N

N

Modeling of Diesel Particulate Filter Regeneration:
Effect of Fuel-Borne Catalyst
C. N. Millet, P. Menegazzi, B. Martin, H. Colas

» To cite this version:

C. N. Millet, P. Menegazzi, B. Martin, H. Colas. Modeling of Diesel Particulate Filter Regeneration:
Effect of Fuel-Borne Catalyst. Oil & Gas Science and Technology - Revue d’IFP Energies nouvelles,
2003, 58 (1), pp.151-162. 10.2516/0gst:2003010 . hal-02043839

HAL Id: hal-02043839
https://ifp.hal.science/hal-02043839
Submitted on 21 Feb 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://ifp.hal.science/hal-02043839
https://hal.archives-ouvertes.fr

Oil & Gas Science and Technology — Rev. I#Bl. 58 (2003), No. 1, pp. 151-162
Copyright © 2003, Editions Technip

Modeling of Diesel Particulate Filter Regeneration,
with the Effect of Fuel-Borne Catalyst
on Pressure Losses and Soot Oxidation Kinetics

C.N. Millet¥", P. Ménégazzil, B. Martin, H. Colas?

1 Institut francais du pétrole, division Techniques d’applications énergétiques, CEDI « René Navarre », BP3, 69390 Vernaison - France
2 PSA Peugeot-Citroén, 18, rue des Fauvelles, 92256 La Garenne-Colombes Cedex - France
c-noelle.millet@ifp.fr - pascal.menegazzi@ifp.fr - brigitte.martin@ifp.fr - herve.colas@mpsa.com

*Corresponding author

Résumé— Modélisation de la régénération du filtre & particules Diesel : effet de I'additié— Etant

donné les phénoménes complexes qui entrent en jeu dans la régénération du filtre a particules Diesel (DPF
en anglais), la modélisation constitue une aide précieuse pour en optimiser la mise en place et le controle.
En particulier, I'action de I'additif doit étre prise en compte, en raison de son effet prédominant sur
l'initiation de la combustion des suies et la propagation de la régénération. Cet article décrit le modéle 1D
développé aIFP en partenariat aveRSA, qui permet de simuler le chauffage, I'allumage, et I'oxydation

des suies a travers le filtre a effell-flow. Le but est de prédire la régénération d'un canal du filtre, le
débit, la température et la composition en oxygéne des gaz d'échappement, ainsi que la fagon dont le filtre
a été préalablement chargé. Le mécanisme réactionnel et les lois cinétiques ont été étudiés
expérimentalement et tiennent compte de I'action de I'additif. Des essais sur banc moteur ont été réalisés
pour mettre en évidence les effets de I'additif, ainsi que la sensibilité de la régénération aux principaux
parameétres (caractéristiques des gaz d’échappement et de la suie piégée dans le filtre). Il a été trouvé, entre
autres, que la suie additivée tend a étre balayée vers le fond des canaux, ce qui modifie I'évolution de la
régénération, et que la température d'initiation de combustion varie avec le type de suie.

Les résultats expérimentaux forment une base de données qui nous a permis de valider le modele pour
plusieurs configurations. Il apparait que les simulations sont en bon accord avec les résultats
expérimentaux. Le modeéle est donc un outil fiable pour prédire I'évolution de la régénération du filtre a
particules, avec et sans additif.

Abstract— Modeling of Diesel Particulate Filter Regeneration: Effect of Fuel-Borne Catalyst
Modeling is a valuable help to optimize the setting and control of Diesel particulate filter (DPF)
regeneration, given the complex phenomena involved. Among those, the fuel-borne catalyst action must
be taken into account, because of its prevailing effect on the soot ignition and the regeneration
propagation. This paper describes how a 1D model was develojield, @t a collaboration witiPSA

which simulates the soot heating, ignition and oxidation along the wall-flow filter. The aim is to predict
the regeneration of one filter channel, knowing the exhaust gases flow, temperature and oxygen content,
and the way the filter was loaded with soot. The reaction mechanism and kinetics were experimentally
studied and involve the additive action. Engine bench tests were conducted to highlight the effects of
additive content, as well as the regeneration sensitivity to its main parameters (exhaust gases and soot
features). Among others, it was found that additivated soot tend to pack down in the bottom of the inlet
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channels, thus modifying the regeneration progress, and that ignition temperature varies with

the soot type.

