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Abstract : Becausereal flow of engine exhaust is very hot and highly transient, it may cause thermal and inertial loads
on catalyzed filtersin DPF. Transient and detailed flow and thermal simulations are necessary in thisfield. To assessthe
importance of time dependent phenomena, typical cone-type configuration such as an underbody DPF is selected for
steady and transient analysis. User defined functions of FLUENT by sinusoidal inlet velocities are written and
integrated with main solver for realistic simulation. Also, 4-cylinder and 6-cylinder engines for 3,000 L class are
considered for the dynamic exhaust effect of engine type. Key parameters to understanding of catalyst performance and
durability issues such as flow uniformity index and peak velocity are investigated. Also, pressure drop for engine power
are considered. From the simulation results for three different cases, proper approach is recommended.

Key words : Transient analysis(3}= &l 41), UDF(User Defined Functions;, AF-821-#] 4 8+<=), DPF(Diesel Particulate
Filter Trap; v <3 o] 2}-4-x]), Sinusoidal inlet velocity(A+¢1=4 & el -4 5=), Pressure drop(%2 73, Flow

o)

uniformity index(-% 44 A}, Peak velocity(# o <+ =), CFD(Computational Fluid Dynamics; % AF-f-7) & &})

Nomenclature

: turbulent kinetic energy

C,.  :constant % : viscosity o
C,.  :constant I : “eddy” or turbulent viscosity
C,.  :constant o : turbulent Prandtl number for &
D;, - hydraulic diameter, m o, : turbulent Prandtl number for e
0 |  density, kg/m® Sk - user-defined source term
€ : turbulent dissipation rate S. . user-defined source term
F, : external body forces T - temperature, K
G,  : generation of turbulent kinetic energy due to L  pressure, Pa

the mean velocity gradients u; - velocity, m/s
G, - generation of turbulent kinetic energy due to t : time coordinate, sec

buoyancy z; : spatial coordinate, m

7 : Viscous stress tensor
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Y : contribution of the fluctuating dilatation in
compressible turbulence to the overall dissi-
pation rate

Subscripts

iyj : directional indices (x, Y, 2)
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Table 1 Permesbility and Forchheimer coefficient for metal o= AT HEEE 37X A= RS o, YAt
foam of INCOFOAM @High-Temp” A2 T3 QJTEEe] Ae Tale 39 2.
Name Symbol | Unit | Data Caseti3ol A ZLel =1 727 0°o) A 180°74%] ¥ 513t

Pore size - um 1200
Permeability % 7 | a8310° o ket sinegh=2] 4 o] Z4zhe] 60° -1l (D,2,3
Forchheimer . o7 FdH] Ak AL B AF0] 23] s}t
coeffcient o 1% = A 7200 TANA D,@,@¢) Ao expd o

Filter thickness t mm 40 I

2 A AE o7 IEAE JAAS AL 4=
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oSS wds LEA A3 HR e
k= o uo:r:ﬂ . E/: o }3;};’]‘ Z} caseol] o 3k 14 = W 38L= Fig. 49 7o)
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A48k et. Table 23 2148 3714 5ol thate]

Input
CURRENT_TIME
YES
Case #3 - @D
CURRENT_TIME
NO

Case #3 - @
CURRENT_TIME

Calculate
Case#3 - (O F—
Unsteady-velocity

Calculate
Case#3 - @
YES Unsteady-velocity

132 Zro] 91T 27k 2ienk. Case #32) 4

Calculate
Case#3 - (3

Table 2 Inlet velocity type Unsteady-velocity
Velocity type Analysis condition
Case #1 Uniform Steady-state Unstec;z;?;jetlocity
Case #2 4 cylinder Transient-state
Case #3 6 cylinder Transient-state Fig. 3 Flow diagram for 6-cylinder case

Table 3 Velocity forrmular at inlet

Formular
Case #1 N/A
Case #2 | Vinax * sin(mt)]
. . 2
@ 0=0<60 Viax * (sin(mt) +sin(mt+ ?ﬂ))’
Case #3 ®) 60<6<120 [ Viax - sin(at)]|
. . 4
® 120=6<180 Viax » (sin(mt) +sin(mt+ Tﬁ))‘
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Table 4 Materia and turbulence data of exhaust

Name Symbol Unit Data
Working fluid - Air
Engine speed - rpm 2500

Torque - N-m 335

Load - % 100

Mass flow rate of air m, kg/h 415
Mass flow rate of fuel mf kag/h 18
Mass flow rate of exhaust mm kg/h 433
Inlet temperature T K 480
Inlet pressure P Pa 114,000
Inlet velocity V m/s 111.616
Inlet density o kg/m® | 0528
Turbulence intensity 7 % 3.858
0.007
Length scale l m %0051
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Fig. 5 Hexahedral mesh configuration of cone-type can
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Fig. 7 Velocity vector plot for underbody converter
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Table 5 Simulation results for transient and steady analysis

Case Desgrition Uniformity Peak
P index () velocity (m/s)
#1 Steady 0.8296 27.67
Transient 0.7304
#2 A (cycle weighted <40.78
- 4 cylinder
average)
Transient 08169
#3 ) (cycle weighted 27.02
- 6 cylinder
average)
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