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~~~MB~IDB·~~~~. ~-B~W~~~~~ 

h t.:t~ID~1¥~~ ~B~~f'f~.&~~$'.1: c IDl~Ulift:-¥$ 
~ m ~ 1 -rWHJr9,@ ~~t-c· ifJ VJ. :t~Hr2~~~= J::,@ ~~'J. c 
cittA- c<ff1J fJ.~il!.il$c fJ.-:> l: ~ 1-@. t-IDM#T-'F$IDii 
cA-cti~Brt~!fl,c.,e: t..-t.:tiDcifJVJ' -w·, f'f~K~~ 
$1: J::-@ tID li1' iJ: ~ 1111

-"'. c. tui:fi~&~~$/Jl-~B 
$1:~« -r ~~ns·i~o' t.:lt)r:., ~l=ff~'liiD~{I\'O)ft{ififi{J 

~l.!~~fU&ft: ~ nt.:~IO~~iiJT.~W"5'\:0)AA\$ifJ-@ ~ 111~ 

~~{i!litJ. c O)AA\#TJ.!~:B J:: c.rtifU'il!h -r ~'-@c. C:, 7 
Jv ::J. 'J ;( t.n>f,Ut-c· ifJ-@.:. c, iiUJ~rdJn>·n,n,-@ tJ. c 0) 

J.!~~if;~~h-@. L~L!J:~0~B$~~~~C:Ll: 

11!51:~-T~J'liUf:li± tf-@ ~~~FH 'IDI:M L -r, lH.&~~$ 
-c·ti l:f:f:~~O)~JliX ~ m:-? :. e: n~-c- ~. ~n'i't -c r;r.!fifg'J 
O)~l_! ~ 116,~ c 9-@ Neumann ~tlW~flj:O)~J!IJi:fiJl& 

~*$~1.t§~tl.W~f4c L l:~~I:J& VJ !&~ '-'· 3: t.:, 
:fi~N~~$~1il:f~IDJ!if£.(i*J~~ftO)Jn1RI: J:: VJ J!if£.lM 
O)m£ ~ E! ~ 1:~1t: ~ -1±-@.:. e: tJi'c· ~, M#TM~lu:r.t L.:: 

t.:HJJIJ>ilJ~~c·if.> -@. L t.:IJl'_., -r1'J~.&~~$1i-~l:ifl. 

!fl'li~~hl::BVJ, ~~~-B$ID8.M#TIDBft~t 

IE~~ .f'~ :<$: 

IE$Jl. :& fr J!l 
IE0~ P'J #fi 

~~IJ>fJ. ~ h l: i,1fJ.i, 1" *¥1ilc·li C. O),~l:m! L l: t ~~ 
~ :IJD~.'f.$0):fj:7}J'!ii:--.J t,' l:~ilt9-@ t O)'C if;-@. 
[lie-€} 1 

u,: i ~(<;]O)J.f~!iX:B 

p:ff1J 
P: ~Mifl~ 

f.l.: :t6ttf*8 
II : t'J:j;5ji:f*8 

Re : v 1 J Jv ;(ft 

A:~~~~1-•8*~~~:fj· 

k : iSLiilE.I. ;f, Jv .:¥-
e : .I.;f, Jv.:¥' -i!:lll1$ 

11, : i/UIJ:f.!i·jj:f*B 
u,.: nlflfili!Jt 
x: 73 Jv< :..-#ft 

a: ~Jh'i'il 
· :~rmaB 

X: ~8t~8A:::7 ~ Jv 
f(X): §fi{JIMJft~:7 ~Jv 

d: ~(<;]«:7 r Jv 
~B$c·t.t!&t- 11: < ~ 'r",Jml:it L -r liff:;}JtJ..'f.$1:tJ. ~) C,..,Co.,Co,,C.,C, : k- c -'ET'JvO):@ft 

~'-' e:~~ ~ttl.>. 2. £JJ.-=> ~f:tf!i%H:J: ~&f4i!:rtiD-.M:1t 
*~li1'!~.&~~~0)~~~~5J'~O)ft.M#TA.O)J;tffl - ~ 1: iSL tlE ffl, ~ ID ~If! fi{J fJ. 7 iJl.IJ iit:Jf 1: li Navier· 

