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Abstract

A numerical method on multi-block technique by Bi-CGSTAB (Bi-Conjugate Gradient STABIl-
ized) solver has been proposed. The present multi-block technique can reduce the numerical

manipulation greatly because the common regions at the interface of each block are not neces-

sary. In order to test the computational performance of present multi-block technique, the flow

characteristics in a T type duct system and a N type duct system have been investigated by three
kinds of methods such as the single-block method, the previous multi-block technique and the
multi-block technique with Bi-CGSTAB solver. The results indicated that the required CPU time
by present multi block technique was shorter than that of other two numerical methods and the

convergency history was shown very stable at the present multi-block technique.

l.AM B

Navier-Stokes vlAAle] & F x|l Adulio g

T3] geAe B4 A el AxE FAA
Aok ©oh Be FEAQ) Ao odojd AR
R AR L I EEE RO
*3,‘:' single-block technique)oll 2]3 7 =}3 A
e BRUSAY S $45E A 33 4A
o}, dEEw oA FuirlT, 31z Adey
fEe 52 wWEHES 228 HEXAF a3
a3 7 gte] AxHe B 5 o|ld 39 W
Foll -3t}

fa A" osled MEg 3 7lsEA

erfam e s A g ekat
39, gordstn 2ahdlet s)A g

s aAsnA @ W EoA
vl (multi-block tech-
7)1 & -?1-5‘}73‘7\}.\:'1- 3 A
o] ExH oz Az
Navier-Stokes Holig/‘_}
A A =Hcp, ol _;.eq
ool Faheial
2177 Y3k Erpde] &
. e o FrlEof 9 Ehe] o]o]]
Agsio] gom AR @

uoL

oL
£
9
trt

e
{

N gl
is

o

o

>

it a}ﬂ

o wo o o

r-i'imjz
o

o
2
X
2l

lo
FU

o aje

o

*
=3

e
it o o afr

o

L
ol
J s

r

=
<]
-

N o
N
et
e
o

U
2Lk alo Mo

N

=

s
L |

H (conservative method) *-»

i)
2

e

ul# (non-conservative method) ® o

i,

e
i
R

=}
2 aA +4
dﬂwﬂﬂ



2612 W A & o] A g

% el S8 URANE Sdelnz e 44 dy wMe FREACe] 4eslel
B ol o
AR e

AA Adgedeld HEAow A E Qs me ool HiAAR al gyl @
ol g A4k zhe]l ealeh ook vigo] o) aiARE A4S vlEshaat dek

Hpol y1& BalAdxiul g 4uld 12 =

=z} A (staggered grid system) =

F Abgdtez B 2.1 7|& SEAXY sy

7ke) A vehvEs Srwlele] XHElrl fols) 712 EgtA Ayl sl duye Aol 9sked
2l & AR ok ]l Fig. 1o} 5 e E4e2 FA=E gubdt %3

-3 A e} LAl A vepte o]z d g &) Azpet HAS sAlstodch gl AAYE L8,
A 4 gle oz vleidal AAAl(non  7,9,10,11,3 % 22 Feige FES daldode]
-staggered grid system)ofl 4} 7t Eeo| i sied gheba, A 4,569,109 112 E=4q
Navier-Stokesut A 41-8 o] 434} 7] ¥, mE B 2y U aelx #HAY 1,2,3.12,7% 8%
ol el olAbstE WA A S zsled g el g ¥EE By Loz AR fxf, ©
off AsjAAGA e &E Tl g nefE adga dl4udel s Fig 1o vehd 4o &,
 dzh olAS, 7t EeoA FaA oAbz} ubA 28 Ust B3 Lofdx $gor FAH 995
AFE 2847 e xe wtdE=8-FAoA o AAbd o] 7 og mefslejor deh, 7]E &
o]z += A& ufE A (structured matrix) o} = 7 zpul g Ak S o] L5l Sz A AFA] A A A
2] v]A el of 2l A (unstructured matrix) ¢ 3 = Alojed & Haelwlg Balgled siuid oz sAdste
T A Hd, we d7vbEel olaiA wiAdE of 2 Fezke] AvALE Yete] £ Fo] dAsE
Er29 #E T3] A AT AmEdew, FSloll FEddol Haste, oleiy FEFEHL
#|Zoll Van Der Vorstel] 2]3lof #e| &l4e| # Fig. 19} wl& & odofol aietsict,
o] vt Bi-CGSTAB(Bi-Conjugate Gradient A7l FEdA W] Ao A FEE= Ealek
STABilized, 2% &< Fo o4 sh® whyo] mot & AAste shfoere HEE i) wEEH
=l Bl s e8] syl Bi-CGSTAB 4 el - sbx] dbye] glonf, ofrjelAm SR
< °l£0}04 Az FAE A ke Tel7b AstAY FEdY TAHA AeF dode
Au g 93 FriEel wer)h daglon, 4 EA e N S uhe hE AFE 5 9l
A AAE 3t AlAA b Abekd A 59l = 229 ahfol] Haljaul Adgstr)g dboh, HE
o, o]2{3t Bi-CGSTAB s#lluiel @3t 354 w7 A o 28 U did4] gEEde] Wy AA
< gy @el & oz o, o sde w1 (Fig. 19] 4-5-6") % S 7fele £ 4308 &9
AAEZ FdAAY FAE 3] S 3 A Lol A Aee 5 o) & sl Ao Hel et o
A (Finite Volume Method)oll A &4]7] 34 Absl wpAdAle] ApAgle 2 73l el ol

