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1. INTRODUCTION

The time-averaged diffusivities from over 320 non-
linear gyrokinetic simulations using the GYRO code
are presented. The database is comprised of various
parameter scans which were mostly performed around
the so-called GA Standard Case with the following
assumptions:

® 3 — o geometry

e radial annulus with non-periodic zero boundary

conditions
e collisionless
e clectrostatic
The parameters for the GA Standard Case (STD) are :
R/a=3.0 r/a=0.5 q=2
a/Ly = 1.0 a/Lr =30  T,/T.=10

vei(a/es) = 0.0  ~ve(a/es) =0.0 ~(a/cs) =0.0
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Two trapped electron mode cases are also included. Both
are minor variations of the STD case. The first is the
TEM1 case in which linear stability calculations show
one half of the modes in the spectrum are ITG and the
other half are TEM. The parameters for the TEM1 case

are :

R/a=3.0 r/a=0.5 q=2
5=1.0 3=0 a=0
a/Ly = 2.0 a/Lp =20  T;/T, =1.0

veia/cs) =00  yg(a/cs) =0.0 ~vp(a/cs) =0.0

The second TEM case, TEMZ2, has all modes in the spec-
trum in the electron direction. The parameters for the
TEM2 case are :

R/a=3.0 r/a =05 qg=2
5=1.0 3=0 a=0
a/L, = 3.0 a/Ly =10  T,/T. = 1.0

vei(a/cs) =0.0  vg(a/cs) =0.0 ~p(a/cs) =0.0

In addition to the STD case, we also have several scans
around the so-called Cyclone Base Case (CYC) case. The
parameters for the CYC case are :

R/a =278 r/a=0.5 qg=1.4
5=0.79 5=0 a=0
a/Ln = 0.8 a/Ly =248  T,/T, = 1.0

vei(a/cs) =00  yg(a/cs) =0.0 ~vp(a/cs) =0.0

Here, 75 = (r/q)0(quexp/r)/0r is the E x B shear rate
and 7, = (Jv/0r) is the parallel velocity shear rate.
For the mass ratio, we assumed p = 60. The ion and
electron temperature gradients are taken to be equal

CL/LTe = a/LTi.

The GYRO simulations include 16 complex toroidal
Fourier modes (n, = 16) with 0 < kgps < 0.75 where
ko = ng/r. We use a 128 point velocity space discretiza-
tion (8 pitch angles, 8 energies, and 2 signs of velocity).
A box size of [Ly/ps, Ly/ps] = [107,126] was used for
the adiabatic electron simulations with n, = 120 radial
grid points (to yield Ar/ps = 0.89). Unless otherwise
noted, the kinetic electron simulations used a box of
[Ls/ps,Ly/ps| = [126,126] with n, = 170 radial grid
points and \/m;/m. = 60. Typically, the simulations
are run over the interval 0 < t(cs/a) < 700 with the
time averaging usually taken for ¢(cs/a) > 200.

The following tables and accompanying figures sum-
marize the time-averaged diffusivities for scans in g,
<§7 a/LTv a/Lna R/(Z, T/av CZji/T’ea Vei, ﬂa K, 53 and YE-
The results for the STD, TEM1, and TEM2 cases are
given along with several scans around the Cyclone
(CYC) case. The diffusivities are given in units of the
gyro-Bohm diffusivity xap = csp?/a where ps, = cs/we;
is the gyroradius and w¢; = eB/(m;c) is the ion cyclotron
frequency. Note: the error bars in the figures are a
measure of the intermittency and not a measure of the
error in the result.

We have also included hyperlinks for various summary
plots in the data tables. The summary plots include time
traces of the diffusivities, radial diffusivity profiles, and
spectral plots as well as the GYRO input parameters.
For the adiabatic electron cases, clicking on the blue
colored time-averaged diffusivities in the tables will open
the summary plot pdf file for that particular case. For
the kinetic electron cases, the summary plots can be
viewed by clicking on the blue colored ”Plots” label in
the right column of the data tables.

We thank Dr. M. Fahey of Oak Ridge National Labo-
ratory (ORNL) for technical support. The simulations
were made possible through generous allotments of com-
puter time on the IBM SP Power4 (Cheetah) at ORNL
and Seaborg at NERSC. We also thank the DIII-D and
DOE/OFES program management for funding the 116
processor 64-bit Opteron cluster (DROP) which was
also heavily used in this study.

This work was supported by the U.S. Department of
Energy under Grant Nos. DE-FG03-95ER54309 and
DE-FG03-92ER54141.

Revisions:
7/14/06 Additions

e STD case with a/Lr = 1.6 (plot not updated)
e STD case with a/L,, = 1.75 (plot not updated)

e STD case with a/Lt; =2 and a/Ly. = 3;
a/Lti =3 and a/ Ly, =2
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2. SAFETY FACTOR SCANS

q Xi Xe D
J. E. Kinsey, R. E. Waltz, and J. Candy, ” The Effect of §=-05
Safety Factor and Magnetic Shear on Turbulent Trans- 1.1 3.05 197 0.84 Plots
port in Nonlinear Gyrokinetic Simulations,” submitted 1.5 3.84 246 1.00 Plots
to Phys. Plasmas. 2.0 436 280 1.14 Plots