~§~C:L~tO)~ifJVJ, iit.ID:W$~C:~~tti§M 

L-t.:M#T-'F~ID7 Jv::J· •; ;(t.I:!J'if~tJiifJ-@. i5LiilEID8~ 

-'E T!v C: vc 2 ~til;;:\: -'E ~· Jv ~If!~', ~IU&fl::-¥$1: !ill 
,WC0)"5'\i~-T !v~ 1 -~81: J:: VJ ~l_! L t.:t-'b~-@ ~~ 
Jv~ 1 -1'rll&~~$~i*ffl Ln''-'· C.O)~$!i~l=fft@ 
ttiD~*~~~~l.>lt)~Aiff~tt~~A9-@.'f.$ID

~c~~Gtt, tstt~~ID:fi~~--fi~~~iilt~!J:VJ 

--.J--.Jif., ~~$~if.>-@ n>, 8M:~~M#T1~00 L -r li-tBtJ. 

/.$:li/f;e0)-$1i, lfBm 58 $JIB/.$:~m"f:~J,UtJ(:fflllilf~~N 
~"'-c~~l,t~. 

• :lli::lt::k"f: JlfJ-¥ • I~ 
•• :lli::lti!Iit::k# fJI:El· I~ 

••• 'E!'illlti!Iit~~~r~"f::& JlfJ.f- • Ilf 
(li3fo 59~ 6 Jl!S B ~.fH~l!B. li3fo 60 ~ 2 Jl 8 B i&UfflH•-1¥: 
l!B, ltr:ilU!IIll.llafo 60 ~ 9 Jl*B) 
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--.J c · if;-@ -Sf-~;SL~J:~t}~( MTF )ID!fliD 2 ~f¥;;:\:-'E -T !v tJi' 

*!~(t] tJ. {&:@: 0) -p fJ. ~ 1 ll,i~tt ID if.> 1.> iSL!m ~ ~-Jv c L -r J1;. 

< ~If!~ tt "·"·"'·", :fi9JltttJqi'(H,~ ~ ;h -r 1,, 1.>. :zt;.:li/f:rec· 
t~~~~ID&im-'E-T~cL~2~~;;:\:-'Ef~~-ifl9 

-@.t-ID!flc· t~ftO)'a~ttc~J!~M~O),B,~~tt l:~' 
1.> k- c -'E T Jv i ~ ~ 1.>. Launder and Spalding'" 1: 

