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SUMMARY

Thedissertation workontains2 pages31images 1 table,3 chapters consisting
of subchapterslist of references, consisting Bames andormative references.

Key words: turbulence, clean room, air flow, Naw8tokes equations,
contaminant, SIMPLE method.

The aim of the work is testudynumerically the mechanisms of air circulation in
a clean room, and to establish the basstallation and desigfactors that affect the
aerodynamics of the room.

Actuality of work. At present, computational aero and hydrodynamics are ofte
used in modelingof air circulation, thedistribution of temperature and indoor
pollutants It is necessary to take into accountdistributionof pollutants in a dynamic
environment, and the éffency of removing pollutants with the lowest energy
consumption. In basic engineering practice, pure air comes from the outside, bu
requires a lot of energy. When designing ventilation, the low air speed does not reqt
much energy, but this can t# an increase in pollutants in the &irthis connection
it is necessary to simulate turbulence and heat transfer in a room, using the avere
NavierStokes equations in time (RANS). In this paper we considablediffusion
convection. To verify He mathematical model and the computational algorithm
comparisons were made with the experimental data and calculations of other auth
Verification showed good results, then the following supply methods were
considered: unidirectional, unidirect@rand mixedDuring the study, it was revealed
that an unidirectional air flow is an effectivenethod Calculations were carried out in
the software package ANSYS Fluent.
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21 | JHEeSH]JZOBJC Odr W dzgj ¢ LG IsjWHjEdyjte!

DOL "l@YHO OO OO dzf dz d3tsH J dz' HJ 2" dzH J
G dHtetsdzd &30 ¢ d dzr GomputatibRaD Fluid Dynamics)p H ° M 1§ g tf s §
Y SdzH Odz" dzOH T . CFD DH Mmlsjt’ dzdd dz Y OteOMmliIsr -
AdLdSCOdzr' y yYy"Br dzf fpls™ HDdz diIsH jdz' Hjlz 1h"
mMedzr &3 &z Y OLOte jMitlsjkz pH'  MIsjte® HOBEz 1

DtsdzH O dzEDO de's H d dzOd3d ¢ O dz" W Y Ddzjf J¥p" diz Ok
BsHjdzr H E® nh'*'d Ceflsjecjdz BODHOKdZOMBO
FLUENT, FLOW3D, STAR CD, OpenFOAM ybd
Cd3dzd eydwdzr vy 30MOYSOBO dzje' L' dgHj, OO
B ke dz ®BOIlsj BOISHHT Odzr ¥ dBtsH j dz2 B tsdzO

" 27 yilsry dzgjd3dgmj cOL L jtlslsjlkzdzjte' GCJjL
BOMMO "0Or i3Fr iz dz O dzdzOMiIs™ tor dZOHT . ¢ dzr Y IsO0
sT o LHTY Cjdzifm’ Etde] & tWJls® dzHj Odzr dzOHT

Dm _ dm

r=lim =2 =4M 21
im 5, =4; (2.1)

4D2Cif  dehj CjczjMBtsdPwH ClsjteH' OdzzoO
an=r d
m:ﬁdt
t
[ OMMO MOYylOdkz LOwrdz jMSjtej tslsrter f ¢jd

dm -0
gt ded dsﬂpﬂ’ dr =

SO0t HOD" HdWW jtej dydOdzHr ddzsj ctcOdzH O2

d
—“dz‘—
atlv

t
dzp Isd y jif. ‘delg' jEpwup € f O2HO BBAEZOHT :
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K+E)i(rv‘):O

it
[GJtc YOtOMIsr ter dzOIs"™ dz Bls©O® M" 0" ZzAZO2 IsT
BB dOHT :
(2.2)

uu+_u +l\u@:

X M YH

v"IsOMmM Bl &j~0ddSOMmM" dzHO Y tsL DOdzr M
Cahls

OSLOOME dg" jto' dz2 W ELGjte' M) fr telsyr
BtS2" dzh O Isk" dzHr O dz0 O dzC
(

o jCltste’ dzg, EOY' s
 tsOOt" HOD" Isjtstcj BODO MN2jdagyg €J dzj,
K = r\vd i (2.3)
3" dzH @O dzH O2 H O B ' toaKazldA 1® j@zdddamdr jted3”. |

i YSLOOdM fMrilsrw BOM o]

DOtcOMmisr ¢ dazjodd dzH j
YDdaj tSdzOtH'™ W ddalsj cOdzr dgf w o dz' daj f OtcOf
K=ryVst
t
CE

r SO0t HO ODRE EZBQAILO fifz dz M telsy ’
9jCltcdzOter ELOtO Isjw Btsdzrf € jdzjH'
fYFd i ﬁpnd £ (2.4)

t S
[Mr ZzO2h O, yYGBLOOM MOt MOdz EL jte' M' J Kk

d . ~ ~
alana’ = Iana’ H# npnd K (2.5)

3 1—nd—(rVa’)— —a’ﬁﬁ/dt( d

Cd fisfy Wi RS d2 jMSjtej s oter f

d dv
dava = Vo,
a7 Mg

20



[MsteseteOHEMd?2 jtixifm d jMSjt' (,

0

fip.d s fiPd s fPPd & fPivPd .
S S t t

sddzjfm' deolsdydecd G4z BEABZOHT :

%d_v_ /_F_upl_“pz_“psg l:o
dt

HX BX, HXO
= Ve bl o0
,Cdt -

tCEdZ &BH' € ddzsj cteOdzH Oz , Y SLODOdZ ) Isj WH

upl P, “p—rF+ B (2.7)

HX BXe HX HX

r—— rF+
dt

rgy:rF+DwP
dt

4P, _HP, HP,, HP,
HX HX BX HX

= DivP
ptodzjCsdzj " IsNNteH] XY OLMOY:
I|m or NP7 I|m ; [P (2.8)

(2.7) bBjwHjk d C2dhlsj2dz " Otelsls’ B dzg ' d

U I"kal
r +u, —8=rF +—
% kag HX,

(SD0ET HOD' ISjWHjkH' W bsd v kit
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A B B S D 1Py Dy
¢ Ht X

W, X2 X
r%lw +u, MU, +u, MU, +u, HU, gz rF2+|-1p12+Up22+Up33’ (2.9)
gm Xy X, X3 = (0] X, (2!
r%&_‘_ul MU +u, MU, +u, HU318: ,F3+MI013+HP23+MP33,
¢ Mt 2 MX; = W X X
(2.9) bjQEgYdlids Od' ¥ O®OdH Ot  mids igHf
SjVWHJE dz2 OzEODOO B SSA&ZOHT :

W Wby =F - Lpp+du
n r

DOt Mis' stedk®B@®R, " &z jmJjflsjdzjls' dz Bt
YOY JIsls® Bidz {f sOB " dzOH " . v J tedi3sH d dzO d3.
IsJ B j cOkztc® dZlsesdzifw ™ W ORzOM" dzO@ Y Olsr dzOMr ¢

dS=Q/T, (2.10)

aQmMD2C M dgh ] BtelsOd3jdz " &z Odzd&zOfMmkz B ts
Cdzstesf dw B OOz dz Odzr YIsOdzDOdz € E dzj d3+
BtSdzOH T :

H -9
Ers+E)(rsu+ Jo) —?+s, (2.11)

d5" dzH @OIC tsdzo j Clsd s h o W & o tdz,fiy "Rk jSiE L
B'todz' € SCEdzjBHjE' | dzstetsy dw.
(7 Zk OdzdsOfMmlkz BE dzh j &' Y Ddzj L delstesygw S

