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A HIGH-RECYCLE DIVERTOR FOR lTERt

K. A. Werley ●nd C. G. Buthke

Las Ahrnos National Laboratory, F641, Los Alarnos,

ABSTRACT

A coupled one-dimensional (axial/radial ) edge-plasma model

(SOLAR) has been used tcr investigate tradeoffs between

collector-plste ●nd edgeplmrna conditions in ● double-

null, open, high-recycle divertor (H RD) for ● preliminary

[ntematio.,d Thermonuclear Experimental Reactor (ITER)

design. A steady-state HRD produces ● ●ttractive high-

density edce plasma (5x 10’9m-3) with sufficiently IQW

plasma temperature (10-20 rV ) ●t ● tungsten plate that

the sheath-accelerated ions are below sputtering threshold

ener~ies. Manageable plate heat fluxes (3-6 fl~13’/m2 ) ●e

●chieved by positioning the plate poloidd cross section ●t ●

minimum ●ngh of 15-30” with respect to flux surfaces.

1. INTRODUCTION

The primary function of ● divertor is to isolate and protect

the com plasma ●nd physical walls by maintaining the heat

snd pafiicle fluxes on rnaterld surfaces ●t marmgeable Ievela

while preventing ●msiun products from ●ntering the core

plasma, Simultcneottslv helium generated during the DT

fusion must be removed ●t ● rate nectssary to maintain

●cceptable core plesme concentrotiorts (: 57P ) The high-

recycle diverter (H RD) concept is ●nvisaged to limit erosion

by keeping the edge plasma electron temperature wfficlently

low that the electric Aeath-accelermed ion ●nergy at the

diverter plate is below sputtering thresholds If the ion

mercy is toohigh, plate material wi~l sputter until impurity

line radiation lowers the temperature ●td sheath potential

This situ~tion should be ●voided so thmt impurities do not

build-up and degrade (or quench) the core plasma

A coupled one dirrwrwiond (axial/radial ) edge-plml M

rode! (SOW?) h=: k!l &tt % :X=m%t :;adsoos

between cdlector-plat~ ●nd edge-plasma conditions for

the prefirnirmry International Therr,notmc!ear Experimental

Reactm (ITER), The ITER pars-t.ws ueed hew were for
theUS ksefine (Generation 3)1 wttich is c m!atively small

(m@or radius, Rr - 4.04m), fow current (18 MA) design

Subsequent itefatiom by the international participants in

the ITER &sign team have evolved tfw design toward, ●

much \Xg?r ( ~r -- 5,P m) ●nd htgher current (25 MA)

device which i. not tha ●bywt of th~s papet Grwratmrr

3 ITER paran-wters wlrIcII are rdevsnt to ttw AC* plasma

cfmracterirsticms are listed in TmMF I

t Wwk su~ted by US DOE.

NM 87545

TABLE 1. ITER GENERATION 3 PARAMETERS’ AND

ASSUMPTIONS FOR THE SOLAR MODEL

Plasma ●’dume, t$ 345m3

Separatrix area, Ap 367 mz

Major radius, RT 4,036 m

Minor radius, rP 1.410m
Outbosrd SOL thickness, 4SOL 0,12m
Power transported through sepmatrix,

P. 38,2 Afl{’

P, 344 Af\\’

