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a • Tgyv 

n pf, elects jbleit« t>ltB-*-fonorilor was 4ev«!vp«d vhlch op«rniH 

ii    <   < ,   »»'Si   «uvcri jf S* kv.   Vh» pltona wa» vortex sUo'^Md, and 

wad oür.U4ncrl w'u.'n a wal«r-ooolod Vyc>r tub©,   »uwer was -«aeured 

: ' ctr'cally.   Had4all '-.     ver was ^eaired by aUarnalely 'jclruj 

c'tnr water and water aado opaqoe with Ind'a ink to oo^l  I've Vyccr tuba. 

A -wdel ten. er* tia*a ^r.rnc was Educed froc er«ctro<»r*, h!c -eaaure- 

-ents irancver 'hx pi««-« nx'..    "'»x'rir; plaa^a temper turaa wera 

cx'-i 'n o thfn jyl'ndrlcil i.'enih r.air tha plaaaa ourf'uca, 

with re'  "'v- ly   ^^ülcr Uiaperatureü ex'üi'rf m the center-line ^aa 

back-f'.ow,    ..ffeci^ uf chiinr'r.• »a^ f^awr^te,   -is cjrpoc'tlcn, rf ^-owar, 

and Vycor tube d'n-cler on t»© offect'vanect vT l'e er.« r^y couplinr 

•ncc  •   .    ■ir'% tihovr.. 

vUl 



I.    Inir       lion 

-•.  '   it ■'   .-     .      ! ••   ';.    r   :. ■ J '■•   i     u-t'-il'o'  '.r.'sH 

"JO by .'•   T irrcr.i^ ■'vel;.  coup'.ed to -J radio 

lYe • jc:tcy '. rf) ■' ■    -,,.    ..'.'^   « ' ao-^ pr^lu'.t'.n *& 

capob!« .. -. r " '   ■ .   froe     ' ■ i        •v-i-'-'tt'-;   : ' ch 's 

c «jr- •'  :•' ' i'r«ri-    ••■ •!    lien -    -r« ■ t orcc.    iheöe 

• rcü are   • • IT*.' . l«*! by • '-   ir    ■   orj^'on CM j..   I    y ■  ■    .f rod cor.toct 

•.■■-•.■«■:,   ■■■•.■:•;. ■   ■      re. 

I;iducl!wn-coj j'ed • •     "•   •   ••   ;•   ■-.   nrct" '..'.i i ere  't 

nu  J'rccl   ::rt'(Ct. httvi< 'it-a o* i  1  t  rf • supply. 

-r''!:. j; ^v w>idy 

±,  • rt: icr    '• '  «   I-.^f t il ^ HT      ;; .to" er- t ;rf r : .:.r. ^lill^art- 

Jc 'orloci.,   .füLrrn Icrnany,   f:r ir.'tc i  ■• r.. ..iH ■ '••.•"o   e '.'pa enr'a''od 

U\ reuearch wurk nt t::c    u ." /»cr i.fcit'rnl    ..•••<:•. '-ihjrütor'ci; (AHL), 

.r'rht-: nitcroon   \r;J,      '   ,  it   t      si/'Te.it^jn uf w. wioch;. •<>■., ::•.•"    ■" 

tho    her      •      .■.:..   '«nbjr'itory,   .T .    ;,.  Pfcnrter ^ü '^.tcre^lod \x\ this 

plas"in b<   'i'i.f   rf     - v- ICJ Q      iJü'b'n L; 'ire    f c1cctr ns,   {  r.c,  ind 

neutral etons    . : •    •   <    '■.  'oca1   ;   erT.;il  equ^Jbr^un (Hcf. 2: iC2/J, 

while K, .joohn^en wni; prin-irlly ;,.t.. rcstci i'n the er.errry traniifer 

character'^t^ci; exhibHed by th!;.    '.asna coupling •nechan^s^i. 
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The object!voft of this study were (1) to operate a stable plasma 

it st-ospherfc pressur» at ^J kllocyc!*» (kc) with a sustained, hlffb- 

pover OTer?it*on capability, (•) to Jel«rr.lne the tenperetiare profile 

of r osja as a function of the plasna radluj, T(r), (3) to »easure 

the : jjer tr'insnUU I •    '  •     I isr^a, a.'.d (/.) to ietemlne parsnators 

lajjorl ir.t Ui  •.!>*• or.«-'        ipllru» rscchan!*«, 

g'^r'-ental ADrrcach 

The plasasa uau   ^3nt81^.e•j <n a water-cooled Vycor tube (Plr. 1), 

11 ! vod stabilized 'n the vjrlex flow resultln" frox tanja-ntlal fas 

Injection 'n the -.nrr.cr tro^crlbed hy :. 3. Heed Uef, 2: ?22). 

The tea eral . rof'le, I(r), vno deduced frons Intensity profiles, 

N(x), of the Unbdn 7^35^1 and lanMa ^J6AII spectral lines obtained by 

spectroTrapMc scons tranyverao to the tlaa'no ax4a. 

The total power trnnsforrod to the plas*^ vat ieterr.lned by 

neaüurlnr the {»wer the plasina trir.^frrrr«! to coolin" water.    Rad'ntlon 

power was noasurcd by c'rcilatlnr an opaque coolant Inatead of clear 

water about the Vycor tube which contained the plasma (Fir», 2). 

The parameters varied In this study wore rf power iellvered by the 

power supply, rras flow,  the diameter of the Vycor tube contalnlnfr the 

plasma, and the ras composition.    The rf power vn^ vnrlcd by charnHn^ 

the plate voltare of the ;x)wer supply, and the ^as composHion was 

changed by mixing helium and .arpon. 
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Poealhlo ''.   | 

.    staled by Hood, (Hef. 2: P20, 

"It 'ö äilW lyo oarly tj ^ay vhal the captMlUles %ni 

llqltatfons of '• i. "•.•        .-1  '«neratlon are.    »c ^v« 

1'«^-i ■   r -!r.<»!f    r    '   '.;- jf nft'io 

iry JX! i"-, HJ.! jxy^er.-cor.la^r.*! •    " loriia yHl «e!l 

alrsjnf-r: JX!JO (nt» • «:7üL
C

K).    »he toit^ralurea 

i  in IK« : i will denend ultlnalely oi   '  • 

;   -^r nvnU'jblt   i:.i ihc njndoülrucrtlve oor.lö^nnont o? the 

'lunt,    iroaunahly, •■•   I« luctlon plnansa will find uae 

rover l^.o Jc plaasaa are  iüei, from ncacurc-»r.t of 

"';..•   * >' .to :reheal!np raac» 

for Uüc-  !n hypcrtK)n!c u'r.i i r-nclii." 

In add'tlon to prehoaUnc the -»riyrü fur UM !n hypersonic w'nd 

tunncla, slarnati)n tc-sooraturoa atta'nablc In h.N'personlc wind tunnels 

can be Incrooaed by hral add'•.'or. ^n V.ti i.uperaonic flow acctlon 

ualru* an induct!on-txjjpled plaana. 



II.    £xper!nt?f.t 

Dcacrtpiion 2X ^Para^ua 

Ptrl of lh« expert«»r.tal appnrnlu» \ü cho-m In P^ure ?.    In the 

baek/TOJnd <ü l?e rf ;^yer tupoly,   «Urtfnr at the exire-« »eft, the 

«pp^r? tua öern 'a 8 porl^n of the rnü üU* ply bottle, the VBCUUB ptep 

end ver.l, ire Vf»cutts nunp shut-of valve, th© exhaust valve, end the 

V8CUUO ay:;ten pre^üure  vo»«.-.   The j-reeüure p.npta arc aounted on the 

üU}'port ütar^i,    nbov«4 th< rt .'-nd the calorimeter jacket, plasma- 

PfeneraWr, nr.H the üu^tort ütand acaffold are seen.    Behind the calori- 

rjeter jocket two -» tera ore aeen, which wore not pert*nort to thlc 

atudy.    Ihe   irnpe cevcra other cqulpacnt which waa not pertinent. 

Gaa ju; 1 Iv »y^tcr..    The arpon and helluo used In this ttudy were 

Bupol'cd by ihe Bürdett jxyen Cor.pany, and contained no more than one 

percent iTOurlt'oa ^y vol-r«,    Gas flows were -.eaaured by Alrco Dual 

Ran^o Flownotert for #JTon, style number 8o5-l6ül,    Theae meters wore 

calibrated fron '[ to 196 standard cubic feet per hour (scfh).   Gas 

flowa In exce&w of 1*^6 acfh were ncisured by uslnr the meters *n 

parallel.    Helium flowrotoa were obtained from the arpon flour^ter 

m.^dinrs by use of convoralon graphs furnished by Alrco. 

ilMGna-'lonf.r'.tor.    The water-cooled plasT.a-frencr'itor was rside In 

four pieces,  Ihn top and bottom cnd-pleccs, and the 'nner and outer 

tubes (Fir. A).    The end-pieces were made of brnss, the outer tube was 

Pyrex,  nnd the ^'nner tube was Vycor.    -.tTndard rubber C-rlnrs coated 

with hlfh vacuum iJ 11 cone prease orovlded the seals between the end-oieces 



und lubea, 

-  'fc*» ex  •      .   • •  pnü 'nlel, the  «ae Injection pUu, 

«nd l'.e oüolor.l outlet.    !n i «   • .   'njccilun 'rle'.e er« '    . r'-lr.,- 

ler ■•*>!' .  ;. . . „n u iw.-^nch- -• icr circle,    .he holee 

■ ••    .•-....■    • .     •' • 'dkn plete.    ..« t-.e 

■  r    •  ■   '.nn^r ' . •      ■    >••   '  • , i^.c -ft-sleb* Uitn^ 

■•'X '., •  ■      . ■     .■!<     ' • ■•-1'..   opper 

:-    •   .         •   '■ - x ' ;.'      rt,  ■  «   ooolftnt 

f   i: i ■ «             '   Jtr.'    ' *.    .•«   v^i  ••.'. cxheati öx'ölly inrourh 

-•. -•'      lor      rt, and ". •   of j'F-'r., cop er tui'r* .r.v''<.ö the 

M   '?.!<•,    .h<         •...,.. .,     .,,    ccVrr.l -"rifold 

ic '«nt'-auy lo •!•<•.'•:.?  .•    •   ••  •     rest ',ro~. rwr"''.'  ':. the cx)olor.l et 

•t    ■•;!■...%!.•.. •   •  .           •       i     ji» r tjbcß.    .  • "  "'in'fold 

.   '"     • ;              • '■ ': •   ,   T    vc  fr. •  .   •   ■•      < ■ '.-; '^cc».    .•<   coclont 

'.'   v-.      • v....-         ^ ...    ,;.:>'_ j6 •■,,:-. « hy the  'r.r.or lube 

•        7'.-_-..-_jf.rrt, ..        .  ;   ...    rjrrs:   i.t    toc   0o  t„r   -;ir.'|-ü'.'}#      .his 

r;'irr>-v cx'^t nr.r.jluü  vl.'--.-    .' :• • t;.c  coo^nl  bclvcfn the tubes 

• .<   •!.. '-'il >v > ''■'• '.:■ c co ilur.t   'r.Ul.     .   "      ■ r-Hü o*'. u;---:-: 

.; rr-I\" flow ;n*tcrn,  frrr vr i^tnfr.ntlui   ■•■••.,   "    «x^.t h^tveen the 

.'■.'   t'.jbt;^; ,••:''   ". iiiitod cc-ax^ally between  the or.ri-; ;ccrü.    The 

inner tube  :u a Vycor tube IP-in.  lor^ with n nominnl 75-nr. outside 

lior.etor.    Vycor vnu required because t.'ie i"nner tube nust be co:)Gble 

of supi^ortinf a  severe temperature ^mdient.    On many occasions it was 



_••..! inat while tfve    Mr surf       -f i«^ Vycor labe ren«!n©d §1 

water Uwoerst .:• . ,  - -   'nner durf^ee v«i ^Ijwfn^ red J»l,   The oalaldt 

jianeU r ; t^ «i -     «rn! 75-Tr. 'lecii^; v«ir'-8i!jr.ö !n ihlo i'«*!»- 

ter of    ' one or two n'lli    lern ar«    j-^n, sad the lubec 

are jflor. . .•- '-r   ^.J, r ■ .. ^.   ♦ r. •:' r' •.*'..,  the ende of 

•   • rvcrill; '    b*     '.   •. 4«r r.   • «y -^er© -iÄed. 

The j'-iler lube vn^ a iyrcx i Jbo l'-*' . 'ih i notlnel 

d'aneler jf  »>-~."..    . ■    uter vabe enrr'^a '  •   ax!al   : -:ru-«!vc Vjada 

which nre T   ''   I  "        ': •  •     ^a^-.'i-••: • r tor to^elhcr.    »"he cH-'!eceö 

ar« oüj^truet .     a  .-v.' i".ot ;.    tx
r,»l   • ■ •■        idfl     i   '• 

applied to "  •   Inner fibe.    .h'^ vny   ionc to rre\    ■      ..''•     •■ 

of the  'nncr l'JKe by •  < '•   :    ■"■ ■   ■.     f nx'n!   x-rreötUn,  Iheraal 

jlrew«o:i, or.i hoo.   sti ued by the    -•...-.     f •  e covlir.ta, 

w.n:iJ*>rd rubber ^-r4?..'^ were   .ued tc    rovHr n ^cul between the 

end-    • ir. i ■   - ;•. r • .•. . ,     .-.»     -r'^'j »'err   ised ot G'ich 

aool  to Ini-rove tr.p r^'Mib'   !ty jf the won!.     {ibber rnclolü   -ere   »sed 

t.   ; T'v:.*   ',''     '      -toct bo'vocr. •  •       !.     ■' ?  •   • md  " h-   «:. !- 

plocca to _ revent C'A*:*!:-*,    . r-.c holU>^ or.d-   ' !.   . .: •   rtod bv t^.c 

calorlTiotcr   i: i '»i   /-r'm» • rov'•• ..  •;.•• ;.OT1 hot-.-■ •   •     .,•   IVJ • • •"   . 

