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Structure of a source-driven magnetized oblique presheath
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A source-driven magnetized presheath is analyzed in an obliquely incident magnetic field. The conventional
fluid treatments of the collisionless and collisional magnetized presheath use standard fluid equations to
recover the velocity profiles that satisfy the Bohm sheath criterion at the electrostatic sheath edge. In a purely
source-driven collisionless presheath, however, there is no mechanism to redistribute the change in parallel
energy in the perpendicular direction and therefore the boundary values of flow velocities are strong functions
of angle of incidence. In the present treatment, numerical solutions are obtained for a set of fluid equations
derived from the moment description of a generalized gyrokinetic equation. The density, velocity, and tem-
perature profiles in a source-driven presheath are computed, which show a dependence on the angle of inci-
dence of the magnetic field on a perfectly absorbing solid surface.
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[. INTRODUCTION a finite space charge as the fluxy, of both electrons and
ions remains conserved. Chodura thus concluded that there
Scientific interests related to the material plasma interacexists a double structure comprising a quasineutral magnetic
tion are as old as the history of laboratory plasma experipresheath and a space charge dominated Debye sheath, also
ments itself. Standard notions now exist about the mechathat a purely parallel flow in a magnetic presheath is de-
nism of plasma-wall interaction and formation of an flected to become normal to the solid surface in order to
electrostatic sheath in an unmagnetized plasma. With the irsatisfy the classical Bohm criteridi2]. A fluid approxima-
creasing importance of strong magnetic fields in modern extion presented by Chodufd] used standard fluid equations
periments, many of these standard unmagnetized results af@ electrons and ions to explain the numerical observations.
also in use without much modifications for modeling the Chodura presented a wavelike analysis to show that in a
boundary region of strongly magnetized plasmas. An everollisionless regime, the conventional fluid model yields a
complicated configuration, where the strong confining magrequirement of supersonic parallel flowj=c;, at the en-
netic field is incident obliquely on the target surface, is pre-trance to the quasineutral magnetic presheath, witgre
ferred in the modern fusion experiments in order to minimize=[(T.+ yT;)/m;]*?, T, is the electron temperaturg, is the
the incident heat flux. Similar configurations are also endon temperaturem; is the ion mass, and is the ratio of
countered, for example, on the surface of a spacecraft thapecific heats at constant pressure and at constant volume for
receives the flux of plasma along the earth’s magnetic fieldthe ions.
A considerable interest therefore has been in analyzing the The fluid model was used also by Riemd3t, who pre-
sheath and presheath structures in magnetized plasmas. sented the theory of a collisional magnetized presheath. Rie-
The magnetized counterparts of conventional sheath anghann showed that the requirement of supersonic parallel
presheath theories are widely discussed and have been cdiow could be avoided if a velocity driving mechanigicol-
tral to many investigations relating to magnetized plasmatisions or ionization is included within the presheath region.
wall interaction. Most of the discussion related to the mag-The explicit inclusion of collisions in Riemann’s analysis
netized presheath and its connection to the classical Bohmrovides a mechanism for the flow velocity to grow from a
sheath is based on the standard fluid model of the magngubsonic value to the required boundary value. In the colli-
tized plasma-wall interaction. Using the standard fluidsionless limit, Riemann also recovered the Chodura criterion
model, Chodurdl] successfully explained the results of his using purely time independent arguments.
particle in cell simulation of a magnetized presheath, obtain- The Chodura and Riemann models for the magnetized
ing a requirement of supersonic parallel flow velocity at thepresheath essentially provide connectivity to the classical
entrance to a quasineutral, collisionless region called th&ohm criterion, thus the structure beyond the Bohm point
“magnetic presheath.” In Chodura’s simulation the magnetic(u,=c,, whereu, is the ion flow velocity normal to the
presheath was seen as the region where both ions and elewlid surfacg sees no effect of the intensity or the orientation
trons flow with equal velocity {o=u;). Further downstream of the magnetic field. However, there are observations where
existed a narrow region where the flow velocity of electronsa finite departure from the conventional results could be
exceeded that of the ionsi{>u;). This imbalance results in seen. For example, in an observation on Joint European
Torus (JET), Harbour and Loart¢4] reported that for the
grazing incidence, the parallel Mach number at the high field
*Present address: Max-Planck-Institut Rlasmaphysik, Boltz- side limiter plate could be substantially subsonic. They at-