2.5 5.62  3.61 1.55 Plots

3.0 6.38 4.11 1.82 Plots
2.1. STD Case Safety Factor Scan With Adiabatic 4.0 8921 5.19 2.38 Plots

Electrons

Time-averaged ion energy diffusivity ¥,/xap versus ¢ 1; Z?&S 8;% :(1)% g}g:i

for the STD case with § = —0.5, 1.0, and 2.0 assuming 2.0 654 112 -148 Plots
adiabatic electrons. 25 995 1.78 -1.76 Plots

3.0 11.09 2.07 -1.66 Plots
4.0 14.20 2.78 -1.49 Plots

) ’ 23-STD(‘:ase —o—X; —— X, -®-D
L5 1.81 2.77 0.70 Kinetic Electrons ' €
2.0 239 3.54 1.81 24} 8210 @) 1
3.0 2.91 5.13 3.17
4.0 330 6.07 3.48 20 1
& 16} ]
=
8 N — = 12f 1
] sk ]
] ¢ '"’*’/‘/‘._/4//‘-
@ 3 D -ememmmmmm e .
(5] Ly----g - - - - ———-— L]
5 J _4 1 1 1 1 1 1
?.<_ 12 LN AL B AL L L B AL L B AL L LR AL B AL | ]
] §=05 (b) |
1 10 E
[ —o— §=1.0 4
! —m— §=-05 8| :
0 , , , , : : .
10 15 20 25 3.0 35 40 45 >§5
q =
2.2. STD Case Safety Factor Scans With Kinetic
Electrons

Time-averaged diffusivities X/xgp versus ¢ for the
STD case with kinetic electrons and § = —0.5, 1.0, and
1.5at a=0.

1.1 5.80 1.52 -1.48 Plots
1.25 6.51  1.79 -1.59 Plots
1.5 7.61 2.16 -1.70 Plots
2.0 10.98 3.01 -1.97 Plots
2.5 12,55 3.58 -1.79 Plots
3.0 1549 4.24 -1.88 Plots
3.5 15.63 4.67 -1.39 Plots
4.0 1822 521 -1.48 Plots



std.adia.np.q1.1.s-0.5-sum.pdf
std.adia.np.q1.1.2-sum.pdf
std.adia.np.q1.25.s-0.5-sum.pdf
std.adia.np.q1.25.1-sum.pdf
std.adia.np.q1.5.s-0.5-sum.pdf
std.adia.np.q1.5.1-sum.pdf
std.adia.np.q1.5.s2.0-sum.pdf
std.adia.np.q2.s-0.5-sum.pdf
std.adia.np.1-sum.pdf
std.adia.np.q2.s2.0-sum.pdf
std.adia.np.q3.s-0.5-sum.pdf
std.adia.np.q3.0.2-sum.pdf
std.adia.np.q3.s2.0-sum.pdf
std.adia.np.q4.s-0.5-sum.pdf
std.adia.np.q4.0.2-sum.pdf
std.adia.np.q4.s2.0-sum.pdf
std.elec.np.q1.1.2-sum.pdf
std.elec.np.q1.25.3-sum.pdf
std.elec.np.q1.5.5-sum.pdf
std.elec.np.q2.0.1-sum.pdf
std.elec.np.q2.5.4-sum.pdf
std.elec.np.q3.0.4-sum.pdf
std.elec.np.q3.5.2-sum.pdf
std.elec.np.q4.0.2-sum.pdf
std.elec.np.q1.1.s-0.5.1-sum.pdf
std.elec.np.q1.5.s-0.5.1-sum.pdf
std.elec.np.q2.s-0.5.4-sum.pdf
std.elec.np.q2.5.s-0.5.1-sum.pdf
std.elec.np.q3.0.s-0.5.1-sum.pdf
std.elec.np.q4.0.s-0.5.1-sum.pdf
std.elec.np.q1.1.s1.5.1-sum.pdf
std.elec.np.q1.5.s1.5.1-sum.pdf
std.elec.np.q2.s1.5.3-sum.pdf
std.elec.np.q2.5.s1.5.1-sum.pdf
std.elec.np.q3.0.s1.5.1-sum.pdf
std.elec.np.q4.0.s1.5.1-sum.pdf
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2.3. TEMI1 and TEM2 Safety Factor Scans With

Time-averaged diffusivities X/xgp versus ¢ for the
TEM]1 and TEM2 cases with kinetic electrons and § = 1.0

at a = 0.

Kinetic Electrons

a Xi X D

TEM1

1.10 8.48 8.89 3.18
1.25  9.29 9.71 3.46 Plots
2.0 12.76 1299 4.63 Plots
2.5 15.35 1547 5.95
3.0 16.70 16.70 6.03 Plots
4.0 2257 22.01 8.08

TEM?2

1.10 17.16  19.53 4.04
1.5 2145 24.83 4.94
2.0 24.20 28.07 5.51 Plots
2.5 30.08 35.02 6.80
3.0 38.77 45.35 8.73
4.0 4954 5773 11.20

