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A Study on the Flow Characteristics of the Nozzle
for Marine Ship Fuel Oil Scrubber by CFD and

Experiment

Jeong yoon KIM
Department of Mechanical Engineering

Graduate School of Korea Maritime University

Abstract

Regulation of the pollution emissions from the marine ships and strengthening the
development of the related technologies are rapidly taking place. Of those
emissions released significantly from the cargo tanks is VOC emission. Tankers
that will not emit vapors into the atmosphere without machine that has recovery
equipment and related technologies have already been developed. Vapors emitted
from tankers to recovery machine is used as fuel in the ships that helps cut down
the significant portion of the shipping costs needed for the fuel. With recovery
facility, the scrubber includes the number of facilities that collects suspended
particles in the gas by a high particulate collection device which sprays the liquid
through the nozzle which is typically water. For the development of high-efficient
design technique for F.O scrubber, nozzle performance analysis and internal flow

characteristics through the PIV experiments were studied.



Nomenclature

u,v

outer diameter

acceleration of gravity

Grey Level of 1st frame
Froude number

Static pressure

Total pressure

Flow Rate

Representative Velocity

Velocity in the x,y - direction
Distance in Horizontal Direction

Distance in Vertical Direction



Greek letters

y . Specific Weight

6 : Rotation Angle of image
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Table 2.1 Specification

Fig 2.2.1 Fig 2.2.2
Spray type Hol low cone Full cone
External diameter 20 [mm] 30 [mm]
Diameter 5 [mm] 3 [mm]
Pressure 10 bar 10 bar
Weight 86.5 g 238.5 ¢
wZe| 3 FHe v g

Fig.2.2.2 3D modelling of hollow cone type nozzle
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(a)

(b)

Fig.2.2.3 3D modelling of full cone type nozzle
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Table.2.2 Specifications of the domain calculation conditions

Pressure Fluid
No. . Morphology
[bar] fair model
1 4
2 6 .
Water ,Air
Mixture
3 8 (Continuous
mode |
Fluid)
4 10
5 12

_16_
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Fig.2.4.1 Pressure-massflow curve of hollow cone nozzle
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(c) 8 bar
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(d) 10 bar
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(e) 12 bar

Fig.2.4.3 Streamline of hollow cone nozzle
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Fig.2.4.5 Volume fraction of hollow cone nozzle
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Fig.2.4.6 Pressure-massflow curve of full cone nozzle
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Fig.2.4.6 Streamline of full cone nozzle
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(b) 6 bar
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(d) 10 bar
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Fig.2.4.7 Velocity vector of hollow cone nozzle
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Fig.2.4.8 Volume fraction of hollow cone nozzle
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Fig.3.1 Experiment apparatus

Table.3.1. Scrubber Mock-up test condition

Nozzle of the injection pressure 10 bar

Type 1 : 9.2 £ /m
Type 2 : 6.7 £ /m

Nozzle Flow rate

Flow of the blower 360 m3/h

_39_
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Fig.3.1.2 Multistage booster pump
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Fig.3.5.1 Angle of hollow cone nozzle (10000fps)

Fig.3.5.2 Angle of full cone nozzle (100001fps)
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Fig.3.5.8 Velocity Distribution for hollow cone nozzle by PIV
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Fig.3.5.9 Velocity Distribution for hollow cone nozzle by CFD (a)
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Fig.3.5.10 Velocity Distribution for hollow cone nozzle by CFD (b)

Fig.3.5.11 Velocity Distribution for hollow cone nozzle by CFD (c)
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Fig.3.5.12 Velocity Distribution for full cone nozzle by PIV
(TOP) P = 10 [bar]
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Fig.3.5.13 Velocity Distribution for full cone nozzle by CFD (a)
(TOP) P = 10 [bar]
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Fig.3.5.16 Velocity Distribution for full cone nozzle by PIV

(END) P = 10 [bar]
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Fig.3.5.17 Velocity Distribution for full cone nozzle by CFD (a)

(END) P = 10 [bar]
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Fig.3.5.18 Velocity Distribution for full cone nozzle by CFD (b)
(END)
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Fig.3.5.19 Velocity Distribution for full cone nozzle by CFD (b)
(END)
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