mannstr. 2, D-85748, Garching, Germany. tribute this behavior of the boundary flow to either an in-
"Present address: 332B ESB, Electrical Engineering Dept., Indiasreased magnetic field intensity or a very grazing incidence
Institute of Technology Madras, Chennai 600 036. of the magnetic field to the limiter surfa¢see also Ref5)).
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It is also important to notice that a nonconventional treat-magnetized presheath solutions obtained by Scheuer and
ment of the magnetized sheath by Hollatdal. [6] recovers Emmert[9], who developed a set of fluid equations for col-
no equivalent of the Bohm condition in the case of extremelylisional and collisionless presheath plasma assuming separate
grazing incidence, whereas, the conventional fluid model egparallel and perpendicular energies. The present paper is or-
sentially connects to the Bohm criterion at the entrance to ganized as follows. In Sec. Il, the standard fluid model is
magnetized sheath. These examples suggest that there amnsidered to derive and briefly discuss the Chodura crite-
regimes where a rather careful fluid approach is required. rion. The fluid equations are derived using the moment de-
The departure from conventional results in strong magscription of a gyrokinetic equation in Sec. Ill. The procedure
netic fields indicates that the extent of magnetization of thdor the numerical solution of fluid equations is described in
ions plays an important role in determining the mechanisnSec. IV and the results are presented and discussed in Sec. V.
of plasma-wall interaction. Finite effects of the intensity and
the obliqueness of the magnetic field thus appear on the II. STANDARD FLUID MODEL AND CHODURA
boundary conditions at the material surface. An analysis of CRITERION
the intensity of collisional processes in the edge plasma for a - o
typical fusion device[7] estimates that for the charge ex-  The condition of supersonic ion parallel flows at the mag-
change processes a typical plasma density of netized presheath gdge derived orlgma_lly py Chocﬂﬂ:]a:an .
%101 cm 3 would yield an ion mean free path, be obtained in a S|mpl_er way by conS|der|_ng the C(_)n_tlnuny
—25 cm. At the same time, with a typical magnetic field of and momentum equations in the conventional collisionless
2 T and an ion temperature of 100 eV, the mean ion Larmoform
radiusp;~10"! cm. These values give a ratio of the mean
free time between ion-neutral collisions to the ion gyrope-
riod, 7e/7g=2.5X 10°. The above analysis indicates that
collisions may play only a marginal role as a velocity drivers
in strongly magnetized configurations. In view of these re\yhereq, m, n, u, andp are the charge, mass, density, flow
sults it becomes important to analyze the behavior of boundge|ocity, and pressure of the speciesrespectively. In this
ary conditions in a separate kind of presheath, where thgection and in the rest of the paper we follow the geometry as
velocity driver does not inject a net momentum into the sysescribed in Fig. 1. The axis is chosen to be normal to the
tem. Results of the present study show that the boundaryojig surface, while they axis points towards inside of the
values in a purely source-driven collisionless system do rep|ane of the figure. The magnetic fieBlis incident making
cover a finite dependence on the angle of incidefic@S  an angleg with the solid surface. A field aligned set of unit
22?&3?%33\;[?: conventionaollisiona) treatment where the | .\ €/.€1.6,) is chosen for the simplicity, such that
generally obtained to approach a supersonic .~ - i o
value in order to satisfy the Bohm criterion. =e;Xey. The components of the ion force equati@ in
However, a collisionless fluid treatment is not trivial and the coordinates & ,e;,e,) can now be written for a one-
requires some special considerations regarding the momegdimensional case by defining, u,, u,, andu, as the com-
description of the underlying kinetic model. In the presentponents ofu; along the directionsé”, él, éy, and éX, re-
paper we investigate a magnetized presheath driven mainkpectively,
by a uniform source of plasma. An alternate set of fluid equa-