. J::-@k-c-'E-T~~~i±~~i*J~~ID-~;i:\:~~/jN 
~~~!fit,' l: l);z;c\<:Ej.~ ~ tt-@. t.: t: L, L$:-~)(~*fijil: 

t:l~'l:li~fi;,,I:009'-'~·B~. -c-~L-. ( ),, tiif!)(: 
m~ x,( i=1.2,3) 1:~9 -@fiii~B~~'*9 -@. * t.:, 
J<i]-~I:J<i] i__:;-lj-7 1 -:; :7 .AIJl'tltlrifJ -@J-;§~1: li~;fnm,*9 
~ifi~'G ~IDe -t-@. 
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u,J=O····· .. ·········· .. ·························· · .. ( 1) 

u,+u,uu=-n:,+l(v+v,)(u,J+u,_,)L ...... ( 2 l 

k+u,kJ=[(v+ ;:)kJL +v,s- ........... ( 3) 

e +u,c:J=[ ( v+ ;:)•JL 

c: c:' +CorkllrS-Cmk .... .. .... .... ( 4) 

k' 
v,=C~ --;;· ........................................... ( 5) 

.::. .::. 1:::, Il=p/p+2k/3, S=(uu+u,..)u,,, C~=0.09, 

Co,= 1.44, Co,= 1.92, "'•= 1.0, "'•= 1.3, c· <?:, .Q o -

Ml!:i:::f'f~~~7l$1::: J: '? -r l'J~J'Fii!lF",Jm ~ M < :t~rfi-. :<Em-AA 
{i;~1:i.f!i1:r.\'J: c: (]) 13 C.f,ii~~(])~5J'1Jf!i1:r\l::: l.t~5tJWJ.ll! 
tJ;''!¥H: G, JJl\'1J.f!i!:r\~M<.::. c tH·(])1J,f!i1j\(])/fl~tl1~ 
fiJJ' (;:: 9 .Q F",Jm 1;:: iffl~ ~ ;h .Q n;-, N avier-Stokes 1Jf!i1:r\ 

1::: t.t~5tml:E!I!tJ;''!¥tE L., '" ~ ~ 161
0 t" (]) t:::. ~ l::::l>h--::> ~ ~~ 

it;!;::J:.QM~t:;t.J;-, -~r-JI;::Jll~~ 6h7.>o 9tJ:bt;1J.f!i!:r\ 

~-h~-~-~~-c~m5tG, Mtt~~MG-r~ 

5tm5t~~G~~~~~~~9~~cffn(])~~m~* 

~.QF",IH!I:iffl~~ i±.Qo t-(])c ~ t:::r",Jml;::tJ: .Q(])t.t~l:ff 

~fi(])*{!f(])JUUJ f& It~ c· if.:> VJ, u,J=O (])'fc· l.tffn P 

1::: t.tm-I::::<Etl1~tl1t.: tt (])~!Ettt.J;'~-? t:. ~ t:::EEn~IIH:: 
J: 7.> ~fOO:r-J~'R':<E ~ ~ G '\0 91, ~ 0 .::. n t.t~~ e: ffn (])~ 
~~r.,, V,, Q, 7'J{I, ~ ;b ~ .Q Babu§ka-Brezzi (])*{!f 

suplq, d iv v, dQ/11 v,ll;:::: a 1 q, 1 
VIlE Vh, D 

Yq,EQ,, 3a>0 ...................... (6) 

~ ~ t:::. ~ '" 1t ~ t:. ~ -r· <?:, 7.> c ~ b n -r ~, ~ 7.> 171
0 .::. .::. 1::: v, 

c q, l.t~~cffn(])~~Ji1tili!Uitl1c·lf. II t.tJ JvL, a 

l.tiE(])JEtJ1c· if.:> 7.> o .::. (])*{4~ ~t:. 9 v, c Q, (]);f!llh 

g.;b-tt ~-~t:j!-::> t:tl±l9.::. e: t.t~1:-m-1::• G ~, ~r",m-r <?:, 

7.> c ~ h -r It~ .Q ( ( X::iftt 17) 1::~ U ~) o t" (]) t.:. ~ uJJ=O 

(])*{!f~ i~9 IJ> <?:, .Q it~ t.t~ .Q ~ 7.>114 (])1J$/P~ ;t 6 ;h 

-r ~ t:. o t:. c ;t tfmth~tl1 c liWJ~ Hflit ~ 7.> :15$'", i!lth 

~tl1 ~ m "~ 7.> 1J'It:.'". Aiff~tt ~ >!1-A. 9 7.> 1J~t:;'"' '" c: 
7'J{iJ':,.Qo .::. .::. c·t.t, -"'-T!v71-$~Jllit~"C u,,,=O(]) 

*#~~.Q~.Q1J$~~;t.Qo .::.tt~EEn~MG-r~:rt 

-r·.!¥..-t6tt7.>-"'-t-Jv71-~•~lllit~7.>.::.ct:J:VJ, + 
5t*~~A~MG-c~-Oc9.Q~(])~iJ':,VJ, -:fl(]) 
.AIEE~tt~.!¥;t.Q1J$c~;t 6h, ?!<.t'"W!~:E!I!B~'" 

~lli!cc G -r~l'l:f~tH:f*MM'fi(])*~ 1t \ff~tt-r·~~9 

7.>1J$c·i?:,.Qcizi$'"Z'It~.Qo 9fJ:bt;, -"'-T!v-T1-* 

tJ1 A ~fflit~t:.~~EEn pw ~~~c·.!¥..-t7.>o 
P'A'=-AujAj (A-+oo (])(:~ P"''-P) ............. ( 7 ) 

( 7 ) A~ !Em'(]) N avier-Stokes 1J.f¥~ 1:: fi;A. 9 .Q (: ~ 
:r\7'J{~6h.Qo 

uj"'u\:l=A(ujAJ),,+lv(u't;+u'tDIJ+F, ............... ( 8) 

.::. .::. 1:: F, tHi-n~ c· if.:, .Q o A-oo (]) c ~ u,j-0, p'A' 

- P, u\''-u, c '" .Q.::. c l.t v 1 J Jv ;(tj(t.J;"'j' ~ < fti!lt 
~tJ;-~.mc·~ .Q Stokes bftttt:-::>lt~-rt.t~~~=mr~Jlc·~ 

.Q (t:.c..-ttfTemann 221 ~~)o it:. Reddy 6"'t.t-~ 
(]) Navier-Stokes 1J.f¥~1:1rt~ L.,, -"'-T )vT 1 -it; I;: J: 

7.JM(])'!¥tEc~*tt~&if~G~o £~-t(])~g.(])m(])~ 

*$ (rate of convergence) t.t Stokes iJlE;h(])~g.(]) l 
~~.Q.::.c~~G~o 2 

.::.(])1J$~J:VJ~~:r\ffi1-::>MVJ*~tl1t1-::> • .Q.::. 

c 1:: '" VJ ~~~A'~'";. 'J ·:; ~ 1.t* ~ "'o ~~=EEn 1::-"' -r Jv 

71 -~•~ffl-~t:::.~~:r\l:::ah-::> ~~~$(])---::>c·<?:, 

7.> ff'7-3f- /it; (t\'!4!lt.i7-3f- /'$;i?:,.Qit~l.t Bubnov 
:h·7-3f-/$) (]))j!ffl~~;t.Qo t:.t!Gl..:J.rc·t.t (A) 

