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A model of the plasma axial discharge in a Hall thruster, which includes effects of both lossesto dielectric
walls and heat conduction is presented. The interaction of the plasma with dielectric walls is included thr ough
thr eefr equenciesaccounting for ion recombination,energy losses,and near-wall-conductivity. Thesefr equencies
depend on the secondaryemissionof the dielectric walls and the dynamics of the radial plasma flow. Energy
losses,concentratedin the accelerationregion, reduceplasma temperatures,near-wall conductivity is marginal,
and ion recombinationis high in the diffusion region.The main effectsof heatconductionarethe smoothingon the
temperature profile around the ionization region,and a strong restriction to the parametric range where efficient
stationary solutionsare found.

1 Intr oduction

In arecentpaperwepresenteda1-D macroscopicmodel
of the stationarystructureof the plasmaflow in a SPT-
type Hall thruster[1]. It includesthe plasmaresponse
both insidethe thrusterchannelandin the near-plume.
Theplasmain theplumeis modeledasa1-D jet of diver-
gentareaandincludesavirtual-cathodesurfaceto inject
electronsandneutralizethe ion beam.Thematchingof
theplasmaflowsin channelandplumeyieldsacomplete
pictureof theplasmadischargein aHall thrusterandal-
lows us to studythe influenceof designparameterson
thrusterperformances.

Themainflaw of thepublishedmodelwasthehigh
temperaturesfound aroundthe ionization layer. Heat
conductionand lossesto lateral dielectric walls, ne-
glectedin themodel,areexpectedto bethemechanisms
limiting thepeaksof temperature.

The inclusion of a heatconductionlaw in the ax-
ial modelof the plasmadischarge, modifiesthe singu-
lar pointsof the mathematicalmodel, and the integra-
tion procedure. Preliminaryresultswere presentedin
Ref. [2].

The interactionwith lateralwalls leadsto lossesin
plasmacurrent,azimuthalmomentumand internal en-

ergy, whichcanbeincludedin a1D axialmodelthrough
threesourceterms. To estimatethesetermsrequiresto
know the plasmaresponsein eachradial cross-section.
Fife, Mart́ınez-Śanchez,andSzabo[3], useda modelof
thespace-chargesheathwhichaccountedfor secondary-
emission,to determinethe dependenceof theseterms
on theplasmatemperatureandthewall material.Then,
JolivetandRoussel[4] pointedout thatsecondaryemis-
sion could leadto charge saturationof the sheath.Re-
cently, we presenteda revisedversionof the modelof
Fife et al., including a charge-saturatedsheathregime
and’frictional’ effectson theradialion dynamics[5].

This paperpresentsan axial modelwhich includes
bothheatconductionandinteractionwith lateralwalls,
with wall-sourcetermstaken from Ref. [5]. However,
resultspresentedhereareonly for two partial models,
eachonetakinginto accountonly oneof theabovephe-
nomena.Resultsincluding both effectssimultaneously
arestill underresearch.

In Sec.2 wepresentthecompleteequationsandcon-
ditionsof thenew axial model.In Sec.3 we discussthe
effectsof the plasmainteractionwith lateralwalls. In
Sec.4 we presentthesolutionwith heatconduction.In
Sec.5 we summarizeresultsandconclusions.�
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Figure 1.- Sketchesof (a) the Hall thruster, and(b)
theaxial model. ,.-0/2143657-98;:<-7=?>@/BAC=EDF=HGIGJG areaxial
flows of particlesof thedifferentspecies.Theanodeis1 andsurfaceK is thevirtual cathode.
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Figure2.- Sketchof theradialmodel.

