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Abstract

Numerical analysis on Scerape-0ff Layer ( SOL ) plasma and
divertor plasma in tokamaks is made by using twe-dimensional time-
dependent transport code ( UEDA code 3., Plasma transport in SOL
and the divertor region is caleulated for given particle and heat
sources from the main plasma. Scaling study of the density, the
temperature and their fall-off lengths is done for JTFT-2M toka-
mak. The results show us inter-relations between the divertor
plasma parameters and the core plasma confinement. The opera-
tional conditioens of the core to guarantee the divertor per-

formance are discussed.
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1. Introduction

Recently, important roles of Scrape-off Layer ( SOL b and
divertor plasmas for a core plasma confinement have been recogi-
nized. The basie process in SOL and divertor region has been
widely studied ¢ Yoshikawa et al., 1963; Uehara et 8l., 1979;
Post and Behrisch, 1984; Nuehauser et al., 1989 ). The study on
the one-dimensional ( 1-D ) strueture aleng the field line has
enabled us to do the quantitative comparison with experimental
observations ¢ Harbour and Morgan, 1983; Neuhauser, et al., 1984
Yo In these studies, multi-ion fluid plasma has heen examined
and the importance of the parallel electric field and of thermal
forces has been shown. However the width of the SOL plasma
should be given as a parameter. The 2-D structures with respect
to the poloidal asymmetry have been also attracted attentions in
studying phenomena of SOL and divertor plasmas.

The 2-D SOL transport model and codes for single ion plasma
have been extensively developed ( Petravie, et al., 1982; Braams,
1983; Petravie, et al., 1984¢a); Petravie ,et al., 1984(a);
Igitkhanov, et al., 1985; Braams et al.,1986 . Multi-fluid 2-D
modelling has recently been developed ( Braams, 1987 ) to study
the transport of helium ash and impurities through the edge
plasma. There, fluids equations are used with different ion and
electron temperatures. The currentless flow is assumed with the
charge neutrality condition. Plasma interactions are ineluded in
terms of ionization and recombination processes, interspecies
friction, electric and thermal force and temperature equilibra-

tion. The neutral particles are treated by an analytical model.



In order to follow a particle behavior, a Monte Carlo model
has successfully been applied te the 2-D impurity transport
analysis. A particle model has been shown to be a useful tool fo
examine the ash and impurity transpert { Brooks, 1937 ¥, Combin-
ing the 2-D transport code with a Monte Carlo method for neut-
rals, the time independent PLANET code { Petravie. et al., 1882;
1984(a); 18R84¢(b); 1985) and time dependent Unified Edge Divertor
Anaiysis code has been developed { Ueda, et al., 1988 ).

On the other hand, in the study of H-mode { Wagner et al.,
1982), it has been found that the relative direetion of the nuli
point to the ion yB-drift veloecity affects the plasma confinement
¢ Hinton, 1985; Wagner et al., 1983; Stott,et al., 1988 ).
Theories hgve heen developed to show that the direction of magne-
tie field line infTluences the heat fiuv ( Hinton, 1985; Hinton,
1988 ». This is also the 2-D problem of SOL plasma.

Transport of the SOL plasma correlates with both the core
and divertor plasmas; the power and partiecle scaling-study is
necessary to have an unified picture of plasma confinement and of
divertor plasma. Namely, the plasma density and temperature in
divertor region are sustained by the heat and particle fluxes
from the core, and they affect the multiplication of the neutral
partieles, the pumping rate, the erosion rates, the back-flow
rates of impurities, the radiative ecoling rate and so on. In
turn, in a stationary state, the edge temperature and
density in SOL plasma dictate the boundary conditions for the
core plasma profiles.

The UEDA code has been applied to obtain the minimum dis-



tance between the limiter head and plasma surface to prevent SOL
plasma - wall interaction ( Ueda, et al., 1989¢a)). Concerning a
diamagnetic effect due to the toroidal magnetic field direction,
drift heat flux which is proportional to BAVTi { Leduec - Righi
effect in thermoeletronics ) has been incorporated. This effect
has been found to change the heat channel width near the null-
point and divertor region ( Ueda, et al., 1988(b) ),

In this paper we consider the single-null divertor plasma in
JFT-2M tokamak., Using the model transport coefficients of SOL
plasma, the scaling relation of the boundary to the divertor
plasma is studied. We solve the 2-D structure, where the width
of heat flux channel, motions of neutral particles in a realistie
geometory of the chamber and changes of plasma parameters in SOL
are caleulated in a consistent manner. The 2-D effect is analyz-~
ed and the results are compared with the theoretical estimate.
Based on the obtained scalings, we consider the mutual con-
straints between the core plasma and the divertor plasma.

