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Abstract: Air-hydrocarbon mixture gas is a combustible :
gas made by mixing the vaporized liquid light Alr
hydrocarbon and air with a specific ratio, which is a kind
of clean fuel. However, the adopted light hydrocarbons are
liquid state at standard condition, causing the high dew

point of the mixing gas. In this work, the nucleation

thermodynamic theory was used to study the phase Interface
transition or nucleation force caused by the changes of

temperature and pressure on some zones, and the
nucleation energy of droplets. The nucleation mechanism, @1 Ty)

: ] : ] g T
nucleation energy and their relationships with the o, 7)) o To)

(p05 TO)

subcooled temperature and supersaturation of the air- Liquid Liquid

hydrocarbon mixture gas were obtained from these Gas Gas

Pressure, p /Pa

Pressure, p /Pa

/

studies. It was shown that the subcooled temperature and

y

. . .. . Temperature, 7/°C Temperature, 7/°C
supersaturation required by phase transition or nucleation

(a) Phase transition force caused by (b) Phase transition force caused by
decreased with the increase of temperature and pressure.  subcooled temperature supersaturation

Although the subcooled temperature and supersaturation required for complete phase transition would unlikely be
reached due to the fluctuation of the working condition, the subcooled temperature and supersaturation required for
nucleation can easily take place. Therefore, it is important to control the occurrence from nucleation to complete phase
transition for preventing the formation of dew point. The research results provided the reference for the research on the
safety of storage and transportation of air-hydrocarbon mixture gas.
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Table 1 Molar fraction of each component in air-hydrocarbon
mixture gas
Component Molar fraction Component Molar fraction
C4Hg 0.0024 n-CeHis 0.0084
n-C4Ho 0.0050 i-CeH 4 0.0046
i-C4Ho 0.0042 neo-C¢H 4 0.0040
n-CsHj, 0.0864 N, 0.6320
i-CsHj, 0.0582 0, 0.1680
neo-CsHi, 0.0268
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Table 2 Antoine constants?!

Component A B C
C4Hg 6.84 926.10 240.00
n-C4Hy 6.81 935.86 238.73
i-C4Hjo 6.91 946.35 246.68
n-CsH, 6.88 1075.78 233.21
i-CsHiz 6.83 1040.73 235.45
neo-CsHj, 6.60 883.42 227.78
n-C¢Hj4 6.87 1152.97 225.85
i-CeHi4 6.85 1138.52 224.70
neo-CgHy4 7.00 1218.35 231.30
N, 6.86 255.68 266.55
0, 6.99 552.50 251.00
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Fig.1 Relationship between pressure and dew point of gas
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Fig.2 Schematic diagram of phase transition force
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Table 3 The constants of mole constant pressure specific heat
capacity for each component

Component al bx10%/ ex10%/ dx10%/
D/(molK)]  [M(molK?)] [M(molK3)]  [J(molK*)]
C4Hg —4.02 357.67 -205.85 480.53
n-C4Hio -1.78 386.96 -193.26 348.33
i-C4Hjo —-10.85 430.53 -251.59 594.55
n-CsHj, -3.41 485.01 -251.94 486.77
i-CsH» =7.11 497.87 —264.68 526.35
neo-CsHj, -9.21 508.33 -275.15 557.89
n-CeHy4 -4.74 582.41 -310.64 629.23
i-CeH s —8.44 595.28 -323.38 668.81
neo-Ce¢Hi4 —-10.53 605.73 -333.85 700.35
N, 27.32 6.23 -0.95 0
(03 36.16 6.30 -0.75 0
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Table 4 Latent heat of vaporization for each component under
the condition of 0.10 MPa and —4.90°C

Component Latent heat of vaporization, L/(J/mol)
C4Hg 2185.0
n-C4Hyo 2263.0
i-C4Hjo 2086.0
n-CsHj, 2803.0
i-CsHj, 2637.0
neo-CsHi, 2345.0
n-CgHy 3344.0
i-CgHi4 3126.0
neo-CgH 4 2908.0
Air 0
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Table 5 Latent heat of vaporization for air-hydrocarbon mixture
gas under different pressures

Pressure, p/MPa Latent heat of vaporization, L/(J/mol)

0.01 5984.60
0.05 5478.60
0.10 5379.20
0.20 5283.10
0.30 5239.00
0.40 5203.80
0.50 5173.20
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Critical Critical nucleati
% 6 %éﬂﬁﬁ"]ttﬁﬁﬁg il (>< 1073 J/m) Pressure, Dew point, rll 1c:1 ritical uciea ;on
Table 6 Specific surface energy of each component, p/MPa {°C fucieation CHeTy per mo'e,
o/ (>< 1037 /m) energy, AGc/J AGcy/(J/mol)
0.01 —43.80 10.50X 10722 630.25
Pressure, p/MPa  0.01 0.05 0.10 020 030 040 0.50
R . 0.05 -18.30 8.06 X102 484.91
Dew point, #/'C ~ -43.8 -183 -49 104 204 28.0 343
0.10 -4.90 6.65X102 400.30
C4Hg 20.9 17.6 159 140 128 119 11.1
0.20 10.40 5.24X 1072 315.41
n-C4Hip 20.1 17.0 154 13.6 125 11.6 109
. 0.30 20.40 4.32X1022 260.22
i-C4Ho 18.2 15.1 13,5 11.8  10.6 9.8 9.1
0.40 28.0 3.71X102 223.42
n-CsHj, 232 20.3 188 17.1 160 15.1 145
0.50 34.30 3.25X107% 195.60
i-CsH» 22.1 19.2 177 161 150 142 135
neo-CsH;, 18.1 152 138 13.0 12.0 11.2 10.6
n-CeHis 24.8 20.0 206 195 185 176 17.0 % Pressure, p/MPa
i-CsHia 24.1 214 200 184 174 166 159 § 0 0.10 0.20 0.30 0.40 0.50
neo-CeH 231 198 186 172 162 154 148 ;5 640 - | ‘ ‘ ‘ ‘ ‘
E—
Air 0 o 0 0 0 0 0 < i Temperature
2 560 |- —e— Pressure
2 L
= N TN = 480
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Table 7 Specific surface energy of air-hydrocarbon mixture gas & 400 |
. Q
droplet under different pressures 5 120 r
. . Specific surface energy, .5 j
Pressure, p/MPa  Dew point, #/'C s
6/(x1073 J/m) L 240 -
= L
0.01 —43.80 4.41 =
= 160 1 L 1 L 1 L 1 L 1 L 1
0.05 -18.30 3.81 8 44 28 (12 4 20 36
=
0.10 -4.90 3.53 © Temperature, T/°C
020 1040 22 Pl 7 IR RS 6 AR A e i i
0.30 20.40 3.01 Wk A thfs
0.40 28.0 2.85 Fig.7 Ciritical nucleation energy of air-hydrocarbon mixture gas

0.50 34.30 271 droplet per mole under different temperatures and pressures
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