T2R2 rIgA2US-FURIMY

Tokyo Tech R

esearch Repository

Od/dodn
Article / Book Information

Citation(English)

Type(English)

gobbobbbuodgooobobbobbbuoogoon

go:0ooo,
gobooobobo:0ooogod,
Uooo:0o0i8s9l,
U0000:19870 30 2600,
gobboo:0oog,
goo:

Degree:Doctor of Engineering,

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 185901,

Conferred date:1987/3/26,

Degree Type:Course doctor,

Examiner:

Doctoral Thesis

Powered by T2R2 (Tokyo Institute Research Repository)



http://t2r2.star.titech.ac.jp/

Gy 2 e—iF 4 A 7 BIEEMH D 3RO P e

Mme 243

1REAE e Bhads
HEOE R Bh3dR

B TR AR AT T AWIER
T 3L X —RPERHIY 4528

P



&
—_

J¥ i

MH D 3§ o WFZEbHFs o BIR
KWL D A & EHY

JETAMH D JETE & Al 9 2 S FE
A SC AR

—

= W N

Tud v RN Y LRV SRR oI

.1 LSz
A (TR NI EIN

C1) W, —Heardlili 7 7 X< odfitt
(2) 74 27 B EHOIEIR & PEE

2. 3 TAdYEEANYY LRGN RS

2
B3
3

4 FEEME
(1) ARz 5 R3S
(2) v— VRO
(3 W SUELIE AT AN
(4) v— FSREING & 2B SRS OB HRF AR 0 PR

. b FE¥H
[FUJ T 1] i & 550 e I
. 1 ez

.2 Yp—ZFY 47 UMHDREEBREBITFUI I -1 |

B B IEER R L RN o2 H)

. 3 IBETBEEIZEY 5 Zh E TOWME S oL

C 1) BHRYPATIEE & N 2RI
(2 FEd = ooy

L4 IR TS A v 0 —YGHEEE % OB 5 2 BER

C1) ik
(2) MR KU BE
Ca) FREWBCE R
(b)) sk o iin s & oM E N
(c) TFUJ I -1 ] ¥EEizBY 2RI T 5840
5 Fe¢¥H

1-1
1-3
1-5
1-9
2-1
2-2
2-7
2-10
2-14
3—1
3_._
3—9
3—-22



¥4 Magneto—acoust ichREEHk

4, 1 Loz

4, 2 BUBBEBLIZ X 2T

4, 3 M A wavenZTHN ToXd) e FAMERIZE X 2858
(1) v—Fsaemiikil FoMagnet o-acoust i cREE
(2) WHEREE & Magnet o-acoust i CREE & OIAF

4, 4 Fd

£HE 1751 A 0B

WEE Ex v X IR o SR E
5. 1 FLHIZ
5. 2 IFHHMoBIRECEEIZEEoWE
5. 3 MvMHDHIFEEN % & >REH o L0rEHE
C1) BbirL
C2) fRbTHs R
Ca) #8872 A< Afidke:
(b)) TEEERL T ARtk
Cc ) Ml R etk
Cd ) HBENMARSRLE
5, 4 F&d

#ex hhl1 v 3= X &4 L ToBEHRM e o EER
6. 1 Itz
6. 2 F4 A/BEHHE 3HHLEESA v os— X DI HKwv
(1) F 4 A7 BREEH
(2) Mha 4 v R—=Z BT 7 b

. 3 A v A XEREG
.4 HEG SR
C 1) EAKRIRS I
(2 Rl
6. 5 FE&H

W7 A
7. 1 KOO
7. 2 Stoud

e

—4
4-12
4-13
h—1
5—-2
5-3
5-16
6—-1
61
6—-10
7-1
7-3



=L oo

Q@ M X oo
W

.+

Q
[

=

<

wla‘:NK‘Q«NN}

T
[y
[

AR

(MK 'S ARUNRIZHES 2)

ST HENIERE  (n®)

feBySdkoF® (=/rRT,) (m/sec)
BYSRIE< 2 b v (T)

75 v 7 O Bk 4 — v o)

BE o PRI

TR (=(r/7-1)R) (m/K)
ERIS (=(1/7-1)R) (m/K)

T ORENiZez L 5 2 0¥ —Hi% (W/m")
st (=2. 998%x10%) (m/sec)

BT ORVHE (= /8RT ,/am,) (m/sec)
FiltomE aolE Gax) (m)

BRRZ b (V/m)

HEBRR DAY ) oA SNz 2L E— (J/m°)
BFOBEMW(=1. 602x107'°)  (Coulombd)
75 X OB (n®)

BHBM OB AP (=b0Hz)

RN o 36 F- I

i Erogimsa (952 g =1, g,=1)
JAF v OEMEA (g,=1. 9,76\ g3,=2)
75 v 7 (=6. 626107y (J-s)
w—olim QUAERD (A

WkEIE<7 b (A/m®)

R— L EREIE  (A/mT)

775 F—MHHE (A/m®)

#Fi%  (=-E,/Bu,B)

Ey vtk (=1. 38x107%*) (J/K)
W27 b (1/m)

7T ORI (n®/sec)

£ F v ORI (n°/sec)

WD T b4y X x v A (H)

S RAY

MIOBERE (=9. 109x107"")  (kg)



& «
i
B

<

FEIRFDTOON

(=)

®

w

©o
(=]

e B e T2 =)

g0w

-3
3

g

)

®

< Rl 8l

~

A
=

Beff

'Bcril

JhTroEis (kg)

2Ry b

BTo¥EmE (1/n°)
7R oBeE  (1/m”)
74+ vosumE (1/m°)

FA4F ot (1/m’sec)
Hoh#E  (W/m®)

77 v b ¥
YEBVSURITES) (N/m* atm)
WA OR A SIES  (N/m? atm)
LF-olEhH (N/m*)

BT 7 HF 2 OTPEBZWmR (m®)
BFoEgH%  W/m®)

Ske¥ (m/K)

VA oA

FEBoOWIHET ()

BHHER (Q)

AEHET OB (2)

79 A< nEifE (m?)

BTHE (K

EBEAE  (K)

PRk DA EIE  (K)
FeEHOWIMERE  (K)
FEBHOBEEE (KD
BFOWIz s X— (J/n®)
R b (m/sec)

BroFy 7 bdEX7 by (m/sec)
F—RIE CHEDRRED (V)
FUPoOR—VERH (V)

4 ) A X oG
B — ARE
ek — AR
B R — EREK



@ X T X X ®

&

L (=C,/C,=5/3)

Wz E B AT b BOIR

FT- 0 30 X —FIAR

y—FHR(eLHR)

HEOABR (=8. 854x107'%)  (F/m)
JRT-oWEEET v v

(g=4. 34eV. e,=15. 8V, g,,=24. 6el/)
Wi (F 4 7 2 —9 ToRBEARDE % 60D
BFOBWE (=e/m,v,) (m*/V-sec)
Y2 LFFOARY PO (1/sec)
L LB (::§ v, ;) (1/sec)