The outline of this paper is as follows. In Sec.?, we brief-
ly deseribe our simulation model. The description of physical
and numerical content of UEDA code is shown together with bound-
ary conditions. In Sec.3. simulational results on the scaling
study of transport in SOL are shown. Analysis on the ceonstraint
for establishing "dense and cold" divertor condition is done.

Summary and discussions are given in Sec.i.




2., Simulation Model

A model geometry of SOL and divertor region simulates JFT-2M
tokmak configuration. The poloidal crosssection with a domain of
the caleculation is shown in Fig.l. Machine parameters are; major
radius R = 1.31 m, minor radius a = 0.35m, b = 0.53 m and By =
1.4 T. The toroidal symmetry Is assumed. The orthogonal coordi-
nates y and z, which eorrespond to the poloidal flux and length
of magretic field line projected on the poleidal crossseetion,
are employed. The region of calculation is divided into cells
{i,1), where i and j denote the cell number in the z and y diree-
tions. The poloidal are length of the divertor § is measured
along the plate on the crousssection. The ratio of BP to By is
also shown as a function of the poloidal angle. The direction of
the toroidal magnetic field is defined as cloek-wise { CW ) and
counter-clock-wise ( CCW ) as shown in Fig.l. The case CCW
corresponds to that where the ion yB-drift is toward the x-point,
In this paper, we analyse CCW case unless specified.

In the domain, the multi-fluid equations and neutral gas
motion are solved. The motion of the neutral particle is calcu-
lated by the Monte-Carlo code, DEGAS( Heifets, 1982 ). A set of
multi-Tluid equations consists of the continuity equation for the
density, the momentum conservation equation governing parallel
velocity v, and the energy equations for electrons and ions.

The cross field particle flux is due to the anomalous diffusion
in the presence of the density gradient. The charge neutrality
is assumed and the flow is currentless. The electron inertia

terms are neglected. The present analysis consider a single
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average ion fluid. The kinetie energy consists of that from
parallel flow, that from perpendicular diffusion and iostropic

temperatures. Each temperature is denoted by Tg or T for

ia
electrons or ions, respectively,.

The transport coefficients we use are the classical conduc-
tivities for the parallel direction, gw ( Braginskii,!8865 1, and

the Bohm-type anomalous diffusion ¢( D, ) and conduction ( kg )
coefficients for the perpendicular direction. The observation of
Behm-1ike dependence of D; has been reported in JET experiments.
( Tagle et al., 1987; Erents et al., 1988 ) We adopt the numeri-
cal coeffiecients of D and g, after the comparison study with D-
IT1 experiments ( Ueda et al.,1988 ) as D = Dg/2 and kK, = 2nDg.
The viscosity is neglected, therefore only diagonal elements of
stress tensor are retained. At present, electric field force is

only due to the thermoelectric field. The diamagnetic effeect Is

ineluded in the heat fluxes of electrons and ions as,

>
g = -KJ.VJ.T = EnYuT =+ KAb”xVT, {1}
Ky = oSnT/QeBT
> 2
where b = B/B. We take g = -1 for electrons. The eonductivity

coefficients, k. and Ky are taken from Braginskii( Braginskiti,
1965 ). Coupling between species takes place via ionization and
recombination processes, temperature equilibration and thermal
foreces, Frictional force is neglected. Detail of fluid equation

in UEDA code other than the heat flux terms has been rveported (




Ueda, et al., 1988 ), and we do not repeat here.
At the plasma edge, the particle ( mass ) and the energy
input to the SOL, i.e., the output from the core, are given. In

UEDA code, the total partiele flux, T and the total energy

out’
fiuxes of electrons and ions , Q, and Q;, are parameters. ( Tgyt¢
and Qe,i are the values integrated on the plasma surface, and
Pout = Q) * Qg) We assign the mass and the energy to the bound-
ary cells in SOL. The method for the poloidal distribution is
given in previous report{ Ueda et al., 1989¢(b)). In the follow-
ing we assume Q, = Q;. These values reflect the confinement
times of partilce (zp) and energy (rg) In the core plasma.

