o it

JAERI-M
93-064

R ASINBEEN KRR 7 74 AR T D
AN 7 L2 E B
IRFS AN 7 ADPERAT BT B %%

199343H

Ry oo
ATk} PR

B = E ¥ #7 H R
Japan Atomic Energy Research Institute



JAERI-MU #— iz, BREFNFEFFAZHILF LT HRREETT.

AFOM AL, OARBFAFEMEEBSESEREERR (T19-11 ZRRBMAMHEIN LT,
BRLIAIE G, A8, IOEPICHEEAREF NULFSER L £ —(T39-11 RERIEWA
HEM BAIE T HFEMA) THECLAERATES L -TENEY.

JAERI-M reports are issued irregularly.

Inquiries about availability of the reports sheuld be addressed to Information Division Department

of Technical Information, Japan Atemic Energy Research Institute, Tokaimura, Naka-gun, Ibaraki-

ken 319-11, Japan.

) Japan Atomic Energy Research Institute, 1993

WERRET BAETHh#HEMN
Ef B Zyef 7 oHiet




JAERI-M 93-064

WFANMBEERARSRB S 744Xy 7OHE~N) v 4ICED
WEIERZ R ~NY v A0ER BT 2HF5E

H AR T /1ot SEph BRET o 52 il iR & ToF 80

=W s

(19934 2 A24 HZ )

JT—60 BLFASMBEE (NBI) OKFZERV~N T L HAHSHRKBERY 744+ 72 H
LT L HOBERBEE LT, BEN) 9 LIREDEY 544 £V FOREBREL WM EL D
D EN/ NBI EEEBENICEBYB7 544 £V FIRLEBKERE~Y UL HADLEHS
BT 6NE, THbE, 254 4E Y 7OBIKEAL TR, QlEE~Y v LAERHZ BB
DiEEE @ WHIFREBEHICE T 250K Y Lo DRENE., SOIK7 744 KV Fic L5 KERT
A LHAOHSIRE LTI @ 7544 £y FICEB3KBRTAY T L HFADHREFIC B
=T ERREENNTOE IR K OB HFEOR LA BESTHARETH L, DD,
INOOBRBEORALCH LT, FhsBirFE4REL. EBRERLOUBEATTH>CLECLDT
DOEMEEEIT L, THoOBFFHESEIC. HEREATHS NBI AEFHENTHEAHSH
AKBRUENT U AFABSARBRY 714Xy 7ORIFELTHELL 7

ACRIPHIERT ¢ T 311-01  ZRIFBHPIEPHREIHT A FE] (L 801-1



JAERI-M 93-064

Studies on Cooling by Liquid Helium in
a Large-scale Cryopump of the Neutral Beam Injector
and Its Pumping Performances of

Hydrogen Gas and Helium Gas
Kiyoshi SHIBANUMA

Department of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received February 24, 1993)

To develop a large-scale cryopump for hydrogen gas and helium
gas in the JI-60 neutral beam injector (NBI); it is neéessary to solve
two critical issues, i.e., one is stable cooliﬁg of the cryopump
composed of six cryopanels by liquid helium, and the other is stable
pumping of hydrogen gas and helium gas by the cryopump installed in
the NBI vacuum chamber composed of complicated structures. That is,
it is necessary to establish the following analytical methods: for
cooling the cryopump, (1) heat transfer of a multi-layer insulation
around the pipe for liquid helium supply, (2) flow distribution of
two-phase helium in parallel channels, and for pumping hydrogen gas
and helium gas by the cryopump, (3) pressure distribution in an
arbitrary three-dimensional structure during pumping of hydrogen gas
and helium gas by the cryopump. To solve the critical issues, newly-
developed analytical methods are proposed, and shown to be wvalid by
the comparison with experiment. Based on the analytical methods, the
design method of the large-scale cryopump for hydrogen gas and helium
gas in the NBI vacuum chamber composed of complicated structures was

established.
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F1. 1 BEERECSTEEREDYME

Liquid
Physical He Hz Ne N2 CH4 H2O
Properties
Buoiling Point 4.2 204 27.1 77.3 112 373
Ta K
Latent Heat of
Evaporation 20.5 452 88 200 510 2260
L J/g
Viscosity
Coefficient 32 124 1240 | 1650 980 2840
w1077 Pass

