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Effects of Pressure on Ignition and Combustion in HCCI Engine

by

Zhili Chen

Abstract
To investigate the effects of pressure on ignition and combustion for homogeneous charge compression ignition (HCCI) engine fueled
by methane/DME (dimethyl ether) mixture, a series of bench tests and combustion simulations with constant pressure were conducted.

Findings from the result are showing as follows:

Engine can run over a wide load range if the compression ratio of the engine were

changed according to avoiding of misfire or rapid combustion. Higher pressure enhances the progress of low temperature oxidation
subsequently advances the start of high temperature oxidation. The peak of heat release rate of high temperature oxidation is not affected

by pressure.

Keywords: Compression Ignition Engine, Alternative Fuel, Combustion, Simulation / DME, Variable Compression Ratio,
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Fig.1 Schematic Diagram of the Bench Test System

Table 1 Property of the Fuels

Attribute Methane DME Diesel Fuel
Cetane Numbe 0 >55 40~55
Autoignition Temp.C| 630 235 250
Boiling Point’C - 161.5 - 25 180~370
Stoichi. AF 17.2 9 14.6

Hu Mlkg 50.1 28.4 425
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Fig.2 The Relationships of Incﬁgz'xted Mean Effective Pressure
(IMEP) and Total Fuel Equivalent Ratio for Varied Compression
Ratios
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Fig.6 The Definitions of the Start Time in Simulation.
O1: Low Temperature Oxidation.
D2: High Temperature Oxidation.
Od: Degeneration of Low Temperature Oxidation.
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and High Temperature Oxidation in Simulation
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Temperature Oxidation
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Oxidation

No.320: ch3och2 = ch20 + ch3

20 No.325: ch3och2 + 02 = ch3och202

’g N0.325, 6.32MPa
325, 3.82M

g 15k No.325, 3.82MPa
£ AN
£ 1%
o
c
8
T SF No.320, 3.82MPa
4

O L e

700 750 800 850 950

Temperature (K)

Fig.12 Reaction Rates of N0.320 and No.325 for Lower and
Higher Pressure

No0.332: ch2och202h = oh + ¢h20 + ch2o
No.333: ch20ch202h + 02 = 02¢ch20ch202h

20—
No.332, 6.32MPa ! \ W
.332, 6. [) PN
15].  No332, 3.82MPa > . -
’
P ‘\
¢ 7 \

7 No.333, 6.32MPa
’

Reaction Rate (mol/msec)
-
o
T

%
]
]
L]
]
[} \ 1
1
]
]
]
]

L4 \ i
51 .Y )
£ N0.333, 3.82MPa \
L \ % o
0 - - i I Il -
700 750 800 850 900 950 1000

Temperature (K)

Fig. 13 Reaction Rates of No.320 and No.325 for Lower and

Higher Pressure



WCRT LIz, EREMICE> TRADOBEEFEEEZES, 0
7o, RIREEEISDETICHE I BEO LRI ZORIGHEE
BB bI—DORRLLED, ZTOZHOERPERICEST
BEBIZOVWT, SEBFTAIFEN, wFhicLThH, E13
WWRT LI, EAEEWEEIC32228333 LVESICELD
DIILEEMBWBEN L EILED, ZoOd)d, EARBVES
DEBRBLEGOMHEERILEL 20, BEBRLRIGKESA (B
FH) WWEVEETTED, TOFEFE, H10L 11ITFLE
oz, EANEVWLEOBRBRRBILRGOEREITIL 15,
ZEBREBOFER. BELE 23, BIEAREBEVWEE, B
BEREDS L, BEBLEWN,