Giljr^-.rtor.    rhe cnlorlnctcr cui.ü^tü of       ■•!•_" 

and two Interior co11^ jf copper tub':.        ' *. A).    The   ^tcr er.tcrti the 

outer ahell of the jacket,  rlowü up the   »uter i-hcl1,  iown the inner 

shell and  then leaves the jacket.    The oool^r,^ wnter next, flovrs thr 

the ascend^nf coll of copoer tubin^, wh4ch 1s wranped aro'ind the des- 

cending coll  of copper  tubin^,  and  then through thr descend^n^ coil ^nd 

6 



oji       \      caUr'-^ler.    .-^      ''-- sf jo^per ublni' were rxxuficeiloni 

r^ede lo ex1 ;-•-'• • equ!-"'   ', r« 't-oe.-.i ine ö'^'.t^l c^enire that 

oa tld be -Ade,   ,vn »x'öl'rj?     <• •       .     ©^.«uti ;.Hu was &ep«r«ied end 

•  e       l!i      -'   - wore '■.••r"< ! 'MO the ex-aual ^l:*.    .*'   JOoMn* 

arm; i'o-er.l lü ■      •     ,     .■   't. vn.   n eq    v..    . ic 

•'•        x  ..•,•.      . j"ed sfur • .. left the 

•': • 'r. ve exhnuat irases »t ' 

po'-r.*-   ■•.- ■     rox'.n'.lely    . 3 <-;        '      ^}.    Aft« ;   ' •  «»aa lenves the 

r!  •'-.-,   '" I'rcctcd i-  ' •     I re JT ic a Vf»e;r. j i    . 

. ^«i_lll«    •''  V'.cuc:  ,,.■■'   i^   .     v     . .•     r iriclod 

      ,      "  ••  •. r.b« r V<''}\*,    .•'-   '- 'J ..I.H'IC—i.Vjrc, 

rolary-v??.« ,    !l-«< .    .*';     ^-:    "»;   -n ab'c    f r-i. ';.• the 

:   '   • :   •   r  •       . !--..:''•-r   .r  ,    bbjl'ilc 

..' ,   .. •< r no-^low o.:. T • '  : . . 

Vucrr . r-•• i    :. -i v •   ; r    roöaurc rrwn cnl'br»'- I 

frj-. 2.---, hr, abj ' s    .l-"r • • •   ..    . •   •!!••-t        'nlcroüt v.   :• '   , 

' .  - •    •..•':•':'    •• . . . ■  .   ■ ■ '     lov      -      " Lo'ncd,   'I  *:. i1 

~'.f. ".  "   r ".- 'n ir.t   • '        - "   r,  •;:■.! •! atnrt. could bo "•^idc, 

.:.• . vriü not operated   'n a vi   . ;*     I   er 'v,.t!n   lir':. •  .'irl1:.*, 

a Si'cxjni : rc^^'ir-    •   ••    'n  '■•   :;..\'",   .•'       rctd rrc;. ;r .     '   \>        i 

below ilr.x)^; herl c,   :'   ":.• Oü jf ".crcury, wa;    ..< i  tj   ietorr.lne the 

.-»iT'rjto t'Tie fjr o « :.':•.• II ■ J..•  v-ilvo.     .■     pxhauiit  valvo was 

).)enod when  '.•,■     :•■■.. ir1   '••;■■    !-.i: •vto'i tt'-o;. ■.(TM; ••rcL.^tirc. 



Coolant ^Yvlo-,   Vh© cooUnt sytlen cyr-ö'^led of o coclant eu^fly, 

i'.«    !8ö--B-?»er.fer&ijr, tr.e ctilorlneUr, riouselere, »nd jonncct^iv T'r.ea. 

. .«    r'nary  V^'.'-M yat» tA> water, bit ar. alternate oooler.l sup; ly 

was avaüable ** r  ue !r. i*.«   j     .-•.-•. r.rMr.    Phe a'.tertuile cooUnt 

vaa "blaci' water" v-s    a..   .^« i ij   'tua are jvi'titlon :^ower.    Vhe black 

water wati a -'xture of Jarl«:'.   'd'a Ir.k,  U;  waur, a.^d tq-jeoJö 

a-rur.!a.    The ai   r x'    •• •■      s   med were 3^ «»allor.t of water» 

three pint» of 1; Ma Ink,    • ! une    "nt of arnunla.    .*;c Ink wa^ added 

to the wnter jntU f.« lor..»or vlt'blc through the    '»i-x- 

.   i   i the fiwr.'o vi.     Ided to    revenl the 'nk fro-. üoraraUnf 

out of the    ■ ter. 

. .• '   •      < r ■'. • ,  • .o blaci' -  "r r« .   «ted  thrt k'\. o 

ralv • !.. :   irr.    T«;   waUr   • '   •   • I thr   *'•.. aubacrrrcd «»clinr 

lla        ■ •   Irur re- v« ! heal fror* the llück unter as It ree'reub ted. 

ree'r .-uljl'r.r    r.f       .". '   tcl'ver mds    f «'ator .cr hu-or -.t 

}/.    -^r, wh'ch -.in.  •'        uijnd^ , t-r hour leee water Ht.i b\x ps! leas 

:••   jiurc V..-.:. i:.«   toi   .-ator supply :ruvHed.    The ■'• «r flowrate for 

to:   wnlnr waü used to  Inhibit nue'ente belllr..- In the r"lßsr.a-fcr.( rator, 

he TJüC r.'jclcntc boHlnrt leaver -^nrrnl  d^pus'ts en the  Inner tube 

which Interfcr vHI. rvj'-.t'er.    t »jiiiirer.c:.ti;. 

^elector volvea ^n the .'losra-rjenerntor cool'T.t l^r.cs pcrnHted a 

chift to black water wHho-it the neoess'ty of stopping the i.las'-a.    A 

bypass line was put. ^n the block vater syotcm to -emit operation of 

the rec'rcul.'iUnr pump nt any tJr.e. 
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OooUni <nl0i pr«tsur« wst aon^wred  lor*!^ ih« rune.   In 

(?en«r«lf IID black water ^rtosur« rc-i'r.ad oonsiant. k Jl occtsfonal 

•., •. froquency fluctoalloi -     re nottd.   th« tap weur treauur« was 

uften vary!;«? %. '   .     - ö u vcral i*-«» a r^r.uu. 

^oo'.ar.i flow 10 in© plf^Jt-^aner^tor wa» -»attured by four P'sher 

.ri«r wlnbl-V'c .-iota-* era ':.    araP-C1, anj ■•ater rlov "XJ the 

-        • /'ti'iur 'i'.4 lorur ' ovr^tcr.    ,.*   ^tfi- 

^ »v        : :■  nr*- nccurt-lc ta ihe nearest fv» .    er 

ho'ir. ■.,■.• ' nyi bt- rend whei     .«r    ': •      "    hlnc'f water, 

, . .■' 'o'.r.t ■' '■    ..   öv^'lfible between t^.c t'-e btncV water waa 

acted ar-d ■    .   "i r* •*(:'•        •   :«J tane u r:: to «
1
1JV ft %cw flow 

'   i'    •'    ;   ' ■     <   :.    .      •     •     . 'ack water flew 

wn^ •« :      •.■•,■ •.   ■      •        • ...-;. I'on based 

■  •      nctar.t hyr>cV •ntrr ;;•:■•    rr^^ire. 

. * 'ft 1 ;-'■   (■•: r!':.- >.;■..;«• .    .-<   lenperat ire rccürd'n" sycten 

vlu-"'-C.r -• '   ■•.:•    .'>.'.c;.,  ^ co^d jur.ct^or., and a 

cxjnt'nujUü rccori'r..'   "'vr.    < t'r.    The roa-rd'H' fiU  :    •
,

CT used 

fonoj'vell V';-';. rspr, '    ;oI Oofy-^^iH.    \',c ü;•wtt•",, was cnH- 

bratcd   tl  ' :e bnlh  In «r lire,  b<>        • water te"1.. < r- ; .r< ,  ii.d hi 

•'   ■.: :  ■<)v-'■:',.    .■.■   .   .:       'TU l'r.cnr over th'i; K irr   rnnre, 

v^i.h nr. r-ver'i •<   :•■;.'.•■ of      r;'' r>or 'Tich,     .he V's'coHer trm;' : Q 

ten-l'ne^-oer-lnch ;'r "c or;  Lh(   t-, . t  ■•.,] the te^^cr^t'irc Irncca were 

about l./^O-'r.. w^de,     ihr ^oflect'ot; jf t'',c  center o*' the tcrr < rnture 

trace vn^ rend  to t-y nnnre;.t '1 ^/»J-'n.     iecord^n^a were r>'r ul tancously 

nadc or the coolant Inlet and outlet temperatures,  and of the exhaust 



j ♦    .irt ^iif.t vj w"'>r''uld.   Th6 c«lar!-acier V»ö noanliH In the 

rt i.iv.i (P1,T. 3).   Tho calj>r!-»ur . .     rud ".c hoilo-a of iht 

p!eiörn-»'en©r?tiur, and ' •   ^-^ort ytind ac»ff H r    -rilncd tr^ U>p of 

i-       •.->•-r.    .'     r    train??.* '' r «•   •    '.     '  "    '  •   to^ of '  •• 

plsttfj-'oncr ■  r - .  ••      .  ••   ■       '' ' ■ i-•« •♦— -  r •   »elhtr 

Poüöir«     ' lijtj njo'fir.'    -. '• _ .     r  ■   rt    ,.„ 

n '   B   ' JI ond- ■•.!-    r-.. ;.-«• vn« ctronp er.^M-'h to 

ciu*»« ••.• Ion   T ..--ir >r iho aca'       I ic ■'•r.i und ihua 

a'lov •      ■      ■    '-• '• :•• ■     i v .        r u.!ii :•        . .      .    :hannel 

•."•.,   ;..  j :.*>.-•   • •    T .^-Snr, sn-J then '.ho ro^'.ro'r.tn-^ forca vas 

■    •  ■      ■ .:- '.:<   I'd r.jt v'^'   '        ve vhan ".,<   «olor.l 

v».   ' ir .    . <      »tor i-iN*  .? tho -    •   rator \ü required to 

enrr   ■ .■.   \~i'.,  ar.d   I!-J thr 'oid roin'.tln* Croi the vicuun in the inner 

tjbo,   "Kyforo  tv        " i- •   '    t irr.od on, 

iif ■ jy T Jungly.    .:.    rf i^wor üU};:''.:/ waa D Woütlmrhouoe :>ovcr 

Oüc'V.nior rntod n*.    .ju kv -r   '. ■. •r   lUtput     ^ rh's 

oscillator coulJ iv   oontrjllcd i..   ..  lectln» ... : of the nine ^'ücroot 

plate VJH-I •■ ;. -ivi;) .':)'••,   r. i  then JC]-  ■,,•.•   i   iity   .yclo.    The pl^te 

voltaTO coijli I.JL •. •   :    •.<1o t:'■ ;uver . if):>ly vn.. ooerntin', 

however,  tho '! ity   -  •'      :   ili he v •:•'•■!  -it nny ll^.e  ''roi O-lOO/.    At 

d'ity cycle;; Ic;;;. thnn  !üu, ,  tho rf i.-over vac   'elWered  In fiulaes of 

varying lon-^tha -iepenilnr' noon the   iuty cycle jolocted.    The tmlse rate 

wuü 360 per second.    * duty cycle of 50 ,   t!ien,  ro^ulled in M'ilse lengths 

of 1/720 Gocjnri.    A lOJ. iuty cycle waa uaod  for this stidy,  except 

durinp starting. 
10 



- •. .    . ■ . • • , U) 

; I'j .-   ■,:.':!'•.• '      r'   '■   " lie  .?.•     ■ '   ■. 

:   ..       '.:»••••        .     . ...:'••'.    ..-    "   -.   '.   \yy* :•>! 

UJL ■ .-t-j   '.. •"   ■  r    ..'.j i\*.    • 

•Al~\   :       "' r     wiar'f       ' i   '.-)■■.-  '. .:     ..   ''                     -      ' 

.  ■    ■•v  ' *    * • 'v • " .    .    .      f'r.'.   ; c:/   T- 

T r               •   •      \     .. ... -        r;' .r  ';. 

:,   •      •.     .        ;-.    '-  • .-■:; •».-.■ :t  " r   ■ 

•■      . .               iT-                  ;  ' . - •        , '.      . r. . '•  "       ' J 

b  ' .•     .      :          .   ■      rf ■'      y : • '  :.   ! 

• ;r          '           •■,•■•.■■ .    •. ■       . i -o    ■' •           '' 

•      •  ■ •': ,    .i •■ 

, .     ,,.     .... • • .•   .     ,        j i ■ . •   .     ?      ,-, t   ,, ;     >  %> »      • .   .     . > % 

■"'■..'■■■■      '           ' ....•-■■.' I" '    "                 "           ;■•,... .■    '      *.'.(: 

GXir*!   ; i ;•          •'..••:.' \  '     ■                          ■■■ '                 ..    '. ' :r- ,   ' 

•■;..•■ :■  ■-<••);; ;:"    i -i     :-;      •   -. 

If  *.    V: : i .-;   •;   •     '.- .-it ' .,:,-i ••   r • ,   i        ■,"'■.■.■   jy.ic"! '.      ■■::■   \ 

on,   'ind   ■•    :' ■   :/    ".      '; :■'   ''   -   Inni-'.J.        ':••!."      31-ly,   '•'it'T  ■•i] :■•■■   into 

inner t/ihe nvon  thj'J.;h  ;::e v n :-:   ^.ocko] below ] .L.--'J   '■■.•   >C'j, 

U 



.    ). 

