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5, =K, 0" Pg( ), (1.2.1)
— AN/(n 1) ~

elj - Ke O : ijd )’ (1212)

K,=K", (1.2.13)
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JROLEE s HBOBOBOEY) NS s2 HjYVsekOydd o o]t
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K = ;Lg £s™)20 D, (1.2.14)
galo -
GHP O o jdzdyddz® wOMmswedo O h jets dzOf tow )y j da

Iy azdugge®] HJ dzv[j2d@mwy ¢ O¢

& y Y, 6 d
; di , . - dg, 0
P in U - S

=i n%s”“cosqgs q§ﬁ( q) & dq) 9 ﬁ@ . (1.2.15)
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SR]1 HdA&v Md3j" Odzdetse s o )y d &3O dz0 ¢ telapidglsdgdevic ©
d udmdzi dadets te OMMYdhl€ @dedz" &3 L dzOyd ded i B
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. E
E.—l_ = (1.219)
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| P (.M .0, (@ /W) = % W gM,,n,(a/ W) d , (1.220)

W (.M, 0, @/ W) == (§")cos g-
. “ @ 8 ) (1.2.2)
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DK, =& JGf U = dDaft. (1.2.2)
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pdzd W ded W Isjtedzsdud MECdn  dzOHfftedyty ydgddad v e3ef oz #ls
yd mdzj dzdzs e 5 5B 5 dzts 9 OlelA] I8 © dsjs o fifg fatfjj wiEz & tafjds
dL d3j dzj ded 2 .

1 jtoj antsHdz j GtcOHd J dzlsT Isj i3 j cOIlskzter
1 CMf jteddzj dels Odz! detsdz yd & dzO= dzOctoclzy j dedwWv v
WizdeC ydd k1 tc@zleiziizdzd etsiclz@wiz® dz! dz" d3d f O O3] Is
(deOf tow x j dzd § d3 d[2162PF. ts td dsO sct§jdip o @fslalzty B ff 6§ L
tcjLizdz sOIstse uvfuv dMfr IsOdzed B dzdfiaj TSED & Gztfis tc
Is§ B3 j e Plsk teithygs ) j Bzt Oddz@ Eyj Mis! o dAg W szt
zOf tew y J dad v .

J uj 9 dH dzts, Ylsts Mme j todzj dzd § Btsdz hsgts ¢
fteso jHjddw dqLBitejdd?2 IsjiBfJjtcOlsztcdztcets
stejh ddz ftcdojHjls € dMCOyjdeds 1 dzj Cltotsdi
fdzj Hiso Olsj dz' ddistp dztsfc SEEPIAY dpts @Rl * ¢ Is j te dz" dBJ ISuschr
wg dzw s Isfyw JHddzMlse j dgdz" &3 Mtej HiMlsea sz sz



76

ftsHe | toy JddacON j dalks OL dfody Isgscht @ a5y B § gl dzclz' 7
sj B j O] odklsted BBLOL YO.

31t OL OB BISCO d tjOddL Oydv cEds-Sstd &§ wH M 6

ydmdzj dzdz’ » tOMyjlstse o tsfdzj Hiso Olsj dz! «

Isj f dzstsB 3] dedztscts OdzOdzdL O d s tcj HJ dzj ded W
ko jtcHtsE s Isj dzO

J fndzinlg® jj Mls ozj etz tctsH dzsets  Jtoj -~ SH dzs G
tcJLizdz! SOIs Mtso ¢z f ldBHE BGdzde'sd HYf] QBB Istcso
Isj B j tOIskzter d dOctlkzL ¢d dzgj sBatSHBS YJ
Bzdzr sdWdLdud MEtsets OdzOdzd L O, dzy f smtcj HMIs
ddadr d&zO) H j ded W .

ltcj HMIs O9 dzlsdedez 26 DK dz' Isd W d L o i Yaft 2 y ¢
sdeso Odz dz20 dtsH j dzd tets o Odzd d d lJdgjsdzjydiaf{€ s &5 j d
otsLHj2Msaks hdn d&O BWKOLJY o8 o g fighzi oA
BsHJ dzd etz f ®dgf L 50 Odzde’ § o yd O dzdiunitffn CsdQidzd Y F
ftoesyj MM d dzH z € @d mdzditizeits | de@ets © SO 9 SL H Iz h dats
S &ZOY HU NS ENT tBtcOL yoO o MY skO@dyd HzdHpddydz
M da OL des ) dj S tG o W OL deh)d s | o & gz@edzOV  d3j |
Brils: fftedd3j dzj qz® vH d&g'B tct®y &S d {f tc d H & z O Efiptfcrsl

t OLtOBBISCO MBodgj Misdzse s dzdz! IsdW¥ dL dy
ftcd HiNlsOo dzv j Is mMse ts2 Mdztsy dzlz © or yd mdzd Is
BsHj dzdtecsoa Odzdj SCOYHB2 LOHOYd o lsHjdz dz
feOSCisdud MSdn ftoddztsy j diddRL. O rBdzvdz &Gr).dig Qipdass
detso " 2 Odgce@HB B2 Hdzv  Bzdz! sdwvdL dud MEdn
i z Isfy =3 tc W Rsdadz¥dgxWell 3D, Fluentd TransienStructuraANSYS2021R1
[58. ¢ dze stedls 3 st figgzie g BrgzfalpGog o -~  SlsjLtafgls e
odnrtcjor n stsC ts9 MsL HO9 O] iItsc 5 ( (=ifHtdzj CHIS] =i
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fjtojrntsHdg n Hsdzj?2 I BYjtcOlsifictPf Bikdy € sd =
sn dzOy W] dedif dztsff te.tso SH detsfls d

