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Self-consistent solution of the RTE with kinetics

𝑘 is ionization degree
𝑠 is quantum state
𝑥𝑘𝑠 𝑈𝜔 is populations
𝑤𝑘𝑠→𝑘′𝑠′ 𝑈𝜔 is total probability 
𝑗𝜔 𝑥𝑘𝑠 is emissivity
𝜅𝜔 𝑥𝑘𝑠 is opacity
𝐼𝜔 𝑗𝜔, 𝜅𝜔 is radiation intensity 
𝑈𝜔 𝐼𝜔 is radiation energy density 
𝐹𝜔 𝐼𝜔 is radiation energy flux
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න𝐼𝜔 𝑑Ω

𝑟 = 0, 𝑅 ∶ 𝑟𝑖−1 < 𝑟 < 𝑟𝑖 , 𝑖 = 1,𝑁

Δ𝑟 = 𝑟𝑖 − 𝑟𝑖−1

Radiation Transport Equation
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– electron temperature
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(𝑖)

– ion density

Collisional-Radiative Equilibrium



𝑠′

𝑥𝑘′𝑠′𝑤𝑘′𝑠′→𝑘𝑠 − 𝑥𝑘𝑠𝑤𝑘𝑠→𝑘′𝑠′ = 0

solved exactly for given piece-wise 

constant coefficients 𝑗𝜔
(𝑖)

and 𝜘𝜔
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𝛿𝑄 < 𝛿𝜀

Q = 4𝜋න𝑗𝜔𝑑𝜔

radiative losses
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Spectral radiation energy flux in limiting cases
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∀𝑖:
𝑗𝜔

(𝑖)

𝜅𝜔(𝑖) = 𝐵𝜔 𝑇𝑒
(𝑖)

, 𝐵𝜔(𝑇) =
15𝜎

𝜋5
𝜔3

𝑒 Τ𝜔 𝑇−1

cylinder

𝜏 = 𝜅∆𝑟 – optical depth
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Problem statement for program verification

optically thickoptically thin 𝜏 ≪ 1 𝜏 ≫ 1

𝑟 = 0, 𝑅 ∶ 𝑟𝑖−1 < 𝑟 < 𝑟𝑖 , 𝑖 = 1,𝑁

𝑁 = 5
𝜌 = 0.03 g/cm3𝜌 = 10−6 g/cm3

Δ𝑟 = 0.02 cm, 𝑅 = 0.1 cm Δ𝑟 = 0.2 cm, 𝑅 = 1 cm𝑹𝟎

𝒓

𝑇1 𝑇2 𝑇3 𝑇5𝑇4

𝑇1 = 100 eV

𝑇2 = 70 eV 

𝑇3 = 60 eV

𝑇5 = 30 eV

𝑇4 = 40 eV

optically thick

optically thin

𝑙𝜔 = 𝜅𝜔
−1

∀𝜔: 𝑅 < 𝑙𝜔 ∀𝜔: Δ𝑟 > 𝑙𝜔

Δ𝑟 = 𝑟𝑖 − 𝑟𝑖−1

30 eV

100 eV

𝑅 = 0.1 cm

Δ𝑟 = 0.2 cm

𝜌 = 0.03 g/cm3

𝜌 = 10−6 g/cm3

Si plasma

Transparent (Trad = 0)

LTE (Trad = Te)
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𝜏 ≫ 1

7

Calculation results of spectral radiation energy flux
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Theory – dashed black curve 
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Thank you for attention!
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