Wre 7 HT & oMK (1/sec)
TSk omIE (kg/m®)
TEBHE  (S/m)

SAERIGEE  (S/m)

M (=2rnf) (rad/sec)

LY N
TrhAy
Ny L
EEH 1
M5



®

o

BI1E Fin

1. 1 MHDEOBERHTE OB

M) SERAD T INX—FTHRRIZBV L7 » 7 F—0BRBEOEINZIE T 0 H—RIT,
KR THHE T AMHDRHE S ZhIHd 5. MHDRE L. @REEN{UH D Iz 8T ok
EREEIZI L IRKORF OB A VX —RUHMBI T AKX — % X —E v 543 5 2 & % SEHBERR
TANX—ZEWT 5, % 2T MEISRIZ BRI L R s iz, LDV Y YL 0ey
TEAMRY—FEh b, MO BWEEIRA LG 251240 MHDISEI 2 2I2Kjldh b, 1

Ok ALRIREL E PR OISR E LR W Tt X 8 T o34 T 52 3000K BUE IR

HeH Apey v— FET 23S ¢ 0 2 MRUBEIE* B 2 HikTH Y, TH—7Fv o4 7 MH
DRBI TN TV 5, 1o 1 20, MHFFFTHEBHHA (AT EANT T L) 2[Hv3
iz kY. EHRERE L VSV FRESS S h 2 IEPHEMBISEFIN LT v — FRTFOFS
UMY BOERBRERN 2 HETHY. T70—-AF9 4 7 AMHDRM] IRIEh Tv 5,
BRI P TS Ak vz TIFMIMHDSSHES & IR Tv 5, M. Bilk&)E %
etk e ¥ 28mb, V=X F9 4 7 VMHDREACD & DIZBA ATV 5,

KTl T AREDEE $570—XF9 4 7 UMHDRELHE T 5, ZoRAEH
BT BRI SRR B 2 B ARILE (~2300K) BTz BV T b lism ik
THolEd, VAT LERMEY B oOWEBME A — 7 v 4 7 AVMHD BB TESHTH 5,
PALR MR T H A v €Y — FE# (10~100ppm FEED 2BV T b@EVW kiR 215 28
AT E 520, MEOBAEOHD & bEEHENEV & W B 2. 2o JEEHRE
W RIS . BOYREIRIR & A B A & B IIEN T 2R v A T 4 o BASEE OB
W REE PP X TV 5,

ZOMHDREEY ZAF LHBOFEY RF 20 by 32 LTHAREh TRIAZIh 2. H5, Bl
YEBhSdk (~2000K) ofi>x v 2oL e—k, 59 MH D FAH T25~30%FUEMM & h, Ko
Ty nE—iFH AKX -y (1500~1300K) | #HEX—r v (1000K B TF) 2w ilikx
ANXE - EMENh B, T ol HLOFBEFRIZBV TH A OREH2 REHEE THEL CRBEI L,
RKET 5 v b OBREPHILE0% S ey s

IO7u—AFY 4 7 UMHDREEOHEMROBHRLIUET 22012, ZhE TIfTbhEAF
e RAEBETE Y R MR B, B 1. ik, BRIOEMIBY 5T v 20—l
OB ERLELOTH S (EFEL. BREHOEN. FIHEE. EBRIEE <R 5) ,
19704, ¢ IR EEB VT, 1 3 ) PREOEEMZ B S5 10~20%nEx v X
ne—ililiEs B oh T 5P o ZhondRE. EIEKIEAST Y (RASEE3000K B
E)von, 7a—XF9 4 7 v MHDREOTHENE 23 L 2o T oM. EBRUARE % SMM7%



W (<2200K) % TFWRIRATH *0 ! .
h3¥E B4, Thb0FEHE, 1960 2 L Tao> 300K ees
4R 5 19T ORI I AU TR 1 L I
FEIETHI 7 5 A <P AE L SRR LT I RUN L. —
XA MMAMEOIINLIET P20 12 o 6| RN
EIRMT BALL - T2ORAMENB. B 4 | % 0 ]
1ok, HEERLEE WAL, v— F$E é Tgo ~ 2500 K :‘I e oOFf

R BET 5 (~107) gy, 2 | s e T
FNRATEMEEH s I BRHTH D | , _
3 ORI . 63 150, v— Fis S ol ; ]
L0 BRI Ry o — PR R 541 = .l o / .
M TRHEPRESE £ 10 3 9 TR S0 o pisk Jemo!
W LB T A 32 VWO B R 0.2 - , o Dick 1e<1o-%
50 Th B ChgEm) o AT . “L““JTL&’
BT LU o THRE, Mo - 19580 -

B APER GRS S (K v — K, VEAR

v — P52 oBFEHTHBIIE

SETHREV. MTRENTVE LT, L. 1 =vxae—iilsois

B o— FEOERTIL, 129 <h510% (7m—XF44 7 MHDS)

Fx sz v XL E—iHBEME SN
B 2B TN L. SR
TUHLT% 2w EME LN TS o —Ji, 19TOERLED & 1 98OMERMTN I T
b h iy — FRTo v — Falodsn ' 7' ik, Zoblssibikn Loz vicsh
MTHBEPERE N, EOEEZ A 54 B%E VI =y o e—filiEsEonrY o it
HEIZBRBME Sh. ZOHEERWT20% 2z 5y 2 e—fiilg e kL tvn s,
Hiz, 1980MIZA Ty TR—X Y VB RV | DFYE O RS & o RBEBA, 7
4y bh—~vIRARECCS (w® ) godurrkrt? (0°) thadhsrdizny,
Ihen¥BEAvERBIERIZBVTS, ez v X e—MBRITEMNL, Fz7 4 v b
A=AV IRARIZ BT, BOE12. 9% & wyRET ~sfinEshTtvwa '™,
LI, Za—ZXFY 4 2 AMHEDREIZBY 5 v 2 e—ihRIE - ZBEEARIZ L,
BUE . SRS EHIEAIRIE . RO BV REHEIzBY 5. L RIBLER T v 2 v e—dil
His (~20%) HIEOMHRETX 50 LH L, BREhEIEEHE . AT v b OEB~ETT
OEELBWME FIRLTE 2,



1. 2 AWoMsg AN

WHIEKRZETH, Ky — FETo v — Feamifiic L 2538 Rom L2 Hive L2 E8m, M
MITIEA—H L ThIhTv 3. LTli~EL I, ZZ108EDMIZ. ZoB B APEAHE
fEXh, HAWoOMEAEL <AL LE. UL, =y e—iibBafig siz5tv. ZhEt
HHINDPETH - EHRZREAREL TER. 2hitMH DR AEN LM TH 2R
o> v Zn b—2BWR 2 AX—1ZEBRT 288 CoDREORBTI TS 5, REBHT
BRINZVREBKEL 2220, 77y 975t L 2 —L y Yy ARKEL R, Thidii
AFRA~ORERTINE R B0 ThH B~V vy HiZ & BHEIHREOIRELEIISER Do KN EY
T {\ Bl L ToOMHDBEEORE iR T 5 FTHELZEHR TS 5,

INFETOWRE, Z7o—X FY 4 7 VMHDREIZ Y » CTRELBIERLEOMRY & 7 ol
HAEAE SN BTz BV T By 2ReMbT Iz & 0 B ToIRVE 7 5 X = o3
S R 1 R NI gl ol P ¥ (17 (XL (AR €U R E O QAT

LhLiaMbz v e—iilioXRE 2 REHMoOMELBERT 212H 2> TE. ThETHOMRT
BHENBERENTVEVRO LD RMES G 2 WARETH 5,

(1) mr—v vy Nz 2HHRUEOREOICTANE L iy HEEH Tz B v T H RGN T
v— PR EET 2 L ) nRBWEARITE 500, £EZ0EA. Lok IREHR
HENV, FEEOL DI LBBEEFERET 208 E LVOh,

(2) WBEFFoOBLzE I EFTHIGTE, LRAWMEIHZX L TEDX I IZxHLT 50 h.