TEM1 Case
Kinetic Electrons

—o—Xi—o— Xe—l-D

5 §=1.0

5_&&————4}——4}_,_1},,,

0 1 1 1 1 1

70 F TEM2 Case
Kinetic Electrons

60 F §=1.0



tem1.elec.np.q1.25-sum.pdf
tem1.elec.np.1-sum.pdf
tem1.elec.np.q3.0-sum.pdf
tem2.elec.np.1-sum.pdf
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3. MAGNETIC SHEAR SCANS 3.2. STD Case Magnetic Shear Scans With Kinetic
Electrons
J. E. Kinsey, R. E. Waltz, and J. Candy, ” The Effect of
Safety Factor and Magnetic Shear on Turbulent Trans- Time-averaged diffusivities X/xgp versus § for the
port in Nonlinear Gyrokinetic Simulations,” submitted  STD case with ¢ = 2 for a = 0,1,2 including kinetic
to Phys. Plasmas. electrons.
§ X X D

3.1. STD Case Magnetic Shear Scan With
Adiabatic Electrons

-1.5 072 046 0.24 Plots
-1.0 195 124 0.54 Plots

Time-averaged ion energy diffusivity ,;/xcp versus § 05 436 280 1.14 Plots
for the STD case with ¢ = 2 — 4 and a = 0, adiabatic 0.2 6.04 3.72 1.17 Plots
electrons. T he two gray circles in the figure denote the 0.2 834 461 0.70 Plots
results with o« = 1 0.5 12.36 5.60 -0.17 Plots

1.0 1098 3.01 -1.97 Plots
1.5 6.73 1.15 -1.51 Plots
2.0 2.03 024 -0.46 Plots

S q=2 q=3 q=41

1.0 174 230 265 a=1
0.5 2.51 291 3.30 -0.5 1.08 0.68 0.34 Plots
0.1 3.03 3.32 3.65 -0.2 1.82 1.18 0.53 Plots
0.5 3.90 4.44 4.92 0.2 420 2.81 1.12 Plots
1.0 3.54 4.42 5.53 0.5 8.56 5.48 1.88 Plots
1.5 2.80 3.78 4.67 1.0 12.78 6.68 0.68 Plots
2.0 1.81 3.17 3.48 1.5 11.12 3.80 -1.53 Plots
2.0 824 1.73 -1.71 Plots

a=2

0.5 1.82 1.26 0.64 Plots

-SITD Casle S pivi = 1.0 7.35 5.08  2.04 Plots
7 Rdiabatic Electrons ——q=3 L5 12,67 727  1.50 Plots
=0 : e 20 11.89 4.64 -1.08 Plots
6 : 25 964 238 -1.80 Plots
g 4F : 7] 16 T T T T T T
= STD Case : —o=X;
T 3F ] ] Kinetic Electrons | ——
: 12} =2, =0 . ¢
2f ! 1 | +D|
: o \ @
1 0 a
i : - < of : :
0 1 1 ; 1 1 1 1 E"' :
= |

(X.D1/ Xgp

-3 1 1 1
15 1.0 05 00 05 1.0 15 20
A
S


std.elec.np.q2.s-1.5.2-sum.pdf
std.elec.np.q2.s-1.0.3-sum.pdf
std.elec.np.q2.s-0.5.4-sum.pdf
std.elec.np.q2.s-0.2.2-sum.pdf
std.elec.np.q2.s0.2.3-sum.pdf
std.elec.np.q2.s0.5.4-sum.pdf
std.elec.np.q2.s0.5.4-sum.pdf
std.elec.np.q2.s1.5.3-sum.pdf
std.elec.np.q2.s2.0.3-sum.pdf
std.elec.np.q2.s-0.5.a1-sum.pdf
std.elec.np.q2.s-0.2.a1-sum.pdf
std.elec.np.q2.s0.2.a1-sum.pdf
std.elec.np.q2.s0.5.a1-sum.pdf
std.elec.np.q2.0.a1-sum.pdf
std.elec.np.q2.s1.5.a1-sum.pdf
std.elec.np.q2.s2.0.a1-sum.pdf
std.elec.np.q2.s0.5.a2-sum.pdf
std.elec.np.q2.0.a2-sum.pdf
std.elec.np.q2.s1.5.a2-sum.pdf
std.elec.np.q2.s2.0.a2-sum.pdf
std.elec.np.q2.s2.5.a2-sum.pdf
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3.3. STD Case Magnetic Shear Scan With ¢ = 1.25, T
Kinetic Electrons STD Case —=X;
15 I Kinetic Electrons X
= e
a/lL_=0.5
n —=-D

Time-averaged diffusivities X/xgp versus § for the
STD case with ¢ = 1.25, @ = 0, and kinetic electrons.

3 Xi Xe D
-1.0 0.93 0.55 0.25 Plots
-0.5 3.20 2.06 0.85 Plots
-0.2 4.08 2.44 0.71 Plots
0.2 529 281 0.25 Plots
0.5 741 349 -0.25 Plots
1.0 6.51 1.79 -1.59 Plots
1.5 3.76 0.51 -1.02 Plots

10 Trrrrrrrrrrrrrrrrrrrrr e
STD Case —=X;
[ Kinetic Electrons ——
q=1.25, 0=0 e
6_

601/ g

3.5. TEM1 and TEM2 Magnetic Shear Scans With
Kinetic Electrons

Time-averaged diffusivities X/xgp versus § for the
TEM1 and TEM2 cases with ¢ = 2 and o = 0 including

