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The formation of internal transport barriers observed in both Joint European Taiis[P. H.

Rebut, R. J. Bickerton, and B. E. Keen, Nucl. Fusii 1011(1985] and Doublet I1I-D Tokamak
(DNI-D) [J. L. Luxon and L. G. Davis, Fusion Techn8|.441(1985] are reproduced in predictive
transport simulations. These simulations are carried out for two JET-optimized shear discharges and
two DIII-D negative central shear discharges using the Multi-Mode model in the time-dependent
1-1/2-DBALDUR transport cod¢C. E. Singeret al, Comput. Phys. Commu#9, 275(1988]. The
Weiland model is used for drift modes in the Multi-Mode model in combination with either Hahm—
Burrell or Hamaguchi—Horton flow shear stabilization mechanisms, where the radial electric field is
inferred from the measured toroidal velocity profile and the poloidal velocity profile computed using
neoclassical theory. The transport barriers are apparent in both the ion temperature and thermal
diffusivity profiles of the simulations. The timing and location of the internal transport barriers in
the simulations and experimental data for the DIII-D cases are in good agreement, though some
differences remain for the JET discharges. The formations of internal transport barriers are
interpreted as resulting from a combination BXB flow shear and weak magnetic shear
mechanisms. €2000 American Institute of Physid§1070-664X00)04107-0

