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ABSTRACT

An Experimental Study of the Performance Evaluation of
an Optical Device for Measuring Smoke Concentrations

Young-Jo Baik
Advisor : Prof. Seul-Hyun Park, Ph.D.
Department of Automotive Engineering

Graduate School of Industrial Technology

The dimensionless extinction constant of particulate matter (PM) is one of the most
important parameters that can be used for the concentration measurement of particles
including smokes (PMs) released from automobiles. In this thesis, the dimensionless
extinction constants, K. of PMs produced from a small laminar flame burning
n-heptane ~ were measured at the atmospheric pressure of 0.1 MPa. A series of
experiments were performed using visible light source of the wave length of 633 nm
and 650 nm, respectively. Measurements were fulfilled with a Transmission Cell (TC)
in which simultaneous gravimetric sampling and light extinction techniques  were
employed.

The measurements of the K. value for n-heptane fuel was 10.0 + 0.36 with the
measurement uncertainty of 10.1 %. The measured K. value for n-heptane fuel is
significantly higher than the traditional value of K. equal to 4.9 (usually cited from
previous light extinction experiments) that is calculated using refractive index and the
Rayleigh limit solution. The K. value measured for n-heptance can be used for
accurate measurement of volume fraction of PMs released from diesel engines.

In addition to the K. measurement, the optical components consisting of light source
and photo-receiver were characterized. To this end, standard optical components such
as He-Ne laser (633nm) and photo-detector were replaced with a low-cost laser module

and photo-sensor. The experimental results indicate that the optical density (OD)
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measurements performed by low-cost optical components (i.e. laser module and
photo-sensor) are very feasible, producing trackable wvariations in the OD wvalues
obtained from the set of standard optical components. Differences in the volume
fraction calculated from the OD values with the measured Ke of 10.0 are attributed to

the optical response characteristics of each light sensor.
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Figure 2.1 Schematic diagram of an experimental-setup for
light extinction measurements
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Figure 2.2 Schematics of transmission cell assembly
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Figure 2.3 Illustration of light extinction induced by PMs in the TC
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(a) before sampling (b) after sampling
Figure 2.5 Measurements of mass of PM sampled on the filter
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3.1 n-heptane YAMIE=RQ] BAY LAEA S

o
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Figure 3.1 Measured PM volume fraction as a function of laser
transmittance
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Table 3.1 Summary of measured K. for n-heptane fuel

-In(1/1,) K
0.50 10.1
0.71 10.5
1.10 9.9
1.70 9.6

12

Ethylene Acetylene  N-Heptane

Figure 3.2 Comparisons of dimensionless light extinction constant
for ethylene[14], acetylene[14] and n-heptane fuels
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Refractive index = m+ ik
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Figure 3.4 variations in the light extinction constant with wavelengths [16,17]
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Figure 3.5 TEM image of Diesel PM
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Figure 3.6 Experimental setup with low cost optical components
for PM measurements
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Figure 3.7 Low-cost optical components used
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Figure 3.8 Calculated optical density (OD) variations with time
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Table 3.2 Summary of calculated average OD and PM volume fraction
for Case I and Case I

Average OD Volume fraction

Device (-] [ppm]
Low cost device 0.49 0.038

Case |
Std. device 0.47 0.036
Low cost device 0.68 0.053

Case 1I
Std. device 0.64 0.049
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Figure 3.9 Light attenuation by absorptive neutral density filters
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