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Abstract 
Condensation trails, also known as contrails, are ice crystals clouds that are formed by aircraft emissions at high altitudes. 

The formation and evolution of contrails can have a significant impact on the atmosphere and climate as shown by a 

recent compilation of studies on the impact of aviation on climate change [1]. In this context, the investigation of contrail 

formation near the aircraft may be helpful in order to develop strategies to reduce their undesirable impacts.  

The early stage of a contrail’s life is dominated by the ice formation microphysics, the dilution due to the jet dynamic and 

the mixing of the plume around the wing-tip vortices. Thus, in order to better understand the near field, it is important to 

carry out simulations that accurately solve these processes. However, numerical diffusion tends to dissipate the vortices, 

which leads to a reduction of vortex strength and an underestimation of the plume mixing around the wing-tip vortices. 

As wing-tip vortices carry the ice crystals downward, spreading them vertically, their role in the formation of persistent 

contrails is important. These simulations can be improved by using anisotropic mesh adaptation techniques [2] to better 

resolve regions of high flow gradients, such as the regions near the aircraft engine exhaust where contrails are formed and 

the regions of wing-tip vortices. By using mesh adaptation, the simulations can help accurately predict the formation and 

evolution of contrails, as well as their impact on the atmosphere and climate. Additionally, mesh adaptation can be used 

to reduce the computational cost of these simulations, which can enable the exploration of a wider range of flight 

conditions and aircraft designs.   

This work focuses on the aerodynamic simulation of the near-field for the Common Research Model [3] configuration 

representative of a B777 and for which engines were added [2]. In this paper, we present a comparison of three different 

mesh adaptation strategies based respectively on the three different sensors: the crossflow speed, the total energy of the 

mean field and the kinetic energy of the mean field plus the turbulent field. We evaluate the performance of these mesh 

adaptation strategies in terms of accuracy for the wing-tip vortex circulation and for the wing lift coefficient for which 

theoretical and experimental values are known. The CFD prediction of the temperature field inside the engine jet is also 

assessed. 
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