Diesel Particulate Filters

Kai Chen, Karen S. Martirosyan, and Dan Luss
Dept. of Chemical and Biomolecular Engineering, University of Houston, Houston, TX 77024

DOI 10.1002/aic.12266
Published online May 20, 2010 in Wiley Online Library (wileyonlinelibrary.com).

A diesel particulate filter (DPF) is used to remove particulate matter (PM) from the
diesel engine exhaust. The accumulated PM is periodically removed by combustion,
which sometimes leads to excessive temperature excursions that melt the ceramic filter.
This behavior cannot be explained by operation under stationary feed conditions. We
propose that these temperature excursions are a dynamic effect following a rapid
change in the driving mode while the DPF is being regenerated. Specifically, a rapid
decrease in the exhaust temperature can lead to a counterintuitive large transient tem-
perature rise above that which would exist under a higher stationary feed temperature.
This unexpected behavior is similar to the well-known wrong-way behavior in packed-
bed reactors, even though the axial-dependent flow through the filter in a DPF is
rather different from the constant axial flow through a packed bed. We present simula-
tions that provide insight about the dependence of the amplitude of this wrong-way
temperature rise on the filtration velocity, the PM loading, dimensions of the DPF,
and the amplitude of the rapid temperature decrease and when it occurs after the start
of the regeneration. The insight provided by these simulations will help develop opera-
tion and control protocols that circumvent or at least decrease the probability of the
occurrence of the destructive melting of the DPF. © 2010 American Institute of Chemical
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Introduction

Diesel-driven cars have a higher efficiency and longer du-
rability than gasoline-driven engines. Moreover, diesel
engines have a lower emission of ‘“‘greenhouse gas” (both
CO, and NO,) and hydrocarbons and enable a better cold
start and safer fuel handling. Their main drawback relative
to gasoline engines is about 10 times higher emissions of
particulate matter (PM) of toxic organic compounds and
heavy metals in the form of either solid particles or liquid
droplets. The EPA issued strict limits on PM emission that
are classified as carcinogenic materials and chemical smog
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components. A diesel particulate filter (DPF) is currently the
most efficient device for reducing the PM emission. It is a
ceramic block of thousands of square parallel porous chan-
nels, with the opposite end of adjacent channels being
plugged. The exhaust gas flows through the porous walls
from the inlet to the outlet channels, while about 95% of the
PM accumulates on the filter." The collected PM is periodi-
cally removed by combustion. The exothermic combustion
leads in some cases to unexpected temperature excursions,
which melt the common cordierite ceramic filter. The devel-
opment of a safe and reliable regeneration procedure that cir-
cumvents the melting of the filter is the most demanding
technological challenge in the operation of a DPF.
Extensive experiments”'® and theoretical simulations
attempted to determine what generates these large tempera-
ture excursions. Most studies determined the dependence of
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the temperature rise on various operating conditions such as
feed composition, temperature and flow rate, and PM-deposit
layer thickness under stationary feed conditions. The temper-
ature rise predicted by these studies is not sufficiently high
to explain the observed melting of the DPF. It is well known
that in packed-bed reactors the difference in the propagation
speeds of the concentration and temperature perturbations
can lead to a wrong-way behavior, i.e., a sudden decrease in
the feed temperature below the bed temperature can cause a
counterintuitive transient increase in the bed temperature
above that existing before that pe1“turbation.27_35 This sug-
gests that the melting occurs during the dynamic operation
of the DPF, i.e., following a change in the car-driving mode
such as a rapid shift from full-speed driving to idle during
the DPF regeneration. Such a shift in the engine load
decreases the exhaust temperature from about 900 to 600 K,
increases the oxygen content in the exhaust gas from about 7
to 15%, and decreases the gas filtration velocity by a factor
of 6."%3%37 1t is essential to gain an understanding and abil-
ity to predict the magnitude of the temporal temperature rise
as a function of sudden changes in the properties of the
exhaust feed during the DPF regeneration. We have recently
conducted experiments, which confirmed the conjecture that
a sudden change in the DPF feed temperature can lead to a
counterintuitive temperature rise.”®> We report here simula-
tions and predictions of the dependence of this temperature
rise on a rapid change in the DPF feed temperature. This in-
formation is essential for gaining an understanding of the
impact of simultaneous changes in the exhaust temperature,
oxygen concentration, and filtration velocity, which will be
the subject of a forthcoming publication.