Z1le) Aol #3l oda= epd ] 3w, Fig. 1ol vebdl 2381 sl 4o odol Alof =3}

ulzfa] Eo o4 Bi-CGSTAB #rol 293}
o BgAAYEAE e HE £xF 1S -
Nkdlazr e, 2 Ao et W e
TS sty St Ty HEA| A8 NY o n
HEA2®E HAETAZ w9lsidch, A4 e
AEE Ysted ©d B s, )& 2gAx 7 - y °
R e A3 CGSTAB al#lo] 93 & >
TARFe] s Aol Az Ejoien] 7t ubylof] of
& e FHAZH FRAEE ezl * ’

¥ ]

2. |54 o] & -
x m : Common region

BalAzta) ]l Aubdio] Helnl o] B8 A fE of Fig. 1 Schematic diagram of conservative boundary



Bi-CGSTAB #fnlof oja &

3t

*.AXL_.N

ARk s Aol ek odF 2613

Block U

%
Z

s

V=

]
3

—

=

'C(L‘)_

N /A

Ay

Afa)|

I Block L I

g

o

|

t..

: Internal boundary

: Connection line

Fig. 2 Detail of overlap region with a u-control volume of branch duct(ABCD)

% oA A &ted Fig. 2 JelWoich Fig. 2
of Ush &4 Lol FF3ts Ao #HaZ
277 deuXdyy B duix dy, 9l & A2l #o
A"l ABCD 52 abcd7d wldo =

o}

. 714 ABCDE ¥3 Ul £43 xlojH 4
UE EITL abedv £ Lol 2453 Roja =9
= Sl o7lelM e oo HolE 9isle] xu
& FEa abg ol aadal W3 AAmiey Ea
e ke g v,

Eely

Y
e
S
S
A
lo
it
ko
-
Rl
&
I
R
I

o 4
Eh4
o

Lol A Al4bs] xubdf S 2zto 2 0g Aa
Remg, WZEA wdslo) o] 43l o}z
& ARgsled 28 Uel Alojdl" ABCD

N2 S= wupF AR AAbGY,

fo

i

arvp=acue+ awuw+ ayuy
— (Fn+Fe“Fw> uP+]AB
ar=ac+*aw+an

ag=D.A ([ P. J) + [—*Fe, 0]
aw=DuwA(] Py ) + [ Fy, 0]

av=DhA (i B, ” + [NFIU 0] (3>

A7|A, A P E W H N& ado] ey
wheb Fol Az Aol W ABCDE W%, Aol
Hel T A% ) 8o QY UL ma
o, mE SHA e, wy oy A o] 2] =
|

& 77
ABCD®) §% =1, A% 91 9l %% 9 maol

F.Daga @4 Av 2z i e, sia)
T8l o F-skah =4 (scheme) & hEbd]e] 3
SEE Gl el w4 (Dedy g
Jae =3 Udl 43 owl ABS E3)ste -
TEH Fesole] BEd BahAel 4o
e ol Az} o) T 4 Ao

Jaz=Jav 4)
ol & Lel 43¢ vl wbs Eadsb: xyu
TER FAA Juk olv] Adsioln 2o Lo
Aol % Fol olgslel ozel o] Aum 4
ek,