Surface Tension | 0.093 | 1.91 4.8 2.8 14.0 58.8
oy 10 J/m3
Thermal
Conductivity 27.2 119 113 140 193 682
A 107 WK
Ratio of Viscosity
Coefficient 2.54 11.3 27.0 30.0 22.0 | 238
Pi/pg

Ratio of Density 7.41 5,32 127 175 232 1600
Pi/Pg
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(4 10)ic £ 0 . HAEAEBEY mEEKYT 2EEETF .3 =20 @fEEIE . BLZERR A
HHETLCLAERLT, BEBRBHOBA EEMAFECXDRARL L kotEbinb,

{ (F i.j{m}:0> N (F i ,1(m)ﬂF i ,Q(m)m,,,F i‘j_l(m)mF i.j+1(m}m'“> }

N {{(Fq 4N Fq.anN=) U {(Fa1NFg,0) Ul

AT F I a®AF @) U (Fpa™NFg %0

U (Fiq4,1™NF {q,2™0N)

U (F f+1,1(mjﬁFi+1 !QCm)m...) Ueer) (4.11)

(3) A

FAE . K T OB EEEEA R WVRENTE TS . C OEEEM LR FHERD
2ol kn . BAGEBNOSECUBILBYAENEENTHIEBTE S, kA
i OFRHTORE SRR,

RHEEG  OMZENHERR - KAOFHE L. KA L - THEDIN L

Gi= gix + hjy + ojz + p j=20 (4.12)

gi.. hj oy, . RHEEORKERTETAERK TS S REMEE 715 R

("4

TN
M ERNEROL Y. HFLLBLATRTERSNBLEREC. B4 3ILRY
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Loz, REEORARME LB KBEF ; CEHEFABNCEET S LV IEELS R

HEG =0 ORBE-MINTRATRbEN S,

[ (Gj=0) NF; 4A°NF; 8N} 0

{ (F1 4N Fy 20) UAFa 4 NFag a0 U}

(4.13)
HE., REGOERELEF ; SR kHimchdy . RATEAGN B,
Fikb=a;x%x2+ bpjxv2+ ¢cjx%22 + dijx%2zx + e;.xxvy
+ fj.kC'YZ + gj,kGX + hix% + 05,2 + pj.k¥=0 (4. 14)

BOUNDARY CONDITION OF IMAGINARY WALL G;
{(6;=000F;, & NFEN = JO{LF, NF o0 1ULF,  NF R U~}

VACUUM CHAMBER
(F, N, 0= )U(F, NE, 0 U

_./l/BOUNDARY F, ¢

T IMAGINARY
WALL G

BOUNDARY F, ,°

M4. 3 HEAEFELIIREAOMBORE
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T ST T L IS I SL I L ISP S NN I L I A

p iR, RETHOMRRELSRET 2BKTEH L. /. HTFORFCHL TR, HEHR~7
Fin=grad (G /lgrad (G; |DRELHAEHTFORMMILERT D, 5
o RTFORFBEERFRETGSTC—HE L HTFORR AR E o8 L TRZANCR
HpE e i,

A, 2, 4 BREELRDOEEEEROBELHR

WHEEFRERKT 2 6EERREROERBIER» o RSN b, — T, 2ETIRS
WIS L EEOES , BREERD SRENB2KEER~EELRT 5 L
FLEEH TRV, EoTy ST, Xh—MlE s didic, FROEREHERD
LA KA T~ B O AR L e & LT BEREERCE L THREERRERT
BREFERD  ROGEERTHERBRE LR | BROBAEEERBLEERRLL S
AL R EER S BB TA Y . FATAMIITYL ., BERMCEREER (X, v, 2) »
LEEBER (X, Y, 2) ~EEERBTbNS,

ToTH. EiEE LCERSATVAREER S TREEC—2EFEASNEOT. LIFIR
Bl DR IC > W TR B 5

(1) [lEiic & 2 EELHE
HEGEARVEREELPEATLE T 254 BEERROBERERR MY 2 SR
Wik ENER, (Qnmpng) o (fomang o (3 mang THE. CHSDFHHE
SWABGT., BEEESR (XY, 2) CEREER (x.v.2z) OECEKABRILT S

o o
x=0:X+0,Y+ Q32
vy=m1X+myY +mszZ (415)

