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An edge pedestal model based on transport and atomic physics
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A model is presented for the calculation of the characteristic scale lengths from transport
considerations in the edge pedestal region of high confinefikémode plasmas. The model is

based on the requirements of heat and particle removal through the edge. Atomic physics effects on
edge density and temperature gradient scale lengths are taken into account. An empirical fit for the
width of the edge pedestal transport barrier is employed. Model problem calculations indicate that
the model predicts the magnitudes and some trends of characteristic gradient scale lengths observed
in current experiments. @001 American Institute of Physic§DOI: 10.1063/1.1388175

I. INTRODUCTION such a model, we have developed a pedestal model in which
the gradient scale lengths are calculated from transport con-

The steep gradient region in the edgerbimode (high  siderations, taking into account atomic physics effects, and

confinement modetokamak plasmas, the so-called “edge which uses an empirical fit for the edge transport barrier

transport barrier,” plays an important role in many aspects ofwidth. The purpose of this paper is to present and investigate

tokamak physics and is a topic of active experimental anduch a pedestal model.

theoretical investigation. The maximum pressure gradient in

this edge transport barrier has long been thought to be lim-

ited by ideal magnetohydrodynami@VHD) ballooning

modes, but recent experimental restfténdicate that the Il. PEDESTAL MODEL

pressure gradient in this region can exceed the nominal firgs. Transport constraints on gradient scale lengths

ideal stability boundarythat is, the ideal stability boundary

extrapolated from the core, not taking into account the efs.g

fects of geometry, shear, and current in the edgeballoon-

ing modes, which has important implications for the perfor-  dI';

mance of tokamaks. dr
Two explanations have been proposed for these pressure ) ) i

gradients which exceed the nominal ideal first stability limit, Whereno is the neutral atom density ardv )i, is the spe-

One suggestidn?is that the edge pressure gradient drives aci_fic.ion.-electron ionizatio_n rate avergged over thg energy
bootstrap current that affects the ballooning stability limit distributions of both species. Integrating this equation from

and can even entirely remove the ballooning mode stabilitf€ P Of the pedestaped outward to the seperatriésep)

limit by allowing access to the second stability regime. AnY'€'0S

alternate explanation based on the stabilization of ballooning

modes by diamagnetic effects has been propbssdploy- I Ffed:f NVion dr=nNrgrieA e, 2

ing the three-dimensional Braginskii equations and account- Ate

ing for the localization of the pressure gradient and for ionwhereI'$*Pis the net outward ion current crossing the sepa-

diamagnetic effects. This analysis indicates that ballooningatrix from the plasma edge into the scrape-off Ia)ﬂﬁe,d is

modes become stable and the maximum pressure gradienttise net outward ion current from the core plasma into the

determined by a stability limit on the pedesfalwhich can  transport barrier at the top of the pedestal, ang is the

be cast in the form of the ballooning mode limit with a width of the region from the pedestal to the separatrix. Note

multiplicative enhancement factor. that the ion current is not constant across the transport barrier
Although the MHD constraints may limit the maximum but increases radially outward because of ionization of neu-

pressure gradient, the individual density and temperaturgals.

gradients in the edge transport barrier must be consistent In order to define an average density gradient in the

with the particle and heat fluxes that are flowing through theransport barrier, we define an average value of the net out-

edge transport barrier and with atomic physics effects omvard ion current

these fluxes. This observation suggests that a pedestal model _ ., | o, e

in which the individual density and temperature gradients are Ir=s(I I 9, )

determined from particle and heat flux requirements, butyhich we then relate to the general form for the ion current
which are constrained by a maximum allowable pressure gra-

The ion flux passing through the transport barrier satis-

= nn0<0'v>ionEnVionr 1)

dient determined from MHD theory, may serve useful pre- av dn 1

. . . ' I''"=—-D ——+ngv,=n(DL, " +v,), 4
dictive and interpretative purposes. As an initial step toward - ar " mevp=nre(Dly "+ o) @
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where D is the diffusion coefficient and, is the “pinch  whereEj,, is the ionization energyy, andL, are impurity

velocity.” We may eliminate eitheF S*Por I'**by using Egs.  density and radiation emissivity is the uncollided(cold)

(2) and (3). Because we will determinE$®Pfrom a particle  neutral density in the transport barrier, afueb ), is the spe-

balance on the entire region inside the separdsee Sec. cific elastic scattering plus charge exchange reaction rate of

