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Abstract : In order to confront the increasing air pollution and the tightening emission restrictions, this research
developed a diesel engine using DME, the advanced smoke-free alternative fuel. By numerical analysis, flow field,
spray, and combustion phenomenon of the DME engine was presented. Using an experimental method, the
configuration of the fuel supply system and operation/power performance was tested with the current plunger pump.
Most emission performance, especially smoke performance was significantly improved. The possibility of conversion
from the current diesel engine into the DME engine was affirmed in this research. However, it was found that the
increase of engine RPM and fuel amount need to be properly adjusted through matching the characteristics of fuel and
injector for further improvement.

Key words : DME fuel(DME-91 &), Compressed ignition engine($}t=2t3}2llxl), Common-rail(# H 2 ),
Injection anatysis(35- 3| 4]), Combustion analysis($3 A8l A), Swirl flow(2~ 9 5%)

Nomenclature RH : hydrocarbon fuel of nominal composition
. . c.H
Dy : instantaneous droplet diameter R
. R* : radical formed from the fuel

Tp : time scale of the break-up process )
B : branching agent

We : Weber number . . .

] ) Q : intermediate species

Oq : surface tension coefficient o
P : products consisting of €O, CO, and H,0

C : empirical coefficient(3.6 ~8.4 . .

o P ¢ ) A o B o, - €mpirical coefficients
Re : droplet Reynolds number .
! P Y F, 0, P :fuel, oxidant, products

Cq : coefficient with the value 0.5 o e
xle : micro mixing time scale

Ce - empirical coefficient(2 ~20) m : mass of specific component
n : reaction mole of specific component

“To whom correspondence should be addressed. M : molecular weight of specific component

hekim@katech.re.kr

80



DMES} L|” Eb7|E QiXlo| oi4g gl

LM=

A F2-ctslol th-8-317] 913 18 =pFate] 4
& s AAH R AEak Av)arA($-Evet
94 AL 009k1§140g/1<m)7} Zetg o) wet S

714 o2 7kEAxEatel vlste] CO, & o)
30% 01 4 Al vrAEH 158 T A QA g
o o gk Al JJr 87} F7 I Q3T FAlolt) 1
2uf o A2} A5 AR go] wrol 24 g e]
Wl CO HH-:: o] 22 uhrol] QAo =53] =

& PM(AAHE#4) ’¥ NOxel H o] & <%
% &y

,.
ik

o

|

3 FA ol oA
F oAAIAL Are) ha o) o
Aol ALg 7h53 A AR
= DMEL: A% 7)49] whehsl o2

e
o) >~ 0o

-\n~ﬁi
Dad
>

Lih

Neks 3 Fol Xt DME%’: et vl
of Ar}egr /z}o

7R
A
Mzlel] = %s} | 1l Ass
A
_f[:

b t
N ol
o
_&
J,]r‘

a T
)
;O
o
T

o
N

()
o
2

o

SAS 5 W A AT s T Aok 2
st

L
o
-

e
2
1
I~
2
14
.l
l_;:
¥ 1,
o
1
i~
X,
(-
il
S
<
s
>,
o
N
=
0k

e
&
=2
X
o
Nl
’—»4
I
o{l
Y
1o
X
;
i
°
£
e
o
ok
X

A Z1ef 77 } DE%—"‘H': Al713: vlAS A} A
LE ek 3, 2% DME Q1719 dA5A4 S oo}
X7} $)8}o] Table l-u]— 7o) DME 9131.9) 3348 31

A3k F 58t vy EE 8% 25 2 ksl

& Fgatgom, o7l 448 o4 nde o
=g

Breakup ModelS- 283t 1, A3lRD-L Shell
Auto Ignition Model, ?jﬁ:l?—%l% T
trolled Eddy Breakup Model

]o
_,_,
op
ot
o
bt
o

Table 1 Characteristics comparison of diesel and DME fuel

Item Diesel DME
Chemical formula Ciellss | CH30CH;
Molecular weight - 46.07
Carbon content(wt %) 87 52.2
Hydrogen content(wt %) 13 13
Oxygen content(wt %) 0 34.8
Boiling point(C, 1atm) 180~370 | -25.1
Liquid density(kg/m’, 20°C, 2MPa) 824 668
Bulk Modulus(N/mm, 20C, 2MPa) 1,549 553
Viscosity(u Pa - 5,207, 2MPa) 3,790 184
Vapor Pressure(MPa, 207C) - 0.51
Critical pressure(MPa) - 5.37
Critical temperature(C) - 127
Stoichiometric A/F Ratio 14.6 9
Autoignition temperature( C) 250 235
Explosion Limits(%) 0.6~7.5 3~17
Cetane number 40~55 55~60
Lower calorific value(kcal/kg) 10,000 6,900

2.1 CHA} eizlo| x|
2 AFollA 2835 4% DME el Abke
Table 29} 7o},

Table 2 Specifications of DME Engine

Ttem Specifications
Bore(mm) 97.1
Stroke(mm}) 98
Max. Intake Valve Lift(mm) 8.35
Max. Exaust Valve Lift(mm) 8.5
Compression Ratio 18.5
Displacement Volume(cc) 2,902
Power(PS/rpm) 170/3,800
Torque(kg - m/rpm) 40/2,000
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A : Droplet surface area
K, : Mass transfer coefficient
b, : Gas pressure

pvo - Partial pressure of the vapour in the droplet
surroundings

Pus : Partial pressure of the vapour in the droplet

surface
T4 : Droplet temperature
T : Mass relaxation time scale
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A Study on the Combustion and Exhaust Gas Characteristics of Single Cylinder Engine for DME and Diesel
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Table 3 Chemical species for DME combustion analysis
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Table 4 Boundary condition

Item Specifications

Fuel De-methyl ether
Injection mass(mg) 5411
Injection start time(CA) BTDC 5
Duration(ms) 1.00

I Injection hole dia.(mm) 0.25
Cone angle(deg) 8
Swirl ratio 2.715
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