y. Song, J. Wang, Y. Dai, E. Zhou, Thermodynamic analysis of a
transcritical CO 2 power cycle driven by solar energy with liquified natural
gas as its heat sink, Applied energy, Vol. 92, No. 1, pp. 194-203, 2012.

[16]J. Wang, J. Wang, Y. Dai, P. Zhao, Thermodynamic analysis and
optimization of a transcritical CO 2 geothermal power generation system
based on the cold energy utilization of LNG, Applied Thermal Engineering,
Vol. 70, No. 1, pp. 531-540, 2014.

[17] M. Mehrpooya, H. Ansarinasab, Advanced exergoeconomic evaluation of
single mixed refrigerant natural gas liquefaction processes, Journal of
Natural Gas Science and Engineering, VVol. 26, No. 1, pp. 782-791, 2015.

[18] A. Vatani, M. Mehrpooya, A. Palizdar, Advanced exergetic analysis of five
natural gas liquefaction processes, Energy Conversion and Management,
Vol. 78, No. 1, pp. 720-737, 2014.

[19] M. R. Gbmez, R. F. Garcia, J. R. Gomez, J. C. Carril, Review of thermal
cycles exploiting the exergy of liquefied natural gas in the regasification
process, Renewable and Sustainable Energy Reviews, Vol. 38, No. 1, pp.
781-795, 2014.

[20] N. Shokati, F. Ranjbar, M. Yari, Exergoeconomic analysis and optimization
of basic, dual-pressure and dual-fluid ORCs and Kalina geothermal power
plants: A comparative study, Renewable Energy, Vol. 83, No. 1, pp. 527-
542, 2015.

[21] F. A. Boyaghchi, P. Heidarnejad, Thermoeconomic assessment and multi
objective optimization of a solar micro CCHP based on organic Rankine
cycle for domestic application, Energy Conversion and Management, Vol.
97, No. 1, pp. 224-234, 2015.

[22] F. Mohammadkhani, F. Ranjbar, M. Yari, A comparative study on the
ammonia-water based bottoming power cycles: The exergoeconomic
viewpoint, Energy, Vol. 87, No. 1, pp. 425-434, 2015.

[23] M. Khaljani, R. K. Saray, K. Bahlouli, Comprehensive analysis of energy,
exergy and exergo-economic of cogeneration of heat and power in a
combined gas turbine and organic Rankine cycle, Energy Conversion and
Management, Vol. 97, No. 1, pp. 154-165, 2015.

[24] M. Fallah, S. M. S. Mahmoudi, M. Yari, R. A. Ghiasi, Advanced exergy
analysis of the Kalina cycle applied for low temperature enhanced
geothermal system, Energy Conversion and Management, Vol. 108, No. 1,
pp. 190-201, 2016.

[25] K. H. Kim, C. H. Han, K. Kim, Effects of ammonia concentration on the
thermodynamic performances of ammonia—water based power cycles,
Thermochimica Acta, Vol. 530, No. 1, pp. 7-16, 2012.

[26] A. Bejan, G. Tsatsaronis, Thermal design and optimization, pp.405-462, New
York: John Wiley & Sons, 1996.

[27] S. A. Kalogirou, A detailed thermal model of a parabolic trough collector

743

Al Ol el e als pl Ll sls mals el (65,551 005k
B T BT T I e Y g S
@ plees JS a5e (S Joee a2 0 i les DS plojen
adgl anze mals 5l ol a5 wb e GialS (ao)s 3.6 s905) oS jlade
Ao bliaislge ol & bgrye 450 5 pi U5 65,551 58 S5
S5 6hS esk e e (295 A OlE sae,n D S
Gl alple b 2l 0oy 21 Gle @ 55 oS5 JSe
S8l o &5 (glde A Jow dw oy i sles BB lojes
s J5 a0 ol Sl 098 oo (oS 5SS (Snlindga i 0 Shoe

D0,5 o5

&5 o =T
S b S 5 50 4 Sligel =0l Qs (50, S iz ol o
28,5 18 addllas 550 5 (giluaned (5 adgs pslaie 4 b SIS
SIS i oy g3, W S 4l o gl -
650551 DU gome &5 aBloo sl nlsl 5 jguiloiS ()
Lol s JS" a3 50 1 (SloniaST el (25 552 Al o
&l b 5 60555 65,55 Olie 45 0D aRie S s
B S (29,5 Ol Grimren 5 31 (e JB e oad
@ Coedl oS ol Sligel =0l e 5l i o)lsen (b
A Gezred jlege patie |y gk 8 S 658
S & o gl S5 S > 5338 52 250 55, a5y
35 IS i 0, Slas onips lid &S Cawl oS Sligel -l
Ao bl Jowe 50 0dlige golasl - (55,551 Jlais 5l gl
i 590 Shee 35t 2 0gdle 0Ly 93 ok sles S
4.9 L5 o 555k 4 0w (s BB i Sl S 4o
Dgdee Jold | pinpns JS a3 5l s
A Gy ke it o ol ol gl o -
S Jo o bl 3l 0.91 (o2 1S )3 v (255
slie (o2 7S ol )3 i S 4 3a 5 (65,55 033 e
Sode ;0 sy S (gao 0 10 dgum palS Ll oewlis
425 L plp Sligel =0T (ryg 59955 )i y0 5 0811
abadi (pl 3 4 Sy eelsS s (53,551 0050 ke o i
Ol 2ol wo s 25 a0l alali 4y S pie JS 430
2006 Gl 4 Lid (255 A Gl a8 Jl 0 s
mol Gy (69959 JLid 39 o0 leiin (ulply b halS
7o A Oly pSeda (el i o5 oo b Sligel
R
O, les a5 Wl asein g b BB Sl cwyn b Ll o -
e oS g sles DS 0 (Seludga i Sl ] s
F o g sl S B LS s wile
slod B Grolidl 5 b 4.0l o0 R0l (5 l0ie pncs
@ pler JS5 ange a5 polaie 4 (Sl oo 50 me
syt Sl S 5 S (Salizsgas o Slac <l s

