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The Investigation of Diesel Spray Combustion in DME HCCI Combustion
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Rapid Compression

The purpose of the research is to investigate of diesel spray combustion for simultaneously reduction way

of NOx and PM. The diesel injection were done into intermediates that are generated by very lean DME

HCCI combustion using a RCM. The concentration of intermediate could not be directly measured, so we

estimated it by CHEMKIN calculation. Two dimensional spontaneous luminescence images which are created
by chemical species reaction at low temperature reaction (LTR) and high temperature reaction (HTR) are

captured by using a framing streak camera. Also, combustion events were observed by high-speed direct

photography. The ignition and combustion events were analyzed by pressure profiles and the KL values and

flame temperatures were analyzed by the two-color method.
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Table 1 Specification of RCM

Specification
Items Value
Bore x Stroke 145 x 692mm
Cylinder volume 12.2x10°m?
Combustion 63
Chamber volume 0.0793x10-*m
Compression Ratio 14.6
Combustion 48mm
Chamber Thickness
Combustion Chamber P Ke
type ancake type
Compression Duration 200ms
Quartz Maximum
Endurable Pressure SMPa
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Table 2 Specification of optical access engine

Type Water-cooled 4-stroke
Displacerment 612cc

Bore x Stroke &x115mm
Geometric Compression Ratio 72
Nurrber of Valves 4

Intake Valve Open 10 degalDC*

Intake Valve Close 214 degalDC*

Bxhaust Valve Qpen 500 degalDC*

Bxhaust Valve Close 15degalDC*

| welgr) =
b8} wg A7rolzha
Fol melAE A7 Foow sha, MEx

2 sakel A5 wholme
%
2
A1ZF 1ms, ME] 7+ 440ps, L. 1. Gain 2000 & A
gl
=
o]
Ql

AZkEE, FaA o

GG NG A ol Fe 3 ZaAAR
s el AAA obe) oA %o u
AA5, 3 F Ul oA sh moel

= At

O

J

32 THR
Fig. 7 ¥} Table 2 & A
B8 @7lE 7hAIst Ao gk Al ~E G
I ARFS BHoFa ik o] <dxled=
1000mm Eo{# 9+ portl H

25
25
oﬂfj_lg.}]:_ i!-ze]z:s_ 15L7]E u]- 2~ o)
H

AT UAS B dEHY|EY
]

<
373K 2 7kdetr] S8 1kw 3o d7]E]

e AHgstole.



