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Effect of Injection Hole Angle on Combustion Characteristics and

Performance of DI Diesel Engine

Takashi WATANARBE, Shigeru IKEDA and Tetsuya TAGAI

Abstract
It is well known that the combustion chamber configuration of the direct injection compression ignition engine,

in combination with the hole angle of the injection valve, exert a remarkable influence on mixture formation and

the characteristic of exhaust emissions. However, although the trial and error method is often used, there has been

extremely little use of this method for the research on the whole angle selection. We made a comparative study

of the best hole angle to the chamber, based on different configurations of the combustion characteristic and engine
performance, so that this research might contribute to the knowledge of chamber design. As the result, the best
hole angle in the chamber cavity of dish type (d/D=0.50, d: cavity diameter, D: piton diameter) and reentrant
bowl type (d/D=0.49) has both a large value of 120" compared with the theoretical values of 92°, 98" by the areal
method and 807, 80" by the cylindrical method. In the hole angle selection of the deep type, it is necessary to

consider the influence of the squish flow based on the d/D.
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Table 1 Specifications of test engine

Type of Combustion
Cycle

Number of Cylinders
Bore X Stroke
Displacement Volume
Compression Ratio
Swirl Ratio

Output Power

Direct Injection
4
1
# 100> 150mm
1.178x107*m?
17.0/1
31
6.62kW/900rpm
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Table 2 Specifications of injection system

Type of Nozzle

Nozzle Opening Pressure

Injection Timing

Injection Nozzle
1/d

Injection Hole Angles: 8

Hole

20.0 MPa

18" BTDC (for Type F)
16° BTDC (for Type BIP)
$0.25% 4

24

110°, 120°, 130°, 140°, 150°
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Fig. 1 Definition of injection hole angle
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Fig. 2 Type F and type BIP combustion chambers
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Fig. 3 Schematic models of cavity cross-section and injection hole angle
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Fig. 4 Schematic view of areal and cylindrical methods®
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Fig. 6 Effect of injection hole angle on engine performance

Table 3 Theoretical and expermental value
of optimum injection hole angle

Areal Method
Cylindrical Method
Experimental Value
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Fig. 7 Theoretical squish velocity as a function of crank angle
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