SMeRTPOMArHeTHIM BrorancanTensHas rmponn@ Hemnaefinas MexaHHKA

ANSYS Design Modeler
HocTpoenne reoMeTpuE
ANSYS Maxwell ANSYS Mesh NSY
A,IBJI £ Mes AiHB_JH ANSYS Mesh A}“B}m
Iloc‘rpfﬂi CETKH 7 Jep— ]]l::_l:"l:p‘lileﬂt cf]:m Anams [[oc‘ipoedl_me CETKH e Amamm
= e ;ﬂ;’mpu t]mu:q;o;:ﬂai“:- - —p TYECTEHTEILHOCTH tf_ﬂ_@_mb aepnq;mmpnsici‘;-ﬁ—- YYECTBHTEILHOCTH {:X{.ﬁgn; Bepul}nm(p;;ﬁi ~—sHYECTEHTEILHOCTH|
i Sy m—— =7 oT e =T
Ha'y Ja} da§
ettty G TemmepaTypa ANSYS Fluent ANSYS Transient structural
3ajaHne rPAHNYHBIX yCA0BHH [+ - 3 z -
i . agaHHe CBOMCTE
Hacrpoiika pemarean AAGIAE choneTR TemmepaTypa —
3ananue rp; IX YCTOBHIT 3aganue rpaHNYHBIN YCI0BHI
ANSYS System Coupling " =
Hacrpoiika pemarens Hactpoiika pematensn
OdpafioTka pezyasTaTon — - — -
ANSYS System Coupling ANSYS System Coupling
OdpaboTka pe3yILTaTOB OdpaboTka pesyaLTATOBR
1 1 -
— - Ananu3 moieH B BepIIHAe TPeIIHHEL,
| ANSYS System Coup]iug OIeHKA T0r0BeTHOCTH
TennoBkle NOTepH Tonxoden”e MOy.Teit

CONPEXEeHHOT0 pacyeTa
HacTpoiika mara BpeMeHH,
KOJIHYeCTEA HTepamii
H OpoJ0CENTETEHOCTH pacyera
HacTpoiika nHTepdeiicor
Tepeavn JaHHBIX

elIeHHE CONPAKEHHOI 0 aHATH3a

[ dME2NS ¢ e stedlsds MWy j dedesc 5 sz dz bz ¥

vl v

ydfmdzj dzdzr | dBsHjdzd Hdzv 1 dzj Slstets i3OG dzd Is d
B rOded S d o jtcHtsEs IsjdzO B'M dzd f tsMistetsj dz
Mot ByYJjtejH!, ojtedW¥Wdsoydwy MmilSd dBsH
ykzefmlsedlsj dz detsfgsdts ®Y¢ B H j dz? tel§ BA dBf O tr @l jj I
idjo desdzj 6@ L dzOyj dA PB off O3 jAs teots 0B tst6 € j dzd ) ‘O
ddzls j W j 2 iy fjtoejHOYd HOdzdz =, sBh OW f t
ptej BBj dzdgscts h OO, Stddyj Mo.t 1d@& jS@HIRA d
hoey ftwtsdmMatsHdls BBd3J dz HOdzdz" d3d BB BkHJ &
BjYHE tOfmyjlsde di3d dwBsHEzdYBd. 1 ftej HdzZOGO
HOdzdzr di3d d M sdz L s OdzOM! Lk dzd o j tShpRuCouzdy o
tcOL tc OBYs ANBAAEEY]. v OCdd3 tBtOLtsd3, M § sdsh i s
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ftsdz! L s Olsj dzv dzOMIstcOdo Ot Ismw Mew L d d3j Y HE
fjtejHOYd dzj sBrtsSHdA n HOdzdz n. uvtjBlzj &3 |
f s dzj d3j delsdets ff j toj H O9 OdiAgdrd Is jodz! fiyiez j2H Edst$ H]I2 dz-
HOdzdzr = 5 Isj B3 jJtcOktej, dzaj §Jjtcj Cter 9 O M (]
(Lrdzr, 1 dzjdgjdalsr) dzEyOsls HOdgdzr | d2O
B IssHO ¢ @Y § d dzc e

Cdzj Clstetsd306 dzd Is dz" J d Isd § dzf & ff, d oM< d
B »n Odzd yd MEdJ Mos2Mlso® MfdzOa ©® my 73[ 1 U,
Cemtsdzdiatz] 2 dz" = Of f totsC Md B oz ¥ Nigfche & jzdgel oy 2H
Isj B j tOIskts.

Cdzj S stetsdzOc dzd Isdz" 2 OdzOdzd L

t 4" OIMadzell 3D dzO s fipdetOee joif ] @EdM o (B.dzBE60] d3tsjHdzd te Iz |
z s O dzthioMmfgeO'tc d3ts dzd dg P &) 8zf I dgti!  tc d O H ©2pdd Mjsfls Is
Ctsdzj ydets?2 B &zOMisd  tdstoffply td @dddnls ocGe Oplzd ysizshipzd |
S tej HJ dzj dede" d3d dzOy O d'inde'sdgdizd & 5 dgts df ¢ edgd3d dzd
fsdze dzv gl Msd v GdpdBfprdadz" 2] IstsCj. o ff totse tsH dzg

D%Hjl% - §=jc > mdt (3.1.1

m= mQ, (3.1.2)
GHEm - BBOG dzd Is dzO W i o thizd B ndgtOflezv 6 h Ow Hd
i to s dzd y O jic idffsddslsfdzts fdsyly - ZISES® O W o ty @xiplds s @zts fydf -
f zslsdzesmis! d3OG dzd Is dzts ¢ t5 d olFOIs twEd @ dadd® fitsfy W dslsizv e C

