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Abstract:

Natural gas prepared for pipeline transportation must have
appropriate parameters described in norms and standards. This
entails a restrictive approach to acceptable changes in natural gas
composition in pipeline transmission systems. The greater number
of entry points to a pipeline transmission system, the greater the
probability of natural gas diversity in terms of the content of its
individual components. It particularly concerns the natural gas
sources in which treatment methods are not sufficiently accurate.

It also concerns imported gas which may be of worse quality
than that required by the standards. In specific cases when natural
gas with a higher content of heavier hydrocarbons such as propane
and butanes enters the transportation system, it is possible for the
phenomenon condensation to occur. The occurrence of the
twophase system significantly worsens the pipeline transport
conditions, causing significant pressure drops in the transported
natural gas. The work examines cases where the phenomenon of
condensation occurred in the pipeline transportation of natural gas

Key Words:

Natural Gas Transmission Pipeline, Equations of State, Liquid
Dropout, Natural Gas, Phase Behavior, Retrograde Condensation,
Potential Hydrocarbon Liquid Content.
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ITEM PARAMETER

Fluid Model Compositional
Thermodynamic Package Multiphase

Equation of State Peng-Robinson
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A1) Jad) J85 il Jaghad (8 A 50 8 9 )] il al) WSS B A A 2

Source Gas_Transport Sink
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Ml il a5 AR LS el (sl Sl Jlaol aadidl)
Mgy gty of (PIPESIM) zalin & Sl dadall ¢l (Sa Cum . 45lSlas
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By e Jghiall i) Ll Ssaliaagally sl patliadll ((4) Jssad

Parameter
Mole fraction

Mass fraction

Volume fraction

Viscosity

Molecular weight

Density (molar)

Density (mass)

Enthalpy (molar)

Entropy (molar)

Internal energy (molar)

S o|e|m| o |u | b w =

Gibbs free energy (molar)

—
M

Isochoric specific heat capacity

—
L

Isobaric specific heat capacity

—_—
s

Thermal conductivity

ey
(¥

Speed of sound

e
(=]

Joule-Thomson coefficient

—
=

Z Factor

UL PES

Unit
fract.
fract.
fract.
cP

mol/m3
kg/m3
J/mol
Jfgmaole.C
J/mol
J/mol
Jfgmaole.C
Jfgmaole.C
W/(m.K)
mys
degC/bar

Mixture Gas

1 1

1 1

1 1
V77777 /) 001102834
20.0814 20.0814
4235121 42.35121
0.8504716 0.8504716
-390.5676 -390.5676
0.004587305  0.004587305
-2783.061 -2783.061
-1714.948 -1714.948
30.15079 30.15079
38.58522 38.58522

777 002883379

/777 389.8271

Pl r F
S 06441916
7 09966994

A

Aadall dlee il Jilas L3

S A V) dadl ~saall = dgaill b)) (mje La sl Caga
Jshal i€ sall dayy clriy Jaraall oy Jalas iluil) sds Jadi Gas alilas
Jal e iy gpohall Il Julat o Cagus elld e 3dley « ugpaall i) Jad
Gyshll Ol Cllia DA e 4l Eus L ihall dajyg Jarall e s23na dag pd
sl Sl Jal e cllyg ailall sxie (30 (3 odall dale daad Ay Cagas
S S o Jpanll (Say @Il daiing Lslasall Blhad) da)yg baruaall Lo s
<3 AV bl St Lad ~ 5l sl z3sall g WS .auS55 sk
Gl s b pe Al i) dejug dagilly AUSH chuxs e dlal
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A1) Jad) J85 il Jaghad (8 A 50 8 9 )] il al) WSS B A A 2

rgoshl ool diss 3.1
Lalasy Al Ll Jaii a8) gyshall Ol cililua il (5) JSAN miag,
il (gl Ll (sl

105
100
95
90 e
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80
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55
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40
35
30
25
20
15
10

Pressure (bara)

-160 -140 -120 -100 -80 -60 -40 -20 0 20 40
Temperature (degC)

