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A Study on the Spray, Combustion, and Exhaust Emission Characteristics
of Dimethyl-ether (DME) by Experiment and Numerical Analysis
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Abstract

The aim of this work is to investigate the spray and combustion characteristics of dimethyl-ether (DME) at various injec-

tion conditions. The spray characteristics such as spray tip penetration and spray cone angle were experimentally studied from

the spray images which obtained from the spray visualization system. Combustion and emissions characteristics were numer-
ically investigated by using KIVA-3V code coupled with Chemkin chemistry solver. From these results, it revealed that DME
spray had a shorter spray tip penetration and wider spray cone angle than that of diesel spray due to the low density, low
surface tension, and fast evaporation characteristics. At the constant heating value condition, DME fuel showed higher peak

combustion pressure and earlier ignition timing, because of high cetane number and superior evaporation characteristics. In
addition, the combustion of DME exhausted more NO, emission and lower HC emission due to the active combustion reac-
tion in the combustion chamber. The result shows that DME had a little soot emission due to its molecular structure char-

acteristics with no direct connection between carbons.
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Fig. 1 Schematic of the fuel spray visualization system

Table 1. Specification of high speed camera and light source

High speed camera

Frame rate 10,000 fps

Shutter speed 1/10,000 sec

Resolution 256%603
Light source

Light source Metal halide

Power 150W

Cooling method Air-cooling
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Fig. 2 Definition of the spray characteristics from the spray
image

Table 2. Experimental and calculation conditions

Spray (Exp.)

Injection pressure (Pinj)

50 MPa, 70 MPa

Ambient pressure (Pamb) 1 MPa, 3 MPa
Energizing duration (ten,) 1.5 ms
Fuel and ambient gas 290K

temperature (Ttucl, Tamb)

Combustion and exhaust emissions (Cal.)

50 MPa, 70 MPa

Injection pressure (Piy))

Engine speed 1500 rpm

8 mg (diesel)

Injection mass (Mpuer)

11.9 mg (DME)
Injection timing (Tin) BTDC 8°
Fuel temperature (Tfuel) 290K

wHer BF =g A, E574E S
=g AgE JAEH Y =& goaiE ZXE 7A
o8 BAlEE U4 9 DME 989 Y &2 A
=W, E57he 27 e R Hdf A3
ZHo] o]F = AtelZro 2 Aot AAE A

Table 20 Ve At}

o &opu B 2 rfe
o
o

3. C& ¥ DME ¢ia 3 H{7|SM
offM &

£ ol U % DME 25 7hs 238 v

=l A Y aheks] =z A 154 2 15(2010)/ 33

10 200
gl Cal. Exp. Pm] = 50MPa
| —— O diesel {m =Bmag)

= 8t e DME (m —11 8m =
% I (m,, a) 5 8
g 3
2 2
3 s
o -
= -
2 7]
“o"f w
2 <
E (=%
3 a

Crank angle (degrees)

Fig. 3 Comparison between the experimental and numeri-
cal results for the results validation
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Fig. 5 Spray characteristics of DME fuel at different injec-

tion conditions
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Fig. 6 Calculated combustion pressure and heat release of
diesel and DME fuel at the same heating value con-
ditions (T;,=BTDC 8°)
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