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An Analysis of Characteristics of Particulate Matter Exhausted
from Diesel Locomotive Engines

up B A-Z e 20 Y E &Y
FRAEI¢ATY AEVY - H2ATY
FogAlste £%, B4 % AFFHE, /187 L e
2siosn 87 - SN 3 R AT A
(20023 10 29 F 4, 20029 12€ 174 A =H)

Duck-Shin Park*, Tae-Oh Kim"” and Dong—Sool Kim?
Environment & Materials Lab., Korea Railroad Research Institute
YSchool of Architectural, Civil and Environmental Engineering,
Kumoh National Institute of Technology, ?College of Environment &
Applied Chemistry & Institute of Environmental studies, Kyunghee University

(Received 2 October 2002, accepted 17 December 2002)

Abstract

Numerous evidence have been reported that fine particulate matters can play an important role in threatening
human health. Recently concerns on fine particle pollution from various engines may require re—examination of
particulate emission standards. The particles emitted by most diesel engines are mainly divided into their size
ranges such as Dp< 50 nm and 50 nm < Dp < 1,000 nm. In this work, the number concentration and the size
distribution of fine particles emitted from an exhaust manifold of a railroad diesel engine were measured under load
test conditions using a scanning mobility particle sizer (SMPS). The fine particles observed were within the range
of 7 to 304 nm under different load conditions with two different dilution ratios. The fine particles exhibited unique
patterns showing bimodal shapes in size distribution.
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Fig. 1. Schematic diagram of power transmission for a diesel locomotive.

Table 1. Characteristics of the engine tested in this

study.
Maker EMD, GM
Model 16-645E3
Cylinder (mm)
(bore X stroke) 230254
Cycle 2
Compression Ratio 145:1
Pulling Capacity (HP) 3,000
Idle 315
RPM 8 notch 900

Table 2. Power of the diesel locomotive engine during

load tests.
Notch Power (bhp) Rated Power (%)
Idle 74.6 23
2 358.7 11.2
4 1057.1 33.0
6 1895.1 59.1
8 3205.7 100
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Fig. 2. The exhaust sampling and dilution system for this
study.
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Fig. 3. A schematic dilution tunnel used in this study.
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Fig. 4. A differential mobility analyzer used in this study.
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2.3 SMPS (Scanning Mobility Particle Sizer)

2 Ago] AH4-3 SMPSE 1% 4¢] Yy DMA
(differential mobility analyzer, TSI 3071A)8} CPC
(condensation particle counter, TSI 3025A)Z A=
I35}

2.3.1 DMA (Differential Mobility Analyzer)
I3 4 2 AYe)N A4" DMAY g
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Fig. 5. Relationships between engine power applied and
gas compositions from engine exhausts.
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Table 3. Characteristics of exhaust gases for various engine loads.

\\ Items Temp 0, CO, Gas concentration (ppm) Efficiency A
Load (%) ‘o (%) (%) co NO NO, NO, (%)
2.3 (idle) 101 18.9 1.5 110 201 33 234 72.4 10.45
11.2 (2 notch) 174 17.4 2.6 147 329 30 359 69.1 5.94
33.0(4 notch) 268 152 43 257 610 20 630 69.0 3.62
59.1(6 notch) 362 13.1 5.8 1069 839 18 857 67.7 2.66
100 (8 notch) 371 13.0 59 412 1150 32 1282 67.5 2.62

YA @ excess air ratio
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g. 6. A typical size distribution of fine particles from a
diesel locomotive engine measured by SMPS.
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median diameter), & 7} 4> (total number concen-
tration) ¥ & 23] X% (total volume concentration)
= 77 ver oo

£ 49 37 7~130E &g A3 Faid
soll w2 A4 FFUAR, 718t F U7 (geome-
tric mean diameter), & M4rx % & Ri)ex s
vebligle 27 70l AR AXYH EH| whE
Zo} A Hele 3AMu¥ 332604 26.6~93.5
ime) MeE mAE e HAdEAdy] 23%4A
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nmE vebd T, FHEHAME 899 nmz 743}
oot =9 N 334IAE A9 A Aste
2ok A} (ow load)el A HAMA ¥
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Fig. 7. Distribution of count median diameters according
to various engine load conditions.

Table 4. Particle size statistics for various engine po-
wers (%) applied in this study.

Dilution Dilution
Ratio Ratio
332 13.34
At2.3%
Power (bhp) 74.6 74.6
CMD (nm) 26.5 21.6
Geo. standard deviation 1.66 1.61
Total number concentration (#cm?) 4.53E05 7.96E05
Total volume concentration (um¥cm?®  4.13E01 4.01E01
At 11.2%
Power (bhp) 358.7 358.7
CMD (nm) 32.8 47.6
Geo. standard deviation 1.92 1.73
Total number concentration (#/cm?) 2.45E06 1.97E06
Total volume concentration (um¥em?®)  5.74E02  6.53E02
At 33.0%
Power (bhp) 1057.1 1057.1
CMD (nm) 86.1 844
Geo. standard deviation 1.53 1.5
Total number concentration (#/cm?) 5.34E06 3.68E06
Total volume concentration (um3/cm3) 3.67E03 2.51E03
At 59.1%
Power (bhp) 1895.1 1895.1
CMD (nm) 93.5 91.8
Geo. standard deviation 1.49 1.54
Total number concentration (#cm?) 5.60E06 3.75E06
Total volume concentration (pm3/cm3) 4.59E03 2.96E03
At 100%
Power (bhp) 3205.7 3205.7
CMD (nm) 89.9 90.4
Geo. standard deviation 1.51 1.55

5.23E06 3.06E06
3.96E03 2.37E03

Total number concentration (#/cm?)
Total volume concentration (um*cm?)
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Fig. 8. Total number concentration according to various
engine load conditions.
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Fig. 8. Total volume concentrations according to various
engine load conditions.
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