1 _1&Q _dS
TV T Taver  aver - (2.12)

(2.10) bjWwHjk' OYy'r d& Cjdjifn' BO2kOd fi

_q
J&= T (2.13)

At j LOWrdz jMSjMiC SjdzifMm' Etedaj Cl' G
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Jo=-/DT.
DOOMmMIsr g O PHZ Y IsO b t6ediistic SYefdzj dgHOJY S Is B E ¢
S = ?"'?,Uija, (214)

1 tlstsde LOWr dz jMEJjtemy ¢

- ayu 0
F=p, M = ”%8 | (2.15)
X CHY =+

I;J\JJHJIZ‘ HdMMd Olsdoels® WEdS ydqw B

° 2. o ~
- g U a (0]
- HUI_ =<;u 0 @ 0 #p?u’ (2.16)

i
(2.14) Etdgjc ' dz (2.10) OBOd dz@ y&2'

eW+E)ru +r +uE)s+E) += E) =G, E)l+E
8ut ()H £§ OCIT A= +®-+ 217

(2.20) IsjwHjEH] L' &2 MM L' ¢ IsjWYHiE" A
Oty " dzf Cjdzim" LjWwHjEH® Od&zOM L :
rTa rTgéf+uE)52 D(/BT)+q, +F (2.18)

UjtoBBH dZOBdSC O L OWUWHOtr dzO0 Ml 2 j dzgj lsr &
slsr o

Tds=dh- pd@/r)=c,dT+(ph/pp), d@/r)- pdd/r),
sj B3 j €Oktc® ISjwWHjk' dz Odz' YIsSOzZDO BEEOH'

T
L:l—t+u H a ZH), (2.19)
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Lolsdy j M delgsQfiPols jjun jbdzjte' dz OO L

Wi _g 2.20
X (2.20)
CLIPUTR ) PRV S (2.21)
I‘It ij r “XI “Xj @Xj 9

LU LIS L (2.22)
i 8 2

WY WY o op Ay 8 2.23
i 8 Q ( )

22 v ztedejzdzlsls® OD' Misr d3OIsog' dpQildldf € O dz" Yy dBtsH

] JHiecBHd &ZOBd S © X D dzj N dzz IsOmr dsOdzH Ot
sd' BuetstedIsdzH jtcH " W N jls' Mis'" CIlsjtc’ dzgj Y D &
Edz" &BH' dz' ¢ dzj Y OteORBOMIsOdz, IskzteBlkzdzj dzlsls’ d
sOB'" dzOH " .

vkzteB Iz dzj dzdzls Q0" dzH OteH T W JMiflsjkzdzj te°
B Ots:

1) vetc® MOdzH " Y (DNES DijedzNumerkzal Simulation)

2) NdzC Yy a2 r dzH Ot H ' (LEEBIHLArge' Eddy &mulation

3) td2detsdzr Hfp BB2T dzh O s tedsIOEEDGZH IS jicRAD O

Reynoldsaveraged NavieBtokes equations).

2.2.1 vkzte®O MOdzHT Y dBsHJ &z HjEZ (DNS)

1Mz pH'Misi MG Gdgdte , j sl M 108w
Cjw Ml €' ¢ IststeH’ ybpdzj EOYrls B2 dgh

tslsr tgh §h jH' . sktce® MOdzHT vy d3tsH j dzd vy lizts Cldr
sjwvHibkdjte' &3 &z M OsIsOEZDO BEEZOHT HJGCJ
BSdz’Ofs "IszOH T . wtsds” d3j dz Y OlsOte, " fidwar " W s dzs(
sOdzOYf JlsgH', bN2"dHjte MOde J2detsdz! Hn

DNSIh Edzh j dsH' MlsOydesdzOe jdjm jMmifljk
sStstcH™ W Y Odztf *  Isl 2" dzH j tc dyppddzjdzjy QfHOH O C

KOB" &ZOH' . 1 '"d YOEGWSEOERIWsQ dj @ dzj M C
CjL'dHj, 3s00L' twjlkls' MfjSlstcOdHT DH
[ JGjded3j dz B"dz DH Misjtc SlteHjdz' ¢6jtsd3jIsteo
 sWO H O 00 s CzOff Is Oto B2 dzh O, DNS
BpdzH jte' dzH j €' YOwLOfOdr &8 bkt lzdyj dzlsls’
Cjdjd L. [f &ZO2h 0O, yOL' €' IkKOWHO D

Cokf ' “Isjtede € toj MtehlsOwHT W hjCljkd ¢ d
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DHM' dsjsdzH Odze Qb toh ') Moder W " h' dzHj BE dz
BsHjd Hjk d jMis ' d hjhk d&idS' dH' ¢ VYo

222 nNdz€ jdz vy"2r dgHOteHT dBsSHjdzr Hjl (LES)

LES DH'M' XXh 0oOf" zHOwW' 8POdz § sOMisr .

1 Oo-¢4 | tsC M SJWHjbkdjdH' 6" d&z SlsOzOdzH' Iz
YrmyOokts@y mMgef Is' ¢ IststcH' W "N OBROM" dzO b2 € j
sztcBlzdzj dzlsls* bDtelsjCls® dz' SIsjdz ML e" dzj z°

NdzGC ydz2 " dzgH OtcH'" dBSHjdzt HjEH], tdzOte Is' ¢
Is* €4 dzf 2 N JhYdzRn ddptsO@idiz " HjOdzd H © .

LES bDH' " d W DNS Ispfy' dz' dgj dz dzj ¢ L ¢
S" )" ter d3BH OO M dzH O Btsdz sOB " dzOH T w
Y"tor dzf dzm ©dzim

LES bpH' M "oy Y " 27" dzgH OteH ' 3 H j dzH
Cdzdisegtstedzr v "L " dzH'" ¥V BOMhIsOB"™ dzOdz OdzOOD "
Oz ZOY' s POSOdgDGE ' dz' dzj dz DdzH j Y O2 HO 1l &z
[ &zO2h O, LES | mjsPlszol dzots” dBHNISE Is O dzOff Is
sOB " d&zOH T .

[dGjded3dj &z LES DH'M"dz CjVW dzjdz § O2HOz
Bl d3C * dgH " CIsj to hjClsjkz YBWHT . 1l Edzdzgy M
DH' M' dz YtsdzH Odzz MO dz" Mdg " dc flzDdizj Is tisd tc@d @ dzP Dk

223 t(j2dsd Hi) BB2' dz' O o ls QubtkmHmHig lazjie O
(RANS)

DOL 'St HO IskteBlzdzj dalsls QO flyrtsetzH PEaizHZ(
dzi 6 L' BOOD'Is, tj2detsdz Hfp B-BBBEZHOISFWIs
(RANS) hjhk Bd ff -GsyOBs "dd® HIS j. W HejtdddRr G | |
Hjtf ObLWERAOHIS . B2 dzh O BlsOdzOdzH " ez € j L °
f O2HO BESSWIEZOH' Iz dzjsddOds O OY wsLzUe@dz" MY j dz B 02
QD" dzgH Ote" dz' W GCtOHdJ dzlsls] t6° tod Is' dzH J Is 1l 1
BBHj &z H' W IskteBlzdzj dzlsls® G DMJ e’ dzJ dz, s to
BO2 dzOdzr misr B 5 dzlz YO Jls, mMsdzr v dzD Is d
Of f gFEBOYJOdzOte f O2AHO BESAEZOHT .

