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Report: 

In the frame of me1516 we imaged in situ different sprays of gasoline direct injection (GDI) systems using the 

following set-ups: 

 

1. Multi-exposure radiography using a fast CMOS camera (Vision Research Phantom v2640 with on-

head memory) at around 32 kHz and a near-UV-optimized detector optics at a pixel size of around 2.6 

µm. 

2. Single exposed radiograph series at 5 MHz image acquisition frequency using ID19’s Shimadzu HPV-

X2 camera and a pixel size of around 3 µm. 

3. Simultaneous shadowgraph using a Photron SA-Z at 5400 Hz image acquisition frequency to depict 

the general spray expression in the far field (pixel sizes around 100 µm). 

 

For this experiment, a set of glass nozzle tips was fabricated using rapid prototyping methods. Various 

geometries of the nozzle in- and outlets as well as channel lengths were realized. Figure 1 shows some of the 

parameters like the length of the spray hole (L) and the offset of the hole from the inlet (Hoff).  

 

Using shadowgraphy combined with ultra-fast synchrotron radiography allowed us to clearly visualize the 

different spray behavior and the resulting cavitation (see Fig. 1) and to determine the spray velocity (see plots) 

near the nozzle exit. This is not possible by other methods like phase Doppler anemometry (PDA) due to the 

spray opacity. We found that for some nozzle geometries, there is a good agreement between theoretical 

velocities and X-ray measurements (see Fig. 2). For other geometries, the measurments revealed certain 

discprepency near the nozzle exit. This makes such types of geometries valuable for further investigations.  



 

 
Fig 1: GDI spray for 2 specifically designed glass nozzles investigated by simultaneous shadowgraphy (left 

images) and x-ray multi-exposures (images right).  

 

 

 
Fig 2: The plots show the mean spray velocities measured by phase Doppler anemometry (PDA) at >5 mm 

distance to nozzle and x-ray imaging incl. near exit zone, (experiment me1516) compared to analytical 

predictions. 

 

 

Part of the data has been published in [1] but we need further data from different geometries to continue our 

study.  
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