With 𝑓 e sh, pred. 

Corrected potential drop prediction

▪

  Wall immersed inside simulation domain ▪ No boundary condition @ plasma-wall transition ▪ Decorrelate sheath physics from numerical BC Yann Munschy -No known closure leads to correct prediction of heat flux ▪ Comparison of kinetic simulation of plasma-wall interaction with fluid theory ▪ Trajectories of particles in plasma highlight kinetic sheath physics at play : o Acceleration of ions, reflection of slow electrons o Collisions ▪ Reduced fluid model fails to predict plasma behavior : o Sound speed critically depends on closure : Bohm's criterion is unoperational o Vanishing heat flux closure not relevant o Validity of other closures can be questioned : isothermal, zero collisional flux, high order moments… o Sheath heat transmission factor in good agreement with predictions (6% difference)ConclusionKinetic plasma-sheath self organization[Munschy et al. 2023] Kinetic plasma-wall interaction using immersed boundary conditions[Munschy et al. 2023] Yann Munschy -EFTC 2023 Sheath heat transmission factor: good agreement with predictions 9

▪

  coefficients : conducting wall Charge conservation from Boltzmann eq. 2. Adaptive coefficients : insulating wall → currents in wall 𝜕 𝑡 𝜌 + 𝜕 𝑥 𝑗 tot = -{𝜈 iw 𝑛 i -𝑛 w } -𝜈 ew 𝑛 e -𝑛 w 𝑗 e + 𝑗 i 𝜈 iw = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝜈 ew 𝑥, 𝑡 = 𝜈 iw 𝑛 i -𝑛 w 𝑛 e -𝑛 w Rhs. vanishing → no net current in wall • Robust physics : almost identical potential drop in the sheath in both cases : focus on the conducting case in the following Phase space characteristics for electrons in the whole plasma ▪ Particle source fraction injected in passing region : 1% for a typical value of sheath potential drop Without collisions trapped particles stay trapped while passing are absorbed in the wall ▪ Collisions : necessary transfer mechanism between trapped and passing, and necessary condition to reach steady state (the particle source must be compensated by the sink in the wall

(•▪

  Filled by collisions in 1D, Electric field as well in higher dimensions) Electron reemission : finite steepness of penalization mask & absorption of electrons in wall not perfect Linear relation 𝚫𝝓 𝒔𝒉 ∝ 𝑻 𝒆 𝒔𝒉 recovered • The faster the electrons, the greater the potential drop • At a point of the simulation / plasma boundary • Count the number of ions going out of the plasma • Absorb an equal number of the fastest electrons • Reflect the other electrons back the plasma → Equality of ion and electron fluxes at plasma boundary → Equality of fluxes defines the electron threshold velocity ➢ Conducting sheath • define electron threshold velocity is defined with the electric potential • Absorb all outcoming ions, and electrons faster than 𝑣 𝑐 • No direct constraint on electron and ion fluxes • Idea : the potential at plasma boundary reacts to the current Backward semi Lagrangian scheme for Boltzmann eq. ▪ Cubic spline interpolation on non equidistant mesh o Test bench for C++ version of GYSELA (5D gyrokinetic code)

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

2023 Using Stangeby's prediction of the sheath potential drop to explain parametric dependencies
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