V- (ngus) =0, @

msUs- Vus=gs(E+usXB)—Vps/ng, (2

tions, as derived from the moment description of a gyroki- miniuxuﬁ=sin onig;E—siné p/, 3)
netic equation, is used for ions. Since large cross-field drifts
are present in a magnetized oblique presheath, a generalized m;n;u,u} = cosen;q;E—cosép; +nyq;u,B, 4
gyrokinetic approach as prescribed by Bernstein and Catto
[8] is employed, which admits the presence of large drift MiN;UUy = —N;g;u;B, (5)

velocities. Collisions are included only marginally so as not

to affect the kinetic ordering of the colliding ions. In the limit where the prime denotes a differentiation with respect.to
of normal incidence, where the higher order drift effects van+ollowing Chodura’s argumenf4] we assume the electrons
ish, it becomes possible to compare our results with the unto have a Boltzmann distributid.e., ne=nyexp(—ged/Te),
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where ¢ is electrostatic potential anf, is the electron tem- lisional regime where the collision frequency dominates the

peraturé¢ and the presheath to be quasineuti@., n,=n,.).  ion gyrofrequency13]. As in the rest of this paper we aim to
Considering now the adiabatic equation of state investigate a purely source-driven, collisionléagakly col-
lisional) presheath in a strongly magnetized regime, we use
Ps=YsTsNg (6)  an alternate set of fluid equations obtained from the moment

description of a generalized gyrokinetic equat
allows Eq.(3) to be written as P J & quatiéi

minuUj=sind(Te+yT)n". (7 IIl. MOMENT EQUATIONS
At the presheath entrance, the boundary conditions consis- We adapt the moment description based formally on the
tent with an undisturbed plasma demand a purely parallejeneralized gyrokinetic approach of Bernstein and Qo
flow into the presheath. Accordingly, at the presheath edgeThe first application of a set of generalized gyrokinetic vari-
ables introduced by Bernstein and Catto yiefds-f—f,
which is smaller by an order of @/ as compared to that in
the conventional gyrokinetic theory. Thus by repeated induc-
tions, Bernstein and Catto could evaluétewhich is second
order in 10}, thereby recovering a value 6§ which is cor-
(Uﬁo_ cg)uﬁ -0. (99  rectup to first order in I}. A generalization of the approach
of Bernstein and Catto can be considered formally by assum-
Clearly foru| to be finite at the presheath edge it is requireding that gyrocenter variables can be found which depend on
that ¢ through order (12)N. This would then lead to a value of
f, which is of order (12)N*! and f, which is correct to
Ujo=Cs, (100  order (10)N. The gyrokinetic prescription would be correct
o . N . to all orders forN—oo.

dura and Riemann. alongx (see Fig. 1, we begin by considering a generalized
Itis also clear from Eqg3) and(4) that thex component  gyrokinetic equation for the ion distribution functiofy
of Eq. (2) becomes A

Ui0= UyO:0 and UXOZUHOSin 6. (8)

Substitutingn’ from the continuity equatioigl) and evalu-
ating Eq.(7) at the presheath eddee., using(8)] yields

=f(v,m.1,0),
(UZ—c2)u}=cosoQ,uy, (12)
. . . — afo — afo - afo
such that the right-hand sidehs of Eq. (11) resembles a sinfv|—— +cosbv, — +vj-—=C+s, (13
velocity driver which allows the subsonig in the magnetic I Iy 1 dv)

presheatihereQ);=q;B/m;). However the parallel velocity

ill requir rsonic unl imilar term ap- . .
Yy st requires to be SUPErsonic uvess a simia e aPivhere the overline denotes a gyrophase averaging as pre-
pears in Eq(9) representing a velocity driver such as colli-

sions or ionization. The generalization of the condit{@0) scribed by Bernstein and Caff8], r, ¢, and represent the

) ; . lggeneralized gyrocenter, gyrophase, and angular momentum,
allowing supersonic parallel flow at the magnetic presheat Tespectively. whiley: ando. are the components of the gen-
edge (=c,) can also be understood immediat¢ho]. It P Y. I ! P 9

can be readily shown that if acceleration alonge X B in- eralized gyrocenter_velocity along and e;, respectively.
ertia term on the lhs of Eq.(5) is assumed finite at the The gyrocenter variables are assumed to be known to all

presheath edge, Eq&) and (4) suggest thati] is finite. In order;_to account for the large cross-field_ dril_ffﬂ. The
this case Eq(9) is replaced by quantitiesc ands are the gyroaveraged contributions of col-