Zz=n1X+nsY+nsZ
ERHEEG D L HEEERA~OREC L 3EEEEE . XU 1DERUORRATSE I LR

D, REEERAORGREEREBROZABKUFARETER T LI EILLDiTbN L,
THbE . REHONERIC L 2 ERERRIRXET S,
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Aij=ai,;02+ b, ;m?+ci.sn?+di.jmyny

+ei,;jnq Q@4+ 5,50my . (4,

Bi;=ai;.;022 + bi.jmp? + ci.5ng? + di.jmans

16)

- Ei,anQ2+ f‘i,jQ,QmQ (417)
Cij=ai.;032 + bi,jm32+ ci,jn3? + di,imsns

+ ei,jnsQs + 7,5 0sms (4.18)
Dij=2 (aj, ;883 + bi,jmamsg + ¢, jugzn3)

+ d;,; (mens + msngy + ej.;(nzls + nszls

+ 1,5 (8omz + @3my) (4.19)
Ei,j=2 (ai.;81%s + bi.jmims + ci.jnins)

+ di.j{minz + manqy + ei,j(ny1ls + n3ly)

+ 74,5 (€ims + @amy) (4.20)
F i.j=2 (ai,j81%z + bi.jmim; + ci,jning)

+ di,; (m1n2~|~ m2n1) + e i,j (n1Qg+ HQQQ

+ 5. (Uymg + Qomy) (4.21)
G i,i=gi;.;81+ hi,jmq+ oi.jn, (4.22)
Hi.j=gi.ils + hism; + oi,jn; o (4.23)
Oi,;i=gi.;83s+ hi,jms + o0i,5n3 (4.24)
Pi.j=p i.; (4.25)

(]

ST A jvBisvCijeDiiv Ei 5o F 5. Gi.5s Hijv Oi.is P jiER
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L e) BT 2 REEEROZRETH 50
(2) RITHBE I & 5 EELER

BT EREERNTRT. BEEERORSASEREERICHLT (Xa Vo 20

T&%%é»%@@@%(Xf&Z)&Ei@%%(x.ﬁz)Qﬁﬁﬁﬁﬁﬁﬂﬂﬁéwmo

X = X_ -+ X e

v=Y + ¥o (4.

Z: Z + Zo

26)

BHEERD O REEER~ORTBY I & 3 EELRE ., BROBE LFERTHLA, B

HOTPITHE L 2BEERARKRNLL S,

Aij= ai.j (4
Bi,j= bi,; (4
Ci.j= Ci,j (4
Di,j= di.j (4
Ei.;= ei.j (4
F i.j= £ i,j (4
G i.;= 2ai.jXo+ €i.iZo+ £ i.i¥ot+ &i.J (4.
Hij= 2bi.jyo+ di,jze+ £ i,jXc+ hi.j _ (4.
Oi.;j= 2ci,jzot+ di,jVeo T+ €i.i%ec+T 0i.] (4.

.27)

. 28)

.29)

. 30) -

.31

.32)

33)

34)

35)
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Pii= ai.iXxc?2+ bi.ive? + Ci,72¢° + d i, jVoZo
e, jZeXe T+ [ i.ijXo¥o + Zi.iXe + hi,jVo

+ 0i,jZe + P i ' (4.36)

4. 2.5 HNTOBRAORUALE
HTORANE . NFORFOBA~7 MV, NFOREBEEENEN (X0 Vo Za)  V
(v Ve Vz) K ETBERFOMBOLTERARIRALL S,

X=Xo + K vy
Vy=Vo T K vy : = (4.37)
72 =2q.+ K vg

R EEMORU.6). . OD S, RIEEEK T 2RO XFEABELINE
Cik'2 + Cszk’ + C3= 10 (4.38)

IITVHEEC. Coy C3RRAEE-THASR D,

( Ci1=a i, ivLtbi,jv,itci, jva?

+di s vevete i, jvavet i VaVy

Co=2a[,;XoVxt 2D [,j¥eVuyt 2 C . iZeVz
+di; (Yyovaetzovy +ei,;j (zovuxtXova) + 170, (Xovytyev

+gi,.ijvxthi jvytoi,jvz

Cs=a i, jXs‘tb 1iVelt Cc i izt diiVeZot e i 5ZcXot I {.jX0Ve
T gi.iXeth |, j¥eT01.7Z0¢

(4.39)

ATOBREICOWTR (4.38) %2R s BEKHAHET 2B/ OEOEERX U 3THICRART
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HREOERE (x,y,2z) BRDOON 5.