As the boundary conditions close to the divertor plate, we
impose the following conditions at the magnetic sheath. Because
the magnetic field lines are eblique to the divertor plate ( the
angle, ¢, is 5° to 10° from the plate ), we consider the magnetie
sheath region in addition to the electric sheath. ( Chodura,
1982; Chodura, 1884 ). The sum of the thickness of the sheaths
amounts fo 4 ~ 5 times ion gyroradius, being very thin in compa-
rison with the mesh of our fluid calculation. Therefore we
consider that the surface of the magnetic sheath is our caleulat-
ing boundary. At the magnetic sheath, we use Chodura's sheath

condition on the momentum,

¥n = v (Te'LTi)/m'l, (.2"'1)

and conditions,

V*’Te = _CeneVnTe/K~;e, ( C = 1.8 } {f)_l))



for electron and ion energy fluxes. Taking the value of CefI.S
in (2-2) corresponds to the case where we neglect the secondary
electron emission. The condition (2-3) corresponds to an assump-
tion that the ion conduction part is set to be zerc at the inter-
face between presheath and the sheath. The neglection of conduc-
tive part gives an independent constraint to the effect of the
inelination of the magnetiec field line. This assumption by no
means i1s general, but is at least consistent to our humerical
results. The transmission coefficient, v, has the angle, ¢,
dependence of the inelined magnetie field. The neglection of the
secondary emission of electrons affects the coefficient, v, ss
well as the value of sheath potential.

In our case where the inclination of magnetic field line to
the divertor plate is very small ( 5 to 10 degrees ), the effect
on the heat transmission coefficient and on the magnitude of the
sheath potential, owing to the neglect of secondary emission, is
small { Chodura 1984 ), We adopt the constant heat transmission
coefficient v to be 4.8. The value corresponds to the case of
$=10°. TFor the same fluxes, Q@ and I', at the divertor, the case
of $=5° ( v~4.2 and Ce=1.8) will show a little higher electron
temperature. The deviation is at most 10%.

The particle flux at the sheath is also affected by the
secondary emission of electrons. The neglection causes the under-
estimate of the electron density. In the present case ¢ 5 <a< 10°

) with the same fluxes at the sheath, electron density will



increase by 50% (or factor 3) and the electron temperature will
decreases by 10% {or ~25%), when the coefficient of the secondary
emission is increased to be 0.5 (or 0.8}, The neglection of
secondary emission comprises the extra loss of eleetrons trans-
ferred to ions in the succeeding Debye region. this, in turn,
eauées an extra momentum input for ions, which causes a bulk
flow. The effect in the presence of the arbitrary inclination
of magnetic field line and the choice of the boundary conditions
(9-2) and (2-3) are discussed in the final section.

Numerical method for the dynamic fluid equations is the
particle—in-ecell ( PIC ) method ( Harlow et al., 1965 ). Details
of the method are reported elsewhere ( Ueda, et al., 1988 ; Ueda
and Tanaka, 1989(c)}, and are not repeated here. The behavior of
the neutral gas is calculated with a Monte Carlo method { DEGAS
code ), using the same mesh in the fluid caleulation but in real
space. In order to save the computation time, the neutral gas
caleculation is performed once every few tenths of the time for
fluid calculation cycle. As for the coupling procedure and
smoothing techniques are also reported. ( Ueda, et al., 1988 )

The material of the first wall and the divertor plate 1is
considered to be iron (SUS8). Therefore, Marlow model included in
the DEGAS ( version 45 ) is employed for the reflection model.
Furthermore, ho particle pumping is assumed in the actual calcu-

lations.



