OV H o N D e—

HOLY R pavyry 1ueq
WISIN g9 sindngq 2aey

S[[9)) IMOIPH-[[eH dseredury ysiy jo
UONRULIOIS(] [[PYS PIINPUL-A[[RULISY ], 33 JO APMIS



.J;Uf../\ - ?

SUOISN[OU0 )

SIS (120 V3 008

SHNSIY (20 VA 00€
JUAW UL YSaA Jo 1oedu]

yoeoaddy
SUI[9POTA] JUSWIA[ ANIUL]

USISA(]
[120) 2y Jo 1adsy [eoueyda[y @

uonsnpoau] @

UOoNBIUISILJ Y3 Jo ue|d



g g [T Rl oLl il =il

-
vy adrsaduny g 1 — 11T
. ‘ M

HEERAIY [f27) 1] RPN
"syafoad 1)pouus
PRIIPAIE JURLIND §)1 10] ATO[0UN23) Je[IUIs ¥ 10 joJV 1) SUIsSn 3¢ Apeale p[noys
‘ATMIURD )Se] ) JO MIMUINIONI ) UTEJUTenl 0} RPao Ul ‘Ansnpul umupumpe [, "po
STEIA O Wel) JI0T Mou ST uonnjosd snp ur days xoleun )sef ) ‘USIsap P2 OS5IV UL @

"STeaL
JUIDI UI WMOP PIMmO]s AJqespIsuod sey asesdure pysng pue 128n] jJo susisap
[[?2 MU JO UOTIONP 0.LUT JE[NTAL ) SPIEMO] PULT) AT ()7 Y} JEY) SURIS )] @

uonoINpo.nu]



—.....U.-_nf -, ?

"AJB[R( IR [[32 Jo wajqoxd
AT} [IIM PIIBIIOSSE A[[BIUAS AIE
I[OI1[A S[APOWT DLIDA[3-[RBULIAYT, &

ussa(q KNGS [[32
Jo unapqoad ag) i paIeIDOSSE
A[[BIIUAS 1B DM S[3poul

- .M.M_H_m_H_‘..Hu uﬁﬂ.ﬂmgﬁﬂ. -0 Hﬁhﬂlﬂﬂm%ﬂg L

\\ ~N A '$aNssI JUIABaL]
i v

et ¥

7

m

y | =N IPOIIED PUE UOTIBULIOJAP [[2US
- 122 )M PIIBIIOSSE AJ[E.I2U3D
JIE [[DTA S[IPOUI 553015 @

:SIALIOSINED PrOIq
M) OJUI SPPONI [EINEWNPEN JMORH-TeH MJ Wed 3m ‘Apua.rm))

uononpo.uUf



.....,U.-.nf -, ?

"USIsIp

122 ) Jo 1adse aoweqeq

e [IP2 A1) 0} PIERL Jou

ST JTaf] Je1) ‘)] B ST 2.1}

JI e} PRIen)SUoURP AJIead
VR SEY ISP SIN]] @

)0 O S

"SUSISIP 22 IseRdure

SNy 2onpoxd Asnonunuoed

0] JI0JJ3 ST UI Ansnpuf

umumumpe 1) paddogs

Apeare sey I2LLIE( Je[IIS

e ‘Ansnpur Rmduioed ap ux

. IaLLreq pedisiyd sonrepawmn

LS9 83 ¥ 003 8L PLE ¥ 05€ 864 13 umpenb ) MY AENURAI

0qR1 109458 1132 31 5 SBRISHUI 192 SU) JO ONRIOdRANT 1| wnB|4 [ MET 2I00TY )
se snl ey anSe yEanuuy @

H
=
a
L g
F]
=
3
A

uondnpo.uf



.....Mu-..f - ?

RPPO M- ourdyJ, purend) [[2)) [mg 2[duo)
® 3uIs() [RD VI OFL & JO USISI(] LI -0ULIdY],

uondnpo.uf



—.....U.-_nf -, ?