RLA3j dgveshdjmw ot otej B dd btdiztbmBEH
qL ogd dgv s M j j mdzed o O @ded) IsiElptf j to ff Jsdizg f Rz tds dotda dz
f s EgkY ROG e tizges ff dzn Eydtckz j s 58 5 IWYE J |
sBtcOdyp) dz¢t Btsd3 H toclz ¢ =S difdin e’ tiatsiggpCd gz j4 Ols ts ¢
or ydmdl g lsmste j H j fzg GadjvC w2 ¢ difeldis Is | ddQf @ dz
ldzj € Istet A S dOy & dzlo dA) dzd d B.1.J[@. R MY Sdz! L 59 O
e h OMgxuadll3DAc Oo dzj dzdJ o9 d8 kpgHg ddssPEOR IHO g d
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po(m) #k ) QB (3.13)

m,
[ dzv  or yigep €edzr yOJj sy ol LktcOo dzgj dz
=ik Ha))( jwuQ E), (3.1.4)
E

CHIjisBN d2 IS o F4ing e sadded Yistse sH dzd € O.
{jh Ol jMipwell 3D sftejHjdvjls ¢Otdsded yj i
Lz SstesdBOC dzd s dzr § o ts czw

PH =J_ 4%, (3.15)
Vi
PE = @, (3.1.6)
Vi
pD_ =7, (3.1.7)
PB =0, (3.18)

GHPmT L dzj SIstcd yd M OB - [JOzHdzds lydf@ W W | of dzH EHAS s dfizts fi
o € st ) g st fo ool oD d 1B

1600 O  YOM: GIEPoMEEEdy L § t5tgy tey § o
(k+ i) b dsczts ¥ § dzdzts?  dz® € ts a5y dzj € fiy cats( jomQiz0 W) dac
L)1 5l stRirdz0 S a3 dzj € Mdats 2, B ZsgRY fHERE
C s sdzj dzlstso
izl dsfls! s s GLOB @indsdardzd € O dfi € s o KEMS 53
“f dzslsdetsfls: ddzHEZydtotse Odatz®C t5 L aisg Bzt § 5 § & W
BO G dzd Is dz' Rk dzj 2
- dzsls dzts s ! ssC O Mmd3j h j ded v (dLd3gj dgws h g j fi
jow) (-7.MR" - B)[601.f BN desfst s f &ZO, o' H ] B® j i
ftesf stcydtsdzOdzr dz@ ftetsdL o jHJ ded ¥ i dztsIs dzts ) Is
L dzj Cleted U M@ € ts dprtplie dzvf sfyls O dzj dzdzts?2 L OH Oy
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flsjted Bt H]dv: sd¥$3.19) ¢ & § gzt | Ints G daprd) “dz
YOfiflss B dzj S Mdes?2 o § dzd yd dz' .
1 -

D :ERe(E @). (3.1.9)

Isgz odnted o'ty oy 8 g EHm] " IOV dad] d3ts Midatizp Y LRs N
His 2y dad 2
- fejHf SEOE O sw, Ykt L &3 Gwodifl g &
fjtedsHdujMCke, MddkMsdHOd dzs Wstdz mnd
-l HYf sdzOc O sY ¢ 2Zlulst] ustisiCdiH ¢ 2 fdeizjceas o Oflslg
fpew L Odedz" § ) &6 dzdIs ds'sic O gzizis o) Uy |y IO .  dzO
o § ¢ lsEus@c djdfskis | dDQUIARE J s s 5 deliis Wi s did]dzls z

vyssBr fodzuifko] doPiksiettod yj NS EdOnEico:
5B ZOMBH QuuB i j & feshisteOdise O @b pd®@ g ds
5§50l Ml t6f R ¢ teOddz).] v tey EiZBjedds 1y  lsssls § @
Oo lstsBOIs g uj MS dotsmh e i Gzl & Is fgC§ Ptg j dgjidzdzr § o
f gjd2 1 Otc OsiyEsAdimp) tseaR@fMis d S tej Hj dzvs shw
f stcWHCO.

I &Oh d5  tedOfinj dsdBGY Bt H SENT 5B € @ Q&G
f oW Bk e sd ds? Wisted i) sujHsd dgjoddiso ddd @B azdz
HIGjHO M3SHj &Zdtetse OkOM! ) dMftsd Lo Oddj o3

Specimen Y
\\
— X
Induction coil ,
| B

[ dMEz3APS { Oy Isid@hyls ‘5Bl dzj € Istets BOG dzd Is dz
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ddzj Hzt 8@ged gdzr | EmMdzsedw s tcj H jodzv siflds daf
CGtcOdzd yoOmn w©WOLHJ] O ZPGE JqtcOMyYJ Is dzts 2

-1 @ jote n dzlsdHsdgts ) d dz! dzts ¢ s 3] tectis dzm AR 6 ©tc dzj ) !
O ¢t Odzd Y jts BeddPpSids dzs@H O dz 5 1@ Ity Isys 2d
318358 ¢. vOMkskO kSO B &O { tsdkyj dzO
g™ sO0dzed2. udd&zO IS OBl dzeH by whg jdzdo i Ss@izt
SftejHjdwd&Om:  &jlssHsdr Gtededdyjdd?2 HE
sj &3 j eOlskzter L dzOUj dzd?2 4 56 (Ot Piged 22 4 I teIseR) I

“HYtsdzj dzgj f yf B Sdc@REAtHE] ©F dtshisj 2 §SHHGG
SBteOL YO dsdedO;d deH Z2C s

-1 dzs ¢ sMyls ez doeidodz alztfzy M dzd d3 6 e O dzd Y
COMYjsdts? B &OMIsdlsOded i3z of @atfts dasB disifldz <t S ;

[ dzw fJte] d@3gd dzdzts G s ss¢C O, i dzts s dzts iy Is ¢ |
LS sdzj dzyd Ocdz! des EZBj dz " O sfsts astsH dzfihj O dzj |
o dazIstcj dzdzj 2 yYOfmilsd. Clstsls-1WWW jCsle . d L edgizfugs joa
aSBOL YO W o dzw j Isfywt WihdgjSnldndsén.d j Vg datydk riztiaf)dz j
fdzd ¥ 04 v  dzCe fesj dinfta@fedsle) dad/s M J 4 L dOUJ
Mdzp & Ols j dz! dets Mded 3 O sMY d L dOyj dzdj dBgMlisc
27183 ydmdts €2 dzj 0.