245

_ CU
, FWR DT R LGAWE W S
8 [ N I N RarBH IT . Y S
o = =0 —< T I Nr e = E B2
g o_LEﬂ o Nogpmop M g TN S o %
5 7 R o = Texd Tl grey S
§ N T < iwﬂﬂaﬂmuﬂ%%A oo NT OF
! = B g T % ST @_%m%ﬂﬁoK
® § o2 T 5 20 <A m_xﬂmrﬂxioﬂzmsi.ﬂm
] = z LA 2 T Ty W B =y DD
= S g 3 o= ny oT s 3w, T 20" e
— = - — e
(@) m mU - R= \m-LAﬂ_A.H_/ _/|__”__I _AMW%WE_/QMM%QTM;HO/
an w g 3 W o Kio h |rD?_er|ﬂ o= <
m . M m ﬂ.ﬂ O_ .EL \ul _ _|_w._ -~ EE o o ;&H ﬂ ~ ‘Ul ﬂyl — OC
2 8z 2 of X o w ol H|E _x_.$§ ol Eo.%ﬂ%%lmmmﬂmwa
82 2o u QT 40 o P2z A
5 oL ‘= < LlL —~ ;él T AN HT_ m H_I e
g E T E8 _#_%7%_? o o1 ﬁﬂmﬂaﬂm% SEET W
— -— ‘_ .m- 110J|2 = .
BT T_H"w sz R Ew AT g 2T T
3 . < Z _xwiwnfm g urﬂoﬁo%i éfﬂ%ﬂ%ﬁtﬁ%
Tos s o) ) X = ST o mo ° Ay
8 1S N A =1 N B %0 T ~ |
- L= = Ram o W TN wr A
- B R A L - S F TE e Rt e L
= © N ,LI‘A; i ~ n T m
S . % sexidsiexid 2 .8 PE " A lﬂéﬁim_aﬂﬂ_. Ems T W ==
% Sloxid/sjoxid 9 me mwo_ﬂ!,mﬂ oE < JH]_T] mqagat Htﬂéemm
=2 — iy N BIFX N
._||_l \DrOﬁ\_Lf;o <
=~ N TR
— . fgaco) ; .._tzt__Adv
2 FREBWRDT Ny T wwyﬁlfaﬂmz_%
8 ﬂﬂﬁ@eoe &,7MMoﬂ0t Ll]JEHﬂM = S
z o Mﬂumoﬂaa 7A&1A01A1m..dr
£ = JI_EH‘_HAM P 2 ]v:k,m ﬂ_lxidﬂ N -
KOm./o Q W?m%%qo*x_ﬁqw ~o o Eﬂ_ﬂ,ﬂ.o_ ml, W_wm»
N® O f3888g33 . - ~ o =o o = X DL T o - W
sS85 I , 2O AT S %Eﬁemﬁdﬂﬂmoﬂ
I o = e < o —~ B -
6FzF® e . £ dWa,mmoo&LA@Ewo4ﬂ ﬂo%zéwqm%@r%%
m < © = ﬂnﬂoPoMaauo% il tNa " o .:uozvﬂo_]Eﬂ.ﬂ
° 2 I _ThEP, % WY D e
$ 5 - g ﬂ%l.ﬁrﬂﬂﬂﬂiﬂﬂ TR OB .
g S J e &g T=5 Zonm= SCHCR I A
% [ g 2 aleg o ~ BN - S Nl ME R E
~ nlo — T ~ o — Ar
i3 §E&T s E T T AR T s _wEI L AR
§¥ - %thsw mm wr1MmH®Laﬁdﬂo_muaw:aﬂo‘&ﬂzﬁttﬂﬂkmdovlo PN
WO WM © $ M m.m %0 ° ~ = Nro w ] JH ﬂ! ﬂﬁ ol Uxﬁ \u! o8 OC w ) Lf M T
5Tl . s 2 isg o N “F PEMILe gy ST Se¥TxIiTEs
° £ = . el T = N 9% N 7o Hro R 7 =
g8 3 s 2| s g€ <0 AT 4 8N AE L SETRS
w o Pt 24 o P E o A Z Loyoﬂ% = N T
2 . s g ie 2 U o T oy <0 N TN H A — B
m..a MK X L) B - n m..m OOJHLB m.,mmE 1rLﬁ_|Lf 1_|9,|HE ﬂO@MZ o
gt BlLE 9 ST w73 ERwTILT 454 ] o5 a1 o
3 00L090000 R o liomf%o,ﬂL77ﬂﬁﬁﬁw‘quL%M§WEﬂvﬂﬂﬂLﬂOHw
© ~ - 28888 ¢ . N R - = T
sald § ] @ &8 = > Q = oo X o I B
mn__.s_,_wwﬁ__“_m\ﬂo.c_ 2 v,_z ainjesadwa ] E- EL E Z X ™ #
19punfg-uj



246 OE]

DME@=0.01 & 937.93K, 3.09MPa, DME=0.08 <&
916.46K, 3.13MPa ©|1t}. o|AK-E FEHH|E F7}
e ALY 7ha 2ot ™ol dWEstA St

3l A Holx gkt

Fig. 10 & Air ¢ 792} DME o] £%7]¢] d&H]
0=0.01, 0.02 ¢ Z-§-9] A} 48, 2x=e]¥ %
A AR E & Aot APARIE G A F <
o] WX AS A5, Air TF] HA = 1.42 ms,
DME ¢=0.01 2] 74%-+= 1.11 ms, DME=0.02 2] 7
T L12 ms ot 9 EA7IES Air & A5
8.7ms, DME ¢=0.01 ¢] 7%+ 9.3ms, DME

L o 1o
¢=0.02 9 - 9.4ms S+ A TH

Fig. 11 & ZAE A= 217198 #sbrh o
old w7AA & AIZHS vyt 3t AdS Y
Wtk DME o&37]e gFuE S7tstd 23t
A o] ottt W3, Table 3 ¢ A3 DME ¢

Table 3 Compare of Experimental with CHEMKIN
results at 250ms

2
=

12]]
2

=0.01 ¥ DME ¢=0.04 ¢] A2y 7}~ %7}
30Ko1 A ZFol7F AW H 3 A o] Aol H
o] #] %9kt DME ¢ = 0.02 ¥+ DME ¢ =0.04 & H]
wal B, =3 Aire] 4 $-9F DME ¢=0.04 & <1
AW Tt 2E7F A ZARE AR AL
02ms A% ztol7} Wth, o] o mKEE 23hA|
Aol whEo] AU 7t 2R o Edhe
AL otd AL dA =AY Table 3 3 Fig. 4 =
A e TR E] EA 5
FHow FAAL g2 FFy
7V Aol 2dth. DME o &3]
o =0019 FFE BAF AF Ax
g &o] HCHOY sx9 dFrTt 7
k7] v & wEl g ok T3 9=0.08 °l A= HCHO
o EAskar dA OH7}
3.5x10% mol/m3 A= EA st Slrh. o] wjel
Aol 74 AUl oA OHZF A=
Aoz E97] Fo w5 @ AR/ wgo] =