I11), we elect to eIiminat(FEedto obtain an expression for the previously uncollided(in the transport barrig¢r neutrals.

density gradient scale length in the edge transport barrier These equations may be integrated across the transport bar-
rier to obtain

D
L,= . (5 J’
1 sep_ QPed—= NVignEion dr — nn,L,dr
FieanB_ > ViBEATB_Up le le Arg VionEion Arg zb-z
— B
. . = —N1aVjonEiond 18— NT(N.L,) 1A 8
Assuming that the ions and electrons cross the transport T8VionEion A 18~ Nra(Nzk2)reA 78 ®
barrier in a time short compared to the equilibration time, theand
net outward electron and ion heat fluxes in the transport bar- g 3 3
rier satisfy Q- Qif=- f Nvge Tidr=—nmer®> T Arg.
A 02 2
dQ,. (€)
ar NNo( oV )ionEion— NNZL Proceeding as above, and equating the average heat flux
to the standard form
=—NVignEjon—NN,L,, (6) y dT 3 N 3
and L:_Xna—’—ETFL:XnTLT +§TFL. (10
dQ,; 3 3 i i
Qui oV T= — NS T, @ Ieadg to expressions fo_r average electron apd ion temperature
dr 2 2 gradient scale lengths in the transport barrier
Lo — XZB (11)
Te=
° T8I 1 (ke o Ein 3
ek . R I | ] (LI
nTBT-Ie—B 2 Nt 2 ™ TgB on TgB 2
|
and B. Critical pressure gradient constraint
The gradient scale lengths determined from transport
considerations are constrained by magnetohydrodynamic
XiTB (MHD) stability requirements. This constraint is convention-
Lti= sep g e 1 3 ) ally written in the form
L L c,TB,  TB
— 8 5|t 58m5 (v T Vin
nTBTi 2 nTB 2 2 ( B2 )
12 acl 5
(12 dp “\ 2u0
“lar) TR 13
crit o5

where they's are average thermal diffusivities for ions and _ . . . . . .
electrons in the transport barrier. whereB is the toroidal fieldR is the major radiusggs is the

As Egs.(5), (11), and(12) make clear, the gradient scale safety factor at the_ 95% flux surface, aag is in general a .
lengths in the transport barrier depend on the particle an&unctmn of magnetic shear and plasma geometry. The nomi-

heat fluxes flowing through the transport bari@hich must nal ideal ballooning mode value af, is of order unity in the

be determined by the particle and heat balances on the Cogé)sence of second stability access. Access to second stability

plasma, on the transport coefficients in the transport barrier’mcreasemc somewhat, to the point at which lower toroidal

. ) ) . ,(node numbe(n) modes, which do not have access to second
and on the atomic physics particle and heat sources and sin Sabil L
) " . Stability, become unstabfeThe B-limit result of Ref. 4 cor-
in the transport barrier. Thus, these gradient scale lengths

N : résponds t©

cannot be determined just on the basis of a local model for
the pedestal, but must take into account also the core plasma
balance and the fueling and recycling neutrals in the edge , Pi

transport barrier. ¢ Aqg

2 R )1/2

THT, /T, Ars 49
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where p; is the ion gyroradius and g is the width of the  model for the transport of fueling and recycling neutrals, all
steep gradient region in the ed@be edge transport barrjer  of which have been developed for and checked against
The MHD pressure gradient, g8, constraint and the analyses of DIlI-D(see the Appendjx
transport constraints discussed previously must interact in We have performed a number of calculations to investi-
some manner to determine the width of the transport barriegate the pedestal model of Sec. Il on a DIII-D model prob-
A+g. Other phenomena may also be involved in the deterlem (R=1.75m,a=0.6m, k=1.74, 6=0.74,B=2.0T, |
mination of Atg. Although there are several theories for =1.03 MA, qgs=4.4, Hge==1.8, upper single nul[USN]
A+g, none of them are in particularly good agreement withdivertor). A range of low auxiliary power, gas fueled condi-
experiment Since our principal purpose in this paper is to tions were simulated. The particle and heat fluxes crossing
examine the possibility that gradient scale lengths in the edgthe separatrix were calculated from particle and power bal-
transport barrier are determined by transport constraints, arehces on the entire plasma, and the fueling and recycling
since we will use a DIII-D model problem calculation for neutrals in the transport barrier were calculated directly. The
this purpose, we will use an empirical’ftb the DIII-D data  gradient scale lengths in the transport barrier were calculated

