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Abstract: Problem statement: Diesel particulate filters are fast becoming iméégparts of diesel
engines, light and heavy duty, due to their po#iiti the reduction of particulate matter from ex$ta
gases and their noise muffling property. Consedyiesgveral researchers are developing mathematical
models for the study of fluid flow through the dittsubstrate and in the aiding of filter systemsigte
Recently, some researchers developed a mathenmatckl known as the Multiple Orifice Mathematical
(MOM) model for determining pressure gradients efcgst ceramic foams. The MOM model was
calibrated using fluid flow data from cellular fodiitter structure similar to ceramic foams. However
there was need to improve on the method of caiifrahe modelApproach: Following the conceptual
model employed in the development of the MOM modgbhysical scale model was designed using a
CAD package and manufactured for the purpose ofsor@®y pressure drops across the connecting
windows of the cells. A new fluid flow rig was alsesigned from a CAD package and fabricated to
adapt to the physical scale model. Applying theseowation theory, the flow rates across the windows
were calculated and equated to the flow rate déteinfrom an orifice meter, where the correction
coefficients for the calibration of the MOM modekme calculatedResults: A number of correction
coefficients were calculated from the data collédtem the experimental rig. The average correction
coefficient which was used for the calibration dfet MOM model was found to be 2.24.
Conclusion/Recommendations. The result obtained from the new method of modaibration
corroborated the value determined by earlier reseas. This new method reduced the computational
time of calibrating the MOM model and eliminatee thise of graphs and graph fitting. The new fluid
flow rig and the physical scale model can be usethé study of fluid flow in other types of filter
substrates.

Key words: Diesel particulate trap, gelcast ceramic foam, tiineorrection coefficient, generic
foams, foam filters, pressure gradients

INTRODUCTION consist of a filter designed to collect the PM et
exhaust stream of the diesel engine, while allovtivey
While diesel engines have many advantagegxhaust gases to pass through the system. In gahcti
including low emission of carbon dioxide, fuel application, most DPFs can reduce the amount of
tolerance, robustness, low cost and high low-speegarticulates from diesel engine exhaust gas byadtl
torque, they have the disadvantage of emitting0% by mass across the whole range of particulates
significant amounts of Particulate Matter (PM) andsize$***.
oxides of nitrogen NOX. Diesel exhaust emissions are The choice of a filter material depends on many
reported to affect human health, contribute to aaid  factors including filtration efficiency, pressureog,
and reduced visibilitf*°. Consequently, governments durability and cost effectiveness and mathematical
of the United States, Japan and many Europeamodeling is increasingly becoming an engineerirg to
countries are enforcing stringent diesel emissiongo understand, predict and control these paramaters
standards. DPF systems. Consequently, several reseafthers
Although engine manufacturers have made é&ave proposed some models for predicting pressure
substantial reduction in emissions through improveddrop across wall flow filters and filtration effemcy.
engine desigh'?, studies show that Diesel Particulate Considering the many advantages of Ceramic
Filters (DPFs) are a potential exhaust after treatm Foam (CF) filters, including their use as substiate
technology for the reduction of PM emissions. DPFgdiesel particulate trap systems and Gelcast Ceramic
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Foam (GCF) in particular, some research®neported SRS Asetofpressure
the development of a mathematical model referreasto
“Multiple Orifice Mathematical (MOM) model” for
understanding fluid flow through the filters andaad for
filter design. This mathematical model was deveibipg
applying the fluid flow theory on a simplified caqutual
model, where the ceramic foam is represented witfs r
of cells across the filter, connected by openingiéed
the windows. The resultant mathematical model was S
calibrated by fixing the viscous correction coeéfit to

determine the kinetic correction coefficightby “graph  Fig. 1: Drawing of generic multiple orifice physica

EROEREE:

O

fitting” the mathematical model on a graph devetbpe scale model designed using a computer assisted
foam model filter. o corresponds to a given ratio of window to cell
This report presents the calibration of the MOM diameter

model applying a direct experimental method of
determiningP by using data of fluid flow experiment
on a new physical scale model similar to the cohadp
model used in developing the MOM model.

