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Double acting expansion engine simulation performance based on control valve
type and gas composition
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ABSTRACT

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
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. 3 shematic of Spool Valve in double acting engine
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Table 3 timing results

6,=66 6;=180 6,=323 .
0 i e &5)‘3“1#‘):*“
6.=101 6;=140 6,=320
S, =25mm

Q ooles 49 093 4999 (3305 98 (I3 SBlle Swliye

A T CEEETETETEICIITCECCrSUeRes
PSS

i
H
H
\
\
J
R
R
ik
R
q

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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Table 6 gas composition in several Iran’s refinery
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Table 4 power results
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0.45 0.29 0 0.04 n— C,H,,
0.13 0.14 0.26 0.02 iso — CsHy,
0.11 0.08 0 0.02 n— CsH;,
0.07 0.14 0.17 0.07 n— CgHyy
0.03 0.01 0.18 0 cf
31 4.48 1.9 0.56 N,
1.85 0 0.14 0 co,
18.7129 17.794 17.342 16.3164 M,
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Table 7 indicator power, exergy destruction, exergy transfer
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Fig. 9 gas pressure in several gas composition in spool valve
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Table 5 exergy loss results

M (%) I (kW) Iq (kW) Is (kW) 1 (w) R EP
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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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Fig. 17 exergy efficiency based on pressure ratio
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Table 8 validation data
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