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Abstract : Dimethyl Ether (DME) has been considered as one of the most attractive alternative fuels for a
compression ignition engine. The major advantage of DME-fuelled engine is a great potential for soot-free
combustion without sacrificing an inherent high thermal efficiency of diesel engine, despite a necessity for
modification of the conventional fuel injection system. An experimental study on DME and conventional diesel
sprays was conducted by employing a common-rail type fuel injection system with a 5-holes sac type nozzle,
including a constant volume vessel pressurized with nitrogen gas. The injection rates of DME and diesel fuel were
recorded with the Bosch type injection rate meter. The injection delay of DME was shorter than that of diesel fuel.
The measured injection rates of DME and diesel fuel were correlated with spray penetrations. The prediction method
of spray penetration was established using the injection rates, which was verified with the Dent's penetration model
and found to agree well for DME case. 4
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Nomenclature - 1. M &2

AP : pressure drop across the nozzle, Pa A7 dE B dAA R F, ol HE Als
p;  :gas density, kg/m’ o] Aeti FtAARQA DME(Dimethyl Ether):=
T, :gas temperature, K CO: viEFo] 7|& dAAsRY Ha, HYol
d,  :nozzle hole diameter, mm (soot) & H)|Z3 Y= o] vj&S A XA &
t, ¢ :time elapsed, s o 4 e Aoz HrhEar glef, DME A5 ¢
S :spray tip penetration, mm Azt giFstE s A7t dEA ddE Q)
¢ :sonic velocity, m/s o' e, DMEE 4o tAdRh B3, &
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Table 1 Acoustic velocity in the measuring tube and the fuel

delivery line
DME Diesel
Bulk modulus (E) [10° N/m’] 637" | 149"
Density [kg/m’] (@20°C) 668" | 829.3%
Calculated acoustic velocity [m/s} 977 1340
Measured acous.tlc velocity at point 1 in 990 1430
Fig. 2 [m/s]
Measured acous}lc velocity at point 2 in 1200 1430
Fig. 2 [m/s)
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Table 2 Delay of the pressure pulses between the two pre-
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Delay betvs"een t’he r?ozzle tip and the 50.5 350
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Delay between the valve control chamber 133 1119
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Spray Penetrations of Dimethyl Ether (DME) and Diesel for the Variation of Injection Rate

2o} BALgHE o] BAIglol A4H QA EAL H
o8 ] BA} §-22 5.7 mg/fstroke 2, 28| 1 BALS
Aol wighe 0.3 MPa A8} X8k ch

31 24 ol =2 2AEE R 34
2ielo| etz{o] et

Fig. 4%- DME¢} tj Al 5 o] At o mE &
Abg T A ele] e stE Vel E—Amsq
S oj= B ARV AVMH L =2 = 28y
27F elEA 4EAs BAF 4 OM SEL
whe} 2 W 3} glo] ¢F 1~1.3 MPaA & WEhIT) o] o]
Al A ANFEEA 7 b Aslrt oF
1.5~4 MPaA = A e}, o] off FH Q] AV #

a) 25MPa 2
20
= Flow rate 3o é‘?
= 10+ |
£ o0 2
o o
® 0 2
2 26 @
2 104 5
M24 2
204 ¥ Line pressure g
22
-30 T T v U T T T T
0 500 1000 1500 2000 2500
a0 Time after SOE(us)
DME
b) 40MPa | Fa6
Flowrate -
z &
E 2
g e
© 1 5
z &
<] g
- a
. Line pressure 38 2
2204 ']_'” o

-36

0 500 1000 1500 2000 2500
Time after SOE(us)

c) 55MP,

1Flowrate

Flow rate(ml/s)
f=
T
&
>
Line pressure {(MPa)

Line pressure
v DME
e die SET

0 500 1000 1500 2000 2500
Time after SOE(us)

Fig. 4 Effect of injection pressure on injection rate and fuel
line pressure a) 25 MPa b) 40 MPa c) 55 MPa

N
-

o Qlszol uls) A} A H ol o 1264 AL
& % SIrk Fig 4] 9.2 TAH $B-2 Eeleol
Eo 7kl AR7L SR e, & 2=
28327} B WA RS Qs Rk
eI ] BAA AR A ol F2] Bl
e GHH, 19T 2 S5 WE Y
5wl Ad o2 <13} DMES] 37k o)
Gl et 0.1-02ms o) 77 vhehdg 2
Rtk Tehk e A9 RIAS L e dw

