Transactions of KSAE, Vol. 19, No. 6, pp.82-89 (2011) Copyright © 2011 KSAE
1225-6382/2011/114-12

BMW N53 AHEAL Jaal o] £5(8t oASMo| Bet HT
AEM 272 ANyY-HHES o HE-Y¥EY

A Study on the Ultra Lean Combustion Characteristics
of the BMW N53 GDI Engine
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Abstract : Ultra lean combustion with stratified air-fuel mixture is one of the methods that can improve fuel economy
of gasoline engines. The aim of this study is to show that how much fuel economy is improved and what are differences
in engine control of the ultra lean combustion compared with stoichiometric combustion. In this study, the BMW N353
GDI engine, which is one of ultra lean combustion GDI engines introduced in the market recently, was tested at various
engine operating conditions. Results indicated that fuel consumption rates were improved by 11.9~25.8% by the ultra
lean combustion compared with stoichiometric combustion. It was also found that multiple fuel injection, multiple
spark, early intake valve opening, and large vlave overlap duration were the features of the ultra lean combustion for
combustion stability and emission improvement.

Key words : GDI(Gasoline Direct Injection, 7} 25 <EA}), Ultra lean combustion(Z 3] ¥ 4~), BMW N353
engine(BMW N53 4171)
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BSFC : Brake Specific Fuel Consumption 7] wjzoll AF-2dst B CO, wjEwo] W

BTDC : Before Top Dead Center A7} & G o] QT 7HE™ AXE T4 o]

CA : Crank Angle ETAV ALE GO s AL VS 28T

EGR :Exhaust Gas Recirculation A5 drgo] FdEo] v 9 At 52

GDI  : Gasoline Direct Injection S-S @A8] AR = o] 3 A4 7]
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Table 1 Specifications of BMW N53 engine

Engine type

6-cylinder in-line

Displacement

2,996 cm’

Stroke/bore

85 mm/88 mm

Cylinder spacing 91 mm
Firing order 1-5-3-6-2-4
Max. Power 200 kW /6,700 rpm
Max. Torque 320 Nm/ 2,750 rpm

Compression ratio 12.0

Fig

124 Exhaust valve

125
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125

Lift [mm]
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Fig. 2 Intake and exhaust valve lift and timing
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Table 2 Air excess ratio with respect to engine operating
conditions of N53 engine

rpm
/B]I\)/[EP 1,000 2,000 3,000 4,000
1 bar 2.3 2.4 3.5 1.3
2 bar 2.4 3.0 2.2 1.4
3 bar 22 3.0 3.4 1.4
4 bar 1.0 3.0 3.1 1.0
5 bar 1.0 2.5 2.7 1.0
6 bar 1.0 1.4 1.5 1.0
7 bar 1.0 1.4 1.0 0.96
8 bar 1.0 1.4 1.0 0.88
9 bar 0.97 1.0 0.87
10 bar 0.94 1.0 0.85
11 bar 0.9 0.82
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(a) Air flow rate with respect to BMEP

500 - 227

400 125.8%

Homogeneous Combustion

M>=17
5
I Stratified Combustion

120.6% 111.99
121.7%

BMEP [bar]
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Fig. 3 Comparison of air flow rate and BSFC of homoge-
neous combustion and stratified lean combustion
(1,500rpm)
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Fig. 4 Comparison of air flow rate and BSFC of homoge-
neous combustion and stratified lean combustion
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