to evaluateA g, from the transport model of Eq&5), (11), and(12).
T 404 Then the pedestal density and temperature were evalu-
ATB=C0R(%zed—de> ] (15 ated from the gradient scale Iength_s, the width of the trans-
B%/2u0 port barrier, and the values of density and temperatures cal-

g lated at the separatrix from a SOL-divertor plasma
calculation. The model used for the core and SOL-divertor
o plasma calculations in this paper did not distinguish between
ion and electron temperatures, so it was necessary to calcu-
late ion and electron temperatures at the separatrix and ped-
estal from the available average separatrix temperature

SOL»

Here the subscript ped refers to the value at the pedestal
the top of the steep gradient regidy, is the poloidal mag-
netic field, andCy=0.02 is a constant that we have found t
provide a reasonable fit to a limited number of DIII-D shots
that have been examined for this purpose.

Noting that the total pressure gradient may be written

dp 1(dp| 1dn 1dT, 1dT, L soL . —soL
_(a) ( )—— ﬁa‘peﬂF_piﬁW Tsor=3(Ta +T77) (18

~Phlar
_ _ _ and the relationships
=pL, "+ plrt+pilrt (16) P
ped_ TSOLATp /Ly, (19)
in terms of the density and temperature gradient scale "¢ "¢ '
lengths,L,, 1, the pressure gradient constraint may be writ-These equations can be solved for the electron and ion ped-

ten estal temperatures
-1 -1
1/dp 1 1 L, L, 2TsoL
(=] =Lyto=Lt+ + ' Theds 20
p(dr) Lo =Ln 1+Ti/Te 1+T/T; € TPe 20
crit e‘ATB/LTe+ Tped e—ATB/LTi
=L L (17) e
and
11l. MODEL PROBLEM CALCULATIONS pe
d_ | | d
The pedestal model described above has been coupled L _(Tgez) e (21

with a model for the core plasma particle and power bal-
ances, a model for the scrape-off lay&OL) and divertor in terms of the ratiocC,=(TP*Y T, which is typically in
plasma particle, momentum and power balances, and the range 1-2. The ion and electron separatrix temperatures

TABLE I. Effect of transport coefficient on the characteristic scale lengths in the edge transport (Rrrier
=1.76 m,a=0.6m, k=1.76, 6=0.22,B=2.0T, | =1.0 MA, gg5=4.8, Hggp=2.0, Hy /Hge=0.5, USN di-
vertor, ppi= 2.0 MW, S=3.0x 10! 5,0,=0.0,C,=0.02,C,=1.5).

Xi=Xe (M7s) Ly (cm) Ly, (cm) Ly, (cm) Lrp (cm) Aqg (cm) BI

D=1/3y

0.2 1.2 1.3 2.2 2.0 1.3 3.64
0.3 1.3 1.3 2.1 1.1 1.1 1.86
0.4 15 1.3 2.2 0.7 0.9 1.07
0.5 1.8 1.3 2.2 0.6 0.9 0.82
D=x

0.3 2.8 1.0 1.7 0.6 0.9 0.78
0.4 3.6 1.1 1.8 0.4 0.8 0.55
0.5 43 1.1 1.9 0.4 0.8 0.43
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TABLE II. Effect of inward pinch velocity on the characteristic scale lengths in the edge transport Rrrier
=1.76 m,a=0.6m, k=1.76, 6=0.22,B=2.0T, | =1.0 MA, gg5=4.8, Hggp=2.0, Hy /Hge=0.5, USN di-
vertor, P,pi=2.0 MW, S=3.0X 10?' s, x;= x.=0.5 nf/s, D=1/3y, C,=0.02,C,=1.5,Q,./Q, =0.5).