Idatjor j IksCd RBOc ddlskasf dz Istff tdso o f L 1
ftcj d iszh j Mis o j fiadzisHlg ©a@T d dzf S-if dizs "B e OL Yy O. I
ftcjHo Otedlsj dz' dz' 7  tet©ipyjj detis o fy BN jddtsls oty Blzd@s |
fd lseC df 6§ HJ zOr Isfydzs ¢ ez HaD @ Yzl dz' ISEORES-d aiptivize
LOoadMmdl ks Mot fMiss dafiissciafECiides w3 DI s Is 1
O] tcOo dz® 34 Hddr ftej Hdzj 2 Isj B j $OF & ¥ Is 5y LS ot
dmyf ts'Odzsm:! o §oidjHEZshdE ©OMYjlOq.

a, = 20, 3.110
sd M/Cola,,, ( . )

w=2@f, (3.111)




82
-1
s
G HYKT §C tiAts o OV Y OMmis-tzlsQ dis BAsQ dytsf tesisdo dzj dzd §
l asHdzr &3 HOdzdz" d3d H dzv  tc © iy JSENSTds B fig @Iz 3 ¢
qdzH2C ststc @, O IsO¢ yri0o e Q)L jisiiafSEmRE] Is dz' j

b dzOdzd L 1 7
] t©jh0ojds?2 LOHOY] Od®@da)y Hdgw &

cOMftcj Hydzj dzdWw Is] B J tOIskzter ® BBOL Yy f
Ctdeo j Sydd. |~ tsHd a3dj da'loogefigiztge @ B " fztfls j o,
1 IsOfj {1 dzj SstesdzOcdzdIlsdzse s OdzOdzdL ©. wtsf toV
WdLduyd MfGdEAs00mIsjf dzsce s2 ftslstsC d Isj ff qufsl
Isj f dzsff tetso SH dzes M ls o dzz Istc d sBtOL YyO. i Of
Md3tsH J dzd e s 9 O dats dzO shdzts o § ztc©o dzj dzd W |
CtWWdydj delstsdz Isjf dzstslsH Oyd. 1 tgfls ©¢ dlzlzey L]
Ctsdzo j S ydd tcOMMdzOIsted o O dzd - fzlsjd3 tojh |
FtcOo dzj dzd Pu Istp ©OfF€D. | o W L Odgdz 2 Odze stedIlsd3 ¢
dmf sdz L s Odzmw s fizts W ygjipdfdptda d3" ztcOo dzj dzd 2 ,
ztcOo d&jwsizfd U j Miseo O Ho ddivj dafjvtc @ [ESjceOdztsiA) Isizl

1 Ocd B8.1.3d B dzd3\ ]l 5C OL Odg B & foi gids dz’OH O o
CteOdzd Yydzr J 1@ devr. dz® wWOHRP@E) Isted ydzts2
ltcj HYf sAZOG O Isfpyw  dzzdzj o ts2 Y BIstsE oMmjna R Ots
s tsdzo j & Is diotg ¢ gasins smils! Md &3d3d $6d § stk ks
MsMlsOe dzv 8 h O MCtstetsMmisd o  dzsMC smisd Mmd d3d
ydtejL Gdsmismls! nNdd@dd st EdsipEEOTs adz jls
fJtoj d&3d dedz" » Y SIstsC O tcOo dz'j Isdef4f: v figlzds of Pligts ML @
(Pressureutlet, 1 DIsd6 «C) L OH Odzts dzO H Hiyllyj jdder O 3 s
56 tc Odzd YyasO iy j Is dzlz ¥ v fipEEOGNIs * M) ¢ ts s fislg dzY ff BIO
=26CL OHOdzgts dzO@ 9 n BH P j p dztEWOfzOMfm FREIEdgE 3 d
Is o JBElS|OzOdE'® z ) sdzdiatz) 2 dzf d3d VshsdpSdaydived®ds ztc" d
ols Od GR.2.3224 [ tsH j dz2 9 ¢ dzsqBaA Oa yBj OdfidsHiig M

r (3.112
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OBLHEX®C  EdRICEAT. 2O O Wgloy O h j et HBA
oMmMjn MmMzzyowi0 McMBOO i dz 19®  d3ds. l T A BH dz
ftew Bskze sdz' defgfp Oundsjutg OREY &&. | @ §sdzztf jtodts
mMitstesMls! otSLHEAO d&O ortsH] o M ks s{tc
HdMC ) sdL Oydd @ rsds PN Sfdie  I<scp o0 dz @3 ' Sip® H
stsydesmisd 5 qisf zdzr Mz, IskteBlzdzj dzalsdats? € d «
Hd Mihd §I0yjddf) dzdzts?2 " O tOMmyJd SO T520M S H d dzft) ¥s «
sr dZOYHjddY MEtstetsMis! oBLHERO dzO o - BHY o
&/ . [BERpR EOEHEEOL yO { tdfiifthd@dvo vy s dzj
M stesMmis!  dftisUsHSKE 'Odznds®O dzts o d &zO ! t©Oo dzts?2 dzlz

1 ted Mis J dats Y dz@Ws o fg Jols W fipdd@ g dzO o' Mslskz  §
0005 d@gdds d 20 MmMdzsjoe Htod BH[32 dpds. M sENIS i
B' dzts fted J dzdzy d3" d3 M5 6 dzO ) detsANBYESFlisentfSh.Mis o 2z

