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Pressure Loss and Velocity Profile of Pulsating Flow in a Catalytic Converter

with a Flow Deflector
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(Received December 28, 2017)

In automobile-exhaust systems, catalytic converters are the main components to produce substantial pressure drops, which
induce engine-power loss and fuel-consumption rise. In addition to the need to reduce the pressure loss, the flow passing through the
catalytic substrate should be as uniform as possible, which provides a uniform thermal distribution and high catalytic-conversion
efficiency. Recently, we have reported that a flow deflector placed inside a catalytic-converter diffuser part can drastically reduce
the pressure loss and improve the velocity profile in comparison with the no-flow-deflector case (Hirata et al., 2006 & 2008). In
those reports, our concern is restricted only to steady flow. On the other hand, practical exhaust flows often include various pulsative
components. So, we investigate the effects of flow pulsation upon the flow-deflector performances such as the pressure-loss
reduction and the velocity-profile improvement. As a result, the flow deflector can reduce the pressure loss and improve the velocity

profile in comparison with the no-flow-deflector case, even on pulsating flow as well as steady flow.
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Fig. 2. A cone-shaped flow deflector with shell structure (ShC).
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Table 1. Experimental parameters.
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Fig. 8. Amplitude ratio oo of centre velocity vio (with no
deflector). For symbols, see Table 2.
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no deflector). For symbols, see Table 2.

o AR - IR

Table 2. Parameters corresponding to the symbols in Figs. 8
and 9.

S Hz] Rey Stx107
° 2 87 1.5-45
n 4 170 3.0-8.8
O 6 260 45-13.0
o 8 350 59-17.0
A 10 430 73-21.0
A 12 520 8.7-24.0
. 14 610 10.0 - 28.0
O 16 690 11.0—31.0
x 18 780 13.0— 34.0
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Fig. 10. Streamwise distribution of static pressure p for a
straight long pipe (at Re =2.1x10* and Re;= 0).
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Fig. 11. Performance upon pressure-drop reduction by a flow

deflector for pulsating flow.
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Fig. 12. Flow distribution (at Re = 5.0x10%, Re; = 0 (steady
flow) and x =210 mm).
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Fig. 13. Flow distribution (at Re = 5.0x10% Re; = 430

(pulsating flow) and x = 210 mm).



34 FHE B - B E A - ERE

Table 3. Flow-uniformity factor y(Re = 5.0x10% x =210 mm).

Hirata et al., 2008
(by Pitot-tube
Present velocimetry at
Re =5.0x10*
and x =210 mm)
Re;=0 Re ;=430 Re;=0
(steady flow)| (pulsating flow)[ (steady flow)
the optimum-solid-dome (OSoD) 0.88 0.89 0.89
the optimum-shell-dome-1 (OShDI) 0.92 0.92 -
the optimum-shell-dome-2 (OShD2) 0.92 0.93 0.94
the optimum-shell-cone (OShC) 0.87 0.84 0.88
no-flow-deflector (NFD) 0.73 0.73 0.74
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Fig. 14. Turbulence intensity by a hot-wire velocimetry (Re =
5.0x10% Rer= 0 (steady flow), x =210 mm).
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Fig. 15. Turbulence intensity (at Re = 5.0x10%, Rer = 430
(pulsating flow) and x =210 mm).
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Fig. 16. Time history of velocity v,o,inst (in OSoD case, at Re

=5.0x10%, Re;= 430 (pulsating flow) and x =210 mm).
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Fig. 18. Time history of velocity vio,inst (in OShD2 case, at Re =
5.0x10% Rer= 430 (pulsating flow) and x =210 mm).
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Fig. 19. Time history of velocity v,o,inst (in OShC case, at Re =
5.0x10%, Rey= 430 (pulsating flow) and x =210 mm).
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