(3) mERLE RS 2IEER eI 75 X234 e, 2hitEBsikoRn
hGlzenL )% LE* 51 200,

(4) JEPHi 75 A< 2SR e oM EERICERE L R E LIS 300 b LIERET
Beghlf. HREABRKOBRERIZEOL I ZEE L LEALT DM

(5) IRV r— L vy IR L EBE. REHN CIFREORENBZ oh e T
Ay ThUEREENFRIZ 0L REE L 52, Bz LI ETHR O M,

T E B L R EOREE LB 22 012lE. 2ok ) 2RI 7 7 X v 2 EHHSE L O E
YEIZBEE Uz, S v 2o e —HhiNSS BT o A 2 MU 2085 H 5, TORHIZIE,
BRI BV TR 77 X v oERXE R L IE L. Th 6 ofEITH 4 2 RS &
BEHENIMIRTH S0 L Ly TOPEE BHEO 2 ZAIERIZHBTH L FHE L 254V
FRMHOEOIIEBZCOTREBEL T 5, 0L ) RIS - T Btk & 2 ¥difiphrh
Eh Do BN Tl 72 OCEO FIZEHL I h ERE LI BS Iz 2 2 H, Thizk -
TR PERE T SHRESR 0 RIEREAT  HHTRE & 7% 5,

FAEHN TA U 2R BT 9 2358 ARE T 5RFGRE 38000 Db 2&ine L
TN FE YN A E Lve L Ly HEBSKEOW NS 026 EFM L TEIoure 29000, BIED



) @

A ORED D & 1T L CIERIZIRETH 50 BRAO = 20X —BHIZHARMZBES 35— v
Y HE 77 7 F =il B e oIz L 0 Uy Fhi Sk oRN NN 20 %
hift, HRECROHE— Yo ) v (RnEIED 1 FSEEoPERR 2 30l 3 2 I CHENAS Th
OHIETBRE N5, ZoBO. TN TEC 28» SRR ~0 [ x 30 ¥ -4 | il
OEXBZIbhzve FREIOMIEWIZEBV T, 77 A< 0N (~usec ) &b L Tk
WA ROEHENGR] & R >iiih g (~msec ) nZLEBRT IHENTE 5,

F ZTADE T THZEASRM% | I 7 5 X<z g 5 3mst 2 2 2% 1z, gpp
i7" 7 Xz & el e OMEMNZIR GRREREDZNZIYL MH DY) & S 4eimiifk ifiag
IR M f HRRGR & N R U YGE e LT 00 SRl I 7 5 A= 2 ff
Bk e OMHERENCE OB ZRES M~ 8 2 Qe Ly Ky — FETo v — Pl £
LEHEEL R - R v Zor =i T 5 4 2 705 | 12 B30 2 I EMiiieslge., EerZeE
th I 7 7 X2 RFI SR OZET 2T Uy 2 h 6 o8 EHEEIZ BT 3 2B 2 G L 2.

AWFE TR LTS [ 7 4 A 70 W BUL, 2010089 £ 2112 2o [T £ h 238100
MEFE D 2 HENZAME W BB LT v— F CGRIUBE TR U9 A2 30ET 5) ahidiin
A&ERHE Cr 50D i &\ [ (0 Hr) 127 » 7 F BN 5. 2 ol & By
oIz L Y SIS R — W ETEHHPEC B0 ThIE TR—ZH) IREh, F4 27
BRAMIE Zod— R EFT L TRLMHRO—X oM 6 BRI E RO T O TH 5o
Zhits BVFIZRT &9 i E R,

1) dw—n#REFMAI 220, HotkiE:
BaEbIZE Bk — R E L EE G
%a

2) 777 F MR S
LTBY., B TOREEET OZEN LV
i, 73 X2D Y 2 —NHEDTIRIZ
fibhy— FiEliid 232 nEF
WEEE LTV, |

3) w— AN CUOBRED 8 VAT
Bz AL o, Bl L ToFEROHE

r lall Current
iR eIz v, 127y 7 F -5
Bot s> no8Esr k] L =REod— B1. 2 54 AZBMHDRTEE

Bkl 7 v

4) BRI TS B0 8-> T 77 7 F—REHo L 5 2 TR SINK £ ST 7,
BWHRRE DA v H—T 2 A AL B4 =B 12y b THV,

5) AnAduyRoOBTEHEETEV RO BE35E 2 Ao ¥ 2 — N E il LTS A
CITHn 77 X2 dlGUnBIE* Hb 2850 TE 5,



@

1. 3 JFP%MHDRE 2 b 3 2 MRS

v— FENEMGH A S izt B v — FPBEo A+ vy pERT WH AL+ vy
kT o b FIHOWFPEIET 50 7 2 Tlky IR L DT 20 AMboRT-& 3572 55
Wit GEFRET, ) 2585, xRMUTOAORT (BT . ThsohiT-& ) Lofizkizk
BRI A b AEBSURIET, TIREI N B H— 0l &> (2HUEey 20202
Do 208G BT RKCERNTRIT. ThZhoflEizdd 2BEmRA R Tl dh 3, K
T Zo [ 2EET L] FHvTERba iz THREYPKEN S | I 77 X< 3% L,
DAFIzin ¢ SR D w TN 217 9 (RS 2vwTlEs R e o3

iR
Wikt
ane — . et
31 +V~(nvue)=na:%nj (1. 1)
a_n:ri +7 2+ 7
ar PV (nu)=kpnn,-knn=n, (1. 2)
(7=K, AxIxH,)
ne=§j3n} (1. 3)
IR
71«%(7x§)20<ﬁ+§x§+e}1 Vpe> (1.4)

T FoL X —REak

ol . N
S (Ueue)ﬂbev-ue::j(—;—<COLL>—QT (1. 5)



LIS THOFAW

96.,9- (pu)=0 (1. 6)

A ARTF
gaf(pa)ﬂ?'(pa'a):jX§**V13~'PL ‘ (1.7

T AL X — it

I

o . {(E’fp)il]:;f-ﬁ—QL (1. 8)