vy (M/9 L, (cm) Lv, (cm) L+ (cm) Lgrp (cm) A+g (cm) Bl
0.0 1.8 1.3 2.2 0.6 0.9 0.82
-25 15 1.4 2.3 0.7 0.9 1.02
-5.0 1.3 15 2.5 0.8 1.0 1.28
-75 1.1 1.6 2.6 0.9 1.0 1.62
-10.0 1.0 1.8 2.9 11 11 2.04
may then be calculated from E(L9), and the average ped- The calculated density and temperature gradient scale
estal temperature for use in the core plasma calculation magngths, the limiting MHD pressure gradient scale length
be constructed from Lrp, the transport barrier widthg, and the beta index are
tabulated in Table | for calculations witR,,=2.0 MW, a
Tped= 3(TEHTPe9). (22 nbi

fueling sourceS=3.0x 10?'s, v,=0.0, C,=0.02, andC,
All of these interactive calculations were iterated to con-=1.5, The calculation was repeated for several valueg; of
sistency, so that any change in pedestal model parametery, and for D=1/3y and for D=y. We note thatLy.

affected the core plasma, SOL-divertor plasma, and neutral L, as commonly observed in DIII-Bthat Ly<L, for

transport calculations, which in turn affected particle and_ ® .
heat fluxes, separatrix densities and temperatures, neutral X as commonly observed in ASDEX-UpgrafithatLro

concentrations in the transport barrier, etc., that enter into thgndAts are similar in magnitude, and that all of these guan-

pedestal calculation tities are of the magnitude observed in these experiments.

Since the core and SOL plasma models did not distin—The effects of increasing; =y~ D are to increase the den-

guish between ion and electron temperatures, it was neceS1Y gradient scale length significantly but increase the tem-
sary to make certain assumptions: that the power flux crosg€rature gradient scale lengths only slightly, to increase the
ing the separatrix was evenly distributed between the jon§Mtical pressure gradierthence to decreaskgp), and to
and electrons, that the ion and electron thermal diffusivitieglécrease the beta index. The choide=1/3y results in
in the transport barrier were equal, and that the ion temperai®Mewhat smaller density gradient scale lengths and some-
ture was 1.5 times the electron temperature at the top gihat larger temperature gradient scale lengths than does the
pedestal. choiceD = y. Solutions with BF1 would not be allowed by

At the present state of development, the MHD pressurdHD stability constraints if the3 limit of Ref. 4 is govern-
gradient constraint does not enter directly into the calculationd, but possibly would be allowed if the second-stability
model though it may be implicitly included in the empirical regime suggestion of Ref. 1 is governing.
fit used forA+g. We plan in the future to replace the empiri- The sensitivity of the results to the value of the inward
cal fit with a theoretical model foA1g based on the MHD pinch velocity is illustrated in Table Il. These calculations
pressure constraint. For now, we will compare the pressure/ere made for the same parameters mentioned previously
scale length_, calculated from transport considerations with but now with x; = x= 0.5 nf/s andD = 1/3y. The effect of

the limiting pressure gradient scale lendthy =L o cal-  increasing the inward pinch velocity is to reduicg and to
culated with the Rogers—Drake model. For this purpose, wa’mreaseLTi, Lt andLgp, which eventually leads to viola-
define a “beta index” tion of the MHD stability condition (B1).
L L1 L1 Sensitivity of the model to the choice of the constabgs
Bl= P | L-14 Te T ) / L1 andC, is illustrated in Table Ill. The width of the transport
Ly TOI+TTe 1+ T[T, RO barrier, given by Eq(15), scales linearly wittC,, and the

quantity o, and the critical pressure gradient scaIeAffiﬁ
Bl<1 indicates that the pressure gradient calculated fronfhencelrp scales asA3?). An increase inCo (Atg) also
transport considerations is less than the critical pressure gréndirectly causes an increase in the density and temperature
dient predicted by the Rogers—Drake model. gradient scale lengths, which partially offsets the increase in

TABLE IlIl. Sensitivity of the characteristic scale lengths in the edge transport barrier to model parameters
(R=1.76 m,a=0.6 m, k=1.76, 6=0.22,B=2.0T, I =1.0 MA, 0gs=4.8, Hggp=2.0, Hy /Hgo=0.5, USN
divertor, P,=2.0 MW, S=3.0x 10" 5,v,=0.0, x; = xe=0.5 nf/s, D=1/3y, v,=0.0,Q,./Q, =0.5).

