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An Experimental Study on Effect of Plasma for Exhaust
Emissions in Small High-Speed Diesel Engine
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Abstract

To remove nitrogen oxides(NOx) in exhaust gas of diesel engine, three-way catalytic process with
plasma discharger has great possibilities. Characteristics of NOx removal depends on NO conver-
sion to NO2 and/or HNO3 due to high activation energies for NO oxidation and reduction. NOx
removal efficiency by using three-way catalytic with plasma discharger indicated about 50% at

40watt power consumption condition.
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Table 2 Specification of the diesel engine

Content Specifications

Type Diesel engine

Rated outpot 14KW/2,800rpm

Maximum torque 53 N - m/1,800rpm

Maximum revolutions 2,950~3,050rpm

Cycle number 4 cycles

Cooling method [ By cooling water pump

Cylinder number and array | 3 cylinder, vertical type

Cylinder inner diameter

75mun/7
and stroke 5 Omm
Comi;ression ratio 22:1
Displacement 927cc

Injection nozzle and pressure | Throttle type/13.7MPa

Generator 12V, 240w

Table 3 Chemical and physical properties of used

fuel
Content ! Specifications
Carbon{wt %) 85.7
Residual carbon(wt %) 0.2
_ﬁydrogen( wt %) 13.6
ﬁful‘(wt %) 0.09
Ash(wt %) i 0.001
Specific gravity at 15/4C 0.848
| Kinematic viscosity at 37.8T 2.982
Heatmg value(kcalkg, high/low) | 10,920/10,244
Flash and pour point(T) 47/—22
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Fig.1 Plasma production in surface plasma gen-
erator
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Fig. 2 The assembly of three-way catalyic conver-
tor

Table 4 Specifications of catalytic convertor
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Fig. 4 Schematic diagram of experimental appara-

Content Specification

Configuration Pt/Rh/Pd

Support y—AlO3

Pt(wt %) 0.084

Rh(wt %) 0.004
Pd(wt %) 0.024

Deployment sequence Pd,RH, Pt

Diameter of catalytic support 3.2mm tus

(758)



A% 14 gAAR g

(NOx)9] 5= & th&9 19 59 YRt

1/4, 2/4 3389 AdzAANH e F 200~
400ppm A x o] FAAsEo] WiEHA =, o
£ dad YRy A2t 878 aet ther-
mal NOx7} 244 % Ao 2 fggosso

3/4 2 4/4 ¥319] 3 ol & < 500~ 600ppm %
=2 A vt W r s Jelyt ol &
dZ7tz 3l dAutgo] G4y, dad U
Hol stALE A5 o 2 913 thermal NOx29] &
7tz gdggree AnE oz gqaddea
25 e AAA3E9 60% A EE thermal NOx
ol FelzA Fojnt SRtz = AAEAL 2A
e e olal g Aoz Alsd b

WAooz A% Fepzvtel Ao 2 NOxo| 4
Az 53 = di7] 3 w77k FeAM AR G E

A9 Vel 37 FolAe ez g
NOx2l HA & 1% 649} o] anjHYo] F
7tgkel] @l Fobst ). o] doll =
A% NOx9] =& 24 A" At
v o 72 2ol wirzbx

FEE A

Zol A NOx7}

1200 1400 1600 1800 2000 2200
Engine Speed (rpm)

Fig. 5 NOx concentration according to engine

speed
160
3 140 +F : case of dry ar
2120{ |~ : case of water adition
£
S 100

power consumption (watt)

Fig. 6 NO concentration according to power con-
sumption on air condition

(759)

wj7] W) & 8ol v)A &

Zetzvle] G ol AP AYA A7 37
23go] & Afole Eet=ul g o8
NOx7} gt €} o] djol & wj7| 7t F
o] 9% A £ wol= 238 NOxe A|A & &0
Polx| & Ao 2 vty

ol& %71 ol M= Ao ofste] oA et &
Tt st &9 o] AAEEA 0|2
3] A" O radical®} N radicalo] ¥k-g3td NO
of A gFo] FHdth & A A ol 2
=] AFS AT LEA L&Y A Fo| Bol