3.4. STD Case Magnetic Shear Scans With kinetic electrons

Different Density Gradients, Kinetic Electrons

Time-averaged diffusivities X/xgp versus § for the

STD case with kinetic electrons and a/L, = 0.5 and
1.5. TEM1

-1.0 0.86 0.90 0.34
-0.5  3.59 3.89 1.45
-0.2  6.25 6.71 2.44

s Xe Xe D 0.2 909 966 345
a/Ln =0.5 0.5 1391 14.60  5.20
1.0 2.03 1.05 0.20 1.0 1276 1299  4.63 Plots
-0.5 439 231 0.38 1.5 6.26 6.39 2.26
05  11.62 3.33 -520 20 245 265 095
1.0 10.27  1.80 -5.89 TEM?2
15 520 0.62 -3.08
2.0 2.37 017 -1.22 -0 273 381 0.70
a/n =15 05 692 956  1.74
n -0.2 10.90 13.88  2.59
-1.0 1.72 035  0.62 02 1679 20.58  3.83
-0.5 453 354 154 0.5 23.58 2835  5.29
0.5 1252 891 281 1.0 24.20 28.07  5.51
1.0 1026 5.61 057 1.5 23.88 25.68  5.49
15 6.52 2.04 -0.58 2.0 1822 1801  4.31

2.0 1.99 045 -0.24



std.elec.np.q1.25.s-1.0.1-sum.pdf
std.elec.np.q1.25.s-0.5.1-sum.pdf
std.elec.np.q1.25.s-0.2.1-sum.pdf
std.elec.np.q1.25.s0.2.1-sum.pdf
std.elec.np.q1.25.s0.5.1-sum.pdf
std.elec.np.q1.25.3-sum.pdf
std.elec.np.q1.25.s1.5.1-sum.pdf
tem1.elec.np.1-sum.pdf
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4. TEMPERATURE AND DENSITY 30 F . ' oy —e —m -
STD Case % Xe D
GRADIENT SCANS Kinetic Electrons
20 | @05 ]
Reference: -
STD case: J. E. Kinsey, APS 2005, Denver, CO. =2 10
CYC case: J. Candy, personal communication. %
=
0 -
4.1. STD Case Temperature Gradient Scans With
Kinetic Electrons 10
Time-averaged diffusivities Y/xap versus a/Lr for the 25F
STD case with a/L,, = 0.5,1.0, 1.5 including kinetic elec-
trons. 20F 7
a/Lr Xi X D
a/L, =05
1.5 0.61 0.04 -0.01
2.0 450 040 -1.49
2.5 6.67 094 -3.34

3.0 10.27 1.80 -5.89
3.5 13.28  2.65 -8.33
4.0 14.67 3.40 -9.99
5.0 18.60 4.82 -14.5

a/L, =1.0
1.5 1.63 0.21 -0.08 o
1.6 237 033 -0.18 LBr ]
2.0 526 1.00 -0.71 %
2.5 9.19 216 -1.50 =~ 10| 1
3.0 10.98 3.01 -1.97 =
35 1226 3.80 -2.36 st ]
4.0 14.21 454 -2.94
4.5 16.44 535 -3.55 ."‘\n“'
5.0 16.656 5.73 -3.81 O o e Y]
6.0 2070  7.36 -4.20 15 20 25 30 35 40 45 50
a/L, =15 all;
1.5 6.79  6.80 2.43
2.0 7.13  5.96 1.56
2.5 9.26 558  0.58 Time-averaged diffusivities Y/xap versus a/Lr for the

3.0 10.26  5.61 0.57
3.5 11.45 5.89 0.44
4.0 13.31 6.43 0.16
5.0 16.52 7.59 -0.08

STD case with ¢ = 1.25 including kinetic electrons.

a/Ltr  X: Xe D
1.75 0.96 0.12 -0.08
2.0 278 0.42 -0.45
2.5 5.07 1.07 -1.10
3.0 6.51 1.79 -1.59
4.0 9.82 3.33 -2.53
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4.2. STD Case Density Gradient Scan With 4.4. CYC Case Temperature Gradient Scan With
Kinetic Electrons Kinetic Electrons

Time-averaged diffusivities X/xagp versus a/L,, for the Time-averaged diffusivities Y/xap versus a/L, for

STD case including kinetic electrons. the CYC case including kinetic electrons. Here,

[La/ps, Ly/ps] = [96,96] was used with periodic bound-
ary conditions.

a/Ln,  Xi Xe D
0.50 10.27  1.80 -5.89 R/ILt v ¥ D
1.00 10.98  3.01 -1.97 :
150 10.26 561  0.57 45 1.00 0.11 -0.08
175 1143 825  1.23 50 3.00 034 -0.48
2.00 13.25 11.43  3.93 55 4.09 060 -0.87
6.0 4.86 0.87 -1.22
6.5 6.56 130 -1.76
6.9 7.32 160 -2.00
20 | STD Case —o—X;—*X.—= D[]
Kinetic Electrons ]
alL =3.0 ]
 aly ]
15 ] 12 T T
CYC Case =X, —* X, -=-D
g 10 10 | Kinetic Electrons
x
g )] '
= XE% 6F .
[¢]
0 = 4} ]
aQ o
-5 = 2
0.4 0.8 1.2 16 2.0 0
all, 2
_4 1 1 1 1 1
45 50 55 60 65 70
RIL;

4.3. STD Case With Different Temperature
Gradients

Time-averaged diffusivities Y/xap for the STD case
with different temperature gradients including kinetic
electrons.

a/LTi a/LTe Xi Xe D

2.0 3.0 203 2.08  0.05
3.0 2.0 11.71 294 -0.11
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5. ASPECT RATIO AND MINOR RADIUS 5.2. STD Case Minor Radius Scan With Kinetic
SCANS Electrons
Reference: Time-averaged diffusivities X/xcp versus r/a for the
J. E. Kinsey, APS 2005, Denver, CO. STD case including kinetic electrons.

