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Double acting expansion engine simulation performance based on control valve
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ARTICLE INFORMATION 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. 8 gas temperature in both sides of piston based on crank angle

S gl oelal gt Bk g0 58 sles loges 8 S

Seoladge i (plgs (pni -1-9
& bgye coi 4 (bladl j5ige 5lGwl Jlage 6 JS 5 5 S
w9y sl ez ol o5 wase Gl 1) G b 5 ke
€955 9 Vb Sy alali 5l gty 55> b adlioe o515 g 4SS bl
b 30 45 Sgdige i Yo juikew ep0 S JLas G ogy anl
s 53 Lol S oo iy Rl e g a8l aldl ol o (5 paide
B g o959 4> ool a5l ool azlge 205 L o lpen Sy
S e 5l )l S & (02 Bl & @e agmye o8 Sk ol
U gos> ammys oo wiy ooy 5l ojls 92y blucil anlp 0,5
IS 0515 0l 00,5 o Vb Syo dlal 4 gty 45 58 el
B S 5 7 U5 10 005 o0 JooSS UK Zuly 0 9 285 smly>
el 0als oole Hlis jeige 40 g Gl 9 YU sles g jlid ol
Sk b 4 bgio €S gz g (S o 4 bg2ye P uigin
2 Sy b 3 les g )Lid &S Cunlagy S5 93 (al p3 ol
S 3,0 goly S adss s sles 5 ,Lid L8 adss ol s Ll
sloo 5eSils 51 ks wnld loy 25T 50 55 Gloo gty b 50
5 Lod 8,50 40 anad cpl ol jiaS wil oo ol Kl ax )0 218 oS alss
2 sled 5 )Led a4 5k wall e (Sen JB 99,5 Loy o 5B JLaS
0 lge PS03 i b sles g jLad 4 an ]S cpl o (et b

Byl Loy 55 09,9 il 3 £9,0 50 joikow (59,0 3 Jlad (g yuikow o
2SS g9,8 50 5 sleo el JBuly Ko 8.9 ol (Ggtaamy ol 50 5
3 Sl (gl 423 292l Syt B 50 5 280l (g paikew 1B

Lol gzl by CiS ppae LA T SO

(652551 G315 597155 ol Arslone 2.9
Sl oslitul Syg0 55 5ise S (65,551 ST 5 sods Ol jlade 4 Jgoxr
s s (Al 5B Glye 4 ple b oile Jae 3 1wt 90 e
el eolaul e jo elSeusl (g jlade Sgud co cdaline aS jshailes
ot s ) iy Cile 4 58 0955 T8 gy o5 s 4 Sy
el il g pdidew el 50 ey 0y o le ke sl 5o il o
oo 3l oolainl Doy a5 wes e lis pym s o S B jlaae
ool Cdl dy o (6 dtpnd il o 4y 0 Slas (bl 5350 ¢ Syt
2l 27 Loy Ggy b 5o aSoyshy o)l gk ol
el o3ls & 63,551 B (g ik

Sde o oaBly 51 Glge 4 e 38,5 a0 4 4z LS Jeux o
ol zrhe cls 4y dzgi bl o &3l Calisee milie 58 (65,551 S
O 0 y5ige adsd o g 4,355 LS b I8 les g 5lid BDSl 4 by se
BT ik gy ot o 45 amose oli Jsaz ol polie (3
el 5B 09,5 Loy yo BN 51yt CSlye a4y 515 adss yloj 4o (55,55

35

QJSI)I) 3000 2500 2000 1500 1000 500 I)s
above piston ~ ===== below piston

ks 47

6 16
= st 57
g 2
o 4l 1g a2

at 13

2F 12

1 . . . . . . 1

0 500 1000 1500 2000 2500 3000 3500

¥, (em?)

Fig. 5 indicator diagram of expansion engine with spool valve

Gy 5o 5l oolainl b blacdl jgige g5l jloges 5 JSC%

3%500 3000 2500 2000 1500 1000 500 Ds
above piston ~ T7=== below piston
TE o 17
_________ 1]
----- 1
1]
1
6 i 16
1
1
T
i
7St [ 5z
s ] B
g / g
T
2" 4| ! 44
i
’f
ik S 13
J(
P’
{
2 412
1 . . . . . . 1
0 500 1000 1500 2000 2500 3000 3500

v (cm®)
Fig. 6 indicator diagram of expansion engine with piston valve
gy ol oolatl b olucl jgige e5lSoil Jloges 6 JSCi

2 oplaids 17 093 1396 i)l (wrde Suilke wdiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.2.14.6
https://mme.modares.ac.ir/article-15-2685-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-03-29 |

[ DOR: 20.1001.1.10275940.1396.17.2.14.6 ]

63LT cia puxe 9 3,5 Ailj b Sgexo

OB a8 )3 9 SIS b £93 43 Aagi Ly Ad b 93 bluusl gige 3,55 S5lw duudd

[22] o) cdlises bl 515 oS 5 6 Jgur
Table 6 gas composition in several Iran’s refinery

OlF @mls 4 Jgax
Table 4 power results

E/) Sy oy . I S5
ool oS oS F Ol Sl
87 90.04 94.21 98.6 CH,
5.4 3.69 2.25 059 C,H,q
17 0.93 053 0.09 CsH,g
03 0.2 0.36 0.02 iso — CyHyq
0.45 0.29 0 0.04 n — CyHyo
0.13 0.14 0.26 0.02 iso — CsHy,
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

o Jizie (el (65,381 S (55551 S gilSnsl lgs pslie 7 Jgar
Table 7 indicator power, exergy destruction, exergy transfer

N (%) E,(kW) [ (kW) Wi (kW) h £ ol
85.3 207.7 20.3 177.1 &k
oSl
72.8 374 97.6 272.2 reown
87.2 207.8 16.8 181.2 &k
. oS
72.7 374.2 99 271.9 TSI
88.2 207 14.7 182.6 &k _
oS
72.6 373.7 99.4 271.4 reown
90.2 205.7 10.9 185.4 & ydidens L
o0k
72.4 373.4 100.2 270.3 TSI ?

s als anld gyt s el (anie 9 ISl a5 shiles
ool ol VL Luls o (bladl jgise caai jgo o 5 JLid (5 paile
5 oS5 S ol S g 05 wals I 050 (g e e Sl (p9i
55 55 450 £, 55 L S pslia Sl i 4 oSS
Sobe 4 by pS15 anl Gloml o ol oRaVL o 58 JLad &S s
gy sl 5,55 5 jlake nyeS S1 5 009wl S £9,5 5

Sey9 vl ey 5o 5B Gles cul atie 10 JSS laS jshiles
G S S5 5 ol wms lS 5 JySlse e il L S5
I 0yl e el kil s 5 sles & (g (pa b
sl 553 52 slod (ka8 3l 4l wi b 0 g e (e

8 T T T T T
methane
- khangiran |

. (MPa)

P
.
T

1 L L L L L
0 60 120 180 240 300 360

o(deg)
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Fig. 11 gas pressure in several gas composition in piston valve
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