»:.en  '• Ai  ,::&*,   'J I.    . ... '1! 'in 

r cnU-rtt i r • .- .    Jiftll   !fc!»'ä vf* ihtt ruji irt can 

Uakä are o     •    :,  • ' -".•.    rt:.. ar«   !t rti'w' 

.^    . ■ •, • • '     *: -.  •'• •„.   . ' 

»- •-     r      r r  < . .nit .cr K»  IT, 

"    •  .      .! ;    -    i!    it j.U    tr '    .r. 

• »-< •• r '"    :     < '     ' '     '      •     - ..... 

. ..        ... - •.'..• . •      • .       • .. -v'   • '  .   .   . 

the r< - *'r •.!   " '•. •     r  ,     .: •.     •  ■ ■ • •      .•..-,     r j. • 

:     .      -   .•     " •   .   '• • • t. .- . 

i '•• r Ihr- '     • •      •■        :•• i'.r.,   ■ 

■    .-    •   •    '.       . < rve;  •* r        . '   '<   •   v- *' :.t. 

iiT.y ".;v«.~^r.i    " V\(   '  ■   •■.':-  '• ■■   '.       ir.v-r« i ';   '   T*   . "   • "  •   r<- 

^lr .!:.*: •  ".rcc. 

• ' ■.:.  " •.'■•:,     '  ■ •.•.,• ■     • ,       ! ;    ••       -.jra 

opfrat'jn ".ro tiJis'vrci, ■'X'*-,   '•■   : '. ' ■ - • - . ■ O.K' i   ^r or. 

checke'   "" r n  ^.i   ".y . reu^'ir«      ■'        r.)/:'   •■•   .    ' , ^!   to   ":.:. ire ^r'-^- 

cU-nt la '   v, i   "..   for n   into rr. 
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wtsrt'n' Pr^ xl are,    the utan'r^r «ro^J^re !i no'-  Incited !n ihe 

d«u rjn öfcci'.or. bcca^ü« ä stummen t'^'Sli h« »iv n tn'-£ crH'ctl 

-''•'•■ )r>«r»i!or., l*^ "    ■      'r. hr. »r^on 

al~cc    or« I ;i«     ■'...: .ir. ',-•■. 

.,1-     ■• ..'.-•■•    i     .     .'    ■. ■ i «i U-t-r rf 

>, ■   •       . ' ly    ■" ■ . 

,.':'.        -  ■ ir "  - i  "   .   •• ,   '  «■  : .••, bs 

!.c. ml' -v ^,     * ■ .   rf     -«r  f- Uo i 

■     • , r< .. . • tn rtac-.ei,   '   ■   r'    ever -u uly !8 

, -       hl;* ■.    Tai;:/.'.-.'  ':. r.   „. ;  jr.V.   .    sie ;'.r.k 

•I.w •- ^« ■ •   fn v .<     '.'i„-ji-*'     •   ■  r.    .vt •.••,■ <   valve to the 

v.   ;x '- l ;:?.■ :       ", ..     "  •      ■-.,   '.  r.    1 '. • r r.coiH or/i 

■•   .    '■•oi '.eaiw ' cn   ro  'i pre-firc w .'   :   ::   !r. the 

inc.    ".•<     r- '. ...    "y v/.v«-  *., :.   .   ■ •,  ur.i t.c  ^.ilc    Ir.k -' 

u   v.' ••■ •• •- .    .      r^xt c've  '    ••:. 

:.:.   !-  ' .'     -'t'col lar.fi opfTflt'.on,    .  c '.'       '. 

rr-ii IM'. *y  increuüej  to sb.-'it 75 ;   •' ,   .•• "Ir !•..   -over '.     p   lually 

.   i  '    '■.',      ' ..     rcüöiir«   :•'.    aüLjcHtei vHh the ras "low, 

Ühouli  ihr.  . .,v;cr h-    'uirnzm i  U -  ;/  vly,   t-y   ; l-.y-in v'1!  cxt'n • ;'.h: 

; ■'  ' .'      jver   ;^   ;:. Tf;-.' :   •       r'i   ' i'v,   "■•   ; 1nü-.a •;''l1   contact th^  t-iHc 

•■':.  L-iffc^ont  carry   !      :!.,:  l^r   H,     .    '.      ! :.co1cnt,on   :.   ■ ■ :• 

end      ■  ■' i ;■ ..  lh(   use    '"  ■  ■   " . ■    'r, nd^.t^on icnü'ircTnts, 

13 



Th« danf?«r of 41 «color»11      r    Mly 4ecr««ties (4* to pltsoa 

•jjnirswiljn) 41» the   reüdure and «ras flow 'ncrease.   iU» »oon as the 

p'.ajtaa A>niracilan 'ö rva'.'ced, tha rf povar .T«y b« 'noraaaed fa'.rly 

lly to a duly c/cla aaf r x'-iaiely 50.-.   J'-aanwhÜc, a 

•. ' «        - ji rra^aro 'J ";' odi «nd nö i-.e praaajra 

»ara r   •     - 2«rj    -f •,  •<  axhauat vsilv- --nod.    .'ban •-h!» laak 

..nvi, l •.'.• •    r   x-lira 'ü oj-vlota. 

'^•j'.a iiti«    •■•,' ^',la rt') '50»''!,ö '•/V,on tn*-  "*ö rijv 'a tncrasscl lo 

■ix'-.r.    J'' '        jf 25 -cfh sllair.ab'c, sr.!  •       : .' -    y ^c !» 

adjualed 10 '       .    . yc^a rona^na jn 1        rjr iho rena'niar of 

t-.e lalf» re,    •'!<   ■  -    -aa Clot •- rcJacod '.r. 25 ^cfn ir.cro-ioalc,   inlll 

•1 flow    f ^."'.  '^ r< 1   .< I.    A. ».. ic-jCritire ei."'  :':       r 

.• r ' '   :     ,1  1 hy ir.u '.raoea .n t".o V's'cordor ta-s«, Ina 

la      '..   .iT" : a.   rj -,'i'.<; fib 'low, "' nctcr^ aro read. 

I'he -. lera roai    :••   !  •   rf vjvor --J .   ""  • ■  r -jr.i    !   • 

amolora,  •■'. I ol    •        •i"<-r ''■   -• terj. 

n Ijver I'-iU of 1 tj j'Sh or.  v-    ••>.   r]j-j va:       I 1!''jhol because 

at riavü loü^ thnn lü        ' .,  coolant b^'llr." hojj^o^ ^jhaLir.t'al enough 

to ca lo-; -*.:.?•'.   JejoaftJ tj furr on l'io  inner  ' ne, ••h' :h  '      • ' ro wUh 

rad'allon •ncTJircaont^. 

after roadlri'ü for a ^aa ri.ow of ToJ scfh   iro t-iVon,  tho ^Rü flow 

lü increased to Ha nax^nun value aü Heforo,  and  Lho    Müna-Tenerntor 

coolant su.vjly  :■: jv'tched  lo blac"'' water,    \hc coolant •"lovnctors nust 

be read as 'jjon ac. the coolant fov; indications stabilize,    There ^s 

U 



•ufflcient clear valor In th« t^oluai sytu*. «head of the black watar 

to allov Itw olab!!!»«-'   "  «-^, i'catlont u he reai, before tne flow 

'cawr* arc obacired by ir.e black vaur.   The black water riowraU 

!ö aatfned c : -t't-.i * r tne rc*i':. !«r    •' ■ «   Jnie r J..   Vh!c aosjnptton 

!b ree^nable alnce the black waUr fA   ly j>rea. jro r^nafno oonatent 

except for il 'rvtücnil *rc » »r.cy l', jet ißt!ona of plia 

■i.-J •'•. ;^ ! .   n»!,   Ih»' or* Mn    f thowi •"■.•'    .   '.   'jnknouni however, 

the riacloällontJ   :'t ;. "      ,<?«.-  '    . f*.   ■     .   ''.r.l '"     ••  •< . 

'i:. • •   .    •   '.' ■        ".   '»-.ur^i con&tant val .•      '  tlack water 

flow, -JI ■   • • < • «it 25 ücfh flow 'ncro-enla as before. 

After Ihc f'nal tel w
r rcni'r.•:, %re taken,  th^ ?*x, flow !& 'r.creaaed to 

~.xf-fc- v     .• ,       ;  "       : .". '<     ».rcenta^e ^s dccreaae-J,    r'or to 

I irnlfw off ihr. rf ^v,wer ; j-.ly.    This waa done to cool the *nner surface 

• .•     'radually tnwJ   to .revent post-cpcrntln^ tube cracVs, 

whlc    -•    lit   fr     r< . r ' i'tl utreüü« .. • I by rapid cool'nr. 

After the  rf jovcr . . " irncd off,  the c^cor water volant 

y was tif»otn .<   •   tod,   \ orcby fluchlnflf the b!n::k writer ''ron the 

coolü.'.t lines, 

i hy^lcol A^;)earDnce of i bjsr.ia 

Ihc wln^ruj fir^t n: i.f")r:> /is a brilliant blue white dischsrTe,   in 

the vic^nHy of the rf inJuction coil,  the instant the nrron -as rlow 

conr.encfü dir^nr the :;tirt'nf procedure.    The plasna appears to extend 

out to the Vycor tube when oporatinc at this low pressure.    As the 

pressure and f^aü flow Increase,  the plasma contracts ^o that the 
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luninous .va0ee no longer opr**r to contact lino tube wall.   Vhe plasn« 

is now shaped as a cy^nder r!v© to s^ *ncnes *n length and roiarhly 

centered !n the rf co1! area,    .hM general shape 's na'nta'ned unt*! 

the pas flow approaches ^ scfh.    At th'a /»as rlovt iht top ed*e of the 

plaraa 'ntera'ttently extends up to t*«   'njecilon plate 'n the too end- 

p'ece.    As the ^as Tlov H «ncreaswl 10 7'j scfh,  t».© hock-flaw of -»asec 

up the center of the tube beoose^ . :.- • ■ •;.   vh to    nuse »he top ed?»e 

of t*»e plaana to beoo-e perrv»nently extttnied,    .r.c d'naeter of '.he 

extended portion of mo plas-sa 's 'ir-'.i '.<v! -'«th the io:i of t'e rf 

co*l, and  ' '  ^t a .a'r.i abojt 'wo ir.c •.    < !ow the 'r.Jectlon 

plate {F'p, i)»    at ih'a .   'M th© .'oi-n bo^'r.a Lc   i'vir^c toward tr.e 

fnlei holo;   "r, ' «   'rjecllon t'fji« .    ' jr'* • the  •r.cronseü 'n "»c flow, 

the butlor. ed ••     f the p!aö~A extends Jovnwnrd ö1<'»ht!y,    «lelov the 

bjtton co'!, the br0!*ft:.       '" the 'Aa'j~A fadta very ar.T^ly 'nt 

raf^ed-edred tfi'l-flarso an; rox'^Htely ono 'nch lan^. 

Vhls descrlitlon 's ropreüontat'v«     • -i'  ^lasnja oper^t'on. 

The d'Tena'ons of the ^laaxa wer^ not lenLurcH,  nnd ol'   nt^tod VJIUCS 

arc ap'rox'mat'on^.    Turt-.cr,  ihr dimensions jf the plnsma,  nnd the 

^as flows at which plasna extmllon occurs ore ütron^ly dependent upon 

the rf power levo1.    More 'mportnnt Ihm   t!     exact d'Tenalons of the 

plnsma nrc the chanrcs 'n oopaarnnce of the :>1aGna which result fror, 

changes 'n rf power -md   'as flow,     .'Hh'n  the ranrn of rf power rir. i   •■a, 

flow used  ^n thl^ study,  Increaa'n^ the rf power Increases the d'a^.eter 

of t!ie plasma and  'ncreases the  length of the tail-flar-.e, while 1n- 

creas'nfr the ^as flow decreases the   ivmetcr of the plasma, and increases 

1^ 



the lowrll.       ' e tall-fU**.   Th« CMirv.'».   !* '        vp'r.« rf pover u«rf 

ubeervri by  rhanrl • .    .iflar lh« rf power tri e»t Tlow 

vcre ö«l •'^r n iain ran or.) '' rll'Janee or ire ^Ut^Ji .*fre 

loo öu^ilc u be ie'- • oyf,      .,   ■       ,   •  i.?   i   •.-*■■••:    of iht 

- -v«    • r  ITS   hrl   •:• ei   ■ 

ex;!»!1 • . '.    U«r. itef. !: ' !J' .    !r. br'tf,  '.h't -»■        '&\    • . 

