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Solution of Laminar Boundary Layer and Turbulent Free Jet
with Neural Networks

H. Basirat Tabrizi, M. B. Menhaj and A. Shabani

Department of Mechanical Engineering , Amir Kabir University of Technology

Department of Electrical Engineering , Amir Kabir University of Technology

ABSTRACT- A novel neuro-based method is introduced to solve the laminar boundary layer and the
turbulent free jet equations. The proposed method is based on cellular neural networks, CNNs, which
are recently applied widely to solve partial differential equations. The effectiveness of the method is
illustrated through some examples.

Olazen 5 3lgn 33ls T ol panlas 5 ail b pnae sll o o b (65150 B3l 5 4 aimSle 6 oLz
Méh@["j\] w!m}ﬁéh)&:ﬁb’sjob%l o.l..ﬁwa_c‘_s\.kdg?& fbi{&'@»l}u%kd.\a&i&u}s}

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

S 5S35 gomiils sesat Shezsls ses Shoalead &

1 Y4 VFVY ail ¥ o led (VY Jla (JONEL


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

T Jsbo Kbon 3000 1 s el sl A
el S M S8
I ose N s s s Gl B
LVl g L Sbeas 17 I
ugY u sSoslenslia R s o pusle C
vaeY v ol t 6353 55
oY v gl Y5 V0 Co oy ilads U gl C7
LIPS sy §3 508 3V Jsw  C"
LYot gl a5 uu Wy V s sl s jwile D
U gl b olase X I
s S oo Olase Y g wiy b Jiis pie B
Sl e ¥ lge b i sl ol
S S C pasboslast |
splb pagts T Sy ] D b slasl g
u‘<’»"“‘"‘“ » s K S (’"3 h
WP JCI | PR |
Slees gl T Jir Kiloos 3 o Kk

iy Ol o 3 35T sl 35 el ol 055 95 4 0l g5 e
ol s Glas dsles S a byl 5o aalllas 5,50 0L 2l
by G s 3l e pbine ol e b dlw e Sl 0L >
oY 5555 Ol Oldes [NV AT oo by culg g o s Lgy
(58 31 pLT Ol Olden 53 3 9 30 (Slgds Jpad o sMe
et ol Lo oy o 30 55 6 alb lgdes 4 g gz
Ol 2 Oldeos (sl piin 3 3 2 po  cSLA2E] Slaadl 3o (g 0Ll
o) o sl iy S5 ) ge o1 Y 55 5 0L o sl e
Sl 53 aSs 5l 5 52 5 0L o Ol gla zabily 5 (6 2l (glgics
o oobitad gl _pme 858 Jau g 0L o (g3l ia (ol O
] el
azby ) omas 4 5l gy 205 4 AP ol 5 e
st Jeeilyins aadslae )8 o ool il ol
& p g i el el 0sly 200 J gl pnae slaasid o
Giluosly gl @ pylgr Sidw 5 sl (Sl gaalsles 0Ly
Lo 55 ol s @ el ey (e 53 el il jolazsd
Sl L il oo 5 8 8 5 g 2050 e 450
S a3 A 5w 53 el ek e 0dd (Giluand

VEVY sl (X ol VY Sl cJMEzal

S 5 g5 o3k (8l 48 s SIUT sl | sk
laast o Sl o35 5l 5 [¥ 5] Hleks Ly T patmee (glajloke
ol Jom Sl 5 Ails ) ST G 8 Slo s oS Al e
Aledd 4, S 5L 0 5o (ilins sladslas 51 il
fye 5A¥]

ebl 650 anY Usleca 5 iV 55 5 ol o Ol o DUsleo
Ol e 4wzl 0dd Jo Y 0 Joho 8 G b g ey
b Y g5 o o Ol sladdsles Jo p glandia
el ol o sl e 38 S b pT (6550 40
dds an 5l ey 5o i Bie 65y G300V OL
St O 655 Ol o 45 (239 5yl 4 Sl O e S
sladdsbas Jor gl sl g3de 255 il o iy 5550
Gl S 5 pize Slanloes 8035 ,,5°L (6550 Y 0L
g g ol Laadslan ol ol

Gl 53 g e Sl aher ST e Ol o
s Slueals d‘-‘;—" ool sl sl ST LN ) 5
Slebr il pScwl by g Jdas JVs 4 (¥ g, 5
b Sladin Gl ol [N\] 5 azsls y Slodie Mo

Y.


