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IEVADS

Promocijas darbs ir veltits tadu faktoru analizei, kuri ietekmé magnetohidrodinamisko
(MHD) plismu un sekla iidens pliismu struktiiru un stabilitati. Jo Tpadi sienas pretestibas
ietekmi uz plismu var raksturot lokali (pemot véra robezas negludumu) vai globali
(izmantojot pusempiriskas formulas, kas apraksta iek3gjas berzes ietekmi).

Robezas negludums var rasties korozijas dé]. Eksperimentdlie rezultati paradija
nozimigu magnétiska lauka ietekmi uz korozijas procesiem - gan uz korozijas
intensititi, gan tds Tpadibam. Tade] no praktiskds puses ir bitiski analizét negluduma
ietekmi uz MHD pliismu struktiiru, &7 ietekme darba tick novértéta, analitiski atrisinot
magnétiskis hidrodinamikas vienddojumu sistému (izmantojot Furjé transformacijas).
Darba ir skatitas vairikas virsmas negluduma formas. Analitiskie risindjumi ir iegiiti un
atruma sadalfjums ir skaitliski analiz€ts dazadiem Hartmana skaitiem. Tapat ir iegiits
asimptotiskais risindjums licliem Hartmana skaitliem. Risindjumi ir iegiiti kd integrili,
kas iek]auj oscilgjosas funkcijas. Darbd Sie integra]i tick parveidoti par integra]iem no
neoscilgjosim funkcijam.

Iek3gjas berzes globilo ietekmi visbieZak pem verd, izmantojot empiriskds pretestibas
formulas, pieméram, Cezi formulu, lai prognozétu turbulentu plismu “koncentracijas”
ietekmi, lai izskaitotu plismas dtrumu un zudumus kanalos vai caurul@s un atvérto
kandlu konstrukciju. Sis formulas satur empiriskas berzes koeficientus, kas ir tiedi
saistiti ar plismas Reinoldsa skaitli un robezvirsmas negludumu. Tiek uzskatits, ka
saistitds struktfiras plismas aiz Skér§|liem parddas kd plismas hidrodinamiskas
nestabilitates galaprodukts. lepricks dazadam plismam tika izmantotas vaji nelinearas
stabilitates teorijas metodes, kas parasti noved pie amplitiidas evoliicijas vienadojumiem
visnestabilakaja rezima. Viens no 3adiem vienadojumiem ir kompleksais Ginzburga-
Landau vienadojums. Izmantojot viji nelinedro teoriju kvazi-divdimensionalim
plismam ar Releja berzi (tick picpemts, ka ick3gja berze ir linedn saistita ar dtruma
sadalijumu), tika secints, ka atrums ir Joti atkarigs no bazes pliismas profila. Literatiiras
apskata tika secindts, ka vaji nelinedros modejus nevar izmantot $adiem gadijumiem, jo
nav iespgjams cksperimentali noteikt ar augstu precizitati bazes pliismas atruma
sadalfjumu un tadé] nav iespgjams izmantot ticamas Ginzburga-Landau vienadojuma
koeficientu vértibas. Darba ir parddits, ka ja nelinearu funkciju izmanto grunts berzes
modelésanai, tad Ginzburga-Landau vienidojuma koeficienti nav jutigi pret bizes
plismas dtruma sadalfjumu.

PETIJUMA AKTUALITATE

Ir biitiski p&tit un analizét MHD plismas cauru|vados vai kandlos magn@tiska lauka
klatbiitné tadiem pielietojumiem ki MHD generatoru un sikpu projektéana un
analize. Vado8d metila virsmas negluduma ietekme uz MHD plismu ir noderiga
procesos, kas notick Tokamak reaktora dzesg3anas sistemas. Turklat 3adu reaktoru

5



projekt€Sana un veiktspgjas analizé ir janem véra korozija. Ir zinams, ka
magnétiskais lauks ietekmé gan korozijas paképi, gan korozijas ipasibas. Tadg] ir
bitiski analizét korozijas ietekmi uz MHD plasmu struktiiru.

Stabilitites Tpadibas seklam plismam aiz §kérS]iem ir nozimigas no vides viedok]a
Vaja Udens cirkuldcija regionos aiz salim var izraisit Odens kvalitites
pasliktinasanos un dazos gadijumos pat zivju bojaeju. Tadg] ir bitiski zinat seklu
plismu struktiiru regionos aiz kérijiem.

DARBA MERKIS

Darba mérkis ir analizét virsmas negluduma ietekmi uz MHD pliismu struktiiru un
seklu plasmu stabilitdti. Virsmas negludums rodas no vado3a $kidruma izraisitis
korozijas magn@tiska lauka. Iegiitos analitiskos risindjumus var izmantot korozijas
ietekmes prognozé3anai §ados gadijumos.

Linedras un viji nelinedras stabilitates analize sekldm plismdm var noderégt, nosakot
idens paraugus regionos aiz tadiem Skerdliem ka salas. Darba iegtitos rezultatus var
izmantot seklu plismu vides novérésanai,

PETIJUMA METODES

Saja darba analizétie matematiskie mode]i ir bazéti uz magnétiskas hidrodinamikas
vienadojumiem un sekla iidens vienadojumiem. MHD plismu analizei par
negludiem elementiem tiek izmantotas §adas metodes:

I. magnétiskas hidrodinamikas vienddojumu transformicijas, lai iegitu inducéta
magnétiskd lauka veidu plismas regiona, ja ir doti negluduma elementi;
2. Furjg¢ kosinusa un sinusa transformacijas MHD plismu par negluduma
elementiem problému analitiskajam risindjumam;
3. rezidiju teorému izmanto integrdu, kuru zemintegraju funkcijas ir oscilgjodas,
parveido3anai par monotonu funkciju integri]iem;
4. neistu integra)u skaitliskais novert§jums ar “Mathematica”

Sekla fidens pliismas modelis ir izmantots linedras un vaji nelinearas nestabilitates
analizei vienai no plismu klasém. Analizes metodes iek]auj:

1. linedras stabilitdtes analizi kustibas vienadojumiem;

2. kolokdcijas metodi, kuras pamatd ir CebiSeva polinomi, stabilitites robezas
aprékinasanai;

3. asimptotiskos izvirzijumus kritiska punkta apkaimé, lai veiktu véji nelinedras
stabilitates analizi;

4. skaitliskas metodes robezvértibas problému atrisina$anai  vienk@rSiem
diferencidlvienadojumiem, lai aprékinatu amplitidas evoliicijas vienidojuma
koeficientus.



ZINATNISKA NOVITATE UN GALVENIE REZULTATI

Ir iegiits magnétiska lauka veids un MHD vienadojumi pilniba attistitai plismai, ko
izraisijis robeZvirsmas negludums.

Ar analitisko metozu palidzibu ir analizéta virsmas negluduma ietekme uz MHD

plasmu struktiiru pustelpa. Virsmas negludums tick pienemts ki konstante dotaji
intervala,
legiitais asimptotiskais atrisinajums tiek analizgts lielu Hartmana skaitju gadijumam.

Neistie integrali, kas satur osciléjoSas funkcijas, kuras radudas izmantojot MHD
plismas par negluduma elementiem, tick parveidoti par integriliem, kas satur

monotonas funkcijas, kuras ir skaitliskiem aprékiniem.

Ir veikta teorétisko rezultdtu analize, kas attiecas uz eksperimentiem par korozijas

ietekmi magnétiska lauka,
Linedra un vaji nelinedra sekla Gdens plismu analize ir veikta vienai plismu klasei.
Pétijumi ir izmantots nelinedrs Cezi modelis, lai atveidotu grunts berzi. Ir paradits,

ka Ginzburga-Landau vienadojuma koeficienti nav jutigi pret bazes plismu profila

formu pret€ji ieprick3gjiem pétijumiem, kur berze tika modeléta ar linedru atruma
funkeiju. ;

PIELIETOJUMI

Iepricksgjie eksperimentilie petijumi Fizikas institita Salaspili (Latvija) ir
paradijusi, ka dazu apstak]u ietekmé virsmas, kas pakjautas magnétiskam laukam,
veido kaut kadu regularu vijpveidigu struktiiru . Vispargjos vilcienos — magnétiskais
lauks ietekmé ne tikai korozijas pakapi, bet ari korozijas raksturu . Tade] jagem véra
virsmas negludums, skatot realus modejus Skidra metala plismam reaktora. Darba

redzamos teorétiskos rezultitus var izmantot, analizjot korozijas procesu

magnétiska laukd.

Linedras un vaji nelinedras stabilitites metodes biezi izmanto seklu plasmu

struktiiras analiz€. Darba grunts berze ir modeléta ar nelinedru dtruma funkciju.
Darba ir paradits, ka Ginzburga-Landau vienadojuma, kas apraksta plasmu

nestabilitates atfistibu virs sliekdpa, koeficienti nav jutigi pret bazes plismas profila

variacijam. Sis rezultdts ir pretruna icpriekgjiem petijumiem, kad ick3gja berze tika

modeléta ar line@ru dtruma funkciju. Tadg] ir ticams piepemums, ka vienkariotus

mode|us, kas bdzéti uz tik sarezgitiem amplitidas evolicijas vienddojumiem ka
Ginzburga-Landau vienddojums, var izmantot apgabala virs sliek$pa visnestabilaka
rezima uzvedibas analizei.
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1. nodala. levads.

Tevada ir skatits literatiras apskats. Papildus tam ir apspriesta darba struktiira un
galvenie rezultati.

Promocijas darba galvenais temats ir tadu faktoru analize, kas ietekmé MHD
plismu un sekla Gdens plismu struktiiru un stabilitati. Galvenokart koncentrésimies uz
robezvirsmas negluduma ietekmi. Analizes metodes ir pamatotas uz analitiskiem
risindjumiem, kas atrasti dazam MHD plismam par negluduma elementiem spgcigos
magnétiskos laukos taisnstirveida kandlos, MHD risindjumi, kas aprakstiti darba,
atvieglo Skidruma analizi apgabalos, kur ir spécigs magnétiskais lauks (Hartmana
skaitlis ir liels). MHD pliismu uzvedibas analize ar licliem Hartmana skait]iem ir temats,
par kuru ir pieaugosa interese, jo to izmanto galvenokirt MHD ickirtas, pieméram,
siknos, un MHD generatoros. MHD §kidruma-metala plasmu ar lielu Hartmana skaitli
galvenas ipafibas ir: homogeéns” atruma profils kanala kodola un plam robezas slani
tuvu robezvirsmam. Elektriskd strava, kas inducéta Skidruma, maina plismas lauku.
Zinot §is stravas ceju ir iesp&jams paredzgt pliismas struktiiru.

Hidraulikas inZenieri efektivi izmanto Cezi formulu | lempiguma” efekta
energijas zudumu prognozeSanai turbulentds pliismds pliismas atruma un zaudgjumu
aprekindSanai kandlos vai caurul@s. Par robezvirsmas negiudumu ir gadats, izmantojot
empiriskus berzes koeficientus. Sie koeficienti ir saistiti ar vairikim empiriskim
formulam pie plismas Reinoldsa skaitla, ka arl pie robeZzvirsmas negluduma. Tiek
uzskatits, ka lidzpliismas saistitds struktiiras paradas ka plismas hidrodinamiskas
nestabilitates gala produkts. V)i nelinedras teorijas metodes ir aplikotas literatiira
dazadam plismam un visbieZik noved pie amplitidas evoliicijas visnestabildkaja
rezima. Viens no $adiem vienadojumiem ir kompleksais Ginzburga-Landau
vienadojums. Viji nelinedrd teorija ir izmantota kvazi-divdimensiju pluismam [22] ar
Releja berzi (ieksgjo berzi pienem ka lineari saistitu ar atruma sadalijumu). K redzams
[22], Ginzburga-Landau vienadojuma koeficienti gadijumam, kad iek3gjo berzi att€lo ar
lined@ru dtruma funkciju, ir Joti atkarigi no bazes plismas profila. Tadg] [22] ir secinats,
ka $ados gadijumos nevar izmantot vaji nelinedarus modejus, jo nav iespcjams
eksperimentali noteikt bazes pliismas dtruma sadalfjumu ar augstu precizitdti un tadg|
analiz€ nav iespgjams izmantol ticamas v&rtibas Ginzburga-Landau vienddojuma
koeficientiem. Toméer 33 darba 5. nodala ir paradits, ka nelielas linedras stabilitites
Tpasibu varidcijas neizraisa lielas Landau konstantes izmainas (Landau konstante ir reald
dala vienam no Ginzburga-Landau vieniddojuma koeficientiem ), kad grunts berzes
model&Sanai ir izmantota nelinedra Cezi formula.

2., 3. un 5. nodalas ir teorétiskas, 4. nodaja ir praktiska, kur skatita EUROFER
terauda korozija Pbl7Li plismd un tas pielictojums D-T (deit@rija-tritija) plazmas
ierobezojumam reaktora.

