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Abstract 
Breakup process of diesel jets is complex and can be influenced by a large number of parameters including the 
details of the design of the injector, internal cavitation, flow turbulence, and the physical and thermodynamic 
states of both liquid and gas. For high-pressure diesel injection systems, the internal orifice geometry of injector 
nozzle can have a determining influence on earlier breakup and overall spray atomization, due to turbulent inter-
nal flow, cavitation, and other types of internal instability. To understand the breakup phenomenon with the di-
esel injection in the optically dense near-nozzle region, ultrafast and single-shot x-ray phase-contrast imaging 
was employed to visualize the instantaneous morphology of the jets/sprays with a focus on examining Near-
nozzle laminar-to-turbulence flow transition. By taking advantage of high-intensity and high-brilliance x-ray 
beams available at the Advanced Photon Source (APS), the exposure time as short as 150 ps was achieved, suffi-
cient for freezing the diesel jets traveling at a speed of hundreds of meters per second, with 1-µm imaging spatial 
resolution. In the experiment, several types of single-hole and multi-hole nozzles have been used to show intri-
guing and drastically different near-nozzle spray morphology, where the sprays can vary from laminar flows 
with surface instability to turbulent flows in the near-nozzle region (within 5 mm from the nozzle). The funda-
mentals of the imaging technique will be discussed as well. The visualization of the sprays will provide a prac-
tical reference for high-pressure diesel injector nozzle design and will yield detailed information to support rea-
listic spray and atomization models for numerical simulation. 
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