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INTERACTION OF NEUTRAL HYDROGEN AlD PLASMA INCLUDING WALL REFLECTION

J. '. Clarke and D. J. Sigmar
Oak Ridge National Laboratory and Massachusetts Institute of Technology
U. s. A, -

Zbstract: We sclve the kinetic equation for the neutral hydrogen in a hot
plasma taking into accommt gas feed, Frank-Condon neutrals, wall absorption
and re-emission of neutrals, electron impact ionization and.charge exchange
reactions. Steady state neutral profiles are cbtained showing the effect of

neutral hydrogen an the ion momentum and energy balance.

The presence of neutral hydrogen in Tokamek reactors is wnavoidable
{(refuelling, outgassing) as well.as desireble (wall protection, plasma profile
omtrol). Cambined with the choice of wall reflection properties, one can
‘achieve control of boundary conditions for the plasma, extending some depth.
into the plasma. The -fulllprtblem entails the similtaneous solution of the
ooupled kinetic equations for the proton and the neutral hydrogen distribu-
ticn functions. In this paper we assume the proton distribution function
given and using a sinple model, address the steady state kinetics of the
various neutral campcnents, shown schematically in Fig. 1. f‘_12 is the source
dis‘ribution of molecular hydrogen producing the distribution ch of Frank-
Gonion neutrals, Fw describes the net amount of atanic hydrogen reflected
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that of a proton against charge exchange smaller or equal to a. The distance

§ << a in Fig..l characterizes the source of the Frank-Condon neutrals,whose
location depends on the shape of the plasma temperature profile near the
edge,—- The kinetic equation for f is [1]
”fo
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n is the density. The indices on the density w, e, o, and.i stand for neu—~
trals borm outside the plasma region, clectrons, neutrals bom inside the
plasma region and ions (protons). The first tem is gain from.CX of .awall.
neutral with a proton, the second loss due to electron impact ionization,
the third gain from CX of an "interior" neutral with a proton, the fourth
loss of interior neutrals due to CX with protons. A more rigorous CX colli-
sion operator has been given.elsenhére [2]. This simplified operator

allows the analytic qolutlon

fo = (57 /pv) / d2' fi (no +nwlexp-Al2,2) ... /¢>0(2a)
f. _-(;.,—//uv)j az' fi {’la rnw)exptA(z,2').. * J <0 (2b)
Here, A (2, 2.) = j Adz"n; 6'0'/\//4. (32)

M= €05 o, U =<6Vl , GU = { Gex V) +((6ion.U,
To keep the theory analytically tractable, we chocse the model for the pro-
ton distribution function
3 .2
fi=ne J(v-oc) (1 +3va i /o )/‘;’77"\/:L (4
a finite temperature "Maxwellian" containing a toroidal flow.velocity u. (We

have in mind the neoclassical pressure gradient driven ion flow [3,4].)

One cbtains

n°=?'_f d2’ (n £ R )N Gex E, [ A(Z 7-)/]
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Alz,2) = f dz"n: &V /o (2/) (6
is the first exponential integral.
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If the density of wall originating neutrals n, is assumed given, Eq. 5 can

be solved straightforwardly numerically for no(z) s Which inserted in Eq. 2
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ccopletes the problem [1]. However, as can be concluded fram Fig. 1,

n, =ng.+ny where Moo is the density of Frank—ConGm neutrals and ny the
density of neutrals reflected from the wall. n, is therefore dependent on
N the density of energetic neutrals originating inside the plasma, and a
further integral equation for n , must be found. Motivated by a detailed
study of the wall absorption and re-emission problem of warm CX neutrals, we
assume that on re-emission the neutrals have a flat distribution in .energy
(0L E'€E) and in angle (og 6'¢ —%—) . Introducing a.reflection.transfer func--
tion R (E, v) [where (E, u) describes the neutral before absorptiam and.

(E', n') after], one finds for the distribution of reflected neutrals

oo [4
falv, w)=(Ymie V) [ aE EF [ du R{p, E)fo (1, E, 22 a)D)
This distribution is attenuated as the reflected neutrals penetrate into the

plasma, so that the neutral distribution due to wall reflection becomes, at
+ exP-A('“—,'l-)---/%>0
Fuw "f‘-(‘fr/‘){exp Alz,a)... . u<0 (8)

with A as defined in Eq. 6. A similar equation describes the Frank-Condon

point z

distribution f;.é within the plasma. Thus, the total density of wall origi~
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nated neutrals is given by ne = Z de(Fn/'f'ch) ©)
*-
and the total density of all neutrals becames Np =n +n., where n o has

beer. given in Eq. 5. This completes the fommulation of the prablem. Com-

bining the integral equations 5 and 9

a ! a ’ *
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where the kernels Klzaresimilartothat.shaminEq. SandSFC,.SFcare
r

Frank~Condon source terms. Numerical solutions are in progress. A simple
case results by omitting the contribution of wall reflected neutrals (i.e.,
setting R (E, u) = o, n, = nFC) . After solving for n.» fo we calculate the
monents nu, = 7 d3v vxfo and noE o = i) d3v m__2v__ fo , the toroidal flow velocity
and heat caontent of "interior" neutrals. Typical results are shown in Figs.
2,3,4. Particularly noteworthy is the fact that one deduces fram Fig. 3 a

finite friction ch =-mn; v (ui - between the toroidal ion flow
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which reverses over the plasma radius. owing to 0.50 |-
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anbi-polar ion diffusion [2,4]. From Fig.4, the
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is seen to be reduced by the finite neutral energy in the plasma core and.

im ene = - -
rgy loss ch mmn, v (Ti Eo) by X

reversed near the edge where the fast neutral energy exceeds the ion tempera-
ture. These effects will be explored parametrically, allowing the ratio of
neutral and proton CX mean free path over device size to vary. |
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