~~~Gil<'fr.,,r-JI::;:Em-r .. iJlEtt~~..-t7.>o *m~• u,, k, 

c: (])~{!;(Ji1tili~tl1c G -r~m;~tJ[ tPa ~Jllit~"C l..:J.r(])J: 
-? 1::~90 

u,=.PaUat. k=.Paka, c:=.Pata ............. ( 9) 

.::..::.1;: 1 ~~(])lil'#.\tl1~ N c9.Qc, a=1-N (])ii!l~ 

CGo t:::.c..-tif, tPaka=£tPaka ~~9~(])(:9~ 
a•l o 

ah~tJ[I: tPa ~inef~:lMJi• Q. c·M':Jt t_, ~··J- :,-:h. 

'/ .A(])JE:Eli[J: V) l..:J.'f(])~~~11:: ~ ;ht:..ah-::> ~~~1J.f¥ 

JOt:t.J;'f~ 6 ;h .Q 0 

R(u)= J..(tPa u1 u,)dQ 

J..l(v+ v,).Pa-1 (u,J+ u1,1)fd.Q 

+l(A.Pa.t uj)dQ-1ItPa(v+ v,) 
De re 

·( Uc1+ uJ.t)n1+ tPaAU}Jn,ldr=o .......... (10) 

R(k)=ll.Pa (uJ kJ-v,S+ e)ldQ 
Oe 

-1.[ tPa ( v+ ;:)kJ n1)dr=o ............ (ll) 

R(e)= J..[ tPa ( U1 erCo: T v,S+ Co,~) )dQ 

-1.[ tPa ( v+ ;: )c:.J n1 )dr=o ............. (12) 

.::..::.~~~$&$•~~~W(])jd5t, ~~~-e(]) 

~W~~9o (10)-(12) ~~= ( 9) :r\H~A.G~~.::· 

c l;:ff15j- L.,~~:i:{<f;:~·tlg.;bi± .Q.::. c I: J: V) illlill:11:: ~ 
n t:::.1H~~~1J.f¥~~;-~ 6 .n .Q o 

_[<. tPa .Po .P,)dQ Uo1 u,,+ fJ(v + v,) 

·(.PaJ tPo.t+ tPa.• tPo.•O'u)+·,<.,Pa,t .Po) 

·d.Q Ua1-~.Pa (v+ v,)(uu+ u1,,)n, 

+ tPa Au}J n,ldr=o ...... .......... .. .. .. .. ....... -- .. ·(13) 
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1(1Pa IPa 1Pr)d!J UaJkr-l(IJt IPaS)d!J 