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

byl
| V()| sV, V<isM;0<j<N G-Y)
|Vuij(t)| <V, \<i<M;\<j<N (>-Y)

I ot canslio o SOLERX ¢ o 055 O KiLis €7 oS
B(i,j:k, )V g 9 Al D Vy g 0l Jiis mie S
Vi (1) 3 SWs Jaw s 08 3 J 28 0L yor s il
s et i 55DV (1) ¢V (1) 5 OV (1)

gl sl 5 [¥] dmen 5l Jas 5 0k p J S 0L o

Fyy = Fiy]
D(Vyij(t)’vykl(t)) = . . (5-Y)
fvy o
D
vy ot BN ]
C(Vuij (0 Vur () = g : 5 ’ G-v
MY MN_ ‘.GJT pLd ‘\S
f1 = diy Vi35 (0 Vi (t) (- ")
Zx1 = k1 Vuij (VI (b-1)

S bl 5 gl e ke 5 1l slgzeaSdy 50 B e s

o

$leaSd b g o5 Jewildis gladdslas cuy 85 V-
Pl (sras
(o S T 53 (J s ponme glaasld S b o
LY 5] 2580 0ly Jpame Jamdlyiss slaalslas 5l 05,28
i3 sl sladdslae d5le LI le ae claaSins
o ks gl Sebins sy a8 win S5 s ol sl
s 808 ] a5l (S Wl 5las T e ge slebls )
Jreilyiys Wslao ¥ 0ad B gt S Ol 20 gl
b0 bl an ey ot S i) B0 i 5

s o A

1Y

.C;w:‘ PR W o.)J_gTu.lf

B

Ob o gaddslae Jo- (gl p3Y 2 03350 el ke 4
Sesbo bl ¥ gy 5 ol e 5 el 650 Y & by p
Sl s 4 Sl le 5 LT b, L w0 e S0
Sy po opds [V 58 Y (V] el Cellular Automata s
(ein ) 5b &5 55 5 leme Gl sl & bt 4SCs s Il
[{f&&@%j&j‘f‘jO}Lx\jfii@.:).ﬁuui‘}@
ST plad L oNT @ (Kilanr o g e 3l iLei €'(1,)
Ot O g N g o Mighls g 8808 S5 03 C'(1 ) sk
[Y 5V 2 oo ey y25 &) go
N (i,]) = {c”(k,1) |max [ | k-il,[1-j[] <T,

\sk<M, \<1sN} ()

030 DLt (sl 5 0 Y 5 X @ slginly b Qs L
Wwﬁr—{bé\ﬂdébc@;f;dbcduﬂ
1r] S wlo e ‘_’JJJ,.,

redle Aslas
av, .. (t)
! X1j \
C m = ~§:VXU (t) + 1
+ 2 ALk DV, )
c (k al)ENr(i;j)
+ > , B(iaj)kyl)vykl (1) (Dl-Y)
C (k,1)eN: (i)
+ > C(Vuij (1), Vi (1)

C'(k,1)EN: (i,])

N D(Vy; (1), Vy (1)) <i<M;V<j<N
C(k,1)EN (i)

(o dslae
(«-Y)
Vy5(t) = Sigmoid (Vi ;i (1)), <i<M ; \sj<N
(539,55 Uoles
(V)
Vi (1) =E;;, ‘<isM; )<j<N

VWYY sl ¥ o led VY Sl o JORELWS


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

L‘ib) U’.’.‘MJ ‘;Lﬂus S (&) LSLML’JL@G}‘ a.\\.a:...»!b

sl wlesle
duy; R YUy Wy
dt =Y h;
- (ooy) - ) Y
) Yhy
) [‘ (uij—\vij—\) + (uij+\vij+\)J (il - #)
Yhy
v [ Vieyg ~ Vit Viey
@ by
(o) " (o)
Yhy
B (uij—\vij—\) + (uij+\vij+\)
) Yhy ’ (¢-7)

013 531 hy 5 X g 3 S 5 3500 By Lol ol 50
ol iy S il plaz g5 B ST cnly g o SIS
My Rl 3By (o sli 55m by domio 5l 8 S aboli b J s
LS e