5.1. STD Case Aspect Ratio Scan With Kinetic — — —
Electrons r/a  Xi Xe D
0.10 593 1.11 -0.30

. . e 0.25 7.79 1.64 -0.89
Time-averaged diffusivities Y/xgp versus R/a for the 050 1098 3.01 -1.97

STD case including kinetic electrons. 0.75 14.54 534 -3.11
1.00 19.87 9.36 -4.39

R/a  xi Xe D

1.5 293 028 -0.38 28 . - - —o—lx +X =D
1.6 7.12 059 -1.74 TD Case i L
%[
175 10.18 1.01 -3.01 Kinetic Electrons
2.0 10.72 1.47 -3.46 20F
25 11.17 2.45 -2.96 o
3.0 10.98 3.01 -1.97 Ry 16
35 9.64 3.10 -1.05 S 1t
40 838 3.04 -0.42 =)
50 6.99 2.81 0.14 X 8
4F
0 -
20 T
STD Case —o=Xi—* X ®-D A4
Kinetic Electrons 0.0

15} ]

[X,D]/ g

10
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6. STD CASE ION TO ELECTRON 7. STD CASE COLLISIONALITY SCAN
TEMPERATURE RATIO SCAN
Reference:
Reference: J. E. Kinsey, APS 2005, Denver, CO.
J. E. Kinsey, APS 2005, Denver, CO. Time-averaged diffusivities Y/xap versus ve; for the

Time-averaged diffusivities X /xqp versus T; /T, for the ~ STD case including kinetic electrons.
STD case including kinetic electrons.

T;/Te  Xi Xe D

0.0 1098 3.01 -1.97

0.5 868 283 -1.65 0.02 10.14 2.97 0.23
1.0 1098 3.01 -1.97 0.05 9.94 3.02 0.93
1.5 10.59 3.06 -1.44 0.10 8.70 2.78 1.07
2.0 831 248 -0.75 0.20 7.70 2.61 1.21

0.30 7.13 241 1.13
0.40 6.50  2.20 0.99
0.50 6.25 2.10 0.93

STD Case

[ —o—Y.—o— X —-=-D
15 [ Kinetic Electrons ! e
66—
] STD Case ——%
10 b Kinetic Electrons ]
4 +X 4
o 12+ H
(G} - 4
=
= sf ]
Q b o i
2| $ — ]
1 ]
o —-m
- - L
-4 1 1 1 1 1 I I ]
04 06 08 10 12 14 16 18 20
Ti/Te

0.0 0.10 0.20 0.30 0.40 0.50
Vei / (csla)
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8. BETA SCANS

Reference:

J. Candy, Phys. Plasmas 12, 072307 (2005).

For these simulations, a box size of [L;/ps,Ly/ps] =
[127,126] was used with periodic boundary conditions.

XX

8.1. STD Case Beta Scan With Kinetic Electrons

Results for high-resolution GA Standard Case 3. scan. . X
All diffusivities are normalized to xgp = p2(cs/a). Data 0.0 0.1 0.2 0.3
is averaged over the interval 400 < ¢ < 1000. The MHD (@) B
critical B, for this case is ¢ crit = 0.6%. e

b M DB pE
0.00 12.04 0.0 3.44 0.0 -2.06 0.0
0.05 13.31 -0.07 3.91 0.05 -1.93 -0.07
0.10 13.67 -0.15 4.84 0.43 -1.25 -0.15
0.15 13.15 -0.22  5.70 1.06 -043 -0.23
0.20 15,59 -0.35 9.01 2.55 1.54 -0.37
0.25 14.64 -0.43 10.16 3.62 2.17  -0.46

De/%cs

. A 2 .
©) 0.0 0 5 0 0.3

12
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8 BETA SCANS

8.2.

CYC Case Beta Scan With Kinetic Electrons

Results for high-resolution Cyclone Base Case [3.-scan.
All diffusivities are normalized to xgp = p2(cs/a). Data
is averaged over the interval 400 < ¢ < 1000. The MHD

critical B, for this case is B¢ crit = 1.5%.

Be (%) x®  x™  x&  x&M D DM
0.1 786 -004 174 -0.01 -1.90 -0.05
02 750 -008 1.8 006 -1.50 -0.09
03 654 -011 179 018 -0.93 -0.12
04 687 -016 209 043 -0.48 -0.18
05 633 -018 223 071 011 -0.20
0.6 551 -018 216 096 041 -0.22
0.7 552 -020 249 147 099 -0.24
0.8 671 -025 340 264 195 -0.31

13
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9 SCANS IN ELONGATION AND TRIANGULARITY

9. SCANS IN ELONGATION AND
TRIANGULARITY

Reference:
J. E. Kinsey, APS 2005, Denver, CO.