I. INTRODUCTION power. In the other JET sho#40847, the edge plasma first
Internal transport barrier$ITBs) have now been ob- transits to an ELM.-free H-mode gnd then enters ELMy
: . . . H-mode phase, during which the internal transport barrier
served in most large tokamak§ since they were first dis- Lo X .
covered in the Japan Atomic Energy Research Institutéjecays. While it is an mtere_stmg feature for these two shots
Tokamak-60 UpgradgJT-60U.7%2 An ITB is a region f[haF both I'I_'B ano_l ETB coexist, we focus on the ITB behav-
where a steep temperature and/or density gradient forms ifor In our simulations. , )
side a tokamak plasma, usually within the regios 0.6, Infcernal transport bar'ners are also.formed |n.the two
where p is the normalized minor radius. In tokamaks with N€gative centrallomagnenc she@dCS) d|schSrges in the
toroidal plasma velocity measurements, it is found that the!!l-D Tokamak;™ shot #84682 and #87031'*NBI is the
region within an ITB is also the region where the toroidal ONly auxiliary power source in these two shots, which pro-
rotation velocity gradient is steep. This high-performance reduced ion temperature profiles with large gradients in the
gime can occur with a lower power threshold than required@9ion of the minimum of they profiles. In the discharge
for the high confinement mod@i-mode regime, where the With larger negative central magnetic she&B4683, the
transport barriers are located at the plasma edge. internal transport barrier is steeper than the one in the dis-
Internal transport barriers are produced in two optimizedcharge with weaker NC$#87031. Both of these DIII-D
magnetic sheafOS) discharges in the Joint European Torusdischarges retain L-mode behavior at the edge, which pro-
(JET),® shot #40542 and #40847.° In both shots, neutral Vides a good opportunity for the study of ITB in the simula-
beam injection(NBI) is the major auxiliary power source, tions.
although there is some rf heating as well. Theprofiles The weak and/or reversed magnetic shear in the plasma
generated by current ramping in these two shots are flat anebre is generally considered as an important factor contrib-
low in the core(near the magnetic ayisand steeply rising uting to the formation of ITBs. In the Tokamak Fusion Test
approaching the edge, with the minimum valuegogreater ~ Reactor(TFTR)*® and DIII-D, internal transport barriers are
than unity throughout the plasma. In both discharges, th@sually produced with reversed magnetic sH&8) or nega-
ITB forms first in the core while the edge remains in the lowtive central magnetic shear in the plasma core. In JET, ITBs
confinement modé_-mode. Then, the ITB expands towards occur in the optimized magnetic shear scenario, with low
the edge. In one shdi#40542 an ELMy (edge localized central magnetic shear. One theoretical argument is that the
mode H-mode subsequently occurs and results in the coextoroidal coupling of the drift modes is weak in regions of low
istence of both an internal transport barrier and an edgenagnetic shear, leaving the modes more slab-like and hence
transport barrier(ETB) until the ramping down of NBI more localized?
In addition to the weak or reversed magnetic shear, the
dAlso at Institute for Fusion Studies, The University of Texas at Austin, EXB flow shear in the core region is considered to be an-
Austin, Texas 78712. other crucial factor for the formation of ITBs. Since the dis-
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covery of the H-mode, the ion drift mode turbulence sup-Hamaguchi—Horton parametéf, in combination with the
pression due t& X B flow shear has long been identified as EXB flow shear effect, as noted above. Internal transport
the critical mechanism in a number of different high perfor-barriers are reproduced in our simulations for the discharges
mance regime¥ Magnetic shear anB x B flow shear have in both machines, consistent with tie< B flow shear and
been incorporated into various transport models, and simulaweak magnetic shear mechanisms of ITB dynamics.
tions have been carried out based on a paradigm of the ITB  The paper is organized as follows. In Sec. I, the imple-
dynamics®” similar to that of H-modé®° In this para- mentation of EXB flow shear and weak magnetic shear
digm, the build-up of the microturbulence level due to themechanisms in Multi-Mode model are described. Then, in
increasing temperature or density gradient driven by auxil-Secs. Il and 1V the detailed setting for the simulation runs
iary heating generates spontane&sB flow in the plasma and the corresponding results are presented, respectively. Fi-
through anomalous momentum transport. This is in additiomally, we summarize the simulation results and discuss pos-
to the EXB flow of plasma that can be driven by input sible future work in Sec. V.
torque (e.g., NB). The increase irEXB flow shear sup-
presses the microturbulence, leading to the decrease ﬂf
anomalous transport of particle and energy and the increase
of density and temperature gradients, namely, the formation The Multi-Mode model determines multiple channel
of the transport barrier. The suppression of the turbulencanomalous transport coefficients by combining quasilinear
level also reduces the anomalous driving fofeqy., “Rey-  transport contributions from several modes that coexist in
nolds stress) for the EXB flow and its shear. The balance tokamak plasmas. These include ion temperature gradient
of these two opposite trends produces a new steady stateTG) and trapped electron modé$EM) in the Weiland
with higher plasma confinement, which is the case formodel?’~?°the drift-Alfvén modes in a model developed by
H-modes when this process happens at the plasma edge. $tott and Batemaif:>' as well as a model for kinetic bal-
the central region of plasma, the weak magnetic shear servésoning modes. A complete description of the model and the
as another confinement-enhancing mechanism by reducingarameters in the MMM95 version of the Multi-Mode model
the radial decorrelation length of drift modes and decreasings given in Ref. 20. In the current version of the Multi-Mode
the growth rate of the drift mode ballooning branch. Themodel, we replace the MMM95 resistive ballooning mode
decrease of the radial correlation length is due to lower denmodel at the plasma edge with the drift-Alfvenode model
sity of the rational surface’$. The combination of these two described in Ref. 31. Below, we focus on the implementation
mechanismsEXB flow and magnetic shear, in the inner of EXB flow shear and magnetic shear stabilization mecha-
region of plasma is expected to result in the formation ofnisms in the version of MMM employed in this study.
ITBs with a power threshold that is lower than if only one The EX B flow shear has long been considered as a sup-
mechanism were present. Recently, remarkable agreemeptession mechanism for the microturbulefi¢&yrokinetic
with experimental data was reported for the simulations of asimulations by Waltzet al3? show that the suppression of
DIII-D internal transport barrier discharge by Kinseyall’  microturbulence occurrs when the Hahm—BurEel B flow
using the GLF23 transport model. shearing rateog is greater than the maximum growth rate of
In our work, we use the Multi-Mode modéMMM ) in  all the drift modes. This result is used to simulate EeB
the time-dependent transport cogleLDUR to implement the  flow shear mechanism in several transport models, including
above ITB paradigm and predictively simulate profiles forthe IFS-PPPL and MMM95 models, by using the reduced
the ITBs in the two JET optimized she@$) discharges and growth ratey— w in the estimation of turbulent transport
the two DIII-D negative central she@XCS) discharges. The coefficients. The Hahm—Burrell shearing ratg is given
Multi-Mode model is an advanced fluid model that is used topy?®
compute four channels of transport. This transport model has
been used in simulations of a wide range of L-mode and
H-mode discharges where good agreement with experimen- ws= (
tal data is obtaine®’22The Ex B flow shear mechanism is By dr\RBy
implemented in the current version of the Multi-Mode model
by subtracting the Hahm—Burrell shearing ratg® from the ~ where the profiles of radial electric fielf, and safety factor
drift mode growth rate, or by multiplying the ion drift mode- d are needed. Here is the major radiusB, and B, are
induced transport coefficients by the suppresion factopoloidal and toroidal components of the magnetic field, re-
1/(1+(Ys/Ys0)?), where Y is the Hamaguchi—Horton spectively, and is the minor radiughalf-width). The radial
shear paramet&t(defined in the next sectionBoth ws and  electric fieldE, is usually obtained by solving poloidal and
Y, are computed using the radial electric fi#@d, which is  toroidal momentum transport equations for poloidal and tor-
computed from the poloidal and toroidal flow velocities andoidal rotation velocity profiles, since
the pressure gradient. The poloidal flow velocity is obtained 1 dp,
from a neoclassical mod&t?®while the toroidal flow veloc- Er=UyBy—UsByt+ >—— ——,
ity is taken from the experimental data. The weak magnetic Zien dr
shear mechanism works through the magetic shear effect alvhere u,; and u, are, respectively, toroidal and poloidal
ready present in the Weiland model for drift modes in thecomponents of ion velocity is the electron charg&; is the
Multi-Mode model. It also enters the model through theion charge numbenm; is the ion density, ang, is the ion
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pressure. In currerdALDUR code, the poloidal rotation ve- TABLE I. JET OS and DIIl-D NCS discharge parameters.
locity uy; is computed based on the neoclassical méu&],
while the toroidal rotation velocity ; is taken from experi-
mental measurement, which is available in JET and DIII-DTime (s) 474 46.9 1.58 1.80
for the impurity ions. The reduced growth rage- w, is used :(TT)ga (m) 2'%’%94 2'2’2'95 1'27/20'62 1;?'65
to compute the turbulent transport coefficients for the drift, T ' ' ' '