S ki Johw a3 S ;a8 ol
S an YU gladdslas (g3l ool (Sl o)ls i s >
sldlasl SeSa 4 el Sl Y a sl 5L Y 50 a0
53 45 5 515 Sl dn b O 53 2 g 50 J sk 12 oy nd 5
s a3 1y S35 g (5la pize Sl Mo O (Kyluen plass
e i polia VU slaalsle e Jom (gl dms o
Slale 55 8 53342 g v(ihx ,jhy , 1) su(ibx,jhy , 1)
oS Ol L bl sl pha V(1) Il 3L 052 b
Colae 4 o0 sl s A5 ab g e sbaY o
205 J) e 5,5 o u(ihy iy, 1) pize jlie Koo
Y 530,801 L Jblixe Jshu cdl- 5l b Olej 5l alessd
& 55 V(i jhy 1) mate sly el plp 0 Reslne 4 b g 50
‘ By Joo sl Gasb

VWVY il oY 0yl VY Jlw e

S e b b g a5 Jedliys ol o )
b b oK Il Uslan b othe 503,57 aznS O L
oS p  dmlome 350 e 45 (005 on (S s (F) g0
b e 5 Geate o S 0T L JBlite s 53 488l 51l
sy dales o s (o= 1) 5 (3= ¥) A Sy 8 8 i o
5L b aledshe 88 0 G b 5l 585 650 dlyd g o
8 = F1 5 o0 (S3losly BLe sla) o 53 pone 2l

o (glin 3 g o0 42 5 Jewibies Walen 5
.[A;O]wleaoﬁdwlw&sm16;ﬁw;)b
Sy e at gy a3 Blod 5 J gk ponae S 4z S
L ol 5 o DLy aalllan )y s U8, L OF (6,8
e e a5 e s 15 5 4 e OF Sl S,
disSe B 585 U 0l by s Jamlyins slaalsles
Do sAL] 55 o Jobo (onae laeSed b 5

ey (‘)T S a¥ ol VSb’ sladales -v
oY s 31
i o $ 55 ¢l (S50 Y Ol p (S sladdsles

Ivy] )‘ J)‘O)L.Gﬂ..l.;b rSi_; DL.‘._);." st,i

Y
G L (A=)
ot ax 3y ayY
Y
§X+ug+vﬂ=va—! («-Y)
st ax ay  ayf g
ﬂ.}_ﬂ:. (f)
ox gy

G gos 3 a8l Gradd e gy 4V s u VL gladsles j5 oS
Qijsus“(f);:“ﬁ'i ol o sbzad b s 0L 2 oy

b g e rdy b (1) sladdsles

Y
AL L A ) BT TR
at gyt X ay

Y Y
& _,08v ) avl (w—0)
ot eyt ax oy ~
\YY


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

u, gy, e (- v)
at X dy Py
13B+ﬂ=e (w-V)
ax ay :

T (s alb s @y [N ] July Uslee (g iK1 L of s a8

:(H.._)‘J
_a_u=anY_u_alY__(_)6uV (A=)
at oyt & 3y
L LA C(e-n)
ax  ay '

o/\X&wuﬁf“..Stj‘d‘x%IJ)OT&)M}‘J}AJJ}Q&
‘jt—{ LS‘A‘L‘AL?_A Lﬁ'l‘ﬂ.u-‘; C))‘)—«é [\\] M‘O/O"\f J——f‘)—f

Sl dles,le
hy
Y A
[ () "+ () -
Yhy
- (uij—vij—\) + (uij+\vij+\)
Yhy
U - Wy Vii = Vii_y
o = l_# + ._l_']_.__:;l.._.._ (U_Q)
hy hy '

iy Oben 40 (3) sladdslas (gl sical s 4 (sl 5Le

I)"J.-"CJ)L:.GJawybéjfqukﬁfdwjb

° k °
ih N
wu My
Ajr=— |+ -k - (]
hy 1, ¢ .
suu
ij k1 = Yo Ve | [y ]
\ o —\ °
uv,u 1 ]
IR B [4-91]
o \ o

vy

(2l 5o Ol 55 g0 1y 308 5 5 @ 5l eolizad U 0 81
(?)LQLAAJ}LQAQQ",:L{ML;AJMLFT&:{,,LAQY Sas4Sh

.J)j‘ &;\.u:.}‘t:

