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1. Low Temperature Combustion (LTC)
2. Homogeneous Charge Compression Ignition (HCCI)
3. Reactivity Controlled Compression Ignition (RCCI)
4. Partially Premixed Combustion (PPC)

Y4



5 (6093 2918 g lilez sl (oS L e

S Sy ol 4y i aS g e ALl e ) 295 (U a4 S g (Ses byl (o515 Jaidl sleygise
sl @lpol ogh oo 3lyml dhize S50 Glial £955 o (Fen byl cul o515 05800 I8 5 g (Sen
iS) STy bl 3ol 5 (Gl oigy i dad sl a5) ghib e ezl 3yl 5l Sglite San bylke oSl
)l 3525 3l sangley 59) 2 (S g Sl (nl )3 Bl (Sl (8 (e Do oS Slalad B )l
el il Gl sl Ken SIS a8 oglins 3l 5 ol 5 o5 B slisSa 3l g9 ool o 2 0938
bgles JolS Sen Siemp b i)l boygise (nl &5 oblie Lai> b a5 aiten (nl (g 50 ojlgen plakme (ol nly
il Sen 1) jomleseS” 3l 4 (e lws

Ol &5 S plen il anwg Glyiml g5,0 Oloy n e SRS jshiea (Sir aitel b Gl b sleygise
S 958 0 Bl dhioe 5 )3 Glojen JLtdl dauly & @ sl Gl 4 e dlgtul (59,0 bglie (SSen
A5 wd plgie &5 4sSilen (uizmen 25doe (Ko bylie (oS15 Jidl laygise o il cge el ool
e i ol e sl Sz anel gt Gl Ll ygise el Jlade sl Sl nl o il ganols;
%o SLlS (o Kan bylie (o515 Juins] slagise Gazan ;5o o ol yo Byl Alike ) 39250 bl aiad
JLed Gl oS5 S mals il (9,5 Sl Gy S8 ) gl Jlazsl s 13U lisl g nl )5 e
Slr Sz sl Gl b loygise ;o 09d00 Jol> (i8S Sla3lS sbj Gliee 5l eolitl 5 Cgu il
S Sloy dbold 3l 5 cogus il olpe e a8 Cel 5li dse g Cgus Simel iy 5l osllae plie 4 (ol
ObL 5l o @l g bl G8bcdsw ploj Do 5l G b Jleil jo 53l ;00 4 all adls sy asiie
aoles £ 99 50 b Gayb 99 4 Flital dlaie (39,0 4 S g Bl (Bl 5l e ol 5o [Plagd LT il
DVf-alalfin ps obosgw 5 [1-Flalimsg) cobosgw 5l 6o e b by, ool 09 oo 1]

5o it o KeSly Gl b S g gg iz (o XiSTy Sl b onigd S (o515 bl gl s
4 olitws slp (3l daiome ()98 byloue (6 528y Sl 45 99 g0 o ol (nl Wigdi oo B2y 5 At slagle;
B3 995 Skt o8 6, %8S ly ekl b ot g 0,S0g; (nl o Baae 0sd S (3l Gllas £ 5 oloj Suke
52Ty CebB L (b)) CB g g S (g0 3l 1) T90 5 g (Kol Lgliie 5 (5395 ol5el; )0 (82)55) Wigd ge
L 19 5 g boglina 51 pladiny 45 055 00 ca plKi 0 325 (ol igdise G257 Wlsial (9,0 & Losiiie Sl
[0]ssgt so cilizes slag 5 g laple; y 3yl £9,d coms 45 Wigdh sl Dgliie (slacs XSy 5 oo