lisions and source, respectively. No spatial variation is as-
(u2—sirtgc) = ujcosé/uf , (120  sumed alony (i.e.,d/dy=0), and for rest of the treatment it
is understood that=x.
i.e., the flow velocity at the magnetic presheath edge would As the cross-field drifv; of an ion couples with the par-

depend upon the asymptotic behavior of rati@osé/uj as  allel velocity vj=v| through the self-consistent presheath

appearing on the rhs of Eq12). However, an asymptotic electric field[3] E, a nonlinear coupling can now be intro-
solution demanding thalicos&/uﬁ should approach zero at duced,

the presheath edge would always require the parallel flow to
be equal tocs.
Since the standard fluid descriptiée.g., Braginskii 11]) U—:L:C(X1UH) v (14)
is obtained by the procedure of Chapman and Cowlit,
i.e., by using a formal expansion of the plasma distribution
functionf about an equilibrium distribution in the parameter  Since in rest of the treatment we are interested in the
ML (where\ is the collision mean free path ardis the averaged quantities, we assume ¢he depend only on the
scale of variation for the macroscopic plasma paramgtersaverage parallel velocity =(v|), where the averagg) of
the conventional fluid approach is suitable for a highly col-a functionA is defined as
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f Af d%

(Ay="—r——. (15)
f fd3
The Eq.(14) would therefore be reduced to
U_J_ZC(X,UH)v”:a(X) v|- (16)

Coming back to Eq(13), one can therefore rewrite it as

Kv“a—x-i-v“m:C-l-S, (17
where
k=[sin#+ a cosh] (18
and
v=(q;E/m;)sin 6. (19

The moments of gyrokinetic equatida7) produce estima-
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In general, thejth moment of the gyrokinetic equation
(17) is given by

d . d; &fo .
3 3, 3
K&f Uf‘v”fod U+HE||f vf‘ad U—f Uf|(C+S)d v.
(25)
The valueg =0,1, and 2 yield particle conservation, balance

of parallel momentum, and the parallel energy flux, respec-
tively, given by the following equations:

3
K&(nUH):SO, (26)
p) g
2
k— | nuf+—|=n—E;—vnuy, 2
ax\ Yt m = B H (27)
3 , s
K—(nu3+3uﬂ>=2nu|&E”+ —OTS—vnuﬁ
IX m; m; m;
rn
— o (Ti=Th), (28)
I

tions for the conservation of particles, momentum, and en-

ergy in terms of couplinga(x). Since the electrons are whereu) is the flow velocity along the magnetic field and the
strongly magnetized and react instantaneously to potenti@uantitiesp;, Ts, andT, are defined as follows:

variations along the magnetic field, their density can be

given by the Boltzmann distribution. Therefore in the o 2 3
quasineutral region of the presheath, P=nTi= | mioy=up)=fo(x,v)d%, (29
N(X)=nNg(X)=nNgexp(— Qe¢/Te)a (20 2 3
TSZJ mivl|g(U7TS)d U, (30)
where ¢ is the electrostatic potentiah, is the density ak
=0, andT, is the electron temperature which is assumed
constant in the region. Tn:j mivﬁg(v,Tn)dSU. (32)

The source of plasma=s(x,v) is assumed to have a
stationary Maxwellian velocity distribution with temperature

Ts,

S(le):SO(X)g(UITS)i (21)

where the functiorsy(x) determines the spatial variation of

the source intensity and(v,T) is a stationary Maxwellian
velocity distribution with temperaturg,
g(v,T)=(m/27T)¥%exp —mv?/2T), (22)
where
vz=vﬁ+v§+v§. (23

However, we assume a uniform source and $}%&) =Sy in
the present treatment.

The weak ion-neutral collisions are modeled using a,

Bhatnagar-Gross-KroolBGK)-type collision term{14]
C:_Vf0+ Vn(x)g(U,Tn), (24)

where v is the ion-neutral collision frequency amdv,T,)

represents the velocity distribution of background neutrals

with temperatureT , .