3. Results and Applications

-- Sealing Study of Transport in SOL --

The simulation is performed to obtain inter-relation of the
edge plasma and the divertor plasma. Using the total particle

flux, Fgut» and the heat flux, P from the core as parameters,

out:
we study the dependences of the edge density (nb}, the density
fall-off length (i,), the electron temperature (Tb,e} and its
fall-off length (xp) ( measured at the mid-plane ), as well as the
density and the electron temperature at the divertor plate, ny
and Td,e' The electron temperature is depicted, since Ty, and Ty
of electrons are important parameters whieh dictate the core
transport and the sheath condition near the divertor, respective-
ly. The temperature has a profile along the divertor plate, and
T4 represents the peak value on the plate. The localtions of
measured points are shown in Fig.2{a). The measurements are done
in a state, where the multiplication of the neutrals becomes
saturated in time in the absence of aetive pumping. Independent
of divertor plasma temperature, the dense divertor plasma can be
established when the high reeyeling condition, i.e., the multi-
plication of the neutrals is sufficient. We do the simulation in
parameter ranges where the dense divertor plasma condition hoids.

The parameter range of T is from 2x10%!/see to 9x1022 and

out

that of P is from 0.2 MW to 0.9 MW as is shown in Fig.2(b).

out
We have obtained the result from our calculations that the abso=-
lute value of electron temperature at the divertor scales as

Tq

e = 30P0ut(MW)r0ut(1022/sec) eV in this configuration. There-

10



fore, the choice of parameters is done such that the expected
Td,e is roughiy from 15 eV to 753 eV. In this range of parameter,
we can examine whether the ecold divertor condition is satisfied
or not in the presence of dense plasma. In the following, we may
define the “cold divetor plasma” as Td,e ¢ 10..20eV., Importance
of the cold divertor temperature is well known, since above such
temperature, the erosion rates can strongly increase. For the
divertor design of next generation tokamsks like a ITER, for
example, this condition is serious and important( ITER Team,
1989; Itoh, et al., 1989 ). Furthermore, if the divertor tem-
perature is high, it is difficult to sustain the temperature
difference between Tb,e and Td,e' Then the shielding effeect on
sputterd impurities due to the temperature gradient along the
field line decreases ( Igitkhanov, et al., 1885 ), which may
cause the baek flow of impurities into the core plsma region.

The results on np, Tb,e’ ng and Tq, e 2re shown in Figs.
9¢ec), 2(d), 2(e} and 2(f}, respeetively. Namely, we [ind near

the plasma boundary,

1 -0.3 :
My = Tout Pout : (3-1a)

-0.25 0.5
Tb Pou

e = Tout t : (3-1b)
We see that the reduetion of partiele flux yields the decrease of
the edge density and the moderate increase of the temperature for

the fixed output power. We also obtain the dependences of Ap and

AT as

11



o -0.924 0.15 _

rp = d Toyt Pout : (3-1e)
0.4 -0.23 _

ap = d Toyut " Pout (3-1d)

where the value of d is 1.8 em in JFT-2M for T =1021‘sec and

out

Pout = 100kW. Note that the power and the particle dependences

of », and arp are different from each other. The density fall-off
length expands while the heat channel contracts with the higher
power flux for given [ogut+ Eliminating the power dependences
between (3-1a) and (3-lc) and between (3-1b) and (3-1d) we obtain

0.63

2.2 : . .
= Tout . These relations imply

nb"n2 - routo'5 and Ty oar
that the strong change in particle outflux causes the moderate
changes in the falli-off lengths even for the fixed edge density
and temperature. This should be compared with the recent experi-
ment in ASDEX, where the scrape-off length is not so sensitive to
the change of the confinements from saturated ohmic ( SOC } to
improved ohmie ( IOC )( McCormick et al., 1989 ),

Our results are compared with the Lackner-Wagner ( L-W )
scaling{ Wagner and Lackner, 1884 ). The L-W scaling is obtained
by using Bobhm-like ¢ and the classical parallel transport coeffi-
cients, and by assuming the time scale separation between the
parallel and the perpendicular diffusions. The viscous offect is
neglected. The coefficients we use here are similar te theirs,
and we include the 2-D effect and neutral behavior in our simu-
lation. The L-W scaling shows that edge temperature, Tb, seales

as



LW 47/11,.-2/11 _
Tb « P nb (3-2)
and the width of the heat channel , jp, is
ATLW o P—S/Ilng/li oF o anbQP_I' (3-3)

From our simulation, we obtain Tb and xp at the midplane, elimi-
nating © in Eq.{3-1),
Ty