"USISIP [[?2 VY (0s Uonensuounp e dnpoad

0} JAPIO Ul UONEMSIPI0) JEqS [[22 [qe)s & puLj 0} JUDLIIP 1E} 10U sem 1

SE JIUI] JE) 18U APURLIND T8 I Jel) WOIeIIPUT oU SI 31} ‘] ysendure
27 PRIePRI (THIAL e JO 301R)SIX3 I[qIssod a1) wo no [os st Aml ) pusay @

"2.011S 05 101 J1¢
1o AeRdure [[20 1) Jo ISEAIUT SNONUTII0D ) 0) JILLIE( (JHTA & SI 2121}
yer) ansre spRAdX (THIA PIYSTqE]S? [[PM ARA AUI0E "SISEADUI I3eRdure 22
) S¢ ADUIDIIJR IR SUIS00] 10U 31¢ ()3 TWOTIEIO] U] WINII ) JO UOISTR)IXI
Ipmyj ‘doo] wonesumadurod ‘1eqsng srnpPumiise) sanbnnpa) uoneswdurod
IMRUSEUL 1) P X "TULSUR[EYD 210Ul SUMI0II( AJUTELIdD SI PIRL] dDPUIEUL 1) Jo
nRuodurod zg ) Jo NRIPELS [EUIPIISUO] ) SUTZNUTUTAL ‘S3SLIIIUT I NI

U] WIN)A.I ] PUE JITUO] §)93 [[22 ) se “padse OmMqels [P U 2P U0 @

uonoINpo.nu]



Introduction

|
]
+
L
[ ]
-
5]
]
+
L
[=-
a
[k ]
=]
¥
[EX]
1:..
uh
[t ]
]
¥
[FE]
=
£

~

Q MHD Model of a 300 kA cell

%

Total Eleciric Metwork

-,

""l,""
=

HATC




e R LARITY
Y] Ul PIIFA0D [[oM JoU

ST JI0UI 10 $ JO one.d adse
IPIA 0] YYSUI] & PIM [[39
dseddwe ysiy e surusisap
Jo adse [earuvydaw Y I,

uondINpo.nu]



Iﬂu-_lf _J ?

Tool SIALL “Pd

Peol

2anssaad pewenn

S} pue peo] [euLRY)
)1 Rpun [pysiod
[221s apoyed ) jo
uoneuLioPp d>nseyd
) Jo uRjqoxd

I} SISSATIPPE 1)
LU LR L ] Bl
«IPYs Aydury,,

USISI(] [I2)) Y3 JO 323dsy [edueyddN



- o o
. = =
BEEETE
=]
= 2 = 2 E = v =
- o ﬁ =
EEcHEsi:
u . wn
ST & g s
o= 48 ES a% ]
o EE 23 AT
& W L W E E
72 EERER-RN
'ﬂ.ﬁ =) D = - s =
P
> ’
E TR
WE
e f’i“a,_
— L u sVHHINEEE] 1Y
= e
e T4
5 T
u ]ll'l'l
=3 =
|.I,
éﬂn ‘1!1‘ :
e Ay
o 4T
1] L g1
— i Y
~ " gain
Y
e ALREEE
AR
= [+
: B! !I.i‘ili'gli
w “ﬁ%{;
- » T
=) i 1"‘#"&
o li. l_ﬁ.ﬁ
= s
o A
u s
AL
k| |.-|'I.I’.'9?
T l‘ﬁ’g
1‘1 AT
nﬁ
-.II ni.'-"ﬂ

Ref. CIM 1993

—— e AT CH




.J;Uf../\ - ?

-Areonsepd uLiojap

OSe Avul )1 pue ‘A[[euLiy)
spuedxa ospe [[PYs AN, 22
‘deard woneuriop anseqd
WOTPEINI0D pUR SUI[PmS
[E2TUIYD I SUOLRULIOP
I[ISIIAILIT INBLRAX

0sTe Aewl S[eELIR)eUl

AUL0S INq ‘Afreurdy) spuedxa
Sumay YT, TRYS [9)s 1) pue
SUN] ATOJIEIJI ) UIIM)I(
suonoeRuI xadurod

WOoIJ [[22 P Jo Isuodsax

) syuRsaIdaa pPpom

[EIMIE Y3 UI-ONLIAY) [ T,

Fool SASNY PA

|

- i ..l.l_._ llI.....-r...-__rl... 7] _
4 2 B i llq__ﬂ[."_aﬂ__.i ‘
@il o B e Il..__l-“' 1
T f LN L 1]
] e T 1 e iy,

USIS( [I2)) Y3 JO 3123dSY [eoIUueyRN



—.....U.-_nf -, ?

