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Abstract : In this research, in order to study the spray, combustion, and emission characteristics of the common rail
DME engine, the target engine was disassembled, and 3D CAD file was constructed using a 3D measurement machine
and a rapid prototyping machine. Using the obtained 3D geometry, fine moving meshes are generated, and three
dimensional non-steady turbulence flow field and combustion phenomenon including spray were numerically analyzed.
As a result, IMEP of DME and diesel in medium and high speed revolution showed similar performance. As the DME
fuel start to burn in spray area, the vaporized fuel rapidly spreads squish area in low speed revolution. In the case of
DME engine, CO and NOx are relatively consistent with experiment results. It was found that the break-up,

evaporation, collision model of DME fuel need to be properly adjusted through matching the characteristics of fuel and
injector for further improvement.

Key words : DME fuel(DME-¢ 8), DME engine(DME <1l A1), Spray analysis(#-5-3]4]), Combustion analysis(
A3 AY), Swirl flow(2= ¥ %), Mesh generation(Z 2} R A3), Chemical reaction( 2} s} 4+-3-)

Nomenclature RH : hydrocarbon fuel of nominal composition

: : Coitly, 1y
D, : instantaneous droplet diameter .

. R* : radical formed from the fuel
Ty : time scale of the break-up process B - branching agent
we + Weber number Q : intermediate species
%a + surface tension coefficient P : products consisting of CO, CO, and 1,0
o : empirical coefficient(3.6 ~8.4) A,,.,B,, : empirical coefficients
Re, : droplet Reynolds number FOP  : fuel, oxidant, products
Cy : coefficient with the value 0.5 ke - micro mixing time scale
Cy - empirical coefficient(2 ~20) m : mass of specific component

n : reaction mole of specific component

‘Corresponding author, E-mail: hekim@katech.re kr M : molecular weight of specific component
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Table 1 Specifications of DME engine

Description Specification
Bore X Stroke(mm) 102 <100
Displacementcc) 817
Type DOHC, 4valve
Compression ratio 17.8
Swirl ratio 1.7
Valve open/close timing (I/0) BTDC 26° (I/C) ABDC 50°
(E/O) BBDC 50° (E/C) ATDC 29°
Connecting rod (mm) 167
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Table 2 Chemical species for combustion analysis of DME

engine
H H 0 02 OH
H,0 N; co HCO COg
CH; CH,4 HO, H20; CH,0
CH;0 CHs CoHy CoHs CHs
CH C.H CH, CoHs CHsCH
CH,OH CHCO HCCO CoHs0H PC,H,OH
SC;H;OH CH;CO CH,CHO CH3CHO CH3COCH
CH;COCH: CHsCHO CHsCO C2HsO CH302
C.H50, CH;0.H CHs0.H CoHs01-2 CH3CO:
CoHiO12 C.HOH 0,C,HOH CH5CO3 CH3CO3H
C:H;CO CH;CHO  [CH;COCH,0;) CH3COCH202 | CHsCOCH
HCOH HCO; HCO, 02C2H40:H | CHz0.HCH
CH,CCH,OH |CH,CH,COCH| C;HsCOCH; |{CH:CHOOHCOC | CoH5COCH>
CH;CHOOCOC |CH;CHCOCH | C;H;COCH; | CH2CH2CHO | CH30CH3
CH;0CH; | CH;0CH,0; |CH,0CH0;| CH30CH20oH | CH30CH:0
0,CH,0CH,0; | HO,CH,OCH | OCH,0CHO
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Fig. 1 Mesh greneration of DME engine

Table 3 Boundary condition

Engine speed Item Value
Pressure 1.1113bar
Temperature 363K
Swirl ratio 2.1
800 tpm | Turbylent kine- tic

energy

6.32427m’/s*

Turbulent length

0.0085m
scale
Pressure 1.1609bar
Temperature 363K
Initial Swirl ratio 2.1
condition | 1400 rpm | Turbulent kine- tic 2,2
(at IVC) energy 19.37m"/s
Turbulent length 0.0085m
scale
Pressure 1.133bar
Temperature 363K
Swirl ratio 2.1
2000 rpm ine- ti R
P Turbulent kine- tic 39.5mY/s
energy
Turbulent length 0.0085m
scale
Bound Piston temperature 575K
oundary Cylinder head temperature 550K
condition -
Cylinder liner temperature 470K
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Fig. 3 Comparison of DME injection patterns by engine speed
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