2 Model formulation

Geometricalsketchesof thethrusterandtheaxialandra-
dial modelsaredrawn in Figs.1(a)-1(b)andFig. 2. The
main hypothesesof the axial model were discussedin
detailin Refs.[1] and[5]. In the1D axialmodel,plasma
variablesrepresentaveragevalueson eachcross-section
anddependonlyontheaxialvariableS . Theaxialprofile
of theradialmagneticfield is assumedpiece-wiseGaus-
sian, TVU being its maximumvalue. The channelis of
length W andradialarea1 3 . Electronsareinjectedinto
theplumeataneutralizationsurface(pointP)placedata
distanceWYX.Z from thechannelexit (point E). Thevolt-
agedifferencebetweenanode(point A) andpoint P is
thedischargevoltage,[]\ , andtheelectroncurrentdeliv-
eredattheneutralizationsurfaceis thedischargecurrent,^ \ . Onepart of this currentdiffusesinwardsacrossthe
magneticfield lines and ionizesthe massflow of neu-
trals, _` , injectedat theanode.Theotherpartflowsout-
wardsandneutralizesthe ion current;subscripta will
refer to downstreamconditionsfar away from thecath-
ode.

In the axial model the plasma is considered
quasineutraleverywhere except in a thin electron-
repellingsheathattachedto theanode(regionAB in Fig.
1(b),with ScbedfScgh/fi in thequasineutralscale).The
potential jump in the sheath,jkglbm/njkbpoqjkgsrti ,
adjuststhe small diffusive electronflow in the channel
with the thermalflow collectedat the anode.Sinceall
ionsarecreatedby ionizationwithin thethruster, plasma
quasineutralityimplies theback-flow of ions in therear
partof thechannel.

The stationary, macroscopic equations for the
quasineutralplasmabetweenthe entranceto the anode
sheath(point B) andthe externalneutralizationsurface
(pointP)are

u1 vv Sxw 1457yz8;:|{~}?/ u1 vv Sxw 1�57yz8;:<y�}Y/o u1 vv S w 1�57�98;�9}?/e5 y w�� { o ��� }z= (1)u1 vv S w 1 ` { 5 y 8��:<{ }?/2o�D<5 y v jv S� ` { 5 y w�� { 8;��o ��� 8 :|{ }z= (2)u1 vv Sxw 1 ` {�5 � 8 �� }?/ ` {�57y w�� � 8 � � o � {�8 � }�= (3)

i�/2o vv S 5 yz�ly � D<5 y v jv S o � \ ` y 5 y 8 :<y = (4)u1 vv S 12�Y�� ��y 5 y 8 :|y �h� :<yC� /2o�5 yC�ly v 8 :<yv S� � \ ` y 5 y 8��:<y o � { 5 y > {���{ o ��� y 5 yC��y = (5)



v � yv S /2o � ` y � \� 5 yz�ly � :<y = (6)

For a completelisting of symbolsand definitionssee
Ref. [1] and[5]. Theionizationfrequency follows

� {�/�5 ��� { w � yH}��
the axial diffusion frequency for the magnetizedelec-
tronssatisfies

� \ / � �y� y � � � U = (7)

with

� y / � y � � � y�{ � >�b � y
theelectroncollision frequency, groupingcontributions
from D�o@5 and D�ohA collisions,andBohm anomalous
diffusion; � � , � � U and � � y arefrequenciesaccounting
for particle losses,near-wall conductivity, and energy
lossesatthelateralwalls,to bedefinedbelow; 8 � � is the
axial velocity of ions after wall recombinationandac-
commodation.Thearea1 w S�} andthickness

v w Sk} of the
plasmajet cylindrical cross-section,areconstantwithin
thechannelandsatisfyvv S �I¡ 1q/ vv S¢�I¡ v / �v�£C¤ ¡�¥ =¦S§r¨W (8)

in theplume,with ¥ the local meanangleof divergence
of eachboundary, to bedefinedbelow.

The azimuthalcomponentsof the electronvelocity
andtheheatflux follow8;© y8;:<y d � © y� :|y dBo � y� y = (9)

with � yHª � y�« u
.

