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Abstract: Since bio-diesel oil has a merit that it satisfies both demand of substitution for fossil fuel and

reduction in carbon dioxide emission, it is widely used in diesel engines by blending in gas oil in small

quantity. It is needed to reduce in NOx emission in some way or others if blending ratio of bio-diesel oil

is going to increase, because it is demerit that bio-diesel oil emits more NOx emission than gas oil. In

this study, it was accomplished to optimize 3 factors what effect on NOx emission as blending ratio of

bio-diesel oil, injection timing and common rail pressure with an introduction of a design of experiments,

in order to minimize a number of tests. It was cleared that to introduce the design of experiments was

very available in NOx optimization.

Key Words :

LIS xmx](BAU) A 30‘V€E] A&
FRar, ool wel oA BiujEd A
of tigt 7]& wgto] vlA= Q= A3 o]

2 b Ror m o
. 32
A =TI
<l
ich
c "
:g
2
_>.:
an
N
o
S
\O
5
o
N .

Bio-diesel Oil, NOx, Diesel Engine, Design of Experiments, Optimization

th o]# AFoA mlole dRE Aol HiEFH
o] FFH o7 oo]gt= ¥4 FH(Carbon neutral)
o] B uZHo ke 34 dBe A d=
i’ﬁ #9da o.
7FED A Hls dago] wof fgAA
] T.‘BJ} A AAR R S7rstaL 9loM Hlol e
A5 FolA Hiele YAfo] AT AHE STt
Atk 2011 EFE et AE 2%9] Hlele Y
AFE Aol EFste] tAd Aol FFsI==
sh= 5 utel & gAfe] ARgel HF3 el
a8y a}o]g YAlf= 7ol wisl HC, CO,
PMS tHEES] Hl7|H|&Eo] 7+A4EA T NOx:=

st A S(EAAR) © SAUSD 1A A 2 B0

E-mail : sukhojung@pknu.ac.kr, Tel : 051-629-6198
IR R LR E L
QAR : BN GFE

s @4 FFUS AFA71 A3

wkxkt Quk-Ho Jung(corresponding author) :
Mechanical System Engineering, PuKyong University.
E-mail :
*Sang-Deuk Lee :
**Kyong-Hyon Kim : TamYangHo, PuKyong University.
***Han-Seong Lee :
Engineering, DongJu University.

Department of

sukhojung@pknu.ac.kr, Tel : 051-629-6198
Sea training center

Department of Vehicle & Mechanical

stRE2 7|3ty x| Mi7# X6z, 2013E 128 149



MBI 23t B0l
Rt FASE A4S Holt ZloE RuH:
AP, wEkA Aol A2l wsd NOox WlEH
EE 1 ostE 29 davl k. gAQdze 4
23 2o 129 2AA TS NOxe &
Ao FFS HA e AAZEE A8 7HA7F AA
g B AFolAe vlele tAafe] £, A8
BEAAZ], AR Y Ad5EAGES Heg g

skl NOx7t 7H8 AA slEsE =5 2| ghstarat

0
by
N
X
Y

X
o &

> My

oo g X EN o

-l
(r)x of

. ol& &3
%Okﬂ]/‘ﬂ\_ g /‘}%51"’

A Folo] Ao #gH C’ﬂ
oA ol e BT ol g3t

HoyE oo e El o

[o
£

LIS o =1
- —=

lo
2érﬁ

XN
El
=)

U
-

Y
2 o P riE
AL

o kOS2 o ofe § O£
m o ’
o
o

o\
QL
R
£

ﬂi gAdzle]
Table 1 YEbd A3 2} A3 92
st7] 9)ai A AbeE Eaﬁl% ) &9 g7
2l F¥A HE-130 (Eddy current type, 132kW)=
AT AaAE AEdA TR Afret vl
o] TAFS AHE3IIL Table 20 AHE-H
o] e Jench 29 A8 EAMAY,
BEARQFE S MOTECAFS] M800°]2t= ECU

oA delm =A4E 5

ApoFe-

Z A

az

[ex

Az

[e]
A

150 StRE=7|ASERX| M7 ez, 20131 12€

<Exhaust
gas Analisor>

{ <Fuel Pump>
<Pressure Sensor>
{ L

Scale>

meter>

<Diesel Engine>

[——<Encoder>

<Dynamometer
Controller>

Fig. 1 Schematic diagram of experiment

Table 1 Engine specifications

Description
Model

Specification
HYUNDAI D4EA
water-cooled 4 stroke
diesel engine
4
1991 cc
83mm x 92mm
84/4000 kW/rpm
17.7

