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Development of DME Engine Using 3.9 Liter Diesel Engine with
Mechanical Type Fuel System
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TCorresponding author :
ydpyo@Kkier.re.kr Abstract >> The 3.9 liter diesel engine with a mechanical fuel injection system

_ was converted to di-methyl ether (DME) engine and performance optimized. In
gzszzzd i(z) ﬁiyé,22002200 order to switch to the DME engine, the plunger of the high pressure fuel pump
Accepted 30 June, 2020 was replaced and the diameter of the injector nozzle was increased. Through

this, the disadvantage of DME having low calorific value per volume can be
compensated. To optimize the performance, the number of injector nozzle holes,
injector opening pressure, and fuel injection timing were changed. As a result,
the optimum number of injector nozzle holes was 5, the injector opening pres-
sure was from 15 MPa to 18 MPa, and the injection timing was 15 crank angle
degree before top dead center (CAD BTDC). The power was at the same level as
the base diesel engine and nitrogen oxides (NOx) emissions could be reduced.
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Table 1. Fuel property”

DME Diesel
Chemical structure CH3-O-CH;

Low calorific value (MJ/kg) 27.6 42.5
Density (g/mL) 0.668 0.84
Cetane number >>55 46-50

Auto ignition Temp. (K) 508 523
Boiling point (K) at 1 atm 248.1 450-643
Vapor pressure (kPa) at 298 K 530 <<10
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Table 2. Test engine specification

Item Value
Engine type 4 cycle, water cooled
Injection type Direct injection
# of cylinder 4-in line
Aspiration Turbo-charger
Displacement (L) 39
Borexstroke (mm) 104x115
Compression ratio 16.5:1

Fig. 2. Fuel system of test engine
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Fig. 3. Modified plunger of DME high pressure pump

Table 3. Base diesel engine test conditions

. . Injector | Injection
Injector Injector open timin
Engine |nozzle hole|nozzle hole P g
size (mm) 4 pressure (CAD
(MPa) BTDC)
Base c.hesel 021 5 ” 7
engine
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Table 4. DME engine test conditions

Injector nozzle| Injector open | Injection
hole # effect |pressure effect| timing effect
Hole si
o size 0.28 0.28 0.28
(mm)
Hole # 4,5 5 5
Open pressure
18 15,18 16
(MPa) ’
Injection
timing (CAD 14 14 13,15, 17
BTDC)
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Fig. 4. The effect of # of nozzle hole on power
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Fig. 5. The effect of # of nozzle hole on NOx emission
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Transactions of the Korean Hydrogen and New Energy Society <<



DME AT 74 S

ro

312 392 7IAM HE ATS 018
I

oM FR &1toll A=) HAYAEA AR

E

Fig. 7-& base )& ?ﬂiﬂ-b} DME ¢1Ag 7ot
Slof| w2 NOx Hi& W2kE HojFal qlrk izl
o419 NOx A TZH 2 thermal NOx = A] 11.&-9]
AL Ho7|ofl A dAFF Y. Qb Zeol et
o] 7Y o] =& 2HoflA A&l A= NOx &
o] iAoz Wity d&o A thA] EolA|
= @S Hol=tl, o] JA dmel &7 &gkl
2 w7] wizo dart 2s] dojuA| wHof e
W Ayz g

1500 —=— Base diesel engine with 22 MPa Nozzle open
—e— DME engine with 15 MPa Nozzle open
—A— DME engine with 18 MPa Nozzle open
1200

©

[=]

o
T

NOx (ppm)
2
o

©w

[=]

o
T

1 n 1 n 1 n 1 n 1 n 1
1500 1800 2100 2400 2700 3000
Engine speed (rpm)

Fig. 7. The effect of nozzle open pressure on NOx emission
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Fig. 8. The effect of fuel injection timing on power
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