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adding booster stations on natural gas pipelines to increase the effi-
ciency of the natural gas transmission.
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Abstract:

Where this study showed the extent of the difference in the quantities of nat-
ural gas that can be transported by pipelines with diameters located within
the range (10-30 inch) and within specific and fixed operating conditions
related to a reference case currently in place, and then this study presented
several proposals to ensure the arrival of these quantities corresponding to
each diameter. For the pipelines within the previous field to the final investor
with the required pressure, these suggestions were as follows, either it is suf-
ficient for one booster station to be placed at the beginning of the line and to
secure the arrival of a fixed quantity of gas with the required pressure at its
end and through a specific diameter fixed along the line, or by distributing a
number of booster stations along this line. Each time the gas reaches it, these
stations raise its pressure to a constant inlet pressure that secures its arrival to
the next station with a constant exit pressure that is the same as the pressure
required at the end of the line. These stations are separated by fixed distanc-
es ranging between 50-150 km.

For each of the suggestions presented by the research and for each pipe di-
ameter within the range (10-30 inch), and through a computer program cre-
ated by the Excel program, all the components of the traditional booster sta-
tions required by the compressor's capacities, and the driving mechanism of
these compressors represented by a leading gas turbine were studied. With
the study of the full characteristics of this turbine from the specific work of
the compressor, the turbine, temperatures, fuel expenditure and other charac-
teristics of this turbine, in addition to studying some applications of heat re-
covery added within the stations, which raise the performance of these sta-
tions, and the research showed the changes in the characteristics of the com-
ponents of these stations according to the two variables The two main points
in the project are the diameter of the pipe used for transmission along the
line, and the number of booster stations distributed along the line at equal in-
tervals.

Keywords: Natural gas, Gas pipelines, Natural gas transmission, Natural gas
booster stations, Natural gas compressors, Thermal recovery technologies in
booster stations.
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MW, = ¥ MW
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Composition

@ Vethane (89.22 %)

@ Ethane (551 %)
Nitrogen (2.69 %)

® Propane (1.96 %)

@ iso-Butane (0.25 %)

@ n-Butane (0.19 %)

® n-Pentane (0.07 %)

® n-Hexane (0.06 %)

@ iso-Pentane (0.05 %)

dpall 318 b ‘_,5 bl el clisga (3) Jeadl

MW, = {(28 x 0.0269) + (16 * 0.8922) +

(30 % 0.0551) + (44 * 0.0196) + (58 * 0.0025) +
(58 ¥ 0.0019) + (72 % 0.005) + (72 * 0.007) +
(86 % 0.006)}

MW, = 17.937 g/mol

p = 0.759 Kg/ m3
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Graph
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Latm (101325 Ll b)) g yall & aall .7
KPa)

:([17] , Borgnakke et al.,2012) Ll Z86S lua
bl e a5l alal) lidand) Gy o
Al

P

p= MW * RT
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1] aiaall ssalal) zalindl Bigs gt Aalad) Arsyhally sk L @ai¥) JBE sy i) gads S 85 (1) Jsad
Jeans @3 Al LA (ya OS el Tasig (2l 500 KM Ll s

500 km
—adall Ll JEUD el e dagd) caliaa)
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10 1,522,210 10 2,406,825 20 4529038
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+323.15 (228) () [(%)% B 1]

N = HP = 835 KW

N =HP = 4.0639( )2.339
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Glaare Cras @iy (3 Jsaall) (10-30 inch) o e

1A ) e eaas (Al Alladl) 1Y1 Al

¥l ol cnn Ll cillaaall b e Jgal) e il (3) Jgaad)
500 Km &all jlua Jgh Jlisb
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D(in) KW
10 280
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16 940
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22 2,133
24 2,667
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e Wil @yt bl all I (7) ISl gl
A Gy Ll pd) Aane & Aglhall Laglgcall
Oana @iy Ol U aglad ol Al gl L
b Basly Lok a8y Aana Sga )3 G (Y1 Al

500 KM sylss Jsha bl canlsl) Jas &l

o Ala U8 3 Lty 5ald e Ay yendl) cilelann)
SRl 38U s 5 Caes ccillaadll aoyss LAl
:([4] Menon,2005) ozl

Glelaivd il Aslas Ao AV Al cillans Gl
JSal @l baaall a8y Gllasa 8 dglladll Lagls il
k|

N = 4.0639 (#) QT (232) (ni) [(E—j)YT - 1]

Ja b Ltlgal) de Uil Clony JEdl Jue e ool
al) (D= 16 inch) i dessas 3eal) JalS sl
) JSaN e dusllaal) Calanal) L 5S35 (8l

3
(y = 1.4,Q = 3.454 “ngy P, = 5000 KPa,

P, = 8000 KPa, T, = 323.15K)
Gl bl vie Z; Tl Jalae il o g
o= Ty = 50°C 8, sl i_s Pa = 6827 KPa

