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Abstract: The object of the presented work are ceramic blocks and diesel particulate filters manufactured by CORNING and applied in
the development and serial production of the exhaust gas aftertreatment systems for cars and trucks, providing the required emission
standards and noise regulations. The purpose of the work is the definition of acoustic parameters of the blocks for the further use of
these data in the design of the system components applying finite-element modeling. A set of the blocks with different model param-
eters (diameter, length, and the cell density) was tested on acoustic stand using previously developed methods. Acoustic wave param-
eters have been identified for each block (namely, the comprehensive speed of sound and comprehensive density). The technique of
the test preparation on acoustic test bench, the methodology and results of testing, the methodology and the processing of the results
are presented. The estimation of measurement and calculation of errors are presented.
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1. INTRODUCTION

Recently catalytic converters have become an obligatory ele-
ment of exhaust systems. These converters are installed either
separately in metal casing or together with the exhaust pipe.
In order to properly design the exhaust system, it is necessary
to set the acoustic parameters of the unit, which, in addition
to reducing the toxicity of exhaust gases (its main function), is
also a fairly effective element of noise suppression.

The catalytic converter is installed in the exhaust system so
that the entire gas flow passes through its cells and, acoustica-
lly speaking, is a parallel set of straight capillary fibers. Accura-
te analytical calculations of the transmission of a sound wave
through a fiber require the values of the thermal conductivi-
ty of the walls and the viscous surface resistance, taking into
account the fiber diameter [1]. The accuracy in solving this
problem depends on the possibility of experimental calcula-
tion of the specified parameters of the catalytic converter’s
microtubes using complex tests and subsequent mathemati-
cal processing of the results. The end result depends on many
factors and the method error is difficult to predict.

In this paper, the acoustic parameters of the converter were
determined through calculation and experiments.

2. METHODS OF TESTING AND PROCESSING
OF EXPERIMENTAL DATA

The entire catalyst converter unit is a homogeneous medium
with inherent wave parameters. A sound wave which passes
through the converter undergoes changes in amplitude and
phase in the direction of wave propagation - in the same way
as in any homogeneous medium. By measuring wave para-
meters before and after its passing through the converter, it
is possible to determine any of its volume-averaged wave pa-
rameters, such as the speed of sound, wave number, volume
impedance, etc.

The well-known method of four microphones is currently
used to carry out acoustic bench tests of the exhaust system
elements [2-6]. A sample of the material is installed in a pipe
between two pairs of microphones M1-M2 and M3-M4. A spe-
aker generating sound waves is placed at one end of the tube,
and an acoustic load is applied to the other end. After having
determined the spectra of sound pressures P1, P2, P3, and P4
at points where the microphones are located, the input/out-
put incident and reflected waves of the sample are separated
by calculation, and the spectra of sound pressures P and vib-
rational velocities V are determined for both sides of the test
sample. The values of pressures and vibrational velocities are
related to each other by a matrix equation which is a system of
two equations with four unknown coefficients of the transfer
matrix of the tested element (T11,T12, T21, T22). In order to
calculate these coefficients, two more equations are needed,
which can be obtained through additional measurements
with a second load at the output of the measuring tube [see
the second chapter of 1]. This is the so-called method of two
loads.
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The obtained results are then mathematically processed [7],
and the desired wave parameters of the catalytic converters
are obtained.

3. EXPERIMENTAL STUDY

To carry out the experiment, we have selected a set of ceramic
blocks with various parameters specified in Tab.1.

tween 0 and 3,000 Hz is shown in Fig. 2. A catalytic converter
is symmetrical acoustically, and their T11 and T22 coefficients
should coincide. As can be seen from the figure, this require-
ment is met with sufficient accuracy over the entire frequency
range. By the deviation of the ripple of graphs from the gene-
ral trend, one can give a general estimate of the error when
determining the coefficients of the transmission matrix.

Absorption Catalytic 1-400

coefficient
15

Tab. 1: Characteristics of ceramic blocks

The blocks have been selected according to the following con-

siderations:

- to determine the dependence of the acoustic parameters of
catalytic converters on the cell density; blocks N°1 to N°3,
Ne8, and N29 have the same geometric dimensions but differ
in cell density; the sizes of the groups of blocks N1 to Ne3
and Ne8 to N9 differ significantly;

- to determine the dependence of the acoustic parameters of
catalytic converters on the block size; blocks Nos. 1,4, 5, and
8 have the same cell density but differ in geometric dimen-
sions;

- to determine the acoustic parameters of particulate filters
with different cell densities (blocks #6 and #7).

All specified catalytic converters have been“packed’, i.e. pre-
pared for testing on an acoustic stand (as shown in Fig. 1): inlet
pipe with connecting flange; inlet cone; packed block; outlet
cone; outlet pipe with connecting flange.

Catalytic block

Inlet cone Outlet cone

Fig. 1: “Packing” of catalytic converters for stand testing

In accordance with the test procedure, the following measu-
rements and calculations have been carried out.

