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Analysis of an intemal flow with multi-perforated tube geometry in an integrated
Urea-SCR muffler
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Abstract:  This study reports a numerical analysis of the internal flow characteristics of the integrated urea-SCR
muffler system with the various geometries of the multi-perforated tube which is set up between the muffler inlet
and in front of SCR catalysts. The multi-perforated tube is generally used to disperse uniformly the urea-water sol-
ution spray and to make better use of the SCR catalyst, resulting in the increased NOx reduction and decreased am-
monia slip. The effects of the multi-perforated tube orifice area ratios on the velocity distributions in front of the
SCR catalyst, which is ultimately quantified as the uniformity index, were investigated for the optimal muffler sys-
tem design. The steady flow model was applied by using a general-purpose commercial software package. The air at
the room temperature was used as a working fluid, instead of the exhaust gas and urea-water solution spray mixture.
From the analysis results, it was clarified that the multi-perforated tube geometry sensitively affected to the for-
mation of the bulk swirling motion inside the plenum chamber set in front of the SCR catalyst and to the uniformity
index of the velocity distribution produced at the inlet of the catalyst.
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Uniformity index
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Figure 2: Detail sketch of plenum chamber and
multi-perforated tube
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Figure 3: Schematics of multi-perforated tube
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Table 1: Ratio of hole area variation and relating

parameters
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Area d(mm)
ratio Hole area
(%) di | di

Distance
between
orifice
(mm)

No. of
orifice

A1=Agnmx1.4

+40 9.5 6.2
A1=Agmm*0.6

Ar=Agmmx1.2

+20 8.8 7.2
A12=Agmmx0.8

0 8 A8mm

252

A1=Agmmx0.8

-20 7.2 8.8
A1=Agmmx1.2

A1=Agmmx0.6

-40 6.2 9.5
A=Agnmx1.4
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Figure 5: Iso-velocity contours(upper) and vector
plots(lower) at A-A and B-B sections
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Figure 8: Iso-velocity contours(upper) and vector
plots(lower) at A-A and B-B sections for +40 case
in the orifice area change
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Figure 10: Iso-velocity contours in front of SCR
catalyst for +40 case in orifice area change
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Figure 11: lIso-velocity contours in front of SCR
catalyst for -40 case in orifice area change
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Table 2 Uniformity index and mass flowrate with
orifice area change

Mass flowrate Back
(kg/s) pressure

Target Over 0.8 0.25 0.08 (Pa)

Catalyst Cy C, Cy C, -

Items Uniformity Index

-40 | 0.7242 | 0.8545 | 0.1978 | 0.1356 | 3874.56

Cases | 0 | 0.7174 | 0.8065 | 0.1918 | 0.1415 | 3550.14

3830.10

+40 | 0.6255 | 0.8351 | 0.1939 | 0.1397
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