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A Study on Optimization of Droplet Distribution
Using Impaction Spray
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A Study on Optimization of Droplet Distribution
Using Impaction Spray

Jang, Beom Seok

Department of Mechanical Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Diesel engines are the main power source for many years. Hazardous
substances generated by the use of diesel engines, environmental pollution
problems are emerging due to sulfur oxides (SOx), nitrogen oxides (NOx),
and carbon dioxide (COZ2). Sulfur oxides and nitrogen oxides cause water
pollution, acid rain that causes soil pollution, photochemical smog that is
harmful to the human body, and warming due to carbon dioxide. For this
reason, emission regulations are being strengthened in order to reduce the
substances that harm the environment.

Among them, wet scrubber is attracting attention because it can reduce
sulfur oxides and its maintenance cost is comparatively low compared to
other fields. Scrubbers have often been used on land. The scrubber used in
the land is not limited in size, so it can reduce the emission of harmful
substances by controlling the size, but the ship is different. Since
pre-regulated vessels are still in use, these vessels will install scrubbers to
meet regulatory requirements.

- viii -
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The size of wet scrubber used in ship and the flow rate of wash water is
designed to match the maximum continuous output of the engine. However,
the ship doesn’t always operate at the maximum continuous output, but the
output changes depending on the situation. When the output is reduced, the
amount of harmful substances contained in the exhaust gas is decreased.
When the output is increased, the amount of harmful substances is
increased. Therefore, utilization of the scrubber adapted to the continuous
maximum output is inefficient. In this paper, the nozzle used in scrubber is
targeted so that the dust collection rate is not decreased according to the
flow rate change. The optimal spray shape of the commercial nozzle at the
flow rate of 100% was determined through the experiment. The optimum
condition having the same spray shape even when the flow rate was low,
according to the diameter and the collision distance of the impact surface I
would like to present it.

The larger the diameter of the impaction surface is, the less the droplet in
the depth direction becomes, and the spread in the radial direction develops
and It is preferable that the droplet density region is present near the
impacted surface. When the flow rate is 25%, the impaction diameter is 3
mm and impaction distance is 5 mm. The flow rate is 50, the impaction
diameter is 2mm and impaction distance is lmm. When flow rate 75%, the
impaction diameter is 2 mm and the impaction distance is 5 mm.

KEY WORDS: SOx #4ts}E, NOx ZFAA4SLE, Impaction distance FEA3,
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Table 1 : Calculation condition 1

712} (mm)

) S 4 5 6 7
0.1 casel | caselO | casel9 | case28 | case37
0.2 caseZ | casell | caseZ20 | case29 | case38
0.3 case3 | casel?2 | caseZl | case30 | case39
0.4 cased | casel3 | case22 | case3l | cased0
0.5 caseb | casel4d | case23 | case32 | case4dl
1.0 caseb | caselb | case24 | case33 | cased?
1.5 case7 | casel6 | case25 | case34 | cased3
2.0 case8 | casel7 | case26 | case35 | casedd
2.5 cased | casel8 | case27 | case36 | casedb

M
>~
>
3
rlo
N
N
N
N
8
B8
U
o
[@)]
=
NO
o
=
M
19
~N
inch
i)
&
rfo
1

Table 2 : Input data

Simulated variables Values
Nozzle Diameter[mm] 1.0
Injection Pressure[bar] 1.5

Injection angle|’] 2

Trap Temperature[K] 300

Trap pressure[bar] 1.0
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Fig. 2.15 Spray distribution at pip diameter 2.5mm according to impaction distance
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Fig. 3.1 Experimental apparatus
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Fig. 3.3 Lens
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Fig. 3.4 Pip

Fig. 3.5 Light source
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Fig. 3.6 Light intensity controler

Computer

Nozzle

C

Fig. 3.7 Schematic diagram of experimental apparatus
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Table 3: Calculation condition 2

Collection @ kmou

g (mm) 5 3 4
712} (mm)
5 casel caseb case9
10 case?2 caseb casel0
15 case3d case’ casell
20 case4 case8 casel?2
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Fig. 3.10 Commercial nozzle
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(a) Distance 1 mm

(b) Distance 5 mm

(c) Distance 10mm

(d) Distance 15 mm

(e) Distance 20 mm

Fig. 3.11 Spray shape according to distance 1
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(a) Distance 1 mm

(b) Distance 5 mm

(c) Distance 10 mm

(d) Distance 15 mm

(e) Distance 20 mm

Fig. 3.12 Spray shape according to distance 2
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(a) Distance 1 mm

(b) Distance 5 mm

(c) Distance 10 mm

(d) Distance 15 mm

(d) Distance 20 mm

Fig. 3.13 Spray shape according to distance 3
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(a) Distance 1 mm

(b) Distance 5 mm

(c) Distance 10 mm

(d) Distance 15 mm

(e) Distance 20 mm

Fig. 3.14 Spray shape according to distance 4
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(a) Distance 1 mm

(b) Distance 5 mm

(c) Distance 10 mm

(d) Distance 15 mm

(e) Distance 20 mm

Fig. 3.15 Spray shape according to distance 5
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(a) Distance 1 mm

(c) Distance 10 mm

(d) Distance 15 mm

(e) Distance 20 mm

Fig. 3.16 Spray shape according to distance 6
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(a) Distance 1 mm

(b) Distance 5 mm

(c) Distance 10 mm

(d) Distance 15 mm

A

(e) Distance 20 mm

Fig. 3.17 Spray shape according to distance 7

_68_

Collection @ kmou



(a) Distance 1 mm

(b) Distance 5 mm

(e) Distance 20 mm

Fig. 3.18 Spray shape according to distance 8

_69_

o

= | I ] -L
Collection @ kmou



(c) Distance 10 mm

(d) Distance 15 mm

(e) Distance 20 mm

Fig. 3.19 Spray shape according to distance 9
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