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The Experimental Study on the Removal of Diesel Engine Pollutant Emissions

Using DC Non-Thermal-Plasma (NTP)
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ABSTRACT

The diesel engine exhaust gas is known as one of the causes to produce photochemical
smog, which causes damage on environmental. However, due to the high thermal efficiency and
low carbon dioxide emission, the usage of a diesel engine is prevailed. In this study, the DC
non-thermal plasma technology used to the particulate matter (PM) aftertreatment. The exhaust
gas characteristics and energy density were investigated on the dynamometer test bed and
chassis dynamometer with CVS-75 mode in a passenger diesel car. It was reported that the
smoke removal efficiency has around the 70% in the dynamometer test with the 80W energy
consumption and the PM removal efficiency has the 68% in the real car test. The NOx also
reduced the 20% according to electrode types respectively. Considering these results, plasma
technology is one of the ways to simultaneously removing method the particulate matter (PM)
and NOx.

F87]&409] : Non-thermal plasma (A &Z8l=n}), Particulate matter(Y A}4E2), Energy
density (YA D E), CVS-75 mode(CVS-75E.5)
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Table 1 Specification of test engine in PM

experiments
Descriptions Specifications
Engine Type D4BX
No. of cylinder 4
Displacement 2476¢c

Borex Stroke 91.9mmX 95mm

Compression ratio 21
Maximum Power 73ps/4200rpm
Maximum Torque 14.9kgm/2500rpm
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Table 2 Specification of engine in NOx

experiments
Description Specification
Engi 4 cycle water cooled
neine type D.]. diesel engine

No. of cylinder 1

Displacement 638cc

Borex stroke 95 X 95 [mm)
Compression ratio 18

Ratrd power 73512200 {KWirpm)
Maximum power 9.56/2400 [kW/rpm]
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Table 3 Specifications of plasma reactors

Reactor
A B C D E
Type
Reactor
. Small Large
Size

Pin Single | Multi | Single | Single | Single
Plate | Single | Single | Multi | Single | Multi

1. Test engine 6. Surge tank 11. Smoke meter 16. Orifice

2. Dynamometer 7. A filtes 32, T 17. Th

3. Fuel tank 8. Air flow meter 13, Dynamocontrofier 18. Fuel meter

4. Isothermal bath 9. Heater 14, Gas analyzer 19. Cooling water
13 10 Nenil VE Dlnmrea canabar 2N Muttiar

Fig. 1 Schematic diagram of experimental setup

for PM removal (Engine dynamometer test)
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Fig.2  Schematic diagram of experimental
setup for NOx removal
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1. Cooling Fan 4. Gas Analyzer 7. Dynamometer Controlier
2. CVS Equipment 5. Hccod_ev 8. Data Logger
3. CVS Control System 6. Chassis Dynamometar 8. Type Writer

Fig. 5 Schematic diagram of CVS75 mode test

4. Az 2 NE
41 PM I &8 2 B4

Fig.6 dlXe PM A8 ALgd ugr]9 72
of WE AY-AF FAEL YERiAT. ¥4 2
o w2y vud FHo] 22 Ad Hid A
o] & B7} Ago] o 30%AE $5EE & &
lod, ¥gr|e AHol FUY Aol single
pin® FZXEt multiping A$7F w2 o
7tEle Ay o] AedHn FIF ] A
dAE agel B F Axel £¥39 ASS
multipin®.2 & F$-(C type)?t 28X &< 3
$(B type)Rtt HG-AF FAo] tha 3}
%tk Fig. 78 A¥4AdA 8% d342 D-13
2ooA 2e¥ smoked AZAET 2 4H]
He d8g Jehd Zolth AAHoR 4HH
' Age gowoluden, AAEEE FHi
70%°149] A& Jehich. £3] 693t 89
B oM smoke?] do] Bol wiEEHE Zol

40 EHIXNSXSEHIH=EH

Hl3le] v|ZA ¢4% smoke A7t &L e
Wl Fig. 8ol & AFolA AHE® F 7t
A9 W871E AHEEtd AAAEEJA CVS-T5R
g ojgdd 4 AHE e Aot wt
€719 F§F wa thi ZolE AU PMFY
smoked] AAEE&o] 27 68% H 78%] AA
&S Yehidth

42 NOx H2& &8

NOx A7 ddoMe F 47tA 9 ¥g7)
£ dA RaE zdsiy At
Fig. 9~11& ®r37]9] FHe 2xuisd o
E NOx AZEEE whg7ld rtEE oA
Az g2 el Aojth 2ydA 2EXE
A€ wgr] WRY LEE 100C, 175C %
B0CE 3tgon, 25248 dAe Ris
ZY3e PHoE AMESAY. dAHe= o
SN & Agole 87] A AFAIRD
7b2 Q8 NOxe A& ol ¢r3tdon,
€7 Type CH B7} ¥+87] Type AR
$-&3H E3 9§7] Type ARl A%<
AAH o2 NOxe AZAE&o] Az
b2l MR EEZVME eI E QAU
AFUEE £ ¥ ofVg =7 &85
w12 fFYHE vAHY FrE2 <
sto] Al Bt A F Ao BelA ] Wl
8o Wolxe AF¥L BHA.

a2 YeE ARLHARHIY gl ¥
ol oa Aole UAMYAT HA o=
NOx9] AAZEC] 2~20%YS & F UM
. Y9 FAH(ZHEH DCE o8 AFE
gt=zrlE PM3 NOx9 FSAIAZ] 7t
g 5 AReH, 53 NOxAZY A+
PM Aztell uv]3te] &F-oA A7}tE=
FUE7}F Folof 38 & F UNTH

=1

r

rE oy

rD‘.