Shot JET 40542 JET 40847 DIII-D 84682 DIII-D 87031

- : - ) » (MA) 3.3 3.2 1.6 1.6
modes in the Weiland model as one way of implementing the> ,, (mw) 17 19 9.3 9.6
EXB flow shear mechanism in the current Multi-Mode 7, (10"m~3) 25 3.9 25 3.1
model. However, a coefficier@, greater than unity in front Working gas  deuterium  deuterium  deuterium deuterium

of w in the reduced growth rate—Cws, is required in  'MPUiYY carbon carbon carbon carbon

order to produce simulation profiles that most closely match
experimental data in some cases. The need for the coefficient

7
C has been reported by other researchers as'fell. (1) Geometrical and physical parameters: tokamak size, tor-

An alternative to the Hahm—Burrell flow shear model  iga| magnetic field, and properties of the hydrogenic
takes into account the effect of weak magnetic shear in ad- g impurity gases. The parameters for the JET and

dition to theEX B flow shear mechanism. In this model, all DIII-D shots are listed in Table |I.

the turbulent transport coefficients c2>f ion drift modes are(2) sources and sinks. In principle, all source profiles should
multiplied by a factor J1+(Ys/YsJ®], whereYs is the be computed inside the code. In curr@atbur code,
dimensionless Hamaguchi—Horton shear pararffeter NBI power deposition is computed by solving the

Fokker—Planck equation based on realistic experimental
settings of the beams, while the rf heating power profiles
are provided by experimental data. The heating power
levels are set according to the experimental data as a
function of time. The plasma current ramping in the ex-
periment is followed in the simulations in order to obtain

q profiles close to those obtained in the experiments.
Initial and boundary conditions for density and tempera-
ture profiles.

