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ABSTRACT 

Liquid film propagation and breakup in the prefilming atomizer is controlled by two instabilities, one is the Kelvin-
Helmholtz (KH) instability leading to the formation of longitudinal waves, and the other is the Rayleigh-Taylor (RT) 
instability causing the liquid film to break into droplets. At present, most of the atomization models of prefilming atomizers 
are established without considering the effect of the heat and mass transfer processes between the high-temperature gas 
and liquid film. The current study for the first time explores this effect on the change of KH and RT instabilities and film 
propagation and breakup processes, and implements this effect into the atomization model. Results show that the mass and 
heat transfer processes promote the development of KH instability and have an inhibitory effect on the development of RT 
instability. Furthermore, the most amplified wavelength of transverse waves caused by RT instability is used to characterize 
the Sauter mean diameter (SMD) and droplet size distribution of the droplets. The droplet SMD of the primary breakup 
decreases linearly with the increase of temperature, but the uniformity of the droplets deteriorates. This newly developed 
atomization model can be used to predict the size and distribution of droplets more accurately. 

Key words：Prefilming atomizer; Kelvin-Helmholtz instability; Rayleigh-Taylor instability; Mass and heat transfer; 
Atomization performance 

INTRODUCTION 
Prefilming atomizers are widely used in traditional combustors of aero-engines and new staged combustors. They have 

more advantages in fine atomization, relatively small performance changes in a large fuel flow range, and low total pressure 
loss (Lefebvre, 2000). The size and distribution of droplets are important parameters to measure the performance of the 
atomizer. Therefore, it is very important to study the mechanism of liquid film breakup. In the early days, many scholars 
studied factors such as liquid phase parameters and gas velocity on atomization performance through experiments, some 
researches focused on the performance of prefilming atomizer in practical applications(Aigner and Wittig, 1987; Batarseh 
et al., 2008), others explored the simplified atomization models(Jasuja, 2009), and many formulas for predicting droplet 
size have been proposed. Although the prefilming atomizer has been widely used, the application of empirical formulas is 
subject to many restrictions due to an incomplete understanding of the mechanism of liquid film breakup. 

The development of optical high-speed diagnostic technology has promoted more detailed research on atomization 
models. To avoid the interference of complex structure on the measurement, many experiments put the airfoil flat plate in 
the rectangular channel to replace the real circular geometric structure to study the atomization mechanism(Warncke et al., 
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2017; Zandian et al., 2017). At present, there are mainly two primary breakup models at prefilmer edge. The first one is 
Liquid Sheet Breakup, whose principle is that the liquid phase propagates downstream in the form of a liquid film, and the 
shearing force of the high-speed airflow induces Kelvin-Helmholtz (KH) instability on the free surface of the liquid phase, 
resulting in a longitudinal wave with the most amplified wavelength of 𝜆 . The acceleration of the wave crest in the gas 
phase leads to the rapid development of Rayleigh-Tayler (RT) instability with the most amplified wavelength of 𝜆  
(Varga, et al., 2003), the average size of the droplets was determined by 𝜆  and 𝜆  , which were in good agreement 
with the experimental results (Eckel et al., 2016; Fuster et al., 2013). The other primary breakup model is Accumulation 
Breakup, where the liquid phase is driven by the gas phase to accumulate at the prefilmer edge(Gepperth et al., 2010). The 
aerodynamic stress induces RT instability and produces transverse waves. The crest of the wave is blown by the airstream, 
leading to the formation of bubbles, which further broken into bags and ligaments, eventually droplets. The accumulation 
on the prefilmer edge decouples the wave propagation and the breaking of the droplets(Gepperth et al., 2012). 