Here we summarize the results of nonlinear scans in
elongation and triangularity using the Miller equilibrium
model. We note that the diffusivities from GYRO cor-
respond to what has been called Ypatural Which is nor-
malized to the gyro-Bohm diffusivity, xgp = csp?. We
note that there is no well accepted standard definition of
the flux surface average x for real geometry. One popu-
lar convention for the diffusivities is the so-called ITER
x1TER Which assumes a transport equation prescribed by
the ITER Expert Group,

3d(nT)
2 dt

1 d

V'dr

V' {|Vr*) x1rER (n((iif)] =Se (1)

which is independent of the flux surface label such that r
could be replaced, for example, by the toroidal ¢ flux or
the poloidal flux ¥. Often, the normalized toroidal flux
label p is used which is give as p = [<I>/(7rBT)]1/2 = /kr.
In any case, we have XITER — Xnatural/<|vr|2>- For
real geometry, the Larmor radius in the gyro-Bohm
diffusivity is defined in terms of an effective field
ps = Cs/(€Bunit/cM; where Bynie = Bol(p/r)(dp/dr).
For concentric ellipses and using the midplane mi-
nor radius taken as the flux surface label, we have
(Vr2) = (1 + k3)/(22) and (p/r)(dp/dr) = .
So, at fixed r and By, we have xirgr scaling like
[2/(1 + HQ)] Xnatural-

Note: The best fits to the GYRO k-scans are offset linear.

9.1. STD Case Elongation Scan With Adiabatic

Electrons

Time-averaged diffusivity X;/xgp versus & for the STD
case while varying s, = (r/k)0, ~ (k — 1)/k with 6 =0,
adiabatic electrons.

K Xi Kk Xi
1.00 4.37 1.75 2.81
1.25 4.03 2.00 1.98
1.50 3.57

14

s —r—r——— LI B B B B B T
STD Case
7 | Adiabatic Electrons 7
K'=(k-1)/x, o=
6 L -
5 - -
m
o
< 4t ]
=Lt ]
2 - -
1 - -
0 1 1 1
1.0 15 2.0
K
9.2. STD Case Elongation Scan With Kinetic

Electrons

Time-averaged diffusivities X/xgp versus s for the
STD case with ¢ = 1.5,2.0 while varying s, = (k — 1)/k
with § = 0, including kinetic electrons.

K Xi Xe D
q=15
1.0 10.16 4.31 -0.92
1.5 8.21 2.70 -1.76
2.0 4.47 090 -1.48
q=20
1.0 12.82 5.30 -0.81
1.25 1046 4.14 -1.18
1.5 9.91 3.59 -1.42
1.75 8.23 2.66 -1.70
2.0 6.41 1.74 -1.73
2.25  4.91 1.04 -1.50
2.5 3.19  0.57 -0.95
20 T T
STD Case —=%
Kinetic Electrons
5L g=1.5, K'=(ic-1)fxc, 5=0 ——X,
o —-=D
5}
T 10t ]
a
=
°f \ -
0 .............................................. -
e —u
1.0 1.5 2.0
K
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SCANS IN ELONGATION AND TRIANGULARITY

20 T T

STD Case =X
Kinetic Electrons
15 g=2.0, k'=(x-1)/x, 6=0 +Xe
=D
&
Sf ]
=)
= 5t :
o ---------------------------------------------- -~
e, "
1.0 1.5 2.0 25
K

Time-averaged diffusivities X/xap versus x for the
STD case with ¢ = 3.0,4.0 while varying s, = (k — 1)/k
with § = 0, including kinetic electrons.

K Xi Xe E
qg=3.0
1.0 16.21 6.70 -0.33

1.5 13.16 5.08 -0.97
2.0 9.61 3.05 -1.60

q=4.0

1.0 21.04 845 0.04
1.5 16.67 6.46 -0.52
2.0 13.10 4.55 -1.22

STD Case —=%
30 | Kinetic Electrons
q=3.0, x'=(x-1)/x, 6=0 ——X,
25
=D
m 20 | E
o
=
= 15 7
o
= 10F E
5F *\%\‘ 1
0 -

STD Case —=%
30 | Kinetic Electrons
q=4.0, «'=(x-1)/x, 6=0 ——X%,
25
—a—D
m 20 F E
o
=
= 15¢ B
a
= 10F E
e
(4 ‘T“ """""" =T- """" \"
1.0 1.5 2.0
K

9.3. STD Case Elongation Scans With Different
Magnetic Shear Values, Kinetic Electrons

Time-averaged diffusivities X/xap versus x for the

STD case while varying s, = (k — 1)/k with § =
0.5,1.5,2.0, § = 0, kinetic electrons.

10.00 5.21 0.40

0
.0 1226 6.99 1.52
5

0 6.17 2.70 -0.60

1.0 1052 278 -1.91
1.5 7.86 1.89 -1.82
2.0 3.74 0.75 -1.18

1.0 528 1.01 -1.19
1.5 391 0.85 -1.22
2.0 2.16 0.36 -0.64

2V T T
STD Case —=X
Kinetic Electrons
s=0.5, k'=(1c-1)/x, =0 ——Xe
15r =D
m
5}
10t 1
(=)
=
5 L -
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20 L I R R R R B L R T+ 24....,....,....,..
STD Case —=X; STD Case —o—X %, =D
Kinetic Electrons 20 Kinetic Ellectrons I
5L S=1.5, K=(K'1 )/K, 0=0 +Xe K:LO, S =8/(1 _82)0-5
=D
S
=< 10 1
a
=
=gl 1
P/‘l—/]
1 1 1 _4 1 1 1 1 1 1 1
1.0 1.5 2.0 00 01 02 03 04 05 06 0.7 08
K )
" T et 16—I I I —o—X. ——X_, =D
STD Case ——Ys STD Case ‘ i e I
t Kinetic Electrons : Kinetic Ellectrong 05
8 5:2,0, K':(K-1)/K, d=0 —O—Xe 12 K=1.5, 6:6/(1'6 ) i
L —=—pD
o B
S
=
= 4r ]
a
2 o} ]
'\.\.
0 ---------------------------------------------- -
l/—l//.
2F B
1.0 15 2.0
K