The experimental results obtained yielded a data base, which allowed us to validate the model
for various configurations. The simulations appeared to be in good agreement with experimental results.
The model is thus a reliable tool to predict the progress of the filter regeneration, with and without

fuel-borne catalyst.

NOTATIONS
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a Parameter in square channel pressure drop correlatiad), gypstrate (SiC)
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Specific heat capacity ()

Activation energy(J/mol)

Heat convection coefficient at wall (Fis/K)
Pre-exponential factor

Permeability ()

DPF length (m)

Carbon mass (kg)
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Perfect gas constant (J/mol/K)

Perfect gas constant for air (287 J/kg/K)
Temperature (K)

Time (s)

Gas velocity (m/s)

Distance through porous medium (m)
Oxygen mass fraction

Thickness of the particulate deposit layer (m)
Thickness of wall of monolith channel (m)
Axial distance (m).
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Greek letters

o Order of reaction of oxygen

3 Order of reaction of carbon

€ Fraction of oxidized metallic sites
AH Specific heat of combustion (J/mol C)

w Particulate deposit layer.

INTRODUCTION

The Diesel particulate filter (DPF) is now being used on
passenger cars, city buses, as well as some lift-forked trucks
and fixed installations, as it is the most efficient device for
reducing soot emissions. The development of such a
technology requires the implementation of advanced engine
management strategies aimed at periodically regenerating the
trap. Under the conditions usually met in the exhaust gases
flowing through the DPF, the soot ignition temperature
exceeds 550°C. Such high exhaust temperatures are only
observed during high load operation, which is usually not
attained in city driving conditions. The use of a fuel-borne
catalyst, also called additive, is required to decrease the soot
ignition temperature down to 450°C and to allow DPF
regeneration thanks to adapted engine tuning [1]. It is
therefore a dominant parameter in the development of
regeneration strategies.

Modeling is very helpful to understand the complex
physical phenomena occurring during the regeneration,
especially when an additive is used, since it induces a more
violent regeneration, sometimes accompanied by a sharp
temperature increase, which may damage the trap. A number
of papers has already been published on the subject, for
several kinds of additives [2, 3]. Some of the models only
simulate the thermal and chemical processes across the

(kg/m/s)

Conductivity (W/m/K)
Viscosity (kg/m/s)

Density (kg/nd)

Fuel-borne catalyst content
Oxidized carbon fraction.

N 1O T >

Indexes

0 Initial value
1 Inlet channel
2 Outlet channel

large enough to allow the temperature gradients along the
lengths of the channel to be neglected. But circumstances
quite often occur in which these axial variations cannot be
neglected. A complete model must therefore describe both
the gas flow characteristics (local variations along the
channels, global back-pressure), the competition between the
gas and trap temperatures, and the heating due to the soot
oxidation H, 5].

The purpose of this research is to formulate such a 1D
general model, to solve the resulting system of differential
equations, while taking into account the specific action of the
fuel-borne catalyst. It includes pressure variations in the
channels, conductive and convective transport of heat and
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oxygen between the channel gas and the walls, as well as 1 5amwms
effect of reaction-generated temperature increases on tl S
particle depletion rate.

The soot was obtained on an engine test bench. Tt
kinetics were determined by running experiments on a fixe
bed reactor. DPF regeneration tests were run on the engi
test bench to validate our model in realistic conditions
Several kinds of soot, different additive contents were
studied, both experimentally and numerically. The influence
of the exhaust gases (mass flow, oxygen content) was al
investigated. The experimental setup and results are fir
presented, then the model and its validation are described.