+ fJ IPa IPa)d!J <a+ 1[ ( JJ+ ;:) 

• ( IPaJ IPaJ) )da ka -J11Pa ( "+ ;:) k, n,) dr=o 

.................. .... .... . ( 14) 

Jj~Pa IPa IPr)d!J UaJ <r-Cot C., 

·JJ~Pa IPaS)d!J ka+Cozl( IPa ~)d!J 

+ 1[ ( IJ + ;: ) IPaJ IPaJ) d{J <a 

-J11Pa ( v+ ;: )•J n, )dr=O················· ···· ··( 15) 

(13)-(14) ~O)J:-:) fJ:IE)~~~Ifl~1GO)I1, j[;O)~)t 

n~J.O\~-t-0)"* H~< J: VJ t!JJOO:Jl:O)~:Jl:O)fft~11E)~~ 

0)1JtJ':Jl:fli[f._tO),m~l.: t:H 1 "t" _&!fftJ:M~E¥;t G IJ'.:, 

~~Go*~· 3~0)m7t~:Jl:~m7t~J:VJ&s~•.:, 

tl.GIJ>'~-T!vT.f-~ ((13)).:\ft::illmZ~I'j::IO)AIPa.• 

IPa) 0) .f.l7t 1.: X"t L., "t" 11 locking JJl ~ ~ ~ 11 G t:. t1> 1.: ft!l 
0)~0)~:$1'J: V) 1/Xj,'fH1~1tJ$G/J::Jl:jg;~fft7t 

(reduced integration) ~ f'T -j ~'~ tJs' ~ Go ;:. 0) ;:. c 1.: 

00 l., "t" 114. t:·~jill9 Go "* t:., JjEW~f411 Dirichlet 

~:ljlW5RflftJ>~ G ~1 11 Neumann ~:I:Ur.~f4~E¥;tG 0) 

tJ>'-~f'tJ<:· ~ G tJs', ~~~rnit:·O) no·slip O)~f!f~ -t 0) 

**E¥;tGO)I;t~ffllr-Jt:·l1fJ:~1o 't"O)t:.t/>, JjtWJiiF9$ 

O)~Grni~fi•~llficl.,~mw~~~-~9Go•~~ 

~llfi)l[f.?:ic·:X"t:Jl:IIIJ ~~lfl L., ~t\.~E¥:k. Go 

u=u.(~zn u:2 +A.) ........................ (16) 

;:. c. 1.: u. 11.@~-~ It 1111 Jv?;; 'ffl':Jl:. A. li~llii 0) 

:tk~<:·iR* G'ffl'~<:·mllfic·,15 . 5o k. , O)mw~141.: 

M L., z- 11, M:Jl:JlrJ, r.5?JT~1Jt£0)i&~. 7" 7 ;; t- Jv • ::1 

Jv-f= :to 7 O)~JlrJtJ: c tJ> 01Xt\.c·E¥:t G251 o 

u' k= ct ....... ............. ........... ....... .. .. ... .. (!?) 

u~ t= ltZ ...... ...... ........................... .... ..... (18) 

;:. c. 1.: u. 11Jli!!~-~. It 1111 Jv?;; 'ffl'f$r. c., li'AE:f$r. 

z~~W~00)~-1J~O)·~~~.go 

"* t:::. 0 J..:Ui-0) Neumann ~:llW:i~d!ftJ>'E¥;t 0hGt~.g. 

lt~:;t;:t\.O)J:lwmJt~O)f$rfilm7ttJs'~,~e: '" G 0 

3. ;fi6JUU~1Jfii\:<7)M$ 

~lil!J.:\ ( 1 J-( 4 J O):l:j[Wfiln.,m~t*5r.5 03l-(15l 

J.O\O)~h-:J ~~~1J~t\.O)~IH~H:fi~:'N.: 9 G:liiJ~O)tJ: ~ 1 

-11=.*11l~ftr.,,m (nonlinear optimization problem) 

