
HAL Id: hal-04614634
https://hal.science/hal-04614634

Submitted on 17 Jun 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Contrail aging simulation of a supersonic aircraft
Mathieu Muller, Etienne Terrenoire, Younes Bouhafid, Nicolas Bonne

To cite this version:
Mathieu Muller, Etienne Terrenoire, Younes Bouhafid, Nicolas Bonne. Contrail aging simulation of a
supersonic aircraft. EGU 2024, Apr 2024, Vienne, Austria. , 2024, �10.5194/egusphere-egu24-9776�.
�hal-04614634�

https://hal.science/hal-04614634
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vortex and Dissipation regime modeling 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jet regime modeling 

 
 

• Variable used to refine the mesh: 𝑉𝑉𝑡𝑡 = ∑ 𝑉𝑉𝑗𝑗 − 𝑉𝑉𝑗𝑗,𝑎𝑎𝑗𝑗
2 + max 𝐾𝐾 − 𝐾𝐾𝑎𝑎 ,𝐾𝐾𝑎𝑎  

• Mesh adaptation illustration[4] 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

• CEDRE/CHARME aerodynamic modeling  

• K-ω turbulent model (SST Menter) 
 
 
 

CFD RANS Modeling 

CAD of E19 Aeolus bizjet 
(Cranfield University) 

Streamlines behind the E19 bizjet 
colored by origin: orange for the 
engine exit and blue for wing  

 

• Tropical conditions in lower stratosphere:  𝑃𝑃𝑎𝑎 = 9750 Pa, 𝑇𝑇𝑎𝑎 = 196 K 
• Ice SuperSaturated Region (ISSR): 𝑅𝑅𝐻𝐻𝑖𝑖𝑖𝑖𝑖𝑖 = 100 %,𝑋𝑋𝐻𝐻2𝑂𝑂 = 8 ppmv  
 
 
 
 
 
 
 
 
 

Parametric study 

Mean values of difference between the partial pressure of water and 
the saturation pressure over ice versus physical time behind the aircraft 

Mean values of difference between the partial pressure of water and the 
saturation pressure over ice versus physical time behind the aircraft 

Emission soot parameters 

Mesh adaptation procedure (INRIA Tool) 

𝑉𝑉𝑑𝑑, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = −5.2 𝑚𝑚/𝑠𝑠 
𝑉𝑉𝑑𝑑, 𝑡𝑡𝑡𝑖𝑖𝑡𝑡   = −4.8 𝑚𝑚/𝑠𝑠 

𝑟𝑟𝑖𝑖 < 𝑐𝑐̅ ≈ 11 𝑚𝑚 

Γ𝑡𝑡𝑡𝑖𝑖𝑡𝑡 = 367 𝑚𝑚2/𝑠𝑠 

 

• CEDRE/CHARME aerodynamic modeling 
• Smagorinsky model 
• Microphysics model[3] 
• 120 s contrail aging simulated 
• Characteristic vortex descent time:  
             𝑡𝑡𝑑𝑑𝑖𝑖𝑑𝑑𝑖𝑖𝑖𝑖𝑑𝑑𝑡𝑡 = 𝐵𝐵0

𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
= 2.1 𝑠𝑠  

CFD LES Methodology[7] 
• LES initialization in 5 steps: 
1. Slice extraction from RANS simulation 
2. LES mesh creation 
3. Interpolation RANS => LES 
4. Adding fluctuations 
5. Adding atmospheric stratification 

Horizon 2020 
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SENECA project (“noiSe and EmissioNs of 
supErsoniC Aircraft”) aims at: 
• developing supersonic aircrafts; 
• investigating the impact of specifical 

supersonic engine technologies on 
the aircraft performance and noise; 

• quantifying a range of climate impacts 
of supersonic aviation. 

Context 

• Gas-phase chemistry[2]  
• Microphysics model[3] 

• 4 criteria to check the mesh quality: 

Circulation versus normalized 
distance behind the aircraft 

Position of the vortex center 
 versus time for the latest mesh 

Vortex radius versus normalized distance 
behind the aircraft for the latest mesh 

R3 criterion versus normalized distance 
behind the aircraft for the latest mesh 

Evolution of mesh through adaptation process 
(slices behind the aircraft) 

Case 𝑟𝑟𝑑𝑑 𝑛𝑛𝑚𝑚  𝜌𝜌 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄  𝑁𝑁𝑑𝑑 #/𝑚𝑚3  
Fahey et al. [5] 9 900 4.76 1014 

Pueschel et al. [6] 90 1600 2.68 1011 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

CFD LES Simulation 

Evolution of the mean ice water content inside the 
contrail for both cases 

Evolution of the ice mass inside the contrail for both cases 

Ice particle number distribution versus ice diameter bins for the cases with data from Fahey 
et al. (left) and from Pueschel et al. (right) 

Evolution of the contrail shape and the Q isoline with data from 
Fahey et al. versus time: 0 s, 3 s, 15 s, 30 s and 60 s 

𝑄𝑄 = 0.01 𝑠𝑠−2 

Evolution of the contrail shape and the Q isoline with data from 
Pueschel et al. versus time: 0 s, 3 s, 15 s, 30 s and 60 s 

Contrail relative volume distribution versus ice water content bins for the cases with data 
from Fahey et al. (left) and from Pueschel et al. (right) 

 
 

 

• Model and characterize the contrails 
due to supersonic aircraft during 
cruise 

• Provide data to climatologists to 
calculate their global impact 

 
 
 
 
 
 
 

Objectives 

Classification of aircraft wake evolution into four regimes [1] following a 
tracer exhaust emitted at t = 0 from the nozzle exit.  
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