Rd,(E;/RBy)
dyIng

and Y. is the critical value ¥s.=1). Here,m; is the ion
mass,T. is the electron temperature, agdis the magnetic
stream function that can be used to label magnetic surfaces.
Note that when the magnetic shear in the denominator in EO(S)
(3) is small the value ot is greatly increased. In the shear-
slab case, Hamaguclet al?* showed that linear ion tem-
perature gradient mode growth rate decreasédsecomes Since the toroidal velocity is not computed in the code,
sufficiently large and that the corresponding turbulent transtne time evolution of the toroidal rotation profiles are input
port is reduced whel s rises above a critical value between gata needed for the code to compute the radial electric field.
1 and 2 in 3D turbulence simulations. These studies suggeg{j| the experimental data are tH®ANSP processed data ob-
the use ofY s as theEX B flow shear parameter in the weak tajned from the International Thermonuclear Experimental
magnetic shear region and provide the motivation for thereactorITER)3? Profile Database. The theoretical model in-
above modeling. cludes the following: The 11-equation version of the
The magnetic shear effect enters the Weiland model fogyejland model is used for the drift modes in the c8t@he
drift modes through its influence on the form of the pertur-grift-Alfvé n mode by Scott and Batentdri'is taken for the
bations along the magnetic field linésin the strong mag-  edge mode model. The supershot setting of the kinetic bal-
netic shear region, the electron motions parallel to the Magooning model used in previous MMM simulations is also
netic field line are greatly impeded; hence, the pertubationgsed heré® To simulate the favorable effect of plasma elon-
are strongly balloon-like. This ballooning feature of the Per-gation, the pressure gradient threshold for the onset of the
turbation is reduced in the weak magnetic shear regioninetic ballooning mode is increased from that used for the
along with the growth rate of the mode. This mechanism issjrcular magnetic surface case. This latter choice turns out to
implemented in Weiland model through the averaged iorhe quite important in obtaining the sharp ion temperature

acoustic operatofV{) and the averaged Alfve operator gradients in the simulations of the JET discharges.
(V,V2V,), which are reduced where magnetic shear is weak.

The above transport model is implemented in the time-
dependent transport co@aLDUR to simulate the formation IV. SIMULATION RESULTS

m;
Y=\

e

, 3

and evolution of ITBs observed in the JET and DIII-D dis- The experimental and simulation ion temperature pro-
charges. The simulations and the results are described in thiges at six time slices are shown in Fig. 1 for the two JET
next two sections. discharges and Fig. 2 for the two DIII-D discharges. In the

simulations shown in Figs. 1 and 2 the Hahm—Burrell model
is employed with a coefficien€ as described above. We
IIl. SIMULATION METHODOLOGY focus on six time slices of particular interest for each shot.
In the case of JET, the simulations start during the ohmic
Predictive simulations involve the specification of somestage and carry on till the end of all auxiliary heating. The
of the experimental conditions and the theoretical modelsfirst time slice for the JET discharges is in the middle of the
The experimental conditions include: ohmic stage, and the second time slice is right before the
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FIG. 1. Experimental ion temperature profiles as a function of major radius
(open circles and the corresponding optimized simulation profiles with sey et all” found the factorC=2.65 is necessary to obtain