Development of the Mathematical Model

We describe the DPF by a one-dimensional model that
assumes uniform distribution of the PM along the square
channels. It does not account for wall heat losses, for differ-
ences among cells located at different radial positions and
potential flow maldistribution among the channels. A sche-
matic of single inlet and outlet channels separated by a filter
of thickness wg is shown in Figure 1. A soot layer of thick-
ness w is deposited uniformly on the four walls of the inlet
channel.

Previous studies illustrated that the temperature in the thin
soot and filter layer were essentially uniform at any axial (z)
location in the channel.* Because of the small thickness of
the soot deposit, we ignore the change in flow area in the
inlet channel upon combustion of the PM. The gas response
is fast as its time constant is much shorter than that of the
solid temperature. Thus, we used a quasi steady-state model
to describe the gas phase in the inlet and outlet channels of
the DPF. The mass, laminar flow momentum balances, and
energy balances of the exhaust gas in the inlet (i = 1) and
outlet channel (i = 2) are as follows:

=

PM layer E
y

\J LT Tw

X LY

filter

| |
E
Figure 1. A schematic diagram of a pair of inlet and

outlet channels.
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The pressure difference across the soot layer and ceramic
wall satisfies the Darcy law

p1—p2= ws + w. (€]

The ideal gas law was used to calculate its density. As the
pressure changes are very small, we calculated the gas density
under atmospheric pressure. The other gas properties were
calculated using the empirical relations reported in Bissett’s
article assuming that they are independent of temperature.
The soot permeability was determined by the Pulkrabek and
Ibele predictions.*” Bissett and Shadman®' showed that the
length scale over which the gas temperature reached the same
temperature as the solid temperature was several orders of
magnitude smaller than the typical PM layer thickness. Thus,
we assumed that the gas and solid temperature were equal in
the PM layer. The energy balance of the solid phase is

0
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where the effective PM and filter conductivity accounts for
those of both the gas and solid, i.e.,

+ (1 - 8)/15001 (6)
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The heat transfer coefficients 4; and s, were assumed to
be equal and were determined by the Shah and London pre-
diction.*> We used in all the simulations &, = h, = 160 W/
(m? K), except when otherwise stated.

The corresponding channel front and end boundary condi-
tions are
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We assume that the wall temperature is initially constant
T4(0,2) = Tini. C))

After the soot is ignited and a temperature front has
formed, the feed temperature T, is step changed to a new
temperature T, at a specified time .

The soot oxidation reactions are

C 400, — 2(x — 0.5)CO, +2(1 —2)CO,  (10)

where o is the oxidation reaction index, with values between
0.5 and 1. Reported o value for PM combustion is between
0.55 and 0.9.* We assume that o = 0.75. The corresponding
heat release is

AH = 2(0(—0.5)AHCOZ +2(1 —O()AHco. (11)
The reaction rate of the soot layer is

Sokox (T:)ppy

M. 12)

Rsoot =

E
kox(Ts) = koTs exp(—ﬁ . (13)

The reported apparent activation energy E is in the range of
80,000-160,000 J/mol. Our simulations were conducted with
the value of 150,000 J/mol. The preexponential factor k, in
the reaction rate expression was chosen as 6.0 m/(s K).43

The soot thickness during the regeneration satisfies the
relation

dw

ppE = —M:Ryoo.- (14)

We assume that the soot is deposited uniformly on the
surface.

w(0,2) = Win. (15)

The oxygen mole fraction in the PM and filter is com-
puted by

Vw ? —D, — aﬁ (%} = %Rsoot
X ox p, (16)
dys 0 0y
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The dispersion coefficient in the porous media was calculated
by the empirical relation proposed by Delgado44 and Yan*®

D, = &Dy, + 0.5d,u, (17)

where u is the gas filtration velocity, ¢ is porous media
porosity, and d,, the diameter of PM particles.
The corresponding boundary conditions are

0
wafw_Da_aiilxsz = Vw1 _kl(yfw_yl) (18)
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Table 1. Geometry and Thermophysical Properties of the
DPF and Soot Deposit Used in the Simulations

Filter material Cordierite
DPF length 150 mm
Channel width 1.0 mm
Filter thickness 0.40 mm
Bulk density of filter 1400 kg/m*

Permeability of clean filter 1 x 10712 m?
Porosity of filter 60%
Mean pore size of clean porous wall 25 um
Bulk density of soot deposit 160 kg/m®
Permeability of soot deposit 1 x 107 m?
Porosity of soot deposit 60%

Published on behalf of the AIChE
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The mass transfer coefficient k; for the inlet and outlet
channels was computed by the relation

Shx D
ki — ; . (20)

The Hayes and Kolaczkowski equation‘“"47

d;
Sh=3.66(1 + o.o9szpe)°'45 @2

is used to determine the Sherwood number for the laminar
flow in the square channels.