ZH A O radicale] A ER] oz NOx A
Fo| FojE Aoz fodATh

gt w7k s Fel Al radicale] 3 29
B Aoz 288t NOo| HE&& a4
ANFNAY EEE&E S A2 e,
o]+ NOx2o} {7t a7 ¢ Fohe] Znjvhg-7] e vt
$& F = AR E A e w Ao g godE

ul 7] 7k &2 Al NO9| Aggo] /Mg g2
40watto] AvjHH o7 ZetzolE WPAA w7
7tAE AEsta, Eoiuke1E A7 ¢ F o
vz ehe) 3/4 9 44 HatzP A A9 w77t F
o} A&AEE T & b2 19 8¢ et

a9 5ol e wl st v wate] B A A
o2 4 50% P A2 E APERE Hol
2 U} ole EFFZvtE Q1% NO9| Hghgo] &
fuk g7 o Ao ALNEE AFEI gL

o 3

03 &S BAFEd, NO9 3¢ Zojutg
71l el Bl &2 E2k=nt ‘Q*}}Zc}x] oA gy
E2 Hng 013t NO2] Ba]go] Q&g 0|5

\
e

NO conversion rate (%)
> 8 8
\
)\

“ I

o
\
\,

15 20 25 30 35 40 45 50 55 60
power consumption (watt)

Fig. 7 NO conversion rate according to power con-
sumption on exhaust condition



38 BEATRASEE, £234 B6 W, 1999

B
[=3
=3

w
E=3
o

/\

b —— 34

N
o
o

Nox Concentration (ppm)
2
o

—-— e

1200 1400 1600 1800 2000 2200
Engine Speed (rpm)

Fig. 8 NOx concentration according to engine
speed at 40watt plasma power

5. 2 £

gz @e] w77t Fo XFE AL2AsE
& A7A7I7) fletd Eebzel g Funbgo g
A3 AP AT S L HES AU

D oAz #e Ralzd g 2o 18 A+ 4
2 YR dAexr 44508 Qdle thermal
NOxE %2 #22 &5 =, o]2] 8 thermal
NOx& Zujubgr|to 2 & 838 A AT 4 gl

2) dta e g R} ojgl & NOE & EH
2 A8 A17) Ak, EetR0lE o] & 2T
vl2. o2 NOE NO; ¥ HNO;= #&& Al7] &
Zojhg7 & SR oF 50% F =] A4t
38 A ERE YA ch

P c|
1. g AW A" 1998
2. %i , Hrole dlAl R AzVE AT 4 AR

J

T4 %7}(]1) 1996.

b B, “AMutg NOx 332 A9 AE,
1994,

4. BANEE, "OAQLAT B A NO Y v
AlAbel] #8 AFAE 2R 1A, 1995,

5. #Z7IAIG T, "HAZ| 2w &5 YA A
2 Agd A B AT SR A,
1995.

6. HEA,"0E4AFE dAA EFE S L A
Zroll &3 A", BT g A1y =
7, 1995

7. 34, FA, AYY, Y, 2FE, 2
‘A 225 E o) Eujureo] 9§ A7) L o

rJ:J. °E

AT, U712 A% A A 143 A 1%, pp. 25~
33, 1998.

8. 4#l7, B7<, "TCDN(Thermal Catalytic De-
NOx) F3 & o] &3 44§ td Huqx e NOx
Azl B FF7, NAFHF2A] 208 A9
%, pp. 1305~1314, 1998.

9. R. P. Dahiya, S. K. Mishra, and A.Veefkind,
“Plasma Chemical Investigations for NOx and
S0O2 Removal from Flue Gases”, IEEE Transac-
tions on Plasma Science, Vol. 21, No. 3, 1993.

10. Giorgio Dinelli, Luigi Civitano, and Massimo
Rea, “Industrial Experiments on Pulse Corona
Simultaneous Removal of NOx and SO2 from
Flue Gas”, IEEE Transactions on Industry
Applications, Vol. 26, No. 3, 1990.

11. Y. Sakai and H. Tagashira, “Decomposition of
NO2 by Glow Discharge Plasma”, NASA ASI
Series, Vol. G 34, Part A, 1993.

IR

1969 134, 19914 dIS3HF) JIE
AL 19944 ZAACHEL E (MAD.
19974 Zathetn JAISEtn) sAbeE,
A~ZFRTE FTUE XSXn MYYAL

Seld) (53EX)

196041 1084, 19834 28 EHEsHTt
R lghgetat FY. 19804 28 Srie
B (BupAp. 1999 BISYTHSD
TABET WAL $E. B~EY 1042
REAt2E HLUUA

T (E@HA)

19824 si=msiACHE R M FY,
19974 Sh=siYisiie ety oja33n
(AN, SHUE J|Hint HAZA,
53] MY

% olE®m

19619 634, 19901 FuoHEn FY
(MAD. 1997 BUTiE JAHSEY B
o (2AD. E~ojoiE XpEXT AAn

A
.