Co C, a; L, (cm) LTe (cm) LTi (cm) Lgp (cm) A+g (cm) BI
0.02 1.5 4.31 1.8 1.3 2.2 0.6 0.9 0.82
0.03 1.5 2.60 2.1 1.9 3.1 1.4 1.5 1.54
0.02 2.0 4.56 1.8 1.2 3.1 0.6 0.9 0.81
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TABLE |V. Effect of gas fueling rate on the characteristic scale lengths in the edge transport WBrrier
=1.76 m,a=0.6m, k=1.76, 6=0.22,B=2.0T, | =1.0 MA, ggs=4.8, Hggp=2.0, Hy /Hge=0.5, USN di-
vertor, P,p=2.0 MW, v,=0.0, x;= x=0.5 nf/s, D=1/3y, C,=0.02,C,=1.5,Q,./Q, =0.5).

S Q. r Ln LTe LTi ATB
(10?Ys) (10* Wis) (m?s) (cm) (cm) (cm) Lrp (cm) (cm) BI
3.0 3.3 1.2 1.8 1.3 2.2 0.6 0.9 0.82
4.0 3.2 1.4 1.7 1.4 2.4 0.6 0.9 0.87
6.0 3.2 1.7 1.6 1.5 2.7 0.7 0.9 0.95
8.0 3.1 2.0 1.5 1.7 3.0 0.7 0.9 1.01
10.0 3.0 2.3 1.4 1.8 3.4 0.8 0.9 1.05
12.0 2.9 2.6 1.4 1.9 3.8 0.8 0.9 1.08
14.0 2.8 3.0 1.3 2.0 4.3 0.8 0.9 1.10

the beta index caused by the decrease in critical pressuid-mode plasmas is proposed. The density gradient scale
gradient produced by an increase@g. The ratioLTi/LTe length is calculated from the net particle current passing
varies as the paramet€,=(TP°YTP®). [These parameters through the edge, and the temperature gradient scale lengths
(perhaps functions of other variablesiust at this point be are calculated from the net heat fluxes passing through the
determined empirically for each experimént. edge. An empirical fit for the edge pedestal transport barrier
A series of calculations with different values of the gasigih is employed. Model problem calculations reproduce

fuel!ng rate is summarized in T_able IV. Increasing the 98%he magnitude and several trends of the characteristic scale
fueling rate increaseE, , which in turn decreases the den- lengths observed experimentally

sity gradient scale length, and decreasgs, which in- . .
creases the temperature gradient scale lengths. The increase Although the gradient scale length calculations based
in temperature gradient scale length with increased gas fuefn transport and edge atomic physics considerations are
ing rate is consistent with DIII-D dath. generally consistent with experimental observation, the
A series of calculations at different heating powers ispresent model depends on a number of empirical parameters,
summarized in Table V. Increasing the heating power inforemost among which are the edge transport parameters
creases the pedestal pressure, which increases the transqgg[[),vp), the width of the edge transport barrier, and the
barrier width A7g and the MHD gradient scale length and e particle and energy confinement times. The next step
beta index. The increase in atomic physics reaction rates ip, the developmentevaluation of the pedestal model of

the transport barrier with increased heating, hence increas%ﬂis paper should be a detailed comparison of calculated gra-
temperature in the transport barrier, acts to increase the deH—

sity gradient scale length and to offset the effect of an in- ient scale lengths with experimental values for specific de-
crease inQ, on the temperature gradient scale lengths. vices, using the respective empirical parameters for each

As emphasized in Sec. II, the characteristic scale lengthdevice.
in the edge pedestal depend not only on the local parameters However, the true utility of such a model will only be
but also on the heat and particle fluxes flowing through theealized when it becomes more predictive and less dependent
edge and on the neutral influx into the plasma edge, andn device-specific empirical relations. Multidevice correla-
hence on the overall solution for the plasma and neutral pajons of edge transport properties and edge transport barrier
rameters. Various parameters characterizing the overall solygidth would be a step in the right direction, but the ultimate
tion are presented in Table VI for a representative case COfyaa| must be the development and validation of theoretical
sidered In this analysis. models for the edge transport properties and the edge trans-
port barrier width. The model should be of use in the near-
term as a framework for the correlation of edge pedestal

A “pedestal model” for the calculation of characteristic properties and, ultimately, for the prediction of pedestal
scale lengths in the steep-gradient region in the edge gfroperties in future devices.