{ M3Ass { OMyjlsdr j B d&OMisd d ¢twOdedyde j
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s OB dzd yo® | 3c0ldzdhydze” J bkMmdzsedw dsHj dzd 1)
) | Oded ydg' §| EMmdzses dw

1i4 Symmetry
5 Velocity-inlet
61 8 Pressureoutlet
910 Fluid-solid-interface
11 No-slipwall( f ted dzd f Odzd 4 )

[BHEO {(dzsmMEts?2  tso | ton dztstindsty (tiste#ciOd dgO
d uj ded v gt jisdzsR2 T @C dL o j Misdets, ftodotsHC
d drn fohdpeiH i ted  Issd3 o o3 Misj ¢ tsdzls
Ml ftso jtorndesmis! ¥ BtcOL YO dzdddd IstsC O dzj
v O0Cdd3 BBOL ts03, or ststc tOMMdizOIstcd o O d3ts 2
sctcOdzed yj dz dztsH j dzv d&3d, M st esdz'tcdzd - fo & b |pkitizd3
omegaSST (shearstresstransport dz0d B tsdzj §j h dtesSts dMmf sdz' L
sfdmOodzd™ fedmls) GEYiEOdg " sy detbsp B3 dz0 6
sO¢CYd wWOMMdisIstej dedw  jtej~tsHISD € IskzteB kzd
S totsd3y Istsc'tsKiomedpasBSTI df tsL o sdgts H I dzd tejsfgl®©Jsthis o |
Codzo J Gudiel. o HNISOo dzj dz" tsdzts o dg'lz jic B Wz tHAG dtidis
ki omega SST, dmf sdz L 59 Odadzts 2 ) tc Od3C On i ts dzc
zOMmilstsw h j T tsts QuildsnegaSSTH tc j H Mils O o daizd) LUsC thiws AShRts o |
BtsH j dz sz tcBfig dzij alds dgpts e dc O o0 dzj dzd W d3d o dr tcj ©
dzj MIsOyd edg@atgdarde) dzdz" - 5 4 2 dzetsdiza Is 5 RRARSE O 0
utstslse jIsMmise j dzdets, thdetseo detsy EteOodzj dzady dzO
4t dzsmO HK'l'dZMegaS,%Tldz,jsdzdzls or tcOL dls! MddgH:ze h ¢

k) +—F = 3.113
(r)+,4 4% gqx $+G (3.113

==

&( '(’)"'— /‘uyla @Mﬁ— BGI- Y; S*G, (3.114)

GHG -ftoj HMIsOoadzw jIs MBS 6jdzj eOyds Cddzjls
LO CwOHdj dsts fdsd fitizj A M §Qasdesjss s 52 @
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MéstesMmisd HdMMdy Oydd Cddaj sqduiMSdsy g tidzj |
LYWW iCSlkkdodzOw HdWWEkL deddE dtkksd i el ity st
MéstesMmisd HYgHBGIAY Pudgs 2 1 dzj eexhdy, ¢ k6B Iz «
Hd Mk Ouydi O Iskztes Iz dgj dlglsidasfds] o Gz pdztse d W, ff
di @OL dztndeEls dastsz y O " j 6.5 9L HERO

s Stote | CHdsdzty jdzd e p ®izdgE MO skt Iz dzj dzls dzH @zw d
IS H j dzfnegk SSTiej Odzd L fis o @ zilzsh * 8 56t Oded yg ded W
odRtejots? [1dF L € tsfyls

m:rk 1 311
w _e1 SE (3119
maxéi*y
ea 4 Ww

GHET o j Zdud O M otetshid ¢ mijitsdousPiydéls , 1 j o
sktBbdj delsdets? owLGCwflsd, o' LoOddZ 2 §&{
ftcjHMIsOo dzj dz ZtcOo dzj dzd j O3

. _ .da,+Re IR
a' = 0 (3.116)
c 1+ Re /R,
rk
Re = —
g e (3.1.17)

a, (3.1.18)

_b
3
GHRRT W ZdeC ydv Mmd3j " do Oded ™, ®@REKGJH]dvjlsMY o

F,=th( E), (3.1.19)
e k 500m
F, =maxg2 \/_ — . (3.120)
& 0.090y YO r YO u
WWjClkdodsyr j SwiWWyYdy dalse UL dd
o' Oy § 24 d3q
1l =M "ﬂ, (3.121)

Sk
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S

I

1

S":F/
1 5k1+(1
1

-F)/ g,

S =
Y Rls,+@Q -F)/ s,’
G HAdk-IsizteB Iz dzj dzls dz" j

9" teOy J ded W d3d
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(3.122)

(3.123)

(3.124)

i iy dz @z Wte[ @ dzrnisiziz™ . o O dzd

F=th( §), (3.125)
F —mln‘m \/E 500m 0 4K 3.126
L eax"%ogcwpryzqu,gD o) (3.126
e
D), = maxé2r L 1dkdw jgo (3.127)
6 Sw l/wlxj dx
CHD, T fsdztsy dlsj dzr dzgOw yOMls: W% Wizi dijsteapd
Sftej Hjdw jIlsM{lak tcOo dzj dzd j B
G =
= G, (3.128)
4.8 3+Re /R,
a gel+ Re /R, (5.1.2)
a, =Fl éﬂ (:H' Fl') - (3.130)
=5 af (3.131)
b, s\ b |
o K (3.132)
b, s b |

l Mmoo tsk
Y, =r H, 3,

B nEdeduc ] Hils O dzj dzO

9" Oy j dzd W 3
(3.133)
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b= g % wrF,), (3.134)

b=F 4 K1 F) 4 (3.135)
GHY-CBLWWdydjdzls Hdw o5 MsS s ie FAVERS di HoES pd
My d B3O BFEAE] dzd ¥ ¢ & dkfiplnedaRBTZz GO jaxiA(s dod y 4.3 .

v OB dzd y® sB defyIs @dzls ' -odzega §Sizd  k

* *
ol ol o Y. | . | @l a 5 | b
| oS | S| S|S0 |77 TR a |R|Re| @ | fo| V| 7= b |bia|bi
o | 2 3 ~n | D o | o nlo | QR N
Vld|ld|lN|d|lN | |d Vg0 a2 c0|a|8
S| g o S|l N | o S|loc|a|g

Il 1 Issd3 fdzzepnpdpO vy tcididdsCfygifvs dzi L s OdzO ! .
BJLtOL d3j tcdz Y tc @ &(RXB6E[18211524(.