Core radiat ioc fraction, \nA r, 0,2
Divertcw heat ●nd particle fiux

●symmet ry factors

Upper-t-average, .~l~ 1.34

Outboard-to-average, SO 119

Core-a~eraged ion density, rrC 1,306 x 1020171 3

Energy confinement time, TE 30s

Outboard ●d upper eeparatrix fluxes

~ = n,\~it, s./(4rEAp), q =- Pstiso/A

Particle flux, r 1,6x 1019rrI 2,< 1

Ion heat flux, q, 0.150 ml\”/nl~

Electron he~t flux, q, O 167ml\’In12

This paper corw,entrat~ on ●rt open, double-null poloidal-

field HRD wtth ● tungsten diverter plate ●nd a scrape-off

layer (SOL) thickness between the separatrix ●nd tbc first

wall of ASO1, = O.12 m. An open diverter configuration, m

which the plate is located .dj*cent to the com plasma, i,

USA to \Anirnize the spsce required by the divertor so that

it can be located within tlw toroicld-fidrl roils and rapitsilz~

on the fiux surface ●xpansion properties near the freld null m

ordvr to reduce the Pemk he~t flux on the plate A double-

null configuration is used primarily because it provides better

stability properties fcw a highly e&r8ated tokamak This

papw ●ramines the otttboard, upper divertor region with ●

tungsten divertcx plate ●nd ● Pemk-to-averngc ●symmetry

fmctor of 1 S nsawned for the total power ●ntering this

dwertor quadrant

/!. SOL PLASMA MODEL

The S01, plasma is cornpnserl of the •dg~ plasma wh!r h II-S

●crow the sepwatrtx from, but rwxt to th~ row plasma, ●nd



he di-or plasma which ●xists in the region between the

iekd null ●nd the diverter plate The SOLAR modA treats

he SOL plasma up to the plasma sheath, which ●xists ~thin

I few Dabp lengths of the plate surface. The f&fd-line

mmectmrt Ier@ i~ defined ●s the half-length of ● magnetic-

ield line in the SOL bet=n cdlectcx plates Becauw

Jasma ●nergy transport parallel to magnetic-field Iirm is

nuch rttme rapid than crom-fiefd transport, connection

mgths that ue sufficiently fong are desirable so that radial

mnaport can difiuse the pe~k parallel heat ●nd particle ffuxes

#me tke fiefd-lirm intercept ● cdlectw plate.

n order to provide the neceasmy reduticra of the

,OL geometry ●nd the necessary dtta format for the

)OLAR nmdel, the %ation 3 magnetics georrwtry was

eproducd using the NEQ equilibrium COdea with Los

ilmmos modifications that calculate the SOL fields, flux

urfaces, connection Ien@hs ●nd ●rea ●xpansion fact-s on

n ●xtended grid ●nd ●t specified locations Figure 1

ontnins ● sample of these results, which ●re used by the

wdlef-transport model ●nd plate locator model in SOLAR,

he coupled- 1-D ●ppr~ch of SOLAR is illustrated in Fig

Since both parallel ●nd radial trmmport is important,

nd since both first wall ●nd divertor plmma conditions are

rucial to th design, the SOL is inherently ● *dimensional

2-D) problem. The coupled 1-D SOLAR rrmdel dl~s

wes ●amciated with both rsdial ●nd pdoidal variations
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FigttrP 2. Logic diagram for the coupled 1-D SOLAR edge-

plasma model
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to be ●ddr~d, Input r~uied by SOLAR includes the

magnetic topology ●nd the he-t ●nd particle fluxes across the

qmmtrix. Neutral-atom transport effects occurring new the

plate have been included only through ● ●ssumed pla~ma

recycle ccdficient. The remainder of :his section describes

the plasma models

Edge Plasma. One of the main goals of the edge-plmma

model is to calculate the p+sk tids snd the plasma

conditions ●t both the first wall ●nd the coflector plate

Peak heat fluxes on tlw first wall occur in the plasma

edge ●t the outboard symmetry surface (i.e., “watershed”’

point) which is located midway between coflector plates

A mdial calculation, therefore, must link tbe plasma core

to tlw first wall, rw, along this symmetry surface A

code called EDGIER W*S created to describe tinw-dependent,

radicl, t-fluid transp~ m the edge plasma The model is

bawd upon Braginckii ,s except for the particle ●nd thermal

rdial diffuswiti~ which are ●sund to scale like Bohm

t-~ rd=td to parallml transport ●ppew as voh.rrrm~ricsink

terms bad upon si@@ ●nalytic mmdels awuming thermal

conduction dominates arrqy Iomm, ●nd wxrre fraction of

frae streaming Ioant det=tine patiicle 10ss Clwcks were
●dded to ensure that thermtil conduction losses do not

.Mc4 frae-atroaming limits. An mcrgy flmw diagram is

contained in Fig 3 This tode can be extended Into the core

plasma. if mc~ry, to rnofve steep gradlrnts ●t the plasma

radius of tlw cme/edge interface, r, Impmtant fedur~s

include ● 1.D mutral-atcwn trarwpu-t model (S PUDNUT)4

for ● more accurate plasma murcc term, ● 130hdamky’

physical mput*wing calculation, ●nd ~ coronal cquilll:lum Ilrw

radiatmn modal with qmcifwd Impurity conrwrtrat!om
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bum 3. Energy flow diagram fm the radial transport

~ription of the e+e-pkne nmdel of SOLAR.

