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Abstract

: An object of this study is to confirm application characteristics of the vortex tube apparatus for substitution

of the intercooler in a common-rail diesel engine. The turbo pressure, the intake air mass flow rate and the charging air
cooling ratio of the intercooler were measured in an experimental engine. The vortex tube apparatus was made after
confirmation of the geometric phenomena in fundamental experiments. The vortex tube designed with fundamental
data was applied to a conventional common-rail diesel engine instead of the intercooler. Its application characteristics,
engine performances and emissions were investigated. From this experimental results, we suggested the vortex tube can
be applied to a conventional common-rail diesel engine throughout extra complement. We can also expect the higher
cooling effect, if we consider the application of the vortex tube in supercharging diesel engine without the intercooler.
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Fig. 1 Cross section of the vortex tube in “free” and “forced”
vortex flow”

compressed air in
free vortex

nozzle / energy transfer 1O @

recircutating flow / stagnation point

forced vortex  bounding streamiine

Qrifice hole diameter

Fig. 2 Schematic flow pattern of vortex tube
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Table 1 Dimensions of vortex tube (unit : mm)

Items Specifications
Tube length (L) 930
Tube inner diameter (D) 65.9
Nozzle diameter (d,) 8.8
Cold end oriffice (dc) 37
Nozzle holes (H,) 6
Nozzle area ratio (Sq) 0.164

Table 2 Specifications of test engine

Items Specifications
Combustion chamber Direct injection
Engine mode] 4 - stroke/DI
Total displacement(cc) 1991
Bore x stroke (mm) 83x 92
Compression ratio 17.7:1
Maximum power (ps/rpm) 115/4000
Maximum torque (kg.m/rpm) 26.5 /2000
Turbocharger type WGT

Table 3 Specifications of measurement equipment

Items Specification

Hwanwoong Co. Model DYTEK-130
Absorption torque : 343N - m
Absorption power : 130kW

Dynamometer

Rotary encoder Omron Co. type E6B2-CWZ3E

Load cell Jungwoo Co. type JW-U2SB
Pressure Kistler Co. type 6052B
transducer Piezo electric pressure transducer

Charge amplifier | Kistler Co. type 5011B

AND Co. type HF-2000GD

Fuel . .
vel flow meter Capacity : 2100g, resolution : 0.01g

Eplus-T Co. type OP-120

Smoke meter Measurable range : 0%~100% opacity

MAHA GmbH & Co. KG type MGT 5
Measurable range : 0~5,000ppm

NOx analyzer £ 20ppmvol

Measure type : chemiluminesence
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Fig. 3 Schematic of experimental apparatus for application
to experimental engine
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Fig. 4 Comparison of charging air cooling ratio between the
intercooler and the vortex tube applied to engine
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