(v
fy
4

BT~ 7 by B=(0. 0. B)
BRSY b E=(E, Ey 0)
BIRBEER 7 b J=(J,. Ty 0)=Senju-en,u,

W< 7 by u=(1,. Uy 0)
LINF YT p=pRT,\ D,=n kT,

EB SR O BFH ) OB A EPE T 5oL X —

E=p <GDT9+JEZ§I-2>

HFOAHc 2L X — Ue:%nekTe +E Myt E 41y

9
e ? k,=1. 09x1072°T 2
" 2um kT, \ 2
ol (28D _p o9 (ML, 2. &y
WA Bk 250 (T2 00) e )



BT D2 B

1
u“"j:(_lzme > n’jSQe—j
(7=K, A, H,)
KT, \3
2
Ue—io’n.:< nm:> Qe—‘lo'n. ?n;

ue:}}ugﬁj

WF oISz & 5 x50 X —{2k
3 m,
<COLL>:6-§nek(TG~T9)§E;,,Q_j
L PR UL
Q,.x =0.58x107""
Q_nr =0- 46x107%°T,-0. 32x107%

Q@ ye =0 65x10°%°

T2\ 2
-10p7y—-2 7 e
Qe—io’n:5' 85X10 Te lﬂ[l 24)(10 <;’L—> ]

ﬁ’]’“ﬂq‘gfi-jﬁié&( 84-86)

g 8] o 3 o '
Qr:§”2/2n7n:585 T dfjduc{B"j(Te)—Buj(jw)]

X 2hv8 hy; B
REL  B,(T)=""3len(-%) (71—v o)

— LA _,, p..eb
w— AR B=u,B o
€2n
ﬁi’iﬁ'fi‘@g{ U:nee#e:m Ua
e e



RS OIE D% 2 P, Qéi

112 LBSIMRIC ™ 1

RSO ™ Q=N,,Cp(T 0TS

EEL Zﬁzt/b:/?ﬁ(N(zo)\ m[ijhﬁfﬂ}’{r]y({iﬁ) '
st

90w

it 0.2 2/8
*t Ry PPr®

T o= 1+0. 88L510% )7,

TH 5o

Bz kW TR e T 2IET 7 5 L2z BV Tk BHRIE L £ 2 0 ZHNE < BRI 7
5 X2 hOMWHIZ L BB LTI Y | $EF MBI T 7 X ORER X 1T~ TIEN
&y 7T ATBERNPETH 25D BGEEh s (MHDIERD o ZoMEHEoHRR,
R

IxE=0 (1. 9)
v-J=0 (1. 10)

&7 Bo My AW T S H—KEHBRRBIZ BV T, 0 HAS—RTH S EHET 5120,
VxE=0 h 6Ey=0 #5, £V -J=0 pb6J, (r) - A(r)=I (I kx—n (HiH) B A(r) i
SO HANTERED SEPh B,



1. 4 Aotk

KIS I TT7EM SR Do W 2B T B2 DFBIRRIZ3 4 2 FMBIR (BAAh
1000MW#D o= v X E—iliSs B OIBIRE v — P27 5 A< k5 e LTIREL.
Fh ZhORMEoOMEAE % LLRMFT ¥ 5 & iz, RO L TR EDRAII 2w Toliit 51
Bo 2T HBMASIIERZUGETE, L bI8hd — 8%, BOBAUREE £ v TRE
Rt o HE S 2 R © & 29040 7 5 X = 0 JRITRAIEA & 0 U 23— RouMH D SRS R v iz,
LA Ly Selzib~zMEN (2) v (3) ok ) %kl 7 5 X< RO RE o Iz it mio
I REBAOTOBTREOME, ADTEMAHE 2 285, LEHTENOEHRES, 2ok
PRFBEAH SR TE LWL b E Ve 72T W3 WA S5 RETUIEEN 7 5 X = RONBH5
Rzl 2R R IBE N o e LTIRY v il 17 - 120

W3MTH 7 —XFH A4 7 VMHDFMIRER TFUT 1 -1 1 TBIBE hz e Bois
K 2 OWAOPEIZ >V T~y Tz HE—REMHD REUE iR < YAz L 0 2 o TEAR
OBAERA B,

WARTIE P 77 X< L )RR e o EPENZRIKE U R2ERE
(Magneto-acoustic Instability) Z3HL. BBBIDRID & Z OXRLEED L E,
R EISIE L 2o HIzIEE R T RN E V. 2ol oM ToRE - 2 o REHREIZS
X DB EHEBR L

WEETIE 3. 4TV EIBEEAEROEVIEAME 245 U, FSREEN Tl S RAEY
5t D SRHALE SR T B AMERME TS 3= X NO Y 1 1) A X ORI T
X h BWTRERAINGL: & THEWEIIZE 28 v 2 L e—hi BB o 4t s i~k AN
RTRENEE, AN TRMMPHAL % 2BEOHA. I 28Ty e Hai L 2 Ravke
FRET OB SHHIPAS % &1z Uiz,

WO TUL B HORBHOANREE VT I RH I 2 514 83— X 20 LTHIIR
FocEsir hEBGoE T v 20 e—REHO BN, BB HFIEBE LT~ 1 v 3—& v 2
7 L OFYIRZ B & Z T h 3 FRBREROLEIZ DV TERENZ .

WTETI, KW THAM R > EET v X0 E—iiF 4 A 7 BIREHM H D SsBH otk
DWVWT XL, AR oifE Lk



References of Chapter 1

1) Yoshikawa, K. and Shioda, S., ”Closed Cycle MHD Power Generation System
Combined with Gas and Steam Turbines,” Proceedings of the second
workshop of the Japan-United States Cooperalive Program Vol. 2, 2-1,
Oct. 1984,

2) Loubsky, W. J.., Hruby, V. J. and Louis, J. I, "Detajiled Studies in a Disk
Generator with Inlet Swirl Driven by Argon.” Proceedings of 15th
Symposium on Engineering Aspects of MHD, Philadelphia, 1876, p. VI. 4. 1.
-VI. 4. 5.

3) Klepeis, J. and Hruby. V., ” MHD Power Generation Experiments with a
Large Disk Channel,” Proceedings of 1b5th Symposium on Engineering
Aspects of MIID, Philadelphia, 1976, pp.VL 8. 1. -VI. 3. 6

4) Blom J. H., Veefkind, A. and Riet jens, L. . Th., "Fnthalpy BExtraction
Experiments at Various Stagnation Temperature in a Shock Tunnel MHD
Generator,” Proceedings of 15th Symposium on Engineering Aspects of
MHD, Philadelphia. 1976, pp. VL 6. 1. -VI. 5. 7.

5) Veefkind, A., Hellebrekers, W. M., Borghi, C. A, and Rietjens, L. H Th., ”~
Noble Gas MID Generator Experiments at Low Stagnation Temperature,”
Proceedings of 17th Symposium on Engineering Aspects of MIID
California, 1979, pp.H 3. 1-H 8. 7.