...      ,      , • ••,      ,    ,      . •    .       ■•   ■ • •.'    •.'•..      r ■«•;' l 't ti 

••■<-•    .,. c m:     '..   ••      :     '' '"..: r,-.!  ••#   '  r'i   ^..tlrn!  I'rc 

'.';.•.  ,«.    . . rv« i    •tt:..'••..     • • .   <   •••<;   alonr 

t' r,  :(x), T    . ' r--       • •     '- !<•:; '"ft vt.'  •; - re  r r.  ■ '  • .     f 

r).        •  <    • Wsjv'r •  '•■i ■:- '   !,.   »r.i'x ..}.    .-..     r'-c 

I. ,.   "fi :•< t    *'.; '   r. v'"   r. ....   ■   '.    x. 

Jfr^-w 
y »7^ 

a) 

zi • irf ^ uhow^ t;.'   r< . ;11^ obi^nod by  'nvcri'..^ jb^rrvei '(x)'^ 

to rndljil d^tr^bjiioi.;,, -iCry'ü üV\-.' t.K';   Inlcfrol, T.C li.on nornali- 

zinfT ench curve wHh r< .,, • ct. lc   "t..   ■'ix,*".'.r.  ::.tentM.y.    VJü f ■ .:•< 

cln-irly JHOVü that .T(r)  ".is n ".ore   Dronüi^iccd   i^r p.t r eq'nl zn-o,  thnn 

doeü !!(x)  rtt x equal  zero,    'i!u   tenpernture profile, T{r), ray now be 

plotted by taking the normaHzed  relative Inten^Hy of one of the 

17 



ttpectral UMü fron r'-i^jr© 6 fjr Q particular r^'ia, «rvi obUlnlrvr the 

yorroi$.A)n41a^ uaij^rüt'jro froo Fl.'ire 5.   Al ihl« point, It !ö ««U 10 

rwi« in«l an »nbt^i'ly «x^iö vh«n win* a «'n'lc tJ'cciral Hn« u> 

dcur-i'ne toi eralure,     .'ih  . .'.'i^'J roln'-'v«   !r.t«nfl!ty )f -.85, 

ll  «fl r)03t*ble U ub" •        r  • i.-'     *e?lher !^,JCK/
>
K jr 

,•      •.    Tn'ü «sbl.'iUy '. '" • -«ö^i-eablei 

•y of lasbda d0v/».»II, -".'      ':.:' altö it—eralire^ abov« I'.wuO^K; 

or by i a .  -" * :!   'rvJI    '• •   ■ • .. 

.ho '••.    •   • -^ ■      •.- -raiiro •r^r,!o     ' I        lacna 'jnier 

sVjdy -ere '^ :   • '.   ■   .        .•• v-r,  -aT1-r'or.t    rel'-'nary '•.■   •'- 

fai'ana vero -wie t)   ' .. "' '       *■•   'n ".rrrn'r..' lh<   ••- ora- 

t'^ir"1 it'jn, 

.;..   '••.•-'■       •    , '^'AI,    'x), 'Ji, r^corloJ   lir'rr r mt   ;.   • • 

. .    • .   'vcly v'••.< r       < r '•vc-. (x^'- showed -.ax'" n. 

VJ" ;• .     ■'•" • • ■   -- {•"'•. "N.    . 'tx'-T. Inter.oHy and 

the c-Tilor  !*:."  4nlon.'•■   .     •   ••      • : -,..   ; r< :; :'"      '  iho  'Mrct r 

incr"ij'...    .        jwor *»vel    •.■.   rir..< ;   . ■       ^ICJCüü'VC  'r.cretS'J In 

;.>ower    rjiJcol :,:   'r.i^crj^r   ':.  I       roc r i- I     ix'-.:    !:.t'   .'ty.    At  this 

point the .   r .... ff-ccnto:   '   "     . "■       < i. ^ beran t 

crnru",   -i...   •   -■   icntor-'Mne  ^nton^'ty h<"f*-jn tj atab'L'ze.     l'hoüc off- 

centor ueoV. Intoni.H'eü worr.- now Inter retH  t.) b    t'c lv)C'iiijn of the 

15»0Jurr. iüjt:'.cr^.    u^nce the ccnter-'Mne   'nto-.^HVr. ns ".(x), were 

always loüo than the off-centor maxriLnü, over, when thcjc off-center 

» 
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-iax'-jr* tvu!d not \* Her.l'f'H wll    ir-e ^»Ou/'K ,oolh«ri, U wai 

3oncIude«J i^.tt f« center le-ferel-u*« was !ecft lh«n IJJCA/T.,    If, 

however, ihe^e low cer.ier-lfne ♦r.ie'.aHito were lnd4c»-llvt of ie?%«r»- 

i ire;     • v«    ', , ■■•    •    en ' trt - ulti rnv« to be lr. exceta of 

..      ■   "'.   •♦    -r ■    • ,      •   '»-brj'  /.^Vnll I'.f.© shtuH thtw a 

:   i        .'■.»—''?•     ixv''«d i'*  le—erifturft    '    '   I 

' , .    . <   : r« ..•!  .     -• ■  .   • riyin £M,.II  •',•.« letectcd 

■       • • ■ ;_,.,    r.i     '   ?»   xr.tl     • 

•     .   ■  . ...   '"'r.''•.• vn;   '   •• r •.'   • ' •   ex'ttonce 

jf »i  ••-''-•  -• • ,        .   >■   .   v«r;' I .•■•,■•     •• the 

rr.ler-'' ?«   •<     • !*' "   r«   '.     •       ' "r, 

. • ■ . •       * : - '»rr      -p-i'h'r v'll. two wf^r * rop-^ed ; ■,v;,,cr.1. 

c^nrn  t-r'. ' * •.     ■'■•'.     '»j^-n.     .-.   •"r. ■     -      . r'ricr'; t'c '£ 

thnt ^<'r. - "T« • i c .v< .   ■  <   rf .     •: be  Ir'.r «fern :  U   ' ,f   yl'fa  ':. 

• ;r' -t1  .. t-tt     'r. "•   -ir« •-    ''        ;    *   ••ct.r'cn'      • jict'v'ty, 

wf.'c).  j r; ;r; <   nr«"    f    -ly'- r  t«-   -r  * :r« . rccr.d rr        ■ '. 

.. .tr,,  ., ..•   : r     -....,     ,,. , . r, v, r-,    .. ;> fi  •-   r      .     r« tcr    :* ihe 

•. • - :'t;:;f'4 ■■■.■.•••••,    •..   •   ■ «.r.t'     'v    "     '-h veloc'ty,   ^s 

-v^':"' :   .nly ..]'•■.-^y : y      -   . r« ^'ticc     '  '•       •lü-.n.     .•>   cv'i.tcr.O'     f 

.." r ; • -        .    i;   ' ''.:•   ; ••   : ■ (    :« r.l( r    '   "   ■ . •.•   : n   ' . • a the 

f,::: ..tf.r.';'    J0
 V* r'   '•'■•'■    ;••■   mtirc:'   ":    "    '.      •"•        <       ..        ■'  '   •    : :   : 

■■:'.. ••:   :   ''■ ", '•.•.   ■.■■••..'    '-■.•r  ' ir» .   ' n   nbcv«   lr<,   ,brf'.. 

ihc   J'u/'/i   ^:;  • ^ cl. Tei   l'■ :.  •.     w'-.-   : II, -DX^'.UT tc"; cr^tue 

ex:. l;r'.,-   MI ,1   thin  cy1 ;:rirT c-.l   ;.:;cntl   '..cur  li.o outer lu M. of the ^Insnn, 

wHh -i  :;i.ron'- reverae  flow of re"1 ^'vc11' coi "'   -•;;»:   ur  through  the 



eenl^r of tho plasno.   Th©»« f'nl'rwa «r«     ntrtry to i^* f'n^tn«»« of 

V. 3. %o&i who curicl-jdH thnl • ■        r.-. .r   . - <•  i »i iho 

j^liä-Mi ownier (Her. :: ^3).    • . v    '   -.lo-J by ilft^i, 

ow '««> rijvrnic,     .   .   ;.    "4 •-4b«? w1»«    r     »uUf dlaitUyr jf •'  m, 

-    ••  ■  • ■  

r.v» • va^ 'l'i  ''. fV-ir ~   :    , ''n !n Table I,    Att 

)r, •'- ' ■   <   •   !, -as tj be l!    . "»nlaH rvle 

Cor  ;-'• '.n '        ,   i:.! i •     " ! ..  .«-    ■     -   JTrerenl fYoa 

■ r.     * V'JV    , laa-ia wouli nul atari In 

; -. \ >' t r        ■ •     ■    r '   . *.     ■        v  ; • 

j • r*»* ' vT.  '•. .'• 'aU- VJ! tare of '',6 V.v, ^o the 

'•   •:•      i1-   v * • i •-      i.    ...  J.        {■      viw • . tu 'ho itandfir-i -öde 

•; • n :..•   j    r-*' :. '■. • iVJ j'-      .   .    Labjrniory lechnlq'jea 

.^  1   ' .  •   '    .' »iy r . .      :  ''r •   • .•   -rx • •"  '. •    •a'no'i -• no ocerallnr 

loblo I 
;. ••^-l■ : . •       :•■. 

I I ito "as I:::.-r   . I 
I'o-Jo .     •    • (;. ■;■ V   : no) ^ ito' le 

KJ,   A                         75-m 

 /,7.     <■  

1 7/ 
. 8.2 
■' 

Uv.l 
!. P.2 
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■. .  rf      '-■■   ••      tb1© m                        • . 'sri't-i'       'ffi- 

e4!i,r6 ver© er     , •. r«     i ir'nr >p«r ' * -•- 'r. m'* •xifc; hov»v»r, pover 

wnirol,     --'? •    •.«•".'•r, .. •    T'I'CIII '  «   rf     "e-      I   it 

•rcre'i.ic^ -ur*-  ;% ' Ily v'l                            ■ •,•••.;'• 

, j'   2« "     r.  '*        '■   ? v», •.   • r  ■'; • 

'   . •        ; -• ' 1    ;'   "   l. ;    ' . • ,  v ''.     . «•   ';; •  I #   r*" 

. ';< .        • r  "    ?;   '».'..'-i<   '. , ..•'■':   cx- 

l'-«:~c!'.   :''■■"       ■ ■•••■.   .:%.'■ v'l'     i   I    •••-••       'nr.er '^bc. 

. r' .,  '•        f, •'•'.;;•• _-'.-. - 

,        ■   ■        '   v •   **'    ■•  v. ' . ■   ■   ,    '     ,  •      . ,    \ril 

'•,.'*••' .'-f.l ■••.•:;..:•      ... 

." - .•..•'•■-■- r-   ..••'• ,   yrd 

■ ••      - '■ •    •   ■ *    ,.    ,'-.   . v . r < •   • ■. 

. ' • - nr " "  •• ,   '-       ',.        ' ,     '   •■ ■■■     **r,-; 

I'odc.  '        ■ . ......... ' ■ •<•  1£ 

jjjr.    .       • .   -   ..    !••• '.     ..   •'•■    •  .   ■ ■   ■     ''ij-a   ih'O rxt<    •• i 

v*^"    Ijvn   'r >'   ■•     ^ • t., rr   ; 'I,    • :      .   '    •     ■■-,■•■,■■■ ••- 

.••"   < l<.r,   • ' ' ■    i"'.       '     >• 'il :  :.. i     •   •.•■'■ 

'.'olc /t.    w-fT-'L"   n   ':...:■   /. wa:  '     .•    •  ••<■•,•■   :1     •'   :!,.l'r.r' 

'ioii!^',;,  ■:, .   ••   .      •       ■.•_    ;••';»;•   rcr^r' ':       ^.•■\r vo^i.-'fc  of 

c,2 kv lo l'i.iiir«^ rclian1« o->'rnt^  n.     ihc   .',<ti^*r  •■.•.•  ■.■'■>■.. mod  <n 

2] 



„•. pud  '      ur«     - ■ /* i-t .'' .-     '.'•■•   Ijced  jfler ire  iuiy 

' beer. .       ! t .    . t-rar. • "9 -'htch 

vft« C     el'r* wet nol Vfry    f '        '  ''re'  '  «     ,   e»rer.c<  ^'.' ^     orf 

•,  • ,    '   ■ ■   ■•    •''.-'• '/  -"- 

,  •  «     r*' i « •   •• :• ;,• 'crab!/ *• "* "e 

r'i   ■'•   ü;   .ti';.«.' 

./ 
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in. u*^>i.>u!'. J: km 

The dtscusikion of the dote *» wreeer.ted .'«re under three htedlnrt| 

dete reduciiu».,  l^t?» ^reaenut'or., »r.d d^u iccurecfes.   In Ihts -*nr.er, 

It !ö hor«<! i'öl t*.e re wirr vl! feel for the prtb!e-8 'nvolved 

uain^r l "      "•    n'^-iet jutlfned In thlt -iidy, 

. <   r      r:      lotQ .. r«   'r. the f r*. y*" voHe, ?»    •-•   , ft"d Tluw 

ratei..    . l'ta  /cr«   '''rwi tjor.vcrtod 'r.to   ov©r i^fls, /'.lowatts, 

then inb'il'tH • r   .nhle II. 

table II 
v r "«aiiurc-er.tc, "ode 3 

lay Plow ^ <b 4C Pt Pj re 
How (ücfh) (kv)        {)-*}       (kw)       (kw)        (kv)       (ku) 

"1            175            ^U 3.93   U7.u       ^C      2^.0 
2 175 IP.Qg       ^.u?    15:.g       ^^.C       32.P 

The oynbolo 'jsrd In the table nrr defned i« forewe: 

^y - The i'.ver raeaaured fror, the clear water used to cool 
the p^asma-ror.orator. 

4^ - The rower fr.eflß ired frc^ the blnck wnter   iscd to cool 
the plasma-re: frntor. 

5C - The power •neas'irod fron the coollnr wnter In the 
calor^ntter. 

F^ - The pl'.le power measured \n the rf oower supply when 
the plns^a  U; opcrnt^nf. 

P| - The i»1 nie power "icsured in the rf power supply when 
the p^asrw ^s not operot^n,-:, or Mlinp; plate power, 

Fe - The excess plate power, which Is the difference between 
Ft and P^. 
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Tht first row of itU »•■ rtooria^ djrlivr th« cltar wtUr rr. and 

U» Moond row racordsd iirint th» black waUr run.    :ha dlffartnot in 

pUu powtr batwtan ihta« two runt of 5t? H/ !a largtr than »it tjifftr- 

encaa racoH«d, Hut U s^nrea to chow the neoeaaUv of nomallilnir th« 

dilft before any con utatlon ^r to r^düa1 rad^tlon ;AJvar, 4ri can bt 

nad«. 