Nakl Trwtspmt Model. The build-up of ● e+ectric sheath

front of tk collectm plate ●nd plasme recycle result

etrong variations of density ●nd temperature pofiles

ong ● field Iirw in the SOL. A one-dinwnsiorml (l-D)
wallel-fiafd tiription, therefore, is nec~ry to calculate

:curatefy these vm-iatmm ●nd to rawdve iuuez related to

DL impurity radiation, wnll lads, and impurit y ●nt rwmwnt

ttw diverter chamber, A parallel. -fluid, steady-

●te c*, ZCODE, W-S Hoped to mt these needg in

)m&htkm ●nd c~atibdlty with the previously described

did plawnm models

he ~ry of ZCODE is illustr~ted by Fig, 4. A

cady-st=tc *ription is urfhcient because the Pwollel

●- m-k ~uilibrium on ● nmch tier ti~ ~le
Ion tfu rtial diffusion tirrm TkwMl Co#dlJCt&l ia

Icluded d UNS clotic~l pamflel thewnelconduct ivitti,

ith ● ~stroani~ limit eppfied bn kinetic mercy ●d

mnantum is irdudd to eccu,mt fm tfu Iergt ecceleratim

~ ttw pkrrw pdmth Sheath boundwy condition.

v onfwced in frcmt d th cdlectcw plate, including umic

w (i.-., Mach number, M . 1) The tiath A and

ectron ~gy transition fectcus, ?, mnd ?., NC te&n

I -f. = 2.9, ●A ?, - 1.9-1 0,5 Tc(fC)/7, (f C). rmpectiwly

he c~~tional uea c4 ● fmld Iinc burrdlc is included

) * the cxpsnti end controctlcm of freid Iiw m

W Clrwrto? Vofunwtric murcc nnd sink tcrrns mcludc

ectron-sm t~~turc equdibratmn, mmzntlw, cherg~-

Flffure 4. Energy fb diagram for parallef-field transport

deuriptioa of the SOL plasma trmwptxt model of SOLAR

●xchonge, mdial trmnsport effects, ●nd impurity radi~tion

A SPUDNUT4 dcuhtion is d to benchmmk the charge-

●xchange ●nd ionization temu.

The i~urity radiation mmdel ●sumM ● cwtetant impurity

fraction ●nd cmonal equilibrium. A ti~dependent cmonal

rmdiation -I is really r~uired in the 1- temperature

regime to estimate ●ccurately radiaticm powws. In ●ddit ion,
,.

coronal-equilibrium rmdmtmn data for high-Z impurities

&et not ●xi@ fm temperatures below - 80 rl”, ●nd

~ ●xtrapolation must be uzed The Iimradiation WM
#●-umed to extrapolate ●s T. from the &t temperature

data ●wilable to zero ●t 1 ●V. The coronal equilibrium

●nd the temperature extrapolation ●sumptiom Ihould

underestimate rsdiation los~s. The ZCODE nmdel ●lso

incluk physical sputtering calculations of the collector-

plate -terial while accounting for the 4heath ●cceleration

m- the ions.

Ed~Rdid)/ZCODE( PardhA) Plasrm Coupling. In order to

obtain the peak heat fluxes ●nd ertion rates ●t the flrgt

wall ●nd collector plate. the radi d ●nd pr,tdlel eclge-plasms

computations mumt be coupled The parallel transpcwt

calculation is perbwwd on fdd Ii-s located just outsick of

the cme/ecfge interface, rp, where the pwallel bat flux IS ●

moxirnum, The cm.@in~ ~ocen begins by firet gr.ressingthe

Puallef-fdd Ion ternu ●nd thn ostimetmg the edge-plmtns

cawliticrm with the radial code The rewltlng density ●-td

t~raturm of the eyrrmwtry point at r, erc then fed to the

puallel trmmpmt code, which Aves for the pmalld profiles

The reeulting perallel he~t ●nd particle flux~s ●re converted

into Wective vofumwtnc wrks ●d returned to the radial co&

to begin ● itwmtiw process Ttw parallel losses ●t other

rodiol points we ●seurrmd to mcal~●cccwchngto th~ ●-mlytlc

nmcfel ckcri&d ●bove The itwation IS repeeted until the

eix continuity cmwfitiorrn ccmwfgc Slnc- the edgr plmme

co-de IS tiw-dependent. orw lterstion could bc dorw ●t ●mh

tmw etcp For timdy-sts(c rolutlons, ttw cd~~ plasma cock



●n be M to steady-ztate within ●ach iteratior. Typically,

w to four iterations betwwm the EDGFZ code ●nd SOL

kulatioru mw sufficient for convergence.