—F., RIEREEI I, EARELLTLERRBLLESGE
MGSED-DORHEERABLBEIITF—ETHS, 0Ok
B, B0 E 1 »555E300, EABREWEL, #ErDE
BB ERESRGEOOCLERERBERSITRENCENRKE L,
15 12—l X LTHES 2.65MPa DIFEA OIEBELEIE S HEE
PHEEBEERIGBEETOOH IV MNVERBTIERER
SO SEE %27, &R L HBRBEESORMIC 334 & 335 H
LD OH O#EMIZL A LR, TLETITEM L H202 ©
RREGSHD b o L b BEERBBRE Lo T3, ThbORE
6O OH i DME Ok FES & HEERM32)E 5| EHEEET S
B, GBRLESHRETEIBRELVETRIGEREREES
w35, @7ICTRLEEN265MPa BB AR L H~NB L, Z0B
BIIEBRILESOBREEY LEL, EFEICD - D LETT
B, FDRH, AT EOBERIEREOBREENEBEITIL
LT B ECICRERIN DB, ZORBRBIZEHBETREENEZ
Y. REBERGOHER: GERILRGOREORRASLBEE
MREWEZDELS RS, HEL, EAEMH MPall Eiziz b L
RRB/AREEBEBERERRT TRETIOT, Z0ER
Tk T 5,

S2EIOE 8 b, RBEMLEIS OB XS 1 LV EE
LR DB KBLEER <2 BEAICEBIHBEZHEIZTTE L
WIHARRRELNZD, TOBRAFLLTOLICELS, 1
ERGBECREEEHORBICILAENEFELEH D, Zh
RGOSR —ETHNIE, BERZXEHOELICHF> TER
THRORIGEELELTS, L, 1l RZOEEBOLZE
5, TRNICRLT, 12 ZZ0EEDIEL, EHOELICK
HEBBRLEISICRITAETESOELORBELZITS, Z0
ZoDEBEHECHRBCREOZEKER 2 IIHTIES
DEBLEBDT, 11 CERXTEAOEEBIIBEETH B,

SA4BRBEROENFE

R I6 ICENRERDPBEORBOBEBLFT. HEHA—
ETHB-n, BEEMRERR—F L5, KEBERG.
E—-SEERLERLEASEBRCEEOR L2 EHIAD
MBOEILS FEAHIINEOBRAEBEEZEETLIZLES D,
E17 ¢E1IBRFRAFRICINEOBILEEORRER LU
RERDOE—7E (EEBEB{CEEZQLow & dQmaxLow, F—
R B IRES L A £ QHighl & dQmaxHighl,
WS IBERLE R S QHigh2 & dQmaxHigh?) & EHDOBEFE%R
Ft, B 192 CO. CO2 £ERBOELIZR LTOENEEL TR
7,

10% : . . - :
€ RN No.333 ch2och202h+02 <—> 02ch20ch202h
S 3 ~ E
@ 107 > 4
5 | Tl ]
o Se
£ 1of = ‘kf 7
g 107 F I _ E
s [ Tl 1
8 10 ]
1< 3 kr E
107k : . . : . '
600 800 1000 1200 1400 1600 1800

Temperature (K)

Fig.14 Forward and Reverse Rate Constant of No.333

0.2 T T T
'g 23 co+ho2=co2+ch
@ - —— 51 h202(+m)=oh+ch{+m) P
o 0.15¢ — — 332 ch2och202h=oh+ch20+ch20 b
E | ----- 334 o2ch2och2a2h=ho2ch2ocho+oh "~
2 | - 335 ho2ch2acho=och2ocho+oh -
o 01t P b
g -
a - — -
o 005} _— = - 1
g | ——==---
5 o — |
1 i) L Il
[} 0.2 0.4 0.6 0.8 1

Time from Degenerate

Fig.15 OH Rate Progress from the Degeneration of Low
Temperature Oxidation to the Start of High Temperature Oxidation.

