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Development of a Lightweight Prediction Model of Fuel Injection Rates
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Abstract

To meet stringent emission regulations of automotive engines, fuel injection control techniques have advanced based on
reliable and fast computing prediction models. This study aims to develop a reliable lightweight prediction model of fuel

injection rates using a small number of input parameters and based on simple fluid dynamic theories. The prediction model

uses the geometry of the injector nozzle, needle motion data, injection conditions and the fuel properties. A commercial die-
sel injector and US No. 2 diesel were used as the test injector and fuel, respectively. The needle motion data were measured
using X-ray phase-contrast imaging technique under various fuel injection pressures and injection pulse durations. The actual
injector rate profiles were measured using an injection rate meter for the validation of the model prediction results. In the

case of long injection durations with the steady-state operation, the model prediction results showed over 99 % consistency

with the measurement results. However, in the case of short injection cases with the transient operation, the prediction model
overestimated the injection rate that needs to be further improved.
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Fig. 2 Geometrical factors of the nozzle
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Fig. 3 Schematic diagram of XPCI setup
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Fig. 4 Correlation analysis of transient needle motion and
derivation of the needle lift
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Fig. 5 Needle lift profiles and needle speeds in various injection pressure conditions
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Fig. 6 Predicted injection rate profiles and their comparison to measurement results
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Fig. 8 Accuracy comparison of injection rate prediction results in ultra-short and long injection pulse durations
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