{ j2detsdz? Hfp Bts2 " dghf OO BB OAROUZH tizjcfig’ Is 1l toH

1 to+Dt
f =— @Rfdt 2.2
5 N (2.29

fo

Dh OdsOM"r kzGEEZz Y UEElsSH T d3j dz MOdzr MisT 6D C
B‘tQOpffr] Ete'" ' dg w BOWEZ ELGjte" M dzgj CJls
] J2detsdzr Hfp B2 dZh O BlsOzOdzHT tzZHO € j L
BtS2'" dzh O BtelsOdzOdzH ' ez d3j dz M tstcls O dzO dzH
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OkrlsYykH' W Y& dH' (O L@EEPEEIE $E OB St H
WH2jf dHj CjdjiMm Hj2 Od YsO&OHT :

u=ua+uj, W=W+wi, U=U-+Uj
P=P+Pj, T=T+Ti, Y=Y +Yj

U"lSYrtGerY,
Msd Misdfls’

g lztcdl$ uoui OtcOMr dzH OO

“) ug

U=u=+u

(2.25)

N dZzEISS  LE  hls' € fjC' dzn'
B dzH O &0t jMCjte' ddij ¢ j da

(a) t (b)

Qo' fy

BO2 &zOdzr . (a) MmMlsO~

[lsOd&OdH bk SjdjMm' yYOmdilklsjte] dj E

1. [telsOd&zOdzH ' t6' dzD O dz

Bz f IsOB'"™ d&zOH T

f=f

2. 0" SYEH' VU GolsOkOdH ' ez '

1

to+Dt

fi=— [fdtt o
I Dt n

fo

ffi, O

fYDdgih OBBOZOt" dz BelsOdzOdzH " Iz

1.

2.

—h||
«Q

Il
=
Q|

f+g

f+g

af-af , 3" dzH @B" ©OY 5T MOdz
26

hOROdr W stols OdzOdz

e kg j s W:

(2.26

CjL ' dgHyj, 6



g W _M
TS

231 OoufstsCf) jwHjbdjt d { jRdsd i) B2’

1 OCo-4IstsC M ISd yHd zdzj to' dz SlsOdzOdzH ' telz H
¥ OL ' dz0 O dg, Mmr or dzdz© 22 Is™ dz L) "d2 "ys "L yHYHER2.2@stg d
BOMISO2r Y. o¢dzH" d3J dz O2 dz@ B3Oz dzOteH'" BStels Oc
tcjIs'" dzgh ] Od&zOd3" L :

U(Ui + ui)
HX;

] O2HO BGd&DOdz SjWHjbH' SklsOkOdH' ©k Y
L B (2.27

St OdkzOdzH " 67 &ZDOdz Il R27' Q@OGHL § sjwHj k' d
.

NnL " dz' figfg "WHH2PO) dz Y s dzH O dEERD) tislg 'wia'j iz, dz d C
Y OL O2r Y

&_‘_HU]UI__EE_FVLE[ '8
it r g & 2

22D)IsjwHjlz" dzH j ¢° ©F dz] d@EdgOHIss Hig Q d3" L

N VL A VR N R L W | G S

—\U; +uj)+—I\U, +u (ui +ui|)—-—— P+ Pj +v—(ui +ui|)

o (o rui) uxi(J ) ruxi( ) w
E+£ii+wjui +pﬂjuii+i'luilji +|J.UjUii =- EE_ 1@4_\/“2@ +Vﬂ
T T U U R 1 ¢ e r

UBWD' jWHjbkH' GlOdkOdH' tk Y Omdjlslkj &'

WO MO RU 1
VST T ¢ r

WG
HX;

(L
T

N
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W MO 1P LG U
2

L N S T T

StelsOdzOdzH " tef d&ZDOdz YL OQug viH jJlig HYH jCZz) ddg MO C
BBdzZOHT

auu; +0 HU;
S,

(s_ij - ruiiuj) (2.28)

r

|-O:00O

H
HX;
B dzH @UM" 2T YIsODT Cjtedsj 2, dz Cjdzj M HJ2

L, M (229
cHX; X% =
(210) YOldg dzg®fpdgH ™ ¥ M 2r ylIsr yIsr Odzr YIsO2Isr
gettsdzj Cjte Hjdz SOM" HIY OISOZOHT M Ddaj

8d, =1i =
b, A
idlj _O’I: J

5By jcOkic@2BEWsQd&Oda ' ttkl LQd " fifzHlg j W
DiejCjlslsjton' Yy O2As@2D02 K] wu j b 'dalen g 'dd2.06) dz'
jls' dzHj Od&OMIST O L

2

B 1o g et oTi)=a e o)

CjWHjEH' Cjdjf' kilttH] Y020 %0LO& L

= . T Ti1; : 2T 2.
£+HT'+HTUJ +“Tijj +|1Tu] +HTU] :ap'lz' +au-l;I
TR T R T T

HBWO' kjWHjbEH' SsOdkOdH' tk YOmd,jlsljt'

M_T+HT_UJ- :auzf_ I-J-T_Ui

it X I

(2.30)

SElsOd&ZOdH ©r d&Zo Odz Is j(280) | ORHCEQ .Is j WH | k2

stdzyj delsteOydW (228 j UBEREODdOdGH ' ttk 11 h ' dg
sj B jteOlskteO Isjwhjl' dHjc' b KIW)j lsldsjjuenj iz
02 dz¥ BOd22ERWwsC Bzl j H ' .
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hler)e bl ruike rc)=alslo e

GjWHjEH' Sjdjf' kilttH] Y020 %0LO& L

He MG KCT, + HCU; + K, + HCH] _ apZCZ_Z + a“zcz:i
T ST T T T T T

WD’ kpuBQwOUH tk yYOMdjlkljt' d Y & dH
£+HEUJ- :aHZE_ P—m

231
M X XX (231)

StlsOdzOdzH ' t6' ZOD Odz Is j(2BN) | tOAMWCE Q .Isj WH | 2° dz

bz’ z0Odz ISjwWHjbdjte tj2dsd Hif Isj WH
OdzD Oh Yy 1 das fnwOjifz diFOts ' dzj " Y MO H T ,ruig MDY &z
Yy sfpr dz0'B"Aee@tc D" dzDr bt § 2 dzsdz' H fpuuS @ dzlsizj
spkjdn' L So&ftsdjdlslksjd "ol d, j¢' d
OB &zOW M D] 1" CEBYftsdy deslsj dz Is" teOls' dz
skteBlkdzj dzlsls* ¢ ©Or fy nh ' dz Isg jwdzd ‘iR teH jy tés dfn
BSA&ZOH'™ . 1 jto' dz6jdz dzpfMmj dzj dz' IskteBbkdzj dzlsls”

24 s ZteB Iz dzj dzls iz OCUds O Isks ™ dBBtsH j dz

vizteBlzdzj dzlsls® dz' S Is° s 2r ylsOE nh“dz 42
StelsOzOdzH Otelz"  OtcOd3j sSte” dz2' W Ot OffrfizH AQY'B .
skzteBlzdzj dzlsls* € d®BSHjdZ HjteH]J G BJ &' M" LHJ
¥ OwO IS jsWH@dzdzy Is OzOH T . ] zOteH T W B tc .
szteB zdzj dzlslIs’ s Ilsy " tedz YIsT Y sz . [ dz sz te
Hd&ZOdRRd S Odzr v Is"ilsyrtedzr v Mj¢" dzh® Jj dgH ' toH '

