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Abstract
Pipeline is one of the main methods of natural gas transmission. Received: 18 November 2020
This method has some limitations such as inflexibility, limited gas Accepted: 17 January 2021

transmission capacity, and high costs of installing and maintaining PR INTIZE S0-ge

the equipment. To overcome some of these limitations, dense phase
gas transmission (supercritical fluid) has recently been proposed.
Among the benefits of supercritical natural gas transmission,
increased density, decreased viscosity, less compressor stations,
smaller pipe diameter, reduced pressure drop, lower maintenance

costs, as well as the lack of two-phase fluid formation should be Keywords:

mentioned. To change the gas from usual condition to a dense Dense Phase,

phase, the gas pressure should be more than the cricondenbar Natural Gas Transmission,
point and the gas temperature should be between the critical Pipelines,

temperature and the cricondentherm point in the phase diagram. Supereritical Fluid

In this paper, after expressing the theory and equations of gas
transfer, the results of two case studies on natural gas transmission
in supercritical conditions are presented. These studies showed
that the compression and cooling energy in the supercritical gas
transmission were 70% and 50% lower than the two-phase gas
transmission mode, respectively. The extractable amount of
liquefied gas in the supercritical condition was 74% higher than
the two-phase state. Also, the amount of energy of the compressors
in the dense phase state was 51% and 63% lower than the medium
and low-pressure gas transmissions states, respectively.
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Table 1. Mole fraction (%) components for a natural
gas sample[5].

Gas Components Mole fraction (%)

(Gl 80
C2 8
C3 4
C4 3
IC4 2
C5 1
IC5 0.5
C6 0.5
Cr 0.25
C8 0.25
C9 0.25
C10 0.25
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8. Peng-Robinson

1. Natural Gas Liquids

2. Compressed Natural Gas
3. Gas to Liquid

4. Natural Gas to Hydrate
5. Gas to Wire

6. Cricondenbar

7. Cricondentherm

(\&--) 03 )3lb 9 Juo o)Loai)_[a.Iua_;_.g JLw = sl (ouls (S Iige 4yl

S B33 balsd 13 g2 JIE JUisl gon 2

B=FY .m0 - 189 9 50925



Temperature, F
-328 -228 -128 -28

18

72 172 272

psia

T8EEEE
Pressure

Blisrae 518 &gt S 6l 5 (5518 Hlagad Alide oalgh N Uik

Figure 1. Different regions of the phase diagram for a natural gas sample[5].
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Figure 2. gas transmission map from Canada to Chicago in dense phase mod|[8].
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Figure 3. PFD for translation gas in the pipeline in both two-phase and dense phase modes in the ProMax environment[9].
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Figure 4. Comparison of pressure drop changes in diameter for two-phase and dense modes[9].
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Figure 5. Changes in compression and cooling energy of gas according to diameter[9].
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Figure 6. Compression and cooling steps of the gas in two modes|[9].
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Figure 7. Pressure changes along the pipeline for two modes[9].

Iranian Chemical Engineering Journal - Vol. 20 - No. 116 (2021)




adgl lh s Job yo el g0 o0 JLS ol s (A) S o obis el g0 gl dlg) s Job (o oo &l s (A) JSSG 50
o I Ol s () Ko 4y dzgi b ol ool o0l L S ey Les &l s (A) JSi 4 a9 b el ool oolo

el (53890 cl 5l maS ws 0 BY (ST, 518 el (5590 > 5l jiaS ws o ¥ L..U.a.. w51 ke
Length, km
0 16 32 48 64 80 97 113 129 145 161
120 48.9
100 37.8
w80 267 o
¢ B
= — 3
60 ~ 156 &
4 Nb liquid | <€ \\ g
8 a0 N asa §
20 4| =#—Dense Phase \\ -6.7
e Two Phase P
0 E 1 1 i -17.8
0 10 20 30 40 50 60 70 80 90 100
Length, mile

[]ds! bod Jgbo o calla ga (1 Los ol i A JSib

Figure 8. Temperature changes along the pipeline for two mode[9].
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Table 4. Specifications of natural gas before and after separation of heavy components[10].

Components Mole fraction (%) of gas (feed)
N2 0.03
COo2 1.36
C1 83.52
C2 7.8
C3 3.81
IC4 0.63
NC4 0.85
IC5 0.44
NC5 0.27
NC6 0.2
NC7* 1.09
Temperature (°F) 86
Pressure (psia) 630
Mass flow (lb/sec) 1292.3

Mole fraction (%) of gas after separation of heavy components

0.033
1.3441
89.7881
6.6463
1.8572
0.1541
0.1405
0.0264
0.0116
0.0013
0.00017
7
615

994.1
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Figure 12. Phase diagram for natural gas with rich and lean gas[10].
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Figure 13. Transmission gas in 3 modes of high pressure, medium pressure and low pressure[10].
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Table 5. Gas compression and cooling energy values with the number of pressure stations[10].

Compressors Energy (HP)

Heat Exchanger Energy (HP)

Number of pressure stations

High pressure

(dense phase) 212010
Medium pressure 417638

Low pressure 527030

195000 1
321000 3
389000 5
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