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The Effect of Combustion Type on Exhaust Emissions and Thermal Efficiency
at Partial Load Operating Condition in the Heavy Duty Diesel Engines

Takuya YAMAGUCHI™

Abstract

In a heavy duty diesel engine, reduction of exhaust emissions and improvement in thermal efficiency have been
strongly required from the viewpoint of prevention of air pollution and global warming. Premixed charge compression
ignition (PCCI) can reduce NOx and smoke simultaneously at partial load operating condition. This type of combustion in
a diesel engine has been studied for a long time. Conversely, the low temperature diesel combustion combined with high
rate EGR and higher fuel injection pressure has also achieved low NOx and smoke levels in the past decade. In this study,
experiments were conducted to compare exhaust emissions and thermal efficiency between PCCI and the low
temperature diesel combustion at brake mean effective pressure = 0.4 MPa (Engine speed: Ne = 1200 rpm) in the single
cylinder diesel engine. The results show that the exhaust emissions and brake thermal efficiency of PCCI are better than
the low temperature diesel combustion. Particularly, PCCI has the advantage of NOx emission compared to low
temperature diesel combustion.
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Fig.1 Appearance of single cylinder engine Fig.2 Cross section of combustion chamber Fig.3 Layout of split port

Back Press. Valve

Table 1 Engine specifications Table 2 The relationship between

Surge Tank

open and close of intake
ltem Specifications port and swirl ratio
Engine Type DI single cyl. 4 valve
Displacement L 2.004 O Open x Close
Bore x Stroke _mm 135x140 Intake port
Max Engine Speed rpm 2000 Swirl Flow
Common Rail System ; i symbol [
Injector L Y ratio | coefficient Air Heater
(Max Pinj=200MPa) A[B|C|D o Com
Nozzle Minisac 0.177x8-150° R
Piston Type Steel (Monotherm) 14 0.362 o[0]|0]|O ""3_@“\ EGR Cooler
Comb.Chamber Shallow Dish ( ¢ 98) 2.8 0.298 O|lO|0O| x — Super Charger
Compression Ratio 16.0 !
Swirl Ratio T4~ 74 56 | 0215 O x|O] X
Air Charging System External super charger 7.4 0.120 x| x|[QOf x Fig.4 External supercharger and EGR system
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Table 3 Fuel properties Table 4 Lubricating oil properties
Category Properties Category Properties Category Properties
Dinsity 15 deg.C glem® 0.8279 | Elements [§ 86.1 Density 15°C glem® 0.859
Kinematic viscosity 30 C mm?/s 4.208 mass % H 13.8 - -
Flash point c 76.0 o N Flash Point (COC) °C 226
Cetane index (JIS K2280) 61.6 N <01 Kinematic 40 °C 68.82
C‘e@nevnumber 59.7 Components Saturates 82.9 Viscosity m m2/s 100°C 10.55
Distillation IBP 179.0 Vol. % Olefins 0 —
c 5% | 209.0 Aromatics | 17.1 Pour Point °C -35
10% | 2285 Mono- 159 Sufuric Ash Content mass % 1.00
S0% | 2895 DF 10 Sulfur mass % 0.26
90% | 3395 Tri- 0.2
EP 362.0 Gross calorific value kJ/kg 46060
Sulfer mass ppm 3 ?g:;z[ﬂc:l;")ﬁc V:“J;J:g 42940
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Fig. 5 Schematics of Miller cycle
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Fig. 6 Valve lift curve in IVC change at Ne=1200rpm Fig. 7  éerec change with IVC
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Table 5 Motoring conditions for IVC change E 70 & '\
Ne Py T. |MO| nMC  |EVO|EVC R g :3 I N
rpm | kPa (abs.) | deg.C | deg deg deg | deg S 40 |
1200 301.3 50 |364[480-660| 122 | 359 | 1.4 30 ‘
480 500 520 540 560 580 600 620 640 660

Early «—— BDC — Late
Intake valve close timing deg

Fig. 8 The effect of IVC on volumetric efficiency at Ne=1200rpm
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rpm | kPa (abs.) | deg.C | deg deg deg | deg E 100
550 14 g % .
2.8 x ——%— i
1200 151.3 50 364 122 | 359 8
5.6 S g0
620 -
7.4 0 2 4 6 8
Swirl ratio SR

