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Abstract

Due to the stronger exhaust emission regulations and the introduction of advanced technology in Diesel engine,
the specific Diesel particulate matters have decreased by about one order of magnitude since the 1980’s. In recent
years, particle number emissions rather than particulate mass emissions have become the subject of controversial
discussions. Recent results from health studies imply that it is possible that particulate mass does not properly
correlated with the variety of health effects attributed to Diesel exhaust. Concern is instead now focusing on nano-
sized particles. This study has been performed for the better understanding about the Diesel nano-particle
measurement and size distribution characteristics in the exhaust system of a turbo charged Diesel engine. A
scanning mobility particle sizer (SMPS) system was applied to measure the particle number and size concentration
of Diesel exhaust particles. As the experimental results, the number concentrations in the particle size (Dp <200
nm) were very sensitive to dilution conditions. Specially the changes in nano-particle number concentrations
(Dp< 50 nm) increased along the downstream of exhaust flow. Also we found the dilution conditions were
influencing the condensation of SOF and H,O during dilution and cooling of hot exhaust.
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(a) SEM image (b) Microscopic image

Fig. 1. PM Image emitted from Diesel engine.
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Fig. 2. Schematic of Diesel particulate matters.
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Table 1. Specification of test Diesel engine.

Variables Mighty

Displacement (cc) 2,974
No. of cylinder 5

Bore X Stroke (mm) 89x92.4
Compression ratio 22:1
Maximum torque (kge-m/rpm) 23.4/2400

J. KOSAE Vol. 22, No. 5(2006)



656 o]xS - AEA - ALY

D¢ HAFr) L2 200C Adsed I
om, 5 WA W) FARAE oo HHTE
gAY 28w IMTAe BF GHL dbarz
AAsHA FA)3l5 ). SMPS (scanning mobility parti-
cle sizer)x ¥F4%¢ DMA (differential mobility an-
alyzer)e} Y42 4=7)Q1 CPC (condensation particle
counter)2 FA€rh DMAS %7 =& M3t

Engine
T/C n
v ™ O
Point #1 Point #2 Point #3
Filter
A
Diluter #1
Compressed air
Diluter #2

e

EEPS

(a) Schematic diagram

(b) Photograph of system setup

Fig. 3. Experimental setup for measurement of Diesel
nano-particles.

IR RAFHA A 229 A5 5

7H A7 A7) Fe] EAjss miAWAN 5
Akl = AA7HT fAAete] 245, o)y
el ¥ A =)ol ahe} WsiA =] it

A8 x4 A7|A o] %= (electrical mobility)e] X}
£ °] 43 7otk DMAY: ATFo] & 23 9%
o Wi F2hell AFA7 Ao PR = glow, vz
A" AR AR aPEelA o)d] $-15T). o))
Zd7l o] T2 ol ofa 22 Iz HEAMR
a3 2 YA el st 54 7y
94 qAE A3 }Wﬂl AAE &3 F48e 9
HAPE 27 e B £3 DMAA 4
Aol Artshe dJ Aejste] A Fxg W
i}/‘l%@f*ﬂ o3 AR B 2715 AlesA =k
o] ¥, &3] $9% YAl FabAal wpHe o)L
Bfed °‘?<H Neg A 98E 3= CPCol B
A YAs=s} 74] 257 "} (Gulijk er al., 2003;
Kasper et al., 2001).

%‘E

ﬁ,o:r‘.,.a

o

&jg__;‘.:L

4 7z 9 ng

4.1 S MEX U My A&

I3 4% 109 o]AE3 IMAARHE Alg-ste
M3 A (3R] 8.5: D2} 2709 o] HAEy 3
AAAE AE2 94 29 s A9 (3N
785:1)8 A SuiARiA 43 ¥xE vl o
i Aok o] £ A mE R HA 34 2
FTHHE e A7) FE S oj&dte] 200°CE s}
At m, 2%k FMehs AL 2% A Tl e
T AR50 ez fAEEE il EAxAL o}
ol & (idle)Ael (AX 3| A4 785 rpm)2. A 3edc).
Je)at B 379} Wl &rbag) vy} S AR
SHAl Hw, o] AE] vl SAAA A B Mu)E ge
HelellA AAsH oz I 3 71xA Aot 3w
o 2 Aoz AadEd.

3148 =(3) 4 37 52+ B 272 B 27

I3 4 39 Y4 iAo 47 B H3
ekl A, 2%k A4 A2x]= oF 200nm o} s}e)
AN F2] FEE g ARG o)zt
=718l ¢k 15nm EZoA = 7‘7}%}‘——43] o] 2%t
ANAA ] Fdguce A4 dxzgd g 24

it

L



10°
108 s
a 107t 4
=1} E
E E
S 06
> 10 ﬁ
=
z 10° i
é £
S 10t . ——
@ —o— With 2nd dilution
2 103 —e—~ Without 2nd dilution
= 3
= 3
10?
10!
1 10 100 1000 10000
Diameter (nm)
(a) Diesel particle number density
1.0 T ——
e
08—
5 :
2 [ ]
=
= [}
3 o6 —4t—f— g — L *
Zc [ o ,. PO L4
o | g S——
5 %0e.q® ®
Z 04
3
H
4 --o- Non-dimensional particle number rati(d
02
00
0 50 100 150 200 250 300

Diameter (nm)

(b) Ratio of non-dimensional particle number density

Fig. 4. Effect of dilution ratio on Diesel nano-particle
number concentration.
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