IV. SUMMARY AND CONCLUSIONS

TABLE V. Effect of auxiliary heating on the characteristic scale lengths in the edge transport &rier
=1.76m,a=0.6m, k=176, 5=0.22,B=2.0T, | =1.0 MA, Gos=4.8, Hggp=2.0, Hy/Hgg=0.5, USN di-
vertor, S=3.0x 10** s,v,= 0.0, x;= xe=0.5 nf/s, D=1/3y, C,=0.02,C,=1.5,Q,./Q, =0.5).

Pnbi QL FL |-n I-Te I-TI ATB
(MW) (10" W/s) (m?s) (cm) (cm) (cm) Lgp (cm) (cm) BI
1.50 2.4 1.2 1.5 1.4 2.4 0.4 0.8 0.60
2.00 3.3 1.2 1.8 1.3 2.2 0.6 0.8 0.82
2.50 4.1 1.2 2.0 1.3 2.1 0.8 0.9 1.05
3.00 49 1.1 2.3 1.3 2.1 1.0 1.0 1.26
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TABLE VI. Parameters for a typical cag®=1.76 m,a=0.6 m,x=1.76, 2. SOL and divertor plasma calculation  (Refs. 9
6=0.22,B=2.0T, I=1.0MA, 0gs=4.8, Hgp=2.0, Hy/Hg=0.5, USN  and 10)

divertor, S=12.0x 10?* s, v,= 0.0, x;= x¢=0.5 nf/s, D=1/3y, C,=0.02, .

C,=1.0,C,=15Q,./Q,=0.5). A “two-point” model of the SOL (scrape-off layerand
divertor plasma is obtained by integrating the density, mo-

mentum, and power balance equations over the length of the

Plasma density (F/m?)

Divertor plate 1.20 SOL and divertor channels to provide a calculation of the
Separatrix 0.12 plasma temperature and density on the separatrix along the
E‘Z:te::a' 8'3283 SOL region bounding the core plasma and on the separatrix
Plasma temperatur@V) in the recycling region just in front of the divertor target.
Divertor plate 4 Temperature and density in the divertor channel are deter-
Separatrix electron/ion 73/109 mined by interpolation. Coronal equilibrium impurity radia-
Pedestal electron/ion 122/183 tion is included in the energy balance, with an input enhance-
Center o _ 3,860 ment factor to account for noncoronal effects. The plasma
Neutral concentration in transport barrigs) 0.76 . .
Heat flux through edge (fW/m?s) 30 balance equations contain terms to represent charge ex-
Particle flux through edge (¥m?s) 2.3 change, elastic scattering, and ionization. Volumetric recom-
Characteristic pedestal scale lengtbsy) bination is represented in the recycling region. The width of
Ln 1.4 the SOL is calculated from radial heat conduction, assuming
tTe é'i Bohm transport, and a flux expansion factor taken from ex-
L;'HD 08 periment is used to determine the width of the divertor re-
Ars 0.9 gions. The heat and particle fluxes into the SOL from the

core plasma calculation are inputs to the SOL and divertor
plasma calculation. Standard sheath conditions at the di-
vertor target are used. The calculation is made for the outer
SOL and divertor leg.

APPENDIX: CALCULATION MODEL

1. Plasma core calculation  (Refs. 9 and 10) 3. Neutral transport calculation  (Refs. 12 and 10)

The average temperature in the core plasma is deter-
mined by equating the net heatif@xternal heating less core
impurity and bremsstrahlung radiatjoto the power flux

The transport of neutral particles introduced by gas fu-
eling, by volumetric recombination, and by recycling from

¢ h ) he SOL and th lating th the divertor plate and the chamber wall is modeled in the
rom the core into the and then relating the power Out'recycling regions, in the divertor channel regions, in the pri-

flux to the average temperature and density and the energyq fx regions, in the plenum regions, and in the scrape-off
confinement time. The core radiation is calculated by 'me1ayer plenum region using the two-dimensional TEP
grating a coronal equilibrium radiative transition calculation (transmission/escape probabiliiesethod® to calculate in-
over a core "parabola-tzp-a-power-on-a—pede;tal” profile\yard fluxes of neutral particles into the scrape-off layer at
(x(r) =[Xo = Xpedl[ 1~ (r/@)"]“+ Xped defined by input pro-  yhe x noint and at the “midplane.” These inward fluxes are
file parameters(ar=parabola power coefficientlo/Tpea  then transported across the SOL and into the plasma core
= center/pedestal temperature ratié “noncoronal” radia-  sing the one-dimensional interface current balance
tion enhancement factor may be input. The energy confingethodl4 Neutrals (and ion$ striking a material wall are
ment time is calculated from the ITER89P scaling law with efiected isotropically as atoms with probabilRy, with one-
an inputHge enhancement factor. . half their incident energy and with probability €IR,) as

