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Abstract — This study was conducted to evaluate hydrocarbon and water dew points of natural gas. For this purpose,
algorithm of suppressing divergence was devised to evaluate hydrocarbon dew point up to near critical point and algo-
rithm for finding water dew points lower than that of hydrocarbon, which cannot be calculated by commercial dew point
program, was developed. The evaluated values were compared to commercial program and ISO reference values, and

the results showed that deviations were zero.
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Table 1. Pure component data(compound properties used in the cal-

culation)
Component W; p.(bar) T, (K) Source
Water(H,O) 034437  220.64 647.14 [9]
Nitrogen(N,) 0.03593 3399 12626 [9]
Carbon dioxide(CO,) 022394 7386 30421 [9]
Methane(CH,) 0.01140 4599  190.55 [9]
Ethane(C,Hy) 0.09909 48.72 30533 [9]
Propane(C;Hg) 0.15611 4246 369.85 [9]
2 Methy! propane(i-C,H; ) 0.18465 3640 407.85 [9]
n-Butane(n-C,H,) 0.19777 3784 42514 [9]
2,2 Dimethyl propane(neo-CsH;,) 0.19528  31.96  433.75  [9]
2 Methy! butane(i-CsH,,) 022606  33.70 46039  [9]
n-Pentane(n-CsH,,) 024983  33.64 469.69 [9]
n-Hexane(C¢H, ) 029600 3020 507.85 [9]
n-Heptane(C;H,4) 0.3490 2736 54026 2]
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Table 2. Binary interaction parameters [2,9-10]

Comp. i-j K;n0 K1 Comp. i-j K;0 K1
H,0 - N, 04800 00 CH,-neoC,H,, 00180 0.0
H,0 - CO, 0.1840 0236 CH,-iCsH,, -0.0056 0.0
H,O - CH, 0.6510 —1.385 CH,-nC,H; 00352 0.0
H,0-CHg 06350 —093 C,H,-CyHg 0.0011 0.0
H,0-C3Hg 05300 0.0 CoHg-nC,Hy, 0.0096 0.0
H,0-nC,H;,, 06900 00 CoHg-nCsH,, 0.0078 0.0
H,0-nCsH;, 05000 0.0  CoHg-nCgH,, -0.0100 0.0
H,0-nCgH;, 05000 0.0 CyHg-iCH,, -0.0067 0.0
H,0-iCH,, 06900 00 CyHg-neoCH,, 00230 0.0
H,0-neoCsH,, 0.5000 0.0 C,Hg-iCsH;, 0.0160 0.0
H,0-iCH;,  0.5000 0.0  CoHg-nC,Hyg 0.0056 0.0
H,0-nC,H,s 00000 00 CiHg-nC,Hy, 0.0033 0.0
N,- CO, —0.0170 0.0 CsHg-nCsH,, 0.0267 0.0
N,- CH, 00311 0.0 C;Hg-nCeH,, 0.0007 0.0
N,- C,H 00515 0.0 CyHg-iCH,o -0.0078 0.0
N,- C;Hg 00852 0.0 CiHg-neoCsH;,  0.0000 0.0
N,-nC,H;,,  0.0800 0.0 CsHg-iCJH,, 00111 0.0
N,-nC;H,, 01000 0.0 CyHg-nC.H, 0.0056 0.0
N,-nCH,,  0.1496 00 i-C,H, -nC,H,, —0.0004 0.0
N,-iC,H,, 01033 0.0 i-C,H,-nCiH,,  0.0000 0.0
N,-neoCH,, 00930 0.0 i-C,H,o-nCcH,,  0.0000 0.0
N,-iCH,, 00922 0.0 i-C,H,q-neoCsH,, 0.0000 0.0
N,-nCH,,  0.1441 00 i-C,H,0-iCsH,,  0.0000 0.0
CO,- CH, 00919 0.0 i-C,H,,-nCH,, 00000 0.0
CO,- C,H, 01322 00 n-CH,,-nCH,, 00174 0.0
CO, - C;H, 01241 00 n-CH,;-nCH,, —0.0056 0.0
CO,-nC,H,, 01333 0.0 n-C,H,s-neoCsH,, 0.0000 0.0
CO,-nCsH,, 01222 00 n-CgH, -iCsH,,  0.0000 0.0
CO,-nC;H,, 01100 00 n-CH,,-nCH,, 00033 0.0
CO,-iCH,, 01200 00 neo-CiH,,-iCsH,, 0.0000 0.0
CO,-neoCsH;, 0.1260 0.0 neo-CsH,;,-nCsH;, 0.0000 0.0
CO,-iCH,, 01219 0.0 neo-CiH,,-nCH,, 0.0000 0.0
CO,-nC,H,, 01000 00 neo-CsH,,-nC,H,, 0.0000 0.0
CH,-C,H,  —0.0026 00 i-CH,-nCH,,  0.0600 0.0
CH, - C;H, 00140 0.0 i-CsH,-nCH,,  0.0000 0.0
CH,-nC,H,, 00133 00 i-CH,-nCH,,  0.0000 0.0
CH,-nCsH,, 00230 00 n-CsHp,-nCH, 00000 0.0
CH,-nC,H,, 00422 00 n-CH,-nCH, 00074 0.0
CH,-iCH,, 00256 00 n-CH,-nCH, —00078 0.0

b; = 0077805 (10)