~M < r.,,m1.:1m~ ~ ttG o L., t:.tJL~ z-~~~ §f'tJOOf$rc 

L., "t" .&tl~l.: J: ~ "t"fi~M~ ;;J(&'.J G;: c 1.: tJ: Go &!t~ 

·:Jl:~X(;fdn~:Jl:u., k, ·~*ct~>z- Xc9G) C:L.,, 
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~J h .iii ~ a, 1J ~-"' :7 I- Jv ~ d c 9 G c [t. A T 7 7" 

( n+l) c·O)•~~f$r x O)Jiit~/WI1/Xt\.c·*~ tl.Go 
X'"+"=X'•'+ a'"' d'n>, .... .......................... ( 19) 

C. C. ~15~-"' 7 1- JL- d'"' lit:::. c ;t I! Newton $1.: J: ~ "t" 

1ft 0 tl.GIIl'ff-"' :7 1- Jv~ lfl~ 1tt1! J: ~ 10 9 '" n t; §ft-JOO 
fJl: ~ f'•'(X) c 9 G c d'"' li IX~<:· E¥ ;t 0 h G o 

d'"'= -[J""]-' f'"'(X) ... ........... ... .. · ........ · ( 20) 

C. C. 1:: [J'•'] li ( 13)- ( 15) J,:\0) -f :J ~ 7 / "'7 I- 1) 7 A 

<:·~Go *t:. a'"'li§l'tJ~:Jl:tJ'lilt'J\cfJ:GJ:-51::~t/>G 

1 IX j[; r+1* (unidimensional search) fJ: c ~ lfl ~ 1 h li 

J:~1 0 C ;:_ -')tJ'[J'"'] l;i? f- 1) 7 AO)-+f-{ ;(.IJ{-}(~ ( ( f:_ 

c ;t Lf 3 ~:lC~~ c u, k. , O);fd:oiYi'i.¢.11!'9 ""- -c 500 

c9Gc-+T1 ;(.l.tZ5ooxz5ooci'JG), tJ>"J u,c k,, 

0) * - -7" -n' fJ' '"' V) ~ -j t:. t~> 1.: f'TJ~J O)tt'tf n'~t:m 1:: ~ < 
fJ: V). [J'"']-• tJ{ -j * < * * 0 fJ: ~);:. c tJ>' ~ ~ )0 -t 0) t:::. 

t1>1:: 03l t\.c (14), (15) J.:\~Jtrtz-~B:I::J!X*[t• 

~ i± "t"~'iii'M ~ :;:j(tl) G partitioning method"' ·'"· 26 1 ~ lfl 
~ 1 Go 9 fJ: D t; "* "fWli1Jfii!( C. C. ~11 u, I::X"t L., "t" ~;t stokes 

~tl.O)M, k.t~ML.,z-~attO)~~~--~L.,"t"~~ 

fJ. ;f - -7"- ~ E¥ ;t G ) ~ E¥ ;t • .i!r 0) m 1 Jli (J.J fiR u'," ~ 

Newton 'it. 1:: J: ~ L :;;J<: tl) -G • 9 fJ: b t;, ilK~ u, 0) *ffi 
f$r~i*~-"':7 !-Jvu<:·~9c, WfL.,~1-~0)Jli(Ufii!u' 

li, 
u'= u-[Ju]-'R(u) ................................ (21) 

c'J:Go c.c.1::, -t:J~7/?I-'J7A[JJO)~Jt,t. 

t-:c:ti!~~ e l.:;/'j~1"t", 

aR(u) 1 -a:u;= ..,(IPa u, IPaJoiJ+IPa ~Po Uu)d!J 

+ l.(AIPa.• IPdd!J 

+li(JJ+ JJ,)( IPaJ IPa,1 
Qe 

+ IPa .• IPa .• o")ld!J · ........ · .. · .. · .... · ...... ( 22) 

c '"' VJ. J:t\.~~~~ a c· 1!:t.l~bi±t:. tO)tJi[JJ c 
tJ: Go /XI.:, (21) t\.O)JXUUt•c·:;:J<t~>t:::.·It~ u"' c 
l.,"t", 't"O)d"~:X"1L.,"t"&~1~~~-. 1~~~-

lt!O~O)m 1 iliiW\l k'", ,uo ~ /XJ;\O)~iE Newton $1:: J: 