"SI[peId pue [PYs ) 0} peo] Apoq e se pafpdde sem Ppour LRI
~OULIAY) PA[dioo 22 [ ) WIOIJ PpIUTElqO UONIGLYSIp dAmenRdun) 2] @

worswe dx? Sunig 21} Jo 130

) Jusaxdar 0) Yoopq apored ) 03 Arsoddo resm s a3 03 pafpdde sem

21ns531d premno presuod y spmbiy o) pue Sunimg 1 Jo NSRM pIUIGUIOD
) Juasaadax 0y 100f] PYs 1 uo parjdde sem aanssaxd presmuavop pesuod v @

“es p2 21y)
0] A[PRID 15ISO[D PUOIIS ) U0 WOIJIIP (B4 ) Ul pIrioddns sem yurod
U0 I[Ym ‘pasodun 21am suonIpuod Arepunoq Andumiss suipuodsairiodr Y] @

"SASNV 2P 00 BRI ) W (FRITTTHS) SNPURP
[IPYS UeI)s L] [eRjeipenb sapou-moj Suisn papppoul sem [Pys 2penb v @

‘pasn sem peordde Surppow  pys-Adury,,
a[dums e ‘sasodmd uosiredurod 10 pue noneunxordde js11] e sy "yse)

TULITUREYD € sI [P0 sunerRdo ue Jo asuodsal peonreypaui 21} jo uompipad gy @
yoeoaddy SUTOPOTA JUIWII[F] IITUT



.JM,_.-..( - ?

"UOTJB NS [BULIAM) B 0] patedurod paimbad alojalat]) ale Satjsaul Jaurd “JUAIpe.Is
TUALAIE[ASTP A1) MI0I] patEeIgo ST YOI ‘[aAa] UTRIYS 3] U0 Juapuadap A[duons

51 asuodsax arp ‘Aronserd apdumxa 1o] ‘ME] 3ATINITISTOD TEAUI[-UOU B SUISH UOTIE IS
[BITURIDaW B uf “juapuadap-siisiyd 1aaamor] st azis ajenbape at] [, ‘uonnjos juauaja
AIIUL] B JO AJBINDOE ) 1o Joeduur Buoa)s & Sei] aZ1s JUAIA]3 A1) T[] TLAOTE] [[3Ah ST 1T

-
e
y e : _.'".m.rl..% 3
i = m_ ] .ﬁf lll.ﬂw_“w.
NG EeT Nty
- ﬁ._._..__.,___.mm__-._,.._. Hml_..:n“",ﬂ j
. el WMo RS Wil
Wil NS -
i e N hep N g
5 Iy AL Do
- T Ry nw. ..__.__“.__.. =~ N
- -y S "o
JRESLas -
| " _...._._._:...ﬁ“_____*__hm"m___;.““
: T-._“ m_“ ! -“_‘_“.u_
el SRy =y .__‘“"_""__-_
Y | [miglaia” ="
7 i SN
3 [
1 il S
(SJUaIaTH TEREE) USATAL pauljeyq i ,,u (SJUAUIH ¢5LE) USATAL [eTIIUL
: ..”...._..n...

JUUIULJIY YSIIA Jo 3oedurg




.JM.»-..H. - ?

[apOTAl YSaTAl auLq ay} 10] BuipeoT ainjeladuag,

B

==
[
1
[
[
[
]
=
L]

2

JUIUIULY YSIA Jo yoedurg



[3POTAL YSaJA[ aurg at} 0] Juauiade[dsyq ®onIaA aane[ay

JUIUIULY YSIA Jo yoedurg



"I[S3L JASIB0D A1) I0] aSIB] S8 adIa) JSOUITE ST Juaniadedsip wmuixeur arg) se
‘SISATEUE [BITURI[IAW A1) 10] 3ajenbapeur sea [saul [ENIUI a1} 18] shotaqo aymb st

aul4 - — 9SIBD ) —

W) Jajuan wol asueisi
1 E c

(W) Juswaoe|dsi( [eaIUaA aANRE N

JUUIULJIY YSIIA Jo 3oedurg




ru..(.J ?