6) Sens, AL F. C., Veefkind, A., Uhlenbusch, J. . and Rietjens, L. H. Th., " First
Experimental Results with the Eindhoven Shock Tube-Driven Closed
Cycle MHD Disk Generator,” Proceedings of the 20th Symposium on
Engineering Aspects of MHD, Los Angeles, 1982, late paper.

7) Sens, A.F. C., Veefkind, A. ., Uhlenbusch, J. F. and Rietjens, . H Th.,
" Experimental Studies on a Closed Cycle MHD Disk Generator,”
Proceedings of the 8th International Conference on MHD Electrical
Power Generation, Moscow, 1983, pp.M 11.1-M 11. 9.

8) Veefkind, A., " High Enthalpy Extraction from a Shock Tunnel Driven
Nobel @Gas Disk MHD Generator,” Informal paper presented at the ILG
Closed Cycle Specialist Meeting, Pennsylvania, June 1985,

9) Veefkind, A., Karavasilev, P. and Wang, D., " Generator Performance
Experiments with a Shock Tunnel Driven Noble Gas MHD Disk Generator,”
Proceedings of +the 9th International Conference on MHD Electrical
Power Generation, Tsukuba, 1986, pp. 359-373.

10)Shioda, S. ., Yamasaki, IL , Matsutani, K. and Sato, H., " Experimental
Studies of an Inert Gas Disk MHD Generator with a Small Seed
Fractiom ” Proceedings of the 18th Symposium on Engineering Aspects

of MHD, Montana., 1979, pp.D-2.6.1 - D-2. 6. 7.

11)Shioda, S., Yamasaki, H. , Oda, T, Dahiya, R. P., Sato, H., Saito, S. and



Shimazu, Y. ., "Power Generation Experiments and Prospects of Closed
Cycle MIID with Fully Jlonized Seed,” Proceedings of the 7th Interna-
tional Conference on MHD Electrical Power Generation, Massachusetts,
1980, pp. 685-6956.,

12)Yamasaki, H., Ilarada, N., Dahiya, R. P. Saito, S., Yoshikawa, K., Kabashima,
S. and Shioda, 8., "Effects of Impurities and Gas Temperature on
Closed Cycle MID Generator with Fully lonized Sced,” Proceedings of
19th Symposium on Engineering Aspects of MDD Tullahoma, 1981,
pp. 7. 4. 1-7. 4. 5.

13)Harada, N. , Yamasaki, H., Oyake, T., Watanabe, M., Shimizu, L, Isogai,T.
and Shioda, S.., "Experimental Studies on the Performance of Closed
Cycle MHD Generators with Fully JIonized Seed,” Proceedings of the
22nd Symposium on Engineering Aspects of MID Mississippi, 1984,
pp. 3:1:1-3:1:13.

14)Harada, N., Yamasaki, H. ., Isogai, T., Tada, S. and Shioda, 8., 7
Experimental Investigation on IFaraday Generator Performance with
Seeded Helium ™ Proceedings of the 9th International Conference on
MHD KElectrical Power Generation, Tsukuba, 1986, pp. 384-393.

15)Harada, N., Yamasaki, 1L, Minakawa, S. , Iwano, K. and Shioda, S., " High
Enthalpy Experiments with a Closed Cycle Disk MHD Generator,” Procee-
dings of the 9th International Conference on MHD FElectirical Power
Generation, Tsukuba, 1986, pp. 374-383.

16)Balemans, W. J. M, Arts, J. G. A., Bierens, A. A, . van Dijke, J P.
Flinsenberg: . J., Holten, A. P. C., Huijgen, G. , Kostka, J., Massee, P.,
Merck, W. . H. , Peters, J. W., Rutten, M. .., Smeets, M. C. M., van Stratum
A G C, Verhagen, J. P., Blom, J. 1. and Rietjens, [. IL Th., "['irst Power
Runs of the Eindhoven MHD Blow-down FFacility,” Proceedings of 19th
Symposium on Engineering Aspects of MHD, Tullahoma, 1981, late paper.

17)Flinsenberg, 1. J., Balemans, W. J. M. and Rietjens, L.IL Th., " Power
Extraction Experiments with the Eindhoven MHD Blow-down Facility,”
Proceedings of the 8th International Conference on MID Electrical
Power Generation, Moscow, 1983, pp.B. 4. 1-B. 4. 8.

18)Balemans, W. J. M. and Rietjens, l. H. Th., "High Enthalpy Extraction
Experiments with the Eindhoven Blow-down Jfacility,” Proceedings of
the 9th International Conference on MHD Electrical Power Generation,
Tsukuba, 1986, pp. 330-340.

19)Yamasaki, H., Kabashima, S., Yoshikawa, K., Ilarada., N., Okuno, Y., Okamura,
T. and Shioda, S.., "Recent Results oprower Generation Experiments
with TFUJI-1 Facility,” Proceedings of the 22nd Symposium on [Enginee-
ring Aspects of MDD, Mississippi, 1984, pp. 3:4:1-3:4:18.

20)Rosa, R. J., ” Magnetohydrodynamic Energy Conversion,” McGraw-Hill, New
York, 1963.



21)Kerrebrock, J. L., "Nonequilibrium lonization Due to Electron Heating:
I Theory,” AIAA Journal, Vol. 2, No. 6, June 1964, pp. 1072-1080

22)Solbes, A., "Quasi-Linear Plane Wave Study of Electrothermal Instabi-
lities,” Proceedings of a Symposium on Magnetohydro-dynamic
Electrical Power Generation., Vol. 1, Warsaw, 1968, pp.499-5H18.

23)Mitchner, M. and Kruger, C.I.,” Partially lonized Gases,” John Wiley
and Sons, New York, 1973.

24)Brederlow, G. and Witte, K. J., ” [Effective Electrical Conductivity and
Related Properties of a Nogequilibrium High Pressure MID Plasma,”
ATAA Journal, Vol. 12, No. 1, Jan. 1874, pp. 83-90.

25)Nakamura. T. and Riedmiller, W.,” Stability of Nonequilibrium MHD Plasma
in the Regime of Fully lonized Seed,” AIAA Journal, Vol. 12, No. b May
1974, pp. 661-668

26)Hara, T., Veefkind, A. and Rietjens, l. H. Th., " Numerical Simulation ol the
Inhomogeneous Discharge Structure in Noble Gas MHD Generator,” ATAA
Journal, Vol. 20, No. 11, Nov., 1982. pp. 1473-1480

27)Yoshikawa, Y., Kabashima, S. Yamasaki, H. and Shioda, S.., " Dynamic
Properties of Nonequilibrium Plasma in Disk MHD Generator,” Journal
of Propulsion and Power, Vol. 1, No. 6 Nov. -Dec. 1985, pp.425-431.

28)Inui, Y., Hara, T. and Umoto, J., "Numerical Simulation of the Discharge
Structure in Nonequilibrium Disk Type Generator,” Proceedings of 23rd
Symposium on Iingineering Aspects of MHD, Pennsylvania, 198b, pp. 461-
475,

29)Fukuda, H. and Kabashima, S., "Ring-Shaped Discharge Structure in a
Closed Cycle MIID Disk Generator,” Journal of Propulsion and Power,
1986 (established).

