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Fundamental Study of Direct I njection Diesel Engine Fuelled with
Hydrogen
(1st Report: Analysison Process of Mixture Formation in Unsteady Hydrogen Jet)

Hajime FUJIMOTO, Jiro SENDA
Atsushi OHTA

In this sudy, the mixture formation processes of high pressure hydrogen jets were investigated usng a condant-
volume vesH. The mixture formations of Seedy ges jetsinjected into amospheric pressure ambient are wdl known.
However, there are few works about the mixture formetions of high pressure hydrogen jetsinjected into high pressure
ambiat. Also, in ges rdeasss having a pressure ratio of exit pressure to ambient pressure greater then 1.89,
underexpanded jet will beformed. So the mixture formations of high pressure gasjets are different from thase of steedy
gesjets Therefore, inthisstudy, the jet flows near the nozze exit and developing process of high pressure hydrogen jets
were observed by shadowgraph photogrgphy with changing conditions of injection, ambient, and orifice diameter. In
addition, the fud digributions of unsteedy jets were andyzed with Raylegh scattering messurements. The condusions
of thissudy are shown asfdlows (1) The pressure ratio has Sgnificant effects on underexpanded jet structures (2) The
jet penetration predicted by the modified momentum theory wasin reesonable agreement with the experimentd resuilts
for various condition of orifice diameter. (3) In the case of the smdler orifice, comparatively uniform mixtures
digtributed in the downdream region.

KeyWords: Underexpanded jet, Mach Disc, Barrd Shock, Supersonic J&t How, Jet Devel oping process,
Momentum Theory, Mixture Formetion, Rayleigh Scattering
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Table 1 BExpaimentd oondition for Shedowgrgph

photogrephy

Injected gas

Hydrogen (H,)

Nozzle-hole diameter d, [mm] ( Singi:ih%re’ rlu.)c;zle)
Injection pressure p, [MPa] 2-15
Fuel density p, [kg/m3] 16-11.1
Sound speed of fuel [m/s] 1336 - 1448
Fuel temperature T, K] 300
Ambient gas Nitrogen (N,)
Ambient gas pressure p, [MPa] 0.1-25
Ambient gas density p, [kg/m3] 11-282
Sound speed of ambient gas [m/s] 353 - 358
Ambient gas temperature T, K] 300
Injection/ambient pressure ratio po/p, 1.3-150
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Table 2 Expaimentd conditions for planar laser Rayldigh
SHIG'IFg
Injected gas Helium (He)
Injection pressure p, [MPa] 12
(Fuel density [kg/m3]) ([kg/m?3]) (18.2)
Injected gas viscosity 77, [uPa s] 20.02
Nozzle-hole diameter d, [mm] 0.3,0.7
Injected gas temperature K] 298
Ambient gas Ethane (C,Hg)
Ambient gas pressure [MPa] 0.88
(Ambient gas density p,) ([kg/m3]) (11.4)
Ambient gas viscosity 7, [uPa s] 9.70, 9.79
Ambient gas temperature T, K] 298
Kinematic viscosity ratio vy/v, [] 16.6,17.1
Ratio of Rayleigh scattering cross section 420.6
Orcane Orre )

Nozzle exit

Mach disc
(normal shock)
Barrel shock
Expansion wave
Reflected shock
(conical shock)
Slip stream
Inviscid boundary
Oblique shock

FHg3 Sthemdic diagram of underexpanded j&¢ and
messUrament pointsfrom shedowgraph imeges
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Fg4 Shadowgrgph photographs of underexpanded jet

flowsunder various arificediametars
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