The average core plasma density is determined by equafyglecules that dissociate immediately to provide neutral at-
ing the total core fueling by neutral influx from the SOL and 55 and ions with energy 2 eV. The atomic and molecular
pellet and neutral beam fueling to the ion outflux into thegaty and reflection coefficients are discussed in Refs. 15
SOL and then relating the ion outflux to the average iongng 16.
density and the particle confinement time. Since recycling of  The plasma calculations described in Secs. | and Il pro-
neutrals is treated explicitly, the ion particle confinementyige the background plasma in the plasma core, divertor re-
time is taken from the scaling developed from gions, and SOL, and provide the neutral recycling and volu-
measurement of density die-away after pellet injection in metric recombination sources for the neutral particle
DIII-D ( 7,=H,x0.51°[MA]), rather than from an experi- transport calculation. The neutral transport calculation in turn
menta”y inferred partiCIe confinement time that includes rE'provideS the fue"ng rate for the p|asma core Ca'cu'ation and
cycling neutrals. In this paper we assume that the samge atomic cooling and momentum damping rates and the
mechanisms affect energy and particle confinement by takingnization source for the plasma calculation in the SOL and
Hn=Hge. A “parabola-to-a-power-on-a-pedestal” density divertor. The presence of plasma in the plenum and private
profile with input profile parameteréx, and n/nyed and  flux regions is taken into account by assuming that neutral
pedestal parametemf.q4/n) is used to represent the core fluxes incident to these regions become isotropically distrib-
plasma density distribution, with the input parameters takemuted by charge-exchange and elastic scattering with plasma
from experiment. ions.

Downloaded 19 Jul 2011 to 130.207.50.192. Redistribution subject to AIP license or copyright; see http://pop.aip.org/about/rights_and_permissions



Phys. Plasmas, Vol. 8, No. 9, September 2001 An edge pedestal model based on transport . . . 4079

This modeling of neutral particle transport has been’w. Suttrop, O. Gruber, B. Kurzaet al, Plasma Phys. Controlled Fusion
found to agree rather well with experiment and with Monte 83\% 3978(2000- 4T W, Petie, Phys. Plasrag91 (2000
- 6 . . tacey an . . Petrie, yS. asnma: .
Carlo calculations: SW. M. Stacey, Phys. Plasm&s 1015(1998.
10w, M. Stacey, Phys. Plasm&s 3673(2001).

IR. J. Groebner and T. H. Osborne, Phys. Plasid800(1998. HR. Maingi, M. A. Mahdavi, T. C. Jernigast al, Phys. Plasmag, 1752

2T. H. Osborne, J. R. Ferron, R. J. Groebaeal, Plasma Phys. Controlled (1997.

Fusion42, A175 (2000. 12y, M. Stacey, M. A. Mahdavi, R. Maingi, and T. W. Petrie, Phys. Plasmas
3R. L. Miller, Y. R. Lin-Liu, T. H. Osborne, and T. S. Taylor, Plasma Phys. 6, 3941(1999.

Controlled Fusiont0, 753 (1998. BW. M. Stacey and J. Mandrekas, Nucl. Fusi 1385(1994.
“B. N. Rogers and J. F. Drake, Phys. Plasa8797(1999. W. M. Stacey, Phys. Plasmds 179 (1997).

5J. R. Ferron, M. S. Chu, G. L. Jackse al, Phys. Plasmag, 1976  °E. W. Thomas and W. M. Stacey, Phys. PlasMa$78 (1997; W. M.
(2000. Stacey, E. W. Thomas, and T. M. Evaiitsd. 2, 3740(1995.

SA. E. Hubbard, Plasma Phys. Controlled Fusitth A283 (2000). 1. M. Stacey, Nucl. Fusiod0, 965 (2000.

Downloaded 19 Jul 2011 to 130.207.50.192. Redistribution subject to AIP license or copyright; see http://pop.aip.org/about/rights_and_permissions