'STUDOTBINS U0 [[32 VI 00E PaIpts at) 0] uonngrnsp ammeladuay,

“BUI[00))
ATV -Padio g AL

"SUL]
BUI[ooD YILAA

‘AaSED) Aseyq

]
1
.
, Il
—
]
1
=
[
.
.
]
- =]
—
[
-
, N
=
-
- B
L
—
—
—
. B
-
-

SHNSIY 120 VA 00¢



- : arer S
HULY H TSNt
‘1192 ¥ QOE 911 JO SIXE SU0[ 3} U0 Juatuadsepdsp ®o111aa aAnie[al a1 Jo uostieduio)
| Iy pa210 - - - Suld - — 8D aseg —
(W) Jajuan wol) asuelsi

o

W) Juswase|dsiq [esuap aaleley

SHNSIY 120 VA 00¢




.JM.»-..H. - ?

‘SUDOTBINS U0 [[32 VI 00S PaIpis at) 0] uonngrnsip ammeladuar,

o

“BUI[00))
ATV -Padio g AL

1

"SUL]
BUI[ooD YILAA

U NNO0RCUCN WAOUD

.mﬂ=mmhawm,ymgwmm=mm=ammaﬁm,mmmrmm -
e e et e e et e et et e [

‘AaSED) Aseyq

GOT
a g
.
- 1)
-
b
"E£9
“ES
L2t
r
= &
reL
t
2 r
> T
"L,
bs L k
-
[l ]
“1-1-
=Rl =
-
»
[&&
per
91
wIT
LT
I.._l T
[\
.

U

SHNSIY 12D VA 00%



‘1122 ¥4 00S ) JO STXE BUO[ ) U0 JUAUIIB[dSTp [EITLIA 3ATIR[AT at) Jo uosTIeduin

Iy p82104 - - - SUl{ - — 8seD) @seg —

(W) Jajuan) Wolj asuesi

(W) Juswaoe|dsi(] |eoipap aalelRy

SHNSIY 12D VA 00%




—.....U.-_nf -, ?

22 VY 00S 91 J10] MAMIIB[dSIp FANB[AI pIEMUMOp

B PIsSnEd UaAd PUe [[90 VY ()% 911 10] [IU ISOUI[E 0] Juamiadde[dsip

IANE[A.I A1) Paonpad SUIood Ime-padrio “1dadse SNJ) Ul MJSSaIons

ATIA 70U AIIM SUIJ SUI[00d A SUOSEAT 3] Jo auo ST SN I "sjuauradefdsip
pIemdn aane[al I95IR] 0] pea] S[[RMIPIS JILJNS JBY] poIUN] SEM ] @

“Ansepd pue Surpuaq suepd ur se yons euaurouad peoof aanyded

0] ANIqe a1} uo spuadap uonnjos [eqols a1 Jo Anpenb sy Jjuasead

IR SINLIBIUI-UOU JI 08 JI0UIL ‘SISAJRUR [IIUeIdul & 10] ajenbape aq jou
ARUl SUOTIR[NUIIS [EILI]II[-0ULISN) 10] YSOUI POOS B JBY) UMOYS SEM )] @

“100]J

[PYS a2 Jo Juamade[dsip pIremdn aAneB[ad a1]) U0 — IME-PIII0] PUE SUI]

— SAINSEIUI JUIUIIIUBYUS SUI[00 [[RMIPIS [[OYS JUSIIJJIp om] Jo pedurn
31[] SSASSE 0] PIsSN JI3Mm S[APOUIl IMID aNuy  Qoys-Ldury,, opdurg e

SUOISN[IUO0 )



—....Mu-..f -, ?

‘ud[qoxd snp) sAJos 0] pasn A[LIRWLIA ST WIA)SAS SUI00) JMR—PIII0]
a1} ye) ofqIsneyd ST ‘uSisep parpnis Ayl ul wey) SV I Ul I9S.IR] ST
JuauIade[dsip paemdn aAne[ad a1 ) Jo IPNUUSEUL 3] JEY) A[I] ST M UL @

"ISBD ISR VI

00< 93 J0] pamdurod uaaq SBY Jeym U] J2SIe[ oNul aq [[Is S[[92 Isa]

I0] MIAMAIR[ASTp paesmdn sATIR[aI 21) JO SPNITUTEUIL 1) 1] AT ST

] USSP paAIpn)s A} WeY) JBJJNS APUBIUSIS 3¢ [[Lu S[EMIPIS T 08
‘PIdToJUII ATMJ A1 SEIV/0EAV 9UI JO SIPRID 3N} 18} UMOUN [[BM S]] @

osury-py N7 U EE T

s -




