Stepped Pressure Equilibrium Code

co0laa
Calculates coordinate transformation, and metric elements and curvatures if required, using FFTs.
[called by: global, bn00Oaa, bb00aa, dforce, igh0aa, joOOaa, metrix, scO0aa.] [calls: ]
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1.1 coordinates

1. We work in coordinates, (s, 0, (), which are be defined inversely via a transformation to Cartesian coordinates, (x,y, 2).
2. The toroidal angle, ¢, is identical to the cylindrical angle, { = ¢.
3. The radial coordinate, s, is not a global variable: it only needs to be defined in each volume, and in each volume s € [—1,1].

4. The choice of poloidal angle, 6, does not affect the following.

1.2 geometry
1. The geometry of the “ideal”-interfaces, x,(6, (), is given by R(6,¢) and Z(0, () as follows:

e Igeometry=1: Cartesian
x = 0i+¢j+Rk (1)
e Igeometry=2: Cylindrical
x = Rcosi+Rsinfj+Ck (2)
e Igeometry=3 : Toroidal
x = Ri+Zk (3)
where T = cos¢§+sinq§j and ¢ = —sin¢i+cos¢j.

2. The geometry of the ideal interfaces is given as Fourier summation: e.g., for stellarator-symmetry
R,(6,¢) = Z R, cos (4)
J

Z,(0,¢) = ZZJV” sin o, (5)
J

where o; = m;0 — n;(.

1.3 interpolation between interfaces
1. The “coordinate” functions, R(s,0,() and Z(s,0,(), are constructed by radially interpolating the Fourier representations of the
ideal-interfaces.

2. The v-th volume is bounded by x,_; and x,,.

3. In each annular volume, the coordinates are constructed by linear interpolation:

R(s,0,¢) = Z { u ; s) Rjo_1+ (17;8) R; . } cos o,
’ iy s (6)
Z(s,0,() = Z [ ( 5 ) Zjv—1+ (1;— ) Zj,y} sin a5,
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1.3.1 coordinate singularity: regularized extrapolation
1. For cylindrical or toroidal geometry, in the innermost, “simple-torus” volume, the coordinates are constructed by an interpolation
that “encourages” the interpolated coordinate surfaces to not intersect.

2. Introduce 5 = (s + 1)/2, so that in each volume § € [0, 1], then

Rj(s) = Rjo+ (Rj1— Rjo)f;, (7)
Zi(s) = Zjo+(Zj1—Zjo)fj (8)

where, in toroidal geometry,

s , form; =0,
= 9
1 { §mi/2 | otherwise. ©)

3. Note: The location of the coordinate axis, i.e. the R;o and Zj, is set in the coordinate “packing” and “unpacking” routine,
packed.

1.4 Jacobian

1. The coordinate Jacobian (and some other metric information) is given by

e Igeometry=1: Cartesian
egxe. = —Rpi—R;j+k (10)
- egxe = OR (11)
Ji = R, (12)

e Igeometry=2 : Cylindrical

egxec = (Rpsinf+ Rcosf) i+ (Rsinf — Rycosf)j— RR: k (13)
£ -egxe = ORR (14)
Vg = RsR (15)

e Igeometry=3 : Toroidal
egxe = —RZyi+(ZgRe—RyZ:)p+ RRy?2 (16)
£-egxe. = R(0Z Rg—0R Zy) (17)
V9 = R(Zs Rg — Ry Zy) (18)

1.4.1 cylindrical metrics
1. The cylindrical metrics and Jacobian are

V9= RsR, gss=RsRs, gso =RsRg, gsc = RsR¢, goo = RoRg+ R?, goc = RoR¢, gcc = RcRe +1 (19)

1.5 logical control

1. The logical control is provided by Lcurvature as follows:

Lcurvature=0 : only the coordinate transformation is computed, i.e. only R and Z are calculated
e.g. global

Lcurvature=1 : the Jacobian, /g, and “lower” metrics, g,,,, are calculated
e.g. bn00Oaa, bb00aa, ig00aa, metrix, sc00aa

Lcurvature=2 : the “curvature” terms are calculated, by which I mean the second derivatives of the position vector; this
information is required for computing the current, j =V x V x A
e.g. jo0Oaa

Lcurvature=3 : the derivative of the g, ,/\/g w.r.t. the interface boundary geometry is calculated
e.g. metrix, ig00aa

Lcurvature=4 : the derivative of the g, , w.r.t. the interface boundary geometry is calculated
e.g. dforce
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