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Study on the Exhaust Flow Analysis of Unsteady Flow

with Various Exhaust Manifolds and Catalyst Geometries
Jae-Ho Lee, Dae-Woo Kim, Ho-Chul Kwak and Simsoo Park

ABSTRACT

In recent vear, as the current and future emission regulations go stringent, the
research of exhaust manifold and CCC has become the subject of increasing interest and
attention.

This study is concerned with the systematic approach to improve catalyst flow
uniformity and light-off behavior through the basic understanding of exhaust flow
characteristics. Computational approach to the unsteady compressible flow for exhaust
manifold of 4-1 type and 4-2-1 type and CCC system of a 4-cylinder DOHC gasoline
engine was performed to investigate the flow distribution of exhaust gases. In this
study, through calculation, the effects of geometric configuration of exhaust manifold on
flow structure and its maldistribution in monolith were mainly investigated to understand
the exhaust flow patterns in terms of flow uniformity. Based on the design guidance
resulting from this fundamental study, the flow uniformity of 4-2-1 type exhaust
manifold demonstrated the more improved exhaust characteristics than that of the 4-1

type one.
Key Words @ Uniformity index, Unsteady flow, Exhaust manifold, CCC, PZEV
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BDC Bottom Dead Center DOHC Double Overhead Camshaft
BMEP Break Mean Effective Pressure EVO  Exhaust Valve Open
CA Crank Angle PZEV Partial Zero Emission Vehicle
CCC  Close Coupled Catalyst ¥ Uniformity index
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(@) 4-1 type
Comparison of geometric configuration for
two type of exhaust manifolds and catalysts

(b) 4-2-1 type
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Table 1 The specification of the adopted
exhaust system
Displacement 152
A Firing Order 1-3-4-2
Engine "
No. of Cylinder 4
Valve Timing 5/35 43/5
Type 41 | 421
Exhaust Inlet area 1.032x10°m?
Manifold .
Hydrauhc 3.625xm
Diameter
Substrate type Oval ' Round
Catalyst Density/
‘Wall thickness 400/65
Operating Engine speed/ 2000rpm/
Condition Load 6.0 bar BMEP
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(a) 4-1 type {b) 4-2-1 type
3-D mesh configuration of exhaust

manifold and CCC systems
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S ! cross-sectional area of a monolith
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¢ local flow velocity in channel i

v;
v ! average velocity
S; ! cross-sectional area of channel i
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(c) No. 3 cylinder (187°CA) (d) No. 4 cylinder (367°CA)

Fig. 3 Velocity distribution of exhaust manifold (a) No. 1 cylinder (7°CA)  (b) No. 2 cylinder (547°CA)
and mixing zone {4-1 type)
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(c} No. 3 cylinder (187°CA)} (d) No. 4 cylinder (367°CA)

FAEES

(a) No. 1 cylinder (7'CA)

o

(b) No. 2 cylinder (547°CA) Fig. 5 Velocily distribution of exhaust manifold

and mixing zone (4-2-1 type)

(c) No. 3 cylinder (187°CA) (d) No. 4 cylinder (367°CA)

Fig. 4 Flow distribution of catalyst frontal face
(4-1 type)
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Fig. 6 Flow distribution of catalyst frontal face
(4-2-1 type)
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