According to the basic principle of primary breakup and the comparison with experimental data, Chaussonnet et al. 
(Chaussonnet et al., 2016) developed the PAMELA model. This model does not require numerical simulation of the 
atomization process, but uses some empirical equations and parameters to predict the size and distribution of the droplets. 
They used the Accumulation Breakup model and believed that the SMD of the droplets was proportional to 𝜆 , and the 
droplets distribution follow the Rosin-Rammler distribution. In coaxial injection (Hong et al., 2002) and liquid film 
breaking experiments (Ben Rayana et al., 2006), the proportional relationship between droplet SMD and 𝜆  was also 
obtained. At present, most of the calculation models are based on standard conditions, but there is heat exchange between 
the gas and liquid film. Wang and Lefebvre (Wang and Lefebvre, 1988) studied the influence of fuel temperature on 
atomization in pressure atomizer, and the results showed that the increase of fuel temperature is conducive to atomization 
and the average droplet size is reduced. Experiments have proved that surface tension, the density and viscosity of the gas 
and liquid phases have different effects on the atomization performance (Rizkalla and Lefebvre, 1975; Sattelmayer and 
Wittig, 1986), and the physical parameters will change with temperature, so temperature is an important factor to consider. 

Based on the Accumulation Breakup model, this paper established a primary atomization model of the prefilming 
atomizer by considering the effect of mass and heat transfer. The model describes mainly two processes, the first one is the 
mass and heat transfer effect on the propagation of liquid film which dominates by KH instability, and the second process 
is the accumulation breakup of the liquid film at the edge of the prefilmer under the effect of RT instability. 

METHODOLOGY 

KH instability theory considering mass and heat transfer 
KH instability refers to the instability of the interface when two fluids with different physical properties flow at a 

certain relative speed. Considering that the prefilming atomizer is the formation of a liquid film when the fluid flows 
through the surface of the solid wall, the high-speed airflow shear promotes the propagation and breakup of the liquid film, 
KH instability plays an important role in this process. Awasthi (Awasthi, 2013) applied a two-dimensional plane model to 
study the KH instability in a potential flow and gave a dispersion equation. They assumed two incompressible, viscous and 
irrotational fluid layer with infinite length, and the fluid interface is at y=0. The model is shown in Figure 1.  

 

Fig.1 Two-dimensional plane flow model in theoretical analysis of KH and RT instability(Awasthi, 2012) 

The dispersion equation can be written as 

D ω, k a 𝜔 𝑎 𝑖𝑏 𝜔 𝑎 𝑖𝑏 0 (1) 

a 𝜌 coth 𝑘ℎ ρ coth 𝑘ℎ , a 2𝑘 𝜌 𝑈 coth 𝑘ℎ ρ 𝑈 coth 𝑘ℎ   

b 𝛼 coth 𝑘ℎ coth 𝑘ℎ 4𝑘 𝜇 coth 𝑘ℎ μ coth 𝑘ℎ  

a k 𝜌 𝑈 coth 𝑘ℎ ρ 𝑈 coth 𝑘ℎ 𝜎𝑘 ρ 𝜌 𝑔𝑘 4𝑘 𝛼  coth 𝑘ℎ coth 𝑘ℎ   
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b 𝛼𝑘 𝑈 coth 𝑘ℎ 𝑈 coth 𝑘ℎ 4𝑘 𝜇 𝑈 coth 𝑘ℎ μ 𝑈 coth 𝑘ℎ  

Substitute ω ω 𝑖𝜔  into equation (1), equating the real and imaginary part, a quartic equation is obtained. 

A 𝜔 A 𝜔 A 𝜔 A 𝜔 A 0 (2) 

A 4𝑎 ;  𝐴 8𝑎 𝑏 ; A 4a 𝑎 5𝑎 𝑏 𝑎 𝑎 ; A 4𝑎 𝑎 𝑏 𝑏 𝑎 𝑏 ; A 𝑎 𝑏 𝑎 𝑏 𝑏 𝑎 𝑏 . 