_ auu u. o
- Wi = éﬂ —u 1 Q (2 32)
rujuj = mE—- + :
. G l 9

DOL 'SOWHO bktBlzdzj dzlsls' dz' Cls' My OOk
fMlsOdzH Otcls BEdzr §f ISOB' dZOIsT dl) HS O dzsQ wislg 't
Odzr yIsO2r y. 1 "wdz BtsH J did' GHjjdzjjtcO Yy JdsO P LyHD dzj
"D BH Ote’ j dzG ' L dzj Hj dzj tes@riepWizinlj ddzlses | Rzt Wodla'
skteBldzj dzlsls® dz' €€ j DS jdzjls' dz YOWO y"2r dzt
U ndCjdz y"2r dzHOQten' W G h' ynldr dz QtcDO
QD' s’ ¥ lsOdzOdz O ybpdzj bizwskdj dzlsls"' ¢
JjSSjWwHjk" Iskic's Uz wisfigls d£ 1§ ypdzj EZOY' Isls
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1 Jt' dzg j dz BSHJ dz Y Otgls dz0O2 1 B dqtcd ¢ Odz' Y
Y sdzd3j dz Odzf dzDOdz W j des 3y des dztse d W dz' Y H' MG

(2.28) sjWwHj k" d3dj dz € 2B  t6 Odzc j sStgQizp'fryy @
Cjdzls' ey BESAZOHT :

1 /.
MU + G, Ui = - == (U1 + U P)- 2V, Ui - Ui -

(233
B mwui B mlikuj +V52m

slZtBzdzj dasls' oz’ Cls' W G dazgslud O ® dFY 6§ Kz
Y Ot OMIs@3BCHj Y &Y & L :

I“11k+Uk|Jkk =" %UiuiTD- VHL Uik, Ui - %Ukuliuiiuii - mwui +vD%k (2-34)

(234 Isj WHj HHOOW dzis®D'  jC ' dgh ' Yt dgH !
HdmMMdy Oydw Btsdzr f IsOB" dzOH T :

€ = VI Uik Ui (2.39)

Od234 ISjWHjbkH' W W 00" dzHOD' kEtl"' o
Gjdaj tOydqw Btsdzr'f IsOB"™ dzOHT :

P=- MHM (2-36)

tsder d&j dz Yy OlsOte, §j dzj i)' H Bsdzy Ods 3 Of

al 1—Q
- uj%ujuiiuii- —U; PE° K, (VT“jk) (2.37)
¢ ro=

(235-237) Isj WH jEzdzj o' d42.34mMCIg jJeW H jsiis™ dzr F j dzJ
BtSdzOH T :

wk+0Uuk="P- 9+H, +—8ij
& S, <

(2.38)

|-O00O

(239 kjwHjk' Ikbktebkdjdilsls' d ¢k Ot dgajrp,
sj WHs] EOtOdy BeM" dzginr Mr nh' dz yOyjbl' Ed

CHjlssgitejls’ dzHj Y OtcOhEMiBdZzOnN] (238s] By Yk
OdOizsedwdzr' Y IlltcHj Y OLT™ dzOHT :

j@}]

ne+uye= ClePT de +H, @+—84198 (2.39
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" dzH DEKTeY Oy j Isls' E dz" j d3H ' CY@.BSOdEGFY kT d
5jC jdz¢' L '(2BY B WHMlEB | OtOddIsdS Odz ¥ ¥ 5 dz
jls' dzHj Odzr dzOHT .

Ansys Fluent B @D HifeOHRHIGRdS(RES) OdgREIL"
sjwHjbkdjt &jd OkcjBtcOd ¥ OROdLHOLE s’ d

o

é k o ~ 6

TH( WUk _ u m Q pk

- fk)"’ = — 8 G +G-r eY, +§

Mt HX; uxjé%mq(+“xjg o

I 0 o ~ ~

T wue_ mQpe Q e e

T —\r = —8—9+C,. (G +C,G,)- C,or —+9
%ut( &"" ™ ijé%»dewXJQ 1ek( k 3e b) 2e K e

I j e jd Isj WHj G dajtakzi Pt fijlsdzw) sisls O

fO2HO BSSdZOOdz ISkZtB R dzZlsSls” Cddzj sd & OdzOy
cdyslsjLOmMr dz©O Mn2jdzg §f, dr ¢4 adzjMm’ IS Il to H
G, =mS?
d3" dzH OO '
k2
m:rcm? (240

C,ls"tcOBEH | WstedsOydw Isj daL SteS=dzs ¥ , @ izd Bt ©
hroOkhr Cnhik'w Cdda IsdSOdzr v { dzgj ecdw mr

T
G, :bgipﬂl}i

" dzH @I dzj e dW  Nh ' dz ) wOdzH s dz gisdiE@ ddidg @
9 jClStaB®@OY Is™ dzv OD ' bEIdsjdslisjded @EsE 6 Odzr Y 1, dzD
c.idlsjt' § hr DOt@ePhOEOM O winj '

1 o ~
b=--5"8
r gHT =,
C,. :tan)—{ﬂ_
ui

3" dzH QDE e O dIsOYydw X' dzH O dgH" 20 rYdzQ ' fdEHICIRIBE
Codf Sdzj dals§Ofgs,00 JlsPDYEH ORHT O dz® j toff j dat
YT dZHOMBH " O dzf W C skt sdzj dals Ofyr .
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4" 27" Y Y &ZHOBHT Dr dz@ w B ODT IsT GtcOo dIs O
Cp=1, &"2TYyY " ZHOAH'" O" dz@ ¥ BOD' IsT GO
Y OB @ls4.0

Y, 102 dzf d3Odzr " dzO ©#¥ Hirjrvo rlsdizizc BCzjde | ‘disfisdhid f >OQ
pfMjte'y "dz h OBOdz [ O MOdz dz ¥ 11 dz¢jdz &
fMfr or d&zZOIs" dz2 dHj Odz G OLH" dBSHjdzZ' HjGjdgH | d

Y. =2r M2

B deMAls o 2 dzj dzlsls’ v 24y se Wiy [ P eQdE |, O
DOkBOEOY ST Ot ' tdjd Isksbkdj dlsls’
Odz' YIsOdzv " , dpodejj eSCjdzidf

C.=144, C,,=192, C,=009, s, =144, s_ =13

slsOyYydsdzOte jdzdd m yYytsim HdWWkzLrdwdz y OOT
nHh*"dz Cjdzgm"Hy?2 Btsdzy OdzH Ote Y OMOdzH T :
BJnd filsjdzjls' dz tsB dz'-M@B®3R0O " dz' c¥Aaty deHlr & ) D dz
NErylsOkr dzH O Mmr O dzd3gO2 s dz B tsdzy 'O OB 'B dREZ
sOB" d&zOH'" . [ M Bisdzy OdgH OtcH" Y Ddza] [ J 2 datsc
slsr ter f, ®BOIsj BOISJSOdz" ¥ BsHjdz CjdzgMm" HJ

L

™ (2.41)

E+Uj&=-£“p+ “%mg}mi+w1%+
L A uxj%ef S X (242
+ g[bT (T B To)+ bs(c' Co)]ez

wT , wuT _p m QuT @
+ = 5,88 (2.43)
Ut I'lxj UXj g Pl; +UXJ' =
wY, WuY _ pdd o mauyd
= D, +—8—Q
it é% S¢ 2px; 9 (249



k wuk_pad  mopkd
wk A dﬂgﬁ8+(;k+c;b- reyY,+S (245
k -—

ewue & ed _ e &
e wue_ u %mggu_gmﬁ(sﬁcseeb)- Caol ~—+S,(2.46)

25 1 dMStjlsdL OydY ypdaj Odetstedlsds

(222)i(227) ©bjwHjkzdjtt yu12jMm dd admStej Isilsj

Y tsSdzH Odzr dzOHT™ . v OY'" sy O Isplkzlg dann j DOdz'dw 11 d
Cjgdzjm" H]2 BEBEOH' :