:([3] Mokhatab,2015) J<&ll <l dalaal)
1

, P2*344,400%101.785G
+
73875

Z, = 0.58

Gthall lax_call aie 7, Jliady) doales olainy ag @i
—= T; = 88°C 5y)—all sy Pa = 6827 KPa
Lt daladll

Z, = 0.68

Aald) Clbaaa) sy 1 (Shad) 2525l Gl agiis
rdlaladl) e

7 =

1

1.4-1
8000\ 1.4
323.15(5500) 323.15
362-323.15

N, = 0.94
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mf =mg * mf/a
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r ) J<al) e elsell e 1 Kg U
Qcc
B3
J<a) e @bV Has 8 dliad) Bhall daS ey
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T3-T
Qcc = Cpg ¢ ;CC 2)
Q.. = 845.84 KJ/Kg
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mf =mg * mf/a
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10-30 ) o Lo il Jlae e dabladl eV aled) Gaakay
sle dans IV Alall Gldass s (5 Jsaall) (inch
sl Akl

Mg/q =

L =500 Km

5,000
4,000
3,000
2,000 X
1,000
0

40 30

D (ffch) 1° 0
S iy Aaaal) L dyglhaall Jadgual) deolaiad s (7) JSi
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i)l Job Ao cillnae 109 4 agiy cosY) shd cuuay

125 km 50 km
D(in) kw D(in) kw
10 561 10 887
12 897 12 1,418
14 1,334 14 2,109
16 1,881 16 2,973
18 2,546 18 4,026
20 3,338 20 5,278
22 4,265 22 6,744
24 5,334 24 8,434
26 6,553 26 10,361
28 7,927 28 12,534
30 9,465 30 14,965

DL A 5ol G Laphall A8l dnlud) Al (e a3l
L)y all degane cle Ui 53Lyg asl) e (302
b Ul el Slisiall (8) JSal yelay dslladl
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O dS B3l O Ayl ALl ALl il e Jaadls
Acgane cilelai g Cg ) feia zaaal) Ll 4
= 58l Dl Jaee 53l oy Asthadll Jagls il
o Sliall 85 ) clyiaia) (9 JSaN) sglang cdasdll

(6) Jsaall
L =150 -500 Km 1000
(%2}
0.500 op
7
\‘Mﬂ’w 0,000

Y e lyaD (Behhl Y ol
sl s Cilbaall G a5l gl Jira ks (9) Ji
g Abualdl) culilaally Badd) Ao o) gal) cillaaal) 238 1S3 gea
bidall ad) claaa (b a8l ) 8)93¢all Bl dagas 4

:([11] , Shahidehpour et al.,2011) ddasall 35350 &)
Jsb e ) Jaxal Aygllaall xpall 5L Ui htlsaa
Liyi Gua Ajle ciliie dalug Lgiald it Bale Jaill Jaa
lgidis w5 Al Coliiad) o2 g cdad)geall e ganer USilSie
G cdnds Joiiall Sl e s o) 545 (HE 3980
Sl 25390 lgandy Al A8 (e eha Jagaly a gkl
Jai Gran %65 () Jan 28 390y 00 LKl d8ls
Al il e Aa)lal aslall il Blha cilag
Akl by Ha8 5y90¢0 dailia 5ha 29 500 °C a50a

@) 25851 gty A
5393 (re BalEY L 8y50gall ABUAI 238 slajind WiCey il
e Al AU Al 8 (L1 JSall) Al oSl
25 s G Aplal) ddiall as dplan diie by 35k
Al G (e Al e Lgdasyg 400 )es)) A8l
293 gy puall (AN 253l (he Adlial) daS (gl Dl

oY) b Coiay Adanall (B ASigianal) agBgl CilaaS (5) Jgrad)
AL bl Yo (Ao Baaly ddasa aiag Gl JE asiial)

Km 500
500 km
D(in) Kals
10 0.017
12 0.027
14 0.041
16 0.057
18 0.078
20 0.102
22 0.130
24 0.163
26 0.200
28 0.242
30 0.289

e doans Ly Al VA e IS @libaed Lty
) bl

b iy it Aasal) b ASigiaal) aghgl) cilaas (6) Jgaad)
Bdl) Jsh Ao cillng 105 4 255 alily JA axiial) Gigd)

125 km 50 km
D(in) Kgls D(in) Kgls
10 0.034 10 0.054
12 0.055 12 0.087
14 0.081 14 0.129
16 0.115 16 0.182
18 0.155 18 0.246
20 0.204 20 0.322
22 0.261 22 0.412
24 0.326 24 0.515
26 0.400 26 0.633
28 0.484 28 0.766
30 0.578 30 0.914
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Exhaust

Exchanger oy
8 Electricity
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Working Fluid Turbine
Exhaust 2 Power
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Heat Out
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