In this equation, the superscripts 1 and 2 represent liquid phase and gas phase, k is the wavenumber, ℎ is the height, 
U represent the velocity, 𝜇 is the liquid phase dynamic viscosity, 𝜎 is the surface tension. The main parameter is mass 

and heat transfer coefficient 𝛼, α , which is related to heat flux across the interface G, latent heat release L 

and the thickness of liquid and gas phase, in this paper, the effect of mass and heat transfer depends on 𝛼.  
For the same liquid phase, the latent heat L remains unchanged. Therefore, when the model size and liquid film 

thickness are constant, α is only a function of the temperature difference. Take α as 0, 2000, and 5000 𝑘𝑔/𝑚  𝑠, the results 
are shown in Figure 2. It can be seen that the increase of α promotes the development of waves, and 𝜆  increase with the 
increase of α. It shows that mass and heat transfer can promote KH instability. 

Further solve the variation of α with the most amplified wavenumber k and wavelength 𝜆 . Due to the complicated 
form of the equation, the numerical fitting method is used. Since α and parameters such as 𝜌, 𝜇,𝜎 are independent of each 
other, to simplify the calculation, the expression of k and 𝜆  without mass and heat transfer are first fitted, then the effect 
of α is added to the relationship. By numerically fitting equation (2), the following relationship can be obtained 

λKH ∝ 𝜎0.962U2
1.954𝜌2

0.977𝜌1
0.0223𝜇2

0.0224𝜇1
0.066 (3) 

It can be seen that the gas phase velocity, density and liquid surface tension have a greater impact on 𝜆  than other 
parameters, such as liquid density, gas and liquid phase viscosity. Ignoring 𝜌 ,𝜇 ,𝜇  , we can get 

𝜆
. .

. .   (4) 

Also without considering the mass transfer, Villermaux(Villermaux, 1998)gave the relationship under inviscid 
condition, and 𝜌 ≫ 𝜌 ,𝑈 ≫ 𝑈  (strong shear force), the expression of the most amplified wavelength is  

λKH
3𝜋𝜎

𝜌2𝑈2
2 (5) 

Comparing formulas (4) and (5) for Ug=20-70m/s, the error rate is between 5%-12%. The errors are relatively small, 
so a correction coefficient can be added to the formula (5). According to the dispersion equation (2), the relationship 
between k and α is shown in Figure 3. k rises approximately linearly as α increases, and the linear fitting formula is 

k β
ρ

σ
1 1.085 10 α   (6) 

where β 1.032, is the correction factor. Then λKH that takes into account the effect of α is obtained 

λKH𝛼
1

β1 1 1.085 10 5α
 

3𝜋𝜎

𝜌2𝑈2
2  (7) 

 

Fig.2 Development of wave growth rate 𝝎 for 
different 𝜶 in KH instability theory 

  

Fig.3 Variation of wavenumber k with mass and 
heat transfer coefficient α in KH instability 

RT instability theory considering mass and heat transfer 
The transverse wave caused by RT instability lead to the breakup of liquid film, and 𝜆  determines the droplets
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SMD and size distribution. Apply the same model as in the KH instability analysis, the analysis process is similar, but the 
mechanism of RT instability is that the high-density fluid flows above the low-density fluid in the gravitational field, the 
position of two phases in KH instability model is changed. The dispersion equation of RT instability is  

B2𝜔𝐼
2 B1𝜔𝐼

1 𝐵0 0 (8) 

𝐵 𝜌 coth 𝑘ℎ ρ coth 𝑘ℎ , B 𝛼 coth 𝑘ℎ coth 𝑘ℎ 4𝑘 𝜇 coth 𝑘ℎ μ coth 𝑘ℎ   

B 𝜌 ρ 𝑔𝑘 𝜎𝑘 4𝑘 𝛼  coth 𝑘ℎ coth 𝑘ℎ    

Similarly, first explore the effect of α on the wave growth rate, take α=0,2000,5000 𝑘𝑔/𝑚  𝑠, the results are shown 
in Figure 4. As α increases, the wave growth rate shows a decreasing trend and the development of the wave is suppressed, 
while the most amplified wavenumber is increased. Thus the mass and heat transfer has an inhibitory effect on RT 
instability. The dispersion equation of RT instability when there is no mass transfer and heat transfer is relatively simple, 

so the most amplified wavenumber can be directly solved. Make 
dω

dk
0, then the following equation can be obtained 

dω

dk

W1 𝑊2

𝑊3
 (9) 