Numerical simulations were conducted for a DPF with a
uniform initial PM layer of thickness wy,; and initial temper-
ature of Ty, The set of differential equations 1-4 and the
corresponding boundary conditions were solved by the
shooting method. The solution of the system equations deter-
mined the channel flow field, the pressure field, and the gas
temperature field. The transient differential equation 5 was
solved by an implicit finite difference method in space using
40 grid points in the axial direction. An implicit solution in
time with a time step of 0.1 s was used to avoid the numeri-
cal instabilities. The properties of the DPF used in the simu-
lations are reported in Table 1.

Wrong-Way Behavior in a DPF

Numerical simulations were conducted to determine if and
how a sudden decrease in the feed temperature while keep-
ing all the other input variables unchanged may lead to a
wrong-way behavior. All the simulations were conducted at
a constant filtration velocity defined as the inlet flow rate di-
vided by the filter area. The surface area of a channel with a
cross-sectional area of 1 x 107° m? and 0.15 m long is 0.6
x 107> m?. Hence, an inlet velocity of 15 m/s corresponds
to a filtration velocity of 2.5 cm/s. Almost all the simula-
tions, except when otherwise stated, were conducted for a
PM loading of 10 g/L, an oxygen concentration of 10 vol %,
and a filtration velocity of 2.5 cm/s. The axial temperature
profiles shown in all the figures are of the solid (PM and fil-
ter) phase.

An initial set of simulations was conducted to determine the
behavior under stationary feed conditions. These simulations
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Figure 2. (a) Temporal axial temperature profiles during PM regeneration under stationary feed condition.
(b) Corresponding temporal deposited PM profiles. (c) Evolving dimensionless filtration velocity profiles where v(0) = 2.5 cm/s. (d) Profile

of O, concentration in the inlet channel at selected time.

showed that when the feed temperature was sufficiently high
to ignite the PM, a combustion wave formed and moved down-
stream regenerating the DPF. For example, Figure 2a describes
the behavior of a DPF, which was initially at a uniform tem-
perature of 700 K and was fed at # = 0 with exhaust gas having
a stationary temperature of 900 K. The peak of the moving
temperature wave increased as it moved downstream. The
highest peak temperature was attained at the end of the DPF.
The dashed-diamond line in this and all other figures describes
the peak temperature obtained under stationary feed condi-
tions.

Figure 2b shows the transient PM profiles corresponding
to the case shown in Figure 2a. The regeneration consumed
first the PM in the upstream section of the channel and then
the downstream section. As the filtration velocity is a func-
tion of temperature and pressure, the corresponding evolving
dimensionless filtration velocity profiles, shown in Figure 2c,
are, as expected, rather strongly dependent on the local re-
sistance to the flow, where we define the dimensionless fil-
tration velocity as filtration velocity divided by the initial fil-
tration velocity. Before the start of the regeneration, the fil-
tration velocity is almost uniform along the DPF with a
slight minimum in its center, too small to be visible in Fig-
ure 2c. As the regeneration consumed first the PM from the
upstream of the inlet channel, the velocity profile attained a
maximum in that section and a minimum in the nonregener-
ated downstream section. With time the location of the max-
imum velocity shifted downstream. After complete removal
of the PM layer the velocity attained a minimum in the cen-
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ter of the DPF. This minimum is much more dominant than
the one before the start of the regeneration as the resistance
of the cordierite filter to the flow is much smaller (order of
100) than that of the PM layer. The calculated inlet oxygen
concentration profiles along the filter during soot regenera-
tion process are shown in Figure 2d. The model predicts that
initially a significant decrease of the O, concentration occurs
in the upstream section of the inlet channel in which the
ignition started. Because of the large consumption of O, at
the upstream section of the DPF the reaction rate in the
downstream was limited by the oxygen availability. After
the soot at the upstream was completely burned the tempera-
ture front propagated toward the downstream and higher ox-
ygen supply became available for the soot combustion. This
increased the reaction rate and the peak temperature.