kuertw ~te Lmatiort. The C~tief COCk I) IVLOC

ms written to calculate the ncul’nd energy flux on ~

pecified plate shape ●nd Iocstion, or ●n optimum shape that

tinimizez the flux wbject to ● minimum ●ngk cooztraint

etwerm the plate ●nd the flux surfaces in ● pdoidd crcms

~ion. Tkz DIVLOC code utilirm the ~netic topology

m NEQ d the pudlel heat flux raufts of EDGER ●ttf

‘CODE, M wdl m animations d radiatd powws. Thz plate

I ●lm located ●t tea9t mmrd ruutrd-stem ionizaticm rrmn

‘W patfu -y from tfw cme pfswna in cder to i9date

he core pfasrrtx from recycling st the plate. Thz DIVLOC

& ●ko atitmatm thermal-hydraulic pr~ia of the plate

●d upcm ● 2-region dab mmdel that inch.rdet ● surface

●at flux on the front face, forced cmwecti~ cooling on tlw

nckface. d volumetric neutrcm heatiW. Coolant ~asure

nd pressure drops, tube str~, and critical heat flux we

190atinwtd.

Iodel bpablfhia ●nd Utwltttbs. Ttw @ete pJosrrM

mdel characterizes tk temporal ●nd spatml evolution

! the phzrm ●id calculates tlw peak fwat flux ●nd

mien rate of the first wall ●nd collector plate. This

mracterization includa such phyzid dfects ● rmdid ●nd

ualkl trmtzpti, mdiation (Wonal equilibrium). gas-puff

cfuefing. 1-D nwtrd ●tom transport, ●nd plmmx sheath

-strairrts Additional information provided by the n-dels

ncluda ion ●nd nwtrd-atom physical sputtering rates, a

Jwck f- viscac erttrainnwt of impurities in the divertor

hamber, ●nd diwrtor #ate zhape and location. Perhaps

h nmst significant limitations d the n-mdel include; a)

b rnodd cannot predict potentially impwtmt 2-D rwutrd-

,tom tra~ dfects. b) the impurity rdiation model is

wed on coronal equilibrium, and c) pardkl sofutiom in ttm

,OL cm ba difficult to find.

Il. RESULTS

~ ~tims th~l COMPICWthe SOLAR MOdd are
unw-nuixcd in Table Il. At the tin-w d this study. ~rd

rmwpwt cdcufatiww had not h done for ITER; to

&d local Hmv rwemd wtrerein pknu particles near the

~atri~ ~ from tlw divwtor bmck into tb edge plasma,

In=local Platg mcyck mwfiicierrt was ~ to be 1- than

no. Fb mwrsal is tirdfe bua~ it will aid tfw

r~ of impurity A into th -Q pta9nM. Roctit
dculatimn ~ting ~rd-atom tr~ west that

I- fc+c41k rww~: will occur Strong local ftow

rvamd fms ● rugfigi~je fiti on bth the cner~ h in

I- SOL A th mquircd tptromm dsmity ● thrmpr~trix,

~ich - tha wbject of this ~per: howowr. tignrficantly

iwpomd d8rrxity grdmlts ti~ tlw scpwatrlM ●nd tlw

mt wall ~ rwult

TABLE Il. SOLAR MODEL INPUT ASSUMPTIONS

Particle diffusivity, D
Ion thermxldiffusivity, y,

Electrm thermal diffusivity, ~,

Plate recycle coefficient, R

Erwrgy consurmd per iorrwation,

u~,

w=

Fidd-line connection lengths:

watemhecf-tenull, Lm

watwshed-teplate, ” L,

Field ●t plate, ”

B.
B

Neutral-hydrogen ionization rwan free

path ●t the plate, T

Efhctive ionization -an free path

T.ff = 7B/Bo

DBohm
3xD
3xD
0.99956

-5 CL’
20 c v’

25 m

30m

0.22 T
6.09 T

0.025 m

069m

- For the fiefd line ●t r. + 0.01 m.

SOL PIDms Pwwtteters. The goal of the pr-nt ztudy was

to identify plasma conditions that have slmsth temperature

~ficierrtly low (T, a +- T,a <45 et’) that plasma ztriking

the phte will have ●nergius below the zputtering threshold.