1 EXPERIMENTAL SETUP

2024 LEI 10.0 kV x40 100 pm

Our engine test bench is equipped witR2ADW10 ATED
engine. The exhaust line includes an oxidation catalyst and a
wall-flow particulate trap. Figure 2

We used a 5.66% 6" “wall-flow” monolith filter, made of Scanning electron micrograph of the fractured edge of a
silicon carbide (SiC) by extrusion. Plugging adjacent loaded DPF.
channels alternately at opposite ends forces the exhaust
stream through the porous ceramic walls, to give the flow
pattern indicated in Figure 1. Solid particulate in the exhaust

stream are trapped on the upstream sides of the channel wallfe Figure 2 is a micrograph of a section of loaded monolith
typically with greater than 90% efficiency. The porosity ofand shows how this process results in the formation of a cake
the walls is chosen so that particles in the exhaust quickbf deposit on the upstream side of the channel walls with
bridge over or plug the pores at the upstream lateral surfacggfle penetration into the interior pores of the monolith.
of the long channels. As more particle-laden gas flowpownstream of the trap, the gases have an ultra low level of
through the monolith, the previously deposited particle layegarbonaceous particles. As the thickness of the deposit
then filters the particles in the subsequently filtered gasncreases, it provides an increasing resistance to the gas flow,

Figure 1
Schematic view of the DPF (Bissett and Shadman [6]*).

* Reproduced with permission of theemerican Institute of Chemical
EngineersCopyright © 1985AIChE All rights reserved.

necessitating the regeneration of the filter in order to avoid
extra fuel consumption.

As shown on Figure 3, the experimental setup is different
depending on whether we are loading or regenerating the
trap. For regeneration tests, two additional devices are
inserted between the engine and the after-treatment system: a
heater, which can heat the exhaust gases up to 580°C, and
another particulate trap which is only used for filtering the
particle-laden gases and keeping the heater clean. The
oxidation catalyst and the DPF are put into a lagging to
reduce heat losses.

Two engine points were investigated to load the DPF: a
high load point characteristic of EUDC (extra urban driving
cycle) conditions (2580 tr/min, 97 Nm), and a load point
characteristic of ECE (urban driving cycle) conditions
(2030 tr/min, 21.4 Nm). The fuel was additivated with 2
different additive contents: 25 and 50 ppm. Each DPF was
loaded with about 10 g/l of soot, and weighed before being
set up for the regeneration test. The pressure drop and the
downstream gas composition (@O, CQ, HC, NQ), were
continuously measured. Nine thermocouples, 1 mm in
diameter, were distributed in the DPF, as shown on Figure 4,
to monitor the regeneration progress.
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Figure 3
Experimental set up.
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Figure 4 Figure 5
Thermocouples locations in DPF. A typical regeneration test (1 mbar = 100 Pa).

Regenerations were run with four different operating- The reaction starts to become significant, and the filter
conditions, allowing us to study the effect of the oxygen temperature exceeds the inlet temperature. The particulate
content (10 and 15%) and the gas flow rate (about 80 and deposit layer starts to burn around 470°C, reaching a peak
145 kg/h). Some other properties of the exhaust gases didtemperature that sometimes exceeds 1000°C, and high
change as well when varying operating conditions, such as thermal gradients that may be detrimental to the filter

the HC and NQcontents, but we assumed that the oxygen durability. The pressure drop decreases rapidly as the soot
and flow rate effects were dominant. oxidizes. The highest heat release always occurs nearby

the outlet of the trap, where the major part of the intake
gases has already flowed through the deposit layer, and
2 EXPERIMENTAL RESULTS cannot play its temperature regulator function anymore.
— Finally, the regeneration ends, and the backpressure stops
A typical example of a DPF regeneration on our engine test dropping.
bench is shown on Figure 5, where the time evolution of the
temp_erature (channel inlet and outlet) and the pressure drEp:L Exhaust Gases Characteristics
are given. Three steps stand out:
— The DPF temperature and the pressure drop first increages shown on Figure 6, the exhaust gases flow rate has a
as the exhaust gases are heated by the heater. direct effect on soot oxidation: the higher the flow rate, the
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gases oxygen content. But in our investigations, both chos¢
concentrations (10 and 15%) appeared to be high enough to

ensure a fast oxidation, and we did not see any difference in o o
our experimental reSUltS. Determination of soot ignition temperature.