The ^uar.tHy Qy 'a a -»oaur© J" lh<        • r iranaferred to ihe walla 

by ^nvoct^jn n'.i U.st porllon of the rad'ft^jn absorbed ty the c'oar 

water and the pltioa tube^.    th'i» portion of the ra'i'atijn nower waa 

aaaiced ne^l'^'ble l.n cjapriaon with eH'er total rai'al radiation 

power, or convecifve «wer to the walla.    V.he quar.tHy ^b ^ö * "»aaure 

of the 3'ja of the power tra.naforrpd t alle by convect'on, ^f«, and 

the radial radiation ;>ower, ^r.    5r 's rad'al rad'at'on power tkj»t exists 

In t'e ran/ro of wavelen^lhc fur wh'ch Vycor, water, und P.'Tex are trana- 

paront. 

Note:    The '-uantHy 4r w4l    horeofter be referred  lo üi^ly 
aa rad^tion power.    It 1ü in fact a nene'ire o^ radial 
radiation only,  is thr   ax'nl radiation power *-J oboorbed by 
the top end-o<oce of the plaama-renerator and the colori- 
meter.    No nttc-ipt was rjide to neau'ire the axial radiation 
power, but it 's incVided in the nensurenent of ^ and jc. 

If we therefore subtract Qy fron ^»  the d'fferonco should bo 4r. 

From Table II, the value for <3r thus com; uted would bo 3,Si kw.    Implied 

in this computation is the assumption that all the addH'onel power 

measured with the black water was rod'ation power,  and no cons'derntion 

was fflven to fact that the rf plate oower was 5.ß kw h^-»her during the 

black water run.    This Increase in plate power refects an Increase in 

rf power output of uomethinrr less than 5.8 kw due to normal losses ^n 
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■  .   pf .    !vv.    In fUT., i .. r«  woil-l be »r. 'ncreftce !n pover 

ffrre^i »aß ^-evhfli  '*&£ lhaj   • «   'i   rtafH pf power      '    ' 

«41, ■ . '••• ;♦.:     -      elvern the rf i ih« '.!?► i. 

,     .. r« ••      .  '.      ■..-.-'•.,     ;.-.*■    f the 3.*/, /v !a 

; ..   ■ i' - , o't '.c   '.   lie tj '••   'ncrerrjn   '.-. rf    iver out- 

•  ■   <     •       r«      .v n.-j    b '''* r' -iblrftd!  ' . 

'• tn v«re '.   - '•■-.'   lo :».    Tnb'e III '     la Ihf 

val'iti for    '  •* :   "  '    ;"•'<■.• t.«   \.lU"c .ei'.'r     .              ^y,   t^, 

a;.'J *            "v'ic* •    ;,,  •  • .:•   r;   •■   ^'la8*-e^',,   '•     y vh'ch will 

be en!                •'••        ,      .f •;   •• i ■  r-   a: Uj, &*,, &ni MC, rcö^ci've'y, 

Va!;.;   •• r .c   trr ;*           "r. "...   :.    .    ■.   re: ill of 

nom»1.'z':. • the   ••,if>  ?r. '.-ib't   11, 

Inblc III 
. :     ■  •     '   '< • r 

7.6 62.0 
?.. 7^.0 

10.1 12o.O 
.. 77.i: 

I Inlc Voltige 
Made ('v) P1  (h.1) 

T.-iblr IV 
N   "or-.al Izcd i   Tr, '.'ado ; 

Gas flow 
(scfh) iiy (   )        Eb (   ) ^ (  ) ^ (   )        ^r (kw) 

175 33Tr U.55 5TF 1.57 
175 3°.^ I?.2 5 5.° l.Q0 



fcy li toitcn 514 lU tl*ff«»ren^e between ^ ar/J i^, n* i fa »Ofi-Äd lo be 

unaffected by the d'ffer^r.'. vu*. y ^ -f :c.    »he valHfiy of ihU •»»rrp- 

ilon la js)«r. u> doibl, but 'l appearö "J bt a beiier f'r-'. aj  r.x1-^- 

I'jn i*.an atsicein.* r.al %T r« xir^lanl 4■^^,!"-• "- •   *'   rcaac •n J^. 

The v^^Je^ f-r  »r I'^lcd In - !.   i      *   r/1 by -il-.'  ly'r.» Uf by ihe 

.    r    r'iic iy.    ih'a e f-r it: «?• -•*' •    •  -  ?ujr.. 

nuf-a'.'-'i x«" ;•   CJT 4r       .W. kw,    Ii rcr.l  ■        .ab!o IV 

t    ■   WJ va!j<?^ fjr Lc can ^ jbln'ned ?il «ach fat» f. 

when a vnlie ! .... • «t V 'n lcxl| table, or "tu i-, the 

vi" .    «'ven will b* i •     •.  r   •• '-'o valjcu uf LC for t.^t "at 

flow, -  .able IV,  u.o val » uf i;c It 13.^,* ^r a PM fl-w of   75 

;. f  . 

.'he qusul-^ff'   '  •   •   r. ■, :.-     ■' the ynnl'ly « v .    «.•.■'  •«•:,  .'■•- 

out d^^cu^-'jr., b^rur«-.    -, a^ if        . rconta^e of «xceat j late 

. JV« r •.• •        ■    • ■     isü^.    . • tar-o o** addllfonal rf power 

vr.' ;h  'JCU to tr.o i lacna would V jr njrc  'r-.t.-roat to  thla -tody, 

p.-   .oonü of -.onjir'r..* rr :>ower •./•»a ot      ; :.    Ii  '.      su'fc tc -ny, 

however, thai tr.o firnoir.t of rf . yjcr avn'ilcible fro'   •   ';.    jver ^j'iroe 

to operate the plasna <j Ice than .0,   i^ U  <:: not  l?Vcly that  nil of 

this excess plate   ower \J converlH  t    rf    vor. :   ■" re,  'he 

values fo'irid  fv^r ^ will he   :ir.^ervjtivc cütlnntos  jf t ,(    wuulinr ofr4.- 

ciency hetweor. the rf coil  nni the ^as-io.    .JI 
<U■r, o" interest,   'n 

addition to novror converoion off^clonclos,  ^c the -nnm.cr in which the 

power that r»oos to the pl3sna  ^s   vrtrihMtH betveen the wall,  r-'idi-t^on, 

.'. 



and Uw etUrlrmvor,   After few. ^r» «^ «>c «re fo-md, inojf c«n be 

•«Md to Tom t toUl «Tecfveneoo, S^.    Let the rttto of Ey, 

JirHH bjf %, be deflnH «o ly.   •»«■afUrly, -Jef^ne ^ and ?lc.   TheM 

rniioB »hew t.'ie d!ötr1b4t.•       f ^ver within the i?»sf so llluatrtted 

«n Table V. 

Table V 
^ i    '•  f      r Rfli'ou, Mode 3 

;:i^ 
v:..v 

Ucfn)        ., :ir Rc ( ) 

175 ^       UT?!      TTT" 

The data nr*» • resented  !:.    <r ü of the power coupl,'ur effecUve- 

neaa, Ef an-i l';c :oWPr d'ütr'bilfür; rallu, H, va. ^aö flow In r'r'ure» 

lü thro-vh lf>.    Tho rnjlnta on I'.o Ly, ^» «^ ^c V8»   *ß8 flow rraphs 

(Fir.        nrvd L )    were obtn'r.ed by nor^al'z'nr ^y.  4^1 Rnd ^c w^^ 

reypect to Fe.    iu.(   curves un thcLC rraphe represent the best fH to 

the datu points by a second order (parabolic)  cirve.    However,  tiere 

Is rood arjTunenl ''or use of u third order (ü-shaped)  cirves for üb» 

Xodo 2, and for i^, -odes 2 and 3» based on the number of dyta points 

and their distribution.    The type curve chosen to represent a series of 

data points should be based upon tho exactness to wh^ch each data point 

can be located, as well  as to the number and distribution of the points. 

If hl^h confidence in the location of each d-'ta point Is justified,  a 

cirve which closely fits all the data points can be dr'iwn.    If, however, 
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lb« possible vtriation in U» «xacl location of • daU point Is Urcs, 

then a lower order carve which tends to sveruie out the point location 

unoertslntles Is aore ressonsble.   The exect locations of the dsta 

points for Ey snd B^ are not known with {sufficient accuracy to Justify 

aore than a sea>nj order curve. 

The feel «iiached to each end af ih»üe curveo show the possible 

vertical displaceaents of the data points based upon the probable 

error in reading the coolant teaporatures of plus or alnus one decree 

Pshrenhelt.   These vertical dlsplsceoento are essentially constant for 

all data points alorur that curve, and this d'splay method was chosen 

over attaching the feet to each data point to prevent excessive clut- 

tering of the graphs. 

After the curves for E^, By, and Ec were plotted, the difference 

between the fife and Ey curves was drawn as the üj. curve (Plif. 11), and 

the sua of the Kb and Ec curves waa dmwn as the Et curve (Pi/?, 13). 

The data dispersion which iu inherent in the process of subtracting at 

each data point, and then plotting,  iu shown quite well in the plots 

of the data for Er,   The data points shown result fron the subtraction 

of Ey dnta points from B^ data points.    The subtraction technique will 

always produce this type of dispersion whenever the data are not per- 

fectly smooth.    The probable vertical displacement of points on the £r 

curves was taken as (2)'/^  times the avernfje displacements for the E^ 

and Ey curves since these displacements are close to beinp equal. 

The curves for Ry, Rr, and Rc result from dividing the Ey, Ej., 

and Ec curves by the E^ curve.    In this manner,  the normalizing quantity 
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P9 If ftlüiliuiUd, and Uw rttulliiu' quulltnU, 4y/)t» ^r/^t» ^ ^c/^l» 

•rt UM powtr dlairfbuilon rttiot, Hu, RP, tnd Rc (Flg. U, 15» and 16). 

DaU Accoraclaa 

Tha only tlirnlflcant aourca of error In the data result» fron the 

low »ccuracy to which the coolant temperature rlsea can be dateralnad« 

By readlmr the deflection of the center of the teaperature trace to the 

nearest lAu-ln., the probable error In teaperature aeaaureaent la 

epproxlaately plus or sinus one degree Fahrenheit.   The following 

example Uluatrates the consequence of ouch an error. 

For a typical coolant flow of 2500 pounds per hour, an error of 

plus or minus 0.732 kw may be expected !n the value for Qy.   The resul- 

tant errors In Ey, from errors !n power of this size, range from plus 

or minus 2.5JC to plus or minus u.9^.   That is to say Ey equals iOfr plus 

or minus 2.5,*.    For E5,  the errors due to Inacurrate temperature 

measuromont, ran^e from plus or minus 2.2jC to plus or minus 0.8^, which 

are üll^htly lesü than errors for Ey due to the lower black-water 

flowrate.    The errors In t,. will contain the errors In £w and Efe.    Since 

the errors in Ey and E^ for a particular operating mode and gas flow are 

approximtely equal, the error in Er was taken as the (2)       tines the 

numeH'jfll average of the errors for Ey and Efe.    The range of errors 

thus computed for Ej. are from plus or minus 3.3/« to plus or minus 1,2%, 

Except for some variations in coolant flowrates,  the errors in Ey, E^, 

and Ej. due to an error of plus or minus one degree Fahrenheit,  are 

inversely proportional to the normalizing quantity, Fe.    Other errors 
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result fron the accuracy to which the coolant flownatera, plate 

voltaatar» plat« atawters, end paa flov-iatars can raad, and fro« tha 

failure to reaove all of the povar froa tne enB in tha calorinater. 

The two plate astaetera can be read to the nearest 0.1 aapera, 

and the plate voltmeter can be read to the nearest 0.1 kr.   The in- 

herent error here 4s plas or nfnus U.JU35 kw which is ^significant 

when conpsred with the lowest value of P«, which «0 27 kw. 

The Airco flowaeters are stated to be «curate wlth'n five 

percent, and they can be read to tne nesreat one sefh.    It is assiaed 

that any inaccurac^s in the flowneter arc d'btrlbuted over the whole 

ran^e of the flowseter.   Thfa type error will be shown as a scale 

error on the jrraihs, without »ppr^c'ably chan^fn.» the general appear- 

ance of the curves.   The Inaccuracy <n reading the flovnater would 

show as a horisontal dlsplace'nant of a data point on the rraph, 

however, a horisontal shift of one scfh would be hard to detect on the 

scale of 50 scfh per Inch. 

The largest amount of power romalniru» \n the ^as as H left the 

calorimeter was on the order of 0.03 kw.    Had the calorimeter been 

totally effective, this power would add to Qc.    Jince the smallest 

value for Qc was 2./.2 kw, the errc* In ne^lectinf» the power remaining 

In the pas is acceptable. 

The water flowmeters could be read to the nearest five pounds 

per hour, or to within two and one-half pounds per hour.    This error 

in coolant flow can lead to an error In power measurement up to 0.06 kw 
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depending upc?   •  -        ' v ■  ■       rmur^ .    .'■.« Itr?ftst oooltnt 

l«nt»crsl4rc r!i*ö v«rc !n conj-jnctlun vllh power "«•tture'^nts on the 

jirder uf 3^ kwf u> irai ih*» err^r *ü B'.SC .nc-Tfplble. 
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IV.   ftoflulu and Cjncl .tttljni 

Before preeemtru? '--•■ reeilti and oand.wi'ana, H «ö necessary lo 

fix In ihe n!nd of the reader exactly wnai va» aeeeored 4vr*nt! thte 

study, ar*! whet the ; ;r    .. .   »f i».e atJtiy wero. 