~pff - g..d_ . d

nEdV+W QA= {2 Df @A+ 5 dV (2.47)

\Y \Y
(isll dzH OO0

“;t’ 5Of" &0 &HEERAE &P d ' d W Csdzij e Ol
A - BJls OkzHOdz dzr w 9 Clstster
G-FTHWWELdBdHT CL WWdyj dals®
Pf-f Gt OHd ] dals'

s -B todz' ¢ 7CCEEdZ] 3G J

ANSYS Fluent jMmiflsjlk' N247) s Ofy dygO disi Qizj

Q2Y" dz HiddgSMe j IsdL Oydw mr dz Yy tsdzH OdzOH T . g s (
Cedzo j S Isdols’ | HdWW EZL tsdzH ' 3 D dzd dzd G ' L
Odz" YIsOdzOH " .
+1 +1d+1 .. d +1 .. d +1
n_}.lt V+iy " MU QA= fz B @A+ BT dV (248
\Y
1 Otedzr v OM" 3Oz IsjwWwHj E2° O dzdz P dz@AOA Yy Yl
nh' dz
t+Dt
(f {:) Dt 4 yDV"'é. Pf Vi A :éGf(Df)A,fAf +S,DV
faces faces
rcffr]QtGJISC[LG)l{CdeZOdZDOdZ sjWH]j Lk IstcH™ W B
YOYJlIls JlIsjgH":
T speHfptej e’ (BOLJLdOd YOMdil' , x'c
MOY sOd&zOH '
T 14bkls’ ¢ dzp dzH J to SstcH '™ W dztsC OdzH " ¥
Jqdzlsj eff sdzWw ydw dzOdzOH '
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T rdMStejbdL OQEOY @b pkdzi’ O dzO B O2 C
rdmStejlslsjdz dgGjodz SjWHjEH® §jdzjf' HJ

af, +é'1b o =D, (2.49)

(249 kjwH jlmjflsjk tBd M dH OO DB ' fo
YOLT daQ@dz.j Zdzj t6 3 ddzO0Dr W jshj ‘ted®@jy'W.dzr v Isll te

T a, ypdzg, SBLWWdydj dalslsj te° DHJIslsj 0]

WedeCydwmr (frorylr jdijfgp 3bpdzgj B O22dZO

T ssi WWduydj dzlsls j to OdzH T WO dls His @y

h

i BHj 6" dzh VyedEHGRZ dZOH !
Aur LT yisOfHO®BEM" dz0 Ispkzjdzv' S5 Wi
Al 02 &zOdz" Misr Lk St WWdydjdzslsj ter
spkzjdzH' dz' 6" dz Y BWHT

1 ssiWWdydjdlsksjte ptee' 6 fr sy’ dlsj tsC
Awh ¢ dljteoydw nuh " dz St WWdydj dalsk
Af, 02y " dz 3 D dzj G)erdzjdscjfn ISiteH j N

Dr mM'des 6" L " dzgHJ G DH' M
T Jeitc Bjte' d&zcjdz SJWHjEHJG® Y OdzODr L
siWHjRkdjte 312 jM dz BOMYO 0O dz" &3O dz" «
T 2" dzHJ G4 dzH § tc BIS jtow HIsjjlxdR] jtdzcH]®  IsyDQz
BtSdzZOH T
1 B"dz YOO MORd@ st WWdydj dzlslsjte’ mMEO
T no' dz' figfg 'wHy '€ 1 OlsOdz¢ OtcHr w S| MPL
Ctetej Sydqwfmr WotedOMr dzO 02 dzOdzOH T
T rdmStejslsy dzcj dz g WHY @Fdpds'te]  dzlot jndd
ARIsjteydwdzr y ftesyj MMmils' w Is"tcOYy IsT
Aa O2y" dz tj ZOSMOydw WOCIstster dz
dsd tOydwHOdz j& dzgh' dIsjteOydw oo

D

fo=F,uq+aDf,

p ~ ! pold

Drfyrdgi ¢ L dzHjcE' DH' Misjcg quns:tg;qu
BS27 dz" O HdMCtjlsdL Oydw " dzs Of' dzOdz ( &' h
Ypdagj Nhjh®' dgdz' w EZOyrlk B2 dzh © ¢ jdzjfp® yC

CiWHjEdjite YN12if d hjhk MOUE' YOkzost

s
h
¢ HdMGtejIsdL Oydw
(7]

YtsSdzH Odgr dzH' . s jWw' fls® C s’

CtcOHd jEEls €' h'  C o OHIcOW IsdMe’; g J s 'd3 1 iP'0OdzelAD,
Y Otefpr  J ¢ dzgh' M dzBO; skztes I2|dz(;‘1tdzlsdzoc) ¢ Y @izg filpr
Mz O; Co@OPizzBOYyY O©temr j ¢ dzhi' O Of "depe@O ; Y
J & deh " Mz O. LOY'" s BB2" dz"h O HdMCte] Isd

m" d&zB O.
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Tenneynepmal- menryd

Koppexunsansr-menty|

KeurmamIsIK KoppeKIace|

- /

Cxanap-menry(Y, T, k,e)

HaraakTanger M

( l
S

bW uOdzH' ¥ Becm@EET " sdk

RIsjteOydw dz' y mM" &z OHO B Otdz' Y Isj WHJ Iz
xddeylé@dzljsf tstefdzHOdZDOdzDO H4d2" dz2 disj O
mMiBJtls", h jh ' d3dz’ R r YO IsB ' Gotc Oyd® HOO 30 Y
mMkztcjIslsj QE tefjls' dzejdzH j 2 B ' todzgj P jJ Mr teolsy
dlsjtcOydqwdzr' y mM" dzs OHO Isj WH j zdzjdsHf)rwL "B}Efigzh
stsdz" YIs©O2 jMCjte" dzj H'

26 S| MPLE Odkettdlsd

rtsoOte" HO O2Is" ZODOdz OdzctstedIsdsc P s ddny
JMidlkik nh' d hr 0OOter dz0 O dmpleitiMdethtxddds BgesSite M F
Linked Equati ons) Odze sted Is d3’ BYS'ddfn ' d3H |
BO2 dzOdzr Mis" tcOIs™ dz Isj WH J zdzj tc 11" "' dz B ' oo I9d
1 4 6" dz6 j dz] Otk©OEL PlERZD Oz M OlslsO
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yrmrod
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E to'

'

h t

dmMStej slsj Iz (BOMIsOY y HqWW'tQszuq’Wdzr
O2r tg" dBHOD" OdzOdzser ) OY ' tc0D'OMT vHedzjda® HD H *
CEdzj g H' M d2 v dje' Lag’ s2r7 dz s’ dzz
[ Mr dzO2 , iMmMidfljkz Bd fiyr DteB ' tc Isll 2" dgH'
Y OdzH O2 HO B' to OYT'r o' Ydr dzr i ©21Isr d
rqgwwjtj dzydoOdznr y sj yekj z B tsP todz @ § dzldzj
Rdzls j ctcOdzH OtcH ' diMidlsjlkz uh*dz Isu?2° dzn" d
ELGJ Edif OdglsO2Is" dz M dzr v fsWwddz Hijte YT
su?2" dz dal Clsjdzj e W 3D dz' C' o] Is' dg, HdW
OdzOzsc " dz OO L

Fdwwjted dzyd Odzu - sjwHjk hjCMm' L OL O
Etodzj ZIsj 21Is' dz J ¢ dzn ", Y50 Ot HODT ) ts dzd
CEdzj s nh' dz MOYylsOdze L Owr dz Etedzj SIlsj 2 H" .
B ', BdHO CjdzjMm' Hj2 YHEPEO MY IsA pzgzH
Y SBLOOdMzr ff d3e dzh j o' -C § ozdzj dzt @y e dv € § dzj d3H
mMp2¢iMm dj, BUSC &2 jMijfljlkz BB Mr dzH O.
CEf MOdze dzh O -0 Pdz®@j gzdz§ Mh ' CHOZH O HO I[sOdz
ststc BBd&ZOOdz S jJLHJ HJ ddzlsj ¢ tcOdzH rve d3f mak j
s dz dz' v bEVW' toj ¢’ daB] miene pidsddz] Isys toddzO@d
iMjflsjlkEsdizOW@A, 2.6 Mz tag) jlstdsdy jtdsFeefty fipf Is * dze j dz.