4. 2.6 303

RPRATERAEEHEEEHENSEE A OSBRI NBRRERT 5L, £ DBE SO
TIRIL . BEIRE . REENCHE S BELRE . EEELEE (B . RKANCHE S EELEED L
FNHOHEEEEITI b0 ET D, TNTNOHEIEREITIHE., $ 8O ERIEE A,
SEEHIKETESR Rao. REHNCHE > HEREHEE R, BEHALEAKE Po. RERNCRE D BELE
BHER P, REREEGIANF—sELTEAORE, ChoDfEE (0. 1) EOo—HELE
CORNERICED BTHFEGEORCEOHEFRETIPBRESNZ . U E . Rl
CRES BELEBIE S, 7 AZOEBBE O € F I . BRELEBREZEGNEEY
OEOBOEF ML EFNFNENTH S, HMFEOHBERET S BEEOXRHEELOGITE
1 THDIRAEN D

B

Ab+ Rn + Rr"r Pd+ Pr=1 (440)

o L. BEERBREICEL TR, RUADKBWT, HRILEAREER P& RLANTHE S B
ERHER P OEIRIIC0 LT D,

WFSEEICRRE AN, THbE . BFSEMEHRLAROHTORMN &
WA EIC D WTCEITF THET %0

(1) SEmEREH
ﬁﬁﬁ®ﬁ¥®$mﬁ&bw\%¥%®ﬁ¥®$ﬁ&7hw\ﬁ¥ﬁﬁ%?%ﬁﬁ®%ﬁﬁ
sy rAEERERY, Vi .nETEE . HREOKTFOBM~Ns P VERATEA SN S ©F,

v=v—2{(v':n) -n (4.41)
(2) SBICRE > BELKE

HFORNAEERBEEOREEI RUCHUASEAVTERT L REKT ORI~ +
v (v vy, viz)y B RRTHALNE P,
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v'i=sinfécosg¢g
vy=sinédsing (4.42)

viz=cosé

IT, RGEICREIRBOBE . REAIRUVAMNA IR, —REKE L Fo (08
< 1) 2RHWTRRICEDEAL LN B 27,

sinéd=F§F
cosfO=y1~Fq
sing=sin2ngé&-s (4.43)

cos¢g=cos2nmg &

(3)  MEHCELEE

BErEB LR FOFE~N7 PR, BREHRT GO FOFE~2 by &F LTE
~g b EHOWS,

(4)  HZANCHE S sELEE

KFANICHE S HABBEBOEHE SR HFOoHRE & AR OE R FORMEMZEREL .
Bk LA GRS BELR ST 0B & LRIk HiEic ko . R4 A2, (L) EH VTR TOR
WHRERET B ENTE D,

4. 2.7 EHoHEWEE

IRABECOEBR FHD SENOBHEEEEUFICRT . R.8). L H LD Efip L AH
WA Eoficidpc T OLPIBEESRT T 5. S50 AT TR KFOH RS I
EHERELTCVWS I EDS ., CORFANKED KM BAERY D il L ckFRN
58 GRHBIL . BRI, pCN S BRI T . TR L FROEEEG i OETT
RUToRGZicLnRpohd, 7. ENOEREH LR EERBEG ix BT 2 BAND
FENp ok BEL . COEMcind 2 RERMEROBAERLY D OFBR F8No S o %MW
RS o BBE THN of SEHT 5 0 Kic . EROMECEE S N {REG ;5588 3
?QNJ&EESjﬁaﬁmﬁﬁ§9@ﬁ¥ﬁNj/s;%ﬁbécam;D\&ﬁ@cjmﬁw
HEHNDp (PR[VICEDEHTE %,
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N j So
. . (4.44)

S N o

4. 2. 8 wiv-s0MBERER
44 vEEDE EHanfkBEE—AH T (i=1.,2.38) &, e rHTE - LD5]

EHLRBICEASNAKEFRHCEFHETZ &0ty UTORHEBTBRRIGET Y ®

Hit+H,° —H %+ H," (4.43)