= Dew line = Bubble line O (Critical point @ Flash point ® |nlet condition
LJsiiall (il Ll (g ghal) Jabial) ¢(5) Jsa
Giany g paall (@l Sl el AU Uil G (5) JSal) e ey
(Csy) AR 50,5 1l Sl (ilimal (hale 205 Adlle 5ha oy yie
By b phall sy Jaaall Lagys e () Jlall el QS e sl
Gl bt Jiae die (glad) lall skl Sl bl (Ko ccanlV) s
((5) Jsaad Zay)
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el b Jaae die (glal) Ll (5 shall Sl L(5) Jaad

o

12

Component

Methane
Ethane
Propane
Isobutane
Butane
Isopentane
Pentane
Hexane
Heptane
Octane
MNonane
Nitrogen

Mixture

0.8090035
0.09655703
0.02945554
0.0003895442
0.00319626
0.0004794391
0.0003895442
0.0002796728
0.0002097546
0.000189778
0.0001298481
0.00515397

13 |Carbon Dioxide | 0.05456616

Gas

0.8090035
0.09655703
0.02945554
0.0003895442
0.00319626
0.0004794391
0.0003895442
0.0002796728
0.0002087546
0.000189778
0.0001298481
0.00515397
0.05456616

dalas Pl ey Jsiall (ilall HLll (gyshal) Jadadall Jilas (P (e ey
Yo (5l) way sk il Ll 0 4 cdalal Ll gyehall uSHl il

Sladl

by das Ay

.Luua]\ C_)J.\ d..)xa:\ .3.2
Cl¥) i clpige dal (e baall hgs ((6) IS8 xiag
i) (G el aeall S5l dal o cllig
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86 \

60 80

100 120 140

Total distance (km)
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b b el plaa G cdliall Ll DA e (6) JSA e meiay

Gilall SR S Alae 4t Sl 05K Gugoadl S s dal e )
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.Ja

o Gl radll L)) bk s hhas Jooely oSaY e
case e hall SN AUt Gygan A0Sl ) il b)) lad Joha
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cSladd) bl bk ol e )l dayn 368 Qg s (7) JSal) i
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Total distance (km)
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Pressure (bara)
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Temperature (degC)

= Dew line = Bubble line == PT profile © Critical point @ Flash point @ |nlet condition
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Jeany Cages Dabintll Jag i) die 4l o(8) JSal Jubas P e gy
ol s e ) il 3 (el Lall Aayall 450,85 puell lSyall CHIS
Juasl A (Sl @lall lall ¥ Sl pat el e ke gyl
AED LigoSornell Gl 38 plin¥ dam ) a4 sl ST
(Cs+)

A O mball Ay gi5 ddan dilss DA e i AT A Ony

oo i Al Al sie Bagaley S (S5 i Gugytall okl B Bl

J<an Ty 28 adaall da die 4 Jaisall (e .(226.219Km) ) Ls Ll

Bl dad 35 ey inie e & (alidl) 13 ashly el S ol

G Sl byl ba Jolal ai€ LA (Hold-up) sisie g Joisall )
(9) Jsal

45 05
40

Temperature (degC)
=1

(%) uonoey dnpjoy pinbr

/

0.1

1.387779E-16
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Total distance (km)

|I—0— Source [Temperature] —0— Source [Liquid holdup fraction]
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Flowing gas volume fraction (%)
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99.999
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Al Bl jshall pamesid) (sl el ad) saiile 13 L olell daal
Agiall 03 (5ol Ol ibilua il S Cua L lal) L

AaS) jiall il gl 40aS 20as 3.5

WDl Ly () jshall (e JSI cenall k) s (10) <&
c Sl Cut) lad Jola g
0004
00035
0003
00025
0002
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Total distance (km)