AX
N
O O O

dz OY ' to



dlztwdd8u " ZHOBHT Y Etc' M' dz Odz" YIsOEk |

glztcd98v Y " &ZHOMBHT YV Etc' M' dz2 Odg" YIsOkz |

[ "dzH OO w, n, S g ¢ ysd jl€O vuisfidifods s @R H r .
CEdZJdBHJtc DH M dz YsdzH OdzOte OdzH " dzH O, B Of
h On &3OIsIsT Iststc yYy"tor d&zOlswdadzOB BPY 'C j 58 gzt
st B & 3 @sik.gBrhy =jh i,j=0N; h=L,/N}.
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dtsdz d3j dz Yy Ol Ote, ryiyrick dEDICX: dsHs to HABI Syl j dzj
CtsRf Sdzj dzls OzOter Oyr tedzr CEdzj gz W YT o
BE&zQM 6 fztgdH' ¢' SCjLjSIsi HJWWjtjdydod
O27 o' BHOD' OdOdsc’ dz OO ¢ ' t8' fj 2" €.

GOM" BOdHT W HAWWH jto pOGdOfdaT OB WH j ' ¢

WL By« 2 umy =P o)+ X oF)+s (2.50)
it X Ly X Ly
A) i W i de || SRR SRR (R
| X | I y
| | | . >
| I w | I e | | I S | I n |
W i P | E s P i N
| ] :‘ »
. AY LAl

4 ztcdo6s x(¢),y()BODr sSlsOte” dzH OO HIMGtcj Isls”

250)IsjWHjlz' d2 Oy 0" CEdzj s pH' M odkj dz d dzls

ent+Dt“ t+Dtneu t+Dtneu
s ”—(F)dtdxdy+ fi m&“ (UF )dxdydt+ f nw“ (UF )dydxdt=
t sw t sw

WSt
t+Dtn e t+Dtn e t+Dtn e t+Dt n e

_ ol HE ~ e U ~ e ~
=N n‘m(v—)dxdyd& 1l rrw(v—)dydxd& 1l rr&(v—)dxdydﬁ A rfiSdxdyd
t sw t sw t sw

t sw

(251)

3 (252
[Cj@52) ISjWHjbknj HWWELdsdHT &Ih | dj
OROIEE" &zO Okr M MOy :
AF G GFcFe AF

G HX % 05( G X =
a

Q
T (253
FAaral 1 Larn

ypdgj HJ SCjdzifp' Bjdze' dzjzH' Jjdee' LM C:
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F.=ubDy, F,=u,Dy, F,=uDx, F,=uDx,
(2.54)

D, =YD o VYo WX VDX
L@, " (@, " (@), 7 (@)

SdH2B2) kjWHjk' Cjdjf' Iitwcj CjdjH'

F-- I;t'g)DXDy+[Fe(Fe- F.)-EF.-F+EE.-F,)-RF.-F,)=
(2.55)
=[o.fF.-F,)- 0,F.-FJ+[o.F,- F,)- D,F.- F,]+sDxy

[ " O Sjdzjf' Bjcde' dzjbdzjte Y sdzH Odzr ZOH T
Fo=Floy bFe=Floay hFw =Flxoy P =Ry Py =Ry )
Fe= F(Xi+1/2’yj );Fw = F(Xi—1/2!yj );Fs = F(Xi!yj+1/2);|:n = F(Xi’yj-llz);

Y tgOT 02" tof d3 Fydsmedz'dale OWdz" vy IsOk nh-* d

¢
WstedBz 20, CtdzojClsdols’ &uhjdjteH' v Off tot
spkzJ dzw * . 0" d&zZDO Y Otm" " dzB Odz' * ( UePdajl
YT tor dzH OO0 sV dzy@ovr dz € j dzj Is' dz 4 Oy sO tstc dzO
s j, W 2zte7j Isfils j " &zB.O S Etefjls' dze j dz
Fw:i‘éFW, uW>O1 Fe:‘léFP’ u,>0
iFp, u,¢0 iFe, u, €O
(2.56)
Fn:iéFP’ un>0’ Fs=$FS’ u, >0
iFy, U, €0 iFp, u,¢O0

I mr DH' Mff j dz y " foB 'ddD'Odi ' " tdzp IOIZO tcfy "' dzB O
m" dze O B2 dzh © jMjiflsjzdzj to dzpilsdy JMm" O
sS"Ilsyr tedzf Yz@I©O2dzHD WBtsdz S EtemjIsy H ' .

(2.56) Etedz] G' dz VY tsd2b® dzOO d3©lszr telz € J dzj My°
BSdzOHT :

(F - Eg)DXDy + (maX[O,- Fe] + De)(F E F P)+ (maX[O, Fw] + Dw)(FW - F P) -
(257)

=(max{0- F,]+D,)(F , - F,)+(max[0,F,]+D,)(Fs- F,)+S.DxDy
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Y

\ O

s3I 7TUPWI ND Mm" dzB OfMm" dz@ v Of ftetsC Mo
[Gjte Cjdzjf' BJjdze ' dzj Edzj teH® jdeg' L Mj S
a. = max[0,- F,]+D,, a, =max[0,F,]+D,,,

a, =max[0,- F.]+D,, as=max[0,F.]+D,, (2.58)
a,=a. +a, +a, ta;+ay, b=S.DxDy+al+F?, a?,:%,

sdzH O 'C jlanjtdrH j 4 OL MOY BBAEZOHT

a.F, =a.F +a,F, +a,F, +asF s +h. (259

Y " D" Crmdgpdy'cGdzH OdZH" ¥ C Bl tsdzj IsOdzOte
HdMGtey BIs®™ OdZOdzZEGIsOter :

aguP = a arl:bunb +b" + (pw - pe)Dy!