Consequently, a sample holder was designed and
produced such that the air flow could be directedt
given row of cells and it (i.e., the holder) coble fitted

MATERIALSAND METHODS to a flange on th(_e pipe after an orifice flow mefEhne

length of the pipe that leads to the row of celss

Physical scale model: A physical scale model was >50 times the diameters of the cells to allow théelfto
designed using a Computer Aided Design (CAD)be fully developed before the rows of cells. FigQris
package and manufactured by using stereolithographg schematic of the multiple orifice physical scaledel
rapid manufacturing techniques. In order to producdlow rig. The reducer pipe or connecting pipe of
significant number of experimental data, two gemeri internal diameter 4.2 mm and length 450 mm is
multiple orifice structures of diameter 60 mm andmounted after the orifice plate, then the samples wa
length 100 mm were produced with four rows of cellsmounted on the other end such that reading can be
each. The rows of cells were of various cell/windowtaken from each given row of cells.
ratios, providing enough variation for comparison. Steel tubes of external diameter 5 mm were
Figure 1 is a CAD drawing of the generic multiple jnserted into the pressure tapping holes in the obw
orifice structure showing the rows of cells. Sevees  ¢e|is from which they were connected to flexiblesto
of tapings were made along the_ length of the foam.qm the digital pressure gauges (Fig. 3). Soaptieni
model as shown on the CAD drawing for the purpdse Owas used to check for air leakage after using sesala

reading the pressure drop across the W'F‘dOWS-. The The pressure drops across the windows were read
study of each row of cells and windows is a direct

application of the conceptual model used for thefrom digital pressure gauges W'th rangesnfi .
development of the MOM mod#. 700 Pa. The readings were taken simultaneously Wlth
that of the flow meter mounted before the physical
Experimental set up: Two options for the model. The temperatures of the air were also read
measurement of the pressure difference across thgmultaneously to calculate the air densities.
windows were considered. The first option was to  The air flow through the rig was generated by a
mount the generic structure directly in a filtelde of  “Leister Robust” blower. The air flow rate was
60 mm, where air flow is directed through a single#  measured with an orifice plate meter. Specificatitor
of cells by blocking the other three rows. However, the production of the orifice plate flow meter used
can be recalled that the change of the fluid fleawebter  this research study are reported in the Britism&aiads-
from 60-8-10 mm would be significant and the flélav ISO 516%". Between the blower and the flow meter
through a row will not be fully developed when taki was installed a flow conditioner, to straighten the
the readings across the windows. Hence, the secorsWirling air flow and reduce the pulsation of the
option was employed, which involved the reductidn o pressure across the orifice plate. The distanaa ftee
the fluid flow diameter away from the entry to leev of  conditioner to the orifice plate was more thantteres
cells to allow the fluid to be fully developed befadhe the pipe diameter to allow the full developmenttiod
measurement of the pressure drops. fluid flow before the orifice plate.
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Multiple orifice physical

Orifice plate scale model

Fig. 2: Schematic of multiple orifice physical seahodel flow rig

S Tabe. Where:

Tepping: Q = The flow rate (fsec?)

Cp = The orifice plate discharge coefficient

Do = The orifice diameter (m)

P = The fluid density (kg i)

D, = The pipe diameter

AP = The pressure drop across the orifice plate

A number of discharge coefficient equations are
used in different standards. The equation usedhim t

. . . study is recommended by the British Standards-1ISO
Fig. 3: Picture of the mounted sample of the mlétip 51677 \which is the Reader-Harris/Galagher
orifice scale model with the inserted steel tUbeSequatic;n.

sealed with sealant Using a similar approach for the calculation of
Air with a known flow rate was directed through fluid flow rate across the orifice plate, the radaship
each of the rows of cells at a time and the prmsurbetween the pressure drop across the filter anflahe

difference across the windows was measured from theate was developed, Eq. 2:
pressure tapings.

