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Primer on Turbulence in Tokamaks I

• Strongly magnetized 

– Quasi 2D cells,  Low Rossby #

– Localized by  𝑘 ⋅ 𝐵 = 0 (resonance) - pinning

• 𝑉⊥ = +
𝑐

𝐵
𝐸 × Ƹ𝑧,

𝑉⊥

𝑙Ω𝑐𝑖
~ 𝑅0 ≪ 1

• 𝛻𝑇𝑒, 𝛻𝑇𝑖, 𝛻𝑛 driven

• Akin to thermal convection with: g  magnetic curvature

• Re ≈ 𝑉𝐿/𝜈 ill defined, not representative of dynamics

• Resembles wave turbulence, not high 𝑅𝑒 Navier-Stokes turbulence

• 𝐾 ∼ ෨𝑉𝜏𝑐/Δ ∼ 1 Kubo # ≈ 1

• Broad dynamic range, due electron and ion scales, i.e. 𝑎, 𝜌𝑖 , 𝜌𝑒
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Primer on Turbulence in Tokamaks II

• Characteristic scale ~ few 𝜌𝑖  “mixing 

length”

• Characteristic velocity 𝑣𝑑 ~ 𝜌∗𝑐𝑠

𝑎 • Transport scaling:  𝐷𝐺𝐵 ~ 𝜌 𝑉𝑑 ∼ 𝜌∗ 𝐷𝐵

𝐷𝐵 ∼ 𝜌 𝑐𝑠 ∼ 𝑇/𝐵

• i.e. Bigger is better!  sets profile scale via heat 

balance (Why ITER is huge…)

• Reality: 𝐷 ~ 𝜌∗
𝛼 𝐷𝐵 , 𝛼 < 1  ‘Gyro-Bohm 

breaking’

• 2 Scales, 𝜌∗ ≪ 1  key contrast to pipe flow

2 scales:

𝜌 ≡ gyro-radius

𝑎 ≡ cross-section

𝜌∗ ≡ 𝜌/𝑎  key ratio

𝜌∗ ≪ 1

𝑇
𝜌𝑖

Key:



THE Question ↔ Scale Selection

• Expectation (from pipe flow):

– 𝑙 ∼ 𝑎

– 𝐷 ∼ 𝐷𝐵

• Hope (mode scales)

– 𝑙 ∼ 𝜌𝑖

– 𝐷 ∼ 𝐷𝐺𝐵 ∼ 𝜌∗𝐷𝐵

• Reality:  𝐷 ∼ 𝜌∗
𝛼 𝐷𝐵 , 𝛼 < 1

Why?    What physics sets 𝛼?



Where Things Stand (IMHO)

• Core: 

– Nonlinear gyrokinetics successful

– Zonal flow couplings crucial

• Pedestal:

– Weaker Turbulence

– Strong ExB shear

• Between?

core

pedestal
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