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smallest slopes at the pressure range investigated was 
measured.   

In Figure 9, the effect of nozzle pressure is better 
noted by comparing the unstable emulsions at near con-
stant Φ ratios. Pressure acted to decrease the change in 
local Φ ratio. This is most noticeable for an overall 
larger Φ (here near 0.38), shown in Figure 9 c).  At Φ’s 
near 0.23, increased pressure did not produce a signifi-
cant change in local Φ, however notable is a weak neg-
ative slope resulted for the 300 and 450psi cases.  
 

 
Figure 8: Local Φ ratio versus radial half angle of 

spray for unstable emulsion at a) 100 psi, b) 200psi, 
c) 300psi, and d) stabilized emulsion from 100 to 

450psi with Φ v ratio near 0.45. 

  
Figure 9: Local Φ ratio versus radial half angle of 

spray for unstable emulsion at a) Φ =0.23, b) Φ 
=0.31, c) Φ =0.38, and d) stabilized emulsion from 

100 to 450psi with Φ v ratio near 0.31. 

In summary, (1) segregation of components oc-
cres as a result of the atomization process, although it 
seems to also depend on injection pressure with lower 
pressures resulting in greater segregation and (2) the 
overall trend in local Φ between the unstable and sta-

bile cases at comparable Φ (0.28 to 0.31) demonstrating 
that the overall behavior of the stabilized emulsion is 
quite similar to the unstable case.  
 
Conclusions 

A systematic study of how emulsification impacts 
atomization performance has been carried out for a 
large capacity pressure swirl atomizer operating from 
100 to 450 psi on combinations of DF2 and water.  For 
convenience, surfactants are utilized in some cases to 
facilitate the detailed study of the emulsions by greatly 
slowing the separation of the components. 

For the conditions studied, the following conclu-
sions are drawn: 
• The addition of surfactants modify the atomization 

of water and DF2 in a manner consistent with that 
expected based on how the surfactants change the 
physical properties of the liquids. 

• The atomization of stabilized emulsions (i.e., those 
created with surfactants added) was studied syste-
matically using a statistically derived experiment.  
Analysis of variance of the results indicates that 
SMD is dominated by injector pressure drop, how-
ever Φ also affects the spray SMD by 5 -10 percent 
relative to the effect of injection pressure.  This re-
sults in a 10 micron decrease in spray SMD as Φ is 
increased from 0 to 0.3.  Further increasing Φ re-
sults in increasing SMD for both cases back to neat 
values near Φ = 0.4.  Increasing the water fraction 
further increased the SMD.  Interestingly, the role 
of the discrete phase droplets were found to be sta-
tistically insignificant.  It was observed that exist-
ing physics based SMD correlations could provide 
correct trends for the emulsion spray size, but did 
not fully capture the behavior even when using an 
“apparent” viscosity derived from knowledge of 
the discrete size distribution and concentration.  
This analysis also identifies that, while statistically 
insignificant compared to the injection pressure and 
Φ, the discrete phase droplet size does play a noti-
ceable role.  In the analysis of variance, this role is 
overshadowed due to the large range of injection 
pressures and Φ. 

• Examination of the discrete phase size distributions 
before and after atomization establishes that atomi-
zation process itself can act as a source of emulsifi-
cation resulting in a smaller and narrower discrete 
water droplet distribution. 

• In comparing stabilized and unstable emulsions, 
high speed exposures showed that stable and unst-
able sprays appear indistinguishable.  Examination 
of the spray sizes produced reveals very similar 
trends for the stable and unstable emulsions, in-
cluding the trend with changing SMD as Φ varies.  
This finding is important relative to validation of 
the use of stabilized emulsions for the study of the 
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spray behavior.  The study of the unstable emul-
sions also led to the observation that lower shear 
(i.e., much less that that used in preparing the con-
trolled stabilized emulsions) results in a larger 
change in spray SMD.  This further reaffirms that 
the discrete phase size distribution is, in fact, an 
important factor in the atomization performance of 
emulsions.   

• Finally, for the conditions studied, a noticeable 
spatial separation of water and DF2 was observed, 
with the denser water found in greater proportion at 
the outer edge of the spray.  Apparently, the centri-
fugal forces within the swirl chamber of the injec-
tor leads to some separation.  Interestingly, the se-
paration tends to be reduced as the injection pres-
sure increases, perhaps a result of the increased 
shear and mixing associated with the higher pres-
sures. 
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