2.1 Frequenciesfor lateral wall effects

They aredeterminedfrom theradialmodeldiscussedin
Ref. [5]. Theparticlelossfrequency satisfies

� � / �¬c®� � (10)

where

� ¬ /m¯ �ly ª ` {v (11)

is thereferencefrequency for theradialmotion,and ®���is a dimensionlessfactor, which dependson thecharac-
teristicsof the radial motion. In this paperwe will just
take thesimplestcase

®�;� / constG

Futurework will have to take into accounttheinfluence
of the radial dynamicsof ions andsecondaryelectrons
on ®� � .

[In Ref.[5] weshowedthat,for thecaseof total trap-
pingof secondaryelectrons,®� � dependsonfrictional ef-
fectsontheion radialmotion,whichshapetheprofileof
the radial presheath.This friction definesa frequency
whichcanbeapproximatedby

��°4±q� { � 8 :<{² �ly´³ ² ��y³ S = (12)

anda dimensionlessfrequency parameter®� ° / � ° ª �¬ .Thefunction ®� � wH®� ° } is givenby

®� ° w >µ}Y/ ��¶ u � >² > ¤¸·6¹�£6¤ ¡ ² >§o u|º =
®���»w >¼}Y/ ®� ° w >¼}> = (13)

where > is an intermediateparameterusedfor conve-
nience.

The frequenciesfor near-wall diffusion and heat
lossesare

��� Uq/¨½�U ��� =¾½lU w ¥ � }Y/ ¥ �u o ¥ � =� � y�d@½ly � � = ½ly w ¥ � } ± � G ¿ � � u G ¿ �u o ¥ � =
(14)

with ½�U and ½ y enhancementfunctions,which depend
on the effective secondaryemissionyield ¥ �»w �ly } . As-
sumingthatthesecondaryemissionyield for animping-
ing monoenergeticelectronbeamof energy � , follows
thelaw À¥ � w � }ÁdBÂ � ª À� � =
the effective yield for the quasi-Maxwellianpopulation
of primaryelectrons,satisfies

¥ �Ãw �ly }Yd¨ÄÆÅ ¡ÈÇ�¥¸É� =|Ê �ly� �¢Ë = (15)

with � �Ì± ��
À� �

the temperatureleading hypothetically to 100% sec-
ondaryemission[5] and

¥¸É� dqi9G Í¸Î �
the upper-bound value of ¥ � , correspondingto the
charge-saturatedregime for the lateralsheaths.There-
fore,themaximumvaluesof theenhancementfunctions
are ½ ÉU ± ¿¸i]=l½ Éy ± u i � =
and the charge-saturationregime correspondsto �lyÐÏi9G Í¸¿�Ñ � � .



3 Solution with wall losses

Herewe take
� :|y /Òi in Eq. (5) andwe avoid Eq. (6).

SolvingEqs.(1)-(5) for thespatialderivativesweobtain
amatrix relationof theform

w u oÐÓÔ�<} vFÕv S /qÖ w Õ }�= (16)

where
Õ / w �ly =E5 y =×57��=×8 :<{ =E8 :|y =×8;��=6j�} groupsthe 7

plasmavariables,Ö is a regularfunctionandÓØ/ 8 :<{¯ � ��y ª � ` { (17)

is theMachnumberfor theion axial flow. For instance,
theequationfor 8 :<{ canbewrittenasv 8 :|{v S / � { o ��� oÙ8 :<{ ¶]ÚK � u1 v 1v S º (18)

with KB/ � y w u oÐÓ � } (19)

and

8;:<y Ú / � {FÛ �� >µ{ � { � � yÁop�� ` { w � 8;:|{loÌ8 � }�8;:|y6Üo � \ ` y 8F�:|y � � � ` { 8��:<{ 8 :<y v �J¡ 1v S� �� �;� yC��y o ¶ ��y oÔ�� ` { 8 :<{ 8 :<y º ��� G (20)

Sonicpointsandboundaryconditionsarediscussed
in Ref. [1]. Thesevenboundaryconditionsneededhere
are:

i)-ii) The injectedflow of neutralsat the anode, _` ,
andtheir velocity, 8 �;b /�8 �;g , areknown.

iii) The electron temperatureat the neutralization
surface,�ly Z , is known.