oS Jlnsl slaysise (Jg wiols 003l 5 o8 (FanT llze G SoulesnS 350l g5 an jo aSul o) e
blie (o815 Jlisl slaygise (63,5,1 85k ccnl 0929 b N V-101i 550 095 o) 50 5l ane) cnl jo Son byl
STk 5 SRS L g, K00 5l 5 05 Slas 550 5o (i bgw S5l V-V 0l pagame L3, ol e
53k 5o ) o cenl p3¥ oe slas )5 5o il g5 cal sblpe 5l s rSose sl ccnlply DNAlogd o sgumme oL
Blis oolod sl b U8 5 Jom b ooy ool 3,50 55550 01 o381 ol 1,8 ooliisl 550 095 At (59,515
1950 63,508 83k JeoSS sl SBlral Glaghy, s b (Sl bl (nl cuS 5 cnlnle il celie gl 5 6,8
2 OF3e 0% 4 potg ke 5 (Solu b gly DVALsgd (1o Ba jamio wylsh | es digy solitul 4 2o Wl o0
Pl Jloel (Sl glaspal) wigh oo a3 )5 Jlaijs Cogw slatdl  aecun) sl LS plojen &5 Jl>
e L8 (SlojiS g Glaailele 5l ol ag, 6 5o 4 Culie LS oy s5ise 3l 10 S e li2l (n i
wiile g Slasie Geizmes 5 oAl sanole; wile Wi s il Slasie (siapl Glaygise 55 S e

1. High pressure common rail fuel injection systems
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1. Stratification

2. DAF XE 355 C

3. Technical University of Eindhoven (TUe)
4. Non-firing cylinders
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Table 1- Engine specifications

Cylinder bore [mm] 130

Cylinder stroke [mm] 158

Compression ratio [-](*) 15.7

Inlet valve closing [(**)] 153

Exhaust valve opening [(**)] -128
Fuel injection system Common rail system

(*) reduced from base diesel engine compression ratio
(**) crank angle degrees after top dead center (CAD, ATDC)

Figure 1- Pictures of the test cell (right) and control room (left)
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Figure 2- Schematic view of the test bed
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1. Atlas Copco

2. Delphi

3. Start of Actuation (SOA)

4. Brettschneider

5. B speed in the European Stationary Cycle (ESC)
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1. Wall-wetting
2. Quasi-HCCI combustion

AR



WWAP 50l g0 o)lads (oo Jlo (Gl il g G gus idghy — sole 4 i

agesl bl 3o S yien (68,5315 Slasine -F Jgux
Table 2- Common operating parameters in different cases

Fuel injected per cycle [mg] 46
Intake air temperature [K] 363
Intake air pressure [bar] 1.4
Engine speed [rpm] 1200
Exhaust gas recirculation [%] 45
Fuel injection pressure [bar] 600
Cooling water temperature [K] 355

O903] bl (bl g gaiilo; =T Joux
Table 3- Fuel injection timing for different cases

Load point Start of injection [(*)] End of injection [(*)]
1 96 87.7
2 90 81.7
3 86 77.7
4 80 71.7
5 76 67.7
6 70 61.7
7 66 57.7
8 62 53.7
9 56 47.7
10 51 42.7
11 46 37.7

(*) Crank angle degrees before top dead center
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CAD, ATDC
Figure 3- In-cylinder pressure and heat release rate traces for the boundary and middle test pints of Table 3
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1. End of injection (EOI)
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Figure 4- The effect of injection timing on start of combustion (SOC)
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Figure 5- The effect of injection timing on indicated mean effective pressure
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Figure 6- The effect of injection timing on specific fuel consumption
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Figure 7- The effect of injection timing on NOx emission
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Figure 8- The effect of injection timing on HC emission
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Figure 9- The effect of injection timing on CO emission
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Figure 10- The effect of injection timing on soot emission
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Experimental determination of Direct Injection Homogeneous Charge
Compression Ignition (DI-HCCI) combustion regime
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Homogeneous charge compression ignition (HCCI) is an advantageous combustion concept for internal
combustion engines in terms of efficiency and pollutant emissions. However, the limited operating range of
this combustion concept suppresses its successful utilization. One applicable method to use this combustion
concept is to combine it with other similar combustion concepts, such as diesel and partially premixed
combustion (PPC), while each concept is considered in its optimum operating range. In this study, the
transition from PPC to HCCI combustion is determined based on investigating the performance and emission
characteristics obtained from experimental data. The determination is based on the fact that in the direct-
injection (DI) HCCI combustion, the stratification generated from the fuel injection is not an influencing
factor. The results reveal that in the case of very early fuel injection timing (when the whole injection is
completed before 60 crank angle degrees to top dead center), the HCCI combustion regime is obtained.

Keywords: Homogeneous charge compression ignition (HCCI) engine, fuel injection, partially premixed
combustion (PPC), charge stratification.