The juar,''''«'a e«/ aiH 4b rcpreeent the power tranaferrH U> the 

coolant as H pasaeu tnrji-    '  0    !oa-.«-^o;;©rator.    The q^intUy 4C 

repreaenU the pjver transforr» ! ' ■    .-'-«ter, 

4y ia ooTpoacd of three terw; a wal! !o8.  tern, a rad'at'jn t*r?!, 

anJ a ijct 1o;i .   T1'.« va!'   loca '^ the povor tranafarrod by con- 

vection to the wa1.]   !n the ar»»ti J
4
' neat nii'i' y.nä*s,   w!nce 

the plsaie exi^ni-   : the Injection plate, ao-e va      '   ~ 

experienced there alao.   The rad'it'on ter-. '-  .--^oöe^ of '      r^d^at^n 

absorbed by the co^lnnt,  the o Jtor ryrex tube, the *nner Vycvr tube, 

ani the to; •• - and- .    The lict loaü tor-; rer^reaenta -over 

transferrei to the wall -1- aval^blr 'r. the   'aa '"ow na enthaloy 

after th«   "1.. loft th^ area of •<■'•   adl't'.jn. 

1^ la conpoaod tcria an ^w wHh an addH'onal radia- 

tion torn.    Vh'a addlt'onsl lor-, r -JIü the rndln1  rnd'-it^o:. .over 

absorbed by the black water. 

.Jc Is anpoaed o1* two terma.    The ''^ral term reproaont,2 t'r'e ocwer 

available In tho .700 flow TU enthalpy after the ^aü loovrs the pluama- 

/renerntor.    The üncond torn represent:; the rad'nUon fro"; the nlnania 

which Is absorbed Jn the jalorimelrr.    For the noct part,   this radiation 
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la «xlal rad'aifon, but at hivh ffta flow In nail dlamtar tubta, the 

visible plarv oovli axteni down Into the calorloeter, In which caae 

aooa radial radiation would alao be aaaaured« 

The defln'.tlona for ^r «nd ^l n««^ not be further expanded.   Qr 

rena'na the ITfcrence between ^b ««d ^y, and repreaenta the difference 

between ih*> lot»! rnd'al rad'ntfDn and thit portion o' radial radiation 

which 'ö aböjrbei by the p'.atrai-^cmeralor, c^ear water, »nd the calorl- 

net«r ah  J! i the r!a^-.«» extend that Tar down.   The total cover trans- 

ferred to the "M-, 4t, r«   i'  . •••   ■. ■-    ' ^ and wc. 

The     r      'a'n«» quantity, re. Is the d'ffsronce between a varying 

tota1  rf vy.wr JX   ly rlato   over, Ptl and the conttant valie of Idling 

• l^t^       ' r, "i.    ..hen a contitant ^ity cycle 's chosen, no control can 

hv <-x>r'' :    n Pi, as the rf power suyply a Jtonatlcally adjusts P^ In 

responce to the lo»H ("'occd upon H,    Ölnco Pe d'ffors fron Pt by a 

-•onctur.t,  the v r'     !on of Pt W'th rae f^wrate can be ded :ced froa the 

plot of Pe va. ras How (?V. I7).    Refer to Table III for valics of Pi. 

The nor-wl^zed qiant't'rj, Ey, Ey.,  and £.c represent a percentage 

of Pe, and l'.erofore ühow how auch of ?Q waa effectively transferred to 

the wall,  to nd lotion,  n:ri to the calorlneter.    '^/hen each of these 

characteristics 's HWHed hy the'r saa, L^, the ratios Rw, Rr and Re 

are obtained.    These rntlos show the rvrcentafTe of the total power 

tmnsferred to the plnsma that f^oes to the wall,  to radiation,  and to 

the calorimeter. 
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In general, % ^^ n01 vt»ry Toally with fft« flow (ffir. 13).   Th«r»- 

foro, if either Kw, Sp, or £c tfhows • otrory vsr'silon, one or both of 

lh« oiSsr pftrut^U'rö »ust -nake co^pcnMllrw vnr'tllona.   Fartheri tho 

reHtive cjr.ti«ncy of hi Insurefl thai 'ncreiae» or decreaaea !n Ey, Sn 

or Ec* To rofl«?cied by oorreawndinr 'ncreöaeo <jr d^craaaca In Ry, Ry, 

or Rc,   ?jr tMe raa^    ,  ■ 'la and  -^•elualonö will bo dtacoaaod 

!n ler-ö of By, Üj., Bct and Z^ only. 

The object!vaa o* thla atudy were (!) to optrale a «table pUaoa 

at ataüj^hcr'c    r«     ;ro at L~ü Vc w't*". n öifcta'r.cd    'rh-powar operation 

carabnUy,  »?)  "o   letemlne the  leoperat'iri     r '■■'        ■  «   •'aana aa 

a f'jnol'on o'' th« .*'iarii rad4'i3, T(r),  (3)  t-. -easure th«» rover trana- 

-'Hted to the ;'.ao-'.a, und (/.)  U> detemina paraiaterü !3portönt to the 

enerjfy ooupl'ru» "»chan'sn, 

Plaana Unoration 

'Jü'ni» tvo technlnuea deü.*r'bed in th*ö atidy, a stable plaana waa 

•Derated nl LJO kc at atraobf.hcrlc preüoure.    Ko endirance runs were 

•nade, however, the plasma hio been continuously operated for forty 

minutes durin^ scne data runs wh4ch 'r.eluded peak plasma powers up to 

52 kw,    V/'th a mod1f1ed Injection plate to prevent injrct'on plate 

damage,  and heat res'slant seals to prcvont seal  ieU Horation,  the 

plasma Is believed capable of continuous operatlun at the f>0 kw power 

level at f»a3 flows above 100 scfh,  in a 75-^r. Vycor tube,    stable 

operation of the plasma was concluded on the basis of apparent constant 

plasma peonetry,  and statlonnry values of coolnnt temperature indica- 

tions during operation at constant CH-J flow. 
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AUhuurh Wiperntire ;ruffle neasurenenU were not oo^leU, iht 

ex'öUnce of 9 u>-'«r^ir« of ^»üütTK near the outer eurftoe of the 

ploö-jt vas vur'.f'H, nni  i aa*}©1.  i<rRp«r9turc profile vtc deduced.   The 

ieduced len^rni'ire ;rvfMc öhowu ih«? M«pheit teKjierature« cccurln^ 

lii rj ••.•:.   ryündrlcftl i seer l».f ^uicr ^orfsce of the plasne, and 

relatively     der   rcr.ter-!1r.e le»:«rftHr©B ex'öt'rv In «» reverse fas 

flow. 

Pover '^naurficntü 

Vhc tcchrJqucü jwd to -»aourc power were only partially auccess- 

fu1.    ihe -jirr'r. ''or vrr^r 'n delemlnln? the ooclant teoperature r!ce 

was unacccj inb'c for IQ cr'tlcal a aeaturcent.    Th^ fa'ilt coupled 

with l-.e shift In ie between the clear water and black water runa, led 

to exce;^,ve Hnta dlstorsion which {.n Uirn prevented obta'nln^ pclr.t- 

by-{X)lnt rnd'nt^on ^ver values by subtraction of the point values for 

Qv ^d Q»),    ^w and ^ were nornallzed with respect to Pe ond twe results 

plotted it Ey nnd Ej, vs. pas flow In sefh.    A sneoth curve for Ey was 

then drawn nnd subtrnctcd fran the smooth curve drawn for E^.    This 

yielded ü^oth curves for normalized radial radlntlon power, Ej..    The 

usefulness of rnd'atlon values obtained In this manner rests on the 

val^dHv of the ovcrnr^nf processes inherent in nornalizlnr data and 

plott4:.- ;-.ooth curvfc.    Tn consideration of the l^nHnl^ons imposed 

by possible dnta nccuraclcs end experinental techniques used  in this 

study,  th.c  informütioii displayed on all .graphs should be viewed as 
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first tpproxInatlone of nclual val J»8 aM trends. 

The black voter tachnlqt» ee applied ^n ihl« »ludy 'c vary UMful 

•e a aeana of detaralnln^ total plama power,    äaltar raaasura'aents of 

rad'ttton power would be possible w!th i      ..<• of ar. Improved black 

water which d'd not leave det^. * o 'nr.er tube.   TH.!6 Innovation 

is d'ücjöfted 'jnder "Heoof-iondotlono",   With l.^-e •at«' of «r. proved 

black water, 1M0 technique of -*attirJn<» radiation power ahould yield 

uaeable radiation jower data w!thoui the necetüity of f'rtst nornalli'rwr 

Coupling Paraaetera 

The oontrolled parasaetcra verc rf j^ver üU;; late voltage, 

Inner Vycor tube I'a-.eiflr, «»as conpoo'l'jr., fr.1 ■•ac flow, however, 

other Implicit jjaro-Ätoni were preoent.    The Ir.plIcH ü';raneter8 

appearing !n thlü ^ttidy arc plaana preiiüure, vertex ^tren^th, rf --ower 

aupply plate t^owor, and plaana "'enrth anj dlancter,    !'o control can be 

exortod over f* ■ .•   • sranotert, a^ thoy arc the mt,u*al  conaeqionccs of 

vary'no: the controllod rarasjetera. 

Conclualona concerning n coipllnr rnraneter nuat be üupportd by 

-i f'-lüonablo -junntHy o*   I.t'i nr^-.-il to tV« erfects of that pnra- 

rr.fitcr,    Vhc pro^on.inr'jr.ce of Ir/ornat^on fathered  In Ih'v, ^tudy 

directly concerned f» a flow,    ^or thl.s reaaon,  ihn effects of vnryinp 

(»aa flow are well described.    The offecta of vory^n^ rras compoaH^on, 

Inner tube dleneter, and plnte volwa^e cannot be described nearly oa 

well  due to the meaner inveat^patlons -node of each of these paranelers. 
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Direct coaparta^na of the operatlrv? nodes uh!ch conteln these pers- 

'neiers ss verlsbles can esteblitsh 8 trend which would have soee short 

rsnife vaÜ^liy, but any low ranpe projections ?ede on the basis of 

these United co^arittonc sr uf J^ubtful valid'ty. 

Gas rio'rf. The effect of 'ncrent'? • ."a» f'ow on al! operating 

-Sode« la blnfUr, but äofajw^ai varyinr 'r. decree. For 'nctance, % 

eharp decrease  !i  .-., 'cvl wHh ■. .«• 'n i»8£ flow for 

Ikyitm 1, 2, a.'.i 3; •> »I ^ ie i exhlb'ts ur.ly a elffht decrease in E^, 

Ir.  »eneral, t'-.e decrease 'r. wall lost* and radiation charscterist'cs 

and the 'ncreaoe  'r   •  . •',..-        racler'clics with increa^'-' 

pao f   - be aUrib-jted to the docreate in plas-.a d'oreter which 

accort w'th Irccttt'-r ^ac flow,    Jone len^then^,^ of the "Issra ta'l- 

r.oted w'th !ncrc*acd PUB flow, but no af'-n'f'cer.t In- 

crrace !n length of the hirhly 1 r.'r    ;;    ortlon of '-he    ^an-a was 

oböfrvüd. - ntract», fit hirh pas flows, wil    losses are 

^nhlbHed by thft  'ncreasrd uc; arat'on between the .I'S-i nr.d the ws^s, 

•■ :  •  •   • fect've volnre of rnd^nt'n-» nlasna 1ü decrease'1.,  thereby 

reduc^nr radiation losses.    The rrductlon ^n radlnt'r.." vc lime appar- 

ently offüfts nny tendency to Increase rndlation wwer thr   i^h possible 

Increased plasma tenper»itiires.    Tn the absence o'' tein;ernture measure- 

r.'nts to the contrary,   H 's beloved that olasma tcnperat'jre very 

likely decreases with the  'ncreas^r. • ■•nx flow due to the decrease in 

ei.rrry coupllnp; to the rostr;cted plssna vc-lame. 

The reduction of wall losses nnd rnd^otlon losacs nt higher ras 
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flowe If reflected by an fncr««M In power carrlod to tht ealorlswtar 

by the flowing «TSMS. 

Gai Coaoogltlon.   Tho only iras ua«d oth«r than argon was a nlxtura 

of arfon and haliun.   Tha nfitura uaad was ap*>roxl"»taljr IT' hallun by 

volts», or about 0.9:% nal!ir. by walfht.   Th'a dilution of oura arfron 

lud to aarkad differences between the results of JSode i and Mode 2. 

The increase in wall loss charauteridtics ar/i the decrease in radiation 

loss chsracter1sties are respectively believed to be the result of the 

higher therasl oonduct'v'ty and lover e-'y^'vHy of hell«.   The calor- 

iaeter character1-tica for the»« two rvdes arc nearly equal, which 

s Wheats that the   increased rid* at ion looses were offset by equivalent 

increases in wall louses. 

Plate Voltarf.   The effects of increas'nr» plate voltage appear in 

tne cosjpnrison of Modes 1 end 2,    The chamres exper^nced by raicinr the 

plate voltafre were the least predictable of all chanjrec reoultlnT fron 

vary^m» the oihor paraietero.    It was earlier observed that an Increase 

in rf nower output Increased the diameter of the plasna.    During any 

data run it was also observed that as the d'ameter of the plasna increased 

E^ Increased.    These two bits of infomatlon seemed to point the way 

toward an increased coupling effectiveness at higher plate voltage 

settings.    It was predicted that the higher rf }X)wer output, which would 

accompany the hirhor plate voltare aett^nr», would Increase the plasma 

diameter which would ^n  turn increase E^.    The effect on ü-^ wns just 

the opposite; Et decreased.    ^w, ^r, and Q^» however,  Increased in 

Mode 2, but these Increases were obtained at relatively higher Increases 
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in re, tfo tut £v, l*r, ».sd fit decrete«d fo Mode 2.   Th« Rott UMxp«cUd 

reeult VöJJ :hfl ^ for ISode 2 w«& Icec loan 3C for Jtode 1, ror «n 

'■   ......   «.«. sll power "AHü-W wit vae expected becnuie of the 'ncreesed 

rf ? 

