Bl g g cdagh - cale 4 i

VA7 50l pgd o)led pad Jlo ! @l e

o5y Jletdl jaige SOy (e bgle (Sl 095y (2955 (s

TS S agd 310 5 bl wl | gth o 5o
morteza.fathi@yahoo.com « bl « bl (Slg,edss sxio oKasly «SlSe pwdige ¢ 55 (s9zeiils =)
jahanian@nit.ac.ir « b « bl Slg e smio olfiils (Sl gwige Loliwl Y
mirgang@nit.ac.ir « b « bl Slgiiy gmio olluils «SolSe  pwaigee oliw! =Y
bl diy g
APV : o s APV Dol oy 3T bl jo AFIBIA 2dl jo 5 )15)

slogige sl oan¥T e 5 (205l H5 5l (gashe ol 0 yml; (Kan bgle o515 Jliil 3l oSy
530 40 ol 51 60,15 eolatul 4 ol oo o (Bl ol ol Sgame (63,515 550 S el jomsiyg,0
Os7en calie Gl Elgil 100 b aS el (ol baygise 5o O 03560l slagig, 5K il Boge 5256
2 S G el 05 A 60,55 8L y0 Syl 8 5 05h oS« Ji el iy Bl 5 I Gl
255 5 35 Il Ggise SO g5, 2 0903l @l 5l Jel> (SaiY] 5 60, Sl Elanie cw)p b dalllas
ol il 3 ol o el 5o il R gl (AT Ul ] 4 S5 il iy 3
it o3l i 550 & S s il b 1o Lgben oSTy5 Jlil Ll s oS ol i
B 85 il 55 o5 s o S S e St S I oy (A s 5] Sl
O S ye 8o 51 8 S sl 20 705l oy (3L 89 018 IS JoS) w8l g0 3l 355 Jloms oS5

ol S bl 515 Juitl Sl 3551 3

Lol (somdis « Sy abual i @l il (g il (Sen balse o515 il Hgige 10y 5lguuds

dodio

Sl gw alis (938l alS Juoas 15 5 j9mwi9, laygige SVl (i ogas ;o 4l SKisen (uilgh 4 4> b
RIS (g a8 g s S s |, 6,5eS S VT a8 Blm slabs, drst (sl 00,nT Gloimehy o oo
ol Angs gl sl cela gt ol sl Al (g yal S ooliil ggiie glacigw | ails e g axsl
Olizeen g wilaid pdy plosil sl asils 1) i 6laygige Wilgd 5l Glojed (5 7S (SUl5 a5 wyaz il slas pal,
)50 sl 45 ((SanYl Gmals 5 (a5l (Rl Ssmygne sloygige s slp Fie el 5 (o anl 2l b o
atesal g bsle (50550055 3121 Sy 13! ol ol e (slosim (55l Sl 4285 18 liins 425
ooy e D ol Jisl cgz (2,1 (531 e 3l oolisul (300 S g 5 Ism ) (S5 sl iy b LS
ST Jlzal gl LY Sen bgle o515 Jlsl gl 5l wlojle jpulossS slaygise 4 (ol
I8 5 amsecal o 35 s [0]7 6, K28y CollB b oigs J s

1. Low Temperature Combustion (LTC)
2. Homogeneous Charge Compression Ignition (HCCI)
3. Reactivity Controlled Compression Ignition (RCCI)
4. Partially Premixed Combustion (PPC)
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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
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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 86 777
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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EOI [CAD, ATDC]
Figure 4- The effect of injection timing on start of combustion (SOC)
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EOI [CAD, ATDC]
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.
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