U Vi

Y+ ,
m

(3.136)

GHYi 0 tOMMisswdzd ] Bls yYjdzlstcO  j tco SR s e jutg 2 det
SB tc QuyB Odze j dzyd Odz! dzOV . WiE tseclisdgjsdzls deflisabtkis 1O j
epsiion stejBlzjlIs d3j dz h dn o' ydmdzdlsj dz' dgr Bz jL
szteBlzdzj dzlsdz § Isjyddedvw f LBd2OBd Glster 9 O
[ sH j dz Is z tc B redhigatitts idapditndistc j B2z jIs B J M J Ud
BJLOL d3j tcdzets ¢ Y+ IRREOHBYzW ts® i3z dzd tots o € 3O fn
f tod Mlsj dzts ydzts 2 WizdeB Wi dzls dzOransitionts tski ki omega

M J ydOodzdL dtekzj Isipw dz0 s §f dzstsB dBJ dzi J relatidaldedsC
ki epsilon d transition ki kliomegad mMff sdz! L s9 Odzd M Hdzv f s
tcOMmyjsses dz0O 1 sOfj o OdzdH Oy d=fH jHdEHNedaISD o dzj

[Bhij otjdw t©OMyYyjlsO MmlsOeddzs 330
ftcjHo OtcdIsj dz' dzets dzOGtej 8 Odzmw Is Isj B J tcOls
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dL d3j dg" dizOfm' 9 -6156d At O f tisdzjs to4 @ s oy difsj2te o tisHetsi}
60 f.

1 5 L Qodgdia H Odzdzets ¢ 5, 9 {ltifHQ] dig Qbgla@jis dEjuentl J
Isj i3 J tcOls Iz totfots | =iBj @) LdzlsQizts §f J td3jsw @ abx® dighelzd dag 2
B -~ Odeddk] [zdgjjdsHOZtS to WsHjdddjldaf@ Is Ustg f dztso sSEe B8 6O
fpdzj Hiz® 0 s BfejOMUJulsjaBY j tOBEKH $HQdeQfpO® Ols dats
1 dzj € Istcts d30 G dzd Madavel3D stk Z zstctc j S ydd L Oe dmdc
Mo s ofdzj Hiz¥ h j d3 o.tcj d3j dadetsdzs " OcG j

O Z2Odzd L dzj dzf EOVAES

J tcOLHjdzj fdMmoOds shdseodzr | kZtcOo dzj Oz
ydmdzj dedz" h i giud M¢ d Jv Aty Ootadiddzdiz f ez ¢ sflsd
LOSCtsdz | ¢ 3.137) difdafv dgts As(B8.130) v diziis Bk, H1]

&= G D T]:_;( S V{ S z'})ig
& = @hﬂfé( s V(xS

1
&= g D= 5 vi( xs %)
E( | F (3.137)

=D
Gxv G

t

=‘vz
9z G

— = =) =) =) =) ) =) =) =) —) —

[,y .
=X |
gZX G y

SXZZGé +|/|9
|
5,=2G & +

s,=2G ¢ +, /lf', (3.139)

N
p
I
®
R
e e e e

(3.139)
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1- 2vj
g=¢ tvé% _E I)( x Syt ‘%)’ (3.141)

(3.1.4)

CH G JdL Slstesdsa Rd , Hil §f PEO®dsj Is tal i [eisdggs Mg ls §
dL 3j dzj ded §, 65K, J B3OS tc 3O dz! dz" § (i sdaf dals '
2O tcOo dzj KAV'ZE oM U3 .Gl LH)SBY sdzj dzls™  Hj ¥ St
o &Of 0o dzY, &A™ fH IsTfiRo v h ] o Xl @Rt Uas {
S, S £1 et BO AL wiEBYjs dzj dzls ' dzOf oW 3 | dzd 2X, ¥ Z izO 1
LWWjCldody 2 CtsiWWdyd o3 ) @ isfz®zce
ddal = 0.5 Hdv f§&zOMFdEjhedev 1§ GO RA
Isj B j OIskzte® o deO YO dza,fed,d a,Rt ded ugls dbeWeed] iz jdze
sjf dzse 55 t6OMN dtoj dedX YZ [6MOY tc Oo dzj ded d 151

fsC t©OBslkOjls fEklsjd &Oktedyd & o' y

T O©0OC s wdLChsjeddisds  dz.L A8 j odgdSl tf te iz e § W &S 5 d50
(3.143)

s}1={s ¢ .5 ot wta, (3.142)
{du={e ve,eq 0n. g, (3.143)
{d.={ B{ }& (3.144)
{ } ref)g ath Y@ Ztﬁ 00 OTE1 (3145)

{}thSJQISTStG 34 W dstcodiip@ if s s O g BIsj  tod dzv Is &
oMmMdr wOYtOodzj dzgd? L dz2Oyd dedd S [@ dydd dalscC

utstslso jlsMisoadj dzOftewy jdzd?2 d HJVWBtedOy
fnd B3 Is taadsdztlg 2 &2 f EE s Mls o