The zlobd pfate recycling wcs varied until the upstream,

~aratrix density was sufficiently high (5 x ]O1em -3 ) to

lower the twnperatura to daired values The dependence

of sheath ternpemture on upztream demit y is iilustrated in

Fig. 5. The dkct of impurity radiation is derrwrwtrated by

Ading tungzten S* ● constant impurity fr~ction of 10-J. For

thz r-ulting SOL radiation fraction of the required upstraam

&sit y is rduc~ by 20%. The incroaaed plate erosion rate

from mdf-sputtering is still bobw the nominally ●cceptable

value of 1 mrn/yr. Such high concentrations of tungsten,

howww, could have nagative effects m the core plasma ●nd

probably should be Wdd

SOL plasma ●xial ●rd upstream radial profiles are presented

in Fig, 6 ●nd UIrrnnw ized in Table Ill. The rmulting parallel

b-t ●rd puticb fiuxes mt the plate are giwn in FIg 7 The

upstream, pudfuf-hmt-flux, redid efddtng dlstnnce is 15

m.

Dlvertcx Plate ~trrdatt. Ttw magnetic topology ●nd

tfw pardiol haat flux ●t the dwath cm be ud for

~tirnizing tha ploto shap ● tbcritwcl in Sec II Three

oc@ptabfc configurations from ● lwst fluk point of vi-w ( - 4-

6 MW/mz) NC nfmwn in Fig 0 with normal heat flux dues

~t~ m Fig 9 All thr- configurations hove the plate
irrtmwccti~ tha fmt fmld tin ●t ● ●ngk of 15 degres

Tlw diffmwcc ti~ ccmf~uratmm IS o+dy the st~n of the

●I+ ●nd th •t*rti~ point of ttw plate Cornblnattons of
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TABLE Ill. SUMMARY OF SOL PLASMA

Shath/Sepmatrix Conditmns

&nsity, n 28,6x 10]om-s

ion temperatu~e, T, 16.1 rl’

electron temperature, T, 28.5c\’

pallet hem flux , q 435 Al U”/mz

parallel pmticle flux, r 1.19X lo~s?r-~s-l
tungsten sputtering erosion rmte, 60.026 mm/W

Updream/Seperatrix Conditions

demity, n 5x10] em-.’

ion temperature, T, 2:9cI’

electron temperature, Tt 130el’

Upctream/First-Wdl Conditions

den,ity, n 5~101Bm-~

ion temperature, T, I?ct’

electram temperature, T. 16c I’

radial heat flux, q 0.04 Afll’/m~

radial pmtide flux, r 1 x lolorn-~.,-l

tiiorts of the thrm plates sre ●lso ●cceptable provided ●ll

field Iirms intercept the plate. Considerations ether than

heat flux constraints, such ●s neutral-particle trwrsport,
vacuum purr+ing, plasma recycle, ●nd plate rneintenance

●nd replac~t, we required to cti ● find design.

A rough estirnete of the dfect of equilibrium shifts on the

best flux is ●ccomplished by shifting the plate +0 1 m

relative to ● fixed equilibrium ●nd very roughly ●bout ●

50% incre~se in the peak flux is obtsirred It is noted that

the divertor Iocatm was hppiied to ● plate shape wggested

aiginslly in Ref 6 ●nd found to be in ●xcellent ●greement

with the estimated he~t flux,

Density eFdding ●nd Hefium Remwsl. A core plasma

fuel burn-up rate of 0.005 ●nd ● maximum ●cceptable

●lpha-impurity fraction of 005 implies the slpha-p~rtlcle

confinenwnt time, rm. to be z 10s. Here, rO is defined

by ncl~/r. z D.nu Aw.p/A, where A is tlwderwty rmdlal

-folding distance ●nd the subscripts c snd u refer to the

cme •fer~e ●ld the *&upstream values

The global plate . rcycle cwfficient. R,, is defined such that

for every X p!J(SmA pmrtide striking the plate, Rp.i” we

rdurwd totheplmmm, thus r,A, = r. A.(1 + H, + R; +
R;. ..) = r., Ati/( 1 - f?, ) Using pw-tlcle balance, Ftch’s

Law with ● diffusivity et’ lW12/J, ●nd n unity mmch number

u the skmsth, A 10 found to LM

As(m) = 2.3 x 10 4L. m(m) J77, (r1’)/17u(r\ ’)(1 RP)).

