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Right-Sizing Concept for Improving Thermal Efficiency of Diesel Engine at Partial Load (Second Report)
- Demonstration of Concept by Simultaneous Improvement in Indicated Thermal Efficiency and Friction Loss -
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Abstract

In the first report, right-sizing concept was proposed. Essence of the proposed concept is a naturally aspirated
engine eliminating EGR. Also, this concept obtains low density in-cylinder condition and low Pmax operation. In
this report, the combustion parameters were optimized under low density condition in-cylinder using 3-D
simulation. Furthermore, friction reduction technologies were developed based on advantage of low Pmax. As the
results, the prototype engine with combining all technologies demonstrated that the maximum thermal efficiency

can be obtained as intended at partial load.
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375 Nm / 90 kW

Emissions regulations | Japan’s post-Post New Long-Term
emissions regulations

Max. Torque/Power

Fuel economy standards | Exceeding 10 % improving for 2025
fuel economy standards

2 IVIZvaAvEIJhbomERET 7O-—F

R1COA>ET IV VOBRRZE. R2(CT>D
VETLERY . RICIFNEEAECERAINTLSHR
X574 —tILI > (Conventiona|DETERL
oo AVETRIVIVIF I VI VAZTNR—R(THESE
L. B## & EGR(HE R B & IR :Exhaust Gas
Recirculation)ZBElE L. [E#EEL20:1 & LTW B, 1R
IVIVEDHREZRELLEZEICED., F595B
MEDIFHET L. PmaxlFMEL G5,

Air cleaner
Intake
manifold

R Dosing module
OOOO Jose o

SCR ASC

manifold

M1 I2IVIRTLEBAE

K2 IVIVER

. Inline 4 cylinders DI diesel
Engine type - -
Conventional EngineA Concept
Bore x Stroke (mm) 95.4 x 104.9 115 x 115 115 x 115
Displacement (cma) 2,999 4,778 4,778
Compression ratio 17.3:1 16.5:1 20:1
Air charging system Turbocharged - Natural
ging sy: with intercooler aspiration
EGR system Cooled EGR — Less
Main journal diameter (mm) 70 82 60
Crankpin diameter (mm) 63 73 55
Relative weight of piston 1 1.26 0.76
Relative_total tgnsion 1 1.89 0.98
of piston ring
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Piston

- New combustion concept
- Lightweight piston

Piston rings

- Low tension

—— | Water pump & Qil pump
= | - Flow reduction

Crank system
- Thin crank shaft
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Combustion CTC model
Turbulence k-£ model
Drop breakup KH-RT model
Ignition Shell model
Soot Two-step Hiroyasu-NSU
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Bore x Stroke (mm) 115 x 115
Compression ratio 20:1
Re-entrant Shallow A Shallow B
Chamber
&
Nozzle
$0.12x8 $#0.10x12 $0.10%12
*”5 EIE=RH
Condition Conditon1 | Condition2
Engine speed (rpm) 1,000 1,200
20.5 70
Injection quantity Pre 3 3
(mm?/st) Main 12.5 64
After 5 3
Main Injection timing (°*ATDC) -2 -12
Injection pressure (MPa) 84 125
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Gross Indicated
thermal efficiency (%)

Re-entrant| Shallow A | Shallow B
©0.12x8 | P0.10x12 | 0. 10x12

0
Re-entrant| Shallow A | Shallow B
©0.12x8 | ®0.10x12 | $0.10x12
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Gross Indicated
thermal efficiency (%)
Cooling loss ratio (%)

o o

Re-entrant | Shallow A | Shallow B
©0.12x8 | ¢0.10x12 | $0.10x12

Re-entrant| Shallow A | Shallow B
0.12x8 | $0.10x12| $0.10x12
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| Nozzle $0.12x8 $0.10x12
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Re-entrant| Shallow A |Shallow B

0.0 0.96
Re-entrant | Shallow A | Shallow B
®0.12x8 | $0.10x12 | $0.10x12 ©0.12x8 | $0.10x12| P0.10x12
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Re-entrant | Shallow A | Shallow B
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Inmprovement of
fuel consumption (%)

Friction reduction rate (%)
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Target of friction .
Components reduction rate Risk
Piston Light weight Fatigue strength
Low tension of TOP ring 10 % Sealing and lubrication
Ring Low tension of 2nd ring :flgg-by
Low tension of Oil ring
Crank Thin crank shaft 50 % ggffzﬁzsan S wear
Wat
a'er pump Flow reduction 50 % Heat rejection
QOil pump
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Relative piston ring tension (%)
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FIERX VI VIRDMEBICDOVNTIE, EHEEHE
SRICTERBERMNREMENDLE, FLERIER
B LUTE. RIICEX N> 23T AERYT . Base
DUy MR LT, TOPU Y 2nd U >
OILY > JRNDZEEBLIZ. EX N VRAERIZH
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Base spect spec2 spec3

Relative total ring tension [%] 100 62 54 52

TOP | Relative ring tension [%)] 100 70 49 70
hxa 3.0x4.1|3.0x4.0|3.0x35|3.0x4.0

2nd | Relative ring tension [%] 100 68 68 34
hxa 25x48 | 25x36|25x36|25x3.6

OIL | Relative ring tension [%] 100 50 50 50
hxa 25x25(25x20|25x20|25x20
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Oil Consumption)(d—ESFM CEftEsn = R L 7z
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T 200 2
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Total Ring tension [%]
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Total friction reduction rate (%)
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— Combustion concept
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“ Natural aspiration
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Improvement of fuel consumption
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