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Abstract

For carbon neutrality, direct-injection hydrogen engines are attracting attention as a future power source. It is essential to
estimate the transient injection rate of hydrogen for the optimization of hydrogen injection in direct injection engines. How-
ever, conventional injection rate measurement techniques for liquid fuels based on the injection-induced fuel pressure change
in a test section are difficult to be applied to gaseous fuels due to the compressibility of the gas and the sealing issue of
the components. In this study, a momentum flux measurement technique is introduced to obtain the transient injection rate
of gaseous fuels using a force sensor. The injection rate calculation models associated with the momentum flux measurement
technique are presented first. Then, the volumetric injection rates are estimated based on the momentum flux data and the
calculation models and compared with those measured by a volumetric flow rate meter. The results showed that the momen-
tum flux measurement can detect the injection start and end timings and the transient and steady regimes of the fuel injec-
tion. However, the estimated volumetric injection rates showed a large difference from the measured injection rates. An
alternative method is suggested that corrects the estimated injection rate results based on the measured mean volumetric flow
rates.
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Fig. 2 Momentum flux measurement of the gas fuel jet
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Table 1 Experimental conditions

Fuel Helium
Injection pressure [bar] 5, 10, 15, 20
Jet collision distance [mm] 1
Injection pulse duration [ms] 10
Cutoff frequency [kHz] 1
Ambient pressure [bar] 1
Ambient temperature [K] 298
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Fig. 3 Measured voltage waveforms by the force sensor
with various cut-off frequencies of charge ampli-
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Fig. 4 Gas jet force measured by the force sensor (up)
and the estimated volumetric inejction rate (down)
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Fig. 5 Estimated injection rates based the momentum flux
measurements and their comparison with the mea-
surement results of the volumetric flow meter
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Fig. 6 Corrected volumetric injection rate with measured
volumetric flowrate at each injection pressure con-
ditions
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