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Abstract — Considerable effort and expense have been devoted to the estimation and acquisition of the amounts of VOCs

released from thousands of theifiug emission sources installed in chemical processes. In order to reduce the effort required

on the estimation of VOC release, a methodology using a computational fluid dynamics (CFD) was proposed. The estimated values
were compared with the experimental data obtained using a designed experimental apparatus that was composed of fugitive emissio

sources such as valves, pump, and flange. The emissions were sampled in sampling tedlar bags for a variety of volatdeatompound

different pressures. The components were analyzed by a portable gas chromatograph. In conclusion, the amounts of Henzene and to

uene released from fugitive emission sources could be successfully estimated using the CFD technique.
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Fig. 1. Schematic diagram of the apparatus.

1. VOCs Tank 6. Pressure safety valve
2. Pump 7. Flange
3. Thermocouple 8. Ball valve

9. Glove valve
10. Open ended line

4. Pressure gauge
5. Gate valve
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Fig. 2. Boundary conditions of fugitive emission sources; (a) flange, (b) open-ended line, (c) gate valve, and (d) globe valve.
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Table 1. Physical properties of chemical compounds studied in this work
Viscosity [cp] (298 K) Density [kg/f}  M.W. [g/mol]

0, (9) 2.09x10? 1.33 32.00

N, (9) 1.80%x10? 1.17 28.01

CeHg (1) 5.36x10% 876.50 78.12

CeHg () 7.87x10° 3.26 78.12

CHg () 5.57x10% 866.90 92.14

CHg (9) 5.84x10° 3.84 92.14
Table 2. Heat capacities as a function of temperatures used in this work [17]

Co UK - kg]

0, (g) C;=2.2326x10°T?+0.0826 T+873.3054

N, () C;=3.15841x10¢ T %-0.1691 T+1061.7892

CeHg (1) C,=1742.1915

CeHg () sz -2.4530%x10° T %+5.3698 F325.6695

CHg () C,;1801.8342

CHs () G~ -1.9751x10° T2+4.95392 F157.5375

*T=Temperature, [K]

, té} - ey ...ib}

() (d)

.[;} : il Ef}

Fig. 3. Simulation results: pressure drop in porous media and fugitive

emission of VOCs at (a), (b) flange, (c) open-ended line, (d) gate

valve, (e), and (f) globe valve.
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Table 3. VOCs emission correlations

Process unit Emission factor [kg/sec]

Flange 8.3101X+13.9x10°1!

Gate valve 11410 11X-5.6x1011

Globe valve 5.8101X-16.7%1071?

Open-ended line 1340712X-13.9<101?
*X=Inner gauge pressure, [bar]
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