&xlo-8
[1] F.Cabrera, A. Fernandez-Garcia, R. Silva, M. Pérez-Garcia, Use of parabolic
trough solar collectors for solar refrigeration and air-conditioning

12 oplads 16 053 1395 siawl LA Adslcs sbdid


www.sid.ir
www.sid.ir

Ol § 63 pilga )98

b 5L 4 b 285 9 53k gh 653l I pe b ShigeT- T alails usly S $3Laidl -5, 551 3 )Shac ) 2

Chemical Engineering: Chemical & biochemical reactors & process control,
pp. 640-750, London: Elsevier, 1994.

[36] A. M. Elsafi, Exergy and exergoeconomic analysis of sustainable direct
steam generation solar power plants, Energy Conversion and Management,
Vol. 103, No. 1, pp. 338-347, 2015.

[37] P. Kurup, C. Turchi, Parabolic Trough Collector Cost Update for the System
Advisor Model (SAM), NREL (National Renewable Energy Laboratory
(NREL), Golden, CO (United States)), 2015.

[38] F. Mohammadkhani, N. Shokati, S. Mahmoudi, M. Yari, M. Rosen,
Exergoeconomic assessment and parametric study of a Gas Turbine-Modular
Helium Reactor combined with two Organic Rankine Cycles, Energy, Vol.
65, No. 1, pp. 533-543, 2014.

[39] A. Lazzaretto, G. Tsatsaronis, SPECO: A systematic and general
methodology for calculating efficiencies and costs in thermal systems,
Energy, Vol. 31, No. 8, pp. 1257-1289, 2006.

[40] M. Sadeghi, S. Mahmoudi, R. K. Saray, Exergoeconomic analysis and multi-
objective optimization of an ejector refrigeration cycle powered by an
internal combustion (HCCI) engine, Energy Conversion and Management,
Vol. 96, No. 1, pp. 403-417, 2015.

[41] V. E. Dudley, G. J. Kolb, A. R. Mahoney, T. R. Mancini, C. W. Matthews,
M. Sloan, D. Kearney, Test results: SEGS LS-2 solar collector, Sandia
National Labs., Albuquerque, NM (United States), Appendix D, Page D-6,
Table D-1, 1994..

12 o jlesis 16 095 1395 siiul (e SuilSe wie

receiver, Energy, Vol. 48, No. 1, pp. 298-306, 2012.

[28] R. Forristall, Heat transfer analysis and modeling of a parabolic trough
solar receiver implemented in engineering equation solver: National
Renewable Energy Laboratory, 2003.

[29] D. Tempesti, D. Fiaschi, Thermo-economic assessment of a micro CHP
system fuelled by geothermal and solar energy, Energy, Vol. 58, No. 1, pp.
45-51, 2013.

[30] A. Rovira, M. J. Montes, F. Varela, M. Gil, Comparison of heat transfer fluid
and direct steam generation technologies for integrated solar combined
cycles, Applied Thermal Engineering, Vol. 52, No. 2, pp. 264-274, 2013.

[31] S. A. Kalogirou, Solar energy engineering: processes and systems, pp. 49-
110, London: Elsevier, 2013

[32] S. Kakac, H. Liu, A. Pramuanjaroenkij, Heat exchangers: selection, rating,
and thermal design, pp. 283-343, London: CRC press, 2012.

[33] A. Kheiri, M. Feidt, S. Pelloux-Prayer, Thermodynamic and economic
optimizations of a waste heat to power plant driven by a subcritical ORC
(Organic Rankine Cycle) using pure or zeotropic working fluid, Energy, VVol.
78, No. 1, pp. 622-638, 2014.

[34] Y.-Z. Wang, Y.-X. Hua, H. Meng, Numerical studies of supercritical
turbulent convective heat transfer of cryogenic-propellant methane, Journal
of Thermophysics and Heat Transfer, Vol. 24, No. 3, pp. 490-500, 2010.

[35]J. M. Coulson, J. F. Richardson, D. G. Peacock, Coulson & Richardson's

744


www.sid.ir
www.sid.ir