Tt Bk BHAREE—AHO (i=1.2.3) &, NBIEEEZEENOEIKRIAH

LEFHmETELIRE, UTORBRBRRIEETY ©

H°+Hy? =Hi"+H°+ e (4.46)
CHODHBEBRINIC LD  F b VR TORE Y — asdiERE Y~ A CHBERT
BUELER y 10k PR b VR R BOoRHAkFE—sHO (1=1, 2, 3) OMKL

o it . FREFENLUTFToRTEL OB (2963

3
710= 2 07 10,4
i=1
3 d 10,1
=Xa; [1 - exp { ~ {0107 001,) Rul ]
i=1 T 10,iT T ol {4.47)
(4. 48)

Ry = 2.41X1020J.p d g
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T 10,i
& [ 1 — exp { — (g1gitoor.i) Rul ]

O 10.iT T o1.i

3 g 10.i ;
T [1 —exp { - {o1itao1.i) Ry} !
i=1 T 10.i1t 0 o1 {4.49)

SITL @is @iy T 10.is 0othis Ruw Dy @ . THENKBAA v E— L DMK, T
ok € — o OB TKEA A v E— ORI LEEN MR . FHK®E v — L OHEBRHBHRE
B . ke v NOKEF AOREE., B, HHTH 5,
Ric, I AKFEE -4 BNB | BERBHOREKES 2 EHERHBRL, HU/ 2+ /L7 2
HEBIEE 7 o1l2 . KRAICE - THA LN B 29 -5

3
770121:2105'; {1 — exp (—op1.i) R} (4. 50)

R=2. 41x],0%.[p d g (4.51)

IIT.RENBIEFFRENOIHKEL -2 PERT I2HHAOKRT XOREETDH 50

4. 2. 9 WHFE
PloeryshnreFZzAwe ZRnE8BREEACE I ERS 2T FIRZ LN R

T o
Dl s » THRESNALRBEL, >ORFORFERD LT, HF2REACHE » THH =

B5,
NEFOEHSEERHUEIANOLTORELEOMTHEL . BERBROHRAERD 5
DT AR L Ch oROBE S HREE TOMIE . M T SEEE SR T 5 AR T ORE

m&EDETHRELRD S,

DT EHEL - ROBTORMHEL . BFSEHEL A B BTS WAl T L5

FR OB AR 2 R RN . BERS « AN S RELRS . SMMELEE . RWAN IR
CSHEBBOSEEL (0. 1) O—REKE DA MIFL D EET B,
D1IECHTFARRENEDATG » THTSNWABREREHCETLIET. D~NDEED

B o
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N TF LA OFHRARSBAFERAKcELROTRNEALE &, HHRF & LTE
NETORMBLETEILET S0

THRORTIC2W T ~8) 28 BRT o

NEETHSH L > THRESNARIcELLEE T OO ZEST 4 RERTT 50
ORME A ES LR TR EEAOEREES S . RETOZES AL BRI ERIIL |
ATONEART T 50 |

4.3 1T-60NBIBEEERNENSAORN & FHERHIEROTFME

4. 3. 1 EHesFar
I T-6 0NBIRIFF2BREO2=y FASEBRsENEN., L Fa=y FIZEQIEHET

BBEIEMG. ST, Fo2oy MeoWTHRIREF LV ABE Lc, Btttz ZEL
FERARES I OWTTV, FORIFEFVER4 . 4 10RT . HERFRR . RAERKNERD.
REGOREFNEN, 22,108, 25TH0 ., BEOAHTR150THE, COTTIR
BEORBEMLER . 4. 4CRTEIEP, Py, PLEORENUERD S BHRUA A ¥
Bhhn FY 7 hEETTOREE—LBERT AEO2 2@MEL7c, JITL Py P P
SEEEECREINTOIEEHR ., BH LAY 2L TOo 4 vERCIVEAPHETS S

MAGINARY WALL

4. 4 €v7haedicks] T-60NBI Fa=, PEEERAENIFHO
s F v
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A TEH BD G HRIZmMmOE~ P ENLTHEHERBCHRBEIN TS, I
SOBEEHICHET IRRBEOHKBESNZRAEHOHBEEIAG L L, #1005 HF
mE—TREBRESNATAOEERECLSWT, BEEFHTORNLEEHZREREH D

BEFENEN LR, KEHOBRCZ ORI FECMERCE BB Ehd 65
RAaF % AN BEER RSB T2 Lic sy HEHTORENEFMT 2 I &N TE S,
HE. Py, Py, PRE0RETEHAEFIRHESNAFREATORS S, EEHNHE S LA
FETRERENAESZ NI ERUCRES N BTH TS o BRIRAEZEEA T 2R TR EHERE

