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Abstract
An experimental study is presented to investigate the evolution of the droplets in the near field region of an effer
vescent spray using Shadowgraphy, observing spherical and nonspherical droplets. Experiments were conduc
ted with water and air, in a horizontal twophase flow, with a 25.4 mm diameter feeding conduit. Water flow 
rates from 1.89 to 3.15 kg·s1 and air to liquid ratio from 1 % to 4 %, were selected to investigate their influence 
on the spray. Acquired images were employed to estimate the droplets size, shape and velocity. Measurements 
were done at different locations along the axial and radial directions of the spray. 
Results indicate the locations and flow rates at which nonspherical particles are more evident. This leads to con
ditions at which particles are not fully atomized.  Radial changes of Sauter Mean Diameter (SMD) were ob
served. The momentum of the spray was measured at several locations with an impact probe. The spray atomizer 
investigated in this study is used in heavy oil upgrading. Thus, knowledge of the droplet behaviour in the spray 
provides data to enhance the design and operating conditions of the atomization process.

Introduction
Today, effervescent atomizers are used in a wide range of industrial applications (Lefebvre 1989). In the oil 

and gas industry, bitumen is sprayed in the fluid coking process with the assistance of an atomizing steam to 
thermally convert it into lighter products and coke. Efficient heat transfer depends on the quality of the atomiza
tion (Baukal 2001). Drop size distribution (DSD) is considered a standard method to characterize the spray, its 
effectiveness and stability. However, the measurement of droplets size is not a standard procedure with many 
visual  techniques being employed (Malot and Blaisor, 2005). For particles with arbitrary shapes, an imaged 
based method is more suitable for considering spherical and nonspherical particles (Kashdan et al. 2003).

 In the present study, a shadowgraph particle method with backlighting was employed to analyze the evolu
tion of the droplets in the near field spray. Size is represented by the Sauter Mean Diameter (SMD) and shape 
will be investigated with the centricity parameter, the ratio from longest to shortest axis of the particle shadow.

Materials and Methods
Experiments were conducted in a commercial scale horizontal nozzle testing facility, with a 25.4 mm dia

meter feed pipe using air and water. Measurements of droplet size and velocity were obtained using Shadow
graphy. This technique allows the estimation of the size of partially atomized particles without any sphericity re
jection criteria. 

The image acquisition was performed with a class 4 double pulsed Nd:YAG laser (λ=532nm) as the source 
of illumination and a 12bit grey scale, 1280 x 1024 pixels, 2/3” CCD chip digital camera as the detector. The 
laser beam was dispersed by a lens (Questar M1) and entered a 142.5 mm diameter diffuser tube creating a 
bright light that illuminated, with a near even intensity, an area of 4.9 x 3.9 mm (3.80 µm/pixel). Typical drop 
sizes for this system are on the order of 0.1mm so the area of interest was large enough to provide enough 
particles per image. For each location 1000 images were recorded to generate enough data to obtain reliable stat
istical results. All the data were analyzed by a commercial software DaVis developed by LaVision. 

Results and Discussion
DSD at 35 cm from nozzle tip for different radial locations, r, are shown in Figure 1. The distributions are 

clearly unimodal, with the presence of larger droplets at the centerline line (D> 240 μm) that almost disappear at 
r equal to 5 cm. The shape of the droplets, represented by centricity, is also reported in Figure 1. The droplet dia
meter with more frequency has higher centricity. Larger particles have a lower centricity which may indicate the 
presence of not fully atomized particles or ligaments. At these locations, external tension plays a dominant role 
over the surface tension creating elongated particles. More spherical droplets (centricity close to 1.0) are found at 
r equal to 5 cm. Smaller particles are expected to be more spherical, with the surface tension larger than the ex
ternal forces. However, for all locations low centricity values were observed for smaller droplets. Nevertheless, 

* Corresponding author: jgomez@ualberta.ca



ILASS – Europe 2010 Characterization of a Horizontal Two-Phase Spray from an Effervescent Atomizer

their standard deviation of the shape parameter was higher than the larger diameter droplets. One possible cause 
is the magnification used, which may not be appropriate for imaging analysis of such small particles. This effect 
was also observed by Blaisot et al 2005 and Podczeck et at 1999, and investigated by AlmeridaPrieto et al 2007 
and Sina et al 2008, leading to the same suggestion that a higher sensitivity technique needs to be employed for 
small particle diameter.  For pharmaceutical applications AlmiedaPrieto et al 2006, suggested a minimum of 
magnification of 20 mm/pixel. However, their results may not be suitable for the industrial application related to 
this study. A high magnification significantly reduces the depth of field and the field of view, which may pro
duce a lower edge definition and increase of the number of images taken. 

Nomenclature
D particle diameter [µm]
r radial coordinate measured from the center line [cm]
x axial coordinate measured from the nozzle tip [cm]
Q flow rate [kg·s1]
V velocity of the particle [m·s3]
Vave average velocity [m·s3]
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a)                                                                       b)

Figure 1.  Droplet size distribution and centricity for each diameter distribution class; Ql  3.15 kg·s1, ALR 2%, 
x = 35 cm at  a) r = 0 cm and b) r = 5cm
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