Hahm—Burrell flow shear stabilizatiofsolid curve$ at six time slices for agreement with the experimental temperature profiles in their
(&) JET shot #40542, anh) JET shot #40847. simulation of this same JET discharge in which they use the
GLF23 transport model. During the early time stages, the
times of formation of the ITBs in the simulations for both
auxiliary heating is turned on. The third and fourth time sliceshots agree with the experimental data. During the evolution
are taken right after the internal transport barrier forms anaf ITBs at later time stages, there are some radial shifts of
just before the formation of the edge transport barrier, redTBs in the simulations as compared with the experiments.
spectively. The last two time slices are during the stage when In the case of DIII-D, the simulations start at the begin-
the internal transport barrier coexists with the ELMy ning of the NBI heating stage, where the experimental data
H-mode at the edge and before the time when the NBI heatare available. In both of the DIII-D discharges, the NBI heat-
ing is turned down. In the simulation of the JET dischargeing starts with a lower power, and steps up to about double
#40542, the reduced growth rate- wg is used for theE  power in the middle of the shot. Plots of the ion temperature
X B flow shear mechanism, while in simulation of the JET profiles at two time slices before, one time slice during, and
discharge #40847, a fact@=3-5 in front ofwg is used in  three time slices after the NBI power step-up are presented.
the reduced growth ratg— Cw, in order to obtain simulated The reduced growth rate— wg is used for theEX B flow
ion temperature profiles in agreement with experiment. Kinshear mechanism in the simulation of DIII-D shot #84682
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and DIII-D shot #87031. The timing and location of the ITBs JET 40542
in the simulations agree well with the experimental data for experimental data
both shots. Below, we study several aspects of the ITB simu-  30.0
lations of both JET and DIII-D shots.

In Sec. IV A below, simulations are presented in more
detail for two of the discharges using the Hahm—Burrell flow
shear reduction of the growth rai&q. (1)] in the Multi-
Mode model. For comparison, simulations of the same dis-
charges are presented in Sec. IV B with flow shear stabiliza-%‘
tion removed from the model. Simulations of the same<
discharges are presented again in Sec. IVC using thé”
Hamaguchi—Horton flow shear and magnetic shear stabiliza 100
tion model[Eg. (3)]. Finally, statistical analyses of the base-
line simulations are presented in Sec. IV D.

20.0 -

A. Dynamic behavior of ITBs

In addition to the evolution of ion temperature radial 440 450 46.0 47.0 48.0

profiles shown in Figs. 1 and 2, the dynamic behavior of (2 time (s)
ITBs can also be illustrated by the ion temperature evolution
curves at various radii. The experimental and simulation time JET 40542

traces are shown in Fig. 3 for JET shot #40542 and in Fig. 4 simulation results
for DIII-D shot #84682. In Figs. 3 and 4, each curve repre- 300 ' '
sents the ion temperature at a given normalized minor radius
as a function of time. In each plot, the curve at the top is the
ion temperature trace near the magnetic axis, while the curve
at the bottom is the ion temperature trace at the edge of the 544 |
plasma. The rest of the time traces are at equally space:
intervals of normalized minor radius. Internal transport bar-
riers are characterized by wider spacing between adjacer—=
curves (steeper gradientsrelative to the spacing between
other adjacent curves.

In the experimental data from the JET shot #4053i3.
3(a)], the time when the ITB first forms is evident from the
curves near the inner radit€45.4s). At a later time t(
=46.1s) the edge transport barrier corresponding to the gp ‘ .
H-mode is seen from the curves near the plasma edge. In th(b) 44.0 450 tinig?s) 470 480
plot of the simulation datéFig. 3(b)], the formation of an
ITB is seen at=45.4s, though the formation of an ETB is FIG. 3. lon temperature as function of time at equally spaced intervals in
absent. From Fig. (3), it can be seen that the ITB moves ;%rgzgzed minor radius ifa) experiment, andb) simulation for JET shot
from the central regiofi10 to 27 keVf att=46.0s to a lower '
temperature regior9 to 18 ke\j at t=47.5s. There is a
similar motion in Fig. 8a from the central regioriespe- B. EXB flow shear effect
cially 20 to 28 keV att=46.0s to a region closer to the

plasma edge_éS tq 17 ke att=47.5s. Hence, the simula- that are carried outvith and without the EX B flow shear
tloq shown in Fig. &) follows the tren_d of the outward effect. In Fig. %a), we show the ion thermal diffusivity and,
radial mover_nen_t of the ITB observed in the expenmentalin Fig. 5b), the ion temperature profiles in simulations for
data shown in Fig. @. _ the JET shot #40542 when tiiex B flow shear effect is not