iv) ThepotentialdropbetweenpointsA andP is the
dischargevoltage,jkg0oÝjkZÞ/q[c\ .

v) Thepresheath/sheathtransitionatpointB requiresÓÝbß/ào u , which is the Bohm sonicconditionon the
ion back-flow.

vi) Thepotentialjump at theanodesheathsatisfiesDj glb�ly b / �J¡
Àá y bâ�ã 8 :<y b ã r@i]= (21)

with
Àá y�/ ¯ Î � yHªä ` y .vii) Thereis a regularsonicpoint insidethechannel

(point S), which, accordingto Eq.(18),is characterized
by Ú�å /qi at Ó å / u (22)

In addition,wemustdefineanexpressionfor thean-
gleof divergence¥ . Following Ref. [1] we take

£6¤ ¡�¥ / ¯ � �ly XÁª � ` {8 :|{ (23)

Noticethatdischargecurrent,̂ \ , positionof forward
sonicpoint, S å , anddivergenceangleatthechannelexit,¥ X , arepartof thesolution.

3.1 Axial plasmastructure

Figure 3 shows the first completeresultswe have ob-
tainedwith the precedingmodelof radial losses. Pro-
files of mostplasmavariablesareshown for a SPT-100
typeof thruster. Thesolutionshown herepresentsmod-
eratewall losses.However, the valuesselectedfor the
parametersthatdetermineradial losses: ®���@± i9G u Ñ and� � / u iæi¸D�[ , wereaimedmainly to test the possibil-
ity of obtainingvalid solutions.Our procedureto obtain
thesesolutionsis to carryout a parametriccontinuation
from the solutionwithout wall losses��� /çi . Actual
valuesof � � for BN-basedmaterialsare in the range� �ß± � À� � ª � ± 15-40eV. From Eq.(13) ®���è± i]G u Ñ
correspondsto ®��° d � i , and ��°�± u i¸é Hz, which, from
thedefinitionof Eq.(12),seemstoo large;however, par-
tial trapping,not investigatedyet, couldreduce ®� � . At-
temptsto increase®� � andreduce� � , beyond the case
of Fig. 3, have encountereddifferentconvergencediffi-
culties. Oneof themis the appearanceof complex val-
uesfor the plasmaderivativesat point S preventingthe
launchof theintegration.

The solutionof Fig. 3 shows that energy lossesat
lateralwalls smooththe temperatureprofile, the maxi-
mumtemperaturedecreasingfrom about90 eV with no
wall losses,to about68 eV now, which correspondsto
a maximumsecondaryyield of ¥ �Þ± i]G Î � , far (in terms
of losses)from the charge-saturationvalue ¥ É� . Energy
lossestake placein the accelerationregion, where �ly
is high. On the contrary, lossesin plasmacurrentare
concentratedin the rearpart of the channel.The (rela-
tive) ion back-flow at the innerboundaryof the ioniza-
tion layeris ê¸{Iëed2o�i9G � Ñ , whereasattheanode,it is justê¸{ b dìo�i9G i � , which meansa currentlossin the diffu-
sionregion of 1.2A. Thetotal plasmacurrentdeposited
at lateralwalls, íÆî � v S , withî � /qD<5 y ��� 1 3
plottedin Fig. 3, is

� G i A, abouta 38%of thedischarge
current,

^ \ / � G � u A, anda 34% of the total ion pro-
duction(about5.8 A); Bishaev andKim [6] estimated
relative currentlossesof similar magnitudein their ex-
periments.
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Theelectronenergy depositedby conductionat lat-
eralwalls, íÆù � v S , withù � / ��y 5 y �;� y 1 3
plottedin Fig. 3, is

u â¸â
W, which represents9% of the

electricpower,
^ \[c\Èd u G � ¿ kW; Ref. [6] estimatesthis

energy lossaround
� i %.