SREEEE LS HICER600mmE Lz, ¥, A A VELSF )T FEETOE—
AMERTAAEBCEESN T OMOKMRRY Iy —F0OMORE S XF TR EEF
DRESELA, CDHE  RFORNTGELAZRMEORERMME. 14 yBEoBD. ¥4
bbb, BFEFLTH 2 A0 ATE L,

BREEHEETHEANBRAORBECE Y 2T L OMEFHERTRE . B, &
ORI, 7514 AKXy TEHRE. €—4&5 7 EFHE. &FE. FU 7 FERREERD
T RTHREACHEIRFE L, 75144 E v FHRAE. E— A5 v 7 LTHORESE L v
TR Y RUNAL—N—THD, ¥F, BrFhroiFicinX4. 5. K4, 6 OFITEF
ENFRESVWCRIFOEBERERS , RO o/ @BHEE0. 24.0. 8 8EFTH
SRMORNERTELL . $HbE, 72544+ FX vy 7HRAOREIR . BIER Av=0. 24,
RGBT S BELUK R Re=0. 76 &L, E—~&aF 7 FFEOEMEIR . RZANCHE S B
MR Pr=0. 6 8. REANCHE I HELRHHEE Rr = 0. 32 &L, WHRERETHREX
HEL, FYU T MERBERRETRINE L,

Chevron

Particle

Injechon
Surfae Parrlcle

20

4.5 va7myry 7ol F@BEEERERTE 7 VN T O
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Louver

Particle /
Injection p

Surface article
~ad

50

20 50 ‘l, 20

M4, 6 AN—~—0OKTEBERIBERER:F LV ERTORM

4., 3. 2 BIFERCEBERLOLERURE
BREFLORESPEVER TSI o FEBEEZRLC.ETRTRNE, 3
~5EOHMIETALRITRMLT, 2h50THEL S ORRBEN L1 0%LUT LT
AR EDRE L. TORER.ETHFRR N =1. 6x1 04A&%RD . L&, JOHED
WP TEEERFEEOREEE LTRAT 2, K4 . 7 CEI T F v NOER T D6
SEBLABEERL., £/ K4, 8I2P . Po. PaEOEENICHY 2 RBIER LI
FEAMRLLCRT BB A4 VEPSOKEFNRS. 0Pam? sHEARCEBTSA4 ¥
EROEAOHEMEE . 2x1 0 'Pa2FHOBREEE UL M4, 8256, PHEDL
m%tfm\ﬁﬁ%%d%ﬁ%%&ﬁh—ﬁ%ﬁttﬁ\PﬁﬁﬂﬁEQEﬁMQLT@‘%
Rl EREBCHL TR - 12~15%08EEnHE Lk, L L., BITEF vRMETS
ZIEEERTAE. BRERIFRERLBEC—HERLTOASHITE 4o

R EESERER S BB RERLAOT, ®ic, hikFEr— o OFEMIARE
Sl B fothic . KB Y — ABEET B RBENE BT 3ENAHORITERER4 . 9RT o
Pi. Po. PsOBMELBVT HEHARE SN T 2B AR Y — 409588 B
MO T 5 BRI BEE TR EALET 5L, PiEOBA. 4. 5x 10 7P aikl
5. 5x102Pa.PyEOHBA. 8. 5x10 “Pai@Ls. 7x10*Pa, P:ED

%é\l.3X106P3K%L2.4X104Paﬁﬁotolﬂ%®%%ﬂ%\EE&P
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4. 8. 3 mEk#r—s0HBRIBROFE
KEE—~ADAFHIFAE—TEKke VEBWT, A4 YBETERENDZKEANA Y E— 4
DMK, H i Ho* 1 He' =9 1%: 7% : 2% THY B8 ChoDBKEAA VE— 4
DAL EENERE . BEMEHRNERR . ThENoo4=6. 9xX1072m2, 0p.0=
3. 0x10°2°m2, 040.2=5. 0x10°2°m?%, ggy.4=1. 25x107**m?, gg1.5
=1.58x%X10m2%, gor.3=1. 40x10"Pm2cds5 57, 4. 9THENK
T — ABEBRTAEBOFENSFRTRUAD~UANER VT, KA A v E- LD
b3E n 0. PHARE— AOHRILHS (i=1.2.38) . NBIHEERNIBY 2
KFZ e — L OB n 012 ROFER, ThEFNp10=38. 5%. H: H: H=8
49%:12%: 4% no1=4. A% EB -7, Chicky . BERIBERSEHEHEDS %20
Elicthi, KERRAZ S 44 F 7k, NB 1 v 27 40P THAaRPEREREEFRE
5 EhHEREANE,

