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Analysis of impaction spray with flow rate variation
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Abstract: Emissions regulations of the International Maritime Organization against nitrogen oxides and sulfur oxides in marine
engines is intensifying. Since January 2020, the upper sulfur content limit of fuel oil used in ships subject to international nav-
igation has been reduced to less than 0.5% from the current 3.5%. As a result, there is a high interest in post-treatment tech-
nology because it is difficult to apply high-quality oil in the short term in terms of cost. A scrubber system has been devel-
oped as a representative technology to satisfy the emission regulation; the spray characteristic of the washing water, in partic-
ular, has a very important effect on the efficiency of the apparatus. In this study, a collision spray was applied to maintain the
spray characteristics suitable for the injection flow rate, which varies with the engine load fluctuation. The spray characteristics
according to the flow rate fluctuation were then analyzed. From this analysis, it was determined that the diameter of the im-
pact surface increased from 2 mm to 3 mm when the jet flow rate decreased and the optimum spray characteristics were ob-
tained when the impact distance decreased.
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Figure 1: Schematic diagram of experimental apparatus
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}—Spray diameter i

Figure 4: Definition of spray angle and diameter

Table 1: Test conditions

Injection Impaction Impaction
flow rate distance diameter
(mL/min) (mm) (mm)

1000 5 )

750 10 3

500 15 4

250 20

Table 1o AFxHE yepdch 2 Ao A&

1000mL/ming ==& 7|F°2 2 1000mL/min EAMFZS
100%% 3k 2™ 750 mL/min, 500 mL/min, 250 mL/min<]
75%, 50%, 25% o & Adaedth EE57181E 5 mmol

711



A 20 mm7HA], SEH 27 L 2 mmolA] 4 mm7bA] W3}
Al71A AEsieih

3. 4943 % nF

I\

ure d>-—
Mol FEFgelth. FEwEe =Z4% 2mm, F

M=

= 4mmeo|t}. FAMEO] 100%Y o 5
=
Tf‘f]?
VS

$ B

78 2mm, S=7
ZE7E 515405 A8 Bl EEE SAHEl
Fol5aL o] Wo] UrhA] Ratv]
otsheth 53] frrol 25% 49 Ak A
FEW o] Exdh <o) wiri s gl A4

L E SRRl 2k 100% S A
rd

o, g
o _1[1
N

o,

=

=

E

=

KX

T =

g AR A
%

A

(a) 100%

(b) 75%

) 25%

Figure 5: Spray shapes with flow rate in commercial nozzle
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(c) Distance 15mm
Figure 6: Spray shape according to distance in flow rate of
100%

(a) Distance 1mm
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(c) Distance 15mm
Figure 7: Spray shape according to distance in flow rate of

75%

(a) Distance 1mm

(b) Distance Smm

(c) Distance 15mm

Figure 8: Spray shape according to distance in flow rate of
50%
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(a) Distance 1mm

(a) Distance 1mm
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(b) Distance 5mm

(c) Distance 15mm
Figure 9: Spray shape according to distance in flow rate of 25%
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Figure 10: Spray shape according to distance in flow rate of 100%
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Figure 11: Spray shape according to distance in flow rate of 75%
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Figure 12: Spray shape according to distance in flow rate of 50%

713



B 1 o)) FEAL AL BEE o] kA,
FE77h tmmel 497} 71 2
3]

B FEA7F Immoll A grEto] @A E v

(a) Distance 1mm

(c) Distance 15mm

Figure 13: Spray shape according to distance in flow rate of 25%
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Figure 14: Spray shape according to distance in flow rate of 100%
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Figure 15: Spray shape according to distance in flow rate of 75%
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Figure 16: Spray shape according to distance in flow rate of 50%
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Figure 17: Spray shape according to distance in flow rate of 25%
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Table 3: Injection shape of using impaction according to

mass flow
Injection Suitable

flow rate (%) Impaction Injection

100

75

50

25
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