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Right-Sizing Concept for Improving Thermal Efficiency of Diesel Engine at Partial Load (First Report)

- Engine Concept Construction Using Simulation and Prototype Demonstration-
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Abstract

The purpose of this study is to improve fuel economy at part load operation for light commercial vehicles. 0-D
engine simulation results show that increasing displacement and removing turbochargers solve multiple trade-offs
between component technologies that are barriers to improving thermal efficiency. A prototype engine was
produced to verify the effectiveness of this right-sizing concept. As a result of prototype demonstration, the concept
engine can meet Japan’s post-Post New Long-Term emissions regulations while improving thermal efficiency.
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fuel economy standards
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parameters
conventional | Lower | Upper Total
bound | bound number
of values
Engine speed (rpm) 1600 800 3600 141
Torque (Nm) 130 57 257 141
Bore (mm) 95 80 115 19
Stroke (mm) 105 94 125 17
Connecting rod length (mm) 165 138 198 19
Compression ratio 17.3 14 26 13
Crank diameter (mm) 70 52 82 16
Piston weight (kg) 21 1.6 35 20
Intake pressure (kPa abs.) 140 101 232 27
Injection timing (deg.ATDC*) -2.5 -15 15 31
Injection pressure (MPa) 140 80 150 15

* 1 deg ATDC(LZE#4#FE : degrees After Top Dead Center)
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Crank diameter (mm) 52 52 52 52 52 52 52 52 52

Piston weight (kg) 16 27 27 18 16 19 23 24 28
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Injection timing (- ATDC) [l 0 0 2 2 0 0 -1 1
Injection pressure (MPa) [EPEEEE:I] 80 110 125 150 85 90 105
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Displacement (L) 20 | 25 |30 | 35|40 | 50
Bore (mm) 85 90 95 | 100 | 105 | 115

Stroke (mm) 89 98 | 105 | 111 | 115 | 121
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FE—2115mm. HIRE848LOT 1 —CILIT>I>
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Conventional | Concept
Engine type Inline 4 cylinders DI diesel
Bore x Stroke (mm) 95 x 105 15 x 115
Displacement (L) 3.0 4.8
Compression ratio 17.3:1 20:1
Intake system “;ri::biﬁf::;jg;:r Natural aspiration
EGR system Cooled EGR Less
Piston weight (kg/cyl) 1.6 1.6
Crank Jot:m;l)dlameter 63 52

R6(Z. HESEERE1,600rpmEHFDORTETIL
(CXBAVETRIVITERKRI T DIEKREED
EDURERT . R6AZRIDIEH (FIERFIHIEMED
(Brake Mean Effective Pressure : BMEP). &fil( ~
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BMEP400kPaDEPH BRI T6% M LT B & FHHliE
Nz, BRKIDEZS. BEFFESBREEIET
I B7=5HIZBMEP 1,000kPalA L TldFH AN FEE LA
WREREG-7H. COHRETORILZIE380Nm
THD. KAEEZEDLEFHFEFERT 5.
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Concept Concept

Conventional

Conventional

Brake Thermal Efficiency (%)
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Conventional Concept engine
140 - 140
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120k =280 + : Highway 120 =280 + : Highway

100 100 I130 Target max power
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Engine speed (rpm) Engine speed (rpm)
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&6 EWMFET/INTA—Y

Category of vehicle fuel economy T2
1st 5.979
2nd 3.434
3rd 2.040
Gear ratio 4th 1.379
5th 1.000
6th 0.708
Final 4.100
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