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Each country's environmental measures department has announced that it will strengthen CO2 emission regulations for automotive internal
combustion engines. Diesel engines are widely used from riding to commercial as compared with gasoline engines with high efficiency and high
torque, but further improvement in net thermal efficiency is needed to comply with CO2 regulations in the second half of 2020. In order to improve
the net thermal efficiency, a technology for reducing the cooling loss which increases as a contrary to the high compression ratio aiming at improving
the theoretical thermal efficiency is required. The cooling loss is basically based on the current state of heat transfer generated by contact of the high
temperature gas with the wall surface. However, in the direct injection diesel engine, the flow caused by the injected fuel and the air current in the
cylinder mutually affect each other There are many unexplained points.

Particularly, the flow (swirl) in the swirling direction of the engine improves combustion and is effective in reducing fuel consumption and toxic
components in the exhaust gas, which is a technique that is generally used in commercially available engines, but it is a trade-off when reinforcing
swirl flow And it is a problem that the cooling loss increases. In the previous research, it is reported that the influence of the swirl flow intensity
after the combustion end on the cooling loss is large in the REM which simulates the temperature field of the diesel engine simply, but there are
few cases confirmed in the actual engine of the engine.

In this research, in order to clarify the relationship between the swirl flow and the cooling loss after the end of the fuel injection period in the
actual engine of the engine, we constructed a device to change the swirl by the combustion injection. The swirl after completion of the injection
was changed using this system, and the correlation between the swirl intensity after the end of the injection and the cooling loss was clarified..
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Table 1 Engine specifications

Item Specification

. DI single cylinder
Engine type 4strokg diezel engine
BorexStroke ¢135mmx140mm
Displacement 2003.9cm?®
Piston type Steel Piston
Valve actuation Camless Hydraulic VVA
Geometrical compression ratio 18.0:1
Swirl ratio 0.9

Table 2 Specifications of multiple-injector

Item

Specification

Fuel injection system

Common rail system
Solenoid type injector
(Max 200MPa)

Nozzle

Center: ¢0.177x8hole
Side : ¢0.177x3holex2

Mixing

hamber

Super charger Air Cooler

Combustion analyzer .
- Amplifi -
; = EGR |
Exhaust g bOOSterl

b |

Py, control EQE
n valve L

EGR

D .

Smoke meter |

Fuel flow
meter

Exhaust gas
analyzer

Fig.1 Schematic experimental apparatus
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Fig.2 Piston cavity design, injector layout,

and spray directions of side injectors
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Fig.3 Conceptual diagram of the difference between the swirl
ratio Sw * after completion of injection and the conventional swirl
ratio Sw
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Fig.5 Relationship between the swirl ratio before the end of
injection and the swirl ratio after the end of injection
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Table 3 Test conditions

Item Condition
Engine speed 1000 rpm
Injection quantity 120mm?®/cycle (40% load)
Injection pressure 200MPa
EGR ratio 0%
Aiir excess ratio 25
Intake air temperature 325.15K
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Fig.5 Influence of the side-injection on cylinder pressure,
and heat release rate in the single cylinder engine
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Fig.6 Influence of side-injection on energy balance
in the single cylinder engine
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Fig.7 Relationship between swirl ratio and cooling loss
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Fig.8 Relationship between swirl ratio and cooling loss after
completion of injection
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Fig.9 The rate of heat release and volume fraction

of the rich gas in cylinder
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Fig.10 Compare the Forward with Opposite of the swirl ratio
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Fig.11 Analysis of the heat loss in cylinder with CFD
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Fig.11 Compare the Forward nozzle with Opposite nozzle of

Heat transfer coefficient [W/m?K] (Average in the each surface)

the heat transfer coefficient in the CFD results
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