Figure 7

2.2 Soot Type
) o ] and the exothermicity. They both allowed the soot ignition
We consider that the soot ignition temperature is reaCheigmperature to drop from 550°C (no additive) down to about

when the time derivative of the channel outlet temperaturg;gec The pressure drop still decreased a little for ECE soot
begins to raisésee Fig. 7)According to our experimental tﬁztween 25 and 50 ppm, as shown on Figure 8

results, the regeneration starts earlier for a trap loaded wit .
EUDC soot: the soot ignition temperature appeared to be This pressure effect could not be observed on EUDC soot

around 450°C for EUDC soot. and around 490°C for ECEPEcause it tended to be swept away towards the end of the
soot. Furthermore, as expected, a filter loaded witfilter, and prevented us to do any comparison. This tendency

successive layers of EUDC and ECE soot starts to regenerffeP@ck may be related to the SOF (soluble organic fraction)

at the EUDC soot ignition temperature. of the soot: because the EUDC deposit layer contains less
Even though the ignition temperature was always found t8©OF than the ECE (0.2 instead of 9%, according to our

be the same for each type of soot, the propagation process2@@lysis), it looks much dryer and more crumbly and is

the regeneration through the DPF was a little random, yieldir@PViously more easily swept away by the gas flow.

rather scattered results (as shown furtheFign 11). This

could be due to the difficulty to accurately control the manyy ppr REGENERATION MODEL

operating conditions on an engine test bench, or to the

tendency of the soot to be swept away by the gas e ( Concurrently to this experimental study of the fuel-borne

next sectio) and maybe also to the intrinsic nature of the sootcatalyst effect on the DPF regeneration, a 1D model was

developed. It simulates the DPF regeneration, given the inlet

gas flow and particulate loading characteristics, and is

inspired by Bissett’'s work [4]. It describes what happens

Two additive contents were tested: 25 and 50 ppm. Owlong an “inlet channel + deposit layer + substrate + outlet

experimental results did not show much differences betweahannel” set fee Fig. 9. The axial distance along the

those two values, with regard to the regeneration duratiachannel is called. All variables in the inlet and outlet

2.3 Fuel-Borne Catalyst
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Figure 8 Figure 9
Effect of additive content on pressure drop (1 mbar = 100 Pa). Domain simulated by the model.

channels only depend anand on timet. In the porous We take into account the gas that flows through the
medium, they also depend rndistance through the deposit porous walls, and also the fact that the channel is partly
and the substrate. obstructed by the deposit layer thickness

. Navier-Stockes’ i
3.1 Assumptions avier-Stockes’s equation

2
We begin by assuming that the DPF behaves in opvy) L 0pyvy) OR @ umy @
homogeneous way: all inlet channels may be represented ot 0z 0z  (D-2w)? U
the behavior of a single channel, and the same holds for the

outlet channels. This assumption will be discussed at the en Since the gas is _assumed o flow perpendlcular_ly to the
of this paper. channel walls as it leaves the channel, there isz-no

. . . component of momentum through the wall to be transported,
The quantitiesT;, p,, v, etc. (i= 1, 2,w, for inlet, outlet P g P

channel, and wall) refer to quantities averaged over a chanr?éﬁ In (3). A viscous drag is produced at the wall, to reduce the
or wall cross section. The gas flow can be divided into th—veIocny to zero, which is represented by the right hand side

components: &-part flowing through the channel at the(.ar'h's') of (4) (as suggested by [4]). Taeoefiicient value

velocity v, and a perpendicularcomponent flowing through is specific of a fully developed laminar flow in a square
i . o X channel [7].
the porous medium. As it is very thin, we assume that the flow

rate®, across the deposit layer and substrate is stationary: Energy balance in channel gas

®,, =cst @
The gas is assumed ideal, so the equation of state is: 9(p:Cp T + 9(Pv:Cp T =
2 ot 0z (5)
| I’pl | _
—&C T + 4h_TW L
We assume thal is the temperature of both phases in (D-2w)2 * " D-2w

the porous medium and is independert,@ven though the
heat from reaction is only produced in the deposit layer. Conduction in the-direction is expected to be negligible

Radiation heat transfer is neglected. relative to the convective transport. The contribution of heat

transfer between the gas flowing in the channel and in the
3.2 Inlet Channel wall is handled using the heat transfer coefficignt
Conservation of mass Conservation of oxygen

The depletion of oxygen in the reactive deposit layer does not
op , Opvy) _ 4Py 3) influence the oxygen concentration in the inlet channel.
ot 0z (D -2w)? Y,(z,t)remains constant.
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3.3 Deposit Layer + Substrate + Gas

Darcy’s law

The pressure drop across the porous medium is assumed

follow Darcy'’s law:

®__H
XTI ®)

with i = p (particulate) or gsubstrate).

