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Analysis of Joule-Thomson effect of real gas system sealed by dry gas

DENG Chengxiang, SONG Pengyun, MA Ailin
(Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming 650500, Yunnan, China)

Abstract: In a system sealed by dry gas, the Joule-Thomson (JT) effect occurs when the gas flows through the
components of filters, valves, orifices and end faces, which may cause the temperature drop of sealing gas, even
the appearance of liquid condensation. Generally, the Joule-Thomson effect is represented by Joule-Thomson
coefficient. As to the hydrogen, nitrogen, air and carbon dioxide, which are often encountered for the cases of
sealing by dry gas, the corresponding Joule-Thomson (JT) coefficients were calculated by four classical equations
of state (EOS) of VDW, RK, SRK and PR. Subsequently, those calculated coefficients are compared with the
experimental data in the literatures. The JT coefficient curves and Joule-Thomson inversion curves (JTIC) were
plotted using the optimal equation of state. As to air and nitrogen through the end faces of dry sealing gas, the gas
temperature drops caused by JT effect were calculated by applying the computer program. It shows that the
Joule-Thomson effect of real gas, which have important influence on the throttle of dry sealing gas. At room
temperature, hydrogen showed exothermic effect, while nitrogen, air and carbon dioxide endothermic (cooling)
effect. The corresponding Joule-Thomson (JT) coefficients were calculated by the four classical EOS, the average
relative error and maximum relative error of RK equation were the minimum, less than 4% and 10%, respectively.
The JT effect of real gas causes large temperature difference in the dry sealing gas, of which the gas pressure more
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influences on the temperature drop than the gas temperature does. When the pressure is small, the temperature

drop by the JT effect can be negligible.
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Table 1 Critical parameter and eccentric factor""!
HZ Nz Oz COZ
TJK p/MPa w TJK pJ/MPa w TJK pJ/MPa w TJK pJ/MPa w
33.19 1.32 -0.215 126.2 3.39 0.037 154.58 5.02 0.02 304.21 7.39 0.224
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Table 2 Parameters of four kinds of cubic equations of state with compression factor!""!
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Table 3 Parameters of specific heat capacity of ideal gas at

constant pressure!'”!

Gas C;X107° X107 CX107° CX107° G5 TmiK  Tmad/K

H, 02762  0.0956 24660  0.0376 567.6 250 1500
N, 0.2911 0.0861 1.7016 ~ 0.0010 909.79 50 1500
CO, 02937 03454 1.4280  0.2640 588 50 1500
air 02896  0.0936  3.0120  0.0758 1484 50 1500
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Table 4 Comparison of JT coefficients of nitrogen under different temperature and pressure

Pressure/MPa Equation Temperaure/i
223.15 273.15 323.15 373.15
0.1 EXP/RE 3.968/0 2.656/0 1.855/0 1.292/0
VDW/RE 3.7368/5.8260 2.8057/5.6362 2.1648/16.7016 1.6964/31.3031
RK/RE 3.8999/1.7171 2.6370/0.7149 1.8425/0.6715 1.3040/0.9252
SRK/RE 4.0644/2.4290 2.6531/0.1074 1.7338/6.5342 1.0974/15.0610
PR/RE 4.5504/14.6783 3.1453/18.4230 2.2188/19.6143 1.5698/21.5049
10 EXP/RE 2.332/0 1.679/0 1.164/0 0.768/0
VDW/RE 1.8022/22.7167 1.3912/17.1382 1.0588/9.0392 0.8038/4.6609
RK/RE 2.2846/2.0337 1.6302/2.9035 1.1480/1.3705 0.7978/3.8846
SRK/RE 2.8638/22.8056 1.8417/9.6883 1.1482/1.3588 0.6604/14.0147
PR/RE 2.2452/3.7201 1.7057/1.5899 1.2434/6.8241 0.8737/13.7614

Note: Results are (17/K - MPa")/(RE/%).
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Table 5 Comparison of JT coefficients of air under different temperature and pressure

Temperature/K
Pressure/MPa Equation

223.15 273.15 323.15 373.15

0.1 EXP/RE 3.91/0 2.745/0 1.956/0 1.355/0
VDW/RE 3.8233/2.2175 2.8840/5.0632 2.2376/14.3944 1.7652/30.2704
RK/RE 4.1944/7.2728 2.8177/2.6477 1.9663/0.5275 1.4009/3.3904
SRK/RE 4.2534/8.7831 2.8195/2.7146 1.8824/3.7620 1.2318/9.0935
PR/RE 4.7204/20.7255 3.2965/20.0902 2.3561/20.4540 1.6962/25.1795