Engine Type

Number of cylinders

Piston Displacement

Bore x Stroke

Max. power

Compression ratio
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Table 2 Properties of tested fuels

Property Gas Oil | Bio-diesel
sz’ifnzv/l:;(;“zoo . 1941 | 1.9-6.0
Specific gravity (mg/L) 0.85 0.88
Low heating value(MJ/kg) 432 39.6
Flash point (°C) 60~80 | 100~170
Cloud point (°C) —15~5 —3~12
Carbon (wt.%) 87 77
Hydrogen (wt.%) 13 12
Oxygen (wt.%) 0 11
Sulfur (wt.%) 0.05 0.05
Cetane number 40~55 48~60

Table 3 Factors and levels

Level of factors
Factor Symbol
0 1 2
Blend ratio
%) A 10 20 30
Injection timing
(CA®) B -15 | -10 -5
Common rail
Pressure (MPa) C 30 33 40
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Table 4 Orthogonal arrays[Lo(3%)]

Experimental Column No.
No. A B C
1 0 0 0
2 0 1 1
3 0 2 2
4 1 0 2
5 1 1 0
6 1 2 1
7 2 0 1
8 2 1 2
9 2 2 0
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Fig. 2 Effects of common rail pressure and BD

ratio on the combustion pressure with
injection timing 15°BTDC
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Fig. 3 Effects of fuel

combustion pressure with

injection timing on the
common rail

pressure 40MPa and BD ratio 10%
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Fig. 4 Effect of fuel injection timing and BD ratio

on BSFC with common rail pressure 35MPa
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Fig. 5 Effect of fuel injection timing and BD ratio

on NOx concentration with common rail

pressure 35MPa

Fig. 4= 71&3 A4 1700rpm, &9 13kW, AW
HY ¥ 35MPa2l Z7oA HlolQ tjAfo &
gulel EAAZ]] WE AvWAs&HEE JE
Y ok mpele gAlfe] 3yt vesE
AZ&HEo] Zolx|1 Yt} o]+ HlolL
g gFo] Aol Hls| Zoll A 7]

AZEAAZ7} AdBAH S HA= o
AT EHE BTCD 10° A 7P 22 dAs4H

YR Qlof o] FellA M & &
Uellle Aoz vdEn B =fidAs
FUAITE AT AN L HHF Fa

=
o

KR

=g

g

_%
T
ol

fE

r
2

1o
o

-

k<]

pul

)
aanl

ok o
N
EC T T

fo i ot to mo o Lo
4

=
Fig. 59+ Fig. 49} 22 =274 Noxe| w&

Fe eI AREAA} AADEE )



olsty, &4

O

S tAge] 3o WE NOx HiZZ<] 3o
00ppm ©]3t2 FAEY. & AREAAZ]7}
AL 4E vlol tAlf EFule JFe Fo}
o I8 Y AREAAZI AQESFE 7 B9
e ¢AF HE&E NOox9 wlE&%o] 200-300ppm
2 Zo=g Zrasta 9tk 293 ASEA
A 717} Blol e tlA & EEuET NOx W&
of o & 9IS vt E 4 drh

=

—

>N

lo

1200

B m
_.—*
1000 - me -
SR
g 800
&
600 |
6 ... --- BD10
=400 BD20
500 - #— BD30
0 1 1 1 1 1 1 1 1 1 1 1

29 30 31 32 33 34 35 36 37 38 39 40 41
Common rail pressure MPa
Fig. 6 Effect of common rail pressure and BD on NOx

concentration with injection timing 15°BTDC
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Table 5 Results of experiments

Experimental Column No. NOx data
No. A B C ppm
1 0 0 0 1013
2 0 1 1 770
3 0 2 2 535
4 1 0 2 1148
5 1 1 0 623
6 1 2 1 454
7 2 0 1 912
8 2 1 2 676
9 2 2 0 399
Total 6530
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Table 7 Factor effects on response variables

Factors Level 0 Level 1 Level 2
A 2318 2225 1987
B 3073 2069 1388
C 2035 2136 2359
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Table 6 Analysis of variance table

Table 8 NOx concentration on verification tests

Experimental Column No. NOx data
No. A B C ppm
0 2 2 535
9 2 2 0 399
10 0 2 0 387
11 0 2 1 422
12 1 2 0 395
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A 19428 2 9714 1.8 19 99
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Error(E) 10735 2 5367 19 99
T 527486 8
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