It is assumed for simplicity that the distribution remains ap-
proximately symmetric around the mean velocity, and the
thermal energy flux

Qt:f mi(vH—uH)3f0(x,v)d3v (32

has therefore been neglected. However, for an exact treat-
ment a profile forQ needs to be drawn from the kinetic
results[9]. Substituting Eq(26) in Eq. (27) yields the equa-
tion of the momentum balance,

wy_
ax ax\m

Qi
nuj« +n EE”— vnuy—Spuj . (33

An equation of state governing the variation in ion pres-
re can now be derived from EJ26)—(28) as follows:

ap an So
KW =3TiK& +Ssgmu+ U—H(TS—3Ti) +vmny,

vn

Ti—Th).
m ( )

(39
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= osl | uy/(Te/m;)2 curves from bottom to top corre-
=" 0=0.8° spond to#=0.8°, 30°, 60°, and 90°.
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Substituting EQ.(34) into Eq. (33 yields the equation of for given values off andT,,. The starting valud;, of the
force balance for the ion fluid, ion temperature is therefore obtained by substitutin
p y g
au S So [ Ts—3Ti| 2v an d
2 2%, 2 2,20 20 1's i, <Y 2 _ P B
(UHS U”) X _(uH5+ ZUH)Kn + Kn( m )+ p UH 5—0, W_O, and U”—o (38)
_¥[Ti—Th (35)  in Egs.(37) and(34), which yields
K m; '
(9U” -1
where the quantityys is similar to a local sound velocity No=So| k- (39
x=0
, 1[ . [Te+3T 3T,
Ujs=—|sin — | acosf| . (36) SoTstvngTy
K i i and TiO=—3SO+ Ny (40)

The second term in relatiot86) represents the additional

contribution arising from the random component of the driftlt is clear from Eq.(39) thats, scales with the bulk density
generated due to the coupling of the duiftwith the random ~ N(X=0)=no. As no collisional coupling is assumed between
parallel velocity ¢;— uj). We now write the particle conser- parallel and perpendicular temperatures, the latter remains

vation equation26) in the form unchanged in the presheath and is equal to the source tem-
peratureT . Since the ion Larmor radiys is determined by
on 1 oy, perpendicular temperatufig, , T;, relates top; through Eq.
—=—|sg—nk—|. 40).
ox u (SO nx ax) 37 (40

Each of the coupled equation3?), (35), and(34) has a IV. NUMERICAL SOLUTIONS OF THE FLUID MODEL

singularity atuj=ujs through the derivativew /dx. The ve-  ag the present treatment assumes that the cross-field drifts
locity at the singular point differs from the usual ion acoustic 5 ions are known to all orders and the coupliagu; /u

speedcs as a consequence of coupling between parallel and,, pe derived exactly for the ions, obtaining the solutions of
p_erpend_lcular veIO(_:|t|es given by E@L6). Besides thl_s, the  fuid equations(34), (35), and (37) requiresu; and u; be
singularity atu=0 in Eq.(34) indicates that at the singular getermined self-consistently. In a collisionlegs weakly
pointx=0, the value of the parallel ion temperaturg is  ¢gjjisional steady state, the transverse flow velocitiggnd

determined by the source and neutral temperaturesnd U, are the avera e{sT) and<_> which evolve according to
T,, respectively. However, the relationship between the paz;Y 9894 vyl 9

rameters ak=0 would depend upon the values of deriva- the transverse equations

tives of the density and temperature. A suitable option is to

assumex=0 as a point of symmetry such that both these u U1 _ &ECOSQJF &u B, (42)
derivatives could be set to zero ag could be determined “oxoom, m; Y
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(=)
S FIG. 3. Normalized densitgi/ng; curves from
c top to bottom correspond t6=0.8°, 30°, 60°,
0.5 and 90°.
0.25F .
0 1 1 1 1
0 2 4 6 8 10
X /p;
&uy ai V. RESULTS AND DISCUSSION
and uy,—=-——u;B, (42 ) ) ) .
IX m; We now discuss the numerical solutions for the collision-

less case withw=0. The results presented here all corre-
when they are solved with the asymptotic starting valuespond to the choic& =T, and the presheath region which
obtained from the approximation of “weak inhomogeneity” measures 16) alongx. The parallel velocity as a function
[3]. Hereu,=(sin Au+cosdu,). Equationg41) and(42) are  of x/p; is plotted at various values of in Fig. 2, which
therefore integrated numerically along with the fluid equa-shows that at normal incidenc@< 90°), the singularityu
tions (34), (35), and(37) to calculatea self-consistently. In . occurs at its conventional value of the local sound ve-
order to determine the suitable boundary conditions follgcity ¢ =[(T.+ yT;)/m;]¥2 (though lower than the value
nonoscillatory solutions, Eq$41) and(42) are considered at Cs as the ion temperature drops beldi, with x). How-
the bulk presheath interface, where the gradients of the CroSgver, at oblique incidence®€ 90°) an additional effect is