2.noda]a ir noteikti MHD plismu principi, izklastita virsmas negluduma
ietekme uz vado$a metala MHD plasmu un noteikti galvenie vienadojumi, Ta ka MHD
plismu problémas ir plasi pétitas dazidu formu kandlos un ar dazadiem robeZu
nosacijumiem, $adu pétijumu rezultatiem ir tieds piclictojums daZadias magnétiskas
hidrodinamikas nozarés [29], [38] un [58]. Ta ki@ magnétiskd hidrodinamika péta
elektribu vadosu 3kidrumu kustibu magnétisko lauku klatbiitng, ir acimredzami, ka
magnétiskie lauki ietekm& Skidrumu kustibu. Visbiezak MHD problémis
elektromagnétiskais speks tick pievienots kustibas vienadojumam, un magnéuskais
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lauks (izmantojot Oma likumu) maina $kidruma kustibu. Ir aprakstitas dazas MHD
plismas problémas kanilos pari negluduma elementiem stiprd magnétiska lauka, un
$adu problému analitiskie risindjumi tick iegiti, izmantojot Diraka deltas funkciju
(skatit [6], [7], [12], [13]. [17], [18]).

So problému asimptotiski analize veikta spécigu magnétisko lauku gadijumam,
un strivas z-komponendu diagrammas att€lotas dazadiem Hartmana skaitjiem. Lauka
atrumam un strivas z-komponent&m pie licliem Hartmana skaitliem analizéti dazadi
robezvirsmas slagi. MHD probléma pilniba attistitai plismai ir atrisinata homogéna un
nehomogéna argja magnétiskd lauka gadijumam, kad ir pemts véra virsmas negludums.
Skidruma atruma sadalfjums, inducéta striva ar tds potencidlu un argjais magnétiskais
lauks ir iegiiti (skatit turpmiikas atsauces par lidzigu problému analizi [2], [5], [11]-[13].
(171, [18], [21], [30], [31], [42]. [50], [53], [54]. [57]. [59], [65]. [69]).

3.nodala ir veltita daZu neistu oscil§jodu integrdju klaSu aprékinasanai Ir
paradits, ka daZos gadijumos oscilgjoSus integrajus var transformét par neoscilgjodu
funkciju integraliem. Sadiem integriliem ir tieds piclictojums MHD plismam, kas
analizétas darba. Sie rezultdti tiek izmantoti, lai transformétu dazu MHD problému
rsindjumu  pustelpd z=0 ki rezultitu virsmas negludumam z=0 dazadiem
robezslagiem (skait [3], [4], (6], [7], [17]. [21], [72], [74)).

Septigu gadu laikd, esot Riga, Latvija (viens no galvenajiem MHD pielietojuma
centriem Eiropad), man bija iespéja apmekl&t daZas interesantas ar MHD p&tniecibu
saistitas vietas ki, piem&ram, Fizikas institiitu Salaspili, kur esmu redz&jis tris nesen
planotas eksperimentu sesijas (katra 2000 stundas gara), kas ir sckmigi beigu$as. Sajos
pEtijumos iegiitie rezultati parddija magnétiskd lauka nozimigu ietekmi uz korozijas
procesiem gan korozijas intensitdt€, gan tis biitiba. Jauni rezultdt saistiba ar korozijas
profilu ir iegiti [55] un [56]. Sadiem pétijumiem ir nozimiga ictekme uz to, ki ierobezot
un kontrolét D-T plazmas dedzina$anu ar sp&cigu magnétiska lauka slogu reaktora
ickSien¢ (skatit [1], [9]. [55]. [56], [70], [73]). Papildus man bija iesp&ja piedalities
dazis PAMIR MHD starptautiskajas konferencés (4., 5., un 7. PAMIR starptautiska
konference). Saistibd ar $im aktivititém ir uzrakstita promocijas darba 4. nodala, kurd
izklastiti praktiskie aspekti saistiba ar virsmas negluduma ietekmi uz MHD plismam
([11, [91, [32)-[37), [39), [40), [48], [49], [S5]-[57], [60], [64], [68]. [70] un [73]).

5. nodala ir veltita sekla fdens plismas analizei vaji nelinedrad reZima,
izmantojot komplekso Ginzburga-Landau vienadojumu (KGLV). leprickigjic ar viji
nelinedru kvazi-divdimensiju pliismu analizi saistitie pétijjumi [22] (sekla Gdens plisma
ir viens no piemériem, kas apskatiti [22]) ir paradijudi, ka Landau konstantes vértibas
atdkiras par koeficientu tris diviem daZadiem dtruma profiliem, kuru linedras stabilitates
raksturotdji atdkiras ne vairak par 20%. Citadi sakot, ir atklats, ka Landau konstante ir
|oti jutiga pret bazes plismas profila formu. 5.nodala grunts berze ir modeléta ar
nelinedru Cezi formulu [64]. Datu analize, kas redzama 1. un 2. tabuld, pardda, ka seklu
Iidzplismu viena parametra saimei izmaipas linearas stabilitates Tpasibas izraisa pat
mazikas izmaigpas KGLV koeficientos. Tadg| ir ticams, ka komplekso Ginzburga-
Landau vienddojumu var izmantot sckla Gidens pliismu analizei viji nelinedrd reZima
(skatit [8], [10], [14]-[16], [19], [22]. [26]. [43]-[47] un [67]) izmantoSanai vaji
nelinedriem modeliem dazadam plismam Skidruma mehanika.
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2. nodala. Plisma pir negluduma elementiem stipros magn#@tiskos laukos.

2. nodaja ir veltita MHD pliismu struktiiras analizei par dazddu formu negluduma
elementiem. Ir iegiti analftiski risindjumi atbilstofajai MHD vienddojumu sistémai. Ir
paraditi skaitlisko aprékanu un asimptotiskas analizes rezultdti lieliem Hartmana
skaitjiem.

Galvenie MHD principi ir formulgti un skatiti sada]a 2.1. Tada magn&tiska lauka forma
un MHD vienddojumi pilniba attistitai plismai, ko izraisijis robezvirsmas negludums, ir
legiti sadaja 2.2,

Tick skatita probléma par MHD pliismu pustelpa = =0, ko izraisijis robeZvirsmas
negludums = =0 . Pret&ji tam, kas paveikts monogrifija [75], vispirms tiek piepemts,

ka inducétajam magnétiskajam laukam B'ir x, y un = komponentes. P& tam tick
izmantota plismas simetrija un pierddits, ka inducétajam magnetiskajam laukam ir
viecna y-komponente. Tiek skatits viendabigs magnétiskais lauks sadald 2.2.1 un
neviendabigs magnétiskais lauks sadala 2.2.2. Pliismas geometrija ir redzama 1. att.

&

le

Vix,z)= V.(x z)e,
: 3 )

1. attéls. Plismas geometrija.
VadoSais Skidrums ir pustelpa Z >0 , —w < ¥, 7 < 40 Argja magnétiska lauka forma
ir
B =8¢ (1)
Nepartraukta strava plist ar blivumu j, = j, e, x-ass virziend. Ja virsma Z =0 ir

ideali gluda, tad plismas nav, jo elektromagnétiskais speks ;-: = ;x B* ir konstants un

rotF =0. Turpmak piegemsim, ka uz virsmas = = 0 negluduma forma ir :

up

_ @ -L<F<L-— o<y <+m,
0,xe(-L.L) @

Saja gadijuma pilna striva ir viendda ar j = j, + /(¥.=) un Skidruma plisma ar dtrumu

11



V,=V,(3.5)E, (3)

pliist ¥ -ass pretgja virziena (skatit 1.att.)

Ir pierddits, ka inducgtais magnétiskais lauks B’ $aja gadijuma ir

B'=B'(x.5)e, @
un MHD vienadojumi $kidruma atrumam ¥, (y,z) un inducétas stravas potencialam
®(y,z), izmantojot bezdimensiju mainigos, ir

oo
AV, - Ha'V, + Ha—=0, 5
y—Ha'V, + Ha— ®)

ar
AD = Ha—~,
ox (6)
kur A=8"/ax* +8%/8:*, Ha= B,L\Jo! pv ir Hartmana skaitlis un &, p,v ir
attiecigi $kidruma vaditspgja, blivums un viskozitate.
Tiek izmantots nesaspiczama $kidruma MHD vienadojums un Oma likums (skatit [29],
[50] un [58])

(ﬁv)ff =—lgmd3+va§+l[j?x§], (7
P P

}-"=G(E+F:’x§]=a(—grad&')+ln’:x§} (8)
et & & = , 0 a d

kur A_al+aﬁ‘+a" W:l,a+Vyaﬁ+V,E

Saja gadijuma
Vv =I:'“’(x,¢}e,, 9
B=B'(X,3)+B", (10)

kur g‘ ir induc€tais magnétiskais lauks.
Vispirms tiek pieradits, ka

B'(7.7)=B'G.2)%, s
ar nosactjumu, ka induc@tas stravas vektora forma ir

JED)=j.FD8, +J, G2, -

un ki secindjums parddits, ka §kidruma dtruma vektors ir dots ar (9). $3 mérka dg] tiks
izmantots Bio-Savira likums, saskapa ar kuru inducéta magnétiska lauka vektors dB,
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ko veidojis elements dl no bezgaligi tievas stieples, kas virzita strivas [/ virziend, ir
vienads ar

dB=1% X0 (13)
|’.m:i

kur 7, ir radiusa vektors, kas savieno punktu M'(¥,5’Z')edl un novéroSanas
punktu M(x,¥,Z) (skatit 2. att.):

P = (X =X%")E, +(j"—_3'"'}€y +(F-20e,. (14)

2. attéls. Magnétiska indukcija dB, ko izraisTjusi elementara strava 1l .

Nezaudgjot visprindjumu, varam izvélgties novérofanas punktu M (0, 0, 0) koor<indtu
sikumpunktd. Katram punktam M'(¥',¥',Z")8kidruma vienmér var izvElgties
simetrisku punktu N'(¥,-¥',Z") attieciba pret punktu M (0, 0, 0). Tiek apskatita
magnétiska indukcija dB, ko izraisijusi elementdrd strava /dl , izejot caur punktu
M'(X,¥,Z) un eclementdrd striva [idl, izejot cauri simetriskajam punktam
N'(F,~7",2"). (skatit 3. attelu) 7 un 7, ir stravas ar blivumu (%, ), kas dots formula
(12).

Ti ki vektors }:(35,.':') nav atkarigs no mainigi 7 , $aja gadijuma /, = /

Tad saskana ar formulu (13) tick icgiits

df"l” = Ddi"(’:sm +Py)

(15)

kur  D=llng |, dl =dlE, +dlE,, (16)

Tunt = _(5‘-'3-: + :V-'Ey = ?Ex]’ FN'M = _(E!éx = j;’EJ' + :;,E: ) (17
Aizvietojot (16) un (17) formula (15), tiek iegits:

dB = D(2z"dl, - 2%"dl )}, . (18)
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Summgjot formula (18) pa visiem elementiem d Skidrumad, tick iegtta formula (11),
kas pabeidz pieradijumu.

Lai iegiitu vienadojumus (5), (6), tiek aizvietoti vektori V un E’ no (9), (10)un (11)
vienddojumos (7) un (8). P&c daZiem algebriskiem aprékiniem tick iegiits

Bgg B
& &

2|

B'e, +—B's -B,'VE, + snl";ﬁ‘a;}

(19)

[ﬁv)ﬁ =0 -

/(o.u.u} v
£

3. attéls. Simetrisks attglojums, kas nepiecieSams formulas (18) pieradijumam.

Aizvietojot (19) un (20) vienadojuma (7) un, veicot dazas algebriskas transformacijas,
tick iegiita $3da saistiba

2’ a= oD(x, = s
=* ]V{ .-)+p n%—a{,’;,u,: =0;
Tagad tick izmantoti bezdimensiju lielumi, nemot vértibas

LvIL By, vyfpvjo,vypvlalL’ atiecigi ki garuma, dtruma, magnétiskd lauka,
potencidla un strivas apmérus.

Lai iegiitu vienadojumu (6), tiek izmantoti divergences operacija vienadojumam (8) un

nepirtrauktibas nosacijums dfv} =0
0=-AD + B,divV ,(3.5)e, an
Izmantojot formulu (21) bezdimensiju mainigajiem, tick ieglits vienadojums (6).

Lidziga analize ir veikta sadala 2.2, kur ir piegemts, ka aréjam magng@tiskajam laukam
un dotajai drgjai stravai ir tikai x un z komponentes, kas nav atkarigas no y mainiga.

MHD problémas par ncgluduma eclementiem homogéna @réja magnétiskd lauka
analitiskais risindjums ir iegtts sadala 2.3.
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Vados$ais Skidrums ir pustelpa Z >0, —o <X,y <+ Argja magnétiska lauka
forma ir (1).

Robezvirsma z = 0 nevada stravu. Nepartraukta strava plast ar blivumu _-;; = Joe,
x-ass virziend. Ja virsmaZ =0 ir idedli gluda, tad plismas nav, jo elektromagn&tiskais
speks F=] =B ir konstants un rotF =0. Piepemsim, ka uz virsmas Z=0 ir
taisnstirveida formas negludums (skatit 1. att.):

Tor ~L<F <L,

=7 (5 =7 X - = i ]
PR I@=RE+ D-nG =Ll g @)
kur 7(¥) ir Hevisaida funkcija:
&)= 0,x <0, 23
1=z >0. J

Saja gadijuma pilna strava ir viendda ar j = J, + /(¥,%) un $kidruma pliisma ar trumu
V= f,(,?,f}?r pliist ¥ asij pretgja virziend (1. att.).