10 EXP/RE 2.505/0 1.82/0 1.31/0 0.884/0
VDW/RE 2.0948/16.3740 1.5775/13.3241 1.1994/8.4422 0.9201/4.0794
RK/RE 2.5470/1.6750 1.8132/0.3720 1.2809/2.2179 0.9036/2.2177
SRK/RE 3.1695/26.5282 2.0643/13.4253 1.3250/1.1428 0.8091/8.4695
PR/RE 2.4301/2.9917 1.8684/2.6602 1.3851/5.7320 0.9998/13.0944

Note: Results are (x7/K - MPa’l)/(RE/%).
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Table 6 Comparison of JT coefficients of carbon dioxide under different temperature and pressure
Temperature/K
Pressure/MPa Equation

373.15 423.15 473.15 523.15

0.1 EXP/RE 6.49/0 4.89/0 3.77/0 3.075/0
VDW/RE 4.7473/26.8522 4.0571/17.0333 3.5144/6.7811 3.0763/0.0410
RK/RE 5.8998/9.0935 4.5552/6.8474 3.6128/4.1691 2.9225/4.9601
SRK/RE 6.6000/1.6947 4.9596/1.4236 3.7927/0.6021 2.9297/4.7238
PR/RE 6.9697/7.3909 5.5727/13.9614 4.5098/19.6223 3.6791/19.6466

10 EXP/RE 5.405/0 4.155/0 3.5/0 2.42/0
VDW/RE 6.3814/18.0654 4.1824/0.6601 3.2503/3.1856 2.6822/10.8367
RK/RE 5.7105/5.6529 4.2237/1.6522 3.2490/3.1443 2.5758/6.4371
SRK/RE 8.1406/50.6119 5.4581/31.3613 3.8917/23.5469 2.8642/18.3558
PR/RE 5.4642/1.0947 4.3194/3.9567 3.4547/9.6725 2.7905/13.1766

Note: Results are (u;r/K + MPa™)/(RE/%).
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Table 7 Comparison of relative error of various algorithms
N CO, Air
Equation

AVE/% Min/% Max/% AVE/% Min/% Max/% AVE/% Min/% Max/%

VDW 12.4774 0.9910 31.3031 9.5264 0.5704 26.8522 10.4618 0.1755 30.2704
RK 1.6736 0.0382 3.8846 3.6836 0.1412 9.0935 2.7734 0.3394 7.5175
SRK 8.3978 0.1074 22.8056 14.3169 0.6021 50.6119 8.6250 0.0095 26.5282
PR 12.6944 1.5899 21.2807 13.1766 1.0947 22.2144 14.6132 2.6602 25.1795
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Table 8 Temperature drop of air at different pressures and temperatures
TJ/K
p/MPa 278 283 293 303 313 323 333
0.3 0.54 0.52 0.48 0.45 0.42 0.39 0.36
0.6 1.36 131 1.22 1.13 1.05 0.98 091
1.013 2.49 2.39 222 2.06 1.92 1.79 1.67
4.5852 12.39 11.87 10.93 10.09 9.33 8.64 8.02
10 27.41 26.10 23.75 21.71 19.91 18.31 16.88
15 39.91 37.89 34.27 31.15 28.42 26.02 23.89
20 48.96 46.66 42.38 38.55 35.15 32.14 29.45
x99 TEEEMEATASHEESNK
Table 9 Temperature drop of nitrogen at different pressures and temperatures
DMPa T/K
278 283 293 303 313 323 333
0.3 0.51 0.49 0.45 0.42 0.39 0.37 0.34
0.6 1.27 1.22 1.14 1.06 0.98 0.92 0.85
1.013 232 2.34 2.08 1.93 1.80 1.67 1.56
4.5852 11.41 10.95 10.09 9.33 8.63 7.80 7.42
10 24.62 23.50 21.47 19.68 18.09 16.66 15.36
15 35.03 33.36 30.35 27.71 25.37 23.27 21.39
20 42.58 40.63 37.01 33.79 30.91 28.32 25.98
HE TGN o RAARE X T IT RECON S kiR w10 ZEESH™
ZETTRREBOR, TR X T IT 25U, e Table 10 Antoine parameters'>
%E‘Jﬁfﬁkiﬁd\o L_—'"]ﬁl\%lz)_‘Ejj—%Hﬂ‘, /ﬂ%‘l%%%iﬁﬁ Composition of air A B C
O R FSE 38 T 90N 5 X DR A JT AR 5 5L 5 P 386 N, 78.12% (dry) 149542 588.72 ~6.60
M FRAR . A1 77 b A JB L B R 22 s i B8 K 0, 21.88% (dry) 15.4075 734.55 —6.45
FAEHH U AMGI VR AIBIIE 1y e wes o
622 +

SRR IR AR, R TR J7 5NN T A
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3
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20 < dew line H=0.001
18 * dew line #=0.003
o dew line H#=0.0054
16~ o dew line H=0.01
4 expansion from 10 MPa, 373.15 K
14 temperature drop line(JT effect)
P total temperature drop line
<
a
= 101
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Fig.3 Dew line, expansion line and temperature drop line (JT effect)
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