In the case of the DIII-D shot #84682, the experimentalincjyded in the model. Corresponding results are presented in
curves[Fig. 4(a)] show the formation of an ITB at early Figs. 8a) and &b), for DIII-D shot #84682. For both dis-
times (beforet=1.4s) and its outward expansion up tto charges, as seen in Figsaband Gb), the simulation ion
=1.45s. The same trend is also seen in the simulation plaemperature profiles are substantially lower than the experi-
[Fig. 4b)]. At t=1.25s, the ITB is mostly concentrated be- mental profiles during the ITB evolution stages. This is par-
tween a normalized minor radius ofa=0.2 andr/a=0.3 tjcularly the case for the DIII-D discharge. It is seen in Figs.
in both the experimental data and the simulation. By5(a) and Ga) that, among all the transport modes, the contri-
t=1.6s, the radial extent of the ITB broadens by extendingoution of the drift modes from the Weiland model to the total
toward the edge of the plasma, as indicated in both experion thermal diffusivity is dominant over most regions of
mental data and in the simulation results. plasma.

T lkeV)

100 -

In this section, we discuss the comparison of simulations
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(b) time (s) FIG. 5. Profiles as a function of minor radius for t@ ion thermal diffu-
sivity, and(b) ion temperature from a simulation withoHtx B flow shear

FIG. 4. lon temperature as function of time at equally spaced intervals ireffects for JET shot #40542. I@), the legend “ITG” stands for diffusivity

normalized minor radius ifa) experiment, andb) simulation for DIII-D from drift modes in Weiland model, “DA” for drift-Alfven mode, “KB”

shot #84682. for kinetic ballooning mode, “Neo” for neoclassical diffusivity, and “To-
tal” for total diffusivity.

When the EXB flow shear effect is included in the
model by subtracting the Hahm—Burrell shearing ratg

from the growth rates of drift modes, the total ion thermal h b 1a Figga7and For thi
diffusivity is reduced, and the establishment of the barrier> 'Ot @S Seen by comparing igga)7and 8a). For this rea-

structures become clear. The profiles of Hahm—BurrelP°"™ the curr?ntl;mplementgtmtr) Ef>.< BIEOW _shela;.mech?-th
shearing ratev, in the simulations are ploted in Fig(&j at nism seems to be more eflective in the simulations of the

six time slices for the JET discharge #40542 and in Fig) 8 Dill-D shot than for the JET shdfigs. 4c) and &c)].
for the DIII-D discharge #84682. The corresponding ion
thermal diffusivity and ion temperature profiles after inclu-
sion of wg are shown in Figs. (b) and 7c) and in Figs. &)
and &c). Gaps appear in the ion thermal diffusivity profiles, The transport simulations shown in this paper predict the
associated with the steep gradients that form in the ion temtime evolution of the magnetiq profile by advancing the
perature profiles. It can be seen that the gap and barrier reaagnetic diffusion equation. The optimized magnetic shear
gions occur where thEX B flow shear,wg, is maximum in  feature of the safety factay profile is well reproduced in the
magnitude. The roles d X B flow shear are apparent when simulation for JET[as illustrated in Fig. @)]. In the DIII-D
compared with the corresponding cases wherdthd flow  case, they profile produced by the simulation has weak cen-

shear effect is absefFigs. 5 and & TheEXB flow shear in
the DIII-D shot is significantly larger than that in the JET

C. Weak magnetic shear and Hamaguchi—Horton
parameter Y
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weak shear at the central region.

Here, the alternative implementation®% B flow shear i, 7. profiles as a function of minor radius for tt® Hahm—Burrell
mechanism that includes weak magnetic shear effectsxB flow shearing ratevs, (b) ion thermal diffusivity, and(c) ion tem-
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shear ratawg and the low central magnetic shear regions in
cases of both shots. In Figs. (D and 11b) we see the
reduction of the thermal diffusivity; by Y, especially in

the central region of plasma. Transport barriers are also re-
produced in ion temperature profiles of the simulations,
where the agreement with experiment depends on the choice
of the critical valu€eY .. In particular,Y ;=1 is used for the
JET case in Fig. 10 and¢.=0.5 is used for the DIII-D case

in Fig. 11. In general, the ion temperature profiles of the
simulations using this model tend to be narrowly peaked in
the inner plasma. In the DIII-D case, the valuesYof are
much greater than that in the JET case, due to the nearly zero
magnetic shear over the broader central region of plasma and
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TABLE Il. Simulation statistics for JET simulations.