Modeling of fluid flow rate acrossthe windows: The  pQ,_, =p=
objective of the experimentation is to measure the
pressure drop across the windows of a given row of
cells for a known fluid flow rate. Hence, each rofv
cells consists of 4 sets of pressure tapings tblerthe )
measurement of the pressure drop across four wiﬂdomyvhere' .
at a time. Using the same principle for the deveiept ~ Qrow = The flow rate across the window
of the MOM model, a relationship was made betweerB = The kinetic correction coefficient
the pressure drop across the windows and the flolP = The pressure drop across a window
rates. From the conservation theory, the flow sat@ss W = The window diameter
the windows was equated to the flow rate calculatedl, = The equivalent diameter
from the orifice meter.

The flow rate from the orifice plate was calcuthte Therefore, equating Eq. 1 and 2 the kinetic

from using the equation below derived from thecqrrection coefficient can be expressed as:
Bernoulli equation:

()

®3)
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The equivalent diameter was derived such that thé&able 1: Kinetic correction coefficients from theultiple orifice

volume of a tube of length L and diametgmhs equal ggygifa' scale model at windows 1, 2 3 and 4, f&, 2,
to the total VOI.u_me of all the cellst¥., in a row of Cell Window  Fluid flow  Kinetic correction coefficis
length L. That is: diameter, diameter rates Q
d(mm) w(mm) (msec?) Pl B2 B3 B4
@ 10 6.00 117E-03 22 2.2 2.2 2.2
M—=2=V, 10 6.00 1.15E-03 2.2 2.2 2.2 2.2
4 8 6.00 1.08E-03 3.0 21 21 2.0
8 6.00 1.14E-03 2.8 21 21 2.0
8 4,66 1.01E-03 2.8 3.0 2.9 35
or 8 4.66 1.07E-03 29 3.1 3.0 3.5
9 5.66 1.20E-03 2.2 2.6 2.2 25
9 5.66 1.26E-03 2.3 2.7 2.3 25
d. = Vrcew ) 11 6.00 121E-03 2.1 21 21 21
0 L 11 6.00 1.26E-03 2.1 2.0 2.0 21
11 4.70 1.11E-03 2.7 2.7 2.7 2.8
11 4.70 1.17E-03 29 3.0 2.7 2.9
The total volume of the cell was calculated by
adding up the volumes of the entire spherical apla DISCUSSION
row and subtracting the overlapping volumes that
created the windows. That is: The results from analysis show that the kinetic
correction coefficients calculated from the expenmal
Vicew =MVeg, data varied from 2.1-3.6. The modal class was fdond
be between 2-2.4 with an average kinetic correction
Where: coefficient of 2.24. This value for the kinetic oection

coefficient determined from the multiple orifice
physical scale model corroborates the result offérg
Adigio et al.'®. This implied that the MOM model can
be calibrated without the use of graphs and graph

Vel = A cell volume
M = The number of orifices in the row of cells
across the filter, given by:

- . fitting.
d? - w? CONCLUSION
This study has established a new method for the
and determination of the kinetic correction coefficieftthe
MOM model. The kinetic correction coefficient ofeth
_ L » MOM model has been determined by directly applying
Vrcen _lzm«z_SB(?’kz +B) ©) physical scale model similar to the conceptual rhode
The conceptual model used for the development ®f th
Where: MOM model was in this case designed and
L — manufactured for the first time to generate theadat
E_‘ vlv;dJﬁ this research study.

This method of model calibration has reduced the
computational time of calibrating the mathematical

Hence, for a known flow rate and the pressure dropnodel, eliminating the use of graphs and “grapinfit
across the windows the kinetic correction coeffitse  to solve such problems.

could be calculated using Eq. 1-5.
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