Ton Sources
Gas  First Beam

{Neatralizer Celi 1 | 005 Fist Bes —
Neutralizer Cell I H ’-—l Lr ]

10 T T T

Pa

GAS PRESSURE

DISTANCE m

4. 9 Tk — A EAEER B AENSTHORITER
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4.4 &8

75448 7DONB I HERRATOUEZFMS 70 HIL{ERLLE Y70
nEEZAVWCNB I AEERNORENR B KE - 2 0BEBERHIGROFRZIT -7 I
LOBREEZEHL TR TIRRT .
DEECEZRCHBEYORERE . BEHELEELABRERAT 2 L LD BELERET S

CEBTE, SORFTFHOBEOR WS THERET D LKL FBENEC BT 2T

MEHEFZEMNTEREYFHANEERAVABZRTHEEMNOE S H ik 3

Rtr T EREL.
DABRTEAEELBETERNEEYH» SHBRS NI T-6 0N B 1 ADENSHAENTICH

AL, BITHERCEBER OB ET- R, MR RIERERE BV —ZE2R L.

AT FEOEDEDSET SN, Chicky REDEHFETRREALAARTS -

ENBIHERBOL I WK oHEEEYNOEAHEERBNREKD L EBTE 5

MTEERITLEBTE .
$)IT-6 ONB IEEFRNOKEC— L0 EET 2HBOEAMMAEHEL . BETHENL

BETOEALHEBRLAER, PHAKRE~ s@EFEROE D REETZBEBHOENLOD

1, PoZETHGE, ERNEMBECHSIPETCbH2EEWESREN, NBIHEER

BEHETRERBENARESELE L TWA I EHNEENICTEINL .

NKFE— £hBB T Z2EEOFE NN OB ERS S HEEIRREFHML AR . FERHE
Fitd, 4% Thh ., HIEEOS BEME LA, Chickh . KRFRE 7 314 H 71,
NBIYZR7o0HTHSRHGMEZREYT S LARE SN,

NEHRELAEYFIAMNnEILIAERERSRTEEYNOE TS BT 2 i FE
— MR CRAESEOIE» S ARETETERBEAL o0& 3 ZRuERBRES
VR B I 3ENDHORITTIC L OB FER L ARHZEZmRL o
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5. SFA2EHBEMGI /744 Y—FVav VT

Xk BNBIEZERERHNO~Y v L HE&EFE

5. 1 @L&K

JT-60NBIIEBWT, ~UgaHRA7 944 —7va v By TICERENLEN
it KBEOEE ERARICHEA~ Y Y A E— A OHBERANS KU F LU GHREEERS O
L TR D, AHIT. DI IAAY—FvavFErTid, BRERORH b 384 LISEE
SEFTIEIRLERRBSE 544Xy TEROE EMATL L RU~Y 0 A EFERL
MCESIIE, RROKERSH SA 4Ry FELTHATE 2 2 & RRiESESH & LTaET
CEMEERNBNEN DD, TR, ET.UEORGEBETE AU Y APKARERS L
TREEENLSFHAERBERSVT ., T 0HEBHEREMICBET 20 PIRERO
128m20/ s 344y —-TvasvEr7EAOT, OSFe REFBOTRER. @7
S A4 LBE. DS FfiB, @~V v aRBOREE > THAKE~OEBEER
BT Rt IRIC, 75447 —TavEry7ORFCBELT.ROBRLLEL~NV T AL
WEBSF N ABGERBOEYMEFRE AN 544y - T vs YRy 7ILBERGRET
VEHARER X ABIFREL SHEEB L, COEDREFMEKRISH Y 744K T%E
g Ly A4 —T s vEYTREHAL, BA4E TR O LERROE ¥ 74 V2 ff
FAMETFAVEREL. ~Y v A0HSBHET 2 BFRUERE L OB TV T
FHEOBLUEEBRT L, 85Ic. ~Y Y4 E— aRERT AEBOFENSHERD S LI
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