W
∆

𝜌1 ρ2
 , W

∆

𝜌1 ρ2

∗  ℎ 𝜌1 coth 𝑘ℎ 1 ℎ ρ2 coth 𝑘ℎ 1   

W 2
∆

𝜌1 ρ2
  

The W  is relatively small so it can be neglected, the wavenumber most amplified wavelength can be expressed as 

k
∆

 (10) 

λRT 2𝜋
3σ

∆𝜌𝑔
  (11) 

where ∆ρ ρ 𝜌 . This result is consistent with the result given by Charru (Charru, 2020). 
According to the dispersion equation (8), the relationship between k and α is calculated, as shown in Figure 5. It can 

be seen that k and α also have an approximately linear relationship, and the linear fitting formula is 

 k β
∆ρ

σ
1 1.1 10 α  (12) 

where β 0.99, then the most amplified wavelength can then be expressed as 

λRTα 
2𝜋

β2 1 1.1 10 5α

3σ

∆𝜌𝑔
 (13) 

In this model, the main physical parameter that affects the atomization process and changes with temperature is surface 
tension σ, so σ changes with temperature T (varies from 298K to 610K) are fitted. The equation can be expressed as 

σt 0.1799T0.1118 0.3679 (14) 

   
 

Fig.4 Development of wave growth rate 𝝎 for 
different 𝜶 in RT instability theory 

     
 

Fig.5 Wavenumber k change with mass and 
heat transfer coefficient α in RT instability  
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RESULTS AND DISCUSSION 

Model description 
The model can be divided into two parts. The first part is the effect of mass and heat transfer on the formation and 

propagation of the liquid film dominated by KH instability. The second part is the effect of mass and heat transfer on the 
liquid film accumulation breakup process dominated by RT instability. This model is completed based on PAMELA 
model(Chaussonnet et al., 2016). The diagram is shown in Figure 6. The flow in the channel can be considered consistent 
with the above two-dimensional plane flow model. 

 

Fig.6 Schematic of planar wing-shaped prefilmer(Gepperth et al., 2012) 

Since the PAMELA model uses the accumulation breakup model, the droplet size after breakup is only related to the 
RT instability, and the SMD is proportional to the maximum wavelength of the RT instability, so when considering the 
mass and heat transfer factors, the droplet SMD at the edge of the prefilmer can be expressed as 

D 𝐶 𝜆  (15) 

In the actual application, the acceleration is not only the gravitational acceleration g, but determined by the gas phase 
drag force F. According to the research of Hong et al.(Hong et al., 2002), the acceleration can be expressed as 

a 𝑈 𝑈   (16) 

where 𝑈  is the liquid structure velocity, which is  

U  (17) 

The droplet size distribution follows the Rosin-Rammler distribution 

F0 1 𝑒
𝑑
𝑚

𝑞

, f0 𝑞𝑚 𝑞𝑑𝑞 1𝑒
𝑑
𝑚

𝑞

, f3 d3𝑓0 (18) 

The probability density distribution function f0 is the derivative of the probability function F0, and the volume 
probability density distribution function (Volume PDF) is frequently used to represent the particle size distribution. 

The size parameter m and shape parameter q which decide the droplet size distribution can be expressed as: 

m D , q 𝑔 ℎ  (19) 

where 𝛿 is the gaseous vorticity thickness and 𝑊𝑒  is the aerodynamic Weber number. 𝑔 ℎ  can be written as: 

𝑔 ℎ 𝐶  (20) 

The SMD and size distribution of the droplets that consider the mass and heat transfer can be obtained through 
equations (15)-(20). The constants 𝐶 𝐶  are determined by experiments. They are 1.4, 0.67, 0.112, 6.82, 5.99 (mm), 
1.77 10  , and the method for determining the constants is presented by Chaussonnet et al. (Chaussonnet et al., 2016). 