The structureof the plasmadischarge in Fig. 3 is
similar to the one discussedin Ref. [1] and sketched
in Fig. 1(b). It consists of anode sheath (AB),
anodepresheath(BC),diffusion region(CD), ionization
layer(DH), accelerationregion(HE) and near-plume
(EP).Delimiting pointsinsidethechannelare S g /èi ,Scúhdqi9G � mm, S ë d u¸u G � mm, SkûÔd u â mm. Thereg-
ularsonicpoint is downstreamof theionizationlayer, atS å d u Î9G � mm. Notice in Eq.(20)for Ú that the pres-
enceof two termsfor laterallossesgivesmoreflexibil-
ity to thebalancenecessaryfor asmoothsonictransition
(i.e. Ú å /ßi ). Thedrift of point S away from the ion-
ization layer, whenlaterallossesareincluded,indicates
thatelectrondiffusion(i.e. Jouleheating)andlateralen-
ergy lossesdominatethebalanceat thesonictransition,
thatis we have �� � � y � y ±q� \ ` yC8 �:<y
at point S. In theaccelerationregion,volumeionization
and ion recombinationat lateral walls are rather low,
keepingtheionizationfraction ê { w S�} almostconstant.

Potentialdrops in the different plasmaregions arejkglbüd u G � V, jkú ë dýi]G i � V, j ë å dþo�¿ u G Í V,j å Xÿd o u � Ñ�G ¿ V, jkX.Zÿd o u i u G � V, jkZ � d u i V.
Notice that the potentialdrop in the ionization layer is
moderateandfollows thelaw [1] j ë û ± �� ��y û .

Thethrust,definedas� / w ` { 5 { 8 �{ ��� y }�X?1 3 =
is
� / Í¸i]G ¿ mN and the thrust efficiency (using the

definition of Ref. [1]) is ê@dçi9G � i , which comesfrom
the productof utilization efficiency ê��qdði9G Í¸i , (elec-
tric) current efficiency ê 3 d i]G Ñ � , energy efficiencyê y dei]G Í�Ñ , andplumeefficiency ê
	�d�i9G Î¸¿ .
4 Solution with heatconduction

Herewe include Eq.(6) for
� :<y , but we omit lossesto

lateral walls (i.e. we take ®� � /ýi ). Heat conduc-
tion is not just anothereffect included into the zero-
conductionmodel. It leadsto a differentmathematical
model,with an extra differentialequationanddifferent
singularpoints. This new modelcannotbesolvedfrom
parametriccontinuationon the zero-conductionmodel
andrequiresaspecificintegrationprocedure.

Solving Eqs. (1)-(6) for the spatialderivativeswe
obtainagaina relationof theform (16),but nowÕ / w � :<y = �ly =E5 y =×57��=×8 :<{ =E8 :|y =×8;��=6j�}
groups8 plasmavariables,Óü/ 8;:<{¯ � yHª ` { (24)

is theisothermalMachnumber, andfunction Ö is differ-
entfrom theno-conductionmodel.For instance,theion
velocity followsEq.(18)but now thefunction Ú is

Ú /2o � \ Û ` yz8;:<yÁo � ` y � :<y� 5 yC�ly Üo � { ` { w � 8 :<{ oÙ8;�9} � ` { 8��:<{ v �J¡ 1v S G (25)

Theeightboundaryconditionsfor thismodelarethe
sevenonesof theno-conductionmodelplusa condition
for theheatflow depositedby theelectronsinto thean-
odesheath(at point B). Fromtheanalysisof the anode
sheath,we find [2]� :<y bh/e5 y 8 :<yz�ly�� �I¡

Àá yâkã 8;:<y ã o u������ b G (26)

Details about the way to integrate the differential
equationsare given in Ref. [2]. One new featureof
the conductionmodel is the restrictionof the relative
ion back-flow, ê { b , to a narrow range. The matching
of the quasineutralsolution with the anodesheathre-
quires(i) the anodesheathto be ion-attractingand(ii)
the ion back-flow to acceleratetowardsthe anode.The
first conditionmeansj glb rÔi . FromEq.(18),thesec-
ond condition implies that Ú b rÿi , or, usingEq.(25)
with � {�dei , � � :<y� 57y � y�8;:|y ��� b�� u G (27)

