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Abstract - Dimethyl ether (DME) can be used as a clean diesd dternative fud due to the high cetane
number and low emission, it can dso be gpplied to automotive fud as a blended liquefied petroleum gas
(LPG) because physica properties are amilar to those of LPG. In this study, feasihbility test of LPG vehide
using blended DME-LPG fud was investigated. Three types of fud supply such as LPLi (Liquid phase
LPG injection), LPG (Liquid phase gas injection) and mixer type were sdected to consder the LPG
fud-injection system. The performance characteristics of LPG vehicle were examined by usng LPG and
blended DME-LPG fud in order to compare the exhaugt emissions (CO, THC, NOx) and fuel economy.
The emissions and fud economy of DME-LPG blend fud were comparable to those of LPG with increesing
driving distance.
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Table 1. The physical and chemical properties of DME and LPG

DME LPG
Propane Butane
| sobutane n-Butane
Formula CH30CHs CsHs i-CaHao n-C4Hao
Liquid Density (kg/m®, 15 °C) 668 507 563 584
Boailing point (°C) -24.8 -42.1 -12 -0.5
Vapor pressure (kPa, 40 °C) 881 1352 531 377
Lower heating value (MJkg) 28.8 46.3 456 45.7
Table 2. Octane numbers of propane vs. various propane/DME blends (US Patent 5,632,786)
wt% DME 0 10 15 20 25 30
wit% propane 100 90 85 80 75 70
Research octane number (RON) 1115 103.9 100.1 96.3 92.5 88.7
Motor octane number (MON) 100 91.3 86.9 82.6 78.2 73.8
(RON+MON)/2 106 97.6 935 89.5 85.4 8125
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Table 3. Specification of experimental vehicle

2-1-1, RAPEH

2 Lo AL2E DME-LPG &3l o] 2AJEA
2 Deans switching system(Analytical Controls, The
Netherlands)e] A4x]%¥ Agilent Technologies 7890A
GC(Agilent Technologies, USA)E A}g35lo] =4t
AtA AlAHH KS M 20780 ofste] A3l
[8,15].

2-1-2, & &%F

DME-LPG Z3ledz ol g deke x| daaarag
HO- 0]83] H417]7|(NSX-2100V, Mitsubishi Chemical
Analytech, Japan)E AHE-5te] ml= A BAIFEE 3] Al
"ol ASTM D6667¢] o]ate] B89t}

2-1-3, 3714 ¢ 4=

DME-LPG &gt 7ol &7} W= DME-LPG
Z/3E dolEet 2719 E = QIALE ©]&5to
Aibet= At 4 Al KS M 1SO 89739
oJsto] o]EAlo = et

2-1-4, A5FE4

DME-LPG &35 0] AFER o Zuixl=ro] oF
& gEglon Bk vRARATE AT
ASTM D21589] o|5}o] EAslT.

Vehicle A B C D
Fuel suppply type LPLi LPGi LPLi Hybrid LPG-Mixer
Valve mechanism DOHC DOHC DOHC DOHC
Displacement 1,998 1,993 1,591 2,497
Max. power (ps/rpm) 136/6,000 137/6,300 114/5,800 150/5,200
Max. torque (kgm/rpm) 18.9/4,250 15.9/4,600 15.1/4,500 22.0/3,600
Transmission AT AT AT AT
Wheel base (mm) 2,700 2,700 2,650 2,910
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Fig. 1. Schematic diagram of chassis dynamometer.
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Fig. 2. Test procedure for vehicle performance and exhaust emissions.
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Table 4. Physical and chemical properties of DME-LPG blends used in the test

Spec. Test result
LPG No.2 DME-LPG blends
Item .
(for automotive)
summer  winter 18 2™ 3¢ 4" 5"
Cs Hydrocarbon <10 25-35 6.8 56 26.5 4.4 35
Composition Cs Hydrocarbon >85 >60 87.6 89.2 68.4 89.9 91.3
(mol%) DME - 5.0 47 47 5.0 49
Butadiene <05 0.0 0.0 0.0 0.0 0.0
Sulfur (mg/kg) <40 6 6 5 5 5
Vapor pressure (40 °C, MPa) <127 041 041 0.61 0.39 0.38
Density (15 °C, kg/m’) 500-620 577 576 563 578 579
Residue <0.05 <0.01 <0.01 <0.01 <0.01 <0.01
Copper corrosion (40 °C, 1 hr) <1 1 1 1 1 1
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Mileage (km) Mileage (km)
Fig. 3. CO emissions of DME-LPG blended fuel with Fig. 4. NMHC emissions of DME-LPG blended fuel
increasing mileage. with increasing mileage.
s gekeas oufeitt. DMEs #A24) sto] A2 k7h ok NOx7t 571 =171 glovt
AE TSR Q7] wiel] A4IbgollA s I A9 DME S35 5 mol%E Wot LPG ¢l&

& S 9 oA HEE CO2F NMHC Hj
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OliX|3t HM243 HM4Z 2015

o} v]sl NOx vi&ol & ¥zt ¢lolch DME=
7k (syn gas)E o]-83t gAdREA At 3
o 22 Ewwol A9 ¢la17], B3 3ekE 24

°‘°1 AAXE FHA7| DR wiE

Aoz AlmHch



DMELPG Egd=E A3 LPG X=ke] A5H7t 39
Table 5. Emission requirements of testing vehicle
Vehicle A B C D
CO (g/km) 2.61 131 0.625 311
NMHC (g/km) 0.097 0.034 0.00625 0.29
NOx (g/km) 0.37 0.044 0.0125 0.43
0.20 T T T T T T T T T T T T T T T 25 T T T T T T T T T
LA
/18
0.15 - %g 20 .

0.10 -

NO, (g/km)

0.05 -

S SO S
L L o 1 SO O
N > < < < < Q <
& » N N N N ~
W ¢ ¢ ¢ ¢ ¢
Q N N 3 Q N N
Mileage (km)

Fig. 5. NOx emissions of DME-LPG blended fue with
increasing mileage.
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Fig. 6. Fuel economy of DME-LPG blended fuel on

25
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Fig. 7. Fuel economy of DME-LPG blended fuel on

HWFET mode.
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