According to the results of measurements in four positions
of the measuring microphones for each frequency range (two
at the input, two at the output) at two acoustic loads for each
packed block, the transmission loss (TL) parameters and the
coefficients of the transmission matrix were determined. An
example of the results of experimentally calculating the tran-
smission matrix coefficients T11 (“acoustic pressure at the
inlet — acoustic pressure at the outlet”) and T22 (“sonic vibrati-
onal velocity at the inlet and at the outlet’, real and imaginary
parts) of the catalytic converter 1 in the frequency range be-

4 Dimensions Cell density Block type ,ﬂ
(in inches) (amount per sq. inch) ;
1 4.662 x 4.662 x 4.000 400 Cellular ceramic block
2 4.662 x 4.662 x 4.000 600 Cellular ceramic block \ ‘ /
3 4.662 x 4.662 x 4.000 900 Cellular ceramic block 0.5
4 3.543 x 3.543 x 3.740 400 Cellular ceramic block J
5 5.662 x 5.662 x 5.000 400 Cellular ceramic block 0 b 2 . W"_{: & /
6 13.000 x 13.000 x 14.000 200 Part!culate filter sta 1oho 150 ! a5ho 3000
7 5.662 x 5.662 x 7.200 300 Particulate filter
8 10.500 x 10.500 x 6.000 400 Cellular ceramic LFA block 045 - 7
9 10.500 x 10.500 x 6.000 300 Cellular ceramic LFA block %/ e
|

Frequency, Hz
m—T11re =—T11im=—T22re =——T2Hm
Fig. 2: Coefficients of the transmission matrix of a packed cataly-
tic converter

Then, the parameters of transmission loss of the catalytic
converter [T] were calculated according to the following ma-
trix equation:

[TT] = [Tin][T1[T oue] M

where:

- the transmission loss matrix of a packed block [T T] is calcula-
ted experimentally;

- matrices of the transmission loss at the input [T, ] and output
[T, cones are determined using the finite element model.

The obtained coefficients of transmission matrices were then
used to determine the acoustic parameters of the blocks:
W - wave resistance, k — wave number.

4. RESULTS OF THE EXPERIMENT

The results of experimental calculation of the acoustic parame-
ters of catalytic blocks were determined in the form of spectra
of the complex speed of sound and the complex density of
the averaged medium of each catalytic converter. Fig. 3 and 4
show the superimposed spectra for units with the same geo-
metric dimensions: 01_400 (cell density of 400 per sq. inch),
01_600 (cell density of 600 per sq. inch), 01_900 (cell density
of 900 per sq. inch), diameter 4.662 inches, length 4 inches.
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Averaged speed of sound over the block volume
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Fig. 3: Averaged speed of sound over the block volume

Averaged density over the block volume
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Fig. 4: Averaged density over the block volume

The analysis of the results helps to draw the following
conclusions.

Catalytic converters (DOC) with the same diameter but various

cell density:

- the real and imaginary parts of the block density, as well as
the average real part of the speed of sound, does not differ in
the entire frequency range for all blocks;

- the imaginary part of the speed of sound for frequencies
above 500 Hz shows a small but stable difference; with an
increase in cell density, the imaginary part (responsible for
the absorption of sound) increases.

Catalytic converters with the same cell density (400) but va-

rious dimensions:

- the spectra of both the speed of sound and the density on
average coincide in the entire frequency range.

Particulate filter units (DPF):

- the density spectra for DPF have a general trend similar to
the trend of the density spectrum for the DOC block of the
same diameter;

- the spectra of the speed of sound for DPF blocks have a ge-
neral trend similar to the trend of the spectrum of the speed
of sound for DOC blocks of the same diameter, but in the low
frequency range;

- in the high-frequency range, there is a pronounced resonan-
ce in the sound velocity spectrum of DPF blocks: (at 740 to
760 Hz for a 13-inch block, 1,300 Hz for a 5.662-inch block).
It should be noted that the ratio of resonant frequencies for

the two DPF blocks corresponds approximately to the ratio
of the lengths of these blocks (14 and 7.2 inches), that is, the
peaks in the speed of sound spectra are determined by longi-
tudinal resonance vibrations along the length of the blocks.

The developed method, if applied to particulate filters, makes
it possible to determine the acoustic parameters for specific
tested DPF samples (only of this size and density of cells). In
order to find the acoustic parameters of particulate filters of
any standard size, it is necessary to develop a new method of
testing and calculation.

5. CONCLUSION

The tests carried out for a set of ceramic blocks with various
typical parameters (cell diameter, length, and density; and
particulate filters) made it possible to determine the wave
acoustic parameters of the blocks in the form of reduced com-
plex sound speed and density of the medium (based on the
developed experimental method). The results obtained help
to apply them in R&D for the development of exhaust systems
using finite element modeling.

This paper was supported by Corning, and the authors were
provided with the required set of catalytic converters and par-
ticulate filters.
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