9.4. STD Case Triangularity Scans With Kinetic
Electrons

Time-averaged diffusivities X/xgp versus 0 for the

STD case while varying ss = r/(1—02)0, =~
d/v/1— 6% with k = 1.0, 1.5, and 2.0 including kinetic
electrons.
§ Xi X D
k=1.0

0.0 1282 530 -0.81
0.25 1292 5.67 -0.31
0.50 12.73 5.64 -0.07
0.75 1177 4.77 -0.51

k=15

0.0 9.91 3.59 -1.42

0.25 10.38 4.79 -0.31

0.50 10.91 6.09 1.09
k=20

0.0 6.41 1.74 -1.73
0.50 6.24 3.62 0.52
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10. DILUTION SCANS

Reference:

C. Estrada-Mila, J. Candy, and R. E. Waltz, ” Gyroki-
netic Simulations of Ion and Impurity Transport,” Phys.
Plasmas 12, 022305 (2005).

For these simulations, periodic boundary conditions were

used with a box size of [L,/ps, Ly/ps] = [128,128] and
Ar/ps =0.91.
10.1. STD Case Density Gradient Scan With 10%

Helium Dilution, Adiabatic Electrons

Time-averaged energy diffusivities %/xgp versus
Lye/a for the STD case with fy, = 0.1 with adiabatic
electrons.

Dp

-0.94
-0.30 2.71
-0.01 0.19
0.084 -2.46

DHe
3.80

XHe

9.32
7.18
5.98
5.30

XD
3.22
3.68
3.87
3.82

LHe/a
0.5

2.0
3.0

STD Case
[ Adiabatic Electrons D H
fHe=0.1

e
N

10|

[%.D1/ Xgp

17

STD Case Dilution Scans With Kinetic
Electrons

10.2.

Time-averaged energy and particle diffusivities X/xaB
versus fpe for the STD case with a/Ly, = 1.0, —1.0 in-
cluding kinetic electrons.

fHe XD XHe Xe
a/Lu. = 1.0
0.05 11.49 20.30 3.36
0.10 11.04 20.05 3.36
0.20 10.49 19.57 341
0.30 9.16 17.76  3.22
a/LHe =-1.0
0.05 13.30 4.02 3.72
0.10 13.76  3.77  3.69
0.20 15.09 3.41 3.73
0.30 17.75 3.36 4.01
fre Dp  Due D
a/Lue = 1.0
0.05 -2.36 496  -1.99
0.10 -2.74 4.75 -1.99
0.20 -3.64 4.01 -2.10
0.30 -4.28 2.99 -2.09
a/LHe =-1.0
0.05 -0.40  30.29 -1.93
0.10 0.98 30.31 -1.94
0.20 3.50 30.15 -1.83
0.30 5.87 31.36 -1.55
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20 T T T 10.3. STD Case Density Gradient Scan With
%irnDet(i:g?E?ectrons ——%p =Dy Different Helium Dilutions, Kinetic Electrons
15 F L fa=10 —Xe —=D,

o Time-averaged energy and particle diffusivities X/xaB
Lor O\m\‘o\o versus Lye/a for the STD case with fy, including kinetic
= electrons.

2 5 . ]
OF-------------------- 7:-
s Luc/a XD XHe  Xe
st fie = 0.1
30 AR i 2.0 1383 855 3.73
] ___D“e -1.0 1376 3.77  3.69
% He 0.5 14.21 -4.56  3.69

ol ] 05 1036 28.90 3.35
8 Tt —— 1.0 1104 20.05 3.36
S sl ] 20 1203 1650 3.53

I
=) fre =0.3
= 10f ]

-2.0 14.95 7.04  3.66
5h ] 1.0 1775 336 4.01
R 0.5 2078 -4.77 4.06
0 . . . . , , 0.5 5.44  23.39 2.98
0.0 005 010 015 020 025 030 1.0 9.16 17.76  3.22
fHe 2.0 10.74 14.03 3.35
30 . . .
STD Case —=Xp =D,
25 | Kinetic Electrons — — p—
L pefa=-1.0 —X. =D, Lyc/a Dp Due D
20F _

2 fue = 0.1
= 15F O,M/“/Q 20 014 4517 -2.10
& ol ] 1.0 098 3032 -1.94
= -0.5 2.31  23.16 -1.85

5F 0.5 -5.40 11.01 -2.11

1.0 -2.74 4.76  -1.99

of-- 2.0 -1.69 -7.68 -1.99
5L \ \ \ \ ) = e =0.3

50 : : : : Ju

Yo 2.0 403 4303 -1.82

ol D 1.0 587 3136 -1.77

He -0.5 7.85 23.53 -1.55

o 0.5 -18.6 8.83 -2.13
5‘5 f =—= = ] 1.0 -4.28 299 -2.09

2 2.0 -0.61 -9.92 -1.95
Q 20f ]
=

10} .
0 1 1 1 1 1 1
00 005 010 015 020 025 030

fHe
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11. EQUILIBRIUM FE x B VELOCITY SHEAR

SCANS

Reference:

J. E. Kinsey, R. E. Waltz, and J. Candy, ” Nonlinear
Gyrokinetic Turbulence Simulations of E x B Shear
Quenching of Transport,” Phys. Plasmas 12, 062302
(2005).

