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Predicting Mass Flow Rate of Supersonic Flow from Pintle-Type Hydrogen Injector
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Abstract : Hydrogen engines with low-pressure direct injection are in the spotlight as a sustainable energy system. The
direct-injection system with a low-pressure fuel supply has adopted pintle-type hydrogen injectors to guarantee sufficient
flow rates. Predicting the mass flow rate of the pintle-type injector precisely is essential; however, no concrete prediction
models have been suggested so far. Thus, this study introduced a methodology to predict the mass flow rate of supersonic
flow from pintle-type hydrogen injectors based on the compressible flow theories of convergent-divergent nozzles. The
prediction accuracy of the methodology is examined by comparing the prediction results with experimental results under
various injection and ambient pressure conditions with various gases (nitrogen and helium). The results confirmed the
methodology’s prediction accuracy over 92 %, which would predict hydrogen mass flow rates from the results of surrogate
gases and in various injection and ambient conditions.

Key words : Hydrogen engine(5=2~<11%), Pintle-type injector(Z153 <1 E), Supersonic flow(Z53 &), Mass flow
rate( 2 & %), Prediction model( ] 55 &)

Nomenclature Subscripts
D : external diameter of flow passage, m CV  :control volume
t : thickness of flow passage, m 0 : inlet
P : pressure, Pa 1,2,3 :nozzle inside
k : specific heat ratio * : critical point
E : energy, J
Q : heat transfer rate, J/s 1. M E
W work rate, Jis LATLAR QA% A T2 87k Az el w
m o mass flow rate, ke/s 2}, FEoke] Basd 9AS 9l8 we AT} Ax
h - :enthalpy, ke/s AR QA7) el A 71 Ay el Hh@ W As
V. :velocity, ms Agohg AN G vk QEkD 71 & Wy vl A8 o
T temperature, K S8 A 8US ), 7161 HSEr} e sz 7
a  :speedof sound, ms A ol OB R e 7| H G0 8 Shiok
P :density, kg’ o AT BaFH Dol M ow Ay
A cereanmt 58, Fat B 3 AT SE Qe ke
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— : Fluid flow @ oL

(a) Original flow passage

@®

<Front Viewss> <Cross-Sectional View>

(b) Simplified flow passage
Fig. 1 Simplification of pintle-type injector flow passage
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Predicting Mass Flow Rate of Supersonic Flow from Pintle-Type Hydrogen Injector
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Fig. 3 Schematic diagram of the mass flow rate measurement
system
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Table 1 Experimental conditions

Fuel Nitrogen, Helium
Injection pressure [bar] 15, 20, 30, 40
Injection frequency [Hz] 10
Injection pulse duration [ms] 2

Ambient pressure [bar] 1,2,4,5,9, 10, 15, 19, 20
Ambient temperature [K] 298
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Fig. 4 Calculated nozzle throat area depending on the injection
pressure condition(Pym, = 1 bar)
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Fig. 5 Model validation for the injection pressure effect on
mass flow rate with nitrogen(Py, = 1 bar)
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