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Abstract 

In order to design new injectors in cryogenic propulsion, the atomization process of an annular liq-

uid sheet assisted by a swirling inner gas jet with different ambient pressures is studied. The liquid 

used is water, the gas is air and three experimental techniques are performed. First, films at 12 500 

and 14 000 frames per second show the behavior of the liquid sheet. Second, laser tomography is 

used to determine the break-up length. At last, axial and radial velocities as well as diameter are 

determined for droplets measuring from 5 to 230 µm by Phase Doppler interferometry (PDI). Ba-

sically, two break-up mechanisms are identified with high speed visualizations, namely bubble 

formation and “Christmas tree”. The frequency of bubble formation and “Christmas tree” is re-

lated to gas and liquid velocities, gas and liquid densities and swirl intensity. In “Christmas tree 

mode”, the tomography shows that the break-up length decreases with gas to liquid momentum 

flux ratio (J), swirl intensity, and without significant effect of ambient pressure. The droplets have 

high radial velocities and their mean axial velocities grow with J and decline with ambient pres-

sure. Last, the gas swirl enlarges the previous radial profile, promotes a better primary atomiza-

tion, and allows better homogenization of the droplet axial velocities. The Sauter Mean Diameter 

(SMD) of the liquid droplets increases slightly with radial and axial distances, showing that pri-

mary and secondary atomizations are very fast. 
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