0.4,.-0.25 -
R L (3-4)

ap o« P0e11p0.39 (3-5)

We find a fairly good agreement in Ty, EQ.(3-2) and Eq.(3-4),
even though we consider the effect of neutrals and the 2-D strue-
ture in our numerical simulation. With respect to the heat
channel width, the simulation result{ Eq.(3-5)) has the weaker
dependence on n, than that in Eq.(3-3). The contraction of the
width at high heat flux is wesker in our simulation. This may be
caused by the 2-D effect. The product anb’QQ.QP—O.QAT-I.4 =
const. is obtained in our simuiation. The L-W sacling gives

L) S T
anb‘P 1{3%“) L. const.,
Cn the divertor plate we find
1.1 -0.35 .
Mg « T Pout (3-8a)

out

13



-1 1 -
Td,e e Tout Pout (3-6b)

It is noted that the density near the divertor plate has the

close relation with the edge density. The divertor density is

roughly proportional to the edge density, i.e.,

1.1 0.35 6.3,1.1 1.1 -
Ng=Tout™ /Pout = Toyut/Poyt™ ") « (ny) (3-7)

The absolute value of the density at divertor is about fwice
larger than that at the midplane. The dense plasma condition in
the divertor region is correlated to the edge density, i.e., the
particie confinement. The cold divertor condition is also strong-
ly affected by the outflux from the core plasima as seen in (3-6).

The absolute value of the Td o is 30P {MW)/rout(lozgfsec) eV,

out

having stronger dependences on Tout and Pyyt than the edge tem-

perature has. The electron pressure P, = nT at the divertor is

0.65

nearly independent of T The dependen-

. i 0.75 0.2
ces of Phe and Pd.e differ to each other; Py e © Tout Pout

0.1 0.65
and pd,e = Tyt Pout

out and scales as Pout
. Even if the electron pressures at the
edge and at the divertor have different scalings, the total
pressure, p = p,+p;, is found to satisfy the relation, Py = de {
Takizuka, 1989 ), whieh is usually emploved in 1-D analysis.

Let us compare our results with theoretical estimate, The
boundary condition on partiele and heat fluxes on the divertor
plate { at the magnetic sheath ), which are listed in section 2

can be rewritten in a simple manner as ndE

3 = rd/ﬂ.da TTdndCS ex

14



Fa/ﬁd, Fd = rout/(l-g) where fiq 1is the typical width of the
particle and the heat fluxes at divertor, quantities with —
denote the averaged value over the plate, v is the heat trans-
mission eoefficient and g denotes the probability of the re-
ionization and of neutrals in the domain of caleculation. Using
these relations, the temperature at the divertor plate is written

as,

Tg = Pout - Prad)/7GToyt (3-8)

where G {( =1/(1-g) ) is the multiplication factor of the particle

flux and P is the remote radiative cooling contribution at the

rad
divertor region. In our simulation, the condition Prad << Poyut
is resliged. When output particle, Fout: is small, i.e., the

plasma density is low, the value of G is found to be an increas-
ing function of [ ... These cases are not realized in the pre-~

sent analyses. As T becomes large in the absence of pumping,

out
the recyeling of neutrals at the divertor hecomes large so as to
establish the dense plasma. In these cases the value of G satu-
rates and G =~ const. is realized in a stationary state. Measure~
ments are done in this stage. We neglect the secondary electron
emission and the value of v is fixed to be 4.8. The temperature
has the profile along the divertor plate and the profile factor,
qud/Td e ts around 0.5. Comparing the result of Td oy We have
3 b

the value of G ¢ =2/ ) is around 4 and g . 0.75. Impinging
neutrals into the main plasma 1s simultaneously measured and the

ratio to the reeyeled neutrals is estimated to be roughly 1-g.

15



We say that the particle balance is guaranteed in our simulation.
There is little statistical error in DEGAS Monte Carlo calcula-
tion. From these considerations, the results of Td,e may be
understood.