The particulate and substrate permeabilities for a SiC tra=
were studied by [8]. Equation (6) could be integrated, usin

equation (1), to give:

Conservation of oxygen

O, , , AYy) _, By BYe - %0

ot 2 oz D20 p, (10)

CO, and CO balances

aYc:o22 . a(YCOZZ) _4CDW DYCOZS _YCOZZ 0 11
= _D—
a2 oz D28 P O

0Yco 0(Yco,) o, Neo ~Yeo, 0
2 4 2l g 2w s (12)
o 2 oz p2H e, A

01 D ow. O Navier-Stokes’s equation
2 2
R -R =u(T,)RE®, o —In + 2 )
Hk, D-2w k.DH 2
P s ap,v,) 0P, d(pN,) Vv
PaVa) L OF  O(PV> = —ap(T,) 2 (13)
Carbon oxidation, oxygen consumption ot 0z 0z ¥ p2
and CO/CO, emissions
N . ) Energy balance
All these quantities depend on the reaction mechanism and
the kinetics that were chosen. The way there were calculat
: ) o . o o(p,Cc, To)  O(pvoC, T
will be explained later in this pap@ection Kinetics). (P2Cp T2) + (PavalpTa)
Although the model allows reaction throughout the ot 0z (14)
deposit layer, we assumed that the reaction consumes t 4¢—Wc T + 4E(T —T)
deposit by shrinking its thickness, without changing its pz PV vz

internal structure.

Energy balance in the wall

o 1 O
EE)pCppW(D—W)];, *Ps CpsWs( D+§ wy TWH:

AH ow
~ny(D-2w)(T, - %) - T, - )
+% pW(D—W)+)\sWS(D+%WS)§aaL;

The gas energy is neglected in the L.h.s. In the r.h.s., thef%
are terms for both conductive and convective heat transpo(ratk

as well as the heat produced by reaction.

3.4 Outlet Channel

These equations are associated to the appropriate
boundary and initial conditions: the temperature and the flow
rate at the inlet of the DPF are known and can vary with time.
The flow rate is zero at both plugged channel ends (inlet and
outlet). The outlet pressure is taken to be atmospheric. Any
local heat loss from the solid phase at the front or rear faces
are neglected. The initial deposit layer thickness can vary
along the inlet channel, and so be either homogeneous or
packed in the trap bottom.

4 KINETICS

e kinetic constants used in our DPF model were
perimentally determined by running a fixed bed reactor
under isothermal conditions. The experiments were like those
described precisely by [9, 10]: a 10 mg sample of soot was
heated to the reaction temperature under inert ggs AN
time zero, the gas flow was then switched to aaN®

The equations are the same as in the inlet channel, except thakture. A flow rate of 100 I/h was used. CO and ,CO
the outlet channel is free of particles, and that the gagncentrations were recorded during the whole™ soot
composition varies along the trap during regeneraion. oyiqgation process, and used to calculate the reaction rates.
(Yco,, Yco,) is the oxygen (CQ CO) mass fraction in the The soot sample was mixed with quartz beads so as to limit
gas flowing through the substrate, and ready to enter and fGnperature rises due to the exothermic reaction of soot (less

mix with the outlet channel flow.

Conservation of mass
0p, . 9(p,Vy) ®,
—L T & =4 N
ot 0z D2 ©)

than 3 K) and hence to ensure a slow reaction, and make sure
that the Q gradient that develops across the sample remains
negligible.

We describe in this section the kind of reaction
mechanism we used, how we determined all kinetic constants
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from our fixed bed reactor experimental results, and the way 1 Non-Additivated Soot
we integrated them in the DPF model.