1000 - T T T

= soof

Q

0

3
& 6001
14

3 400}
T
5
]3 200} tI ;
' ' DME ¢=0.40
0 A2 ) . Ve ¢
1 2 3 4 5 6
Time (msec)
Fig.16 Total Heat Release for Varied Pressures
400 T 1 T T L)

3 350l ZQHigh 1 |
Q

%]

jug

% sool BN\B—M‘H\E i
[v4 ZQHigh 2

§ 250} ]
T

s .
2 200f ZQLow 1

1 50 1 L Il K} 1
2 3 4 5 6 7 8

Pressure (MPa)

Fig.17 Total Heat Release of Low/First High/Second High

Temperature Oxidation for Varied Pressures

—143—



FREEREKBEOFNBREIIRIZTESOR

2000 . T — —r —
= dQmax Low
2 1500} .
E
2
% 5
E 1000 dQmax High_1
3
g soo} &=
= dQmax High 2
0 - Il 1 1 L
2 3 4 5 6 7 8

Pressure (MPa)

Fig.18 Maximum Heat Release Rates of Low/First High/ Second
High Temperature Oxidation for Varied Pressures

0.0015 B — T T T T T T

632 g=== T T 382
|
]
J

265MPa ,~ ~ ~
'
0.001 |- U

co2 (mol)

0.0005 |-

co

Time (msec)

Fig.19 CO and CO2 Formation in First and Second High
Temperature Oxidation

ZQLow {Z oW T, T TRFIBLEFPEANBEVEEICE
W, ZQHighl & 2o h&#iic, EARBWE &R, T
NITEABBWBEOHRITES, BRBLESEEIVSE
ITL, B9 IR LEE LD I, RBBLRISOEMT CO & CO2
NEVEERLTCRGITHIE LTETLEMSTHE, AR
ERDE— 7 T2V TiE, dQmaxLow OFSE, 13 IR LK
L3I, EAREL 3L BIOFGEERGL R IOT, &
{723,EZ3, bbAA, B 13 TIZER 332 & 333 LvE
=H LTWARWE, ZORGIE DME OREBEREIGOETE
XBRLTWBDT, ZORGOERIZL > TRIGSEDEE N
HMTaEELD, —FH. COLCOQDERNPERNETHE
—RBLUEZRBEBRLCRICOBRRBEROEREIIN LTE
HOEEIIF Y, %I dQmaxHigh2 1X1F & A EEH L EBFRT
HB,ZDOZEFCORDERIZEEICL > TERHENTWVBER
NEEIRRBNENTWAZ EE2FET 5, #ERCOVWTIRSHE
BT3B RICTLEL ) REBEBROERFLINEVEE.
BRBERICEREOL -V ER T o0ix, EHBTNEE
ORETIHRELS, ThIZX2RHZENRBECETIREE T
RUWWhEEZB,

6 #

1. ERHEA2ELESES Z LIk > T, HCCI EE 0 EEHHE
NBiEKkTE, TORERBBOWNEELIEKRT 3,

2. BEXRTBECXBEEINZ A, EEBEREEOETESILE
HEXBEND, EAREL 23 L ERBIERGITESR, LV
ZEGRBPERTEEILE L. BEBLREFPELHAT
B, WICHKBBEHSELS 25,

3. EEBICBT A RERCERORAEREEZORERERES
IZHBERDH, BRBLEGEIEEBERRY, Lo T, EH
ERIIBITSERBLOETICL 3BBBERE E— 7 OETIE,
EHOBAHEHBEBEFETIRVMLELS,

% ik
1. [, &5, M. EFLICL D TREERE REOBRER
., HEEREITSETHREESIME, No.20025125, 2002.7
2. K@, EEAABEECETIEFAEBRER, =V UY
77 /aP—_ Vol. 2, No. 5, pp94-99, 2000.9
3. H. J. Curran, W. J. Pitz, et al,, A Wide Range Modeling Study of
Dimethyl Ether Oxidation, 26th Symposium. Int. Combustion,
pp627-632, 1996
4 &F, B, ik, PAFA—FATREEHES BRI
B 2L EREHROTE. BBHERIFSENERSITME.
N0.20025237, 2002.7
S, WWE., Ay, FiEF, 4 EREESWTHREAVZHEMICET D
ERBERIEOHERT, BBEHRFEENERSTRE,
No.20015588, 2002.10

—144—