field velocities vanish providing the starting values present due to the presence of nonzero cross-field flows, and
the singularity occurs atj=ujs<cs, i.e., at a value smaller
than the local sound velocity,, where the relation between
Ujs and cg is described by Eq(36). Thus at the oblique
The starting value of parallel velocity gradiedty; /AX, incidence an additional drop is present in the parallel veloc-
is determined from the desired value of densityatO, in ity at the sheath edge. The profile of (and the other mo-
accordance with Eq39). It is also important that the inte- ments for §=60° remains indistinguishable from that for
gration could be started only from the locati®sAx and  90° due to a very small variation at the larger angles.
not from x=0, thereby avoiding the occurrence of a loga- The density profiles are plotted in Fig. 3. There is an
rithmic divergence of the densitfl5] at x=0, whereE  expected density drop across the presheath of approximately
—0. The equations are thus integrated until the singularityry,/2 at the normal incidencef& 90°). As opposed to the

u;=0 and uy=(E/B)cosé. (43

U= Uys is encountered. isothermal treatmen{d6—19, the density does not drop ex-
b
0.25 @ 0.1 ©
0.2 9=00°

FIG. 4. Normalized transverse flow velocities;
curves representingg) u, /(T./m;)*? (from top
to bottom and(b) u, /(T/m;)*2 (from bottom to
top) correspond t@=0.8°, 30°, 60°, and 90°.

°o 2 4 6 8 10
X/p; X/p;
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1.4 T T T T

121

FIG. 5. The normal flow velocity, normal-
ized to (To/m;)Y?% curves from bottom to top

correspond t®=0.8°, 30°, 60°, and 90°.
6=90°

04} ©6=60° i

6=30°
02 b

0 2 4 6 8 10
X/p;

actly to half of its bulk valueny, since ion temperature is significant contribution to the normal flow, . A strong de-
allowed to vary according to the equation of sté3d). A pendence of anglé can be seen on the value of normal flow
smaller density drop is recovered with the anglbecoming  u, as plotted in Fig. 5, where, tends to vanish at smallek.
smaller. A difference is evident from the conventional fluid solutions
Cross-field flowsu; andu, are plotted in Fig. 4 for vari- where profiles foru, with different § converge to a unique
ous values off. Both the transverse flows are zero in thevaluec, at the sheath edge. The parallel ion temperalire
case of normal incidenced&90°). The flowu; shows a as plotted in Fig. 6 shows a drop at all values of angle
maxima at an intermediate angle and reduces sharply as However the drop reduces with anglebecoming smaller,
—0. This confirms thati; is similar to an averaged polar- showing that the maximum cooling occurs at the normal in-
ization drift effect (proportional to the product oE; and  cidence. This observation, in view of a reducingat the
ujsin ), which is nonzero only at the oblique incider{@®]  sheath edge, confirms that the parallel velocity indeed be-
(0°<6<90°). comes subsonic at the sheath edge with redu@imgyso the
Interestingly, the magnitude ai; becomes sufficiently value ofT; atx=0 is T¢/3 in accordance with Eq40).
high and almost comparable tg at certain angles. This also The casef=90° could be compared with a collisionless
indicates that at small to intermediate angles makes a unmagnetized case as studied by Scheuer and Eni8iert

05 T T T T
04r k
0=0.8°
0.3 k
iy 6=90° .
= FIG. 6. Normalized parallel temperature
= T;/Te; curves from bottom to top correspond to
02} . 6=0.8°, 30°, 60°, and 90°.
01 k
o 1 1 1 1
0 2 4 6 8 10

x/pi
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TABLE |. Values of density, parallel velocity, and parallel tem- ratio 6= yy/Qi shows that a finite/y does enhance the mag-
perature at the wall, obtained in the present treatmerg@-a90°, nitude of u, even when the angl® approaches zero. To
and tho_se reported by Scheuer and Emmert for a collisionless ungest order, a collisional diffusion in the present gyrokinet-
magnetized case. ics based model is the result of an effectiva B drift in the