2614

o1 7]

Jas={DaA{| Pas ) + [ Fao, 01} X uw
“{DabAq Pas |> +[_Faby 0]}>< Us

A,

v usve 8 LollAe £x Ao

24) 22} abuie) 919} obelo] AR Gl adE

Aol

(s}
Helg

SIMPLE <tz g)Fol| 2fsiul 4

o 2 gbe Aol AF abedoll 43 ab

b,

Tehed A £ oy Sl Ale] Wy ot £
Ak pel Sated Al mAgsolo} dlmz HAd
W SApo] Tl Bk BFERANA g}
A4d WA £5E A% AAA T Fig. ol
Gehdieleh, o aae 715 4we Fig 29 ol
dgiel aug dusw 2E U Aojad
ABCDol 9@ 5474 w4 oz 944
2 Pl otefe} Zo] & 4 gir)

arpp= acpet awpw+ anpn+ b (6)

o 7]

ek,

A, by RS Eoje] ofelet o] e

b:[(pu*)w' (pu*)e]dyu+ﬂ7Zu

!

te L e o afe
B oo gL

miL

(1)

IR

bt
ol
ol
;s
)
o,
)
fu
>
>
ofo
)
g

3 gonz oy

2] Lol
=

Ay,

Afa)

I Block L l

B(b)

]

L.

: Internal boundary
. Connection line

Fig. 3 Detail of overlap region with a p’-control volume of branch duct(ABCD)



Bi-CGSTAB #)4jol gt 234zt sh 4ol 23

r_?L
rO
4
N
[~
I~
Oy

(2) 22 UslAsl 271 $53¢ 7Pdste §59  Fdodel 2AeA stew, FE5ES w0 aela
Ao e FEuael oldsh WS BEH  pr mE Aolalge) el S ek Fig
ez pavh BH Leldeh whlAR 4ol sHAE Ag" Ush Le A7t 2 Us
44 A4 WREAALS SR FE 29 L3 oelan,

43} 4 ge Ad gt a3e) vebd whsh o) 3 Ust e Lol

(3) A4 AsddolA FEAA o] 4T AgEo] oly 7, E&7le AAE A F
WA w13 3 2% sl Eol o Mol WEAQ Aol M A (Fig. 4oll4] T3 25l

BAE FA olw #Y UolAe) 28 S5 upe
2.2 Bi-CGSTABaligol =3t SetZAtY sy 9} Bl Lojael xulak £% 4,2 olg Aoz
e Qg 4 Uk
221 &&= ojist
£ ATelAL $UAAY A A4 Aol arttp = detien ¥ avituo T vy

AdAzA vloidal AAACOE Ageiich Fasurat Ao bu=po

Fig. 4o = Fig. 1o] ERR 2 e B Lol apitp.L= AslUe,L+ Awltw, L+ anitpu

A8 g A8 FEARLA AR Fasts Ay (pupe)e ©

ARAE ASE A%, SEsh EeAge AR o7 dHel (pu—p)ust (hu—pi e A%

% depsish a2dld & & dFel & el FE wed wuol BAGE AcidAd 4% =

A Agtabe el 2oz 2o AAel 3 A £% elMe) <tEzelzA $HE YA

Y

e Internal boundary

====w=e== - Connectionline
Fig. 4 Detail of interface region with «, », and p’ control volume



A o] 4 4 2 of] 4 o}
g ol A3 Aol A
. kbR e
vpuSt £ LoA ]
eziE Pk

-~
2
2
o
\<
o
oo
By

o

apvp,y=acVe,uvt awlw,uv+ avvnu
+asvp,.+Ax (ps—pn) v
apvp,.=acVe,Lt awvw,. + asvpr,u
+asvs.+Ax (ps—pn) 1 (10)

oA st A (ps—pa) vt (ps—pu) e A
vpuot vpiol EASHE AofH e FEwHI FE
i ol A 2] OLEJ;i].o]o]r,]. v] ol 7+2] 7:1;],7;{]2 ALS-
7%, Aloj A Aol 4Ag &
o] A k4] A 722 = (check
board) 3 o] o}z =B 2]38}o3 Rhie and
Chow®el FaF ®zhwlyg o]&3tich, Rhie
and Chowe] 58 wrbygslg A&t &2 U
oF Hal [ xlo]
oheh ozwe FHY £ Uk