Using rO ●- 10s, Lm 2sm, 7; = 20c I”, T“ - Rorl”.
●nd n,/n U = 1.7 gives RF c 0,999992 Sucn s global plate

recycle ~ficimt cfistralnt should be ●asily ~ttsf!cd !n a

HRD

By contrmst the constrmnt cm cm- ‘c&e recvcllnc Scala
iinemly w,th ( ] R, ) such that R, () !M Dlvertors that

haw plates located efficiently far (m-n the cow plasma hwr
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~ = O, ao this constraint should ●lso be setisfied. As long

I●lphs-partick difhe airnilady to the b~ckground plasma,

diunt rewtovmlshould not be ● problerr,.

1. SUMMARY

b ~t calculation fm ● steady-state ITER plasma

-s ●n H RD -n ●chieve acceptable plate heat fluxes

)4 AfM”/m2 paak) ●t thecdkctor plate with ●ppropriate

lat~ dwpirtg. This design tin dm withstwtd toroidall y

~ric d~~ ahiftmd 0.1 m whik maintaining the Pask
uxa M- X7 JMH’, m2. ~moiddly myrrwnetric pfmma

$ifts and ~otstions m plate rridisrtrrwnt have not been

mmirwd. but, bmx= of tlw undli~k between the freld

ma ●nd tlw plate (1” ), tfwae xkfts ●nd mtsallgnnwrtts

~atially caun incro~d peaking

m woaiofl rat- fm tungsten divertw plates are computed

rovided the peak upatresm *e-plasma density is

ufhciently h,gh (-S x 1010/m3) to ●now b dwmth

‘0”0r—’———l

/kh(e 3

1
\

0,0 LLk—12Q
o 4 8 12 16

PIELD LINE NUMBER

Figure 9. Narrnal heat ffux vcraus field line number for the

three plate configurations.

t~~turm (Tc +T, <45 cV). A hi~h edge-plmrrte density

●t tfw wall results fhm ● masurnption of no flow reversal ●nd

is ~obably not ~ect for ●n HRD, Neutral-atom transport

* be foll~ in h dirtwnsions to describe cmrectly the

particle ff0w9,

Ttw HRD ●ppears to be c~atible with heliurn-mh removal

●nd in getwral should reduce the steady-state vacuum

pumpin~ requirmnts by ●llowing higher rwut rd. ●tom

densities, The F1RD ●lso should ~otect the first wall from

high-heat flux ●nd erosion rat-.

In cortcltion, the HRD provides ●n ●ttractive option

for providing i~urity/wdI protection, An crpen-diverter

ccmfigurmtion cort~as valuable volume within tlw tokamak

toroidal-fidd ~. The diverter plate should be incllned

in ● pdoidal crou ~tion ●t the maximum ●ngle ( J 15P)

with r~ect to flux surfaces that still raduces the Iwmt flux

to mermgeable Iavelo (3-6 MW/m2). The plate must be

●asily rapaired ●nd replaced. Tmaidal ●symmetries must be

minimized, Finally, ● tungsten surface provick the supericw

sputtering ppertiet for steady-state operstion, Fmwever,

disruptions ●nd other instability efTectsneed to be considered

in making the final choice of material

1

2

3

4

s

6

REFERENCES
L J PERKINS ~ D BULMER, pb~tc cu+mrrw.ic.tion, L.wrc.r-c

1~ Notiawl Lskowy 1900

D J STRICKLER, J B MILLER, K E ROT HE, ●nd Y K M PEMG,
“Equlllhium Mtiins of the TFCX Po&dD! Fkld Coil System,’” Oah
Ridg. Nst&d Lmkotcwy mpwt ORNL/FEDC-03/10 (April 1904)

S I BRAGINSKII, ~~_~JlmI ~h~~, ~, M A Immwovich,
d -honts B.mmI NY (1W6), 206

K AU9ENADE. C A EMMERT, ●nd M CORDINIER, “SPUDNUT

A Trn~ c- k ktrd At- k Plasmma,” J. { ‘omp PhV.~
a4 (1090) Me

J BOHDNASKY, “hnPalant SputIarlrrg Ybld Dots fw Tohomohs A
Com@m\ of Ma~rsmon w ●nd Eatimm~,” .1 ~Iic/ Af,l( 93L
04 (loao) u

W BARR, plvstQ Communication, L~~cc Livemwr N.tion.l

Ldxwatary (1907)