° ° °

su )
Gri= |v Wy | [

hy |,

fpols 58 b b sl 6l

nug ) T
ij,kl = Ve =) [ ]

\ —‘o —\ o_
uvu )

Le Vo]

4 oS ped 4 55V s Aales (gl 4 g e g Lo

St obe ohl wsv (5

(t=- 5 u=v=0) wlhis

Sy Rl

y=o ; u=v= (<l
y=oe ; u—=\(mf), v=-

y=e § u=-,V=4do/-0(m/s) (@

yoeo ; u-\(mp), ve -

3005550 40Y (slaalslan g 5351 5 03T ¥ 5 5 (slaalslas
e e Bl Al Ge b ne (gl e ge sl Aslee Jo
5 il Sl 3e b sze (gles o ¢ S sy Uslao ol o
bl alds o) o s o s ]y s (93500
N VS PR, PR PSP P ([REI: P P
35 313 55 5 Laalslas 31 ae gaze 33 ool o 8y Sndin
Slras cmd moMe o8 25 ST Y g5 Ol
Coryl pite o b 4 Ol gy 3 gee sliuly o s
O3 55 el 30 N Ol 5o asls Kaw 3 (6,01B)
.wiq&gng-j)lmg}‘pjbuizwfd.al}cdeu.u,iﬁ

St osbe ¥ ) 95 ol s (Sl (slaalsln

VPYY it oY o led VY JLa e


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

£V gl LlalSh 450555 0L 4 glaolely 48 G 5l ootz
VIO 255 5 5 0ds [l OAP VY'Y MHZ ¢ gy L], S )
odyids 55b s 5la ad cnl (sl ooal s 43 gl o g 38
53 Bl 03,51 (1) b (1) sl p3x = ofo0m phaie (gl
ol 035 03,50 530 pde (50 b8 L 0L I (1) S
el (1) UK 5o 5 ol e 53 GiS cdle (Y) JS5 5o
sl 00 03bs QLS Hludor pedas 53 e
Y s 5508 S 3ol 5 b w55 Yy 7 ol e il
S5 e By shy olie ol o iz Fltous Lk Yoxr's
L@e))hyrlsjh))..ﬁj‘j°/°°\ mgofo\ MU yalys
S orben S Ole a5 0l ol (K5 50 Slisly 2500
Lol sl i ol o S Sl00 4 O i iy GG —
(W] o 02 25 (ol Jdon b a0l s Sae 58 00
Lo sl 5wl ) aScd ol R Olaj iyl ol o i
gl o b Ve saids | sgde SUIG g o5 Oler 4y plis
03551 (0) 5 (F) SLals o 53 ilzbes ki 50 ¢l 59 el s
ol o Sl i (= 1) 5 (- F) Ll 5o o
Slpeds db 0z g b Seofo N bl 5 s pu (g3 gas 5 S
oY g5 Ol gt W a Slaloe 80 e ¢ 2005 By
O (o= 0) 5 (A= 0) ldKa 5o sl sd osls OLAT
N Lol 55 s ($ 08 9 Bl Gbrad jo Olpuis (5 5
ooh OLE3 (¥ 5 5 Ol o A 51 ot 5 (LB ALl s 2y

JUIW PR KA

I 9 e —0
3 s g 108 Je S el s 4y g5 Bl
ladsles Lolis led- 5 e sled o Sladal s 4y s
ol o8 28 8 4 O o oY s ST e 5 T (65,0 Y
S8 sl Olaj 5o by e pun (Glgs o OLLSS B0 L aaslid
s 53 (slgl o O 53 oS el g Lw 5,50 on s 4
0L gl Ll (g ety Ml L5 lagl g U i o) 50
g i ol O A (S35 53 Va5 o e
53083 5 go ol L 5 2 Ol Oen 5 450 o G 0L,

ng[ﬂ]uxjdabwi):uﬂ‘kiatfg&@\z_ﬁq

VYYY i Y U\a—f’a Y Jle cd¥El

Iﬁ)‘avc‘&ﬁd{.‘:ﬁ)ﬂ@.\.}db{j

| NI

Alilj:’klsi SV o ]
\ ° o o

A‘;]?Ykl “nlc Vo [v]
Y1. v .