Lol 3o

-
E% 3
P [
thaol #H £ 9+
o
=3

U"'L:f.zanbvnb +(1 f) D anoUns
Ve ap Veu
1
+{ a +(1 f) ap |veo
(DP,L_DP,U) “dx (11)
Vs, u= Un,L (12)
o714 AR ALH vpt vpuE A v
Z vpu7t EAEE AolAHollM] FHELE e
Aoh, =g AR wbs mEFel Ao 11]7—19] o]
Sabe A AojAEE elde, fE 2HA
F2A og7 3ol Aok
_ 4y
f= dy.+ dvo (13)
Aof A Aol Ao yUhEFEE vos, vaot ¥
&= Ue,u, Uw,us Ue,L T‘Q Uw,r ‘?’1 %OE]EL BOLBJH
o2 Qg 4 genz o e AT wolt

Qekar) 2w,

SIMPLE «dxa]&& ARgst= A (9)~ (12)
Adfof Fo FEEE o_suomw W47 g

YA
ojof stmz HAY 9 ﬂ*
2o U n $3 LolAel EsA
ol
AA

& off Aeziy FHA £

5. o] A ¥

arpe.v = acbe.v+ awbw.v+ anpn,ot aspr..+bu
apper=aePr.Lt awdw.rtavpev+ asps.

+b, (14)
A714 pEre AolAFHer FEYE= HAFRP
o} &g =slu, ofefet el FHHACT
bo="T{pu*) ww—{ou*) evldyy
’H:(PU*) U—(pv*)n,U]AX
b= (ou™) wr— (pu*) el dve
+ [ {ov*) s.— (ov*) nr] dx (15)

o714 AFAZ AFE xE o2 kA sl A o)
o]

A = |
AA g Al Aol x5 2l gl 3t o4t
b WA Al g Aofstolen, o veiz] AlodAlH
o Ae] &= o qhefoll ek ojabdt w2
Aol Wz T £ glonz orjxe A
oh

714 A, ¢ zE 2 Be
o

olels} zrel FHH

[Ai] (0]
[A-] [0.]
A= : , 0= :
[Ay-1] [On-1]
L [Ax] [On]
T [Bi]
[B:]
B= : a7
[BN—}]
L (B~]

4714 [A), [0] 2ela [B]E 4
o WG ol BAAS A4, waA o
W4 2e)m A4dsel B MEgs

Weh edzld % 1~ Nel 4z L~
Ao Aoz T 45 ek



Bi-CGSTAB allloll o1& %A 4ol 4 AT

Bl Hejx obefst e,
N N
A, Z}lljx g}lL
N
Q0 ; g‘.ll,xl
N
B XILx1 (18)

.
i

ol F5ol HAAAd ] A AY EHo

o] Zhzb 10, 20 H 30708 AMelalH oz o] FolA

el slEHA Av 60X608 271E zZhEc

A3 vhep o] E3AR FAAA A4 el
2 As HAT e vlEdsolnz 4

(16) 2] &E F3b7] Hsid= 5HE nzrsp 8+

ek, wEYs g Fohk WHozt 2 A
zélﬁl

o gleh, ARWL A4 clEsel lwvae o

Ak, LUH3 2} Cholesky LU 3H® 2o %
dhod wle Aoz e Fae wolr) o
she ugF dele) Edicds ALY 4 9l

W, e A4zt AR olwed 23

[]
= gaAA Yol oY SR NG gelE g
ok, wbERlo g shA pol dEx Wyew
+ ADI(Alternating Direction Implicit), ADI
-B(Alternating Direction Implicit with Block cor-
rection), SIP(Strongly Implicit Procedure) “?,
CGS (Conjugate Gradient Squared)®? = MCGS
(Modified Conjugate Gradient Squared)?? % o]
sleh, ci7l4 MCGSE b 44 w43 2ol
i e E 2l A (symmetric metrics) & sl & T+
W Agsel 2eu ol e B BT HE
soloh A" 4 glov ¥ el e YA
o EAlolA HEhbE v ATF Eesot A gol
=]

wobsa wlgT Ee] HE oo 9 skl

Zefol] Apkx wiwlo 2= Bi-CGSTAB(Bi-Conju-

gate Gradient STABilized) widieo] glom Zolv
o= rjEelse #E Tk YA o] HE
Abgstedet,  Bi-CGSTAB&|#oll A& vlEalsg
oy $to]u} A 2] & ¥ (transpose matrix) & 7% I
27b glovf, el WHute] gyslnz HbE 7
g}]\