Tiek iegiti robeZnosacijumi elektriskd lauka potencidlam ®(X,¥) uz virsmas
=iz fuf{ij. Striivas normalajai komponentei uz §is virsmas jabit vienadai ar nulli, jo
robezvirsma = = 7,/ (¥) nevada strivu, tas ir, tai ir jabiit j-7i=0 uz virsmas (/i ir
virsmas normila vieniba).

Izmantojot formulu 7 = grad(z — 7, 7))/ + 7o T (%) . tiek iegits

i=lz 7@ e+ 2 7@, @4)

kur
F®=[E+1-86E-1),
&(X) ir Diraka delta funkcija.
Aizvietojot /i no (24) un j= (J,. + I,I_E.EJ)E‘ + 7 (X, %)E, par _-f-r'r =0 un izmantojot

formulu j:a’[—grad&l-i—ﬁxﬁ}. Li, J, =—ca®/F, J.=-00®/FE uz vismu,

kur 77 =0, tiek iegiits robeZnosacijums potencidlam ®(¥,3):

T 7] 02 Z:[J’J'(f} - aﬂif'm} @5)
oz ox

Vieniga 3aja nodala veikia aproksimacija ir: robeznosacijums tick transform@ts no
virsmas = = 7, /(%) uz plakni ¥ =0, t. i., tick vienkarsi piepemts, ka 7, }'{.’E)' vértiba

ir maza. Ta rezultata tick iegits robeznosacijums potencidlam forma
$=0:00/0% = 7, |- jyo +38/0% | [5(F + L) -6 - L)). (26)

Tiek izmantoti 8§adi bezdimensiju lielumi, izmantojot vértibas L, v/L, B,
vipviallL, w,} pve /¥ attiecigi ki garuma, dtruma, magn@tiska lauka, potenciila un
15



stravas apmén. Kur o, p, v ir attiecigi Skidruma vaditspgja, blivams un viskozitate.
Tad MHD vienddojumu un robeznosactjumu forma ir (skatit [28]):

AV, - Ha'V,+ Ha-6®/dx=0, AD = Ha-aV,/dx , (27).(28)
2=0:V,=0,00/3z = z,[- 4+ F(x0)]-[6(x+ - 8(x-1)]. (29),(30)
izl sw ¥V, 50,950, (31

kur  A=d/&x*+0'/@z', Ha=B/lJol/pv i Hartmana skaitlis,
A= j L (vyfpvo), 2, =F,/L un th.of% ;
zmly

Lai atrisindtu problému (27)-(31), tick izmantota &is problémas simetrija attieciba pret
x: funkcija V,(x,z) ir para funkcija, ®(x,z) ir nepara funkcija attieciba pret x. Tas
nozimé, ka funkcijas ¥, (x,z) un®(x,z) apmierina papildu robezu nosacijumus:

av
=0 8; =0, ®(x,0)=0. (32)

Tade|] problému (27)-(31) var atrisinat ar Furje kosinusa un Furjé sinusa
transformacijas palidzibu (skatit [3], [4]). Viardu sakot, tick izmantota Furjé kosinusa
transformicija pret x vienadojumu (27) un ¥, robezu nosacijuma (29), un Furjé sinusa

transformacija vienadojumam (28) un @ /8z robezu nosacijuma (30), tas nozimg,
aizvietojot:

¥, (4,2)= E}Vy(x,:)cos Axdx @ (4,2) = ‘E]m(x.:]sm Axdx.  (33)

Tiek iegiita 33da vienkdrSa diferencidlvienddojumu sistéma nezinamam funkcijam
K (A, 2), @A, 2):

2 L

A, + d:’ —-Ha'V," + Ha\®' =0, (34)
2
—20 + dd:: « HaAV,* =0. 35)
Tiek izmantotas ari transformacijas (33) robeZu nosacijumiem:
2=0: V=0, 2 l4- F(:,O)],Fstn 1 (36)
dz n
:—>w:Vy‘,€D‘ -0, (37)

kur F(LD) =%pie x=1, z=0 ir nczinama konstante. Problémas (34)-

(37) risindjuma forma ir:

' (4,z2)= zuE[— F(LO)+ A]%(kte“‘ +ke"), (38)
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re oY = E_ ﬂll':l_ LTI
V(4,2 qu;[ F(1,0)+ 4] 22 (e e ) (39

kur k =~ +4° + ), ky=-(J2 + 4" - ). 2u=Ha.

Izmantojot inversds Furjé sinusa un kosinusa transformacijas formulam (38), (39), tick
iegiits risindjums problémai (27)-(31), kas satur nezinimu konstanti F(1,0):

D(x, ) =22 - F(I.G)+A]](k,e"' +k1e"')“;—fsm AxdA, (40)
T )
V,(x2)= %[— F(L0)+ A]]-(e"’ -e*")Si—;icosbdi : (41)

Izmantojot komponentes j, un j, no inducétds stravas blivuma un veicot -laZas
risindjuma transformacijas, tiek iegiita formula nezinamai konstanter F(1,0):

Faoy=-to 1 (42)
n | _Xo
2n
Risindjuma asimptotiska analize gadijumam Ha — wir veikta arf sada]a 2.3. Ir atrasti
vairdki plismas apgabali lieliem Hartmana skait]liem, virdu sakot, Hartmana robezas
slinis, plismas kodols un attdla Iidzpliisma.

Diagrammas stravas = -komponentei j (r,z) ir redzamas 4. att. Aprékini ir veikti ar
Matemitika (Mathematica)”.

iz Ha=10

3 9

4. att. Diagrammas strvas = -komponentei ar precTzu formulu (---) un ar aproksimétu
formulu ( ) no z =1 (divas augsgjas linijas) lidz = = 3.5 (divas apak3gjas linijas) ar
soli Az =0.5. Funkcija j,(x.7) ir nepira attiecibd pret x.

Strivas pludlinijas j(x,z)apgabald 0 <x <1 ir redzamas 5. att. divim Ha vErtibam.
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L

Ha=8

o2 04 08 os 1
Ha=10

N

- [5] w &

oz 04 o8 oe 1

5.att Stravas pludiinijas j(x,=)apgabalda 0<x<1,ja Ha=5 un, ja Ha=10.

Turpmakos secin@jumus var izsecindt no problémas risindjuma:

1. analitiskais risindjums ir iegits tikai ar vienu aproksimdcijas piepémumu, ka
negluduma augstums ir mazs. Risinajumi Skidruma atruma y komponentei un
inducgtas stravas x komponentei ir iegiiti neistu vienkadr$u funkciju integraju
forma. Turpretim induc@tds strivas z komponente ir izteikta ar Bese|a funkciju;

2. asimptotiskais risindjums problémai, ja Hartmana skaitlis Ha — o0, ir iegiits
elementaru funkciju forma. Hartmana skaitliem Ha =10 tiefais un asimptotiskais
risindjums praktiski sakrit;

3. ir atrasti vairaki robeZslapi skidruma trumam un stravas x un =z komponent&m ar
lieliem Hartmana skait}iem.

sada]d 2.3 aprakstitais analitiskais risindgjums ir visparindts sadala 1.4 gadijumam ar

negludumu forma

%, Bl<k
T=F®={%. L <[f<L.
0, >t
Sis funkcijas grafiks ir redzams zemak.
z/A
A
Ko __
=5 -L 0 I L <

6. Att. Pliismas geometrija.
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3. nodala. Neistd integri|a aprékinifana.
$aji nodaja integrali forma
Tt P(A) _,,rb_, cos A cos Ax
’1 .
J0.(%) e
4
kur P,(1°), O, (A’) ir attiecigi n un m pakipes polinomiun m2n, a>0, b>0,
x>0 ir pozitivi parametri, transform&sim integrd]os ar monotonam funkcijam,

izmantojot konvoliicijas teor&mu divu Furjé transformaciju reizindjumam.
Piepemsim, ka visas polinoma Q(A*) nulles ir vienkdrSas un ir izteiktas ki

_,1.1 = —“1: L k=1,2,---3..,n
Piepemsim, ka

F.(A)= E [ £(x) cos Axdx (44)

dA (43)

ir Furjé kosinusa transformacija funkcijai f(x).

Izmantosim teorému (skatit [23]).
Ja F_(A) un ®_(A) ir Furjé kosinusa transformdcijas attiecigi funkctjam f(x)un ¢(x),
tad

T[F..{A]@‘(A)coslrd).-—fwt }D"(].r ‘]]+f(x+.f)]d§ (45)

P(A") cosA

0.4 p_=*
4
Lai iegiitu funkcijas ¢(x), f(x), ir jAnoverte integrali:

P.(A) cosicosﬂx di JEw
=p(x), I, —J_ i cosAx did = f(x)
B F 2
4

Lai izteiktu [, , izmantojam literatfird zinAmu integrali:

- e
e
cos AvdA = K, (b¥a* +x*), (47)
6[1'11 +b?

kur K,(z) ir modificEta Bese|a otra veida funkcija ar kartu 0.
Diferencgjot formulu (47) pret a, tick izteikts integralis /7,

1, =‘(§je~*“‘+*‘ oy M y(bva’ +5° ]—f(x) (48)
T x va* +x?
kur K,(z) ir modificgta Besela otrd veida pirmas kartas funkcija.
Lai izteiktu integrali /|, izmantojam rezidiju metodi (no [6]):

Piegpemsim, ka -0 (1).e™"* =F_(4). (46)




I, —E; Rc{(2mZst+ml§;c:sJQ (_2)[ tegt-i) +e"“"‘]] , (49)

s PG) _ 9(=0)
w W) vz
ar nosactjumu, ka @(z) un w(z) ir analitiskas funkcijas pie z, un maza apkaimg, kur
w(z,)=0, w'(z,) = 0. No (50) var secinat, ka

J’z 3 —[eP 2(70s) |, e sngn(l-x‘l-i-e"'"""]

*=’ 0. (-a;)

[3)

= y .z
+ EQ_'(__’_][sm(Ell - .:1 ign(l-x)+ sm(;!l + xfﬂ =gp(x), (50)

kur sign(l - x) norada (1-x) zimi.
Izmantojot (43), (46) un (51) un pemot véra, ka
[t =" = (1-x)?, tiek transforméts integralis (43) par integrili ar neoscil&josu funkeiju:

= 2
Iﬁ'@e“‘”““, cos A cos AxdA =
5 0 (A7)

E-b*]lﬁﬂ(f) (b,}(.r £)? +a) K(b\}(x+¢') +a ) dE 51
x; by(x—&) +a* by(x+£&) +a* '

kur (&) ir dots formula (50).
Lidzigi var noradit, ka
g o
I cos A cos AxdA =
5 A
T
4

- 2uz! Kl(”\m) K1[ﬂmJ

: cos%.,‘d{ (52)

_To J:’+(x—§)’ -J.-:’+(x+<,‘)1

Integrali (53) var viegli novértét, izmantojot paketi “Mathematica™ visam parametru
veérfibdm x 20 un z > 0. K& var redz&t formula (53), transformacijas prickSrocibas ir:
|. parametrs x pariet no osciléjofas funkcijas kosinusa argumenta uz
monotonas Besela funkcijas argumentu K, ;
2. integréianas robezas tick nomainitas uz ierobezotu apgabalu 0<£<1.
Integrali (52) un (53) tick izmantoti MHD plismu problému, kas rodas virsmas
negluduma dg|, risindjuma novérté¥anai vai transformeSanai (skatit [2], [13]). Viens
§ads piemers ir dots sadaja 4.2.
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4. nodaja. EUROFER terauda korozija un plazmas magnétiskais ierobeZojums
reaktoros.
4.1 Deitérija-Tritija reakcija un tas lietojums reaktoros.

$a gadsimta laika Iidz 2050. gadam pasaules iedzivotaju skaits palielindsies no
seiem miljardiem 1idz desmit miljardiem cilvéku. Tomér lielika nozime ir tam, ka
nakotng tiks patéréts bitiski vairak cnergijas nekd pasSlaik. Gadsimta vidi patérétas
energijas daudzums, iespEjams, biis divas reizes lieldks, wrkldt vislielakais patérina
palielindjums biis vérojams elektroenergijas raditdjos.

crude oil coal gas wood ruclear  hytro
Enerjijas patérips pasaulé

Crude oil — jélnafta

Coal — ogles

Gas — gaze

Wood —koksne

Nuklear — kodolenergija
Hyvdro — hidroelektroenergija

Mitoe - Mt

I.tabula. Energijas pat@rind 2007 gada [Mt (miljoni tonnu e||as ekvivalents)]
(Precizas vértibas ir attiecigi — 3500, 2200, 2100, 1200, 700 un 200.)

Zinatnicki no visaim Eiropas dalibvalstim un G8 wvalstim, kas saistitas ar
EURATOM kodolenergijas programmu, ir centu$ies mazinat Deitérija-Tritija
g!azma.s reakcijas procesu uz Zemes reaktora iek3ienes virspuse:

‘H+ ?H — jHe + ju + 17.6 MeV (53)
(skatit [1], [32), [33], [57]. [49)).