The 2-D contour plots of electron temperature and the ion
density in SOL are shown in Fig.3 (a) and (b} for the case of
Fout = 5¢10%1/see and Pout = 0.8 MW, The maximum values of Te
and n; are 70 eV and 5,(1018/m3 near the mid-plane and decreases
to the directions of wall and divertor. The intervals of each
econtour are 5 eV and lxlﬁis/mS, respectively. The current-less
flow pattern is illustrated in 3¢c), in which the length of the
arrow shows the absolute veloeity. 1Its seale is also shown in
the figure. The neutral density profile is shown in 3{(d). Two
peéks of the density profile are fcound on the plate. The peak
on the outer-side of the teorus is higher. The maximum value of
the contour is 8x10'1/em® and is found on the divertor plate.

The interval of the contour is 5x1010fcm3. Neutral density
decreases towards the core plasma and scme are impinging into the
core near the separatrix. The expected Da emmissivity is esti-
mated by a simple formula as Da « NangT, for T.> 5eV after the
analysis by Dylla ¢ Dylla, 1982 ). This quantity is caleulated
by using the obtained ng, T, and N and the relative value is
shown in Fig.3{e)., The 2-D profile of emmissivity is similar to
that of ng. The result of Fig.3(d) shows that the particle
recycling takes place near the null-point and that the neutral

particles are localized in divertor region. We f{ind little

recycling on the first wall. In this case. the cold divertor

16



condition, i.e., Td ¢ 10~20eVv, is not satisfied. The temperature
at the divertor reaches 45 ~ 50 eV due to the large power flux in
comparison with the particle flux as is expected from the scaling
relation.

We prevoiously obtained the result ¢ Ueda et al., 1988(b))
that BxyT heat flux affects the width of heat channel near the
divertor plate, and that the in-and-cut asymmetry of divertor
structure is enhanced { or reduced }. However, the value of
density and the temperature at the mid-plane do not show appreci-
able changes even we compare the CW and CCW cases. The total
radiation loss and the charge exchange loss also change little.
The effect of the BxyYT heat flux dominantly appears in the diver-
tor structure near the separatrix., In the present analysis we
also confirmed this characteristic. Near the midplane, Te is
high and the temperature gradient along the magnetie field line
is small, therefore the effeet B.yT has small contribution and is
not apparently observed. The effect is seen in the heat channel

width near the divertor.

17



4. Summary and Discussions

In this paper, we applied the 2-D time-dependent transport
code ( UEDA code ) to study the confinement in SOL plasma of JFT-
2M tokamak. The 2-D profiles of density, temperature, surround-
ing neutrals ete. were caluculated. Using the model transport
coefficients, which are anomalous and classical for perpendicular
and parallel directions, respectively, we studied the sealing
relations of SOL plasma. The plausibility of adopting the model
transport coefficient, D,, has been discussed on D-111( Ueda et
al., 1988 ) and on JET( Stangeby et al., 1987; Tagle et al.,
1987; Erents et al., 1988 ),

The scaling study of density and tempearure con particle flux
and on heat flux were done both at the plasma boundary and at the
divertor plate. Simulation results were compared with 1-D ealeu-
lation and with the theoretical estimates. With respect to the
edge temperature, we find a fairly good agreement between our
direct simujation and the theoretical estimate. The difference
is seen in the heat channel width, Ap+ The power and density
dependences are slightly different( see Eg.(3-3) and Eq.{(3-5}) ),
which may be due to 2-D effect. Recently, the relation of edge
temperature to edge density has been empirically obtained, i.e.,
Te o n;0°4 for various ASDEX discharges { Kaufmann et al., 1589
). When the power dependence of Ap will be found experimentally,
the difference due to 2-D effect will further he studied.

Using the obtained scaling relations, Egs.(3-1) and (3-8},
we consider the divertor performance and the core confinement,

The cold divertor condition in & stationary phase is derived from




Eq.(3-8). Negleeting a radiative cooling term, we have the

relation as ?d = PoutfyGr The value of Tout from the plasma

out"
is simply evaluated by the particle confinement time of the core,

as Tgoyt = WV /rp, where V_ is the plasma voliume and <n> is

Ipa P p

the sveraged density. This leads to ¥d = P /YGnV,.  If we

outfp p

use an empirical law, O.OSPMﬁllzneqo'llg( P in MW, <n> in

Ip =
10°0m~3 Y, whiceh is obtained in particle control experiment in JT-
60 of diverted configuration { Tsuji et al., 1987; Nakamura et
al., 1988 3}, we obtain T& « P12 a2, This naturally leads teo
the fact that the high density cpeartion is essential in high
power regime in order to guarantee the divertor performance,

We do not take into account all the neoelassical effect on
the transport coefficients, whieh may wmodify the structures of
the SOL plasma. In particular, the width of the heat channel fis
surely modified by the yT.B heat flux. The inelusion of complete
neoclassical effect is left for our future work. We have not yet
examined the other transport coefficients than Bohm-1ike model,
the comparison study is necessary to improve model transport
coeflicients.