&2G+/ / / 0 0 O
S/ 2G+/ / 0 0 O
[D]:S/ / 2G+ /0 0 0 (3.146)
g 0 0 0 G 0 0
é 0 0 0 0G O
e
& 0 0 0O 0 0G
CHO LOCtdz | 2ECO o9 tsBtOlds?2 Witcdzy o O3
$5x$é26+/ / / 0 0 og§
iSyig/ 26+/ / 00 0f¢
)\ 1 % 3
IS {;2/ / 26+ /0 0 Og@?_ (3.147)
il 16 O 0 0 G 0 0y g
| 1 e u I
R O
o 4 € U B

LtcOo dzj dzd W stsh d ZMmis©OdzO0o dzd © O¢ Is fno w
f e n j dedw 3 o kL &ZzO~ Isj dzO

(3.148)

GHY, V, Wi fjtejdzjhjdadw X i¥tsfcz BB j bNBBE
f e B fujfdsiRdesmis: & SitejH &Vl §jtj djhjd

fu=lv . (3.149)
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ststslseo JjIsMmMisoad] diByJYHE o]JClststcO®RRd HJWiStedy
UjtejL @Otdyk sijtolstEMlgl] yomsd » fsdL

20 0

e

aHX

ep HE g

R\

e

€0 0 %
M]=¢€ - (3.150)
Mg, "

eMy K

é Lo

60 — —

T N

TR

ez X
USEHO BktoOoddzjodedf§O Isgetsimydztsd3s o dH j BBy dets L
{d=[m] @} (3.15)

l sdz" f OtcOd3jlstetse 114 OfftesSidBdtelzs Isf
LdZ2Oyjdzedv, ISGHO fjtojdBGinN jdedw dGscekzls BT Is!
WzdC ydd Y esgdpl ®Odze j Clstste §Jteifd) i ded?2 o L

eui |
I, |
i
éui GeN, 0 0 N 0 O gw |
ivi 580 N, 0.0 N 0 ;) (3.152)
fwiy 0 0 N 0 0 N Fui
v |
|
P W
eN, 0 0 N 0 0
[N]J=gN]..[N] gg0 N 0..0 N 0. (3.153
60 O N, 0O O N,
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euj
I,
i

|
[
Tw |
{un}:i; ,' (3.154)
i |
Tvi |
[W
l BBdzj J HARVS BodztsRd Mdzj dzd 2 Wistedsd kteOo dzj
sc zls B Is L O dmOdz Yyd tedt BOIstcd ylz W
f4ted dzd 11l dzd 2
{g=[m] @] {«} [BHu} (3.155)

CHEJ toj dsdatsy § dzd [M]|PBd s ©d ¥ dets edlapl  BALOB] j didy ts
CsdzS toj Isdesets s €

Moo o B o o

€ X X

g M 5 o K o

e Y Y

e

éo o M o5 o K
B=[M] [] g:N " Wz NN 2 (3.156)

AN, 1 M

o — g

YK X

o M M4 N Nu

e

S i N TR

e, 5 M N, N

Euz K4 XH
| tjLlzd O] ojClstte dOftwyjdd?2 sy &z
(s}=[0] [ {). @157

lteddeydy odlskzOdz des?2 tOBtSlpr ( 6 dgP bpd Is dz.
dL d3j dzj dzd gfd +{ Ezj 8630y d d S GgdzmiEse Ols! MW
gL d3j dzgj ded j &5 o dzj h dzaj 2 tcOBBIsr oM@ Hmlsadj

dN= U, (3.158)
GHJ= dq& 291 dzj e dv H jo¥itetefds@wdofigzjdessvd v  H joWits to
odelszOdz? dzOW 1 dzj e dWw HjWBted3OYydd o Mmdzzy
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ttOMmY e HJ dzj dzdets ¢ g =MiRY i@t pdeeOdzjsdad™ 0 dzj fhsdzg & |
- 9daj N dgv W o dtelslzOdz dzOW tcOB 5ls O, Mo w L Odzd
ftod detslapiz" &3 HOodzj dzdj 3 d kL dzse "™ 3 Mmd axO&B ok
sBtcOLtsdz, ftod [sC BHtcjH vV jlshv dd&dded &3z d3
oL 3t dg" = e 34" j dEHER | o Ol IOCuARMON S dFf | W
sftejHjdvjlshv ¢ OC
an, = {dH }e{vo}, (3.159)

GHYyol T tsBJ j o3 { dofjddjtaiglsiQf ts dz@dedve 5§  fds@Ig jHig ciedd
G J 53, Is trfefO3cEBoYE3.159)f b o SH WIS ¢ fSlsdztsh j dzd ¢
an =i, (o F[ONf Ye{ V4ul{ Dafsol (3.160
{81 §Hddej ded § (3.E58)0 §3dz60Mzd L o @l ', {uhuisits d3j dzv J
Lo dMd Bsmisd tls tBi j BO
an, ={at}" {j [B]' [ D] Bd(vo){ u}-{ &' RB'[ & e v (3.161)
1 ted Gitdibtdyj M2 dj dzddej 2 deslsd L OH
e 3N ghded > j{fus ¢ slsL OB dz¥3] ey dzd @ L & tstzelR"
Hj¥BtEBOYdwa ddd jet f§shkictsmls s jOdaBo:

foddjdv jlsmY Hdv BSHj defAels od@dde "2 dzof) sEHE ds
ftod dpdificlsz Odz' dzgs? OB &IsT

aN =fjs; V= udy +_f° fjidg (3.1.2)
g =1gth M (3.1.6)
2(; j M

CHOT s dzL 5t dzOW) tely j dadag @ , H j ¥°ts © a3k ¢ Arjsdzlg ARz
g &2 ¢ 5B sdzj dzls © f EzOH e dplefifdd] J &3 H j W stedsd
sj BO L S j to HiEYEse d3q tedsts Olsiziialz®

AL U MSOw dzj dzd dzj 2 detsfyls: o  f ts )tz dsig d
L O d Mg Misi 2 dzOf§ oWy § dzd J, a3 @ [SHQ SWtsite dyfCsty @
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CSCodoOdzj dalsdz §  dzOfsed 3 4 ded'q o Qafy delinde]
(61,1535 t6 j H j dzv dzd 1g 46 O fn) kg Ae@40L65).