For these simulations, a smaller

[Lay/ps,Ly/ps| = [107,126] was used.

box size of

11.1. STD Case E x B Shear Scans With Adiabatic

Electrons

Adiabatic electron results for the ion energy diffusivity
X;/XxaB for the STD case with E x B shear and no parallel
velocity shear (7, = 0).

(a/cs)yE vE applied g applied

at t =0 after restart
0.0 3.54 -
0.05 3.09 -
0.10 2.27 -
0.15 1.65 -
0.18 1.31 1.40
0.20 0.0 -
0.21 0.0 1.12
0.23 0.0 0.77
0.25 0.0 0.0

Adiabatic electron results with E x B shear and parallel
velocity shear (v, = 12yg) for the STD case. Ion energy
and toroidal momentum ; , /xcp diffusivities with vg
applied at t = 0.

(a/cs)ve (afcs)vw Xi Xs
0.0 0.0 354 0.0
0.05 0.6 3.27 1.51
0.10 1.2 295 1.75
0.15 1.8 2.48 1.61
0.20 2.4 2.42 1.59
0.25 3.0 2.20 1.53
0.30 3.6 2.22 1.58
0.40 4.8 2.40 1.76
0.50 6.0 2.80 2.08

20

11 EQUILIBRIUM E x B VELOCITY SHEAR SCANS
5 S aRan
STD Case ——7Y =0
Adiabatic Electrons P
41 —-—'Yp=12'YE
d
N‘\u w 3 Ymax(0)=0'13_
Q.
Cx
~_ 2¢ ]
=
1 [ w/o simulation w/ simulation ]
restarts ——\ s «—— restarts
R A T

0
FYE / Ymax(o)

Adiabatic electron results for the ion energy diffusivity
X:/xcs for the STD case at magnetic shear values of
5= —0.5 and 1.5 with v, = 0.

(a/cs)ye §=-0.5 1.5
0.0 2.51 2.80
0.05 2.23 2.35
0.10 1.81 1.71
0.15 1.38 1.15
0.17 - 0.86
0.18 1.04 0.73
0.19 0.95 -
0.20 0.0 0.0
0.21 0.0 0.0
4. T T T =
0 STD Case ——5=-0.5
3.5 \\ Adiabatic Electrons ———3=1.0
—=—5§=15
) 720 ]
DR p
Q
otn -
= ]
=
05F ]
00 e
00 05 1.0 1.5 2.0 25 3.0
’YE/’Ymax
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11.2. STD Case E x B Shear Scans With Kinetic

Kinetic electron results for 2 x B shear scans around
the STD case with and without v, (v, = 12y with g
restarts). Ion and electron energy diffusivities X; ./xaB-

2 la)

X/ (cP

Electrons

(a/es)ve (a/es)w Xi Xe
=0
0.0 0.0 10.7 3.2
0.05 0.0 8.5 2.7
0.10 0.0 6.0 2.0
0.15 0.0 4.8 1.7
0.20 0.0 4.0 1.4
0.30 0.0 2.3 0.8
0.40 0.0 1.1 0.4
0.50 0.0 0.5 0.3
’)/p:12’yE
0.05 0.6 8.8 2.5
0.10 1.2 7.3 2.2
0.20 2.4 5.7 1.7
0.30 3.6 5.1 1.6
0.40 4.8 4.7 1.6
0.50 6.0 4.6 1.7
12 STD Case )
ase —— ) | ey
& Kinetic Electrons Xl Xu
10 P, —o—Xe amOns Xe
127
8 E]
6 -
4
2
max(0) K .
0.0 0.5 1.0 15
’YE/’Ymax(O)

21

11.3. TEMI1 and TEM2 E x B Shear Scans With
Kinetic Electrons

Kinetic electron results for £ x B shear scans around
the TEM1 and TEM2 cases v, = 0. TEMI corresponds
to the STD case with a/L,, = 2 and a/Ly = 2 and
TEM2 corresponds to the STD case with a/L,, = 3 and
a/Lt = 1. lon and electron energy diffusivities X; . /xaB-

(a/cs)ve Xi Xe (a/es)vE Xi X
TEM1 TEM2

0.0 11.0 11.3 0.0  20.5 23.9
0.05 10.2 104 0.10 19.7 22.9
0.10 89 9.1 0.20 16.3 18.9
020 6.7 70 030 14.6 16.9
0.30 5.8 6.1 0.40 12.9 15.0
040 46 48 050 10.1 116
050 26 2.8 0.60 79 9.1
0.60 1.2 1.2

0.70 0.6 0.6

090 0.3 0.5

12 T T
§ TEM#1 Case —%
Kinetic Electrons

2/a)

x/(cp

30 T
TEM #2 Case —-%
5 Kinetic Electrons

2 /a)

x!(cp
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