
EUROMECH COLLOQUIUM 651 
International Colloquium on Films, bubbles, droplets and phase change  

August 25th-29th 2025, Metz, France 
https://euromech.org/colloquia/colloquia-2025/651 

                                                                
      

 

 

 High-fidelity numerical simulations of nucleate boiling  
 

S. Pertant1, H. Lam2, M. Bernard2, G. Ghigliotti3,4 and G. Balarac2 
1Université de Rennes, CNRS, IPR, 35000 Rennes, France 

2Univ. Grenoble Alpes, CNRS, Grenoble INP, LEGI, 38000 Grenoble, France 
3Univ. Grenoble Alpes, CNRS, Grenoble INP, LPSC, 38000 Grenoble, France 

4Massachusetts Institute of Technology, Cambridge, MA, USA 
 

We present an approach for three-dimensional high-fidelity numerical simulations of nucleate boiling at the 
bubble scale [1,2]. The incompressible Navier-Stokes equations for liquid and vapor phases are solved, as 
well as the heat equation. The interface mass transfer rate is computed ab initio from the difference in the 
local heat fluxes of both phases. All the physical discontinuities at the phase interface (velocity, pressure, 
heat flux) are retained sharply, without relying on adjustable parameters. The simulations are performed on 
tetrahedral unstructured grids, allowing to reproduce complex geometries, and the numerical developments 
are performed within the massively parallel YALES2 library [3]. The challenges of unstructured grids in terms 
of numerical accuracy have demanded several specific developments, including the use of high-order 
operators for the computation of the mass transfer rate at the liquid-vapor interface and close to the contact 
line. The use of dynamic mesh adaptation also contributes to achieve high numerical accuracy around the 
interface  while limiting the numerical cost of the simulations. The proposed developments are extensively 
validated. Very good agreement is obtained with experiments of bubble growth and departure from the 
heated wall, in water at ambient pressure (Figure 1). Some important aspects will be discussed, as numerical 
convergence of the simulations, contact angle accuracy and modelling of the heat transfer at the contact line. 
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Figure 1: Simulation of a growing vapor bubble in water at ambient pressure in contact with a heated wall. 
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