Pei

Ky = kyotky, 1(273T15 1) (D

ky = k;; (12)

k;=k;=0 (13)

m, = 0.37464+1.542260,—0.269920; (14)
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Table 3. Ideal gas heating value [12]

Components HV, [MJ/m?]
CH, 39.777
C,H, 69.69
CH, 99.09

iCyHy, 128.07
nC,H,, 128.48
iCHy, 157.57
nCsHy, 157.87
nCgH,, 18730
N, 0.00
o, 0.00
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Table 4. Comparison of dew point predictions between HYSYS and

this study
Dew point (°C) @ 70 bar
Gas A Gas B Gas C
HYSYS -12.6 -94 -11.5
This study -12.6 -94 -11.5
Dev.(°C) 0.0 0.0 0.0

Table 5. Test gases (mol%)
Components  Gas A GasB Gas C GasD GasE

CH, 88.6320  88.62 88.62 96.96 92.79
C,Hg 4.1252 3.95 3.95 2.60 5.04
C;Hg 42164 4.37 4.37 0.30 1.88
iC,H, 04171 041 041 0.07 0.09
nC,H,, 0.4084 0.40 0.40 0.05 0.12
iCsH; 0.1246 0.13 0.13 0.01 0.01
nC;H,, 0.0707 0.08 0.08 - 0.01
nC¢H,, 0.0492 0.07 0.07 - -
nC;H,¢ 0.0351 0.04 0.04 - -
N, 0.2038 0.24 0.24 0.01 0.06
CO, 1.7275 1.68 1.68 - -
60
50 5* © Gerneral algorithm ~\‘Crlcondenbar and
E @ This study .0. near critical point
- el S
207
g 20 ; Gas+liquid phase OOO Gas phase
E 3
10+ oo’
[ I o o o B N R o e ot U
-110 -100 -90 -80 =70 -60 -50
Temperature(deg.C)

Fig. 1. Comparison between this study and typical dew point algo-
rithm for gas D.
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Table 6. Coefficients of scaling constant for water with application
temperature range

223.15<T<273.16 K

273.16<T<313.15K

A, 0.106025 0.905436
A, 2.683845 —-0.213781
Ay —4.756380 0.260050

Table 7. Comparison of water dew points between this study and ISO
(water content=60 mg/m?> at 1.01325 bar and 0 °C)

. p =20 bar p =280 bar
Dry gas composition This Dev. This Dev.
1 % : -
(mol %) ISO study ©C) 1SO study %)
CH,=80.0
C,Hg=13.0 B 3 ~ B
CyHy=4.0 163 -16.3 0.0 2.2 2.2 0.0
CO,=3.0
CH,=75.0
C,Hg=16.0 B 3 ~ B
CyHy=4.5 164 -164 0.0 2.2 2.2 0.0
CO,=4.5

-¢- Hydrocarbon

-©- Water

Pressure (bar)

-40
Temperature(deg.C)

(b)

—o- Hydrocarbon

-©- Water

Pressure (bar)

Ly

| | | |
L e e e e e e

=50 -40 =30 =20 -10 0
Temperature(deg.C)

Fig. 3. The prediction results of water and hydrocarbon dew points
for Gas A (water content=26 mg/m>). (a) This study, (b) typ-
ical dew point algorithm.
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: constant defined by eq. 4[-]

: attraction parameter in Peng-Robinson equation[J/(mol>'m?) |

: constant defined by eq. 5[-]

: fugacity of a component[bar]

: function in false position method][-]

: van der Waals co-volume in Peng-Robinson equation[m*/mol]

: superior calorific value[]MJ/m?]. Reference temperature for
enthalpy is 15 °C and reference temperature for volume is 0 °C

: equilibrium ratio of a component][-]

: binary interaction parameter between components i and j[-]

: number of components in mixture

: number of moles of a component in gas or liquid phase

: absolute pressure[bar]

: critical pressure of a component[bar]

: gas constant[=0.0831451 J/mol-K]

: Celsius temperature[°C]

: thermodynamic absolute temperature[K]

: critical temperature of a component[K]

: molar volume[m>/mol]

: exact mole fraction of water in false position method[-]

: mole fraction of water in false position method[-]

x £ 2 <HH3" ®D T B3 ZF R

: mole fraction of a component in vapour or liquid phase mixture
[-]

: compression factor[-]

N

: mole fraction of a component in entire mixture

Jz|A 2K}

o : scaling parameter of a component[-]



-

l

HeA7ko] el Ul & ol&d At 571

®  :accentric factor of a component[-]

©® : coefficient of fugacity a component|[-]

IEXL

V  :vapour phase

L :liquid phase

ORNEXt

b : reference temperature(=0 °C)
¢ :critical point

i,j :component identification

M

{0=0d
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