Usingnow Eqs. (21) and(26), thetwo conditionsyield
thedoublerestrictioni � �I¡

Àá y��âkã 8 :<y b ã � � = (28)

or, in termsof theion backcurrent,� ô u i ÷kø � ã ^ { b ã ª ^ \ � i9G u¸u â = (29)

with
^ {»/ D|57{ 8;:|{�143 . However, difficulties found in the

numericalconvergencearoundpoint B near the limitjkglb /Øi , have forced us to exchangethat limit for
the close one,

� :|y b /¦i , where D�jkglbÃª �ly b /üi]G � .
This movesthe lower boundof the ion back-currenttoã ^ { b ã ª ^ \ ± Î ô u i�÷kø .
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4.1 Axial plasmastructure

Figure4 shows the axial profilesof main plasmavari-
ablesfor anSPT-100typeof thruster. Designandcontrol
parametersaresimilar to thecaseof Fig. 3. Theplasma
structurepresentssimilartrendsto theno-conductionso-
lution of Ref. [1] (with no laterallosses).Heatconduc-
tion smoothesthetemperatureprofile in two ways:first,
thepeaktemperatureis reducedfrom about90 eV to 65
eV; secondthereis a smoothertransitionbetweenthe
diffusionandionizationregions,leadingto ashorterdif-
fusionregion,anda largerionizationlayer.

Plasmaequationsandboundaryconditionsseemto
forceanalmostmonotonicprofile of

� :<y betweenB and
S.As aconsequence,

� :|y å cannotbecloseto zero,mov-
ing the point of maximumtemperature(i.e.,

� :|y /ti )
away from point S andcloserto the channelexit. Ac-
tually we could not find goodsolutionswith the point
of maximumtemperaturewell insidethechannel.From
Eq.(25),a regularsonictransition,in thepresentmodel,
implies balancingJouleheating,conductive heatflow,
andionization losses.The large valueof

� :|y å implies
that this balancetakesplacemainly betweenheatcon-
ductionandJouleheating,� :<y ± ��l5 yC�ly 8 :<y =
placingpointS outsidetheionizationlayer.

For thecaseof Fig. 4, Fig. 5(a)-(c)measurediffer-
entphenomenain theelectrondynamics.This is aimed
at evaluatingthe validity of the hypothesessupporting
our model. Figure 5(a) shows the different contribu-
tionsto thetotalcollisionfrequency of electrons,Eq.(2).
Bohmdiffusionprovidesthemaincontributionfrom the
ionizationlayer towardsthe exit, wherease-i collisions
(insteadof the e-ncollisions)dominatein the diffusion
region. This last featureis justifiedby the high plasma
densityandlow temperaturethere,andneedsfurtherin-
vestigation.Figure5(b) shows the axial profilesof the
ionizationfrequency, with its peakmarkingthe ioniza-
tion region,andtheeffectiveaxialfrequency for electron
diffusion, Eq.(134); the dominanceof Bohm diffusion
makes � \98ÒT w S�} , approximately, in mostof thechan-
nel. Figure5(c) shows thattheelectronmeanazimuthal
energy (main contribution to the electronmeankinetic
energy) is totally negligible comparedto thethermalen-
ergy, exceptperhapswithin a small region nearthe an-
ode.

4.2 Thruster performance

Performanceparametersfor the caseplotted in Fig. 4
are:

� d Íæi9G ¿ mN,
^ \ïd â G �9u A ( A \Ò/ u G u Ñ ), andêÆd � Ñ�G � %.



The influenceof the plasmadischarge [ \ and the
magneticfield T U on thrusterperformancehave been
computedfrom parametriccontinuationof the solution
of Fig. 4. The consequenceof the narrow interval forê¸{ b in Eq.(29), is a narrow rangetoo for the control
parameterswhereour modelyields stationarysolutions
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Figure5.- Model with heatconduction(andno wall
losses).Samecaseof Fig. 5. (a)Contributionsof differ-
entprocessesto theelectroncollision frequency � y . (b)
Axial diffusionfrequency (

À� \Æ/ � \ ¯ ` y ª ` { ) andion-
ization frequency alongthe channel. (c) Ratio of elec-
tronmeanazimuthalkinetic energy to electrontempera-
ture.