JET 40542 JET 40847

Tme(®  or O o7, 0 oy 6 Tme®  op ) or, 0 oy )
44.0 22 39 7 44.0 12 18 10
45.0 19 30 9 45.0 26 11 7
455 19 13 9 455 12 11 6
46.0 20 12 11 46.5 19 12 14
46.5 20 17 11 46.8 17 13 16
47.5 16 20 11 47.0 16 13 12

strongerEXB flow shear in DIII-D barrier regior{Figs. comparable with the general experimental measurement er-
10(a) and 11a)]. Hence, the flow and magnetic shear haveror. In the DIII-D cases, the overall relative rms deviations
more influence on the ion thermal diffusivity and tempera-are smaller than for the JET cases.

ture profiles in the simulations of DIII-D than in the corre-

sponding simulations of JET.

V. SUMMARY AND DISCUSSION

In the Multi-Mode model that we used here, the overall
D. Statistical analysis of the simulations mechanisms of the ITB dynamipg are implemented in three
) ] ) ) ) . different levels: theoretical, empirical, and experimental. The
To quantify the comparison of simulations with experi- hagretical models include the Weiland model for ion drift
ments, we compute the relative root-mean-squere) de-  5qes the Scott and Bateman model for drift-Atfveode
viation between the two profiles for the six time slices of the; e plasma edge, and the neoclassical model for the poloi-
four discharges we simulated. In this paper, the relative rmgga| pjasma flow. The kinetic ballooning mode model and the
deviation of each quantitX (T;, Te, andn,) is defined as £y g flow shear mechanism are implemented empirically.
The toroidal velocity profiles from experimental data have
N exp_ yosim) 2 been used directly instead of predicting toroidal velocity
1 s (xJ XS )
Ox= y

N (4)  with a toroidal momentum transport model.

Simulations carried out with this transport model have
reproduced the internal transport barriers observed in both
whereX*"is the jth data point of the experimental profile, JET OS and DIII-D NCS discharges. For the two JET shots,
X;™is the corresponding data point of the simulation profile,the exact location of the ITB differs from the location indi-
and Xg% is the maximum data point of the experimental cated by experimental data at later time stages after the bar-
profile of X as a function of radius, which ha$ points in  rier first occurs. For the two DIII-D shots, the timing and
total. We list the relative rms deviations of ion temperaturelocation of ITBs in the simulations agree with the experi-
T;, electron temperaturg,, and electron densitye, which  mental results. From the effects Bf<B flow shear andy
are denoted as, o1, ando, , respectively, in Table Il for  profile on the profiles of ion thermal diffusivity and ion tem-
the two JET discharges, and in Table Il for the two DIII-D perature, we interpret the formation of internal transport bar-
discharges. rier as resulting from the combined effects B B flow

For the JET simulations, the statistics show that theshear and the weak magnetic shear configuration. We con-
simulation profiles generally match the experimental datssidered two implementations &Xx B flow shear mechanism:
about equally well during all the auxiliary heating stages of(1) ion drift mode growth rate is reduced by Hahm—Burrell
the discharges. During these time stages with transport baExB flow shearing rate, and2) ion drift mode-induced
riers, the relative rms deviations are within 20%, which istransport coefficients are reduced by a suppresion factor

Xexp

max

=

TABLE Ill. Simulation statistics for DIII-D simulations.

DllI-D 84682 DllI-D 87031

Time (9) oT, (%) o7, (%) ON,g (%) Time (9) oT, (%) 0T, (%) ON, (%)

1.20 20 24 18 1.40 26 17 10
1.35 9 14 6 1.56 17 10 10
1.40 7 15 6 1.60 14 9 10
1.50 10 21 9 1.70 10 14 12
1.57 13 21 13 1.80 9 12 14
1.62 13 19 17 1.88 12 12 18
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