Case Analysis and discussion  
The parameters in Table 1 are brought into the model for calculation, and the results are described through examples. 

The initial temperature of the liquid film is 298K. Assuming the liquid film starts to exchange heat with the gas phase 
during the propagation process, the temperature reaches the evaporation temperature of liquid phase 341K before reaching 
the prefilmer edge. Bring in α corresponding to different temperatures and surface tension 𝜎 , take the gas phase velocity 
range 𝑈 =20-70m/s, the calculation result is shown in Figure 7.  
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Table 1 Operation conditions 

 

 

Fig.7 Most amplified wavelength 𝝀𝑲𝑯 change with different temperature and gas velocity  
It can be seen from the figure that temperature increase causes λ  to decrease linearly. The λ  of different gas 

phase speeds at 341K is 80.8% of that at 298K. This is because, the range of α is (0,683), it is too small so the change of 
λ  is dominated by the 𝜎 , and from formula (7) it can be known that λ  is proportional to the change of 𝜎  , so 
the decrease in the most amplified wavelength is mainly due to the increase in surface tension with the temperature rises. 

Next, we consider the liquid film breakup stage dominated by RT instability. Assuming that the temperature when the 
liquid film reaches the prefilmer edge is 341K, if the temperature rise range ΔT is 0-100K, bring 𝛼 and the corresponding 
value of λRT𝛼

 into equation (15), and the gas velocity is 𝑈 =20-70m/s, the results are shown in Figure 8. It can be seen 
that with the increase of the gas phase velocity, the SMD shows a downward trend, but the amplitude of the decline 
gradually decreases. At different velocities, the SMD shows a linearly decreasing trend with increasing temperature. The 
higher the gas velocity, the smaller the absolute value of the slope, that is, the less sensitive to temperature changes. When 
the gas velocity 𝑈 20m/s, the variation range of SMD is 466μm-341μm, and when the gas phase velocity 𝑈 70m/s, 
the variation range of SMD is only 131μm-96μm. Take 𝑈 =50m/s to calculate the volume PDF of temperatures T at 341K, 
391K, and 441K, as shown in Figure 9. As the temperature rises, the peak of Volume PDF shifts to the left, corresponding 
to the droplets sizes of 170μm, 140μm and 120μm, respectively, indicating that the atomized droplets become finer. Since 
𝑞 represents the uniformity of the droplet size distribution, 𝑊𝑒  increases with the decrease of surface tension, so 𝑞 
show a downward trend. At 341K, 𝑞 =0.70, while at 441K, 𝑞 decreases to 0.53. It indicates that the temperature rise has 
an adverse effect on the uniformity of atomization.

 

Fig.8 Evolution of SMD for different temperature 
and gas velocity 

  

Fig.9 Distribution of droplet volume PDF for 
different temperature

Mean air velocity 𝑈0 m/s 20-70 Liquid density 𝜌1 kg/m3 770 
Air temperature 𝑇2 K 600 Liquid viscosity 𝜇1 Pa.s 1.56 10 3 
Liquid temperature 𝑇1 K 298-441 Liquid surface tension 𝜎 kg/s2 0.0275 
Air density 𝜌2 kg/m3 1.2 Atomizing edge thickness ℎ𝑎 mm 1 
Air viscosity 𝜇2 Pa.s 1.8 10 6 Channel height H mm 8.11 
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However, it should be noted that the effect of temperature in this model is mainly reflected in the change of surface 
tension σ. The change of α is small,so its actual effect on the atomization performance is also very small, as shown in 
Figure 10. When only the effect of α is considered, the range of SMD is 184.9-181.7 μm, which is a change of only 1.7%, 
and when α and σ are considered at the same time, the range of SMD is 184.9-135.3 μm, which is a change of 26.8%. 

