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cycle with parabolic trough solar collector

Koroush Javaherdeh’, Reyhane Rabie, Mohammad Zoghi

Department of Mechanical Engineering, University of Guilan , Rasht, Iran
*P.0.B. 1841, Rasht, Iran, javaherdeh@guilan.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Considering the daily increase of consumption and expense of nonrenewable energies such as natural
Received 07 August 2016 gas and electricity, application of clean and renewable energies such as solar thermal energy nowadays
Accepted 03 December 2016 is highly considered. In this research, at first, simple steam Rankine cycle and two different

Available Online 25 December 2016 configurations of combined steam and organic Rankine cycles with parabolic trough solar collector as

heat source are simulated from energetic and exergetic points of view. First configuration was basic

IC(Z;:;;ZE steam and organic Rankine cycle steam Rankine cycle with parabolic trough solar collector (PTSC) as heat source, and other
Parabolic trough solar collector configurations of the combined cycle worked as follows: In the second configuration (combined cycle
Exergy with intermediate heat exchanger), with the increase of steam condenser pressure, heat dissipation in
Parametric study condenser is used as heat source for bottoming organic Rankine cycle and in the third configuration

(combined cycle without intermediate heat exchanger), reduced-temperature solar fluid moving output
of steam Rankine cycle acted as the organic Rankine cycle heat source. Simulation results in the basic
input state show that third configuration has the maximum amount of work and irreversibility and
second configuration has the minimum amount of work and irreversibility which, in this case, increase
in the steam cycle condenser pressure leads to the reduction of work of combined cycle with
intermediate heat exchanger, even lower than the simple steam cycle. On the other hand, second
configuration has the maximum solar energy and exergy efficiency among three configurations which is
due to the reduction of collector area required in this configuration.
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Fig.2 Schematic diagram of combined cycle with intermediate heat
exchanger: configuration 2
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Fig.3 Schematic diagram of combined cycle without intermediate heat
exchanger: configuration 3
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Fig.1 Schematic diagram of steam cycle: configuration 1
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Table 2 geometric parameter of collector
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Table 3 Validation of present simulation for ORC

Ex(kW) Ex(kW) )
. e oole oleds
[17] gz ol b
22585 22655 R123 8
5861 5922 R123 9
295.9 300.5 R123 10
565.8 570.6 R123 11
0 0 < 14
927.1 967.5 <l 15
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574557 571464 pguda 3
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Table 4 Validation of present simulation for PTSC
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b Sl SR s 359 L S
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min
0.691 0.702 54.7 269.4 250.7 26.2 909.5
0.664 0.679 55.5 316.9 297.8 28.8 937.9

0.678  0.689 55.6 317.2 299 275 880.6
0.617  0.623 56.8 398 379.5 29.5 920.9
0.622  0.638 56.3 374 355.9 31.1 903.2
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Table 7 result of simulation for configuration 3 with different organic
fluid in ORC

Liot(W)  Ticortor(EW)  Tlexsun (%) Wt (kW) A(m?) STl
119017 36530 0.21 25078 170441  cyclohexane
124388 38105 0.204 25249 176286 n-heptane
126368 38504 0.204 25502 178501 n-hexane
122536 37717 0.205 25040 174239 n-octane
142267 42238 0.198 27304 196885 n-pentane
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Fig. 7 Effect of steam evaporator temp on work output of configuration
l1to3
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Assumptions and input
parameters from Table 1

A 4 A 4

Solve Egs 7-11
in solar collector

Solve energy and
mass conservation
equations (Egs. 1.2)

‘. l

Calculate thermodynamic
property and Exergy in
different points (Egs 6)

Calculate energy efficiency
(Egs 12) and heat transfer in
collector

Calculate exergy
destruction in
components (Egs 3)

Calculate Area and Exergy
destruction in collector (Eqs 13-16)

v
Calculate power
) in pumps and
< 3
turbines
v

Calculate total energy and
exergy efficiency of
system

Fig 6. Flochart of present simulation
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Table 5 result of simulation for configuration 1

Itot(kW) Ist oftot(kw) Nex,sun (%) Wnet(kw) A(mz)

83052 25917 0.228 19937 124855

calizes ST @Yl 5l ool b asly (59955 <l 102 gae S s 6 Jous
QT Sl S 5o

Table 6 result of simulation for configuration 2 with different organic
fluid in ORC

Ttot (kW) Ist,of,tot(kw) Mex,sun (%) Whet (kW) A (mZ) g;l JL‘-“"
76142 23980 0.238 19279 115407 R245fa
76588 24426 0.234 18900 115407 R134a
76161 24000 0.238 19254 115407 R600
75924 23763 0.242 19537 115407 R141b
76354 24193 0.237 19154 115407 R152a
75860 23698 0.242 19584 115407 cyclohexane
76098 23937 0.239 19301 115407 n-pentane
76037 23876 0.239 19350 115407 n-heptane
76051 23889 0.239 19339 115407 n-hexane
76021 23859 0.239 19364 115407 n-octane
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Fig. 8 Effect of steam evaporator temp on energy ang exergy efficiency
of configuration 1 to 3
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Fig. 11 Effect of steam condenser temp on energy ang exergy
efficiency of configuration 1 to 3
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Fig. 12 Effect of steam condenser temp on exegy destruction of cycle
of configuration 1 to 3
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Fig. 9 Effect of steam evaporator temp on exegy destruction of cycle of
configuration 1 to 3
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Fig. 10 Effect of steam condenser temp on work output of
configuration 1 to 3
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