=

TRt BfimX

AEA BEE HHT YA 7R
M AHE B OBREER M &3 5

Combustion Characteristics and Durability

of Diesel Engine utilizing Emulsified Fuel

TREH I o #E

20025 2H
B RER K2R
W LT 2
s L &



=
B
H
{2
<F
2
<
o

20025 2H

B KRB K2
R A - St
s L &

st g



LiSt Of Tables e 1il
LIST Of TIGUTES oottt v
ABSTRACT bbbt sttt st b e Vi
I. ¥
L1 TR HE T e 1
1.2 A B g e 2
L g aE e 5)

I. HHRm B8

2.1 ol BAAZ(Emulsified fUCD) ..oooovceeeeeeeeeeeeeeeeeeeeeeeeeee e 6
211 ABAATY ARG e 3
212 oHAAZ O WA Z - (Micro—eXploSION)  woeeeeeeeeeeeeeeeeeeeeeeeereneenn 10
213 319 o BAAE THEEBE e, 10

M. EEREE 2 Hi&

31 D-13 = 7|3 FAE D 87 7F2 S e, 12
L TR s 12
302 A ettt 16

3.2 A B A s 18
321 A TTEA]L s 18
32,2 A B et 20



....20

P

....20

.23

.23

34

V. BR&R R %

.26

41 D-13 2= 7| AW+

w37

42 D-13 2= 713 b7 7k~

....46

el

_ZTI
o

4
B

.62

o

A
ojn

e

K
0
_Zr!
o
)A

il
s
B
Njn
bl

B

.65

n

V. i

.67

EE BTN



Table 2.1
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 4.1
Table 4.2

List of Tables

State of overseas emulsified fuel
Specification of test engine
D6AC engine exhaust gas

D-13 mode operation cycle
Component of the 15% emulsion
Properties of fuels

Comparison of exhaust gases



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

2.1
3.1
3.2
3.3
3.4
3.5
3.6
3.7
4.1
4.2
4.3
4.4
4.5
4.6
47
4.8
4.9
4.10
411
412
4.13
414

List of Figures
Image for diesel and 20% water in oil type emulsified fuel
D-13 mode experimental engine setup
D6AC test engine
Pressure measuring system
Installation of the pressure sensor
Fuel injection test apparatus
Photograph of nozzle and nozzle tip
Photograph of motor and controller
Comparison of BSFC at 1200rpm
Comparison of BSFC at 2000rpm
Comparison of BSFC before/after durability test at 1200rpm
Comparison of BSFC before/after durability test at 2000rpm
Comparison of torque with water percent
Comparison of torque before/after durability test
Cylinder head and piston crown after durability test
Engine cylinder head after 500H durability test
Comparison of NOx
Comparison of PM
Comparison of CO
Comparison of HC
Comparison of effects of adding cetane improver on NOx

Comparison of effects of adding cetane improver on PM

_iv_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

415 Comparison

416 Comparison

4.17 Comparison of NOx before/after durability test

4.18 Comparison of PM before/after durability test

4.19 Comparison of CO before/after durability test

4.20 Comparison of HC before/after durability test

4.21(a)

4.21(b)

4.22(a)

4.22(b)

4.23(a)

4.23(b)

4.24(a)

4.24(b)

4.25(a)

Part load cylinder pressure at 1200rpm
during the combustion process

Part load cylinder pressure at 1200rpm
during the exhaust and intake process
Part load cylinder pressure at 2000rpm
during the combustion process

Part load cylinder pressure at 2000rpm
during the exhaust and intake process
Cylinder pressure at 1200rpm/445Nm
during the combustion process
Cylinder pressure at 1200rpm/445Nm
during the exhaust and intake process
Cylinder pressure at 2000rpm/445Nm
during the combustion process
Cylinder pressure at 2000rpm/445Nm
during the exhaust and intake process

Cylinder pressure at 1200rpm/890Nm

of effects of adding cetane improver on CO

of effects of adding cetane improver on HC



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4.25(b)

4.26(a)

4.26(b)

4.27(a)

4.27(b)

4.28(a)

4.28(b)

4.29(a)

4.29(b)

4.30(a)

4.30(b)

during the combustion process
Cylinder pressure at 1200rpm/890Nm
during the exhaust and intake process
Cylinder pressure at 2000rpm/890Nm
during the combustion process
Cylinder pressure at 2000rpm/890Nm
during the exhaust and intake process
Cylinder pressure at 1200rpm/270Nm
during the combustion process
Cylinder pressure at 1200rpm/270Nm
during the exhaust and intake process
Cylinder pressure at 1200rpm/445Nm
during the combustion process
Cylinder pressure at 1200rpm/445Nm
during the exhaust and intake process
Cylinder pressure at 1200rpm/890Nm
during the combustion process
Cylinder pressure at 1200rpm/890Nm
during the exhaust and intake process
Cylinder pressure at 2000rpm/270Nm
during the combustion process
Cylinder pressure at 2000rpm/270Nm

during the exhaust and intake process

_vi_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4.31(a) Cylinder pressure at 2000rpm/445Nm
during the combustion process

