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Experimental and Numerical Investigation on DME Spray Characteristics
as a Function of Injection Timing in a High Pressure Diesel Injector

Hyung Jun Kim, Su Han Park and Chang Sik Lee

Key Words: Injection timing(=A} A17]), Diesel injector(T]’d 214 E]), Dimethyl ethenDME), High pressure injection
(2% ¥-AP), Spray characteristics(¥-F S4)

Abstract

The purpose of this study is the experimental and numerical investigation on the DME spray characteristics in the com-
bustion chamber according to the injection timing in a common-rail injection system. The visualization system consisted of
the high speed camera with metal halide lamp was used for analyzing the spray characteristics such as spray development
processes and the spray tip penetration in the free and in-cylinder spray under various ambient pressure. In order to observe
the spray characteristics as a function of injection timing, the piston head shape of re-entrant type was created and the fuel
injected into the chamber according to various distance between nozzle tip and piston wall in consideration of injection tim-
ing. Also, the spray and evaporation characteristics in the cylinder was calculated by using KIVA-3V code for simulating
spray development process and spray tip penetration under real engine conditions. 1t was revealed that the high ambient pres-
sure of 3 MPa was led to delay the spray development and evaporation of DME spray. In addition, injected sprays after
BTDC 20 degrees entered the bowl region and the spray at the BTDC 30 degrees was divided into two regions. In the cal-

culated results, the liquefied spray tip penetration and fuel evaporation were shorter and more increased as the injection tim-
ing was retarded, respectively.
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Table 1 Experimental conditions

Free spray In-cylinder spray
Injection system Common-rail
Fuel DME (CH;0CH;)
Hole diameter 0.128 mm
Number of holes 6
Injection pressure 60 MPa
Energizing duration 1.0ms
Omm (TDC)
0.72mm (BTDC 10°)
Nozzle position - 2.85mm (BTDC 20°)
6.30mm (BTDC 30°)
10.1mm (BTDC 40°)
Ambient pressure | 0.1MPa, 3.0MPa 3.5MPa
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Fig. 2 Definition of spray tip penetration and locations of
piston head according to the injection timing
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Fig. 3 Effect of the ambient pressure on the spray devel-
opment process according to time after the start of
the energizing
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Fig. 4 Effect of the ambient pressure on the spray tip pen-
etration of six sprays and mean value according to
time after the start of the energizing
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Fig. 5 Effect of the injection timing on the spray develop-
ment process at the 60 MPa of injection pressure
according to time after the start of the energizing
(Pamb=3.5 MPa)
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Fig. 6 Effect of the injection timing on the spray tip pene-
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Fig. 8 Effect of the injection timing on the calculated gas-
eous and liquefied spray distribution according to
time after the start of the injection
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