The simulations revealed that a sudden decrease in the
exhaust feed temperature below that of the solid phase can
generate a counterintuitive transient increase in the tempera-
ture of the moving wave, i.e., a wrong-way behavior. Figure
3 shows cases in which a DPF with an initial temperature of
700 K was fed with an exhaust gas at a temperature of 900
K. This generated a downward moving temperature wave.
After 75 s, the feed temperature was rapidly decreased to
700 K. This increased the moving wave temperature above
the value it would have attained if the feed temperature
would have remained constant at the higher value of 900 K.
The amplitude of the wrong-way temperature wave rise in
this case increased monotonically with distance from the
feed inlet. For the case shown in Figure 3a, the wrong-way
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Figure 3. Impact of filtration velocity on temporal tem-
perature profiles.

In both cases, temperature perturbation is initiated when
temperature front reaches x/L = 0.5.

behavior led to a transient temperature rise of about 102 K
at the DPF outlet.

The amplitude of the stationary temperature wave as well
as of the wrong-way behavior depended on the filtration ve-
locity. Although a higher filtration velocity increases the
supply of the oxygen to the deposited PM and the velocity
of the moving combustion wave, it also increases the rate of
heat removal from the PM layer. At low and high filtration
velocities an increase in the velocity increases the peak sta-
tionary temperatures as the dominant impact of the increased
velocity is the increase in the oxygen supply and hence the
reaction rate. However, at intermediate filtration velocities
the heat removal rate becomes the dominant impact so that
the peak temperature decreases upon an increase in the filtra-
tion velocity. The filtration feed velocity in Figure 3b was
(3.3 cm/s) higher than that in Figure 3a (2.5 cm/s). In both
cases, the feed temperature was rapidly changed from 900 to
700 K when the reaction wave was at about x/L = 0.5. A
comparison of the temperature profiles of these two cases
shows that increasing the filtration feed velocity decreased
the peak temperature of the moving wave under stationary
feed conditions and slightly shortened their sojourn in the
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DPF. It also decreased the amplitude of the wrong-way
behavior following a sudden feed temperature decrease.

The intricate impact of the filtration velocity on both the
peak temperature under stationary feed conditions and the
wrong-way temperature rise is illustrated by Figure 4. When
the feed velocities were increased from 0.83 to 4.17 cm/s,
the largest peak temperature under stationary feed conditions
and the largest wrong-way temperature rise were attained at
two different intermediate filtration velocities. The largest
peak temperature under stationary feed conditions (solid line
in Figure 4) of 1374 K was attained at a filtration velocity of
1.67 cm/s. The maximum peak temperature decreased upon
additional increase in the filtration velocity. Simulations, not
shown here, indicated that if the combustion rate was higher
by about an order of magnitude, the peak temperature
attained a local minimum at high filtration velocities and
increased at higher filtration velocities. For filtration veloc-
ities smaller than 1.67 cm/s a sudden decrease of the feed
temperature did not effectively cool the DPF, and no wrong-
way behavior occurred. The wrong-way temperature rise
attained its maximum at filtration velocities higher than that
at which the maximum peak temperature was attained. For
the case shown in Figure 4, as the feed temperature was
decreased from 900 to 700 K, the wrong-way temperature
rise was 40 and 102 K for filtration velocities of 1.67 and
2.5 cm/s, respectively. At higher filtration velocities the am-
plitude of the wrong-way temperature rise decreased because
of the increased rate of heat removal.

The predicted amplitude of the wrong-way behavior
depended on both the amplitude of the sudden temperature
decrease as well as when it was caused. Figure 5 describes
cases in which the initial behavior is identical to that in Fig-
ure 3a. The amplitude of the wrong-way behavior was a
monotonic increasing function of the amplitude of the sud-
den temperature decrease (Figure 5a). The amplitude of the
wrong-way behavior depended on the location of the moving
temperature when the feed temperature was decreased, as
shown in Figure 5b. In this example, the maximum tempera-
ture rise at the reactor exit following a temperature decrease
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Figure 4. Impact of the feed velocity on the peak tem-
perature under stationary feed conditions
(solid line) and following a rapid temperature
decrease when the temperature front reaches
x/L = 0.5 (dashed line).
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Figure 5. Dependence of the amplitude of the wrong-
way temperature rise on (a) the amplitude of
the sudden temperature decrease and (b) the
position of the temperature front when the
feed temperature is decreased.

when the temperature front was at x/L = 0.5 was higher
than that when it was at x/L = 0.66.

