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1. Introduction

• Experimental evidence of shaping effects, and especially triangularity, on heat transport
coefficient [1, 2] were found on the TCV Tokamak.

• Extention of the gyrokinetic flux tube code GENE [3, 4] from s-alpha approximation to
general axisymmetric geometry using an interface with an ideal MHD equilibrium code,
CHEASE [5], in order to study the influence of shaping on micro-instabilities.

2. Gyrokinetic equation in general axisymmetric geometry, in the low β limit

Coordinates system

Field aligned coordinates (x, y, z), x = q0/(ρ0B0)Ψ, y = ρ0/q0(qχ − Φ), z = χ where Ψ is the
poloidal flux, φ is the toroidal angle, and χ is an angle defined in such a way that (Ψ, χ,Φ) is
a strait field line coordinate system. q0 is the safety factor at the considered flux surface, ρ0 is
a normalisation length which corespond to the radius of the flux surface in the circular case
and B0 is a reference magnetic field.

The equations

The distribution function f (x, y, z, v‖, µ) is split into an equilibrium part f0 and a perturbed part

f1.
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where Φ̄1 is the gyroaveraged electrostatic potential, αj = VTj/cs, σj = ZjTe/Tj.
The curvature terms are :

Kx = −2(gxxgyz − gyxgxz)
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where the gi,j = ∇ui ·∇uj are the metric coefficients. J is the Jacobian J−1 = (∇x×∇y) ·∇z.
The self-consistent electrostatic field is solved using the gyrokinetic Poisson equation :

(τ + 1− Γ0(b))Φ1 =
∑
j

πB ∈ J0(λ)gdv‖dµ

with b = 1/(τB2)∇2
⊥, λ2 = 2µ/B∇2

⊥ and ∇2
⊥ = gxx∂2/∂x2 + gyy∂2/∂y2 + gxy∂2/∂x∂y.

note : In the following, simulations are done with one kinetic ion species and adiabatic elec-
trons.

3. Geometry module

Interface with the equilibrium code CHEASE

The CHEASE code is solving the Grad-Shafranov equation, and provides equilibrium
quantities on a (Ψ, χ,Φ) grid which are used to compute the geometrical coefficients :
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with q′ = dq/dΨ.
The equilibrium is set by providing analytical shape of the last
flux surface, current and pressure profiles as input parmeters
as well as the value of q at a given position. Fig.1 Ψ and χ constant surface

Cyclone case benchmark

Using a circular, low pressure, equilibrium Fig.1, matching the cyclone local parameters at
ρ/a =

√
V/Vtot = 0.5, namely : q = 1.4 and ρ/qdq/dρ = 0.78, simulations are performed for

gradients values : R/LT = R(d log T/dρ)−1 = 6.9, R/LN = R(d logN/dρ)−1 = 2.2.
Growth rates and real frequencies are compared, Fig. 2, Fig. 3, with simulations using :

• s− α geometry ⇒ growth rate increased by almost a factor 2.
• ad-hoc concentric circular analytic equilibrium, which differs from the s−α model by keep-

ing all terms in ε = ρ/R⇒ agreement within 2%

• Flux tube code GS2, using the same equilibrium provided with CHEASE code (EQDSK
file) ⇒ agreement within 4%

Fig. 2 Growth rate comparisons Fig. 3 Real frequencies

The main differences between the general geometry and the s − α model seem to be due
to finite aspect ratio contributions neglected in the s − alpha model , this is illustrated by the
scan in ε, Fig. 4.

Fig. 4 Growth rate comaprison for different aspect ratio

4. Shaping effects, influence of triangularity

Parameter scan
When changing the geometrical parameters of the last flux surface, two choices are made
considering the other equilibrium quantities :

• case A : < ∇q >=< ∇Ψ > dq/dΨ , < ∇T >, < ∇N > are
kept constant, where < ∇Ψ > is the flux surface average
of ∇Ψ, referred to as < ∇A = cst >

• case B : dq/dψ, dT/dψ, dN/dψ are kept constant,
referred to as dA/dΨ = cst

These quantities are define with respect to there values in
the circular cyclone case. In addition q is kept constant for
all the following simulations.

Fig. 5 Plasma with positive
and negative triangularity

Linear results
• Fig. 6 : kyρs = 0.4 is the most unstable mode.
• Fig. 7 : The variation of the maximum growth rate is more pronounced when evolving the

triangularity at dA/dΨ = cst

Fig. 6 Growth rate for various triangularities Fig. 7 Triangularity scan, for kyρs = 0.4, κ = 1

Non-Linear simulations

• Similarly to linear results, low influence of triangularity for < ∇A >= cst cases.
• 20% decrease of the electrostatic heat flux, for dq/dpsi = cst case and δ = −0.8.

Fig. 8 Time traces of electrostatic heat flux Fig. 9 Electrostatic heat flux spectrum
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