Kodolenergija ( 17,6 MeV ) paradas gan ka neitronu kingtiska energija (14,1 MeV), kas
Jjauzglaba reaktora iekSpusg, izmantojot svinu, gan arf ka alfa dalipas (3,5MeV), kas tick
izmestas no konkréta reaktora caur skursteni kopd ar pelniem [1], [36], [37] un [64].
Deitéris galvenokart atrodams jiiras fideni, bet tritijs ir radioaktivs elements, kas uz
Zemes dabiska veida ir reti sastopams. Tomér to iesp&jams radit reaktord, izmantojot
neitronu reakciju virspusg, izmantojot litiju — bagatigu, vieglu metalu, kas sastopams
dabi ka:

Li6 +n —- T + Hed + 4,8 MeV

Li7 +n ----T + He4 - 2,5 MeV
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Desmit grami deitérija, ko iespgjams iegit no 500 litriem tdens un 15 g tritija, ko
savukdrt iegist no 30g litija, nodrofina viena cilvéka miZam pietickami daudz
clektribas industriali attistita vide (skatit [1], [32], [39], [35]. [49], [55], [56], [64]).

D-T plazmas ierobeZojums ir apspriests jau sikot ar JET projektu (Joint European
Torus), panakot ITER (International Thermonuclear Experimental Reactor
Starptautiskais Termonuklearais eksperimentalais reaktors), kas nodro8inas tehniskos
datus, kuri nepiecielami turpmdko lémumu piepemSanai par citiem reaktoriem,
pieméram, DEMO un PROTO, kas var k|t par pirmajiem spékstaciju prototipiem ar
pilnigam reaktoru sisttmdm un papildsistémdm, kuras razos elektribu komerciala
mérogd (piepemot, ka (@ biivnieciba tiks uzsakta 33 gadsimta piecdesmitajos gados, bet
darbu tas uzsiks §3 gadsimta septipdesmitajos gados) (1], [33], [35], [49], [57], [64].

4.2 MHD fenomena ietekme uz EUROFER térauda koroziju Pb-17Li plisma.
(Seit MHD plasma ar virsmas negludumiem ka vadoia Skidruma = = 7, cos(m /2L)

ir pustelpd un tiek piegemts,) Aplikosim MHD plismu ar negludumu veida
T =7, cos(n%/2L)pustelpd Z >0,-o0 <X,V <+o. Arcjais magnétiskais lauks ir
B® = Bje,. EUROFER 1terauda korozija Pb-17Li plisma var tikt uzskatita par
negludumu raditam sekam, kur Hartmana virsmas pliismas ari ir perpendikulan pliismai.
Nepemot vérd to, ka t€rauda koroziju Pb-17Li plismd ir neliela, tomé&r nozimiga
reaktora darbibas dala, tick inform@ts par tas svarigumu un jaundkajiem rezultatiem, kas
iegiiti, pétot korozijas procesu Fizikas instititd Latvija [55], [56]. Sis eksperiments tika
veikts ar daziadiem paraugiem, kuru pliismas dtrums bija 2,5 cm/s un 5 cm/s, bet
magnétiskd striva bija 0, 1,5 un 1,7 T. Rezultati, kas tika iegiiti $ajos pé&tijumos,
pieradija, ka magnétiskajam laukam ir licla ieteckme uz korozijas procesiem gan
korozijas intensitites, gan tas biitibas zipa (7. att€ls),

1250 eowiem/sB=0T
' evicmfsB=17T
° w=25cmisB=0T
L2 5cmis B=1.7T|
1000 ™ meScmisB=0T
i - " ' ° mvScmisB=15T
A - -
] -~ mow
750 A ~ L]
= 1 ®
£ é e =
g ]
§ s00 a ]
| ] ) ® L]
B W,
n =
250 A
0 T T T - -
0 2 4 6 B 10
number of samples

7. att€ls. EUROFER paraugu korozijas atruma salidzindjums magnetiska lauka un bez
magnétiski lauka.

Corrosion rate — korozijas atrums

Mikron/year — mikroni/gada Number of samples — paraugu skaits
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Cits eksperiments pieradija, ka korozijas virsmas ir vérstas plismas virziend
(8. attels).

1 2 3 4 5 7 8 10

12 mm

8. attéls. EUROFER paraugu virsmas reljefs, kas pakjauts korozijai Pb17Li 2000 stundu
laikposma.

Cerams, ka Iidz §3 gadsimta beigdm zindtnicki, izmantojot pieejamas tehnologijas un
pétijumus, spés git pandkumus /TER projekid, kas nodro3inas fizikas un tehnologiju
pamatu tidas eclektniski generfjamas spEkstacijas demonstricijas biivniecibai ki,
pieméram, DEMO un PROTO . P&c tam jauns, tirs un [&ts energijas avots k]itu par daju
no cilvéku dzives (skatit [1], [9], [20], [28], [32]-[37] . [40] , [49] , [51], [55], [56]. [62],
[70] un [73]).

5. nodaja. Ginzburga-Landau vienddojums sekla fidens stabilitites analizei viji
nelinedri rezimi.

Hidraulikd zaudgjumi, kas rodas turbulentas berzes dg|, biezi tick att€loti
empirisku (vai da]gji empirisku) formulu, pieméram, Cezi vai Manninga formulu [22]
veida. Tpadi biezi tiek lietota Cezi formula, lai attlotu berzes speku F formula

= pgde, .
F= = vM, (55)

kur p $kidruma blivums, g ir smaguma spéka padtrindjums, A ir Sk€rsgriczuma
laukums, A ir Gdens dzilums, ¢, ir berzes (jeb grumbulainuma) koeficients, ¥ ir dtruma

vektors un F berzes speks. Koeficients ¢ , tiek aprekindts ar vairdku empirisko formulu
palidzibu, kas atrodamas literatird. Viens piemérs ir Kolbruka formula [67], kas atticcas
uz ¢, Reinoldsa plismas skaitli.
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Pé&c tam tick pemta véra formas bézes plisma

U=Wwommo . (56)
kur
2R 1
Vo=l @ 67

leteikumi par bazes plismu (57) doti [19], pEc rupigas pieejamo cksperimentu datu
analizes par dzilajam #idens pliismdm aiz ap]veida cilindriem. Profils (55) ari ir
pielagots  esofajam  pétijjumam. Parametrs Rir  atruma  koeficients:
R=U,-U)U,+U,), kur U_ir sekld Gidens plismas dtrums un U/, ir vides
dtrums, bet a:sinh'l{l}A Raksta [44] redzams, ka sekld Gidens linedro stabilitati
raksturo §ada probléma:

@ (U -c+SU)+5U, ¢ 4(:‘ -u, —k’U—%kU]ﬁ =0 (56)
@, (£0) = 0, (57
kur straumei ir plismas funkcija, y(x, y,1), piepem ki

w(x. 3.0 =@ (y)explik(x—ch)]+ce. (58)

Seit @,(p)ir perturbicijas amplitida, k ir vipu skaitlis, ¢ir perturbicijas vijpu dtrums,
bet c.c.nozimé “kompleksais konjugats”. Bazes plismas linearo stabilitati (55) nosaka
péc Tpasvertibu problémas (56), (57) ipaSvértibam, ¢, =¢,,, +ic,,, m=12,... Plisma
(55) ir lineari stabila, ja ¢,, <0 visiem m, bet ta ir linedri nestabila, ja ¢, >0 vismaz
vienai m vértibai.

Linearas stabilitates probléma (56), (57) tiek risindta ar pseidospektrala izvietvojuma
metodi, kas pamatota uz CebiSeva polinomiem. Aprékina procediira Tsuma ir izklastita
turpmak (papildu informéaciju par skaitju metodém meklgjiet [44]). Intervals

—o < y<+eoir kartéts uz iervilu —1<r <1, veicot transformicijas r =%a.rctany.
Risindjums (56), (57) tiek mekléts

()= iﬂ,(l—fz)ﬂ(r). (59)
kur Tt(r'),zr Cebiseva polinoms k pakapé. [zvietojuma punkti r, ir

xj .
r, 26087' J=0l1.,N. (60)

Stabilitates parametra S kritiskds vertibas ir redzamas 2. tabula.
Nemot véra [67], tiek veikta vaji nelineara stabilittes analize kritiskd punkta apkartng.

R k S, &
-0.3 0392 011w 069814
-0.4 0909 0. 15689 065964
-0.5 0926 019548 062394
-6 0944 0.23409 0.59083
07 0962 027286 055925
08 0950 031189 052882

2. tabula. Stabilitates parametra § kritiskas veérfibas.
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R a ) H - _ L

——— —— Amplitidas evoliicijas vienadojums
i ! +0,004i ! - i A + 13,2941 . .

04  0078+0003  0090-0195 3796+ 10,938 (kompleksais Ginzburga-Landau
05 0,090 + 0,000 01150184 3895+ 10,119 vicnﬁdojums)l lai novertétu

0.6 0,100~ 0,003 0,136 - 0.172 4375 + 10,109 ; i < =
27 0109-000%  USI-0l6li 5,149 § 10,590: visnestabilako rezimu 3"'_‘-!3 fidens
0% 0116-0012 0,167 - 01521 6,302 + | 1.44% p]ﬁsmﬁs aiz gkérgl[cml tick ngl‘ltS
3 [44], wvisas formulas Ginzburga-
- PABLLA: Landau  vienddojuma  koeficientu

CGLE koeficienti (61)

aprékind$anai ari  sniegtas  [44].
Kompleksajam Ginzburga-Landau
vienadojumam ir $ads pieraksts:

2
ﬁ:am&a—f-pl.ﬂ‘ A (61)
ar o0&
Izmantojot [44] aprakstito metodi, tick aprékindti CGLE (61) koeficienti dazadam R
vértibam. Rezultati ir apkopoti 3. tabula.
Viens no galvenajiem secindjumiem, kas izdarits pec vaji nelinedras stabilitdtes
analizes, kas piemé&rota kvazi-divdimensiju plismam [22], bija Landau konstantes x,
spéciga atkariba no bazes plismas profila formas. Aprekini, kas sniegti [22], pierada, ka
Landau konstantes vértibas atSkiras par koeficientu tris diviem bazes pliismas Gtruma
profiliem, kuru linedras stabilitates raksturotaji atdkiras tikai par 20%. Tadg| [22] tika
secindts, ka vaji nelinedras leorijas metodes nav iespgjams piemérot praksg, jo
cksperimentu gaitd nav iesp€jas precizi noteikt bizes plismas profilu. Citiem vardiem
sakot, [22] tika secindts, ka Landau konstantes noteikSanas probléma ar viji nelinearis
teorijas palidzibu ir jutiga attieciba pret bazes profila izmaipam, jo nelielas novirzes no
bazes plismas profila rada vérd pemamas izmainas Landau konstantg.

Aprekini, kas doti 2. un 3. tabula, pierada, ka KGLV koeficienti nav tik jutigi
pret izmaipdm parametros R bazes plismas profila (55), ka tas tika atzits [22], Faktiski,
ne vien Landau konstante nav jutiga pret izmaipdm profila (55), bet visi CGLE
koeficienti ir sam&ra nemainigi.

SECINAJUMI
Darbs ir veltits to faktoru analizei, kas ieteckmé MHD plismu un sekla tidens
plismu struktiru un stabilitati, Jo Tpadi sienas pretestibas ietekmi uz plismu var
aprakstit lokali (pemot véra robezas negludumu) vai globali (izmantojot pusempiriskas
formulas, kas apraksta iek3€jas berzes ietekmi).
Robezvirsmas negludums var rasties korozijas dg|. Eksperimentilic rezultati paradija
nozimigu magnétiskd lauka ietekmi uz korozijas procesiem — gan uz korozijas
intensitati, gan tas ipaSibam. Tadé| no praktiskds puses ir bitiski analizét negluduma
ietekmi uz MHD pliismu struktiiru. 37 ictekme darba tick novértéta, analitiski atrisinot
magnétiskas hidrodinamikas vienddojumu sistému (izmantojot Furjé transformicijas).
Darba ir skatitas vairikas virsmas negluduma formas. Analitiskie risindjumi ir iegti, un
atruma sadalfjums ir skaitliski analizéts dazadiem Hartmana skaitliem. Tapat ir iegits
asimptotiskais risindgjums lieliem Hartmana skaitliem. Risindjumi ir iegiti k3 integrali,
kas ick|auj oscil&josas funkcijas. Darba Sie integri]i tick parveidoti par integraliem no
neoscil&josdm funkeijam.
Turklat tiek sniegta informacija par jaundkajiem rezultdtiem, kas iegiti trijas
eksperimentu sesijas (katra 2000 stundu ilga), kuras sekmigi veiktas Salaspili, Latvija.
Sajos pétijumos gitie rezultati pierddija vera pemamu magn@tiskd lauka ietekmi uz
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korozijas procesiem gan korozijas intensitites, gan tas biitibas zipa. Turklat tika iegiiti
jauni rezultati, kas saistiti ar korozijas profilu [56]. EUROFER korozijas paraugu
izpEtes process pierddija, ka ir pictickama at3kiriba starp korozijas procesiem paraugos,
kas izvietoti arpus magnétiskd lauka (B = 0), un paraugos, kas izvietoti magn&tiska
lauka zond (B = 1,7 T). Sadi p&tfjumi tiek veikti, lai nodroSinatu kodolenergijas kontroli
reaktoros. Viens no §is programmas pamatjautdjumiem ir Skidro metdlu virskartas
problgma. Virskartas strukturalajam materialam jaatbilst augstam prasibam ekstremalo
darbibas apstik]u d€|. Tapgc ir nepiecieamas zinaSanas par metalu plismas atruma,
temperatiiras, kd arf par neitronu starojuma un magnétiska lauka ietekmi uz korozijas
procesiem. Pa$laik par vispiemé&rotako reaktora tritija virskirtas materidlu tiek uzskatits
eutektiskais svins — litijs (Pb-17L1) [1], [55] un [56].