The simulations showed that under fixed filtration velocity
the temperature at the end of the inlet channel slightly
increased with the length of the DPF (Figure 6b). However,
the peak temperature at the end of a DPF of length L was
higher than that of the peak temperature at the center of a
DPF of length 2L, as illustrated by Figure 6a. This effect
was due to the spatial variation in the PM layer thickness,
filtration velocity, and the convective heat transfer in the
DPF. The amplitude of the wrong-way behavior was a mon-
otonic increasing function of the DPF length following a
feed temperature decrease from 900 to 700 K when the mov-
ing front was at x/L = 0.5 as shown in Figure 6b. For exam-
ple, the wrong-way temperature rise was 87 and 110 K in a
DPF of 0.09 and 0.18 m long, respectively.

The initial DPF temperature affected the temperature and
velocity of the moving reaction front under stationary feed
conditions as well as the wrong-way temperature rise. Figure
7a describes a case in which the initial DPF temperature was
900 K and the feed temperature was rapidly decreased from
900 to 700 K at + = 45 s. A comparison of Figure 3a with
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Figure 7a shows that the increase in the initial DPF tempera-
ture increased both the velocity and temperature of the mov-
ing temperature wave under stationary feed conditions. For
example, the peak temperatures at the end of the feed chan-
nel were 1297.5 and 1242.9 K for the cases shown in Fig-
ures 7a and 3a, respectively. However, the wrong-way tem-
perature rise was smaller for the higher initial DPF tempera-
ture. For example, the wrong-way temperature rise at the
end of the feed channel of the DPF was 104 and 54 K for
the case shown in Figures 3a (T},; = 700 K) and 7a (T,; =
900 K), respectively. The evolving PM profiles correspond-
ing to the case shown in Figure 7a are shown in Figure 7b.
The initial PM loading affects both the peak moving wave
temperature as well as the wrong-way temperature rise. Fig-
ure 8a shows the temperature profiles for a PM loading of
12 g/L. somewhat higher than those in Figure 3a of 10g/L. A
comparison of the two figures shows that the increase of the
initial PM loading slightly increased the total regeneration
time under stationary feed conditions (from 110 to 116 s)
but increased the peak temperature at the end of the DPF by
3.9% from 1246 to 1294 K. However, the amplitude of the
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Figure 6. (a) Peak local temperature under stationary
feed conditions for a DPF length of 0.09 and
0.18 m.
(b) Impact of DPF length on the maximum temperature
under stationary feed conditions (dashed line) and following

a sudden temperature decrease when temperature front
reaches x/L = 0.5 (solid line).
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wrong-way temperature rise at the end of the DPF is more
sensitive to changes in the PM loading. A comparison of the
two figures shows that the increase of the PM loading from
10 to 12 g/L increased the amplitude by 36% from 104 to
141 K.

Figure 8b is of a case in which the filtration velocity was
3.3 cm/s the same as that in Figure 3b. Comparing the two
figures shows that under stationary feed conditions the
increase in the PM loading from 10 to 12 g/L increased the
temperature at the DPF end by 4.4% from 1163 to 1214 K.
However, the amplitude of the wrong-way temperature rise
at the end of the DPF following a decrease of the feed tem-
perature from 900 to 700 K increased by 29% from 62 to 80
K. Comparing Figure 8 parts a and b indicates that increas-
ing the filtration velocity decreases the amplitude of the
wrong-way behavior.

The heat transfer coefficient between the gas flowing in
the inlet and outlet channels and the filter affects both the
amplitude and velocity of the temperature fronts as well as
the amplitude of the wrong-way temperature rise. Figure 9
compares the behavior for two values of the heat transfer
coefficients (h = 160 and h = 320 W/(m> K)) before and af-
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ter a decrease of the feed temperature from 900 to 700 K
when the reaction wave reached x/L = 0.5. Figure 9a is for
a case that the initial DPF temperature is 700 K, whereas
that of Figure 9b is for an initial temperature of 900 K. In
both cases, the higher value of the heat transfer coefficient
generates sharper temperature fronts that move at a higher
velocity through the DPF. The increase in the heat transfer
coefficient also increases the amplitude of the wrong-way
behavior. For example, it is 54 and 120 K for the two cases
shown in Figure 9b.

Discussion and Concluding Remarks

The goal of our research was to gain an understanding
and ability to predict the observed the reported unexpected
melting of DPF. This understanding is essential for a rational
development of operation and control protocols that circum-
vent or at least decrease the probability of this destructive
event. Earlier studies have claimed that DPF overheating
may occur because of decreased rate of heat removal follow-
ing a sudden decrease of the flow rate or an increase of the
oxygen concentration.">'”'® Our study indicates that it may
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Figure 8. Impact of filtration velocity on wrong-way
behavior during PM combustion.