When ignoring the effect of the mass and heat transfer, and only considering the influence of the σ on SMD with the 
temperature change, many experiments show that the σ and SMD present an approximately linear relationship. Lorenzetto 
and Lefebvre (Lorenzetto and Lefebvre, 1977) verified the change of SMD when σ is in the range of 0.0242-0.0735N/m 
and the gas velocity is 70-140m/s, The results show that as σ decreases, the SMD decreases almost linearly, and the larger 
the gas velocity, the smaller the effect of surface tension on SMD. Sattelmayer and Wittig (Sattelmayer and Wittig, 1986) 
explored the change of droplet SMD when σ range is 0.022-0.075N/m and the gas phase velocity is 30-120m/s, they believe 
that the surface tension and gas phase velocity plays a dominant role in the size of the droplets.  

 
Fig.10 The effect of mass and heat transfer coefficient α and surface tension 𝝈 on SMD 

CONCLUSIONS 
This paper explores the effect of mass and heat transfer on the liquid film propagation process and the liquid film 

breakup process in the prefilming atomizer. The main conclusions are as follows: 
(1) The mass and heat transfer promote the KH instability, which plays a leading role in the process of liquid film 

propagation. The wavenumber of the most amplified wave increases with the increase of mass and heat transfer intensity. 
While it has an inhibitory effect on RT instability which dominates the liquid film breakup process, and the wavenumber 
of its most amplified wave also increases with the enhancement of mass and heat transfer. 

(2) The mass and heat transfer coefficient and the effect of temperature on the physical parameters are added to the 
calculation of droplet SMD and droplet size distribution in the primary breakup. It is found that as the temperature of the 
liquid film rises, the droplet SMD decreases linearly with temperature, and the size of the droplets becomes finer, but the 
atomization uniformity becomes worse. 

(3) In the process of liquid film breakup, the change of surface tension with temperature plays a major role in 
atomization performance. The mass and heat transfer coefficient in RT instability has a very small effect on droplets SMD, 
only 1.7%, therefore, the effect of temperature change on the instability of the two-phase interface can be neglected when 
studying atomization. 

NOMENCLATURE 
𝑓 : probability density distribution function 
𝑓 : volume probability density distribution function 
K: thermal conductivity 
l: prefilmer surface length 
L: latent heat 
𝑈  : liquid structure velocity 
𝛼: mass and heat transfer coefficient 
Γ: gamma function 
𝛿: characteristic gas thickness 
𝜂: perturbation 
𝜆: wavelength 
𝜇: dynamic viscosity 
𝜐: kinematic viscosity 
𝜌: density 
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𝜎: surface tension 

ACKNOWLEDGMENTS 
The author gratefully acknowledges the support of the National Key Research and Development Program (2017YFB0202400, 
2017YFB0202402) and National Natural Science Foundation of China (11902267), Defense Basic Science Challenge Program 
(TZ2016001), Special Fund for Fundamental Scientific Research of Central Universities(D5000200565). 