Although much research has been performed on nofVe began by studying the kinetics of non-additivated soot, to
additivated and additivated soot oxidation, the detailedeterminek;, k,, a, 3;, andp,. In this cased = 0, so only the
kinetics of soot oxidation have hardly been studied. We usdgeactions ¢) and () remain, and Equation (16) simplifies
five global reactions to describe the additivated sodto:
oxidation:

— Di idati i : ac _ I PR B2-1.1 _\8> Cha 18
Direct oxidation of carbon with oxygen: a_gqmo A-0P +kymy 2 (1-0) ZBDOZ (18)

ks
r .
(—C) +0, - CO, (ry) wherek follows an Arrhenius’s law.

=K o] 4
2( C)+O ke co (r) ki =K expﬁ_ RT
- , -
The reaction orders in carbo, were determined by

— Carbon oxidation with metallic oxide: fitting the experimental combustion curves, following the

Ky expression, deduced from (18) for a given temperature and
(—C) + 2(—MO) - CO, + 2(— M —) (r) O, concentration:
Od¢ O
ko log =B; log@-q)+cst
(-c)+(-m0) - co+(-m-) () HatB™™

for both CO and CQ
— Re-oxidation of reduced metallic sites with molecular In this same approach, the reaction order in oxygen was
oxygen: studied for a given temperature and carbon consumption rate,

Ky in the range 5-15% Dwhich is typical of Diesel exhaust gas

2(—|v| —) +0, > 2(—|v|o) (r5) concentration. And the activation energy was determined by

running the reactor for different temperatures between
450 and 700°C, at a given carbon consumption rate gnd O

-.l,;h:. adlgi |tt|\\1</e a”FiWS the cartbor? d(_cc} fto be ﬁ(g 'Ze% 2yconcentrationa andf, were found to be around 0.6, ald
switching between its own most oxidized form (-MO) and its,, 51 1 190 000 J/mol. This last value is of the same order of

reduced form (—M). This mechanism has been suggested agnitude magnitude as those found by [6, 10, 13], and
several authors [11, 12]. others.
Given this reaction mechanism, we can write the
expression of the consumption rate of the metallic oxide and .
of the carbon contained in the deposit layer, assuming th4t2 Additivated Soot

these global reactions follow Arrhenius’ laws: Additivated soot starts to oxidize at a much lower

temperature than non-additivated soot, as Reactighso(r

% =-0(1 —Z)(klla2 + klza) +lg(1-)° Ry, (15) (r5) are more reactive. Those reactions kinetics were studied
on a fixed bed reactor as well. It was run isothermally for
e , temper_atures ranging from 390 to 450°C, in order to
Py =6(1—Z)(klls + |<12€) determinek, ,, .klz _and K. kg.was found to be very large, so
(16)  that the re-oxidation Reaction)was very fast, and that any
+(1—6)H(1mO ! 1(1—1)‘31 + ko my? 1(1—()‘32 Elgz reduced additive was re-oxidized at once. Theretoceuld

be taken equal to 1.
whereg is the proportion of oxidized metallic sites, ani
the additive content in sodt.is the carbon consumption rate, 4.3 Integration in DPF Model

defined as:
m(t) Once we know the kinetic constants, we can use them to
(=1-— (17)  calculate the @ CQ, and CO gradients through the deposit
Mo layer.

wheremy is the initial mass of carbon, present in the reactor, All “s” quantities were analytically resolved, as they vary
and m(t)s its value as a function of time. in the x-direction. The eleven quantities varying in the
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z-direction form a system of nonlinear partial differentials 2 ECE and EUDC
equations, of the form:
As can be seen on Figure 10, our model yields results in good
ou _ g ou oul agreement with the experiment. The kinetics constants used for
o H ez a2H ECE and EUDC soot are gathered in Table 1. The additive
content effect was taking into account through the valde of
This system was solved by using a package of Fortran’ The numerical results obtained with our model are
subroutines designed to solve such a system [14]. presented on Figure 11, together with our experimental
results, for 50 ppm ECE and EUDC soot, and various engine
operating conditions. Each graph only shows the moment