(with largeionization).As anexample,Fig. 6(a)shows
the narrow bandfor the pair of parametersw [ \ =ET U } ,only a variation of about10% is acceptable.Figures
6(b)-6(d) plot the correspondingbandsfor thrust, dis-
chargecurrent,andefficiency; for

�
, the bandreduces

practicallyto a line. Theseplotsshow that larger thrust
andefficiency areobtainedwith larger []\ and TVU .
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stationarysolutionshave beenfound;restof parameters
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’b’ to jkglb�/Ôi . Bandsfor (b) thrust,(c) dischargecur-
rent, and(d) efficiency, correspondingto the w [c\�=ETxUV}band.



5 Conclusions

We have presenteda completemacroscopicmodel for
the plasmaaxial discharge, with inclusionof termsfor
heat conductionand interactionwith dielectric walls.
Then,wehavestudiedthesetwo effectsseparately.

Solutionswith lateral losses(and no heatconduc-
tion) havebeenfoundfor ®� � well below one,which im-
plies a stronginhibition of the plasmaradial flow, nec-
essaryto have moderatewall losses.Our recentradial
model(with total trappingof secondaryelectrons)pro-
posedaxial transportor collisionsaspossibleinhibition
mechanisms,but thesetwo phenomenaseeminsufficient
to reduce®�;� enough;partialtrappingis themainmech-
anismremainingto beinvestigated.Energy losses,con-
centratedin theaccelerationregion,smooththetemper-
atureprofile. Particle lossesto lateralwalls in the dif-
fusion region, imply a larger ion productionin the ion-
ization layer andeventuallya larger discharge current,
thusdecreasingthethrustefficiency. Attemptsto obtain
solutionswith largerlaterallosseshavefoundnumerical
difficultieswhichneedto beinterpreted.

Solutionswith heatconduction(andno wall effects)
keepthemaintrendsof thebasicnon-conductionmodel,
but the temperatureprofile is smoothed. In particu-
lar, heatconductionreducesthe maximumtemperature
by one third, following now a law �lykj Uml : ± õ� []\F=
roughly. This reductionof the maximumtemperature
is not enoughto agreewith experimentalvalues(which
are �lykj Uml : ± � i o � iæD�[ for []\Ô/ � i¸i V), imply-
ing that wall lossesare still needed. Heat conduction
spreadsthe ionizationregion, reducesthe diffusion re-
gion,andplacesthesonicpoint downstreamtheioniza-
tion layer, and the maximumtemperaturecloseto the
channelexit. A very significantfeatureof the conduc-
tion modelis therestrictionof theion backcurrentnear
the anodeto a narrow range,below 15%, roughly, of
themassflow. Althoughthesevaluesagreewith experi-
mentalevidenceregardingtherangefor efficientthruster
operation,the model shows a drastic reductionof the
parametricrangewherestationarysolutionswith high-
ionizationefficiency arefound.

Acknowledgments

The work at UPM wassponsoredby researchcontract
F61775-00-WE034from theAir ForceOffice of Scien-

tific Research’sEuropeanOfficefor AerospaceResearch
andDevelopment(EOARD). The projectmanagerwas
Major Tim Lawrence,whowasin chargeof SpaceTech-
nology. Also, E. Ahedo thanksthe supportof the Di-
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Cient́ıficaof Spain,underprojectPB97-0574-C04-02.

References

[1] E. Ahedo, P. Mart́ınez-Cerezo,and M. Mart́ınez-
Sánchez. One-dimensionalmodel of the plasma
flow in aHall thruster.Physicsof Plasmas, 8:3058–
3068,2001.

[2] E. Ahedo,P. Mart́ınez-Cerezo,J.M. Gallardo,and
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