Tiek pétita sekla ddens plismu stabilitates analize vaji neline@rd reZima, izmantojot
Ginzburga-Landau vienadojuma komplekso formu, lai ieglitu aprékinus, kas norada, ka
Landau konstanSu vértibas [22] ir salidzino$i jutigas pret bazes plismas profila formu.
Darba ir pieradits, ka berzes speku modelg ar nelinedru Cezi formulu [66]. KGLV
koeficienti nerada ipaSu ietekmi uz intervalu —0.8 <R<-0.3. Sis Rvertibu intervals
atbilst konvektivi nestabilajam reZimam [44]. Tadg] jasecina, ka kompleksais
Ginzburga-Landau vienadojums ir izmantojams seklu kiludens plismu analizei viji
nelinedra reZima.

Pirmas divas nodalas ir veltitas negluduma elementu ietekmei uz MHD plismam

stipra magn&tiskaja lauka. Ir iegiiti atbilstoSo problému analitiskie atrisindjumi ar Furjé
transformicijas metodi. Sadald 2.3.1. tika pieradits, ka divdimensiju MHD plasma rodas
y asij pret§ja virziena tikai tad, ja robeZas ir nelidzenas. y komponentes risindjumi
Skidruma pliismas dtrumam un x komponentes risinajumi induc€tajai stravai tiek iegiti
ki elementarfunkciju neistie integrali. Toties inducétas stravas z komponente ir izteikta
ar Besela funkciju. Problémas asimptotiskais risindjums, ja Hartmana skaitlis ir
Ha — @ _tiek iegiits elementarfunkciju veidd. Ja Hartmana skaitlis ir Ha > 10, precizie
un asimptotiskie risindjumi praktiski sakrit.
Turklat probléma, kas izvirzita $aja sadala, ir pieradits, ka inducétajam magn&tiskajam
laukam ir tikai y komponente. Tiek iegiiti MHD vienadojumu sistémas risindjumi par
Skidruma pliismas dtrumu un inductds strivas potencialu. Tiek iegiti arT spiediena
gradienta x un z komponenSu vienidojumi. Skidruma plismas atrums centrilaji
plisma ir konstants, ja Hartmana skaitlis ir liels. Tas nozimg, ka tas nav atkarigs no Ha.
Palielinoties Hartmana skaitlim, palielinas vienigi centrild apgabala augstums. MHD
atrisinajumi, kas izklastiti §aja darba, atvieglo Skidruma izplatiSanas izpéti apgabala ar
stipru magnétisko lauku (Hartmana skaitlis ir liels). Sie secin@jumi ir nozimigi, un tie
var palidzét citu ar elektribu vadosu $kidrumu problému nisinasana dazadas tehnologiju
un inZenierzinatgu jomas, pieméram, MHD plismas mériericés, MHD siiknos utt,

Tresd nodaja galvenokdrt ir veltita jautdjumam, ka noteiktu problému par MHD
vadoSa $kidruma pliismu pustelpa risindjumi ir izteikti dazu meromorfu funkciju un

funkcijas exp(—avA* +b*)cos Acos Ax reizindjuma neisto integraju veidd, kur @ >0
un b>0 ir parametri, x>0 ir x koordinata Dekarta koordindtu sistéma. Tomér 3is
funkeijas ir |oti oscilgjo3as, ja x ir liels, tadgjadi sarezgijot So integraju aprekinasanu ar
paketes “Mathematica” starpniecibu. Saji dald minétie integrali tiek parveidoti par
monotonas funkecijas integraliem, izmantojot konvoliicijas teorému par divu Furje
kosinusa transforméciju reizindjumu. legitie rezultati atvieglo atseviSku problému
novértésanu matematikas, inZeniertehnisko zindtpu un inZeniertehniskas matematikas
jomas.
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Ceturta nodala ir veltita EJROFER korozijas Pbl7Li plisma praktiskajam
pétfjumam, kur iegiti triju nesen planoto un sekmigi pabeigto cksperimentalo sesiju
rezultati. Rezultdti, kas iegiti 3ajos pétijumos, pierdda magnétiskd lauka ievErojamo
ietekmi uz korozijas procesiem gan attiecibd uz korozijas intensitdti, gan tas bitibu.
Turkldt tick iegiti jauni rezultdti par korozijas profilu [56]. EUROFER korozijas
paraugu izp€tes process paridija, ka magnétiskais lauks rada pietickamu ietekmi uz
koroziju: vizudla testéSanas paraugu novérodana, kas iegiiti no test€Sanas sekcijas péc
eksperimentiem, vzrddija atSkiribas starp korozijas procesiem paraugos, kas izvietoti
drpus magnétiskd lauka (B = 0), un paraugos, kas izvietoti magnetiskd lauka zona (B =
1,7 T). Jaunu energijas avotu meklgumi arvien lieliku uzmanibu piesaista reaktoru
izmanto3anai. Zinatnieki, kas iesaistiti EUROATOM programma, cendas izprast veidu,
ki kodolreaktori spgj darboties, izmantojot D-T plazmas koncepciju. JET, DEMO un
PROTO ir projekti, kuru istenoSana var palidzet razot pilniba kontrolétu energiju, kas
tiks tiedi pievienota elektribas tikliem. Turklat ta ir viena no nedaudzajim iesp€jam, kas
potencidli ir piepemamas gan no apkart€jas vides droSibas (pilnigi bez CO; izmetes),
gan no ekonomiska viedokla.

Picktd nodala ir veltita seklo idens pliismu stabilitates analizei vaji nelinedra
rezima, izmantojot Ginzburga-Landau komplekso vienddojumu rezultdtu iegiidanai un
pétijuma secindjumu izdariSanai. Aprékmi, kas sniegti [22], liecina, ka Landau
konstantes vertibas atSkiras par koeficientu tris diviem daZadiem atruma profiliem ar
linedrds stabilitattes raksturotdjiem, kas atskiras ne vairak par 20%. Citiem vardiem
sakot, tika secindts, ka Landau konstante [22] ir samérd jutiga pret bazes plismas profila
formu. Promocijas darba berzes speku model€ ar nelinedro Cezi formulu [67], 1. tabulas
un 2. tabulas datu analize liecina, ka seklds kiliidens pliismam linedrds stabilitates
raksturojuma izmaipu dé| radds mazdkas izmaipas KGLV koeficientos, Tadg] var
secindt, ka komplekso Ginzburga-Landau vienddojumu ir iesp&jams izmantot, lai veiktu
sekla ki]idens analizi vaji nelinedra reZima.
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INTRODUCTION

The thesis is devoted to the analysis of factors that influence the structure and
stability of magnetohydrodynamic (MHD) flows and shallow water flows. In
particular, the effects of wall resistance on the flow can be described locally (taking
into account roughness of the boundary) or globally (using semi-empirical formulas
describing the effect of internal friction).

Roughness of the boundary can occur as a result of corrosion. Experimental results
demonstrated essential influence of magnetic field on the corrosion processes both
in the intensity of corrosion and its character. Therefore, is it important from a
practical point of view to analyze the effect of roughness on the structure of
magnetohydrodynamic flows. This effect is evaluated in the thesis by solving the
system of magnetohydrodynamic equations analytically (using the Fourier
transform). Several forms of surface roughness are considered in the thesis.
Analytical solutions are found and velocity distribution is analyzed numerically for
different Hartmann numbers. Asymptotical solution for high Hartmann numbers 1s
also found. The solutions are found in terms of integrals containing oscillatory
functions. These integrals are transformed in the thesis to integrals containing non-
oscillatory functions.

Global effect of internal friction is usually taken into account by using empirical
resistance formulas like Chezy formula to estimate the “lumped” effect of friction in
turbulent flows for the computation of flow rate and losses in channels or pipes and
design of open channels. These formulas contain empirical friction coefficients that
are directly related to the Reynolds number of the flow and the roughness of the
boundary. The coherent structures in wake flows behind obstacles are believed to
appear as a final product of hydrodynamic instability of the flow. Methods of
weakly nonlinear stability theory have been applied in the past to different flows and
usually lead to amplitude evolution equations for the most unstable mode. One of
such equations is the complex Ginzburg-Landau equation. Weakly nonlinear theory
applied to quasi-two-dimensional flows with Rayleigh friction (intemnal friction is
assumed to be linearly related to the velocity distribution) led to the conclusion that
the coefficients of the amplitude evolution equation (Ginzburg-Landau equation) for
the most unstable mode strongly depend on the shape of the base flow profile. As a
result it was concluded in the literature that weakly nonlinear models cannot be used
for such cases since it is impossible to determine experimentally the base flow
velocity distribution with high accuracy and, therefore, one cannot use reliable
values of the coefficients of the Ginzburg- Landau equation. It is shown in the thesis
that if a nonlinear formula is used to model bottom friction then the coefficients of
the Ginzburg-Landau equation are not sensitive to the base flow wvelocity
distribution.

IMPORTANCE OF THE RESEARCH

Study and analysis of magnetohydrodynamic flows in ducts or channels in the
presence of a magnetic field is important in applications such as design and analysis
of MHD generators or pumps. The influence of the surface roughness on the MHD
flow of a conducting metal is useful for the techniques used to set up the cooling
system of the Tokamak reactor. In addition, corrosion has to be taken into account in
design and analysis of the performance of such reactors. It is known that magnetic
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field affects both the rate of corrosion and the character of corrosion. It is, therefore,
important to analyze the effect of corrosion on the structure of
magnetohydrodynamic flows.

The stability characteristics of shallow flows behind obstacles are important from
environmental point of view. Poor water circulation in the regions behind islands
can lead to deterioration of water quality and, in some cases, even to fish mortality.
As a result, it is important to know the structure of shallow water flows in the
regions behind obstacles.

SCOPE AND GOALS

The objective of the thesis is to analyze the effect of surface roughness on the
structure of magnetohydrodynamic flows and stability of shallow flows. Surface
roughness appears as a result of corrosion of a conducting fluid in a magnetic field.
The obtained analytical solutions can be used to estimate the effect of corrosion in
such cases.

Linear and weakly nonlinear stability analysis of shallow flows can be useful in
determining water patterns in regions behind obstacles such as islands. The results
obtained in the thesis may be used for environmental assessment of shallow flows.

METHODS OF RESEARCH

Mathematical models that are analyzed in the thesis are based on equations of
magnetohydrodynamics and shallow water equations. The following methods are
used for the analysis of magnetohydrodynamic flows over roughness elements:

5. Transformations of the equations of magnetohydrodynamics in order to derive
the form of the induced magnetic field in the flow region when roughness
clements are present;

6. Fourier cosine and sine transforms for the analytical solution of the problems of
MHD flows over roughness elements;

7. The residue theorem is used to transform integrals containing oscillatory
integrands to integrals of monotonic functions;

8. Numerical evaluation of improper integrals with “Mathematica”,

Shallow water flow model is used to analyze linear and weakly nonlinear instability
of one class of wake flows. The methods of analysis include:

5. Linear stability analysis of the equations of motion;

6. Collocation method based on Chebyshev polynomials to calculate the staoility
boundary;

7. Asymptotic expansions in the neighborhood of the critical point to perform
weakly nonlinear stability analysis;

8. Numerical methods for solution of boundary value problems for ordinary
differential equations in order to calculate the coefficients of the amplitude
evolution equation.
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SCIENTIFIC NOVELTY AND MAIN RESULTS

The form of the magnetic field and MHD equations for fully developed flow caused
by the roughness of the boundary is obtained.

The effect of surface roughness on the structure of magnetohydrodynamic flows in
half-space is analyzed by means of analytical methods. Surface roughness is
assumed to be of the form of a piecewise constant function.

Asymptotic of the obtained solution is analyzed for the case of high Hartmann
numbers.

Improper integrals containing oscillatory functions that arise in applications of
MHD flows over roughness elements are transformed to integrals containing
monotonic functions which are more suitable for numerical calculations.

Analysis of theoretical results that are relevant to experiments on the effect of
corrosion in the magnetic field is performed.

Linear and weakly nonlinear analysis of shallow water flows is performed for one
class of wake flows. A nonlinear Chezy model is used in our study to represent
bottom friction. It is shown that the coefficients of the Ginzburg-Landau equation
are not sensitive to the shape of the base flow profile in contrast with previous
studies where the friction was modeled by a linear function of the velocity.

APPLICATIONS

Previous experimental studies in the Institute of Physics in Salaspils (Latvia) have
shown that under some conditions surfaces exposed to the magnetic ficld resemble
some sort of a regular wave-like pattern. In general, the magnetic field affects not
only corrosion rate, but also corrosion pattern. As a result, surface roughness has to
be taken into account when realistic models of liquid metal flows in reactors are
considered. Theoretical results presented in the thesis can be used in the analysis of
the corrosion process in magnetic field.