Z ——&— Scource [Flowing gas volume fraction] + Source [Flowing liquid volume fraction]
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A1) Jad) J85 il Jaghad (8 A 50 8 9 )] il al) WSS B A A 2

sl Sl G Aaadle oSa @y ) dsleayl ol b Al ) <l
Sl el ¢ AT e ol il UK eay Jd TG dus i gl skl
xe (99.9959%)5 ) lad Ady vie (100%) ox @I skl sl
o JL) jelall Joall el caf) aall G dilaally ey 135 . canlsl) Jad Gl
ba b L ekl Gigan die adl ¢(10) JSA e ey LS L(0.41%) L
Sl (6) Jsaad) 3 Ll momile 13y (el shall  Jsall 5ol S canlsYl
BSlaall zaliny (e ililly ooyl e die Jilaally (g3l cpyshall (he S aS5 e

o kall

Ayl Al sie Jillly Al ¢y ghal e U S «(6) Jsead

Component Mixture Qil Gas
1 |Methane 0.8090035 0.2404813 0.8090601
2 |Ethane 0.09655703 0.1241985 0.09655427
| 3 Propane 0.02945554 0.1072355 0.02944778
4 |Isobutane 0.0003895442 |0.002934129 | 0.0003892905
| 5 |Butane 0.00319626 0.03309917 0.003193279
6 |lsopentane 0.0004794391 | 0.01178029 0.0004783124
7 |Pentane 0.0003895442 | 0.01232302 0.0003883545
8 |Hexane 0.0002796728 | 0.02870191 0.0002768392
9 | Heptane 0.0002097546 | 0.05626652 0.0002041659
10 |Octane 0.000189778 | 0.1317567 0.0001766612
' 11 |Nonane 0.0001298481 | 0.2073522 0.0001091887
| 12 Nitrogen 0.00515397 0.0005092624 | 0.005154433
13 |Carbon Dioxide 0.05456616 0.0433615 0.05456727

AisSsHuel) QlLSHall oall Husll 32l s A&l daill jands (Sasy
Dshall ddgal) AbSl) Bl Pla (e 43l8) (Sale 1305 ¢Olall ala (K05 4203
D5 Cun L (9AY) ClipSall Adgall pulll (RidD s b b (S5 (gl
D5 8 AL A5 K6 gl LSl (sinne B2l dai Ll jshall gl ALsl)
oailadll e Jiadl (7) Jsaall b athadle (Sale Vg (Cg,) ornhll SUI
Jagll Al xie Jillly Gl skl e S gLl
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sie Jiladly (G skl 081 ASuabinsasilly Al (ailadll ((7) Jsead

) Aads
Parameter Unit Mixture Qil Gas
| 1 |Mole fraction fract. |1 9.968671E-05 |0.9999003
Mass fraction fract. |1 0.0003367363 |0.9996633
| 3 |Volume fraction fract. -1 3.223085E-05 | 0.9999678
Viscosity cP TS A 02880158 0.01240102
| 5 |Molecular weight * 200814 67.83388 20.07664
Density (molar) mol/m3 ~ | 3004.751 9293.377 3004.548
: Density (mass) kag/m3 v 60.33961 630.4058 60.32123
Surface tension (gas-liquid) dyne/cm v 19.625259 y s S
:Sur‘facetension (gas-oail) dyne/cm v 9625259 LSS o ys
Enthalpy (molar) J/mol v |-2468.36 -26860.62 -2465.928
: Entropy (molar) J/gmole.C ~ [-0.03443416 -0.0782658 -0.03442979
Internal energy (molar) J/mol ~ |-4298.794 -27452.44 -4296.486
:Gibbs free energy (molar) J/mol ~ | 7035467 -5259.261 7036.693
Isochoric specific heat capacity J/gmole.C ~ | 30.54381 123.1969 30.53457
: Isobaric specific heat capacity J/gmole.C ~ 1 51.2754 150.9771 51.26546
Thermal conductivity W/(m.K) 1SS AON107542 0.03159155
| 17_|Speed of sound m/s V77777 etteees 3516532
18 |Joule-Thomson coefficient degC/bar NS -0.04102771 0.6278472
| 19|z Factor 77777 7 0astsese asrioea

G Jare (D)) JAS S Coge IS Blull £S5l Jal e

Sz o LS Slaall Cull) dad Jolal i€ Joiall Sl 385 Janas Sl

=1 ol G sl Ko o(11) dSal bl dilss PIa ge (1) J<al
(2270 m?/d = 14.28 bbl/d) s» Sl skl 305 Jaeal