1

2 3
1+/7| g £ - + 6( 2- >é’ ;z-Y ng+ )%, (3164)

ee

se:%g& o s s (s Fss(i b 44 G iy

G Hljy, {n 40 COMOIsj dz' dz" § Ctdi3f sdzj dalsT srACR I Y.

X, HJ2fglge kO dste BOdz dzr j X Y02 fizts @ & tiz iy dleef v o3
bl BBOLdZOY H W BstekOYdY o tjLbd kOl Is

e = g&+,€+, (3.166)
e = §/E, (3.167)
&=a 0 T, (3.168)

CHji Ef 6z G O% HjWStdOydy i tfdso fiy O widds Q%e,dHoj
sjfdzso OV HjWstedkOydW

vttty &ZOMmisd yj NS cBOls i tsd @ dz@ dzdi OH O dats
dzj dzd dzj 2 dzse s § d dzj BOIs  (BiLBPSH IO [9LE, teStstaysizs tels
SBj MO jwWEajls WY SO wsRHPOfiEs] c@&BsH j dg
Cqdaj BOdUj MC et bkftwoyds dd™ WkdSydw Isjg

Y :\/g(si &:(sid 50, (3.169)

GHS$ - HJ o d Cdeltftetc W jatlzd tsB tc Ols dzts dz® K isxplzj ddsf jj -
LOf dMmr 20jIsiw o Wsted]

{Dd}, = e“Q” ; (3.170)

GH®r - dzOMmisdud MEd2ar f FEPUHd Qezin€ 2 di3dztsy d
[BOlds) dff ey jtedftejHmisOodvis! fes?

¢ ddad BOBsd U MPBYFr BSHJ dz) ?
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Ky 5
{4 = afa (3.1.71)

CHKy T 8Bh jj Ctoddyjmlsots LOHOdd & ¢ddaj o
ZOf tew x j dad J H dzw Cddzgj 30OIsdyj M sets Zf tcts
sftcj Hj &GSy € OF

2 _ |
{og, <c.{ 2} d R "I (3.1.7)
CHH ©LO®BE O 2O Mls ks e =Ky, i OfbS 1€ sdslz g, = o |

nOEOCIsj ted fls FHEOY s QBB © C o d o Odzj dzls dzOW {
HiWtstedByos dmdl s teyly emdd ddz@ (68 H j dzv § Is

&= + 0, (3.1.W)
GHE & -1 CodoOdzj dzgls dzOv  dzOMlsdyj MSOY Hj Wt
o3ts d3j dzlsds dadfts j

ltcdo jHj dzdzOVY MdMisj BO EtOodzj dzd?2 d MY sd
OdzOdzd L O dzj dzd dzj 2 dets?2  d3j =~ Odzed S .

RMABSHA d3d HOdzdz" di3d Hd&zv tOMyYjlsO o' fist
f ZOMisdujMSdj Mos2flses ® ROl tcd OdOO BoadzdLy@e
v j B0 5B dzse dzv D MM, MubO®cEBJAsHdds ¢
BOjtedOkZO d ¢ bkyjlbkz dzj tOo dzsd3j todetsisd Isj
fsojHjdd] BOLjtedOdzO BKLOLO M Istej h ddzts
BsHJ dz & EZ{[Wsydz) dediv zaz) @Is ] O] dzd d2" § s
HiWsteddOyd?2 d dz0ftwy jded?2 5 SBENW jsaskc Otsg €
fsdzz yd < &zOr dzOctcj o O o dZOYH jdedW, Hdzv s
10 d 15 k.

v d mdzj dedzO™ s ¢ d3sHJ dzr ds@G g @L y@d dfdpidisninds
sCI(tedfy. B3 .dAJ. 4fBe)Mistetsj dz HzW Gt Hj dj ded W
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[ ddzd BOdz' dzr 2 ©OL Bjte { dzj dsjdelsO o o jteh dda
3.33d10

32l jed¥dsoOoydw d o90OddHOYydwW toO f)jdstdoy jof Cf

{ sMsOdkzso Cj 5 OdzOdzdL & ykoflse dlsj dz' detsfls

ZOctelzy j dzdWw ftod Mdzsy dz" » Isj §f dztstsB d3j dgdz" -~
sjfdzso L disdedets? Isj mded € d

I fMizzyO®j ydidzj dzdz’ 7 tOfmyjlstse o jtedl
sBj MY j uj dedv I fsjOdgsdzcivo,h j €sige j S sdzsflsd 1
ddsj decets § deslsdetsflsd fMjlkSd s6, hocsse (das,
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Mooy OH jdedw tjLEdz IsOIstse tOMyjsO [B].L ¢ MY j

Il o0 Or ftsdmMC O kMmist 1B st ey jn drdiad tw
BsHjdzd sC M btoj BY EkZtotseo dgw &3 f dztsls dgts RO
MicOo dzd o O Isfyw  tcOMmyYd Isdz" | d 1 ¢y Jtedd3 dals(
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B - Odzd yj M OW MsMisOeadzwe h O HJWBSted3OYyd?2
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s |
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f |
Stage III| 4,8, 4,8, |

t dMEz3AIS CIsOfr &SP d M tew y j dzdetse 5 O dzO dzc
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