Fig.9 The effect of SR on intake air mass flow
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Fig. 10 The effect of SR on in cylinder gas temperature K Fig. 11 The effect of SR on in cylinder gas temperature K
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Fig. 12 The effect of SR on in cylinder gas temperature at TDC K Fig. 13 The effect of SR on in PMEP MPa
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Z ZTlE, Ne=1200rpm, BMEP=0.4MPa ® 5128515 % PCCIIZHB T Py & SR BRI 7 A B X OREHE & 12
BAF T 82 FEEIZ L) HARTAERIIOVTARRL. #iGE Py, EGR 2, WHER NV 7 ORI, AR eoe
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Table 7 Experimental conditions of PCCI

Py Start of
kPa | Eeffec Pin IVOIIVC |EVO | EVC SR combustion

(abs.) MPa deg | deg | deg | deg deg ATDC

Ne |BMEP| EGR
rpm | MPa %

1200 04 |0~59|151.3 | 10.2 | 120~200|359|625| 160 | 369 |1.4~7.4 TDC
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X141% Piy=200MPa O 5PFIZB VT SR # 2 b S €720 PCCI OBFs ARG 2 /R, IREHESEIZ SR R £ 5
Ve BB D E A KENWIH AL o Twd . SNERIFETIRAR/Z X 912, SR ZEHO/ZGEICAT) v hR—
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OB EERBEI L7250 %/RT. SR=1.4B L U2. 805N TIlE, EGR#FE%E55% L 1 b EHTH Smoke I LoD
BSNOx # KX KT A2 EATETNAE, ZDL XD BSNOx 1Z SR=1. 405125\ T0. 112 g/kwh, SR=2.8D
SMIZBVT0.138 g/kWh TH 5. —J7, SR=5.6, 7.4L SRIPKE L o725 Tid, EGRZE%#55%LL EIZED 5
& Smoke OIMEFE L. ZTHUTHIRD L 912, SRPKREL o250 WG, EXENPHBPEC L2 05, HE
%L 22 L DTRADPENTI TICHHIRETE TV AR WD EEZ 5 h,. BSCO B X UVBSHC O KR,
SR=1.4, 2.8CTEGRHEHE T ) WA O EDMK A % 2 FAFIT BT, BEEE ST IS FRAL S AR R EE &
b HHRRESHEINT S, IEMRENEE R (BSFC) 1ZA T — VLA E E 21208V 5. SR=1.40D4%FT
13 BSFC=253. 8g/kWh, SR=7.4D5AM125> Tk BSFC=267.5g/kWh TH 1), AT — L5 AT — VI LT
% & T, BSFCI3# 5 % DBhNe % 5.
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Fig. 14 The effect of swirl ratio on Fig. 15 The effect of swirl ratio on Fig. 16 The effect of swirl ratio on
heat release rate of PCCI exhaust gas emissions of PCCI 0. intake and excess air ratio of PCCI
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BSNOx OHEHIA L o TWwb,. F72, SR=5.6LLED AT — VAR & < BREHESTE )12 Py = 140MPa LA T o4
ZBWTYH, EXERMRAE L, RS AR 25 2 & 205 Smoke DA K % Pl L 22 EGR % & o TR
REBEFRREEBEL T EDTER VD, BSNOx OHEED S oo T b, RINET EAEOR KM (dp/de) . I3,
P.;=200MPa, SR=1.4, 2.8MD%HHIZHB\TH1100kPa/deg THLHDIZRF L, ZHLHD Py & AT — )V OFEETIZ

(dp/dB) w. = 1300kPa/deg LL - DIKHETEH 5
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Fig. 17 The effect of fuel injection pressure Pi,; and swirl ratio SR on exhaust gas emissions in PCCI
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Fig. 18 The fuel injection pressure Pi,; and swirl ratio SR on brake thermal efficiency in PCCI
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Table 8 Experimental conditions of diesel combustion
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Fig. 19 The effect of swirl ratio on Fig. 20 The effect of swirl ratio on Fig. 21 The effect of swirl ratio on O,
heat release of diesel comb. exhaust gas emissions of diesel comb. intake and excess air ratio of diesel comb.
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Fig. 22 Trade off between BSNOx and Smoke in diesel comb. Fig 23 Trade off between BSNOx and BTE in diesel comb.
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Fig 27 Exhaust emissions of PCCI (SR=1.4) and diesel comb. (SR=2.8)
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