REFERENCES 
Aigner, M. and Wittig, S. (1987). Performance and Optimisation of an Airblast Nozzle: Drop-Size Distribution and 
Volumetric Air Flow. International Journal of Turbo and Jet Engines, 4(1–2) 
Awasthi, M.K. (2013). Viscous Corrections for the Viscous Potential Flow Analysis of Rayleigh-Taylor Instability with 
Heat and Mass Transfer. Journal of Heat Transfer, 135(7) 
Awasthi, M.K., Asthana, R. and Agrawal, G.S. (2012). Pressure Corrections for the Potential Flow Analysis of Kelvin-
Helmholtz Instability with Heat and Mass Transfer. International Journal of Heat and Mass Transfer, 55(9–10) 
Batarseh, F.Z., Roisman, I. v. and Tropea, C. (2008). Effect of Primary Spray Characteristics On the End Spray Generated 
By an Air-Blast Atomizer Under High-Pressure Condition. Proc. ILASS-Americas. 
Charru, F. (2020) Instabilités Hydrodynamiques. 
Chaussonnet, G., Gepperth, S., Holz, S. (2020). Influence of the Ambient Pressure on the Liquid Accumulation and on The 
Primary Spray in Prefilming Airblast Atomization. International Journal of Multiphase Flow, 125 
Chaussonnet, G., Vermorel, O., Riber, E. and Cuenot, B. (2016). A New Phenomenological Model to Predict Drop Size 
Distribution in Large-Eddy Simulations of Airblast Atomizers. International Journal of Multiphase Flow, 80 
Eckel, G., Rachner, M., le Clercq, P. and Aigner, M. (2016). Semi-Empirical Model for the Unsteady Shear Breakup Of 
Liquid Jets in Cross-Flow. Atomization and Sprays, 26(7) 
Fuster, D., Matas, J.P., Marty, S. (2013). Instability Regimes in the Primary Breakup Region of Planar Coflowing Sheets. 
Journal of Fluid Mechanics, 736 
Gepperth, S., Guildenbecher, D., Koch, R. (2010). Pre-filming Primary Atomization : Experiments and Modeling Institute 
of Thermal Turbomachinery ( ITS ), Karlsruhe Institute of Technology ( KIT ). Europe, (September) 
Gepperth, S., Müller, A., Koch, R. (2012). Ligament and Droplet Characteristics in Prefilming Airblast Atomization Lechler 
GmbH , Metzingen , Germany Iclass, 320(1975) 
Hong, M., Cartellier, A. and Hopfinger, E.J. (2002).Atomisation and Mixing in Coaxial Injection. 4th International 
Conference on Launcher Technology, Liquid Propulsion, (February 2015) 
Hsieh, D.Y. (1978). Interfacial Stability with Mass and Heat Transfer. Physics of Fluids, 21(5) 
Jasuja, A.K. (2009). Behaviour of Dense, Industrial Sprays: A Comparative Assessment under High Air Density Conditions. 
11th International Annual Conference on Liquid Atomization and Spray Systems 2009, ICLASS 2009. 
Lefebvre, A. (2000) . Fifty Years of Gas Turbine Fuel Injection. Atomization and Sprays, 10(3–5) 
Lorenzetto, G.E. and Lefebvre, A.H. (1977) . Measurements Of Drop Size on a Plain-jet Airblast Atomizer. AIAA, 15(7) 
Nayak, A.R. and Chakraborty, B. (1984) .Kelvin-Helmholtz Stability with Mass and Heat transfer. Physics of Fluids, 27(8) 
Ben Rayana, F., Cartellier, A. and Hopfinger, E. (2006).Assisted Atomization of a Liquid Layer: Investigation of the 
Parameters Affecting the Mean Drop Size Prediction. 10th International Conference on Liquid Atomization and Spray 
Systems, ICLASS 2006. 
Rizkalla, A.A. and Lefebvre, A.H. (1975). Influence of Air and Liquid Properties of Airblast Atomization. Journal of Fluids 
Engineering, Transactions of the ASME, 97 Ser I(3) 
Sattelmayer, T. and Wittig, S. (1986). Internal Flow Effects in Prefilming Airblast Atomizers: Mechanisms of Atomization 
and Droplet Spectra. Journal of Engineering for Gas Turbines and Power, 108(3) 
Varga, C.M., Lasheras, J.C. and Hopfinger, E.J. (2003). Initial Breakup of a Small-Diameter Liquid Jet by a High-speed 
Gas Stream. Journal of Fluid Mechanics, (497) 
Villermaux, E. (1998). Mixing and Spray Formation in Coaxial Jets. Journal of Propulsion and Power, 14(5) 
Wang, X.F. and Lefebvre, A.H. (1988).Influence of Fuel Temperature on Atomization Performance of Pressure-swirl 
AAtomizers. Journal of Propulsion and Power, 4(3) 
Warncke, K., Gepperth, S., Sauer, B., Sadiki, A., Janicka, J., Koch, R. and Bauer, H.J. (2017). Experimental and Numerical 
Investigation of the Primary Breakup of an Airblasted Liquid Sheet. International Journal of Multiphase Flow, 91 
Zandian, A., Sirignano, W.A. and Hussain, F. (2017). Planar Liquid Jet: Early Deformation and Atomization Cascades. 
Physics of Fluids, 29(6) 

  