30)Veefkind, A.,” High Enthalpy Extraction from a Shock Tunnel Driven
Nobel Gas Disk MID Generator,” Informal paper presented at the ILG
Closed Cycle Specialist Meeting, Pennsylvania, June 19856,

31)Sutton, G. W. and Sherman, A. » " Engineering Magnetohydrodynamics,”
McGraw-Hill, New York, 19665.

32)Hinnvo, L and Hirschherg, J. G, "Electron-Ton Recombination in Dense
Plasmas,” Physical Review. Vol. 125, No. 3, 1962, pp. 785-801.

33)Brederlow, G., Witte, K. J. and Zinko, 1L, " Performance of a Faraday
Rare Gas Alkali MHD Generator.” AIAA Journal, Vol. 12, No. 4, Apr. 1874,
pp. 481-489.

34)Lutz M. A., "Radiation and Its Effect on the Nonequilibrium Properties
of a Seeded PPlasma,” AIAA Journal, Vol. 5 No.8, 1967, pp. 1416-1423.



3b)Hiramoto, T., "Rates of Total and Local Radiative Energy liosses 1in
Nonequilibrium Plasmas,” Journal of the Physical Sociely of Japan
Vol. 26, No. 3, Mar. 1969, pp. 785-801.

36)Shapiro, A. I, ”The Dynamics and Thermodynamics of COMPRESSIBLE FLUID
FLOW, ” John Wiley and Sons, New York, 1953.



@

B2E TATVRUAD Y AR RSBV

2.1 Ltz

LR ERIBLEZ o — X F9 4 7V VMHDRHE Y AF A% T 5701213 BEHFELET 555
POV THRBEDEND 5. T TH LI BEHREET V. ERTORE D L) il
FRET RIS VoI RRIBBEELZLON 1 5TH B ZhosoMfEIZH LT BTV AT
LO—HEREH 2 LToOET v 2w e— RS R RO RFT BB 4 5,

INET F 4 A7 BFSEBORE© T ORI 21K - ZARRMBTIZES S > EIh TV 3
U8 5. ZhHoBEEEn. ZhE TIbh & ERBEROAEHMEDEERE LTy —F&hk
FAIVENOTED . AN Y LM BRI Farmdn Ty Ghb, BETHAY 7 2%
Mtz y 2 e—iEs B ohTwa™ Yo 2hit, Tady SHEBNEIITHEY . Lhb
AN Y DZEARTHET & ORERAERIEA N W ESIEE 75 X 255 v e v ) Btk o3
12k 3,

—H ARG Td Tt BEERESE I L TIRE L e 2 FIEOMMAUE S L
DHFHAKEVEDORESEBEINESN L VIEFEH> (K)o £, WEEZRAGLES
By HFROFEFAG NS YL S 5,

# 2 TEE T, MRk (v—FahE7rdy, ANy A, Bidzh soBE&GEU 12
T BF 4 AZBBBEOER ESBHAIR Ty — FRELBHMAEBT 2L 2 WETHHT, 0
FEEEVERE £ HBGT Ly RTEM e L T EREIz 2w ToRE 25X 232 HINE Lz, #)&
17y F2. LIZRT LI T RN Y L OO BV AT — R I 72 £ =,
RURABHOIEIR® 7 otEfElz 5 % 2582 ow THRENT 5. iz, FRHITH 3 & B2 6 h 205
Rz L0y T A %R Uy RFI7% T 4 R 7 RRBMOBIREIRT S 5. Hiz, TOR
Tz 2 BPHHE R PR R M B0 0 v — FR, BAATRE 0 T2 4IRS % 1 &
128 %,

%2, 1 7rIdyEUONY T L0OYRRER

Argon Helium
Atomic weight 3994 > 4.003
fonization potential 15.76 (eV) < 24.58 (eV)
Collision cross-section of ~16 2 —16 2
electrons at T, = 5000 (K) 242 x 10 (em?) < 5.65x10 (cm?)
Thermal conductivity s 1
at T, = 2000 (K) 7.16 x 1072 (W/(mK)] < 495x 107" [W/(mK)]
Sound velocity 833 (mjs) < 2630 (mfs)

at 7, = 2000 (K)




2. 2 iSRS

CL1) i —Budittli 75 X< ik

FlEMBZ 7 4 A 7R £ 18 2 2ozl MIEEREE Iz LTIl 75 A= B EETH Y, L
VI — VR ETERARHIE & R oYM ER I h B, ST Wiz, HixofElsik (o
N9 LEY—FLETALIY, ~U A B0 Th 60RATIR) 123 29574 77 X< 0ifh
ZOWTIAND, 22 TWVRI IR 75 X<z BV TE. M & ofizgiz & B h iR 1ok
U A4 v BT & OMRANEEIATH NI iz g Sahao Wb 2MEs 2 a0t s
%o

. o2nm, kT, -
e 20) () ol ) a

E’f [./\ TLESZYL;

TITN T EANY A Tud vy AU Y LERT . RIS — AR, SRR 1T
BHHAR T e LT,

Bors=B: Tors=0 (BB oyypn SSERAE) (2. 2)
BusrBorinn Oupy=3 10 (B>B sy v FEGEAL) (2. 3)
FRvIze

BRI T 23800 — 3. HMBSEREEZ ThThM2, 1 Ca). (b)) IZHET. M.
Bhd G A= 2T LTI EER BN I LOELDR (%) 2K LTVE, ZhbHDEM b,
ANYY L EERSEEE LTRWERS. TAI Vv REZhSORATEKOBELN 75 X Mg
i ZBRFREOEEMSIEVWENb N B, ZhidF2, LIZRLELI AV Y LOEBMETF v 7 0
M7 VTR TEHINZEET 20 L Ly REDZENHE,. o — PR B oM Solehik
R LRSS N Y LOEASELEIT 12060, EESI B 238 m — 1%, =)
BREETHET T 2EMNb M . ZTHhIFETF LAY 9 L2 OFEEZEGNHRES 7 L2 v & 0BEIz
HxTXREW (F2, 128D Ik 3, 2hill, ~) 2 2{E8&ke ¢ 28586, TrdroBa
& [AFRE O F) s — AR, SOHEREHE 2B 22012, L VHVEE. Slvidd VIRV ERK
KD 2 ETGME L TRET A ENH 2o



(o

(9

103

' — I 1 T
100 T T T T T T \5 T T T
50 Po = 6.0 (atm) [2) —— Stable
Tgo= 2000 (K) . ——— Unstable _
H Moo= 1.7 D 0%
o e = 2x107% g ) ,
b 102 | ]
o B =7.0 (T) - ‘
E 10 / ﬁ ~ ///,
H = _ g
/ \ 3 / /
‘84 l//\‘\‘ 8 //-\\\ //// 50%
T ]
o °r 1 \ , © ” \ 77 v
o 1 \ 100% A 10 /" ./ 100z
[} / \ [u] /7 \ 7/
2/ R /; «
(0] 7/ ;‘_" / -
> P \ 0% o /,
I" -~ / \\\ - [3) /7
o 1 s/ N @ /7
& = T o i
Ho.s - 0% o 10°F /1 Po = 6.0 (atm) -
me > i Tgo= 2000 (K)
-,—‘ =
i J Mo=1.7
[§] = -5
——— Stable @ ’/I E = gx(l)o
——— Unstable b / - (1)
0.1 ] ] 1 | ] 1 TR | | ) . | |

