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Abstract : In this study, combustion characteristics and various performances of a Diesel fuel DI-HCCI engine using
2-stage injection method were investigated. From these researches, application ability of 2-stage injection strategy to a
DI-HCCT engine was confirmed and improvement methods of performances were considered.

As the results, Using 2-stage injection method, without change of engine specifications and loss of IMEP, exhaust of
NOx and Smoke emissions could be reduced to about 1/3 (at 1400rpm, IMEP 6bar) compared to conventional Diesel
combustion.

Key words : DI-HCCI(2] 4] of| &3¢} 2} 8l oll 1), Multiple injection(THeh3-A}), Diesel fuel(t] 2 A 8), Early
injection(Z=7] #A}), Heat release rate(€ 24 &), Emission gas(4l] 7] 7}22)
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Fig. 1 Example of HCCI combustion region (ref. 5)
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Fig. 3 Theoretical benefits of the multiple injection method in a Diesel DI-HCCI engine
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Table 1 Engine test conditions

1400rpm 2000rpm
Fuel amount - ; - :
Inj.P Inj. No Inj.P Inj.No
30 1000 | Singleinj. | 1000 | Single inj.
(mm3/st) (bar) | 2-stageinj. | (bar) | 2-stage inj.
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Table 2 Dynamometer and exhaust gas meter
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Items Specifications
Dynamometer AVL, AC type, 126KW
Emission analyser Horiba, MEXA 9100D
Smoke meter AVL 415

Table 3 Specifications of a test engine

[tems Specifications
Fuel injection system Common rail Direct injection
Bore X Stroke 102 X 100(mm)
Stroke volume(cc) 817
valve DOHC, 4Valve
Compression ratio Max 17.8(Variable)
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A Study on the Diesel DI-HCCl Combustion Characteristics using 2-stage Injection Method
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Fig. 4 Performance of 2-stage injection Diesel DI-HCCI
combustion - IMEP(1400, 2000rpm)
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Fig. 5 Performance of 2-stage injection Diesel DI-HCCI
combustion - NOx (1400, 2000rpm)
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Fig. 6 Performance of 2-stage injection Diesel DI-HCCI
combustion - Smoke (1400, 2000rpm)

2174471 BTD
ol 43 AL
oiry. olel g s} 54

60

o
B
2
X
7
M oHe

Ded
>
2
X

C
R

—L
Lo

T ML

o4
=

—_

©o.
[=]

o
T

° w2
N

1t-ﬂjﬂ
o

Mo
o

—_—

@79

o @ -
i

—_

7} 25}
A el

2

o

hu

2

Sjetes 2AA 7)o

B4 HCCT ¢ 4ol B3

70 SRRISXZEE =2 H123 65, 2004

2 2 UeH
2000rpm, 1000bar, 30mm 3/st
Multipte inj (2nd inj.= atdc 5)
w—f—— Multiple inj.(2nd inj.=atdc10)
1000 ——g—— Multiple inj (2nd inj =atdc 15)
»—ie— Single injection
—p—— Conventional Diesel
800 Single
G s00
£
a
h=
(:E 00
4
=
Muttiple
200 Conventional
0 [ -
-120 -80 -40 0
{njection timing (ATDC)
(1st injection timing : Mutiple injection)
3
(a) THC(2000rpm, 30mm™/st)
2000rpm, 1000bar, 30mm¥st
Multiple inj.{2nd in;.= atde §5)
480 —F— Multiple inj. (2nd inj =atdot0)
——@——— Multiple nj. (2nd inj.=atdc 15)
si
e Sialo njecton Conventional
e Conventionai Dieset
440
Multiple
o
=)
<
£ 400
cl'>|
[
360
Single
320
-120 -80 -40 0

Injection timing (ATDC)
{1st injection timing : Mutiple injection)

(b) Exhaust gas temperature (2000rpm, 30mm’/st)
Fig. 7 Performance of 2-stage injection Diesel DI-HCCI
combustion - THC, T_exe(2000rpm)

AL YstoiM s F0 w2 BTDC 60 T3He] AL
Al71ell EAMEE Fol BhdE Aoz Bl

rlo

ook



Single injection, fuel=15mm3/st
2500 < 800rpm, 600bar

’ 1400rpm, 600bar
1400rpm, 180Qbar
2000 @  20001pm, 600bar
E 1500
a
=%
\; <
o e ¢
Z 1000 <
®
500 ¢ ©
Py .
PY P 4 Diffusion comb. g
0 *>—® -0
100 80 60 -40 20 0
Injection timing(ATDC)
(a) NOx
80 2000rpm, L
inj. P = 600bar btde 50° inj.
Fuel = 15mm3/st
60
=) btdc 60° inj.
L
z
2
= 40 btde 70° inj.
<
T btdc 80¢ inj.
20 )
0

-40 -30 -20 -10 0 10
Crank angle (ATDC)

(b) Heat release rate
Fig. 8 HCCI Combustion characteristics of early injection
(single injection) Method

mwwqfﬂl%a%%
o) 9] Al A EA DS A2 o
o, 2 AgeAe] ARAEE DB 11 Ao

—_—

128 AE9 4 B 42
AL golsly] Yslel A
G RA} HCCI A4%
15mm’/st 2 5 ¥ AL ¥z ThehE A} HCCT 2]
B 123k o). o292 Fig. 109 VE}

Siol 26k 2AR] A5 cheALol ol gt Aok
R 7R v g9 FTe] o

215
@ ew d5oz 3 WA Ak Aebasl7h 1t

rN

DI-HCCI HAS40) Bst o7

Mutiple Infection HOG!

===

[ wteotion ) { ZﬂnaumJ 1=mauumJ 'z"neulm_]

@%m =) =)

MULDIC : Miticle staoe Ciesel Combusstion (Newaice)  “UNIBUS © Uniforr Butly Cormbustion Systerm (TOYOTA)

HIMCS  : Homogeneous charge imteligent multile * Aplied to the procuction engine (3ite/doy)
infoctlon combustion systen (HNC) in st 2000t Jeoenese e,

Fig. 9 Assumption of the combustion characteristics of
2-sage injection DI-HCCI

2000rpm, Injection press.=600bar
single injection,

btde 80, 15mm3/st

80 single injection,

atdc 5, 15mm3/st

duat injection,

bidc 80{15mm3) + arde 5{15mm>)

60

\ N
S in‘g\e ing. o

Pressure (bar)
»
o

Single |n1>35)\_ S e
N
20

-20 0
Crank angle (ATDC)

(a) Combustion pressure

2000rpm, Injection press=600bar
60 | __._ single injection,
btdc 80, 15mm3/st
single injection,
atdc 5, 15mm3/st
dual injection,
btdc 80(15mm3) + atde 5(15mm3) ,\
'
i

40 i
B _ il
3 Single inj.(b80) f |
3 Dual (bB0+ab) I
o |
© 20
T

0 4 )ﬂ/\i\ S " ,,| ‘|,\ \,'ﬁ/

0 20
Crank angle (ATDC)

(b) Heat release rate
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Fig. 12 Combustion characteristics of 2-stage injection
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