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(Marsch & Tu 1989; Zhou & Matthaeus 1989)

o Main idea was that two counterpropagating
waves should generate turbulence

(Magyar, Van Doorsselaere, Goossens 2017, 2019)

o This generates turbulence by co-propagating
waves, which is termed as ‘Uniturbulence’

Van Doorsselaere et al. 
2020 (Space Science Reviews)



Van Doorsselaere et al. 2020 (Space Science Reviews)
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o Energy dissipation rate:      𝝐± = 𝒛± ∙ 𝜵𝒘±,     using ሷ𝐄𝐥𝐬𝐚𝐬𝐬𝐞𝐫 𝐯𝐚𝐫𝐢𝐚𝐛𝐥𝐞𝐬:    𝒛± = 𝒗 ± ൗ𝑩 𝝁 𝝆

o Incompressible MHD equations;        

• Background magnetic field along z axis
• no background flow

o Calculating the energy density average over the cross-section and over the period

o 𝐏𝐢𝐞𝐜𝐞−𝐰𝐢𝐬𝐞 𝐜𝐨𝐧𝐬𝐭𝐚𝐧𝐭 𝐝𝐞𝐧𝐬𝐢𝐭𝐲 ቊ
𝝆𝒍 , 𝐢𝐟 𝐱 ≤ 𝟎
𝝆𝒓 , 𝐢𝐟 𝐱 > 𝟎



o 3D ideal MHD simulations using the code MPI-AMRVAC

o BC at bottom of 𝐳 :      𝒗 𝒙, 𝒕 = 𝑽𝒄𝒐𝒔 𝝎 𝒕 𝒔𝒊𝒏 𝒌𝒚 𝒚 driver

o Density: varying discontinuously at 𝒙 = 𝟎:

𝝆𝒍 = 𝟎. 𝟓, 𝝆𝒓 = 𝟐. 𝟓

o Different cases considered for varying two parameters:

Density contrast (𝜻)          &          Velocity amplitude (V)





a)    𝜁 = 1.1, 2, 5, 10, 20 b)    𝑉 = 0.01, 0.03, 0.06, 0.12, 0.18



o Plasma inhomogeneity leads to uniturbulence

o constructed analytical model for uniturbulence evolution in surface Alfvén waves

o found expressions for damping time

o 𝝉 =
𝟑 𝟏𝟎
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o Analysed numerical models to check analytical expressions for damping

• Numerical proof of our theoretical model 

• As the numerical results match with the theory in a planar geometry, it approves that it will also be correct 
for the cylindrical case 

Cylindrical:    
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Van Doorsselaere et al. 2020, ApJ