S Wsle i gy 5 ol o gl (8550 5 A5l il

gl sl Jaal
t=o ; u=v=-
(e ol
y=° : ﬂzo
Toay

oStz opl Fialad L jibe (6355 0 azd g SAVL g il
Y S (555 5l ileaslone e pliS s b g 10 Ly il o
oS csline cpl s uvn (YU o Sl (e Ol e a3 .S, o Jos
33 o B el sllast Sl s S cuvisas fols oS
3 el ol o> 4V 5T (gl ikt Bmslons 3 b gy 0 Y

(83lmosly gl -
laas b Y 5o a8 G Slelgads b 4 650 Y &l
LS s A_:J‘,‘hy;hxﬂau_a RENW PRI P S 5 R P RY
by e s Liply e foet (M) 5ofo N (M) Lo 5 4ol
8 e padin S o3l a4 OF JlZe 5 o)l s 5 see g
5 3 \ms ply ohl Sl e o el 0l a3L51 4
L i 4 5 (e 300 e 5 S ppalie el ol
Jode 3 Sas L aSis ppls Sas (i plys o /o OM/S g —o /o Om/s
3y Slslons 235 3 sy Blod 3 V] st el
i e el o aglie S g0 Glislon et 355
G ol by 48 i pas 03 ol Sen s
L b5 Jo eyt s 48 o/) 530 [1] 555 n comens C xR

V¥


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

(m/8) g2 908 Cepus

(mm) (5390 ALl
(=)

(m/s) (Bl o poo
it

/A

4

oIf

JvLs

3¢ ol e S

¥ ¥ e A D Y
{mm) (¢3ges Aol

()

Soge Al go (@ ¢ GBI A Ja (B (11 3 D0 S50 Y 3 8 s Ol s g - IS

A (m/s) gdges S pw

(m/s) B ey

Y

(&)

S3ge8 W (0 o g1 A o (Bl sl S by (550 Y )0 8y Dol Sl g Y IS

S oo 5 U3 BBy 5 s150 e
33 u;.x.lLa‘)'TLr.JYﬁ)js‘ slaasles &)ot}é}o ol el

a5 S5 Slaesl s 50 4 Y ) 5 0L S )l
o 4 el OF ol b Jods sl 55 5l (S 0 i
Eroes Aploes BLad 5l o goe (sldie S 050 6lgil
o N il LSy oy 5 o5 285 0l o g0 s s
Jm 4l a5 b e Al slate oliiles e Blod
$basd o JS Il o Y 50 slel e sl
30l Bload Shamas 55 S [VY] axshs 5L5 655 Hhons Sl

YO

P oA S o S Rl s plis O 4
lin 4l 5 05 ood nlplis s oo s g il el (S35
B 3l odal s a4y lggl g s 3550 5 selds J=- b
ik e 152 Ss i 5 sl e s
By sk o/ 350 gslad 3 n U By polie (ol ooial 5 50
Ol 55 gad 55 ol 3l o o0 OLET 5y 31 I LL )8, asby 58w
Cawd a4 ol 5 53 ]y 0L o Ol wid)y L8 0w ACS
2 8l ol WS BB S S az 55 bcagm 20,
ISP PR NS FUPIWP R WIRY PR  RPRES

VYVY L) oY GJLQ-':'l AY (JL» cdm‘


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

(m/8) g3 g0 ey

> oo me S

¥ 5 A e Y
(mm) (8905 alold

(=)

Y

(m/s) B e g

«IN

«F

«I¥

oY

S oo e 4B

y ¥ 5 A . Y
(mm) (3g0s Alols

(cal)

S3ges Al fo (o B Al Je (B (sl s b s 4 Y 0 oy Dby Jla ged -Y S

(m/8) 52908 Cusp
<IA
4
st
IfF

(m/8) (88 s pus

Y

(2l

So g0 Al ja (& A3 Al Je (il d!ﬁ@?hjaalﬂ‘gjfc.q‘:&y Oy Jls goi ~F IS5

(m/s) g3ges Cusip

(m/s) B sy

W

(mm) (5> Wools

(el

WYY R i I (R i N (Ui | W I T VE L aijigj)au’;?wﬂ Sl s gui -0 S

AFVY bl ¥ ol VY Jloo o JNE

\YF


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7

[ DOR: 20.1001.1.2251600.1377.17.2.11.7 ]

