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Abstract
Primary atomization in a planar pre-filming atomizer has been studied using high-speed imaging coupled with 
particle and ligament tracking.   Initial  results indicate that the breakup is the result of various simultaneous 
droplet generation mechanisms, and stochastic methods are suggested to model the process.

Introduction
Pre-filming atomizers are commonly used for fuel injection in gas turbine engines.   Advantages include 

adequate atomization over a large turndown ratio, small injector size, and good fuel distribution [1].  To avoid 
time consuming and  expensive  build/test  cycles  for  the  design  of  improved  atomizers,  accurate  simulation 
capabilities  are  required.   Such  simulations  are  most  often  performed  using  gas  phase  CFD coupled  with 
Lagrangian drop tracking.  One recent example shows good agreement between calculations and experiments at 
downstream distances [2].  However, agreement is less than satisfactory in the near-nozzle region, due at least in 
part  to  the  lack  of  an  accurate  primary  atomization  model.   Here  we  discuss  on-going  experimental  and 
theoretical investigations which address this need.  Figure 1 shows a typical pre-filming injector.  A pressure-
swirl atomizer is used to initially fragment fuel into drops, the finest of which are carried by the combustion air 
to form the spray core.  However, the momentum of most drops is such that they impact the pre-filming surface. 
There they coalesce and form a liquid film which is  transported to the atomizer lip via aerodynamic shear. 
Finally, at the lip strong aerodynamic forces act on the film causing it to disintegrate into droplets.

Because film height and velocity profile are determined by flow conditions and not known a priori, previous 
investigations  involving a  liquid injected  into a  parallel  gas  stream through a  known slot  height  cannot  be 
directly applied.  Furthermore, the limited photographic evidence available for pre-filming atomizers indicates 
that, at certain conditions, liquid may accumulate at the atomizer edge rather than leave the pre-filming surface 
as a flat sheet [3].  Consequently, previous models for sheet atomization, such as that of Dombrowski and Johns 
[4], may not be applicable.

Experimental Investigation
To begin, an experimental investigation was conducted using the pre-film atomizer illustrated in Figure 2. 

Note that a planer configuration has been chosen in lieu of the radial surface in the actual atomizer.  This is ne-
cessary to allow for optical access.  Nevertheless, it is thought that the performance of the actual atomizer will be 
similar due to the fact that the film height is many orders of magnitude less than the nozzle diameter.

Figure 1. Typical gas turbine pre-film atomizer Figure 2. Experimental atomizer

The mean gas velocity can be adjusted between 10 and 60 m/s, and the liquid film flow rate per length can 
be varied between 25 and 75 mm²/s. Therefore, it is possible to observe the influence of different air velocities 
and film flow rates on the liquid film break. Furthermore, using various water-glycol mixtures and adjusting the 
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air velocity, it is possible to hold the Weber-number constant such that the influence of the surface tension on 
primary atomization can be observed.

To capture the breakup process, background illumination (shadowgraphy) as well as light sheet visualization 
techniques were combined with time resolved photography. Images were post processed via a Matlab routine 
which calculates the ligament and droplet size as well as the droplet velocity.

Full details on the setup can be found in [5].

Results and Discussion
High-speed movies were recorded using a digital  camera at 3000 fps.   Figure 3 shows a typical  result. 

Rather than forming a continuous liquid film, breakup occurs at the atomizing lip and appears very similar to the 
“torn sheet break-up” mode reported by Fernandez et al. [6] for a film atomizer with a fixed slot height.  These 
authors classified the sheet breakup mode as a function of momentum flux ratio:

M= g ug
2
/l ul

2 (1)

where   is the density, u is the characteristic velocity, and the subscripts g and l indicate gas and liquid respect-
ively.  Torn sheet breakup was reported for M > 5.  Note that M is difficult to define for a pre-filming atomizer 
due to the unknown film velocity.  Nevertheless, because of observable similarities, it may be reasonable to as-
sume that the same physical mechanisms are dominant.

Fernandez et al. [6] theorized that torn sheet break-up is controlled by multiple droplet generation mechan-
isms, similar to the cascade of breakup processes for a jet under aerodynamic shear described in [7].  For such a 
jet, Gorokhovski et al. [8] have proposed a stochastic model to describe the liquid core and initial drop sizes.  In-
clusion of this model in an LES simulation shows satisfactory agreement with measurements [8].

The next step in this investigation will involve the formulation of a similar stochastic primary atomization 
model for pre-filming atomization.  Before this can be done, the breakup process must be further studied experi-
mentally to quantify the droplet generation mechanisms proposed by Fernandez et al. [6].
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Figure 3. Film breakup for a mean gas velocity of 50 m/s and a film flow rate per length of 
25 mm2/s
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