5
o
P
N

|28 S5HE VIR, Hx @

B} ol2d, W BALES] 2

fu
VLES

EA-HL 9238 =
= e o) A dabe wabaln itk T,
ol g o] BN wE BARX A Q) 2fo] = Bt o]
FHess gawt
32 DEF FRAIZ| 02 BALES| Ha
Fig. 5, 62 DME<} dAA G 2] 1-F A7
(high-current holding time)ol] W& FAl-g-o] M3 E

vrebd T BARA RS O g2 fA sk, 24
T4 1HF FAAES HAgEL 100 psel] A
AAAA EF7F & E 400 us7hA] A F W
= bs_zzwziu} o)A 2] A7V 2 DMES]
O
&

O:

A A Zke] 200 psd AS T T F AT
= Aol A=, Fig SM = “VWPX]

DME®] 74 3145 -2 A1 7F 200 ps & A5 2 FA
A}OLFJOH “AR

T ol L}E}‘;,EQ_U%, ]T
= 0] o=

’ asme 2
20~30 us A% ?7}61-13]- =3} Fig. 5(c)oll

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 6, 2004 19



Flow rate(ml/s)

30

25

20

154

104

Flow rate(mi/s)

54

od
| :
00 02 04 06 08 10 1.2 14 186

Time after SOE(ms)
c) 55MPa ,

7

v
¥4

30

100
150

254
200

<« >0n

204 400

154

104

Flow rate(ml/s)
°v % 8 -'?"A“.

54

0.

I - .

00 02 04 06 08 1.0 1.2 1.4 1.6
Time after SOE(ms)

Fig. 5 Effect of high-current holding time on injection rate of
DME (a) 25 MPa (b) 40 MPa (c) 55 MPa

o
:ﬁ‘
X
s

B3l 9bd s waE) ] o ol 5 A
dAYE ehe A8 A8 do] 7P & £A
= GEAAP)E G4A 7+ gl Holth dwk
o7 FExpdAdtE ) Bev) g e xpojE APR

W7kel7) 49 ARl BA) ulel A ree
sh7h FAGHA Yol Wak obLieh, WA RAIYE
ol E28}71747 ]34 % (unsteady) ©HA| S 7 %

o 4

Zets|=27 122 HM6S, 2004

uli 54|
30
« 100
e 150
254 a 200
v 250
F 20 400
E
£ 15
é 104
5. )’ ot
A b
- ' G o
0.0 0.2 04 06 08 10 1.2 1.4 1.6
30 Time after SOE {ms)
= 100
e 1508
25 A 2008
v 250§
@ 20 400)
& 154 )
3 @
i 10 /,‘.f‘ P
: W
5 /‘;" %
/’/f M
0‘vv a u‘j ":”’--;,‘;.“.;;j
0.0 02 04 06 08 1.0 12 1.4 16
10 Time after SOE(ms
a 100
e 150
25 A 200
2 A "
2 20 ¥
£ £
bk S
& 15 A
3 EA
= 104 Fy .
A
5 P 3
< iy
04 Nl o
0.0 02 0.4 06 08 1.0 1.2 14 16

Time after SOE(ms)

Fig. 6 Effect of high~current holding time on injection rate of
diesel fuel (a) 25 MPa (b) 40 MPa (c) 55 MPa

Transient region Steadyregian
&— -

Qsteady = AP

2

Q.

steady

AP x

Injection rate

T Time

Fig. 7 Developing process of injection rate to steady regime



SALZ #50] TE Dimethyl Ether (DME)®} CiRo| E2

BA}AJA] Z(start of injection, SOIo]F& A]ZF to]]
Mol B =gAL: O 28 7HE e ARl
oAl e Xt
1) BALZ7]9] 25 —Lpﬂﬂ% TR+

AL =7 A
2) EAFIHA & l7h<o<zst)oﬂﬂ AR

2328 glo] o7 Mgyt
3) HALgo] AdAEAE A7 Ade A 4

3 2-317) 94¥ 9} A}e) 7t APo) Tt
4) EAPNAD F A17F toll A 9] tEH] (APT/AP)= A]

7ol A19] BAREH(Q)F T FEAFE (Quteaty)
"] o] A Fol| v &gl

- ( Qi;y ) 2 )

A=REL

5) BAPRAF AL 0<rspell A B3 =
=4 ()= 8 P

228y

25 0.25
(@, (=" (B (5

6) A7Htol| Ao} BE wkA E(S)E BARA 5 A)
ZF d0<e< )l A 78 S: T F ol gkolth(2] (6)).

