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Designation of fuel oil scrubber nozzle positioning using CFD analysis and PIV methods
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Abstract: Global warming has recently become an issue that has resulted in a growing trend to minimize environmental
pollution. The International Maritime Organization (IMO) has shown that the majority of marine atmospheric pollution occurs as
a result of emissions from marine vessels. Therefore, the environmental regulations and emission standards regarding marine
vessels have gradually become stricter, and the research and development in this area is experiencing significant progress. In
this study, a nozzle for a fuel oil scrubber was investigated using computational fluid dynamics (CFD) and particle imaging ve-
locimetry (PIV). Experiments were conducted on scaled-down model of the scrubber to determine its performance, which was
then compared with CFD results. Based on the experimental results, it was found that at a spray angle of 66°, the spray ve-
locity at the nozzle was 20.1 m/s. From this comparison, a full-scale scrubber model was analyzed using CFD, and the effect
of the positioning of the nozzle was studied.
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Figure 2: Various sensors used in the experiment

Table 1: Experimental condition

Nozzle Spray Pressure 10 bar

Blower Flow Rate 360 m’/h

Fgovtd A o] g ers A #3948 A735(2015.9)
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Figure 4: Spray angle of Full cone type nozzle captured by PIV
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Figure 7: 3D modeling of Scrubber (single nozzle)
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Figure 8: 3D modeling of Scrubber (single stage multi nozzle)
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Figure 9: 3D modeling of Scrubber (double stage multi nozzle)
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(a) Hexa mesh of the single nozzle and scrubber

Topview

Isometric view

Nozde part

Side view
(b) Tetra mesh of the single stage scrubber with multiple

nozzles. The mesh of an individual nozzle is also shown

(c) Tetra mesh of the double stage scrubber with multi nozzle

Figure 10: Grid generation of the various cases

Table 3: Boundary condition

Simulation type Steady state
Turbulence model SST model
. Water at 25C
Fluid Air at 25°C
Inet Tota! pressure(10bar)
Outlet Static press.ure(OPa)
= Atmospheric pressure
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Figure 11: The different case configurations of the single

stage scrubber multiple nozzle setup
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Figure 12: Velocity contours & Volume fraction of one nozzle
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Figure 13: Pressure-massflow curve of one nozzle
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[water distribution]

Figure 14: Water volume fraction highlights the spray pat-
tern of the single stage multi nozzle of cases 1 and 2 from

the side and top.
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Figure 15: Water Volume fraction showing the spray pattern

of the double stage multi nozzle shown from the top and side
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