VJ;;J(ti>Go 9fJ:bt;, (14), (15) t\.O)-f:J~7/? r-' 
'J 7 7- ~ [Jru]. ~rj h~.iii ~ a, .&t~U:: J: VJ ~iE ~ h t:::.WT 
U1 fi~ k' , e', (14), (15) J:\:0)~~ R(k), R(d 0)* 

m:Jl:~i<t>O)-"' 7 r Jv ~ R(k), R(d e: 9 .g e: 

I k: I= I k 1-a[J .. ]-• I R(k)l ·····················(23) 
< E R(e) · 

crJ.Go c.c.1::. ~:J~7/?r'J7?-[J .. JO)nJtJt,t. 

t:. c ;t li~ ~ e c· li V.:t\. c '" G o 
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/J(ii]l'\ 7 ")J., 

d (nJ O);f~ 

... - -·- -----------

~(t;(.Q/J~~~.;IJ.ma>a:~~Gt:'~.Q~~~~.Qo 
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~~Gt:', ~~~~-9-Q£L'-VJ~Gt:ft.ft-Jt;(/Em 

M>d::5l<61:l.Q. 
£ t:., EE:h >a: 5)(6') .Q 1:::11, t.: c ;t lii!)!tl::: llX~ .Q '1 
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5)(6') .Q. 
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4. li~~~-M(J)MIJ£ c ~:iE:'Ii 
Navier·Stokes /J~J:\ (f) 1ii!N~~ Wf(J)~ J!t 1:::-:> '1 <: 
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h li J: ~ 1 c :;!5 ;t G h .Q o 
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T 1 -*:51 A (J)~&I:::-9-;t .Q ~- t *! ~) c :;!5 ;t G .t1. 

Go~~A!-TN71-*ft(J)1i~~-Wf.~-9-;t.Q~-~ 
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ff)JJ;::A!-j- JJ;j- 1 -~:l!:>d:ffl~1t.: Navier-Stokes /J~ 
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rAu• 18 /c 

u-l ~-o 
v•O 

:t :; •0 I; 
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~. 0":25' l,. u•v-o 
A' la• L,. c• 

m!l-2 Poiseuille flow ~-.:CT'Jv 

"'t'Jh, IIi iii A-A ' B- B' C-C' 
T.f - 8 

,\ =10 0.428 0.~06 0.394 

.\ = 102 0.~69 0.~67 0.465 

.\ = 103 0.~74 0.474 0.474 

.\ = ta;" 0.•175 0.~75 o.Hs 
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SYNOPSIS 

NUMERICAL ANALYSIS OF ROOM AIR DISTRIBUTION 
BY THE FINITE ELEMENT METHOD 

by Dr. HIROSHI MATSUMOTO, Research Associate of 

Tohoku Univ., Dr. FUSAO HASEGAWA, Prof. of 
Tohoku Institute of Technology, and Dr. YASUO 

UTSUMI, Research Associate , Miyagi National College 

of Technology, Members of A. L J. 

This paper describes the numerical analysis of room air distribution by the finite element method which can 

easily deal with any domain, the boundary conditions and so on. The two-equation model of turbulence f k- c 

-modcl) is applied to the governing equations of room air, and the discretization of the basic equations is 

formulated by the penalty finite element method, whieh-FeSults-in-·the-replacemen~f the· equarion··of-cont-inuity 

· b)<. Ut;;-i:'=A.-1 p where,\.;):} is the penalty parameter. The finite element equations are solved by the partitioning 

method that the equations are partitioned into the momentum equation of the mean flow and the transport 

equations for turbulence kinetic energy k /and that for turbulence energy dissipation rate y, and the modified 

Newton method is employed in the iterative procedure. 

The accuracy and the stability of the scheme ·by the influence of the penalty parameter are examined for the 

two dimensional Poiseuille flow. Though the accuracy of the solutions is improved as the penalty parameter is 

increased, the large parameter makes the condition of the coefficient matrix ill and the numerical convergence is 

hard to be obtained for the computer. In this computational experiments the scheme has good accuracy,.eyea

Vlh.en..-A= 1~. At last the numerical example of the three dimensional room model is carried out and the solutions 

are confirmed to be fully sufficient. As a result, the finite element method is effective for the prediction of the 

room air distribution. 

-40-


