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Vapor Recovery Technique for Crude Oil Ship Loading
— Spray Absorption
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Abstract:

In petroleum exporting countries, exhaust gas from crude oil tanker through loading operation at offshore
terminals is the serious pollutant. A spray absorber, which is not affected by pitching and rolling motions in a floating
plant, will be key equipment for the vapor recovery from crude oil ship loading. Because there was no case to apply
crude oil sprays for vapor recovery, a series of pilot tests had been conducted to confirm the performance of spray
absorber. Crude oil vapor is very complex in nature and it makes the analysis of the pilot test result quite difficult. By
focusing on butane, the performance evaluation was easily performed and the possibility to apply the spray absorber
was suggested. A simplified model was proposed to trace the phenomena in the absorber, and it was proved that the

performance could be simulated by the calculations based on the model.
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FG : Flow gauge
PR : Pressure recorder
LC : Level control
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Fig. 4 Overview of the test result
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Table 1 Spraying data of the emplyed spray nozzles

Model number Spray angle 0.05 MPa 0.1 MPa 0.2 MPa (Standared) 0.5 MPa
0.05 MPa|0.2 MPa|0.5 MPa| Flow (//min) | d32 (um) | Flow (//min) | d32 (um) | Flow (//min) | d32 (4m) | Flow (//min) | d32 (tm)
020 60° 65° 55° 1.06 483 1.46 411 2.00 350 291 290
040 60° 65° 55° 2.12 579 291 493 4.00 420 5.81 348
060 70° 75° 65° 3.18 655 4.37 558 6.00 475 8.72 393
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Fig. 6 Temperature effects on the performance
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Fig. 8 Calculated equilibrium conc. vs. Analyzed exit conc.
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Fig. 10 Calculated droplet velocity distribution
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Table 2 Spraying data of the emplyed spray nozzles

Run number 1207B | 11181 | 1207A | 1116E | 1116L | 1116M
Gas flow rate (mz—norm./h) 12.46 | 525 | 11.99 | 11.08 | 11.02 | 5.72
Spray rate (kg/h)| 0.35 1.64 0.9 1.66 1.24 1.24
Temperature (C)| 172 24 16.2 23.5 23.6 23.6
Inlet C4Hio (vol%)| 2.593 | 4.694 | 2.438 | 4723 | 4.67 | 4.619
Outlet C4Hio vol% | 2.163 | 2.563 | 1.999 | 2.631 | 2.761 | 2.64
L/IG (kg/m*-norm.)| 0.028 | 0.312 | 0.075 | 0.15 | 0.113 | 0.217
Equilibrium conc. (vol%) | 2.149 | 2.414 | 1.957 | 2.504 | 2.571 | 2.285
Nozzle 0.20 060 020 040 060 060
Spray pressure (MPa)| 0.1 0.2 0.5 0.5 0.5 0.5
Initial velocity (m/s)| 30.2 41.6 60.4 60.4 60.4 60.4
Droplet diameter ~ (mm)| 0.41 | 0.455 | 0.28 | 0.325 | 0.37 0.37
Spary angle )| 62 75 55 60 65 65
0
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Fig. 12 Retention time calculation for each test
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Fig. 13 Iterating calculation of mass transfer for each test
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