Jobe S 0l 4 o prnme SlaaSs 51015 g0 45 0 5 0
Jsed B 80 L S 58 sl Sloj 50 0B a8 1 ¢ Slislons
233y e wlde 3l go Jom 5o dims s 4 ) e (Glg5 0
Silwesly bl Il e 500 S eolizad Y gy 5 UL
| Ll caniil ) 03lazal OISl pome (slayle Lo 5 St
abad 3l a5k oo walE ol Slewles Bl slias b plglies 5

clidials @l slawls bl 4 ISl 534S iV gy 5

50 (ool s coeal

1. cellular neural network
2. integrated circuits

1. Chua, L. O, and Yang, L. "Cellular Neural
Networks: theory," IEEE Transactions on Circuits
and systems, CAS-35, pp. 1257-1272, 1988.

2. Chua, L. O, and Yang, L., "Cellular Neural
Networks: theory," IEEE Transactions on Circuits
and systems, CAS-35, pp. 1273-1290, 1988.

3. Chua, L. O., and Roska, T., "The CNN paradigm,"
IEEE Transactions on Circuits and Systems,
CAS-40, pp. 147-156, 1993.

4. Roska, T., Wolf, D., Kozek, T., Tetzlaff, R., Chua,
L. O, and Yang, L., "Solving Partial Differential
Equations by CNN." Proceedings of the 1lth
FEuropean Conference on Circuit Theory and Design,
Davos, pp. 1477-1482, 1993.

5. Roska, T., and Kozek, T., "A Double Time-Scale
CNN for Solving Two Dimensional Navier-Stokes
Equation," International Journal of Circuit Theory
and Applications, Vol. 24, pp. 49-55, 1996.

6. Gobovic, D., and Zaghloul, M. E., "Analog Celtular
Neural Network with Application to Partial
Differential Equations," Proceedings of the IEEE
International Symposium on Circuits and Systems,
Vol. 6, pp. 359-362, 1994.

7. Roska, T., and Chua, L. O., "The CNN Universal
Machine: An Analogic Array Computer,” IEEE
Transactions on Circuits and Systems, CAS-40, pp.

Y'Y

3. local interactions
4. spatially discrete system

Gy b olg e 0] Hlanyza 5 p5le) (ol i aliil-
lajbie b 5 Sl grae slaasls gilu ool glenls
U ansa b oledbl 5l 5l Vb ey 5 patans
S ol 3 Seslinad pwlio ) o 4 baSs o1 51 [0-¥]
308 ol WY 5, 5 s 5 anb oge slgil 2 S
O gy pdi dzr 0L o gladdslee fo s baaCis &l ol

b}&u.e
(S S dzegti —F

Wo@TWJQ@bJoMJ}d&@JE@Q&}JQ

4l oj‘ 9
5. spatially continuous system
6. discretize

&l
163-173, 1993.

8. Dissananyake, M.W. M. G., and phan-Thien, N.,
"Neutral-Network-Based Approximation for
Solving Partial Differential Equations,”
Communications in  Numerical Methods in
Engieering, Vol. 10, No. 3, 1993.

9. Kozek, T.,, Chua, L. O., Roska, T., Wolf, D,
Tetzlaff, R., Puffer, F., and Lotz, K., "Simulating
Nonlinear Waves and Partial Differntial Equations
via. CNN;" IEEE Transactions on Circuits and
Systems I: Fundamental Theory and Applications,
Vol. 42, No. 10, pp. 816-820, 1995.

10. Roska, T., Chua, L.O., Wolf, D., Kozek, T., Tetzff,
R., and Puffer, F., "Simulating Nonlinear Waves
and Partial Differntial Equations via. CNN", IEEE
Transactions on  Circuits and  Systems I
Fundamental Theory and Applications, Vol. 42, No.
10, pp. 807-815, 1995.

11. Schlichting, H., Boudary Layer Theory, 6th ed., pp.
681-690, McGraw Hill, New York, 1968.

12. Fischberg, J., Rhie, C. M., Zacharias, R. M,
Bradley, P. C, and DesSureault, T. M., "Using
Hundreds of Workstations for Production Running
of Parallel CFD Applications," Proceedings of the
Parallel CFD, 95 Conference, Pasadana, CA, U.S.A,,
pp. 9-22, 1995.

VYVY Lol (X o_)L«..i AV d\-.» (.JWL.«\


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.2.11.7
http://www.tcpdf.org