.<p!«r.öi' ■     *' the decrease 'n i»i *ö offered,    Ar. exas4natlon 

of ?*i"jre ? It*trre«»Ä»   '•   •  < T' •«*! xr.duci*v!ty of tn artron 

fron ..,        •   '    25|OCv<'K.    A decrease  '■ 

duct'v'ly    •■ ■  •     [-t-e  xjti ice unl f.r the -iecreae« 'n i,t» but the 

ox*:'.<: •.--.r' ..,       K la ruled urllVely, 

i i«-. «r-ur« ot thii; power !evel vaa net Htte-.}.ted, 

„ lo 'ncrcosed en« r      I  a-ea to the 

vail .      •   ' « •      ■•   • . .urred cloaer ic the waüa. 

T.rl -r led tc clarify  "•• apparent  :or.tr8d!ct*ona that 

r        .:'•■• •   ■ lun. 

!r..M :   . :i<   .,'y < '« r.    . «   vjrlatlonß !n ploana chftr8:ter1.;t1cö 

•<.     •'   •       • .•■'  <r  I'nnstter 'nner tube <n >!ode 3» S-TCW the 

rff^ctü oT or.ütr'     ■• '  the plaoTji, or.d thereby reduc^nf the cnenry 

•   ;:1.'•.- -nd  th«   <T. ■•'vr rnd'   tl  r. vula-.e of the plasna,  nr.d the 

effect . ' '  •    ;]o^'   np* r ach "     I  •   wall by the plasma.    The total 

■'•'•   •■•.•       .  ''• •  '.   IOVJ   iuc to n-duced enorpy coupling.    The rod^a- 

Hon chnrfi  ■•r:   ■'        -•   ] w   I ic  to the small rnd'ation volume and 

prob'ible lov/er ; ".'c.r.o  ter.per'iture,  'ind the wall  loss character4t;tics 

•:!••   ;.1  h Jue  to the  close proxImHy of the plasma to the wall.    The 

cnlor^metcr characteristics are nlso noted to be hlr'h,  but these values 
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I--   t-    ", .'.ab!©,    .ijt poöö,bn.,iy l»u»l the !il«6-« extended d<iwn fnto 

lh« ctlorl^eior ior*^ >tede 3 o^eptitlun va«    '«v»   .;.';  s^niloMd.   This 

evcr.l vould roöuU !n nef»0ur,n«» «i cerUfr. aaL-jr.-.    '* -^^'al rad^tlwu *n 

the calorlneter, and c^peslö thai the va!.rö ahovr. 'or the c! .rr'Teter 

chiiracler^ßtlcö «ire too hl-n, an^ thai l^e va!Mtö öf^vr. 'or rad'ai? n 

ch«ra'jU'r,^i,ca ac^jrd'n^ly ar«   loo !ow. 
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v.  M^whMm 

•• re bititKi on • »ludy juul 

ütT«ic.»wKl ■ • ce jf lb        <   :  .• needed for op«r undcr- 

nductlon-    ^  H pUö-sa,   T^B« 

.-•ur.a repreoeni '  '.'.e '.recent trveail^iiion r.ai to 

-Tfer. 

n';. oreaü f-r and ooni*r.ued aijdy broopht out by 

■   :;     !•   (!) i'<        .'-■.-pr-i-  r, (T > the oocUr.i le-^eral-ure 

•   . ..-•-^ ■ •.,  \} ■      r   cnt, and {/.) rad'oilor. 

• •    • 

•       ■• '.  ave''   • '•   ihr   «rh the   itc .'' "e 

■ • i!d he  -ITI'C :,    -ily 

■..   '   ii. !vc /. :    -vr    :   !-..rl nt benr'r. • or. Ihr effc'cncj- 

■ '  :.- . '".-'t   ;..•;; -t.. ft   'nu heater, 

. - »«jnoraWr 

Tas ':..:■ cllon Fh'lc.    ..■'       ■..;.• P^H injecticn    'ate vHh • 

fnjtcHon hultü    n •   'v.-':   .    iiRret<r c'r'.-^.e off'r:. no flcxlb'lHy to 

'os  :   '•   "■     ,    .:\:  the    mtcr er the   tl'ilc   " ■  ;tc:i  lo üfvere 

hont'tif ot hl^h ;)üv/rr oirrat^on,    To 'i i i  '"•x'hi'Hy to rns ^nject'on, 

it 4^ rr1 con lendod  thftt   the Injection ::y..lv:   ice two üctü of injection 

;;ü
1
(ü drlHed on   i^ffercnt   Mnncterc,    i^ach i.et of holr^ •„■   i-1 i  be of 

dlfferrnt t;ize and be supplied ^«s through "'ndopendent P:-'!S nanlfolds. 
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rhla irr^ft^Äionl vouH nüow i-.w election jf dlfrtr*iti vertex 

Blr«n?ths »l ih« »an« ton! -»to flow.    In ihU ^imer, the efftclc 

of voruix atron*»lh ooald bc i.^wn,   Tf.e reöalts of iMe «xper'aitnl 

oould b©   roüct.ivi tie UljÄirtlH .r« lf.   Tht» cirvea w dd 

b« I1™;- .. flow,    ...'•■■ '■ ■   .'..'I reprcfür.t 

!iX;,. of the "ja iäsutru» froi'   I       •jn'fj" "".'   ve lir.'er holee, 

trd Vit r'•:.'<. »st      !nt ^oild ro; rr .'.? froa 

the -uir.ffo!'! --/Hh tho ttno'.'or holoü, 

A "aei^xH 'or ©Unlnafn» ine   • ;• •   ' •   'r.Jccllon ^!?iie 

uns öue^eöUd by 's,, uoehwren,    vo ü^fouled i'ii nnjunt vf «»na 

Injectod ox'aV.y fro-i the center    ' t •   'njectl        !{>le would prevent 

ihe r1 >.,-?» fr^r, cunteui^.' l •   plalc,    Aa an exter.ii n    f "   '.   Hee, 

't r.'^ht very vc!    b© toai^'ble to «ccaratel;       .It'un the tor cf the 

plnsna by vnry!mr tht- ax'al r->z 'r.ject'yfj wh^ch would control the 

revor-e ♦'•- flow,    »revent'i     • •   fror jontacl^np tno Injection 

plate w!l! alljw oporot'on it •.'•;. r oovcrt; v'thout cor.trj-'r.T* 1.>n of 

the plaäna by nator'-il fr      I  •   'njoctfon yl-to. 

Tube J^g^gUTJ.    »he •nannor 4n whl rh tho   ;u'/er coipl'n- fncrooacs 

at tho plnsna oxnandü su^eato that the r-itio i -iN-.otcr over 

rf coH dlnnetcr {D^/DQ)  'a a pnroietrr vh' lid be ctiid'ed. 

Üttjd'cü jhü'ild he -".a i-    ;.":.• ]arTer Jlaretcr tubci,, hut keep^n-* tho 

sar.o waterjacket thickness, JT ooas^bly roduclnr the waterjeeket 

thickness,  in oHer to increase Dp/Dc, 
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winr'  ;    •   ■.■.- ;..  .     , '*:ve .«rcenU'fc of lube ih'w* %rsi brcekftPt 

•       . • .'j   * i'r miribiiM ic "noi 

iisrtö"   ^'•. ■ "'.  vuc-ir. tturi tcchi.';*.    7, 3. 'W r   .-«i tr. 'ruiuo- 

I'v.ly    «   vi   -r      ' " 're  '.oc»^ lo ulörl  ■« 

t- r' ^"t   i it;:'..:." . : < *•       •  ■ ■ ♦   : 

I'^J ere I ■ llwV ,*r.,l    i 

^f ' •   plütf-fl        ••.•   rf  ''«t.    -'.•»r'''- • ♦   , !ij»-a m   t- »r'c 

.' t    rev« ■'•<■.:«:•«•< r «r«    • ;      r'   • \ ^uir 

•■.■'• ':   •< v    . r    y»l«r..     .   etr.i 

■'••''"• ■   .• p|       -        r ••< '"" i  '   r      're loop 

." t • •    l( •.       : f.r slnr"     •     j-^occs, 

w .. ..    ... -^'^   * - ■ . ur IJ ct wen     • \' < : • v 

. •    -r': •.••■-    ■ '.Un cf the  'r.r.cr lure are sub- 

. • . ■    .   -. .^cd.   '"'-.e v-r': »a '»re *     led 

-! r-t'i''ii'cr inr     •■   I c Vytxr t-ibc,    ^v    ild ihe uli 

< xl' ■ ■■■ - - :•.•.'•. •   i r'v -•.'..• )ver,  f.< tu   !   lUr 

CCioIt .'     .••!.•.' :.■;;;  .'' •.•    t     ■<    :■ !  rrf  re   -,  liff'c'or.t 

Vtc : . ••._••• ■    -   i     ■ '.     .   •      '•.••.        :    •   -.      D   ab'1.*- 

'" .,''   • •.<   :;:-' r •.   ■   •       -■      •. '   •  ' ■■     M ! cone 

ru!   cr    ' • I u 'vi ,    r •••   '•   .        .   ,  V..'~ • roh^er. 

•2 rj fit.    The ^: rief; between t  ■     nner ■.iA v.uter tub^s for a 

IQT-'V :nrt   .. •• ••   ::u;,  t v.c wotor plow necec.'.rv to rrcvent local boIMn^ 

noxl   '     '       ::.-.'.'r  lube,     u ■'•)■':.- lhA x UPQCO,  by proper seTcct'on of 

tube dlnmoter^,   lendü  tu  L.r.allf.T water  f'jw re .'.r'rcnent;; for the pur- 

pose of rcdr.c't.;-' loci]  bo'linr.    Rednern'-; the water fow ^'n turn reduces 
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the trror !n power leeaurenenie due to vtter lenperniur© •feter'-'nallon 

eccurecy.    If i*\o welerjeckel *» neje loo l'iln, however! t*.e black 

water technique Tjr Uitel power -««ttiresoni ney not be effecUve.    In 

^or.ertl lho»Krh, jnftl'.or voter fljwrnieö, ar/f '".'»her te»p«rot-jrt r'eei 

lead to better ^ccarac'oa fjr    jw«*r -»a-ire-wri^, »r.d tfcrcr^ro, • th!n 

waterjacket aN^uld be 

Coolant tc- • r ■ iro *KQüuroror»tü are verj* ^r't'cal  to p-jwer 

aeaaore-sent^, cj-cc'ary at • ' ••. coolant riowa.    Tcnperature -eaaure- 

nonts w:: irato u* t1- »r.c-^alf Jotree ^ahrer.he't voulri nore 

nearly ••''•r. •  e narn't'de    '* < r- r '•      -••r -easirerjer.ta reaulfn*» 

fro*!! ton, «r-jt ire  Inaccxrac'oö I    the runrr.':rfc jf error roajHIr.«» fro« 

water TIJW Inoccursc'ea.    Hcdic'mr to^ornture 'naccurae'eo beyond thla 

point will y'eli IHtle 'r.  >vorall acciracy, and therefore beoone 

luxuriea.    At the !^'iot,  tomperfttur^ -»aüurenonta sho »Id be accurat« 

to the nearest ■'e^rce FahronheH. 

Ploa-na Teaperttturc .'ieauur'.'ncnU 

An accurate Wiowled/'e of the teTipcrature ■ rofllt of an 'nductlon- 

couplod plaama  *i; es^rntlal t.o tiio   indorstir.-j^r.^ of the hnalc phonosnon 

of 'nductlon-coupled '^nor^^, nnd  to the develop-sent of theor'cs to 

explain th^s -henoncnon. 

rtt preöent, './.  1. .^raun of the Physics branch,  Aeronautical 

Research r^borat<jry,  and C. Gnbncr,  Jh^cf of Analysis branch, DVHal 

Computation DWIsion, Aeronautical Üystens Division, pre developing a 

u 



eoRpuur pro^rta which will yield a spectral l«ne InUnslty profUt, 

J(r)i frua an obaarved Mx).   The ooapuUr profrran will ba appHeabla 

to any Qaaaure^enta for which axUl tysreiry can ba aaaunad,   Whao tha 

pnxrraa la aaubllehad, tha coe^utar wil 1 fit an avan ordarad poly- 

nonlal (a0 ♦ a^x   * a4x    ♦ ... ♦ *inx   ) to tha obeanrad data to obtain 

an analytical expraa^l^n fur Hit),    It will than dlTferantUta K(x) 

with roa^act to x, tiubeiH ;ie H*(x) *r.to tha Integral aquation, £q (I), 

and parfom the Ir.tairrBtlon to obtain J(r). 

i/han th'a vuluabla tool 'ü avo'Iabl» io -Jike -.ultlpla tanparatura 

profile deler-.'r.illunti practical, a aerlea of tect rune *n the patten, 

of this »tudy should be r-Jidc to Jeterr.'n© tr^ paraneter» which effect 

the "laxl-ur tcaperaturea »r-        • le, and the rad'ua at wh*ch these 

r.axl?".ir temperaturec oc-.:-. 

Hfid'Mt'or. I, 'm-vr :'«•:>...;•«   < v . 

Rad^et^on •\tJor "taaaurencntu !n th'c tiudy were h'ndered by two 

; ;.    : faults, otrr ihar. 'r.accurate Lorteralurp "teaeurer-entp.    The t4r.e 

difference bctwe« ;loar unter 'snd black water readin/ro 's one 

fault,  -rnd the other fnult '* i •   'nabllHy to rerroduco the plasma, as 

evidenced by the d'fferent vol lea of !e which occur at the car.e rae 

flow dur^r.fT the üono dntn ruii.    Ideally, nil neasurer^enta rrc made 

simultaneously ;.i)  tf.nl L;;ore 's no Uno difference and no non- 

roproduclb'lHy problen. 