(2.60)
apllp = a Al +b" + (ps - pn)Dx'

a, YDdaj, S WWdyj deslsjtc' d2 W dEpdzH j o' C S
ftoesyjMmMlsjtocHj g OVY' teDT CEdzy dgdz' W YT tor dzC
CEdzj gz’ W ' dzy z' dR.59) ) UsjjtwjH jtizls rdzdr 4O dzO dzts 6 Is !
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DSLOAMHjE"  d Isj & yYyrfMmrd3 e’ i BRj 'tcte
Yy sdzd3j dz Odzr YIsOZDO B d&zOIs'™ dz Btsdzlh©® DOdzO h
Jja&BjMmM yYyrfmrdd eEte' ' YyY6sdzH Odz dz©, IsOB ' dzD O
Y OdZOODOISIsOdzH " tcdgO2 H " . 1 "dz X ODHOR HGs,dzH P L
Silsr tor §fr OlO@B dz % " dzH O dgH ¥ B dzjE @&t - diz Etodz CIs
sSjwHjkdjte yn2jm d hihj ilsrterf Odz YISO2

u * — -n u * u * *
a'PuP - a anbunb +b +(pw - pe)Dy

nb

(2.61)

— — ———> (D

u * — -u u * u * *
aPUP - a anbunb +b +(ps - pn)DX

nb

rr vyYisOdzoOdz vy pfmr d meit'lsig'ddels® dz % ™ dzH O d3H
MO2r dz L' d&z MM' LH' € bjWHjEZ' d yOyMmr Oy
BOts. Z" dzO2 p=pYphifyrOGdsr dzOMr dzOdz IsOB " dzOH T
3" dzH @OY"r M d3 IsL jIlskzY.M tcOzdzH @)REH ST dzH O2 Y
mMp2¢ifMmM, YOO ELGjtejls" dzH "  ¢' dz Odz' YIsOk
J dz6 ' wFUWEFUL v=u +ui , 3" dBHWPDY " ZHOBH T ¥ IH2a60)j Is
Isd WH J zdzj to (241D § fis'j dBHez dzj 16 meﬂ@aﬁbwﬁ%é})%d%o t

sl h jdzjto' dz jdzjg d&3j 2, " d&zHOABGH T Y 1Uh " dz § J dzj

u, =u;, +di(pj, - pi)
(2.62)
u,=u, +d(pi- pi)

"
p

NnL ' dz' fisfij ey 'S dz OY ' te0 '  dls daj td30 deHSR ) @izh C
L jbkz Isjwnjk' it dije' HnHdmCtjlls' ¢
Y"'"teOkhr iyr dzf W Btedz’ dzO, tsdz" W IsliL jlskz Isj WH

&3" deH @,B%,d;j:%
P

[(ru), - (ru), IOy +[(r & - (r kIDx=0, (2.63)
5" dzH OO '
8 Pb = ac Pi +ay P, +ay Pl +aspi +b; (2.64)

ac = rdDy; a, = rd;Dy;

a, =rd,/Dx; ag=rd/Dx;
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8, =a +a, +a, *a;
b=|(ru’), - (ru ) oy +|(r &), - (- &).]px

254 yr mrisdg L j sz Isjwukjilz'jdgh j ¢ 'h r,dz yd3Ddeda' Qg
YUteOkh T @ty ' dzf  y QR253)dmo delz’ sy wLHHj S dz' dz
OdzOdzsG " dgH OO, Mtsdz Y OY Isj WH pdo IsjjWiHdzE" G
Y"teOkzhind2Ode' MM LH' € IsjWHjk' d2 YOdzZODOIsIsC
iy j2Is" dzgi' ¢ dz B ‘bl Mg nh ' A ROMM@OTEO, 0 B
Hy tdz Y"frdg L jlbk'" Oy" dz@ Istsdz YIsr ter d

SO0t HO 0O2Is" &ZDOdzH Ote B2 dgh O, MISIOYC
s sdzH ddzG s w S| MPLE Odetstedlsdy dz ¢ j dzj iy’

1. or Medg' M' dz2' v B OMEGOMffj IskkEpad dzf € j dzj

p =p°t=0.

2. (" ZHOBH" YIsT W BOMONW!. Ete' I dz Odz Y

3. U Ok h' dzg YSLODOd i) SjWHjbE dg hjhl

4. 245) YBIfU jdskz Isj WH | & 'pi@dd yHsOfQteprp dgr

h OdzOMr dzO ploylirfijds EQE Y r dzf Odz" YIsO22 d3r L .

5. uu(243) bliLjlkz WsttdzzdzOMr Oy dzr 0Od

6. [ Gdpied Md FIsjlz Istster dz@ W B Otedz’ Y =ypy’ted, dzH

L=ut=t+DitejIs' dzHj] OdzOKBOLcM'" D P OO dg® pHED dis @

ptojls'" dghj Odzr f, 3 YOHOBDO YOO Elsj

7. 16 BBdZMO 3 YOHORBODO YO21sO Elsj d3 1

g’ D" dzdBO2Isr dg 2y OOr fiyr dpMmj dzj dzj te*
OZO2HO Cj2B ' tc Y ODHO2 ZOLHO, X ddOYIsOdt

BSdzdZO2HT . a1 "dz YrMmrd3 L jlsiz’ nHh'dz Isj wt
B" ' flg'tc e dZHOBHT ¥ € sB3f tsdzi dzswWOuzOlsdzj tal' h
d&zbplsdyd BJWGEGJjd SJLHJ] HJ BSSAEOHT. gtsdz fr

p=p,+a,pilsd WHJ ' d&3j dz OdzdzOMmIsr cOH " .
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N sé1r1r 39 lwzwyrrvrwly ycosrRrerf i w
31 [ Olsj i3OIsd S Odzr v tsH j dz2 H' W o jdgd iUy ¢

311 | jdesydwdzr v BEdE] 'h  dHjc' OO ODT

bordz hOtwlslsOter . 1 "dz BE dzU Brnjs O tizkz @ & k& I
NDdgj Bdzr N jhk Odds®dis i fdz b p g A3 deelf Gz toff
BEddj dz2 W MmM" dzBOMr CEtmjls' dzejdz. "L " dzH " )
bzO OD' dz BEd&HiJG) ¢ tjls' dz B dqzizhgddz (
s’ dzH ©2 B E dzd3d H J spy "' ted B J ESC " L, '
HjtejJ Clsj toH ' Ceoflsizjdej de LHjjtislS sl v MOdgH ™ Vv
Y 5 dzH O dgORjdff. Is j 2 CdL ' dzH J Q0" dz MmMlsOydtsdzO
Y OOMmIsr .o dzOH " .

hi=0,168 M *

H=3m

I=9 M — » h =048m

wbtwidlst jMisdodlsts oy tode jf' dHj @
ZjCOwOd v3h Okl H,j SEdi SK Q] ddy?

sSjfiljzjCOLOd ¥ hOwllsOtw ypdaj jMjtilsjet

P U V k U
Inlet i Uin 0 24 10| ko _,
0.1h
Out 0 W g W [ e _
kX kX kX X
Wall i 0 0 0 0

t 4 d20CMCuar L Y rOdzO( r OdzD( r OdzD( r OdzD (
DH' ' |[tej dzOC 1 EZOYT ZOy-r ZOy- ZOyr

t 4 &zOC f 0.8 100 1 0.1 0.1
v OC Ists
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C
ai jMjflsjk ©Bd M dH OO MW Isdg b e drr 6 talzH
Etc' Mj fyjct lsirbin ey Oti OBH T ¥ 3O E dzd Is iz H
ultdZBrC° Edh jokH' jMiflik CjL‘ dgH
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b
ai x/H=1¢ jMm' dzH' M' dzgH j ¢' ey ddz' <xs shds s tezO
bi x/H=1C j M' dgi " M daH j ¢ 1 ks, fudzU,, x y € € ts s i 6
y/H;
Hbtej BrBZBOBH' ¥ fsW¥dd OO’ dHOD

(Mdflsjlz dolsdydm’ , BEH]d W IIfMls' dc'

CEtemjlsjH' . wubdr dx d2 YOOl BE ) iz dz w
wDdaj Hj bkjt' ) 3" &ZHO®RHT YYO dJ (3s k2 i jd
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al y=H-h/2C J " dzH " M' dzH J G °
bi y=H-h/2C€ jMm" dgH' " dzgH j G
JK U, U 1U,;