3 4 5 6 7 8

Electron temperature (x10% K)

Ca) ik — 7R3

3 4 5 6 7 8

Electron temperature (x10°% K)

(b)) IR

B2, 1 fixoffiskidicye s s s Leojfht

(2) F 4 27 BSBHEOTR L HEtE
T4 OIBEMIN U CREBSINT T 5 X2 WERE % 5 & 5 RGO E Kb, ZOW0
SYBHOPERE £ 2 907 & 0 AEBYSUR ORI 2 T OBRETT 50 AIH iy ¥ — Fozhfilk
RILF OFABOVENE 2 N7 L 12 Abe 5D 0B IIN T, IR 7 5 X7 0 ST v & 0
52 L f2 S M YEMH DA & IV oo A TI) 40 F 4 A 7 MATHLINIL & 515 L T,
N E N AFRS A RBEOTID STAT 2JEE Lz, 55 130T L REIATR, 5¥hh 5
JETH 7 5 A ATV % 5 L 125 W W —YOEMH D TR & U F IR g e CRRSC T
(2. 4) ROSahadBHEHERKT (2. 7) Rox 50X — P& ANl 3 P4 7 5
Ak [JRIECEE | KRBT, 2B HUETO [Saha Py ] R FIXMNT 5. D

BTR
Saha o FEEEAS

o

Egﬁ£:2(21>(2”"%k7¥>2@m<:£1)

n, g X 5T (2. 4)

e



-t h 4 — 2105

J,~I—;U [B,psu,BrugB+E, ] (2. 5)

eff

) Ogr

T~ B T [Bgpr(ugB+E,)-u,B] (2. 8)
eff

T AL X —

JE
5 Ok (T, T )z( >UGJIQ (2. 7)
HhiT%
& it
du, ap ATy dz dr .
w, ' h T, e (2. 8)
HERLRAFE O
du, dp uz JoB . 5 ,
J,B
dugt (224 i )d? 0 (2. 10)

= 3K — O ffER

(G |G i |G vie) o (50 7

g g

Ay S| dr .
[pu -N, C)<T“mew%aZZﬁZ (2.11)

FRBHORERY - J=0 . RUES Kk — (0K ERSIEEE T pIER (2. 2) .
(2. 3) % FEonzmx .

BRI T T 7 Ao WEEL 2 2 L ) LRABOTRFNET 2201208 & % 2HRME L
Ty 22 CHSTBA CHRTIREAB000K & w322 B Fo ORI, B4 0/ETE
Iz L CRER T A2 BN 2&TH %0

FHEETIBIZNV EZ 2 A TFIZ5R Y

1) FHHAMIzBY TR —ETH 5 (T,=600K),

2) METORIEE TRV,



3)  FNRIEHESK, BARIEBE T 5, BRI 5,

4)  HEHEEIMzIE. COu HO%EORMBOBAIR LV,

5) kv bX7 b ROBER ) AVREIER BNV,

6) ey PXZ PO B0, bTh 3,

7)) BEE ALHOBEOSEBRIE6" TH 5.

8) GhybXZbhivhbsAn—MUBETOES/ dwy bX 7 POV 21. 429 3,

9) F4 72— TOENEBITEEIREIZL 5. > T F4 72— 2FHEREHEON
BN BTk iz5xshs ),

g = —L- B (2. 12)
Doey 7
(%)
IV E B v xne—inh®RTH o,
1 (r-1)
7+1y2 =
1-F.)
F+ a-r, — 271
£ 1 +L_lM2 1+ 124 m2
1 r'1. 2 * 2
e e -1
Poe Z_’Qg 7 2 .
Z)01 - p()l 2 ~1 7:1_
bl g2 Y1
<r+1M r+1>

THb. EFEL. Do1~ Pos X(Upoe s Th ZhBEBHALDL O RCHEET 1 7 2 — -
TORAEIEN EFRFo FEMERKEBWBOTO < v Ik F, 3 EHEF 4 7 2 = TOIEHE
s (=0. 95 2" ® ) 27T,

FEOERE—RTME D HREE, g #2. 2 RO EREY 20

R OCEENTFIZ. Runge-Kutta Gill M =efZ Ak
HEHWTHIRSe 22Tl #2, 2173 1E
Btz LT, Bi4cnfeiRdkizsdd 2588 Thermal input 1310 (MwW)

WOIEIRE RS, Wik 22N % sk 1, Enthalpy extraction ratio 35.0 (%)

Stagnation gas temperature 2000 - (K)

B2, 2z70dvfIzEENREANNTLOE Stagnation gas pressure 6.0 (atm)
WA B TBOKBROURS B 1211 tomporatuze 00 (0
! Magnetic field strength 7.0 (T)
B, ERE2. 31T FEBO AL = » Seed fraction 2x10°°%
M, e A<M wfﬁ)}gﬁjjé’ﬁana‘ ) &d3 Inlet swirl 0.0
_ Loadi fact 0.13
ST <P,> £ L. Thboly 00TNT tacter

MeobMd X3 ItEihske LT7dsr . ~
Uy AOBRSGEEEMVESSG. REBALD TRV » A ESLEE L (NY Y 260%, Trdy



A40% THKE R B)  ZOREOEGEH ) VIR % 5o ZREET &~V W L & OBEHZE0E
BT Ld Ly oBEIzERTRkEVWE, HlIz7ud v Ay 9 L2 TERSKE WL HFEMNE
WINZEIRY 50 T 0EE FFHEBNOEY 2 o BB E < BEBoOMBERMA L T T v |
By EHSEoBEIRIZH L TH20% KT 5. BiBGEROKTIE. BE 7 v F oREGERNE
TEHBEECHDOTH Do EEAN T LOELFREMMNI G BIGCOMDBIEMSTIIL . KiRE L
TR v v E—fiiNR L F>RBWO R X E L 2 2HMNAHRTE 5,

2 T 4 T 10
mE
~
=
=

Channel 3 =)
—
x
z . N
= ny
v v
w1 Nozzle . 2 5 .
ja} =] —~
'a' E':'“ ™
o (o=}
~ ’ —
N 5
. 1 j
e
Hot duct

0 ' 0 ! 0

0 50 100 0 50 100
Mole fraction of He content in Ar (%) Mole fraction of He content in Ar (%)

B2, 2 7adofizgdEnsAN )Y LDOEL M2, 3 7rdviz&Ehas~Y YL LOEIL
I R E DR S Y= ] SBIZAT BM,, v <M>, n,\ <P,>

B EnER D SEBEEORIIZE T 2202 LT, EBIREIZ T LT v ~N ) LolERIE
LV BEE MR T LT v R OHIFE A~ Y AOBE & B L TRFNZ R 58 EHRIET 298 T
E 5,

