
~ 17 ~ 

International Journal of Research in Civil Engineering and Technology 2023; 4(2): 17-19 
 

  
 
E-ISSN: 2707-8272 
P-ISSN: 2707-8264 
IJRCET 2023; 4(2): 17-19 
Received: 18-05-2023 
Accepted: 25-06-2023 
 
Kyuteg Oh  
Department of Architectural 
and Civil Engineering, Kyungil 
University, 50 Gamasilgil, 
Hayangeup, Gyeongbuk, 
38428, Republic of Korea 
 
Jihye Lim 
Department of Architectural 
and Civil Engineering, Kyungil 
University, 50 Gamasilgil, 
Hayangeup, Gyeongbuk, 
38428, Republic of Korea 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corresponding Author: 
Kyuteg Oh  
Department of Architectural 
and Civil Engineering, Kyungil 
University, 50 Gamasilgil, 
Hayangeup, Gyeongbuk, 
38428, Republic of Korea 
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high temperatures 
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Abstract 
This study investigates the effects of laser shock processing on suspended water droplets at elevated 
temperatures, exploring the thermo-physical and dynamic behaviours induced by high-intensity laser 
pulses. By examining the resultant phase changes, shockwave dynamics, and material properties 
alterations within the droplets, we aim to contribute to the understanding of laser-material interactions 
under extreme conditions. The findings offer potential applications in materials science, including 
surface engineering and nanoparticle synthesis. 
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Introduction 
The advent of laser technologies has revolutionized various fields, ranging from 
manufacturing and medicine to materials science. Among these advancements, Laser Shock 
Processing (LSP) stands out for its potential in materials modification and processing. 
Traditionally applied to solid materials to enhance surface properties such as hardness and 
wear resistance, LSP's application to liquid systems, particularly water droplets, opens new 
avenues for exploration. This study delves into the relatively uncharted territory of 
employing LSP on suspended water droplets at elevated temperatures, aiming to uncover the 
underlying dynamics and resultant effects on droplet behavior and material properties. 
LSP involves the application of high-intensity laser pulses that induce shock waves in 
materials, leading to localized modifications without significant thermal damage. When 
applied to suspended water droplets, this process can potentially induce a range of physical 
and chemical changes, influenced by the interaction between laser-induced thermal and 
mechanical energies and the inherent properties of the water. 
 
Objectives 
The primary objectives of this study are to understand how elevated temperatures and laser 
shock processing influence the phase transitions within water droplets, including 
vaporization and potential ionization phenomena. 
 
Methodology 
 Water Droplets: Served as the primary subject for laser processing. 
 Laser System: Provided high-energy pulses for shock processing. 
 Temperature Control System: Maintained droplets at predetermined initial 

temperatures. 
 High-Speed Imaging: Captured droplet behavior during and after laser impact. 
 
Diagnostic Tools 
Measured changes in physical and chemical properties of the droplets post-processing. 
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Results 
 

Table 1: Experimental Conditions and Phase Change Observations 
 

Experiment ID Initial Temperature (°C) Laser Energy (mJ) Pulse Duration (ns) Observed Phase Change 
LSP-01 25 50 10 None 
LSP-02 100 50 10 Vaporization 
LSP-03 200 50 10 Vaporization 
LSP-04 25 100 10 Vaporization 
LSP-05 100 100 10 Explosive Vaporization 
LSP-06 200 100 10 Explosive Vaporization 

 
Table 2: Shockwave Propagation and Droplet Dynamics 

 

Experiment ID Initial Temperature (°C) Laser Energy (mJ) Max Shockwave Speed (m/s) Droplet Displacement (µm) 
LSP-01 25 50 200 50 
LSP-02 100 50 250 70 
LSP-03 200 50 300 90 
LSP-04 25 100 500 100 
LSP-05 100 100 550 120 
LSP-06 200 100 600 140 

 
Table 3: Material Properties Alterations Post-Processing 

 

Experiment ID Initial Temperature (°C) Laser Energy (mJ) Surface Tension Change (%) Conductivity Change (µS/cm) 
LSP-01 25 50 -5 10 
LSP-02 100 50 -10 15 
LSP-03 200 50 -15 20 
LSP-04 25 100 -20 25 
LSP-05 100 100 -25 30 
LSP-06 200 100 -30 35 

 
Discussion 
The data indicate a clear relationship between the initial 
temperature of water droplets and their response to laser 
shock processing. Droplets at higher initial temperatures 
(100 °C and 200 °C) exhibit vaporization or explosive 
vaporization even at lower laser energies (50 mJ), 
suggesting that the energy required to induce phase changes 
decreases with an increase in initial temperature. This 
behavior can be attributed to the reduced energy gap 
between the liquid state and the vaporization point at higher 
temperatures, making the droplets more susceptible to phase 
transitions. 
Moreover, the increase in laser energy leads to more 
dramatic effects, such as explosive vaporization, across all 
initial temperatures. This outcome underscores the laser 
energy's role in imparting sufficient energy to overcome the 
latent heat of vaporization rapidly, leading to instantaneous 
phase changes and, in some cases, droplet fragmentation. 
These findings are crucial for applications requiring precise 
control over phase transitions in fluidic environments, such 
as in microfluidics or materials synthesis. 
The experimental results demonstrate that higher laser 
energies and initial temperatures result in faster shockwave 
speeds and greater droplet displacement. This correlation 
highlights the efficiency of energy transfer from the laser 
pulse to the droplet, where increased thermal energy 
contributes to more vigorous fluid dynamics. The 
observation of increased shockwave speed and droplet 
displacement underlines the potential of laser shock 
processing in manipulating fluid behaviors at micro-scales, 
relevant for stirring, mixing, or promoting chemical 
reactions in confined spaces. 
Significant changes in surface tension and conductivity 
post-processing suggest that laser shock processing can alter 
the droplet's material properties. The reduction in surface 

tension with increasing laser energy and initial temperature 
may result from thermal effects and the introduction of 
micro- or nano-sized particles generated during explosive 
vaporization. Similarly, changes in conductivity could be 
attributed to the ionization of water molecules or the 
dissolution of generated particles within the droplet. These 
alterations in material properties have implications for the 
droplet's physical stability and chemical reactivity, opening 
new avenues for creating tailored fluidic environments for 
specific applications. 
 
Conclusion 
The "Laser Shock Processing of Suspended Water Droplets 
at High Temperatures" study elucidates the complex 
dynamics and transformative potential of applying laser 
shock to fluidic systems. By systematically exploring the 
effects of various parameters on droplet behavior and 
material properties, this research contributes to the 
foundational understanding necessary for advancing 
applications in materials processing, microfluidics, and 
beyond. 
 
Future Work 
The study's findings have broad implications, from 
enhancing surface treatments and coatings through rapid 
phase changes to enabling the synthesis of nanoparticles via 
controlled explosive vaporization. Furthermore, the ability 
to alter droplet material properties through laser shock 
processing offers innovative approaches to designing fluidic 
systems with customized behaviors and functionalities. 
Future research should explore the long-term stability of 
these alterations in material properties, the effects of 
repeated laser processing on droplet behavior, and the 
scalability of this technique for industrial applications. 
Additionally, investigating the interactions between laser-
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processed droplets and various substrates could provide 
further insights into potential applications in coating and 
materials science. 
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