4.31(b) Cylinder pressure at 2000rpm/445Nm
during the exhaust and intake process

4.32(a) Cylinder pressure at 2000rpm/890Nm
during the combustion process

4.32(b) Cylinder pressure at 2000rpm/890Nm
during the exhaust and intake process

4.33 Nozzle injection quantity before/after durability (ml)

434 Sound level test with water percent

= vii -



ABSTRACT

Combustion Characteristics and Durability

of Diesel Engine utilizing Emulsified Fuel

In-Seok Kwak

Department of Mechanical Engineering, Graduate School
Korea Maritime National University

Busan, Korea

(Supervised by Professor Kweonha Park)

This study is carried out to investigate the combustion characteristics
and durability of a diesel engine utilizing emulsified fuel. Recently, air
pollution from the vehicle is one of the most serious problem . NOx, PM
and sfc reduction is further required in diesel engines. In this study, for
the reduction of harmful emissions, W/O(water in oil) type emulsified fuels
with 13%, 15%, 17% water are used. Piezo—electric pressure sensor is used

to get combustion pressure in cylinder and exhaust gas analyzer is used to
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measure exhaust emissions. Specific fuel consumption, sound level, and
maximum torque are also measured.

In order to understand the effect of emulsified fuel at wide range of
engine running condition, D-13 mode test method is selected as a test
condition, and durability test with commercial high-way bus engine is
conducted to ascertain the influence of water addition. All the test is
performed with D-13 mode.

It was ascertained that the results show the 15% water emulsified fuel is

good for NOx and PM reduction simultaneously and does not have much

effect on a fuel consumption and a durability.
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Fig. 2.1 Image for diesel and 20% water in oil

emulsified fuel
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Table 2.1 State of overseas emulsified fuel

Exhaust gas
Product Company |Water content ) Etc.
reduction

NOx 5-30% reduced Searching
- reduce

PuriNOx|  Lubrizol 10-20% * ° with

PM 20-5096 reduced

Caterpillar
Clean Fuels Pat. dispute
A-55 20-30% NOx 5-30% reduced ) )
Technology Inc. with Lubrizol
NOx 5-309% reduced
Aquazole Elf 10-15% PM 20-50% reduced

Smoke 30-80% reduced
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Table 3.1 Specification of test engine

Item Specification
Engine type HyPndai D6.AC
TCI Diesel Engine
Displacement [cc] 11,149
Bore x Stroke [mml] 130 = 140
No. of Cylinder 6
Output [ps] 340
Compression Ratio 16.4
Clearance Volume [cc] 24.7
Injection Timing BTDC 12°
Table 3.2 D6AC engine exhaust gas
NOx(g/kw-h)| CO(g/kw-h) | HC(g/kw-h) | PM(g/kw-h)
Restriction 9.0 4.9 1.2 0.25
Measurement 9.0 - - 0.25
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PM sampler
Pressure sensor

Exhaust manifold

Cooling water Out
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Exhaust gas analyzer Gas pump

Fig. 3.1 D-13 mode experimental engine setup
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Fig. 3.2 D6AC test engine
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Table 3.3 D-13 mode operation cycle

Weighting
factor

0.25/3
0.08
0.08
0.08
0.08
0.25

0.25/3
0.10
0.02
0.02
0.02
0.02

0.25/3

Load(%)

10
25
50
75
100

100
75
50
25
10

Engine speed(RPM)

Idling
Intermediate speed

VA

VA

VA

Vi
Idling
Maximum speed

VA

VA

VA

VA

Idling

Mode

10
11
12
13
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Fig. 3.3 Pressure measuring system
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Injector hole

(a) Nozzle (b) Nozzle tip
Fig. 3.6 Photograph of nozzle and nozzle tip

Fig. 3.7 Photograph of motor and controller
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Table 3.4 Component of the 15% emulsion

Item Weight
Diesel oil 162kg
Distilled water 30kg
Iso propyl alcohol 4kg
Water surfactant 1kg
Oil surfactant 3kg
Cetane improver 0.4kg
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= Y TAH S st Halol 2 gAdaee] desnSs =4 v