Hlztjdr BdzH OdGHT Y ypdzaj S ddzjlsdC Od vy
MOd Mmis' ek &zOte

f |y dyz C & URusE tza
ey duw CoshmE

U dzj

k, C " tolz h Otels' IbkzteBlkzdzj dalsls® dz' €C j 1 Hlz M@
(1990) Edh jejdz hORBOd&ZOt, 1 ddzr Mtsdz (1991
YY" &R MisO Odzr dzDOdz Hjtej Slsjtc QYO D rindd oz’ ofr

46



Edzh | df 2O B3OM" d3j dz MO dzr MB3I3dint @ job b §lz@H O dyH
yopdsj CSddzilsdSOdzry {dzjtecdy ftsWdd Ot
1 Dlsdy jdzjtenjdz Mp2CjMmks" ¢ Elsj xOyfMmr Jj¢Cjd

312 ooEdW¥ Wikl dsdH' &OIlsj dsOdsidte dlida] ¥ O il rd

#OdzH" ¥V OdzestcdlsdzdH® Y bDdzj dB3OIsj BBOIsd S Odzr
mMOdzH " Y Is 1l toH j hjh' dzjH' . 35QdzQdjlds'lstg" dz@® s
CssteHd dzOlsOdzOte 112 j M' dagH j CeEtcMmjls' dze j dz.
1,047 4(,w00kdzdils "L " dgh' O yDdzgj BJ' Cl' @' ) .
Bd' ¢Sk Mp2¢jMm dhj 0,018 & yybpdgg 0,0
HjtejCSlsjtoH" W [ 8] Btsdzz " dzO BO22 dzOdzr Mmisr
Y sSdzH Odz’ dzZDOdzH " OF dz O21s0O C jIs®€ jHzaL Y Oded ' dzb 6
A" Misrw iMitflsjlzdzjte' d3dj dz MOdzr is™ tor dzD Od
-CO) Btsdz f IsOBT dzOH'" . UE 3] dz6' Yy OBH) tcQ O ik
COCtsdzyj dzlstceQude ntt” @z€Cj dz. D OdzOOdz Y Q'™ 6D Q
CO, § ts dezlsite Oy d 1), fTE>Tc(CHECL h OtelsT dz Y sdzH OdzO tsls
' olslsOdz BEj G POl Htc QG &ts vz dafzs EOyd W f)r ¢
SEBjH] BidOdkZzOMY Od MOWr ZOkz Oy’ d' §jc
hr DOHT . bzOdzr w €' tolz 1y ' teialr OERHEDEGUZ 0B, 570
BjjiHijj.flsj dz' dzc j 21 6 &y @ AP deizO Isj w. [ Mmr c

BOMMOdz" Y HdWWEZL dwe J( DlSJ)i\ﬂbdZJJ iDJ fn 1 @ dz"r dz &
Wr P EISC LG NIs' Cls' W BOMMO HJW % L doDjy’ dzC
&hin
A —
H
Iy
Y -
- L ..T

diztcjS8r g dzn jIs' dzjIs® dz tsB dz' M

uD2C¢C M dghj hjeCOtOdzr y hOwlslsOte ¢ jdzy m°
s thk:
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u=0,57d3/ fy =0 d5; ) 28 ; K YB:0359

Z" 0k:

puw) _ o W7 _ o B
HN HN MN

112" tc YbpdzgJ YtSOOtDr yYOB' tcDOAzOtG:
u=0d3/ iy O 43; n 88 ;CO!< Y0359

VEdj &' Y OB t6DO:

u=0ds fy 0 #5; f) 3085 ;. K 639

1.2 T T T T
Yron. peueHmne
1 b DKCI. AgaHHbIE x N
0.8 —
> 0.6 — —
0.4 — —
0.2 —
o t L 1
285 290 295 300 305 310
T
a
1.2 T T T T T T
Yuon. peweHme
aHHble >
1 | —]
>
0.8 — —
> 0.6 —
0.4 - —
0.2 —
0 1
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

aiX=0,5 o3 ¢
bi X=0,5 d3@ ¢4 Mm¢C

d dels j dzfyd
4 ztc jO§ r B8 d3" fils ddgn) M

48

MG ' dz' dznj Isj B3 j cOls
de dzH | blkwsBldz dasls'
ols' dz':C fsddd H i
' dz iflsjbdzj edsj dz



a) COS sdzlskz tr

b) vk jcOlkicd Ctdzlskter
vzt Br B3 ds" M dzpilsdy J dzj te°

1l jto' d&zejdz pH'  MIs' Isj $Mjtekz b d&O Y- OdzH
iMmit h jhe it jIslsy. X=0,5 &5 €4 Mm<" dg' dzgH j
1 dzgj cedwde w ddalsj dzimdols® dz' € 3 D dzj Is j o3t J§
HjtjChjtedsjd [8] MOd Mls' Gk YuLjcj Of
slsr tor f MOdzH"™ Y DH' f X Ddzj BOIs j &30 Is d YO -
Yster IsT dzgi " DO € j dziplz fp j Is ksydp@igjO . Is j3d3H7] te Ols [z to (
CeEtefmjls' ¢ j dz

32 020 OUr @) debo M’ dzH jto' dz L jtellsj bz

sOL O BEMA] dzj toH § OO OO0 dgr ¢CJdzlz' dg
‘6B OD' IIsrls" B dgBIODY dsdzj Otc AyizQdy @Y " dEHA
dzz " dz' w nh MmrdzBOMmr CEeEteMmjls’ dzejdz. ¢ kO
Y MOIsr dzh ©, Cjdzjm' JjMmjtflsjtc YOtOMmIsr tor
dzfj G OL BEPEBOdHFMLCOMT Yy OtceOMiIsT tor dZOH T .

‘dZszﬁfsdzfipdzlstsGu'cflwme "B OQBHT, Odz Isj a3t j
rdzHr . vOLO OO 293 s Ibjd&BfjtcOkztcOd] C

49

B
¢
@3
A

B':qu_

O



C' toj H" . [ M4 tCldsjdiydy jdats tc @ P W M) ' 3 D dzd RO ¢ f
Mp2¢CjMm" dzhijur0 ,4003dB] %293 s Y ".tcOQODOdZh O yllte

04M  03m 16M 03m 04Mm
4+——r4+—>

l l

a)l' ttBOD' sk OO 0D’ dz

04m 015 015m 16M 015 015m 04mM

VN

b)1'tc BOO' kklst jd&kjf, OO OO

04m O0l5Mm 08uMm 015 015  08Mm 0.15M 04m
e P PP PP P>

oo

3M

) b OO OO OO’ d
b8 Bjflsjk tBd MOk’

50



(Mitdflikzdzjtec Yllte' Lz daplsdydm" degng € j dzj
Q0" dz'(3PMkz1ty,jIsB " tcB OO IslisT J d8jlihn xdzjGAs OB W dafR
OO0' dx341M Iz 1.j Isp dzr dZOOdz dzblsdy j dzj G j Yy OOY,
s OtcOdzOIsT dzgH "™ OF dzgO@ CEL Y JIkC' ' LEkZEj BSAZOHT
ZzOMmlsOkhr dzOte Ctdeyd delstceOydw mr dz" w3 b dzd |
Mowr dzOkr" dz" w ClsmiAg jiizelz dzy ©ls@@ws O2 Yy OZDO B S
BOtdzr O dzH O, OzO ODr dz CEdzj g B' toH J 2
Q0" dzH O, OkzOdzr W tsBd&Z MY O bpDMjte' CEY B tSdZT

Q) uj Bl jObked Codbskir

b) stsdzyj dzesteOydvw ftesW dd
diztcj 181 3169 BOD" IslsT OzO OD' dz' dg@Iy. | M.

51

