(1) BEERLEIZHLT T AP e % 3BAREOHHS. ~Y v 2ol& L L Tk

Vo FIZHE) R — LR, SBBRBEERT LI v olid e L Ty
(2) WEBALDTEVY= » "EELHBELI2EOEFHH ) ANITELS 20 ZERROCBEEPEH)
HEhzve FIRAETORE < » A BT < WIESE IRV,

Zhift, FFR%ARE LMz 7or g v e~ Y AR E LB X 6h, KTz

Wity Zh S oHIEEE AV EARBLEREMO 7 1 A 7 BRI >V Tilic 5,



2. 3 TAAVEUEANY) Y LENOERFN ST

RO 70— X FH 4 7 Vo MHDRE S 27 LIZHARAE N B F 1 R 2 BRSSBBOTBIR K U1E
BRI RVGES BB DUFOTE IR 2 8- o

(a) FEHEEMTY— FRLUHEPIEd 29

(b)) ZoOFRAMEASE VPR (WK 26359

(c) HEYATLoO—RREHE Lol et d a9

(d) WfroBhin» 62552 HBTv 21

FEHBEHOBREIE T 5 LT E e 2 3R 2 To L S IZIE L.

BT & A

VRVHHSS I IZ A & 1 BT OB D % 1000MW & i Ly 2858 TRVEIZ & B0 %L
X—OHMEZE L T TS 2BAHE1310M0 e LY o SBAL ToORAMN
BB ZhE TOEBNBSREOMIRIZ I 3 2 RIODIZED 52U 2 BTV ER 6N D
2000K 2 Lz%%

X v SOV E— iR

MHDRBEHTHOT v X0 =R EBIIE € 5 & FEBONBRRML ., S
ORAHEREIHIT 50 22Tl MHDSEWSTIZRB I 2BEORZ 77 v 1P 12ip
BTy XL E— R AT AT EEE LT, MHDREB TCHOx v XL v —ihHsE % 35% & L iz,

y— P

U= PR, HUABOBREWET 2 L THELERTH 5, v— FRLHNXEL2H L= v X
NE—THEE 2R ORERITE 20, - THREER A H/MUZR 5, LAl ¥— FRoKL
BHBELRMNE €, BHOBFMLELTI230EHEZIANB, Thoodihsd, 22T T
R— VBREIEN2A/ cm” DTFE VI HHERY. v— FRE7 LT v oBa2x107°, g2~
W LOBE1x10 %2 Lz,

ERIRS

F 4 A7AGREM T ARV n— L vy AR EBRAIER L. BB o< >
NBUHEL 72 B0 T O o ABDBLIGEWRE 74 7 2 —FHOEEERIZ B 3 [EHEKINE
e s (EAOEBERME <22 b, BRI 2 5. ZoFp o, BRI » A
Al 1~1. 2122255158 ) IREI N D,



WA BT D & B O &

2. 41zisRIEh B oME OBy , , I
L TS RIESTHONAIE £ de 22 T e (ST
TS OME 2 RBEWEET—E & Lz, & Thermal imput  1310MW
)‘Eﬁiiﬂij)ﬁ’g{!}qj@t{u:%‘d’a BOTH D :o)b‘;[ Enthalpy extraction 35 %
Meohhs Loz, EhREEAN Y L2T 5
B Tady ot e WREOWSRHE LY
O & DBOESE IR X0 IEWE

HETEHERE S 5N 5. ZNIENIHT
MRS BT A Y Y & e ORI
BTV v OBE LKL TREVINT L 5,
F1 ZoM» RN R ML LT, BEoM
IRTT, WABEITFEHET LI v o8E8atn i
ANy LoBEdatme L. TAd v 0l e : '
&y BAShEBMADZHL TRy P77 b Stagnation gas pressure (atm)
B /NE AR 12 012 AIE ) % HOBRINE <
ey 2 MWK Do M Bk e N2, 4 BaoUDh e BEoME o LT

Na=0.75

10 -

Magnetic field strength (T)
o
I

¥ BB ORB O RS A % # LR BE O MR
HBHY 5o

IhHNBERIZETVTROET VA VREAY 7 LB EAERNLEWERETh ThE 2,

o ZHEDED S, B LD IZRAMOENHEEILE < ToMRe UTRAHILNYLZ b0
L7 Do Kz AY Y L RERGIA S T ARTB T T OWHAFETH 5o EEAY Y L ENVIES
BEL, 7Ty oBA L IKRL THRIE, (CERoOREE LR >l hh 2. ZhiIN) 7200
FHEMT D AR TE VT L B0 Z2TEELEVIE, Ay 22 fvEREBTos—
BANE (Br~240V/cm) FTH 5o —HHzy A=W AASBERIZE IRz BV TE BIR
S O R O MR - ToMB AL Uy 2oz L s RA oSG ' .

Lh L. ZheoBEA, 22 TRLESLEO T T U ZMEMIERIMNIREINTE ST S5O
FELRYMTH 2o TRINLOMTHRINTVEEI LAY 2 EAVvEREETHET LI v 0
B LB CHVERGRSIRTE 5,



Working fluid Ar+K
Thermal input 1310 MW !
Enthalpy extraction 35 % Superconducting magnet coll
Mass flow 1259 kg/s 0.5 L
Seed fraction 2x1078 ’
Wall temperature 600 K ! B-682(T) 8-518(T)
Stagnant temperature 2000 K - )
Stagnant pressure 8.0 atm Eoo ‘l—//’//‘—' To diffuser |
Electr.on temperature 5000 K ~>> 15 1.0 20 3.0 r{m)
t.oading factor 013 N |
Infet Mach number 1.76 | ﬂHD channel
Qutlet Mach number 1.20
Radial current 52.0 kA i
Hall voltage 8.86 kV Superconducting magnet coil
G 159  A/cm?
CE)D 798  V/em |
{Power density) 127 MW/m? )
By 118
(oD 438  S/m \
Isentropic efficiency 70.0 %
(generator-diffuser) |
Heat loss 563 MW
Pressure loss 0.20 atm \
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Working fluid He+ K
Thermal input 1310 Mw
Enthalpy extraction 35 %
0.5 Superconducting magnel coil Mass flow 126 ka/s
Seed fraction 1x1078
£+683(T) 8*4.84(T) Wall temperature 600 K
. r{m) Stagnant temperature 2000 K
E 0.0t | To d'”l,m" ' Stagnant pressure 4.0 atm
~ ‘o 1.0 2.0 3.0 Electron temperature 5000 K
N ’ /_ Loading factor 014
MHO channel
Inlet Mach number 1.67
) Outiet Mach number 113
Superconducting maognet coil Radial current 25.7 kA
Hall voltage 17.9 kv
A 124  Alem?
| (E)D 239 Viem
(Power density) 296 MW/m?
Ben? 10.5
[ 11.4 S/m
\ Isentropic efficiency 76.0 %
(generator-diffuser)
Heat loss 615 MW
Pressure loss 0.11 atm
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