SAlel 71 7] 7k2=20 CO, HC, NOx ¥ PMS Z743ke] v a4 5%

o 2 ATl AREE dEe ARt SR AHHAD S 48 AR

% 7herol 13%, 15%, 17%, Aw7h FAe]l A7kl 02%, 0.3%, 05%,
10%91 ol =AAzO|, £ ATl ME JnA el A dFe FA 2w 4
23 R AN EAE BAd ARATE A4 A $2A B A4S

15%, A7t &3l A7 0.2%9) AN E S FAHLR Hl st

Table 4.1 Properties of fuels

Fuel _ _ Emulsified fuel
o Diesel oil
Classification 13% 159% 17%
Density (kg/m’) 0.8369 0.8579 0.8619 0.8640
kinematic viscosity
29x107% | 481x107% | 532x107°% | 6.32x 106

(m'/s)
Ratio of kinematic

1 1.66 1.83 2.17
viscosity
Reference IPA : 2wt%, Surfactant : 2wt%
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Fig. 4.2 Comparison of BSFC at 2000rpm
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(b) Piston crown

Fig. 4.7 Cylinder head and piston crown after durability test
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Fig. 4.8 Engine cylinder head after 500H durability test
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Table 4.2 Comparison of exhaust gases

Exh. gas
NOx THC CO
Type/Country

D6AV 7.40 0.54 1.76
D6AC 7.81 0.54 0.94

Euro II 7.0 1.1 4.0
Euro I 5.0 0.6 2.0
Korea(2000.1.1) 9.0 1.2 4.9
Korea(2002.1.1) 6.0 1.2 4.9
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Fig. 4.21(a) Part load cylinder pressure at 1200rpm

Cylinder Pressure [bar]

during the combustion process

5.0 1

N
o
|

0.0

1200RPM, 15% Emulsion

—— 270Nm
~ 445Nm

180 270 360 450 540
Crank Angle [deg.]

Fig. 4.21(b) Part load cylinder pressure at 1200rpm

during the exhaust and intake process
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Fig. 4.22(a) Part load cylinder pressure at 2000rpm
during the combustion process
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Fig. 4.22(b) Part load cylinder pressure at 2000rpm
during the exhaust and intake process
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Fig. 4.23(a) Cylinder pressure at 1200rpm/445Nm
during the combustion process
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Fig. 4.23(b) Cylinder pressure at 1200rpm/445Nm
during the exhaust and intake process
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Fig. 4.24(a) Cylinder pressure at 2000rpm/445Nm
during the combustion process
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Fig. 4.24(b) Cylinder pressure at 2000rpm/445Nm
during the exhaust and intake process

_53_



100

80+

60+

1200RPM, 890Nm

— Diesel
,,,,,,,,, 15% Emulsion

40

204

Cylinder Pressure [bar]

-90 0 90 180
Crank Angle [deg.]

Fig. 4.25(a) Cylinder pressure at 1200rpm/890Nm
during the combustion process
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Fig. 4.25(b) Cylinder pressure at 1200rpm/890Nm
during the exhaust and intake process
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Fig. 4.26(a) Cylinder pressure at 2000rpm/890Nm
during the combustion process
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Fig. 4.26(b) Cylinder pressure at 2000rpm/890Nm
during the exhaust and intake process
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Fig. 4.27(a) Cylinder pressure at 1200rpm/270Nm
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Fig. 4.27(b) Cylinder pressure at 1200rpm/270Nm
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Fig. 4.28(a) Cylinder pressure at 1200rpm/445Nm
during the combustion process

5.0
& 1200RPM, 445Nm
§ — Diesel
®oo5d 0w | 13% Emulsion
g k - 15% Emulsion
n; —--==17% Emulsion
3
=
>
(6]

0.0 : .

180 270 360 450 540
Crank Angle [deg.]

Fig. 4.28(b) Cylinder pressure at 1200rpm/445Nm
during the exhaust and intake process
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Fig. 4.29(a) Cylinder pressure at 1200rpm/890Nm
during the combustion process
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Fig. 4.29(b) Cylinder pressure at 1200rpm/890Nm
during the exhaust and intake process
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Fig. 4.30(a) Cylinder pressure at 2000rpm/270Nm
during the combustion process
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Fig. 4.30(b) Cylinder pressure at 2000rpm/270Nm
during the exhaust and intake process
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Fig. 4.31(a) Cylinder pressure at 2000rpm/445Nm
during the combustion process
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Fig. 4.31(b) Cylinder pressure at 2000rpm/445Nm
during the exhaust and intake process
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Fig. 4.32(a) Cylinder pressure at 2000rpm/890Nm
during combustion process
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Fig. 4.32(b) Cylinder pressure at 2000rpm/890Nm
during the exhaust and intake process
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Fig. 4.33 Nozzle injection quantity before/after durability (ml)
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