5 MODEL VALIDATION AND DISCUSSION when the regeneration and its peak temperature occur. Given
the scattering of our experimental results, the agreement
5.1 Inlet Data and Initial Soot Mass between the model and the real DPF is pretty good. The

location of the peak temperature is well predicted.
Some data are directly taken from the engine tests and used
in the model. It concerns the gas flow rate entering the DPF, TABLE 1
oxygen, CO and CQOcontents, and temperature. All these
parameters can vary with time. The loaded soot mass is used
to calculate the initial deposit layer thickness. It is alse

Kinetic constants used in the regeneration model

important to make it clear here that the pressure drop depends 25 and 50 ppm ECE EUDC
on the total soot amount remaining in the trap, while the K, 310 410
oxidation only concerns the carbon quantity, which is about K, 710 610"
80% of the soot mass. The Figure 10 shows how much it is

important to use the right mass for each of those modeled K 8416 9816
quantities: if we only use the total mass, the pressure drop is K 2416 2810
well simulated but not the peak temperature, and vice versa if  E, and E (kJ/mol) 190 190

we only use 80% of the total mass. E,, and E, (kJ/mol) 160 60

However, the simulated exothermicity starts about 100 s

1000 100 too early,i.e. around 400°C, and more slowly than in the
00k Total mass T'O/ta' M 190 experiment. It also takes a longer time to decrease. Two
Exp. reasons can be put forward:
800 n%g‘;/g 1%° — Our main assumption, which allows our model to be one-
g 700 17 dimensional, is that all inlet channels behave the same
g 600 "“., 60 § way, so that inlet conditions are homogeneous for them
& 500 / 50 E all, and heat losses upstream and along the filter are
‘é 400 | 40 5 neglected. This is far from reality, as we actually observe
© 300 \ 130 a radial temperature gradient that is already about 40°C
200 \\ 120 upstrgam the filter and can reach 80°C inside the DPF.
~ That is why we observe that the channels around the DPF
100 110 axis regenerate faster than those near its periphery, as
00 260 4(')0 6(')0 8(')0 10'00 12000 §h0wn on Figure 12. In addition, the row' rate per channel
Time (s) is strongly coupled to the regeneration rates of all
channels. All these comments highlight the need for a
—— Outlet T - exp. AP - exp. L . .
multi-dimensional model, that would predict more
— iet T _model- . O model- accurately the temperature variations in the DPF.
__ Outlet T - model - AP - model - — The way the regeneration progresses in the channel is also
total mass total mass directly related to the kinetics. It would be useful to study
them more closely, to explain how the soot reaction heat is
Figure 10 released in such a short time. We may have to choose new
Model: influence of the soot mass on pressure drop and heat kinetic constants, such as higher activation energies, or

of reaction. even to develop a more precise reaction mechanism.
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a) 50 ppm catalyzed soot experiments - 10% O, and 75 kg/h
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b) 50 ppm catalyzed soot experiments - 15% O, and 85 kg/h
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c¢) 50 ppm catalyzed soot experiments - 10% O, and 140 kg/h
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Experimental temperature radial variations in the DPF
regeneration.

5.3 Influence of Soot Packing

According to our experiments, and as shown on Figure 13,

the exothermicity is higher when the soot has been swept
away towards the end of the inlet channel than when the
deposit layer remains homogeneous. That was expected,
since the local reaction heat release is directly related to the
higher amount of soot available. The numerical results

obtained for an example of packed deposit layer are

presented on Figure 14, together with those obtained for a
homogeneous layer. It appears that our model is also able to
predict such a higher peak temperature.

CONCLUSIONS

The experimental part of this work, run on an engine test

bench, highlights the way the fuel-borne catalyst diminishes

the soot ignition temperature, and assists the DPF

regeneration. The kinetics were determined separately on a

fixed bed reactor. A 1D model is described, which simulates

the regeneration progress along an “inlet channel + deposit
layer + substrate + outlet channel” set, and integrates the
additive action. The numerical and experimental results are
in good agreement.

Both experimental and numerical works allow us to better
understand the additive action on DPF regeneration:

— The soot ignition temperature drops from 550°C without
additive down to 450°C for EUDC soot and 490°C for
ECE soot. We did not notice any significant difference
between the two additive contents that were studied (25
and 50 ppm). And if the loading is composed of different
types of soot, the lower soot ignition temperature prevails
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Soot packing — experimental results. Soot packing — model prediction.
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