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Replacement of expansion valves which are used in natural gas pressure reduction stations, with
expansion engine, to recycle wasted energy to generate electricity is the main objective of this study. In
these engines, ports are used for inlet and outlet of the gas. Control valve geometry set on these ports

Available Online 22 January 2017 has a great impact on performance of this engine. In this research, simulation and optimization of the

optimum opening and closing time of these valves according to two types of valve, piston and spool
valves, to maximize the Exergy Efficiency has been done for the first time and Genetic Algorithm is
used for this optimization. Simulation has been conducted with regard to the composition of gas
stations. AGA8 standard is used to calculate the thermodynamic properties of natural gas.. For
optimization constraint of having no back flow has been applied. Results showed that exergy
destruction due to outlet processing in piston valve and due to inlet processing in cylinder valve is more
than other destruction sources. Overall, engine with cylinder valve has better performance than engine
with piston valve. Variation of supply line pressure showed that engine with cylinder valve could not be
used in inlet pressure of 30 bar, because the engine does not produce power.
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Fig. 4 shematic of Piston Valve in double acting engine
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Fig. 7 gas pressure in both sides of piston based on crank angle
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Fig. 8 gas temperature in both sides of piston based on crank angle
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Table 6 gas composition in several Iran’s refinery
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Table 4 power results
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ol oS oS F Sl
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011 0.08 0 0.02 n— CHy,
0.07 0.14 0.17 0.07 n — CgHy,
0.03 0.01 0.18 0 cF
31 4.48 19 056 N,
1.85 0 0.14 0 co,
18.7129 17.794 17.342 16.3164 Mw
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Table 7 indicator power, exergy destruction, exergy transfer
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oSl
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. oS
72.7 374.2 99 271.9 TSI
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Fig. 9 gas pressure in several gas composition in spool valve
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In (KW/kg) Wi (KW /kg)  (kg/s) W, (kW) R EP
451 1899.3 0.58 175.1 & i

1237 1735 0.99 271.7 P

5,51 S @S 5 Jguxr
Table 5 exergy loss results
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Fig. 12 gas temperature in several gas composition in piston valve
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Fig. 13 indicator power based on pressure ratio
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Fig. 10 gas temperature in several gas composition in spool valve
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b s g azi L 55,581 oo, 17 JSC

mb‘@oJ)JW&&pb)yywo)ﬂ&MPJwb
Aol e BB aliSee baylyd 4y am i b jeige (o azy o suis olej

=W mwlael -10

2BislesT slaools b oael Coway gl e jlael Ban isy ol jo
B (Bl j5ign 50 15 o8 Al o Copml JB 555 (ol 55 il oo
Slasdlas 5 30w G b 5 (Lid IS mlio jo colatdl
e sleule o wBl 48,5 Sjg0 (idod oa ST 5 Sl 48,55 O 90
S5 Gl ygige pdai olSiws ol 8 Slee bl a5 il 5l .ol oais 1))
3 el Candy [l jloges saesls il o yo colaiul 590
sl Jogei bt itk ot 8 ead Jae sledl
ks ST slajarenST S LS s sas &l goae 5 2lKiole;]
aSul ade el a3 318 alie 050 [23] [y glp iS5 23,
Al oo ol cl a8 3 18 avglae 0590 5t g5l b ool &SIl slaosls
Az 30 oS Sl 0als Jow laisS 4 axdllas 550 49390 (LSl jo aS
Sl ik y30l555 50 (alaazys 5 Cod (S 0 30 ) @ 5 9958
8 2> 5 S509 4mmy adly o el oad W8S I o by adss
Jao JolS 5 2l 5 0,5 gile o ol 5550 il 3 el Sglii
onis Blod (295 9 (63959 39 b Sl SiS p g 9 0ad (3le
30 olS pl yo a3 S 18 dsdllas 550 Ly j5ige owiis glaosls ol
Gl el oonlie B 18 S 5l a5 jelailen .ol ool 451,18 Jgu
50 egadty olS 0 oad al)) lassls b sasl Casay sldesls fpu o9

2518 0925 @515 5 adss ol glaasy T8

e Jlasl glaosls 8 Jeus
Table 8 validation data
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