ARAIZE Bl 21 dlmelE e £9 =
el 3l

:‘r:

of wiiel |EAGe ofelsh ol
Helge o4 £(0)8) e Ha3H ]
e7h 4] (16)9) sek A @ere Aol
£(0)=(0, ADY—2(0, B 19)

2617
R'=B-AQ®®
k=r
for i=123..m
C., =< RR" >
i oi=1
P=R

else
B = (C./IC pea. /o)
PER 4B (P Q)

endif

solve MP= P

0 = AP
a=C./<RQ>
S=R"'-aQ
solve MS=S$
T=a§

w=<TS5>/<TT>
= +aP +wS
R=S-oT
A=R/R

ifl(A< A,,) end

end

Fig. 5 The algorithm of Bi-CGSTAB solver

g 714 (g, byT HEH a9 bo WHF £dr},
Fig. 50l Bi-CGSTABaj®# ¢ ot
Hodow), dubql mlesa sy o
719t Al & ubgleh, Fig 504 “for" HbE-A
“if”, “else” = “endif”= ZAIclolA B

o Bi-CGSTAB#el olatd, 4 (16)¢ )
1

2

£
fmt
au
>
S
fru
-
ob
N
ig
%
R
I
N
2
B
g\‘
2
fu
N T L O 2

e Fig. 5ol Ebd A4
Aok md SEA B AER we
2, AHAT B AL

Wb Aeat HEANF e DS
424 £ dTolAE 025 AHEaich e
AT Fol 4 ]

EE R R

o FHAT FAA7

I
3
o
¥
%
o

%
4
r
I«
2 )
E P
o i
* T
LI LA )

o o
nfo

40 2
e
o

|
ol
=
rlo
&

(preconditioner) v & &1 A 7 4]
2 Aol t|7tAl 2 4 (diagonal term

ek

o

~
>
oo

ol
ot
32

Bi-CGSTAB sifol ol %3745 o4y
o 45e AZH7] Aol TY HEA 293 N
g HEAxge FEPAE =qsdeh TY o
EAadolde FERE B2 +4¢ nesh:
ADI &) (ADI-B)o| ©d tta 2244, ADI-B



2618 uif A & -
e e 712 —z—wz}ul Ay 2
oA ol 4 A 2t % A &3

2>
=
)
oE
>
E

3.1 TH HEAAH
kel fiFs F

35_/(]555‘431,] NekEA g

iU
Jo
zl
4
o o
.
T\
iul
ki

5 $Eagode 9=z ér o & =
London™®o] Ao}zl che Al
L 0.315

20 00175 e 0011 ke

£
N
>
=
1)
o«
3
o,
o
7
.1
=
®
a
Ho
o2
-4
Lo
o,
JTU
T
L
oX,
i3

S
%
i
bt
i
m
ok,
)
s
jm
2
b
bt

(21)

Ve
Reo A
Reynolds2| oot &4
AezAe 5% macl &
developed velocity profile)
o2 Fgsgend, Hode
condition) & Foisldch T
SEAARAE Ard, FURE

3 yupakel Eelel

o] 7] A

Reynolds <,

2o
Aol
NVTL
i
= 4

f
X
k

M Fo
i‘ﬁ =)
rr
pous

_>L

O

AR 43 A4
ol slehed 4

S4 el A

ol A &

0sm,
N —
Outlet |
L
o
3
S
o

H
1 1 1

. Inlet y . Outlet KN
" > . Block 1 osm, => |H
R X
L m
I

Fig. 6 Physical model of T type duct system

A Aol g Fig 60) vhebdl uhsl 2o HAS
Agezael e 19 23 22 eldhol A4S

& ehsich,

Aol W f5ae 4A4E DA 9
of AxAZAE 25 A shAs A9t 2eisy
ouj, Table lo] #7e] dodo] 2ein 4% A
=2 g deeE, o AxAe B

o
T5
L=
—_

£ B
T

-
o,
foM)
o
jos)
o,
[e]
ES/ 3
;m
fo ¢
i3

A-&3H9d D}. Reynolds <Fol] wh-&
2] 5t Reynolds 4= 100, 5002
el FHAEE ksl

N
B
o
k
B o
o -
ok
N
Ao

A Asreieiel A3 F29e Bl Sn
o Z-LJEOk 4 (maximum mass residual) ¢l
Smexd EAFA A, o] FEol ot F A =
Ag FAol whEAR W fEe] 498 Aoz
Estd e, FAAAE A IBM 486
DX2-66 ##¥& AH&stieh |
Sm:all domain
Si=_ 2 {loudy)w—(pudy).
+ {ovdx) s— (ovdx) 2} <1077
Smax=max{| S; [} <1077 (22)