3925
22
2 3.924
_ 3923 =
T o
ERES £
E 39223
8 14 ‘g
B B
2
P, 3921 2
s :
T 3
5 1 392 &
o =
- 3
g 08 3919 3
: :
Z 06 £
- 3918 &
04
3917
0.2
2.775558E-16 3516

0 20 40 60 80 100 120 140 160 180 200 220 240
Total distance (km)

[/]—®— Source [Flowing liquid flowrate] [#|—#— Source [Flowing gas flowrate]

L) bk Jb e ABlL Jiludly (g)lad) jalall (3B Jama s (11) J<i
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Flowing gas viscosity (cP)

A1) Jad) J85 il Jaghad (8 A 50 8 9 )] il al) WSS B A A 2
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z—.— Source [Flowing gas density] Z—O— Source [Flowing liquid density]

0.015 \_ gu——
\ 025

0.0145 \
Ny 02

0.014 \
0.15
00135 .
\ 0.1

0.013 ~
. 0.05

0.0125 1::
6.938894E-17

0 20 40 60 80 100 120 140 160 180 200 220 240
Total distance (km)

(d2) Anseasia pinby Buimoly

z—.— Source [Flowing gas viscosity] E—C— Source [Flowing liquid viscosity]
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Gas superficial velocity (m/s)
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z—.— Source [Gas superficial velocity] z—.— Source [Liquid superficial velocity]
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Flow pattern, gas-liquid
n

A1) Jad) J85 il Jaghad (8 A 50 8 9 )] il al) WSS B A A 2

O bt e J3aall vie Al ASalSally ASaalinng yugl) (sdl) (3 yuss lavie
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Laiall B el chunll e deshid)l Ll dal e sl aveal)

caaf) anal Sl ) e (g Jpems pia Liadly ccilzals

Ji e dediall (380l ddasjd aa lgaadg ¢(14) JE bl Jdlas (PSS o0
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(15) JSa BaY . gyl anls) s 8 (il
lal) lyal) dddaly ddsidl adlgall Ljshll deghll (15) J<&)
comg ) Gl sl ae AL olall LN lyall Lalaily (shall Al bl

i 0.00018

0.00016

0.00014

0.00012

0.0001

8E-05

6E-05
3

0 20 40 60 80 100 120 140 160 180 200 220 240
Total distance (km)

) Jsha ae A8l ghaial) adlall ) daladfy Aaliif gruags ¢(15) J<id)

g all

32

c

(s5/w) K320]aA [eRIIRdNS pinbi

4E-05
i l 2E-05
2.032879E-20



Bhall @layay bl Jae o lug (15) IS8 bl ddas Dla e
oS sl (el Ll (el Taladdl e slaeVly (i) s 8 Gyl

g bl Ly e (@il shll) skl galal Gyall aUs didlae &
Dense ) i€l jshll ddabas (Ko Cus ((226.219 Km) 48l
b @l shlly (125 Km) ddled) s ball 4y o« (Phase
(125 = 226.219 Km) Jaall e §)geandl diluall
o g Al Al e (il 5le) skl S el pla dislas &
el o S lag ol Dl s Jadll Dy e (226.219 KM) 22
Bl dejes Jate PlA e s S8 sty 1y Gl Glall S
H((16) J<al LanY) calsall sals 4 chan 63 i) b gha b
Bypasall diludl & (Annular Dispersed Flow) ol he (1
«(226.83 — 230 Km) Jual (yoa
(na Bygeanall DLl 4 (Stratified Wavy Flow) gl b (2
1(230.61 — 246 Km) Jladl
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Component Mole%
1 Methane 23.43
2 Ethane 12.11
3 Propane 9.98
4 Isobutane 0.33
5 Butane 3.67
6 [sopentane 1.59
7 Pentane 1.53
8 Hexane 2.76
9 Heptane 5.49
10 Octane 13.76
11 Nonane 20.32
12 Nitrogen 0.05
13 Carbon Dioxide 498
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