When the inclination of the magnetic field to the divertor
plate is arbitrary angle, the effect of the secondary emission
changes in a complicated manner {( Chodura 1984 ). We discuss the
sensitivities of N4 and Td to the change of the inelination of
the magnetic field line and to the negleetion of the secondary
electron emission. We have examined & special case in the text
where the inclination is vary small. In this case, Td will

decrease at most 25%, while ny may increase by faetor of 3 for 57
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¢p<10°, if the coefficient of the secondary emission is taken to
be 0.8. On the other hand, in the case where the field 1line is
close to perpendicular to the plate ( ¢ ~90° ), the secondary
emission dominantly affects the value of transmission coeffi-
cient. The normalized velocity of electrons remains almost
unchanged. Therefore the neglection of the secondary emission
causes the over-estimate of T4 and the under-estimate of ng. The
value of 0.5 (or 0.8y for the secondary emission coefficient
¢causes the over-estimate of Td by 20% or{ +factor 3) and the
under-estimate of n, by 30% (or ~foctor 2), In the intermediate
angle, the estimation becomes complicated but the relative devia-
tions are intermediate values between those of twe extreme cases
{ ¢=0“and 4-80°-85°). We have not examined the other cases in
the simulation. Improvement of the boundary condition is left
for future. 1In addition, further comparison study of the choice
of the boundary condition (2-2) with experimental data is surely
necessary. With respect to the neglection of the ion conduetion
part, we have not analysed the other conditions. This model
cheek is important but is left for the future.

In reactor concept, the ash exhaust and impurity problems are
other important issues to be persued ¢( Braams, 1987; Brooks,
1587; Itoh, et al., 1988 )}, the analysis on which is beyond the

scope of this paper.
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Figure Captions

Fig. t
Geometiry of the analysis. The mesh ] correponds to the magnetie

surface and i stands for the poloidal angle. j=12 indicates the
fiux tube touching the separatrix magnetic surface. The hached

region indicates the divertor plate, and the length ¢ is mesured
along this are from the bottom tc the top, The piteh parameter

Bp/By 1s shown as a funetion of 1 for various values of j ( j -

L

12 for solid line, j = 11 for dotted-dashed line and j = 10 for

dashed line }.

Fig. 2

Sealing study on particle flux, T

and heat flux, cf the

D
out: tout:

edge density, Ny, and the electron temperature, Ty o» ( measured
at the mid-plane } and those at the divertor plate, Ny and Td 0*
?

The locations of measured points are shown in 2(a). The range of

T is from 2:1621/sec to Qxlezgisee and that of POut is from

out

0.2 MW to 0.9 MW as is shown in 2(b)., The results on Ny, Tb o

ng and Td,e are shown in 2{(c), 2{(d), 2{(e) and 2{f), respectively.

Fig. 3
The 2-D profiles of eleetron temperature and ion density in SOL

are shown in 3¢a) and 3{(b) for the ease of I = 5»1921/596 and

out

P 0.8 MW. The maximum values of Te and n, are 70eV and

out i

5x1018/m3 near the mid-plane and decreases to the direetions to

the wail and the divertor. The intervals of each contour are 5

28



ev and 1048/md respectively., The flow pattern is shown in 3(e¢)
the length of the arrow shows the absolute value of the speed.
Its scale is also shown. The neutral density profile is shown in
3(d). Two peaks of the density profile are found along the
plate. The peak on the outer-side of the forus is higher. The
maximum value of the contour is 8,101 /em® and is found on the
divertor plate. The interval of the contour is 5x1010/em3.
Neutral density decreases towards the core plasma and some are
impinging into the core near the separatrix. The calculated Da
emissivity from n,, T, and ny is also shown in 3(e)[ arb. unit .

The 2-D profile is similar to that of Nge.
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Fig. 2
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