A7) HEo@n Aztw).

o)
Tz AL,

Condition Item Ar |DVE® =001| 002 0.04 008 Fig. 12 = 399 EA7IZE 2 2870t 23}
_ PMPa) | 289| 31 313 | 319 | 313 T Aadue] Tt gl dEdS
Erperiment Ty |o005| soraz | sos18 | o257 | 0143 10%, 50%, 90%°l =3dt= AlZts ZH2b 10% A
PVMPa) | 322| 320 3% | 362 | 424 2 9 Az, 50% A F A ZHg, 90% A4
T | 9546| 97625 | 100451 | 107261 | 125445 Al Zhgo 2 A Aottt d&Egr]|e FEHE =
CHEMKIN| OH(molim3) | 0 | 291E06 | 491E-06 | 202E-05 | 348504 TIA 71 g AR E A Ao AA7])7Fo] Ao H )
HO2molim3)| 0 | 757E05 | 1.01E04 | 1.35604 | 6.82E07 e}, OHO X7} =SDME ¢-0.08 o 7%=
creomoim3)| 0 | 207E04 | 204504 | 153804 | 1.95E-15 A 7)7ko] ZolATH ¢ = 0.01 9 AS $=0.02,
A BCDEFGH | J K L M N O
g 100E
gEE 80_:
g o 60f
2SS 4of
Sg 20¢
oo :
0- YR ST ST W (N SR S S S N SR " PR i " n PR STV S IS T S S T SR S S
-6 -4 -2 0 2 4 6 8 10 12

Time After Injection Startt, ms

A B [ D E F G H 1 J K L M N (o]
Air+JIS2
’ Fas

Oms 1.12ms 1.44ms 1.68ms 1.94ms 217 ms 241 ms 290 ms 4.12ms 5.10 ms 6.07 ms 7.05ms 8.02ms 9.00 ms 9.73 ms

DME/Air
©=0.01
+JIS2

EEEENCOO T NN

Oms 1.11ms 1.37ms 1.63ms 1.88 ms 214 ms 2.39 ms 2.91 ms 3.93 ms 4.95ms 5.98 ms 7.00 ms 8.03 ms 9.05 ms 10.1 ms

DME/Air
©=0.02
+JIS2

EEEERROON AN

Oms 1.07ms 1.34ms 1.62ms 1.90 ms 2.17 ms 2.45ms 3.00 ms 3.83 ms 4.93 ms 6.04 ms 7.14 ms 7.97 ms 9.07 ms 9.90 ms

Fig. 10 Direct photograph and injection pressure



147

12—

[}

£

£

S

@ ¥

§ 08

S

= 0.6:

£ 04f

©

2 f

E o02f

[ ¥

ot -
Air 0.01 0.02 0.04 0.08
DME Equivalence ratio

Fig. 11 Ignition delay

12
[ Luminous Flame Period

10 : tid t10 t50 t90
: -

Combustion Period

Time after Injection Start tinj ms
(=2}

Air 0.01 0.02 0.04 0.08

Fig.12 Luminous flame period and combustion period

oju} Airtte] Z-g-Hr} $9o] Aol 33715} ATt
v}, HCHO, H,0, OH® %7} tfi-it Ze ¢
=001 & $=0.02 o] 3} A 19} A% 7] }% $=0.01
o] A7t 2718F HEA, otk ¢ = 0.01 2 T
2 ;74—5&} Al 227} 7] HH—ErOH, o1 22
2ro] ko g AzZtET) ek tAd BREALe] =
A A Ax 77t FHAARE Fre] o
st Zlo] Fasirtar A7t

42 C|& 270 JAofMel FHHEA2E 3 KL gtel
A

Flg 13 14 o] 29715 Air 2] 49 ¢=0.01

o] 790l dojA e KL #te AsiAL F A|zto]

aﬂ% 7%?47&@. o] Ao ¢, DME o &37]¢]

FFH $=0.01 o] T4 B KL gto] 0.287 o]

o] WAo] zrolxlth o] Mw o] sS4 A¥E DME
AEF7IE 7R e WY PM o A3 &
7} Wit

5. 2 2

H AT A= DME AEE4EA7Z3 A

247

Air+JIS2
P,=0.1MPa, T,=353K
10000 | t=250ms

KL value
[ over0.660
0.380-0.660 |
[ ]o.287-0.380
[ ]o.193-0.287
[ Junder0.193

Analysis Area A pixcel
H
(=]
(=4
o

0 2 4 6 8 10 12
Time after Injection Start T ms

Fig. 13 KL value for time value (Air + JIS2)