// 



-In» plaint power Is rut i<*e dtfperrie.'.t '/hilt optrttlru? %i • 

comttnt fftt flow, ,»«»,irta»nu ctn be ntdt ot dfrftrtnt tints tnd 

still bt vaMd If thoy io not deptnd upon raoruduc^UJty.   This 

condition is sttisfi«d by lesvin? the PSS flow oonsttnt and sw'tchlnif 

the coolant supply bttwttn clttr and black wattr to »»at ■anas-irtntnts 

of both 4w snd 4b«    However, the black water used in this study 

deposited on tho inner tube, and no clear water aeasurtotnts oould bt 

taken after black water was onoe used.   Therefore, an opaque coolant 

which does not deposit on the inner tube should be found for use In 

this rad'ation rwasureaent technique. 

A possible aethod for obtaining simultaneous power aesourenents 

was swr^ested by H. Vin^erson, rnyoics Department, Air Force Institute 

of Technology.    He proposed that tr.e anuunt of radiation falling on a 

radloneter at soae f'xed d'stance fron the plasma should be conpared 

with the radiation measurenente made by swHchim» to black water with- 

out changing gas flow,  to ietennlne T the two radiation measuroments 

are In some manner proportional.    'Is'n? the nresont black water oupply, 

this method entails cleaning the plaama-gonorator, between test runs. 

If a proportionality exists, then the radiometer should be carefully 

calibrated by a series of runs, so that subsequent radiation measurements 

can be made uslnfj the radiometer.    The ability to obtain simultaneous 

power data is well worth the effort to calibrate the radiometer, there- 

fore,  tests for proportionality should be made. 
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An enerry ba1.*-   • « vac fiel   «rf r'ed becau*e no 

rscjumrentnlö of l "r «r trar-tferr*«! ic ' «    '-«ft-« ooald 

b« ^ode.    »oere '» a P'BI'V.        '-^U -jrihix! •»Vft'Uble lo "••sure the 

•.r'snl -over , bui H re^u're» oddH'oiuil 

Lrursentfcl'on on the rr      ■ •     • Teihod v«i t^^esttd by 

Taylor and Uaal^a (Kef, 3: 1371).    . i     UJ'l'onal InitrifaenUllon 

'- an rf anr»ter !n ihr c'r uU w1! rf '•:;.■' n =0'!, 

and vaiar riow-seUra ar.i lhor,aocoup!eti 'r. ihe oool'w ay^lc-. for ihe 

ir'   i .. 'n ihe rf power uupply. 

The lotal electrlcel rn« r y    ^pl'ed to ihe Irlodeo can be -eeaured 

wlih J'rett-correr.l Jaetert;.    .'■   '•«:<;   :.^i <n tne irlodea 'a ."'ven off 

.eal aid can be neaaurod by reference to cooUr./r water lenperature 

r'co and ^atcr flow,    .hr enerry nol loat 'n the tr'odea 'a converted to 

rf enerry outtut. 

To obta'n a Tjeasiro of rf energy trnnaferred lo tr •     laana,  the 

power aupply ^o flrat operated ^n the obaence of a :        a nt sor.e aet 

value or rf current on the rf nrrieler 'n the 'nducUon co1! circuit. 

Total  electrical energy lo the Ir^odeu nnd total triode losses are Ihen 

•neasured as prev^oisly explained.    The difference between these values 

Is the rf cnerrry losses wh^ch occur at that rf current.    The power 

supply ^s next 0 per-tod  'n the presence of a plasr.a, at the :.arr.e rf 

curront.    The total trlode energy ^nput and losses are measured as 

before,    ihe; rf cnerfry looses at this rf current were prev^ou^ly de- 

termined.    The rf energy losses are added to the trlode looses wh-'ch 

\ 
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occurred on vw twoond run, and th'a am *& th«n fubtracud fro« the 

total an.r^y sup,>I4od to tha tr^jdea on the second r«.    TVs difference 

li. the erierfy wVcn 48 trar.öferreo to tr^ pUs*». 

t     ?;-'•.■■- rf «• «T •/ iu   Mad to t «  »lams, « proper energy 

balance cm be naJe.   An e erry bslsnce *& iecHod necessery to validate 

the aeaa iro-senU naie on the plasna by the techn4q>4es used in this 

airly. 

The 5        ^'lity of adding heet to the air in the auperaonlc region 

of a hyperao^c wind tjnnel by a rf induction-oo-jpled plaaaa, waa aen- 

tijnei in the 4nirodjctljn.    iiowever, plaasaa operation in «?saea with 

hi?h lir.onr volocit'c« is unatable becauae the plaa^sa cannot propagate 

faat enough upa'.rcan.    In the vortex-atabiüsed plaaaa, ionised cfas la 

blovn jpoiroan by the back-flow.    Th'a feodbeck ayaten continuoualy 

supplies the ions necessary to naintain couplinT hetween the rf induction 

coil and the plasma. 

Stabilization by vortex flow In ^yperüonic wind tunnels cannot be 

considered, because U disrupts the pas flow.    A schematic presentation 

of a stab'llzaUon scheme is shown in Figure 19.    Th's scheme invasions 

a constant supply of electrons boinp injected into the pas flow near the 

throat of the w^nd  tunnel.    Thesr electrons are carried downstrean, by 

the fast moving pases,  4nto the plasma coupling area where they couple 

with the rf Induction coM,  and thereby stabilize the plasma.    As the 

electrons move downstream past the olasma area they are returned to 

pround,  leaving a neutral pas behind. 
^8 



Tii« o!ecl-or.8 can be ?enem*J !n • lyp1»' •\cctron'dr3<Jjr.tr.?c 

!jn-proijci!on r«ihod.   For neftilv« ion production, tht ocrona dl*> 

t;?»nrc weile ♦• ?<vtn • h'»>. r.eyeifw cr4ir?e, jait ihorl of hrtikdown 

pjumlel.   The pceU've fjr.a creeled neer tne needle point ere 

»lirected l ,     crea» i • •>'»»,.'ve ion« ere ettrected to 

l e r.ett-b)' Tw ^.:.   Sefore i e eVciixr.« c^n reech rround, howeirer, 

l-.tty are cerr'H ijvr.ftr*«- •       .■ -.A d'ac^.trfe are» by the 

.tstt clreB-.. 

ulabM'zal! •   • reaa'Me.    .here 'a >M that 

I've r.ornl've- • -    •-   ereltd; ' ••    n!>  et « r'-x'.'.itlur. 

:        .•!11   Cvjj't •."     ■ <   'nduclior.  »!!, •• i T the 

. •,, .     . ,-,        ,    -;■   s ,      . .f.   ; .    s vol re »nail es   .•    \ 

•   Icolraol!  :. ,r I .   tunnel wallü.    If xri;'1'. •        .re wHivout 

■■   •.    '  • ,   '  • f th'ü host add'tlor • • ihod 

'w ^        . '        ■   extent   *        'ch l e    *ux"t cxer'er.cos o brca» 

- Tf< •:'.  cu ;üri by '~\  ••    ■'  ■   •••.<•.  'r.iucilon cjrrenls ':; tr.c 

und t;-- ',,■    : ••■•      •   . 

'ih'ü heat üdiH'or, cyiito- '.•; ine üu.>crü.n,c flov ^oct'un of a 

■ ■ rson^c w'r.d lui •   . '• '< ,  v 1 ;:;.)j,.i be d.ccked by 

Jity Cy:' t- TS 2 ■ ^rn '.rt' r 

a iuty cyc^e control  on the rf . .wor supply allows se^ctlon of 

any duty cyclr clfü^rd brtueen o'. and loj'.    For nny particulnr plate 

voltaic selilnr,   LhiD nllow^ i.e'ifction o" nny olnte power fron zero to 

the naxirnun attfi'rnb'le un  t,-,-,;, plntc voltage settlmr.    Consequently, 



vlth a pr^r tjwjledf af fdllni? ;>Uu> :>ov«rf »|, far thai ^Uu 

voHa»« oett'-•, •»    »rl'caUr vnlje üf .
J
# ctn ho ^«lectH exactly by 

»fie Df l o  J ily cyclo conlr 

en ■ <   rf     /er    tu ly 't o^ratad 'it ?i J .1 'Oö* tiian 

IIA/ , iho rT       • • --!u*J 'n , i1 i«^    .... •  ..     *r a«      :. 

la'c o     <. •    •■.      •" ■  '•.••    .'aoe. 

.» iily v/cytf o* y   ,  for tx«»-» *. , .. r     . . ^il'on 

-.     .    ' ,      •      ' ..';••.-'      '" }       •- . ..    'Jir%T,e 

nny t«o. ,  ' •   rf     ■...: I TOP u.y  ae<: 

t'^'   • r.ilir« •   's ce'vnh' *    9ve 

'.^»«rianl •-    '  at'o* s 'n i.e uao uT  i.-.  'rjii-''  •-   , ^-.a OJ 9 

i-  "•   ,     . ■'••■. '   .     .    -•', ^.      <,•••        • ',rnc- 

t«r'..lfc,    ■'       .       .     .       •* rj ri •        I'p*   *-      r    I    ":, 'a I 

•1 •   .     \   . •   ... '• ''',■' r'.. ■ •.■.•-     •    l'o nrc 

CMfl^..■ll5, .     ,h'j  r   li- n .  ' .    'V   •. . •'    •    '»a .   Hv «'rclp'c 

npca.     .   '.   . . r: • ir.-- <: r'pc L-rver.UH   ':. n     .".■ : 

*   I'icl'jr.-c   . 1 er-.,    •    • ;. ■   '-.'^nl jf r^1;/'!.'   1 or.   vtl'r!"  1  . 

coH •'"iti'-a by 'wv1   ■  '  • r   . •    '  <        1.   ••,      •     'aira    r       'ntoa 

thr,)'^i t-o co1 ! r»Tsoü.     M •    .   o(H iJ-.oto'*n.>hb  L'j^cn of a i^as-io 

oiernl'r.* a'   'i   i.";-   ^c'c jf 5*J.   C'aply ab.ow '■•    'il   ' •   -.     f the 

.1  a-.a.      hen  !   • ■••■     f r.r; enla the . 1 ia •     •:•'    er ':   ra-Hly, 

oni t'.o ni'ifn* •l-i;. -.   TDdtil1;/ ..".r'nVa lowar?  the co'ito" jf t-o 

tube.     .'hen  thr  n-;<t ;)j;cr . i1 ao occira,   :t co'inlea vHb  '   ■   r   'rr^nr 

conduct^n-' "i;;,  n./'   t'ic ■ '•.   !    TaduaMy av/el1.';  to nornal   .'j'ze.     . le 

pulcir'-' 0°  the r)lasnn   ;3 not v';;!h',(< to  the cyo,     nd noT"".n1   ;-!r.o rofers 



to tht slM of the jlia^ai «een ^y t?« «y«, 11 'u • rooaied tfttl thfi 

piUln» scl'.jn jf t-.« ^'fttj-!« ruft «ff«ct<v«ly he«ia ine 'n» ir^n 

jj.«r9i!Dn ■>' mo plaitaa at a iily cycle of \J0. , bectaiw well loieet 

%'A rsi'nVon c J i' i iecrea»« lie IJ pale^n? the pover. A oer4es of 

jj'i be - r. ti I*M> »e-je 'ae f'-ow and Pt on tr.e n*ne poaa^ble 

'.■.•   voltage a© •.•'-■;   is    >r.flr     r ieny ih'.s propoaal, 

^•.. ■••;■ 

»o:— I'll".   ' ."'jr-^Ujri ^   fivinab1o  >n '- i J ■'^n-oouc1«^ plasnaa 

:  •   .    .:'.'....•   ;•■  '.   ■        -.'y     .:v Vnj\n to i .    jf vh':h !8 

i    ■ '• • . •.':,-     .. IJ j.oralln* bolov i-.e -eTicycle 

•  .     .      r** ' i-i.\]      ..   i  '-. '   '.   . • .j    'a v- r. .'''<■ < njj-h 

ar '- •   l.a'f u " *.'^^tjr t     iuo  'i.    It 'ü jrjb^ble 

l :-»!  ..S"1 :'■.'.. ■'      •      ■••...•••• .ro .""lüCü 

^ihor l.v.    r • ' ir,   T        ' ij-.n-'oncr »tor la 

!cv«lop-H  IJ   :.!.'•'•   '*.     .      .' ,      .   ,   ' ■• "J bo CJH jctod on 

"   :.    '  •-     •       ■    *   ..   :.    » ■   ..    n    ■ -   :.   • '•  '• ii'i So   i  -'rib'e 

-' •,  Ijn* im    roT'nof 'nvoia'"ition,    »h's 

litudy   . •.. ■ . * '1)''.aed  t^.e •■'cncr'jl   c   ifi.-l-  •■.;t1oü v)r n  hlTh-power 

1 iduct'on-co'j 1   :  p^Tüna-zcncnt, >r,  i:. i  ■ -.   rev ninber of ex crl- 

r.untal iTfoiH"'       '■.'■ ;h •? i.:t. '■-.   ;onsHered,    Thus n Co- • .j^v-.' 

prorm   jf hivcuti "it' m nny njw be confidenfly tr; Jertaken. 
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Appendix A 

.h» trtr.aver»illy obö«rved rsd'ir.ce of th« plti-» ♦sajre, .'«'(x), 

*» '.nv^rt»*! lo the r»»di»ir.i *r.t#n»Hy, Jir), !n the following syinner. 

,^(r) 

Bui, 

Therefore:      ff 

Thla 's Ah*'*.   '•.to/T'il, which inverts ar.81yt,1cally to forr; 

J(r>=-X 
y 

R 

Vhe t.rino 4ndicotes 'i'rf«'r<r>t'nLlun with resoect to x. 
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Fig.  1 

tlacfc  v/a+ev-    coolant 
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