B0

2 orlr ot



DC A2EZZrE o]8¢ tdA &8l wWi717kx Aol B¢ 493 A7

Current [mA]

0 L = L L

8 0 12 14
Voitage [kV]

Fi

&

1

6 Voltage current characteristics of

each reactors in PM experiments

Fig.

0.20

0.00

7 Smoke removal efficiency as

a

function of various engine condition

PM Smoke

Type B Type B
Type D
Type D

Fig. 8 CVS-75 mode test results

Fig.

Fig.

Fig.

NO removal efficiency [%]
a 8

9 NOx removal efficiency as a function of

various input energy density at 100

NO removal efficiency [%]

4t - 4
. *

2k ¢ fu o

3

° L L 1 I + L
12 14

4 ) [ 10
Energy density [wh/m3]

10 NOx removal efficiency as a function of
various input energy density at 175C

10

T T T
8 * E
g“.
; *
! -
g 4
n
2 o e = 4
s ¥
¢ o
. .
° -l L L L L
[ 2 10 12

. [] a
Energy density (wh/m3)

11 NOx removal efficiency as a function of
various input energy density at 250C

H9A M25, 2001 41



AN - GAL - AAE - 4 - Y- 2 4

5.8 &

2 AP e Zekzu @48 o) &dtd fA

AR el PM 3 NOx9 SAAALEE 3

dgon ted g2 A2S Idg ¢ UNU

D o0& wrnta F48 Eg2vt Berg
DC 12V Hlga§ AYFAE A7 H2E
2 Az Hgol glo] Fg glo] FEE A
o w3 43 AF5E AFHA

2) PM 248 23 A dd$dA smokeE
TM%AE ZAA7ed a3 duAs o
gOWolgen ol Hzx HEo] 7Heds
& ANk

3) Az 4¥& 98} CVS-T5EER HAE 2
% ®g7] Type DY 7Z$ PME 68%,
smokeZ 78% AZE F Ut

4) wrg7] FAdol Aojo we} NOxo AREE
& ztol7t ANeH, ¥V dFHE
UAEEe xolo] 93] NOx9 AztEfo|
gz ges & F AT

5) dkg7| ol el HFAIZke] FIHESE e
kg7 e] x5 BE4E NOxe A

%01 -5kt

$719 £ wel i ol UUAT

ghzug o8¢ A4 dAAR =7)7rA

of PM3# NOxE Aol A48 4 itk

-

O{N (e

pl

00

1479 Aetgsod 3
ZFA BAAE

B A3 (PHaA
2] @T)r«‘ QR g ATLg A
¥4

12 BRSNS =LY

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

#10&E#

K. F. Hansen, F. Bak, E. M. Anderson,
H. Bejder, "The influence of an oxidation
catalytic converter on the chemical and
biological characteristics of diesel exhaust

emissions”, SAE 940241, 1994,

P. Hawker et al, "Effect of a
Continuously Regeneration Diesel
Particulate ~ Filter on  Non-Regulated

Emissions and Particle size Distribution”,
SAE 980189, 1998.

M. W. Vincent, P. Richards,
Reduction in Diesel Engines Through the
Combination of Particulate Filter
Fuel Additive", SAE 982654, 1998.
T. Hammer, "Plasma Enhanced Selective
Catalytic Reduction of NOx for Diesel
Cars" SAE 982428, 1998.

J. Hoard, M. L. Balmer,

"Particulates

and

"Analysis of

Plasma-Catalysis for Diesel NOx
Remedition, SAE 982429, 1998.

T. Yamamoto, C.-L. Yang, "Plasma
Chemical Hybrid Process for NOx
Control", SAE 982432, 1998.

B. M. Penetrante, R. M. Brusasco,
"Plasma-Assisted Catalytic Reduction of
NOx", SAE 982508, 1998.

E. D. "Electrocatalytic
Reduction and Selective Absorption of
NOx", SAE 982513, 1998.

B. M. Penetrante, R. M. Brusasco,
"Feasibility of Plasma Aftertreatment for

Wachsman,

Simultaneous Control of NOx and
Particulate”, SAE 1999-01-3637.

K. R. Parker, "Applied Electrostatic
Precipitation”, Blackie academic and

professional, pp. 25-88, 1992.