Methods of linear and weakly nonlinear stability are often used to analyze the
structure of shallow wake flows, Bottom friction is modeled in the thesis by a
nonlinear function of the velocity. It is shown in the thesis that the coefficients of
the Ginzburg-Landau equation which describes the development of flow instability
above the threshold are not so sensitive to the variation of the base flow profile. This
result contradicts the previous studies where the internal friction was modeled by a
linear function of the velocity. As a result, it is plausible to assume that simplified
models based on amplitude evolution equations such as complex Ginzburg-Landau
equation can be used to analyze the behavior of the most unstable mode in the
region above the threshold.
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BRIEF CONTENT AND STRUCTURE OF THE THESIS

The thesis contains 5 chapters, list of references, 16 figures, 4 tables, 92 pages. List
of references contains 75 titles. The thesis is written in English.

Chapter 1. Introduction.

Literature review is presented in the Introduction. In addition, the structure of
the thesis and the main results are discussed.

The main topic of the PhD thesis is the analysis of the factors that influence the
structure and stability of magnetohydrodynamic (MHD) flows and shallow water flows.
In particular, we shall concentrate of the effect of roughness of the boundary. Methods
of analysis are based on analytical solutions which are found for some MHD flows over
roughness elements in strong magnetic fields in rectangular ducts. The MHD solutions
described in our work facilitate the investigation of the redistribution of the fluid in a
region where the magnetic field is strong (the Hartmann number is large). The analysis
of the behavior of MHD flows at high Hartmann numbers is a topic of increasing
interest since it is mainly applicable to MHD devices such as pumps, and MHD
generators. The main features of MHD liquid-metal flows at large Hartmann number are
as follows: A * flat’ velocity profile in the core of a channel and thin boundary layers
near the boundaries. Electric currents induced in the fluid modify the field of the flow.
Knowing the path of these currents then it is possible to predict the flow structure.

Hydraulic engineers are effectively using Chezy formula to estimate the
“lumped” effect of energy losses in turbulent flows for the computation of flow rate and
losses in channels or pipes. Roughness of the boundary is taken care of by using
empirical friction coefficients. These coefficients are related by several empirical
formulas to the Reynolds number of the flow as well as to the roughness of the
boundary. The coherent structures in wake flows are believed to appear as a final
product of hydrodynamic instability of the flow. Methods of weakly nonlinear theory
have been applied in the past to different flows and usually lead to amplitude evolution
equations for the most unstable mode. One of such equations is the complex Ginzburg-
Landau equation. Weakly nonlinear theory is applied to quasi-two-dimensional flows in

[22] with Rayleigh friction (internal friction is assumed to be linearly related to the
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velocity distribution). It is shown in [22] that the coefficients of the Ginzburg-Landau
equation for the case where the internal friction is represented by a linear function of the
velocity strongly depend on the shape of the base flow profile. As a result it was
concluded in [22] that weakly nonlinear models cannot be used for such cases since it is
impossible to determine experimentally the base flow velocity distribution with high
accuracy and, therefore, one cannot usc reliable values of the coefficients of the
Ginzburg-Landau equation in the analysis. However, in Chapter 5 of our work we show
that small variations of linear stability characteristics do not lead to large changes in the
Landau constant (the Landau constant is the real part of one of the coefficients of the
Ginzburg-Landau equation) when a nonlinear Chezy formula is used to model bottom

friction.

Chapters 2, 3 and 5 are theoretical while Chapter 4 is practical dealing with
corrosion of EUROFER steel in the Pb17Li flow and its application to D-T ( Deutrium-

tritium ) plasma confinement in a reactor,

In Chapter 2 we state the principles of MHD flows and then we describe the
influence of the surface roughness on the MHD flow of a conducting metal and state the
governing equations. Since MHD flow problems are widely studied in channels of
various forms and different boundary conditions, the results of such studies have direct
applications in different fields of magnetohydrodynamics [29], [38], and [58]. Since
magnetohydrodynamics studies the motion of electrically conducting fluids in the
presence of magnetic fields, it is obvious that the magnetic field influences the fluid
motion. Usually in MHD problems electromagnetic force is added to the equation of
motion and the magnetic field (through Ohm’s law) changes the fluid motion. We
describe some MHD flow problems in ducts over the roughness elements in a strong
magnetic field and analytical solutions of such problems are obtained using of the Dirac
delta function (see [6], [7). [12], [13], [17]. [18]).

Asymptotic analysis of these problems is performed for the case of strong
magnetic fields and graphs of the z-components of the current are shown for different
Hartmann numbers, Different boundary layers for the field velocity and for the z-
components of the currents at large Hartmann numbers are analyzed. The MHD
problem for fully developed flow is solved for the cases of a uniform and non-uniform

cxternal magnetic field where the surface roughness is taken into account. The
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distribution of fluid velocity, induced current with its potential and external magnetic
field are derived (see the following references for the analysis of similar problems [2],
[51, [111-{13], [17], (18], [21], [30], [31], [42], [50], [53], [54], [57], [59]. [65], [69D).

Chapter 3 1s devoted to the calculation of some classes of improper oscillatory
integrals. It is shown that oscillatory integrals in some cases can be transformed to
integrals of non-oscillating functions. Such integrals have direct applications to MHD
flows analyzed in the thesis. These results are applied in order to transform the solution
of some MHD problems arising in half space = >0 as a result of roughness of the
surface z =0 for various boundary layers (see [3], [4], [6], [7]. [17], [72], [74]).

During my seven year stay in Riga, Latvia (one the main MHD application
centers in Europe), I had the opportunity to visit some interesting sites related to IAHD
study such as the Physics Institute in Salaspils where | have seen the three recently
planned experimental sessions (each 2000 hours long) which have been successfully
completed. Results gained in these investigations demonstrated essential influence of
magnetic field on the corrosion processes both in the intensity of corrosion and its
character. New results concemning the profile of corrosion are obtained in [55] and [56].
Such studies have an important implication on how to confine and control the buming
D-T plasmas by a strong drag of magnetic fields inside a reactor (see [1], [9], [35]. [56].
[70] and [73]). In addition, | had the opportunity to participate in some PAMIR MHD
International Conferences (4™, 5® and 7" PAMIR International Conferences) . As a
result of these activities Chapter 4 of the thesis describing practical aspects related to the
effect of surface roughness on MHD flows ([1], [9], [32]-[37], [39], [40], [48], [49],
[55]-[571, [60], [64], [68], [70] and [73]) was written.

Chapter 5 is devoted to the analysis of shallow water flow in a weakly nonlinear
regime using the complex Ginzburg-Landau equation (CGLE). It is shown in the
previous studies [22] related to weakly nonlinear analysis of quasi-two-dimensional
flows (shallow water flow is one of the examples considered in [22]) that the values of
the Landau's constant differ by a factor of 3 for two different velocity profiles with
linear stability characteristics (differing by not more that 20%). In other words, the
Landau’s constant was found to be quite sensitive to the shape of the base flow profile.

In Chapter 5 the bottom friction is modeled by a nonlinear Chezy formula [66]. The
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analysis of data presented in Table 3 and Table 4 shows that for a one-parametric family
of shallow wake flows the changes in the linear stability characteristics resulted in even
smaller changes in the coefficients of the CGLE. As a result, it is plausible to conclude
that the complex Ginzburg-Landau equation can be used for the analysis of shallow
wake flows in a weakly nonlinear regime (see [8], [10], [14]-[16]. [19], [22], [26], [43]-
[47], and [67]) for the application of weakly nonlinear models to different flows in fluid

mechanics.

Chapter 2. Flow over the roughness elements in strong magnetic fields.

Chapter 2 i1s devoted to the analysis of the structure of MHD flows over roughness
clements of different shape. Analytical solutions of the corresponding system of MHD
equations are obtained. Results of numerical computations and asymptotic analysis for
high Hartmann numbers are presented.

Main principles of MHD flows are formulated and discussed in Section 1. The form of
the magnetic field and MHD equations for fully developed flow caused by the
roughness of the boundary are derived in Section 2,

We consider a problem about the MHD flow in half-space = =0 caused by the

roughness of the boundary =0 . In contrast to what is done in monograph [75] it is

assumed here at the first that the induced magnetic field E‘ has the x, y and =
components. After that the symmetry of the flow is used and it is proved that the
induced magnetic field has a single y -component, i.e. it has the form (4). We consider
uniform external magnetic field in subsection 1.2.1 and non uniform magnetic field in

subsection 1.2.2. The geometry of the flow is given on Fig. 1.

AZ

b

F(x,z)=V,(x,2)E,
‘= {0-(}’ B, } = '

i

%o J®)=Z[nE + 1)-nE- 1)

_____ AN/

Figure 1. The geometry of the flow.
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Conducting fluid is located in the half-space Z >0 , —w <X,¥ <+o. The external

magnetic field is of the form
B= B,&, (1)

A steady current flows with the density ;, =% e_: in the direction of the x-axis. If the

surface Z =0 is ideally smooth, then the flow is absent because the electromagnetic

iy

force F = }"x B* is constant and rot F = 0. Suppose further that on the surface = =0

the roughness is of the form :

_ }(E},—L <X L-m<y <+,
0,% & (=L, L). @)

In this case the full current is equal to 7 = f, + /(X,Z) and the flow of the fluid with
velocity

v, =75, 3)
arses in the direction opposite to the y -axis (see Fig.1)
It is proved that the induced magnetic field B’ in this case has the form

B'=B'(x,z)e, )

and the MHD equations for the fluid velocity V, (v, =) and for the potential of the

induced current ®(y, =) can be written in the following dimensionless form

; ; oo
Al,_—Ha‘i-,+HaE=0. (5)
av,
AD = Ha—,
ax (6)

where A=8°/éx* +8°/8=*, Ha=B,LJa/pv isthe Hartmann number and &, p.v

are, respectively, the conductivity, the density and the viscosity of the fluid.
We use the MHD equations of incompressible fluid and the Ohm’s law (see[29], [50]

and [58]) :
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[ftV)IE=—lyaﬁ+vAf+$(jx§], (7
p

}:a{§+ﬁx§‘)=c(—gmd‘5+i7x§], (8)
where A=—az—+i+i EV:V i.'.r i.,.y 9
& F & " e E
In our case
V= Vo (x.2)E,, (9)
B=RB'(x,5)+B", (10)

where B' is the induced magnetic field.

First, we prove that

B'(7.5)=B'(%.5), (11)

at the condition that the vector of the induced current has the form

J&3) =3 e, + (%5, (12)
and it will be shown as the corollary that the vector of fluid velocity is given by (9). For
this purpose we use the Bio-Savare’s law, according to which the induced magnetic
field vector dB created by an element di of infinitely thin wire directed along the

current | is equal to

dg =1 drxﬁﬂ(

e 3
|"MM|

(13)

where F,,,, is a radius vector connecting the point M'(3¥,5,5')e dl and the point of

observation M(X,y,Z) (see Fig. 2);

Fun = (% -X"e, +(¥ ‘;'}E, +(EZ-2e,. (14)
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Figure 2. Magnetic induction dB caused by elementary current Idl .

Without loss of generality we can choose the point of observation M (0, 0, () in the

= oS

origin. For each point M'(¥',¥',Z')in the fluid we always can choose the symmetric
point N'(¥"~¥".Z") with respect to point M (0, 0, (). We consider the magnetic
induction @B caused by eclementary current Idl passing through the point
M'(X',¥',Z") and by elementary current [ ,dr passing through the symmetric point
N'(¥~¥",Z") (see Fig. 3). Here I and 7, are the currents with density ;(E.EJ given
by formula (12).

Since vector }( %,7) doesn’t depend of variable ¥ we have in our case that /, =/

Then, according to formula (13), we have

d&‘” = Dﬂ'ﬁr*(ﬂm + Py )

(15)

where D=l |”, dl =dlE, +dlz,, (16)

e ==(F2, + 56, +5€,), Ry, =—(¥¢, - 7€, +26.). (17)
Substituting (16) and (17) into (15) we obtain:

dB = D(2='dl, - 2%'dl, e, . (18)

Summing formula (18) over the whole elements dl in the fluid we obtain formula (11),

which completes the proof.
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In order 1o obtain equations (5), (6) we substitute vectors ¥ and 3 from (9), (10)
and (11) into equations (7) and (8). After some algebraic manipulations we obtain

By, 0
o &

B'é,+—B'¢. - B,'V,E, + BV, E"E,}

(19)

(20)

/mu.u.u) ¥
x

Figure 3. Symmetric representation needed to the proof of formula (18).

Substituting (19) and (20) into (7) and performing some algebraic transformations we

obtain the following relationship

a* ? Yoo o aD(x,2) P
—+— |V (x,2)+—| B, ———B,V (x,z)|=0.
! =1 ) (x,2) P LI 0 y{-" )

We  use the  dimensionless  quantities by  taking the  values
L,viL B, v,}pvjcr.v..fpv/af L* as the scales of length, velocity, magnetic field,
potential and current, respectively.

To obtain equation (6), we apply operation of divergence to equation (8) and use the

equation of continuity d:'v} =0:

0=-A® + B,divV ,(3,5)e, 20

Passing in formulae (21) to the dimensionless variables, we obtain equation (6).
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Similar analysis is performed in Section 1.2 where it is assumed that the external
magnetic field and the given external current has only x and =z components, which do

not depend on the variable y.