S=MAX
0<r£tsr ©)
2AMgo] AREA HES A} N DA 8

A FARSE S HI FARE] 90 % == A H
2 Zj/]ﬁ}— ]t} Table 32 ¢} of] W& DMES} U
o] A3 Hed dele A S

Ak o] 25 MPad 7 -9l = DMES} v

do] apo] 7t tha A, AMY o] S7MEeE A

o ol 51 BALgo] AR Hi= Al7kE Fol

Fig. 8,95 ztz} DME®} O AA R & £917) ¢4
3 MPadl|A] FAake] A2 o] ol A] 414k A gk
o}, BALEE o] 45t0] Dente] Aol B8 ol =7t
Table 3 Time to reach the steady state in the injection rate
Injection DME Diesel
pressure(MPa) | (time after SOI, ps) | (time after SOI, ps)
25 1105 1393
}_ 40 800 817
55 630 633

Fret7a)

25 %] H]M B =
A AR Sl ol Wol RAE ARALE S 2 U3k
WA w2 B oR AZETh hebA ol
4 @0 7ol Fe AFET, L 7PEAL £F
59 Pgossy Yol 9] gk A
Boz 47 7)shsl: DMES] BAXA Y FBo
2, BAgo] Aadelel Eastr| A9 27) %Ak
5g meiste) BeT oL gae) 5o
u)s) g Ast & QX AL,

60
m  25MPa Experiment
4 40MPa Experiment
501 o s5MPa Experiment
~-28MPa Caleulated
= 40MPa Calculated
E 404 ——55MPa Calculated
5 —
= 30
g %] —
5 ’,/E-/ ik
& 201 g g o® T
104 EcoirS 2
Pt s o
e ad
O T T T T
0.0 02 04 0.6 0.8 10

Time after SOI (ms)

Fig. 8 Comparison of spray penetrations between the
measured and the calculated values for DME at
chamber pressure of 3 MPa
60

w  25MPa Experiment
¢ 55MPa Experiment
504]-- - 25MPa Calculated
- - 55MPa Calculated
’E‘ 404
g 30 5 o
2 @ o
£ 20, : i 4
10- %
,,9"?‘".'.1.?
olam ™™

00 02 04 06 08 10
Time after SOI (ms)
Fig. 9 Comparison of spray penetrations between the
measured and the calculated values for diesel fuel at
chamber pressure of 3 MPa

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 6, 2004 21



Wook Choi - Jukwang Lee - Choongsik Bae

122

AAHAE FAFLX 9 BOSCH 39 BAL87A
£ AM$-3le] DMES} O Al 8o #ALe-S &35
A, ohg-7 22 %%—3: At
1) DME4 °&

2 0. .

3) E 3 o] EAA -2 DMEZF B AAE B}
ZARRE 27] FEAIA o] 9] w2 EALE F7
g 53 X]ﬁiﬂ_*r}—% E*c}ﬁ}ﬁi, AR o) F71
g 2ol A Fit

4) FAMEo 74741%101 DME«] a9, LHF X

°] 2 A5 of FAgo] A EFo)
= @4o] ettt

EHE=EAEE d&H S Dent

Ak A2, DMES] 74971t

P4 7o} & A A3

&
b
M
b
ﬁ
32

=

73]
5) ¥AE

AR

;(é]

Rl
i
5o
i
m>~

S 7'

4

£ AT KAIST A 47| dF A E(CERC)9] 4
7] X Qo] &) 7P A} £% DME &
2 H7HA Infineum R655Z 71585541 Infineum
Korea Ltdol] ZFA}= ]y,

References

1) R. Verbeek and J. Van der Weide, “Global

22 sRREAISEE =R Az H6S, 2004

2)

3)

4)

5)

6)

8)

9)

Assessment of Dimethyl Ether Comparison
with Other Fuels,” SAE 971607, 1997.

S. Kajitani, “Fundamental Research of DME
Diesel Engine Operated with a Common Rail
Injection System,” 14th ISAF, 2002-VT-13,
2002.

H. Teng, J. C. McCandless and J. B. Schneyer,
“Compression Ignition Delay(Physical+Che-
mical) of Dimethyl Ether,” SAE 2003-01-
0759, 2003.

J. C. Dent, “A Basic for the Comparison of
Various Experimental Methods for Studying
Spray Penetration,” SAE 710571, 1971.

H. Hiroyasu. and M, Arai, “Structure of Fuel
Sprays in Diesel Engines,” SAE 900475, 1990.
J. D. Naber and D. Siebers, “Effects of Gas
Density and Vaporization on Penetration and
Dispersion of Diesel Sprays,” SAE 960034,
1996.

W. Bosch, “The Fuel Rate indicator: A New
Measuring Instrument For Display of the
Characteristics of Individual Injection,” SAE
660749, 1966.

P. Kapus and H. Ofner, “Development of Fuel
Injection Equipment and Combustion System
for DI Diesels Operated on Dimethyl Ether,”
SAE 950062, 1995.

J. Yu, J. Lee and C. Bae, “Dimethyl Ether
(DME) Spray Characteristics Compared to
Diesel in a Common-rail Fuel Injection
System,” SAE 2002-01-2898, 2002.



