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ABSTRACT  

 

Surge waves are commonly observed in numerous hydrodynamic events such as dam breaks, tidal 

bores, and tsunami due to abrupt flow change. The research to-date emphasizes the high turbulence, 

sharp discontinuity of pressure and velocity, and air entrainment properties of the surge waves. The 

objective of this study is to investigate the impact of surge Froude number on turbulent mixing and air 

entrainment patterns. With the numerical tool OpenFOAM, two 𝑘−𝜀 and one Large Eddy Simulation 

(LES) models are applied to simulate the turbulent breaking wave. Significant difference in flow 

patterns are observed between three models. Time series of velocity components capture the passage 

of surge waves and identify maximum fluctuation levels behind surge waves. 
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1 INTRODUCTION   

The surge waves will form as an abrupt variation that happened to the flow condition (Koch & Chanson, 2009). 
Surge waves are observed in engineering applications such as hydropower generation, which generates the 
dam break wave, or for the natural phenomena such as tsunami waves (Li & Chanson, 2018). Commonly, as 
noted by Li and Chanson (2018), hydrodynamic shocks are observed in the positive surges with the form of 
discontinuity in pressure and velocity fields, and with the extreme unsteady turbulence involved could bring 
consequences including sediments advection, contribution to the sediment’s origin and contaminants 
transportation. Hence, understanding the turbulent characteristics of the surge waves is vital to mitigate 
environmental-related issues such as nutrient and sediment cumulation, habitat damage, debris transport, and 
ecological balance.  

 

2 KEY LITERATURE REVIEWS AND PROBLEM DEFINITION 

There are substantial studies of the turbulent structures in the surge waves such as Koch and Chanson (2009) 

conducted experiments to measure turbulence across surge wave front. Also, there are studies like Chanson’s 
(2003) measured air entrainment in the surge waves experimentally. However, few papers have coupled 
between the two. The research aims to study the interconnection between turbulent structures and air 
entrainment patterns in the surge waves. For the numerical simulation, a volume of fluid method for interface 
capture by Hirt and Nichols (1981) was utilized in the preliminary dam break wave simulation for the phase 
profile. The air entrainment model by Hirt (2003), which was transferred to the OpenFOAM by Almeland (2018), 
was applied in the dam break wave simulation. 

 
Figure 1. The schematic of the computational domain 

where the probes are evenly distributed downstream of 
the gate at every 30 meters, where 𝑑0 = 10 𝑚 and 𝑑1 = 2 𝑚. 
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3 METHODOLOGY  

The simulation started with dam break waves by utilizing the Reynold Average Navier Stokes (RANS) version 

of “interFoam” solver and 𝑘−𝜀 model for the turbulence without air entrainment function. The interface is captured 

based on the volume of fluid method which assigns a volume fraction scalar for fully liquid (𝛼𝑙 = 1) or gas (𝛼𝑙 =
0) and the interface should have 0 < 𝛼𝑙 < 1 (Hirt & Nichols, 1981). The simulated water depth profiles in the 
preliminary results in dam-break wave analysis were compared with the analytical solution using the Method of 
Characteristics (MOC), where the effect of bed friction is overlooked. Almeland (2018) developed the 
interAirEntFoam solver based on the Hirt (2003) method, which states the air entrainment incepts when the 
turbulent force is greater than the stabilizing force at the surface. The air entrainment is added as a source term 
in the void fraction equation in the solver. 

 

4 RESULTS 

 
Figure 2. Phase distribution at 𝑡 = 6 and 14 𝑠 for surge wave 

Froude number, 𝐹𝑟𝑠 =
𝑐

√𝑔𝑑1
= 2.12, where c is surge wave celerity, 

(a) 𝑘−𝜀 without source, (b) 𝑘−𝜀 with source, (c) LES. 
 

 
Figure 3. Time series of longitudinal velocity, 𝑈𝑥 from 𝑡 = 0 to 15 𝑠, 

𝐹𝑟𝑠 = 2.12, (a) 𝑘−𝜀 without source, (b) 𝑘−𝜀 with source, (c) LES. 
 

5 CONCLUSION 

As demonstrated in Figure 2(b), adding the air source term to the 𝑘−𝜀 model, created the entrapment of finer 
air pockets at the interface. Furthermore, large scale air pockets are observed in Figure 2(a) which are no 
longer visible with implementation of source term in Figure 2(b). LES model, as it captures larger than grid-
scale fluctuations, generates the most air entrainment behind the surge front. 𝑼𝒙 plots across points 0 to 3 
identify the arrival of surge waves. For point 0 one peak only exists for 𝑼𝒙 in all three models, however, for 

points 1, 2 and 3 a secondary peak appears except for point 1 in model (a). LES model compared to 𝑘−𝜀 
generates detailed fluctuations, but follows peak trends observed in 𝑘−𝜀. Adding the air source term, however, 
significantly impacts the results. Since three models generate different flow patterns, it is essential to validate 
them with available experimental data and select the most suitable model for the research.  
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