Fig. 7oll= A 71z A=A Z 2
Aol olste] Reynolds 4 1009 7 _?-oﬂ °c°1%l o



Bi-CGSTAB siiol o1d S84 sjubuiol g A7

Table 1 The computational detail for T type duct system; The C,~

each region. (see below figure.)
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C; correspond to number of cell at
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Table 2 The CPU time required by ADI-B and Bi-CGSTAB solvers for various griid systems in T type

duct system.

Re=100
Single-Block Multi-Block
Grid System
ADI-B ADI-B Bi-CGSTAB
60 %45 146sec 632sec 29sec
120 <95 740sec 1757sec 240sec
180 X135 2289sec 4558sec 993sec
Re=500
Single-Block Multi-Block
Grid System
ADI-B ADI-B Bi-CGSTAB
60X 45 94sec 411sec 33sec
120 x 95 685sec 1505sec 322sec
180 %135 1583sec 3704sec 1095sec
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Fig. 8

The convergence histories of ADI-B(Single -Block),

ADI-B (Multi-Block) and Bi

-CGSTAB solvers for three different grid systems in the T type duct system when Re=

100
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Fig. 9 The convergence histories of ADI-B(Single -Block),

ADI-B (Multi-Block) and Bi

-CGSTAB solvers for three different grid systems in the T type duct system when Re=

500.
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Fig. 11
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Distribution of streamlines from multi-block
method with Bi-CGSTAB solver and single
-blok method for Re=100 and the 105x180
grid system in the N type duct system; (No
visible difference was shown in the two
methods)
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Table 3 The computational detail for N type duct system ; The C,~ Cs correspond to number of cell at
each region. (see below figure.)

Method Grid System Re
<Cly CZ; CS’ CA’ C59 C67 C79 CS)
Single-Block 35%x60(5, 10, 5, 10, 5, 5, 50, 5) 100
(ADI solver) 70x120(10, 20, 10, 20, 10, 10, 100, 10) 500
105x180(15, 30, 15, 30, 15, 15, 150, 15)

Single-Block me
(ADI-B solver) same 4

Multi-Block m m

(ADI-B solver) same same

Multi-Block m m

e
(Bi-CGSTAB solver) sa same
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Table 4 The CPU time required by ADI, ADI-B and Bi-CGSTAB solvers for various grid systems in N

type duct system

Re=100
Single-Block Multi-Block
Grid System
ADI ADI-B ADI-B Bi-CGSTAB
35X 60 578sec oo 819sec 94sec
70120 5688sec oo 3528sec 1032sec
105180 15917sec* 0o 10008sec 5290sec
Re=500
Single-Block Multi-Block
Grid System
ADI ADI-B ADI-B Bi-CGSTAB
35X 60 784sec oo 1241sec 182sec
70x120 6390sec o0 4428sec 1677sec
105X 180 15948sec* o 12780sec 7705sec
* . The value when Sp.x reached to 107°
GES Agdoz da Fody) Lol s7h w4 oA JE ERARAY sl Aol 9T Al4kA Zke]
s A4S ¥l Azp7p 2R H LS GUE b wel assdes ole 7E F¢AAY
2 s Adurlo] 9@ 4 A zbo] ZhA AA ebyt Aol e AR dlzeE Y FE Yoy
ouf o]t BeaAS pee & glals] del b A4AZ el el@g % & Ak aey
Elul = & abolch, =3k Bi-CGSTAB &l 2% AR} FoME4E E AT Aekste 534
BaAxe)l s dubilo] st B3 syt e Zak At M w dle] 43 Azke] Frbsta 9l
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Fig. 12 The convergence histories of ADI (Single -Block),
_CGSTAB solvers for three different grid systems in the N type duct system when Re=

100.

ADI-B (Multi-Block) and Bi
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Fig. 13 The convergence histories of ADI(Single -Block),

ADI-B(Multi-Block) and Bi

-CGSTAB solvers for three different grid systems in the N type duct system when Re=

500.
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