_ DME/Air ©=0.01 +JIS KL value

[} Py=0.1MPa, T;=353K over0.660

¢ 10000 .= 250ms =0.380-0.660 1

a r [ Jo0.287-0.380
8000 [ 10.193-0.287

< : [ Junder0.193

@ 6000

o ;

< 4000

2 r

g 2000|

© :

c 0

< 0 2 4 6 8 10 12

Time after Injection Start T ms
Fig. 14 KL value for time value (DME/Air ® 0.01

+JIS2)
of HAE AxFNANES BRI ARTAL
of A= @l weto] Ay} FAANS Fof
o sl

2odbS A A4E Aol A, DME o &3§H7] 9]
el #AGle]l A4S (LTR)S] Al A==
o} -22F3H-(HTR)S] AlZt2xE AA 3T
LT
AH HCHO = A9
b H& 21 i—}ﬂ%‘ T AN 3k
W, )7} Z7hgel e LIR A4 7|8k HIR
Z7] s}= AT

() #@ed Ege] iAs g Ay, A 7k
7b EAEE 20T $F A JAxrE A7
i, g 7k E2A) oPX] %—?% 7ol A= AAp
7b EASHA Ut o] ¥
st Zlog A7E i‘: 7} 2ol B EA
o RHE G L 9)\7: A F5Hh

(3) A&AW 7 RE7F FmolAH ASAA R
otttk ®= #six| o] who ?ﬂié_hﬂ 7k
25 g ojEdtE Al ofY i, FAGETS
FFo] At Lokrh FIHAGEo l EAEHA %
T Airlto R #Zsl o] thE JEku|et v



248 OE]

A AD dojAT) ¢ = 0.08 ol A= HCHOSH H,0,
& HRE EAEL A OH7} 3.5x10™
mol/m’ A= EAIStAL 9o, #3} =Fol 7 &
obxith. o] OH7F EAdks o= #4917

of &% ® Afel vkge] FXH7] wiolz
Aztech E=3g, oA }
2 7|3bel S E
it Zlo] dasitt

o¥
o5 L,

71w e
A, AA77 KL &

7}A a1

o] =o]l JEF EAgHoE g FA o
£ 7 o] & I EH(KEIO University)2] ©]o|t} w=g]wpA}

(Norimasa IIDA) AAEA A S =Y},

ot
ror

o2

(1) Norimasa Iida, Mitsunori Nakamura and Hideki Ohashi,
1997, “Study of Diesel Spray Combustion in an Ambient
Gas Containing Hydrocarbon Using a Rapid Compression
Machine,” SAE Paper, 970899.

(2) Lee Jin-Ha and Norimasa Iida, 2001 “Combustion of
Diesel Spray Injected into Reacting Atmosphere of

2
=

12]]
2

Propane-Air  Homogenious Mixture,”  International
Journal of ENGINE RESEARCH, IMeckE and SAE,
Vol. 2,No. 1, pp 69~80.

(3) Danilo Nikolic, Kazunari Wakimoto, Shinya Takahashi
and Norimasa Iida, 2001, “Effects of Nozzle Diameter
and EGR Ratio on the Flame Temperature and Soot
Formation for Various Fuels,” SAE Paper 2001-01-1939.

(4) Shinya Takahashi, Kazunari Wakimoto, Danilo Nikolic
and Norimasa Iida, 2001, “Effect of Aromatics Contents
and 90% Distillation Temperature of Diesel Fuels on
Flame Temperature and Soot Formation,” SAE Paper
2001-01-1940.

(5) Robert. J. Kee., Fran, M. Rupley., Ellen Meeks and
James A. Miller, 1996, “A Fortran Chemical Kinetics
Package for The Analysis of Gasphase Chemical and
Plasma Kinetics,” Sandia National Laboratories Report.

(6) Andrew E. Luz., Robert J. Kee and James A. Miller,
1988, “SENKIN: A FORTRAN Program for Predicting
Homogeneous Gas Phase Chemical Kinetics With
Sensitivity Analysis,” Sandia National Laboratories
Report, SAND87-8248.

(7) Curran, H. J, Pitz, W. J,, Westbrook, C. K., Dagaut, P.,
Boettner, J-C and Cathonnet, M., 2000, “A Wide Range

Modeling Study of Dimethyl Ether Oxidation,”
International Journal Chemical Kinetics, 30-3, pp.
229~241.

(8) Yamada Hiroyuki, Suzaki Kotaro, Sakanashi Hideki,
Choi Namil and Tezaki Atsumu, 2005, “Kinetic
Measurements in Homogeneous Charge Compression of
Dimethyl Ether: Role of Intermediate Formaldehyde
Controlling Chain Branching in the Low-temperature
Oxidation Mechanism,” Combustion and Flame Vol. 140
pp- 24~33.