Analytical solution to the MHD problem over roughness elements in a uniform external

magnetic field is obtained in Section 1.3.

The conducting fluid is located in the half space Z >0, —o <X, ¥ <+w. The

external magnetic field has the form (1).
The boundary Z =0 is not conducting. A steady current flows with the density
§= Ju€, in the direction of the x-axis, If the surface Z=0 is ideally smooth then the

flow is absent because the electromagnetic force F = F-'x B is constant and rotF =0.

Suppose that on the surface Z =0 there is roughness of the rectangular form (see Fig.1):

2, s ...[ o = L] 2&! -L(:\:(L. 2
-——lnf{X}—an?{I+ )_"?{I'_ )" 0, |I_I>L, (22)
S . i =, _]0.5 <0,
where 77(X) is the Heaviside step ﬁ.u'u::tlcm:rr(x):[1 %50 (23)
» X .

In this case the full current is equal to J = j, + j(¥.Z) and the flow of the fluid with the
velocity ¥ = !7 ,(¥,Z)é, arises in the direction opposite to the § axis (Fig.1).

We will derive the boundary condition for the potential ®(X,¥) of an electrical field on
the surface = = fnf(f). The normal component of the current on this surface must be
equal to zero because the boundary == 7,/ (%) is not conducting, i.c. it must be

J +ii=0 on the surface (/i is the unit normal to the surface).

Using formula 7 = grad[Z - 7, 7(F))/y1+ 7,° /" (F) we obtain

i=lzieE e ez, 7@, 24)
where
F®=[GE+0)-8F-1).
&(x) is the Dirac delta function.
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Substituting 7 from (24) and 7 =(j, +7,(%,3))E, +J.(%.2)e. into j-i=0 and

using formula J =a'[—grad¢l+l:_:x§}, ie J,=-0d®/3&, J,=-0co®/&E on the

.

surface, where I = 0, we obtain the boundary condition for the potential ®(¥,%):

i gy OB | oP =,

== th{x}: === Jnf (-t) _’O'_,._)( (.l'} - (25}
oz ox

The only approximation which is made in this section is the following: we transfer the

boundary condition from the surface = =7, /(%) to the plane T =0, ie we only
assume that the value fa‘f(i' )| is small. As a result, we obtain the boundary condition

for the potential in the form
$=0:00/0% = 7,|- jo~ +8®/0%) [5G+ L)-8G - L)]. 26)

We use the following dimensionless quantities using the wvalues L, v/L. B,

vm i vJ'p_w; /L* as scales of length, velocity, magnetic field, potential and
current, respectively. Here o, p, v are, respectively, the conductivity, the density and
the viscosity of the fluid. Then the MHD equations and the boundary conditions have
the form (see [28]):

AV, -Ha'V, + Ha-0®/8x=0, A®=Ha-aV,/dx, 27).28)
2=0:V,=0,00/3: = g,[- 4+ F(x,0)]-[5(x + ) - 6(x-1)], (29).(30)
x'+2! 500 V, =000, (31)

where A=38'/dx' +8'/8', Ha=B,LJo/pv is the Hartmann number,
.42 5 o
A= j,L f{v,}pm’}, Xo=ZX,/L and F(x,0)= - I
=0

In order to solve problem (27)-(31) we use the symmetry of this problem with respect to
x: the function ¥, (x,z) is an even function, @(x,z) is an odd function with respect to
x. This means that the functions V,(x,z) and®(x,z) satisfy additional boundary

conditions:

av
z=0: —<=0,®(x,0)=0. (32)
ox
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Therefore, problem (27)-(31) can be solved by means of Fourier cosine and
Fourier sine transforms (see [3], [4]). Namely, we apply the Fourier cosine transform
with respect to x to equation (27) and to /' in boundary condition (29) and the Fourier
sine transform to equation (28) and to 8® /32 in boundary condition (30), that means,

by substituting
V.5 (A,5)= szVy{x, =)cos Axdx , ®°(4,2) = F‘jlb(.t,:)sinixdx . (33)
T 1] T ]

We obtain the following system of ordinary differential equations for unknown

functions F*," (A, 2), ®*(A,2):

e v
~WV, +—L—~Ha'V," + Han®" =0, (34)
It
ge (35)

-2 +_d:.—’+ HahV," =0.
We apply also transforms (33) to the boundary conditions:
z=0: ¥ =0, 2 _yu- F(I.O)k’zsin A3 (36)
: dz 4
@), 0" =0, (37)
D ’ "
where  F(1,0) =Eal x=1,z=0 is an unknown constant, The solution of

the problem (34)-(37) has the form:

O (4,2) = z.,‘E[— F(1,0) + A]s_i';f (ke" +k,et) (38)
Ve(A.5)= XD\E[— F(1.0)+ A]T—;(e"’ ~g"*), (39)

where k, =—(y A +u’ +u), k, =-(-Ji‘+p’ -H4), 2u="Ha.

Applying the inverse Fourier sine and cosine transforms to formulae (38), (39), we

obtain the solution of problem (27)-(31), containing unknown constant F(1,0).
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®(x,z) = X;"[— F(1.0)+ 4] [ (k" + kze"')Si:—:'{sin AxdA, (40)

=
(L]

V,(x,5) =22~ F(1,0)+ A]]‘(e‘-‘ S cos AxdA - (41)

bz sin A
x i

Using the components , and j, of the induced current density and performing some

transformations of the solution we obtain the formula for unknown constant F(1,0):

F{l.0]=—§—;.~1 L (42)

Asymptotic analysis of the solution for the case Ha — «is also performed in Section
1.3. Several regions of the flow are found for high Hartmann numbers, namely,
Hartmann boundary layer, the flow core and the distant wake.

The graphs of the = -component j, (x,z)of the current are shown in Fig. 4. Calculations

are done with Mathematica.

= Ha=10

- ®
1 2 3 4

Figure 4. The graphs of the z -component of current by exact formula (---) and by
approximate formula ( ) from z =1 (two upper lines) to z =3.5 (two lower lines)
through Az = 0.5. Function j, (x,z) is odd with respect to x.
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The streamlines of the current j(x,z) in region 0 < x <1are shown in Fig. 5 for two values
of Ha.
z Ha=8
4

3

Y

02 04 o8 08 1
x Ha=10
4
3
2
1
x
02 04 08 08 1

Figure 5. The streamlines of current j(x,z) in region 0 < x <1at Ha=5 and at Ha=10.

The following conclusions can be drawn from the solution of the problem:
4. The analytical solution is obtained at the single approximate assumption that the

height of the roughness is small .The solutions for the y component of the velocity
of the fluid and for the x component of the induced current are obtained in the
form of improper integrals of elementary functions. On the other hand, the =
component of the induced current is expressed through the Bessel functions.

5. The asymptotic solution of the problem at Hartmann number Ha — @ is obtained
in the form of elementary functions. For Hartmann numbers Ha > 10 the exact and
the asymptotic solutions practically coincide.

6. Several boundary layers for the velocity of the fluid and for the x and =
components of the current at large Hartmann numbers are found.

Analytical solution described in Section 1.3 is generalized in Section 1.4 for the case of
roughness of the form

Zn <L,
F=F® =170 L <[F<L.
0, [f>L

The graph of this function is shown below.
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Figure 6. The geometry of the flow.
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Chapter 3. Evaluation of improper integral.

In this chapter the integral of the form

- 2 -
P_(i) N oy cos.-lcos;lx
0 Gu() .

4

da, (43)

where P,(4’), O, (1) are polynomials of degrees n and m , respectively, and
mzn, a>0, >0, x>0 are some positive parameters is transformed into integrals of
monotone functions using the convolution theorem for product of two Fourier cosine
transforms.

We suppose that all zeros of polynomial Q(4*) are simple and have the form:

At=-a’ k=123..n.
Let

FM)=J§ [ £(x)cos Axdx (44)
’rﬂ

be the Fourier cosine transform of the function f(x).
We use the theorem (see [4]):

If F.(4) and @, (A) are the Fourier cosine transforms of functions f(x)and ¢(x),

respectively, then

JFC{A)m,(A)th% [o@lrdx e+ rx+&)]ae @s)
P.(#) _cosA AT
Let—== 2 =0, (4), =F.(4). 46
P ) “s)
4

To obtain the functions @(x), f{(x) it is necessary to evaluate the integrals:
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2
J_IP(lz) cos.a.;os,udz_ o5, I-J_I"“‘I_coslrdl 7
l:Q(‘l z_"‘"_

4

For evaluation of 7, we use the integral known in the literature [74]:
nj e-n‘a’..s’
SNA + b}

where K,(z) is the modified Bessel function of order 0 of the second kind.

cosAx dA = K (b¥a® +x%), 47

Differentiating formula (47) with respect to a we evaluate integral 7, :

=FI¢"‘“""‘ cos Ax dd = 2 Kb a’ +x! L Ll 9 = f(x) (48)
T x Va' +x*

where K,(z) is the modified Bessel function of order 1 of the second kind.

For evaluation of integral /, we use the residue method (see [6]):

21 n(::} il-s) | iEllax)
I, =,j——Re4| 2 !
1“1 3 e{[ mZRcs+ J'II'RESJ Q.{:,)[e +e ]} (50)

ayi

where Res —— (=) ({(-‘-ﬂ R
a w(z) (=)

at the condition, that @(z) and w(z) are the analytical functions at =, and on some

small neighborhood where w(=,)=0, w'(z,)= 0. It follows from (49) that

J_z c P( a.l I—n.[: s:gn(]—x)+e"'”'"}

&=|Q {...
/(%)
+ 1—42[sin[%[l - .\'IJsfgn[] —-x)+ sin[%!l + 4” =p(x), (51)
Q

where sign(l — x) means the sign of (1-x).
Using (43), (46) and (50) and taking into account that

[1= " = (1-x)*, we transform integral (43) into integral of non-oscillatory function:
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= 2 —
jm—“e'“’"‘" coR Ao Ardi=

2 0. ()

(bﬂ'{x £ +a ) K(b\)‘{th) +a’ ) . (52)

b(x-£)} +a’ b(x+¢&) +a’

o _[v(

where @(£) is given by formula (49).

Similarly, it can be shown that

= e~V eut
I cos A cos AxdA =
i _'{1

2’ xl(pJ:u(x—ﬂ’)er,[pJf+{x+¢)=J
7ol P a(-g) Vi 4y

cos%;jds,‘ (53)

Integral (52) can be easily evaluated using package “Mathematica™ for all values of
the parameters x 20 and z2>0. As it can be seen from formula (52), the advantages of
these transformations are:

3. The parameter x goes from an argument of oscillatory function cosine into
the argument of a monotone Bessel function K,
4. The limits of integration are changed in the bounded region 0<£<1.

The integrals (52) and (54) are used to evaluate or transform the solution of problems

about MHD flows arising due to the roughness of the surface (see [2], [13]). One such

example is given in Section 3.2.

Chapter 4. Corrosion of Eurofer steel and magnetic confinement of plasma in
reactors.

Section 4.1. Deuterium-Tritium reaction and its use in Reactors.

During this century, the world's population will double from six billion people and
it will rise to ten billions by 2050. More importantly, a lot more energy will be used
than we use today, energy consumption will probably be two times higher by the middle
of the century with an even stronger increase in electricity consumption.

Table 1 below shows the pattern of energy consumption in 2007.
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crude oil coal gas wood nuclear hydro
Energy consumption around the world

Table 1. Energy consumption by the year 2007 [Mtoe (Million Tonnes Of O1l Equivalent))
(The exact values are respectively 3500, 2200, 2100, 1200, 700, and 200)

Scientists from all European member states and G8 countries associated with the
EURATOM fusion program have been trying to reproduce the Deutrium-Trithium
Plasma reaction process on Earth inside od the blanket of a reactor as:

H+H — jHe + gn+ 17.6 MeV (53)
(see [1]. [32], [33]. [57]. [49]).

The fusion energy ( 17.6 MeV ) appears as kinetic energy of neutrons (14.1 MeV ) that
need to be saved inside of a reactor using lead, and of alphas ( 3.5MeV ) that are
evacuated as ashes from the chimney of a certain reactor [1], [36], [37]. and [64].
Deutrium is generously present in seawater but Tritium is a radioactive element rarely
existent naturally on Earth. However it can be bred inside the reactor using the reaction
of the neutrons in a blanket containing lithium, an abundant light metal in the nature as:

Li6 +n ---- T + Hed + 4.8 MeV
Li7 +n--- T+ Hed4 - 2.5 MeV

Ten grams of deuterium which can be extracted from 500 liters of water and 15 gr of
tritium produced from 30 g the lithium would produce enough fuel for the litetime
electricity needs of a person in an industrialized country (see [1], [32], [39]. [35], [49].
[55], [56], [64]).