Present treatment Scheuer and Emmert _gyrokinetic eqyation, wherge represents an average change
in the translational momentum of an ion gyrocenter over a
Moments 6=70° 0=80° §#=90° Unmagnetized single gyroperiod due to the collisions. The collision fre-
na 0.497 0.496 0.495 0.486 guencyv as included in Eq(35) therefore does not produce
u® 1.204 1.209 1.212 1.220 any zero-order drift along,. However, the temperatuf® in
T ¢ 0.225 0.225 0.225 0.162 the v#0 case would depend upon the absolute value of
source strengttsy. This is evident from the relatio40),
*Normalized ton,. since if v is finite, the valueT;, at x=0 depends upon the
PNormalized to Te/m;)*2 factor sy /ng, whereasT,, is independent 0§, or ny and is
‘Normalized toT,. equal toT/3 in the collisionless presheathr£0).

To summarize, in this paper we have analyzed the struc-

Since no transverse flow exists, in this case the values of ture of a source-driven magnetized presheath when the mag-
uj, andT; at the solid surface show a reasonable agreemenetic field is at an angle to the solid surface. In contrast to a
with the collisionless results of Scheuer and Emmert as pregollisional presheath, the boundary value of normal flow
sented in Table I. does show a strong dependence on the angle of incidénce

For the minimum value of the angle of incidence for in a source-driven presheath. In the cases of oblique inci-
which numerical solutions are obtained=0.8°), the flow  dence the parallel and normal flow velocities approach sub-
u; approaches the singularity at a considerably smaller valugonic values at the sheath edge, while, at very grazing inci-
compared to locats. This limitation of the model could be dence a flow to the solid surface is possible only by means of
explained in the following terms. As can be seen from Fig. 5an alternate mechanism, e.g., friction along EheB direc-
the normal velocityu, , which is equal to the parallel veloc- tion or an external electric field along
ity uy for =90°, becomes very small a&—0. This hap- It should, however, be emphasized that the kinetic effects
pens as only a small; could be generated and also the flow (e.g., open and closed orbit structufg4] and a preferential
uy in this case has a very smalcomponent. No transport to loss of ions[6]) become important very close to the solid
the wall therefore is possible in the present model in exsurface, as no mechanism is present to isotropize the velocity
tremely grazing incidences. In order to recover a sufficiendistribution of ions in a collisionless ca§&3]. A purely ki-
Uy in an extremely grazing or wall parallel magnetic field, netic treatment of a source-driven oblique presheath which
either anEX B friction [3] or some other external mecha- also connects asymptotically to a quiescent bulk is therefore
nism (e.g., a turbulent electric fiel6] E,) must be present. nontrivial, and a careful numerical approal@?] is neces-
This could be verified by introducing a frictional term sary. Finally, the sheath singularity persisting in current so-
—,f in Eq. (42), and the resulting profiles far, are pre- lutions suggests that an electrostatic sheath must be present,
sented in Fig. 7, where a friction is allowed,(*0) alongy. whose function is to ensure an equal amount of flux of elec-
The normal flow velocityu, plotted for different values of trons to the absorbing surface, the standard Bohm sheath

0.45 T T T T T T T T T
04} ]
0.35}
03
N
’E"— 0.25
o FIG. 7. The normal flowu, normalized to
E o2 (Te/m;)Y2 curves from top to bottom correspond
= 0.
=X to 6= Vy/QiZO, 0.2,0.4,0.6, and 0.8.
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model however accepts only a supersonic entrance velocityransition to such a magnetized sheath would essentially in-
The possibility of an alternate mechanism should thereforeolve reconsidering the present gyrokinetics based presheath
be discussed, which replaces the conventional Bohm sheathodel with an enhanced cross-field mobility of ideempa-

in the magnetized regime. It is worthwhile here to mentionrable to the electron mobility along the field linearising

that the nonconventional treatment of the magnetized sheathainly from the kinetic ion-loss effects at grazing incidence.
by Hollandet al.[6], which uses the kinetic ion-loss effects,
could provide an alternate mechanism for ensuring an equal
flux of electrons and ions to the absorbing surface while
eliminating the requirement of the Bohm criterion at very D.S. would like to thank Dr. R. Ganesh for the helpful
grazing incidence to the solid surface. However, a smootlliscussions.
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