PM loading of 12 g/L. Feed temperature is decreased when
temperature front reaches x/L = 0.5.
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occur even when neither of these effects occur. The simula-
tions show that a sudden decrease in the temperature of the
exhaust feed to a DPF, while it is being regenerated, can
lead to a transient counterintuitive increase in the DPF tem-
perature, i.e., to a wrong-way behavior. Such a decrease in
the exhaust temperature may be caused by a rapid shift from
normal mode of driving to idle. Our recent experiments con-
firm this conjecture.38 The simulations provide useful insight
on the dependence of this wrong-way behavior on the vari-
ous operating conditions and on when the temperature
decrease occurs.

The wrong-way behavior in a DPF is rather different from
that studied in adiabatic packed-bed reactors”’ >>* or in a
monolith convertors* in which the heat generated by the
reaction is transported in the axial direction by convection
and conduction. In the DPF, heat is transported through the
filter walls by the convection of the gas. The filtration veloc-
ity affects both the heat removal and rate of heat generation
in the deposited PM layer. The different dependence of these
two rate processes on the filtration velocity is the cause of
the nonmonotonic dependence of the temperature rise under
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stationary operation and of the wrong-way temperature rise
on the filtration velocity. (Figure 4). The axial flow is essen-
tially constant in packed-bed reactors and monolith convert-
ers but is a monotonically decreasing function of the dis-
tance in the inlet channels of a DPF. Thus, the existing crite-
ria and predictions of the wrong-way behavior in packed-bed
reactors cannot be readily modified to predict those in DPFs.
It would be very useful to develop criteria predicting the
behavior of a DPF similar to those available for an adiabatic
packed-bed reactor. This modification will be rather difficult
because of the intricate evolution of the filtering velocity
profile along the DPF during the regeneration (Figure 2c).

The simulations predicted that the magnitude of the
wrong-way behavior depended in a complex fashion on the
initial bed temperature, amplitude of the temperature
decrease and when it occurred, filtration velocity, and initial
PM loading. In practice, the initial PM layer deposition is
often not uniform along the DPF and often is not exactly
known or can be accurately predicted. This complicates the
rational development of a controlled regeneration procedure
that circumvents the formation of the undesired local hot
zones. We report here simulations of the impact of sudden
changes in the exhaust temperature. As mentioned in the
introduction, a shift in the driving mode usually causes si-
multaneous changes of the feed temperature, oxygen concen-
tration, and filtration velocity. Each of these changes has a
different impact on the DPF temperature. A future study will
be concerned with the impact of these simultaneous pertur-
bations and their interactions. This information is of particu-
lar interest as changes in velocity may also lead to wrong-
way behavior.'®%
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Notation
C,, = specific heat capacity, J/(kg K)
D = effective mass diffusivity, m?/s
d = hydraulic diameter of clean channel, m
d; = hydraulic diameter of channel i, m
d,, = mean pore size, m
E = activation energy, J/mol
h = convective heat transfer coefficient, W/(m* K)
AHco = specific heat of CO formation, J/mol
AHco, = specific heat of CO, formation, J/mol

k; = mass transfer coefficient of O, in the channel i, m/s
reaction rate frequency factor
kox = reaction rate coefficient

2

k, = permeability of soot deposit, m
ky = permeability of ceramic filter, m?
L = length of ceramic filter, m
M = molecular weight, kg/mol
Pe = Peclet number
P = exhaust gas pressure, Pa
R = gas constant, m® Pa/(mol K)
Ryor = reaction rate, mol/(m? s)
sp = specific area of soot deposit layer, m~!
Sh = Sherwood number
T = Temperature, K
t = time, s
v = velocity, m?
w = thickness of soot deposit, m
wg = thickness of ceramic filter wall, m
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x = distance, m
y = oxygen concentration of the exhaust gas, mole fraction
z = axial distance, m

Greek letters

o = index for the completeness of thermal oxidation

o = constant in channel pressure drop correlation
AH = reaction heat, J/mol
AP = backpressure, Pa

/p = soot deposit thermal conductivity, W/(m K)

As = ceramic filter thermal conductivity, W/(m K)

& = soot deposit porosity

1 = exhaust gas viscosity
p = density, kg/m®

Subscripts

g = exhaust gas

i = channel index, 1 = inlet channel and 2 = outlet channel
= particulate layer

substrate layer

= wall-outlet channel interface

£ v
Il
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