Progress of the D-T plasmas confinement inside of reactors is discussed starting from
the JET project (Joint European Torus) reaching ITER (International Thermonuclear
Experimental Reactor) which will provide the technical data necessary for future
decisions for other future reactors such as DEMO and PROTO which will become the
first proto-type power station with complete reactor and ancillary systems that would
generate electricity on a commercial scale. The construction suppose lo start in 2050s
and its operation in 2070s (see [1], [33], [35], [49], [57]. [64]).
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Section 4.2. Analysis of MHD phenomena influence on the corrosion of EUROFER
steel in the Pb-17Li flow

Consider MHD flow of a conducting fluid with roughness of the surface in the form
T =y,cos(mx/2L) located in the half space Z>0-w<X ¥ <+w. The external
magnetic field is B° = B,e,. Corrosion of EUROFER Steel in the Pb-17Li flow can be
considered as a consequence of roughness where the Hartmann surfaces flows are
perpendicular to the flow as well.

Despite of the fact that corrosion of steel in the Pb-17Li flow is a small but important
part of the reactor work, we notify the importance and newest results attained of the
corrosion process done in the Physics Institute in Latvia [55], [56]. This experiment was
performed on different samples with flow velocities of 2,5 em/s and Scm/s and magnetic
current of 0, 1,5 and 1.7 T. Results gained in these investigations demonstrated essential
influence of magnetic field on the corrosion processes both in the intensity of corrosion
and its character (see Fig. 7).

1250 owScmisB=0T Terrer—y
‘ owSemisB=1T7T
® w25cmisB=0T
Lv25cmis B = 1.7
10004 ® m=ScmisB=0T
. . 8 o |mwscmss=1sT
@ [} [ '}
§ A . E ®
750 1 & A @
= : @
E é e ¢
£ [ ]
§ 500 ™ ]
£ ® ° o W
L ] [ ] n o B @ "
» ]
250 4 A
0
0 2 4 6 8 10
number of samples

Figure 7. Comparison of corrosion rate of EUROFER samples in magnetic field and
without magnetic field.

The other experiment showed that the corroding surfaces were oriented in the melt
flow direction (see Fig. 8).
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12 mm

Figure 8. Surface relief of EUROFER samples subjected to corrosion in Pb17Li during 2000
hours.

There is a hope that before the end of this century scientists will be able to achieve
success of ITER project. This will provide the physical and technological basis for the
construction in the future electrically generating power plants like DEMO and PROTO .
Then a new clean and cheap source of energy would be a part of humans’ life (see [1].
[91, [20], [28], [32]-[37], [40], [49], [51], [55] , [56]. [62] , [70], [73]).

Chapter 5. Ginzburg-Landau equation for stability analysis of shallow water
flows in weakly nonlinear regime.

Losses due to turbulent friction are often described in hydraulics by means of
empirical (or semi-empirical) formulas like Chezy of Manning's formulas [22]. In
particular, the Chezy formula is used to represent the bottom friction force F in the

form

F= pg‘:cf .,

where pis the density of the fluid, gis the acceleration due to gravity, A is the cross-

sectional area, his water depth, c,is the friction (or roughness) coefficient, ¥is the

velocity vector and F is the friction force. The coefficient ¢, is estimated by means of
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several empirical formulas which can be found in the literature. One example is

Colebrook formula [66] which relates ¢ 1o the Reynolds number of the flow.

Consider the base flow of the form

U =U),0 (54)
where
2R 1
Uiy)=l-————. (55)

1-R cosh:(ay]
The base flow (55) is suggested in [19] after careful analysis of available experimental
data for deep water flows behind circular cylinders. The profile (55) is also adopted in
the present study. The parameter Ris the velocity ratio: R=(U, -U /U, +U,),
where U is the wake centerline velocity and U, is the ambient velocity, and
a = sinh~'(1). It is shown in [44] that under the rigid-lid assumption the linear stability

of wake flows in shallow water is described by the following eigenvalue problem:

@ (U -c+SUY+SU ¢ '+[k’ -U, -kU -f-;‘»kU]ﬂ =0 (56)

9,(£0) =0, (57)
where the perturbed stream function of the flow, y(x, ,1), is assumed to be of the form
p(x, v, 0) =@ (y)explik(x—ct)]+cc. (58)
Here @,(y)is the amplitude of the normal perturbation, k is the wavenumber, cis the
wave speed of the perturbation, and c.c. means “complex conjugate”. The linear stability
of the base flow (55) is determined by the eigenvalues, ¢, =¢,, +ic,, m=12,.. of the
eigenvalue problem (56), (57). The flow (55) is linearly stable if ¢, <0 for all m and
linearly unstable if ¢,, >0 for at least one value of m .

The linear stability problem (56), (57) is solved by means of a pseudospectral
collocation method based on Chebyshev polynomials. The computational procedure is
briefly described below (details of the numerical method can be found in [44]). The

interval —e0 < y<+wois mapped onto the interval —l<r<l by means of the

transformation r = 2z arctan y. The solution to (56), (57) is sought in the form
g

:
@,(r) =2 a,(1=r* )T, (r), (59)

k=0
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where 7, (r)is the Chebyshev polynomial of degree & The collocation points r, are

Ty
rJ = Ccos T, F —0,],,.., N. (60)
R k S, e
<03 0892 LRREIES 069814
-1 4 0 80v 0, 15689 065964
-0.5 0926 019548 0.6235%4
6 944 0 2340% 059083
07 0962 0.272%6 053925
A% 0980 03lley 052882

Table 2. Critical values of the stability parameter S .

The critical values of the stability parameter § are shown in Table 2.

Following [67], we perform weakly nonlinear stability analysis in the neighborhood of
the critical point. The amplitude evolution equation (the complex Ginzburg-Landau
equation) for the evolution of the most unstable mode above the threshold for shallow
water flows is derived in [44], all the formulas for the calculation of the coefficients of
the Ginzburg-Landau equation are also given in [44]. The complex Ginzburg-Landau

equation has the form

aA A 2
e L L iyt | (61)
ar 65;1 'ul |

Using the method described in [44] we calculate the coefficients of the CGLE (61) for
different values of R . The results are summarized in Table 3.

One of the major conclusions drawn

R o 5 u from weakly nonlinear analysis
-3 0,063 + 0004 U060 - 0.206 46734+ I3.1N1: app]]gd to q'LlﬂSi-lWU-dianSiOnB]
-4 0078 + 0.0031 0.090 -0, IDS_I 3.796 + 10 938
S GRS nbwe oo fows in [22] was the efect ofsrong
B4 Oll6-o0!  OleT-01sH  s30eliedm dependence of the Landau constant

TABLE3 g,on the form of the base flow
Coeflicents of the CGLE (61) profile. Calculations presented in

[22] showed that the values of the
Landau constant differed by a factor of 3 for two base flow velocity profiles whose
linear stability characteristics differed by only 20%. As a result, it was concluded in [22]

that it would be impossible to apply methods of weakly nonlinear theory in practice
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since the base flow profile cannot be determined very precisely in experiments. In other
words, it was concluded in [22] that the problem of determination of the Landau
constant from weakly nonlinear theory is ill-posed so that small variations of the base
flow profile lead to large changes in the Landau constant.

The calculations presented in Table 2 and 3 in this chapter demonstrate that the
coefficients of the CGLE are not so sensitive to the variation of the parameter R of the
base flow profile (55) as claimed in [22]. In fact, not only the Landau constant is not so
sensitive to the changes in the profile (55) but all the coefficients of the CGLE do not

vary too much.

CONCLUSIONS

The present thesis is a theoretical work dealing with analysis of the structure of MHD
flows and stability of shallow water flows. Solutions of some MHD problems in the
presence of roughness element on the walls are obtained. The solutions are obtained in
terms of improper integrals containing Bessel functions. The integrals are oscillatory at
large x. We transform these integrals into integrals of monotone functions using the
convolution theorem for product of two Fourier cosine transforms. Applications to some
MHD problems are considered. We report the newest results of the three recently
planned experimental sessions (each 2000 hours long) which have been finished
successfully in Salaspis Latvia. The results gained in these investigations demonstrated
essential influence of magnetic field on the corrosion processes both in the intensity of
corrosion and its character. Besides, new results conceming the profile of corrosion are
obtained [56]. The process of investigation of EUROFER corroded samples showed the
existence of sufficient distinction of corrosion processes between samples located in the
zone outside magnetic field (B = 0) and those located in zone with magnetic field (B =

1.7 T). Such investigations are done for the purpose of fusion control in reactors.
Especially, of D-T ( Deutrium- Tritium) plasma fusion concept. One of the main things
in this program is the problem of liquid metals breeder blanket behavior. Structural
material of blanket should meet high requirements because of extreme operating
conditions. Therefore the knowledge of the effect of metals flow velocity, temperatures
and also a neutron irradiation and a magnetic field on the corrosion processes are
necessary. At the moment the eutectic lead —lithium (Pb-17L1) is considered as the most
suitable tritium breeder material of the reactor (see [1], [55], [56]).

We analyze stability of shallow water flows in a weakly non-linear regime by using the
complex form of Ginzburg-Landau equation. In our work the bottom friction is modeled
by a nonlinear Chezy formula [66]. The coefficients of the CGLE do not change much
in the interval —0.8<R<-03. This interval of the Rvalues corresponds to
convectively unstable regime [44]. As a result, it is plausible to conclude that the
complex Ginzburg-Landau equation can be used for the analysis of shallow wake flows
in a weakly nonlinear regime.

The first two chapters are devoted to the analysis of MHD flows under
roughness elements. Analytical solutions of the corresponding problems are obtained
for the case of roughness of different forms. In particular, in the problem ntroduced in
Section 1.3.1 we proved that the two dimensional MHD flow arises in the direction
opposite to the y axis, only if the roughness of the boundary is present. The solutions
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for the y component of the velocity of the fluid and for the x component of the

induced current are obtained in the form of improper integrals of elementary functions.
On the other hand, the = component of the induced current is expressed through the

Bessel functions. The asymptotic solution of the problem at Hartmann number fa — =
is obtained in the form of elementary functions. For Hartmann numbers Ha =10 the
exact and the asymptotic solutions practically coincide.
Moreover, in the problem introduced in this section, it is proved that the induced
magnetic field has only a y -component. Solutions for the system of MHD equations for
the velocity fluid and for the potential of the induced current are obtained. In addition,
the equations for the x and = components of pressure gradients are obtained. The
velocity of the fluid in the core flow at large Hartmann numbers is constant. That means
that it does not depend on Ha. With the increase of Hartmann number only the height
of the core region is increased. The MHD solutions described in our work facilitate the
investigation of the redistribution of the fluid in a region where the magnetic field is
strong (the Hartmann number is large). These conclusions are important and con be
helpful to other problems dealing with electrically conducting fluid through ducts in
various area of Technology and Engineering such as MHD power generation, MHD
flow-meters, MHD pumps, etc.

In Chapter 3 we consider the solutions of certain problems about MHD flow of
conducting fluid in the half space that are expressed in terms of improper integrals of
the product of some  meromorphic  function and the  function

exp(—avA* +b* )cos Acos Ax. Here @ >0 and b > 0 are some parameters, x>0 is the
x -coordinate in Cartesian coordinate system. These functions are strongly oscillating at
large x, what make difficult the calculation of these integrals numerically. In Chapter 3
these integrals are transformed into integrals of monotone functions using the
convolution theorem for product of two Fourier cosine transforms. The obtained results
can be used to estimate the effect of roughness of the surface on the MHD flow in
strong magnetic fields.

Chapter 4 is devoted to the practical investigation of EUROFER corrosion in the
Ph17Li flow where we describe the results of the three recently planned experimental
sessions which have been successfully completed. Results gained in these investigations
demonstrated essential influence of magnetic field on the corrosion processes both in
the intensity of corrosion and its character. Besides, new results concerning the profile
of corrosion are obtained [56]. The process of investigation of EUROFER corroded
samples showed that magnetic field sufficiently influence on corrosion: visual
observation of test samples removed from the test section after experiments showed
sufficient distinction of corrosion processes between samples located in the zone outside
magnetic field (B = 0) and those located in zone with magnetic field (B = 1.7 T). Search
of new energy sources draws the increasing attention to the use of reactors for this
purpose. EUROATOM program scientists are designing how fusion reactors might
properly operate using D-T plasma fusion concept. The plans are to built JET power
plant following by ITER in the process of DEMO, and reaching PROTO at the later
stage. PROTO will be the power plant that all nations around the world are waitiug for
as being the plant that will be purely generating a fully controlled power of energy that
will be directly connected to electricity networks. Besides, it is one of the very few
options potentially acceptable from the environmental safety (totally free from CO,
emissions) and economic points of view. The results obtained in the thesis can be used
to assess the effect of corrosion in a magnetic field.
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Chapter 5 is devoted to the stability analysis of shallow water flows in a
weakly non-linear regime. Calculations presented in [22] showed that the values of the
Landau’s constants differ by a factor of 3 for two different velocity profiles with linear
stability characteristics that differ by not more than 20%. In other words, the Landau’s
constant in [22] was found to be quite sensitive to the shape of the base flow profile. In
our work the bottom friction is modeled by a nonlinear Chezy formula [66], The
analysis of data from Table 2 and Table 3 shows that for shallow wake flows of the
form (55) the changes in the linear stability characteristics resulted in even smaller
changes in the coefficients of the CGLE. The coefficients of the CGLE do not change
much in the interval —0.8< R<-03. This interval of the R values corresponds to
convectively unstable regime [44]. As a result, it is plausible to conclude that the
complex Ginzburg-Landau equation can be used for the analysis of shallow wake flows
in a weakly nonlinear regime.
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