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Numerical Calculation of Transient Response
of Natural Convection in a Cavity

Hiroyuki HIRANO and Hiroyuki OZOE

This paper presents the effect of some kinds of methods for the numerical solution of

natural convection in a cavity at Pr=0.7 and Gr=10° on the transient responses and

converged values of stream function and temperature. The governing equation was

discretized by explicit, Crank-Nicolson and fully implicit methods. ADI, Line by Line and

Incomplete LU decomposition conjugate residual (CR) algorithms were used to solve the v

discretization equation by fully implicit method. Further, the effect of time interval and

grid size on the results was also investigated. It was concluded that all solution methods

agree as time interval and grid size approach to 0. ADI is the most reasonable method in

this study, and CR is most stable in fully implicit methods for time interval.
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Table 2. Comparison of converged values at infinitesimal grid size

Method Uay Vay Tav Vav lw | max

Non-ADI| method
(f=1,0.5,0)
ADI method H 0.0461 0.0197 0.173 0.00672 0.0127

0.0453 0.0193 0.172 0.00659 0.0125




EEEB/AD B RN FREITE O BUEST BEE DO

BT 4%, Tix1 %A THD,CR ERETIE ADI
EOEN L DEETIRRVH ETFEINS Y, ADI
DOEES B TH L DXH 5, Table 2 I FHKS,
BEZ L THABEBOEFIIME L RnBEBORAEE
FERkIC ¥ o8 FIE I A L 72 fE % (2)3E ADI i & (b)
ADIETHEI L7 b D 2RT, MEDELIL 2 BUA
ThH5,

FEEETS DB L 58D CPU time Hi,
TDM : CR : Explicit=1 :5.4:6.1Th o7, Zh
BAA T —EEOBCEL-KETH L, ZOEREH»
5795k TDM 2 AEPERITH D L2 3, L
»L, 7 ki & 3 E#E ik CR & Explicit 28
BLTCW3,

6. & B

BEAEEBAND BRNROEESEFTERO LK%
UTFDWL 2o DEME L BUEREIC & D RAT

(QRBEEE Hv 2188, 5 Wid5ELBFE, Crank
Nicolson B CEMIML (B> R 2 HBR=E
EZRWTHEIEE,

(b) ADI 3512 & > THE B & CEXNATTI R <),
ZORRIILUTEEDONS,
(1) BohlkEZaRNE2=28BXATHIRNE B THEIE
B, BT oM v (80 X 40) BRI HH W REREIE =102 %
vz A\THE BN 2 IRBENFELET 5, Zhid
CRETHRRERELLZVWOTIHELKEE & LT CRED
TN TWw3B,
(2) D OEFRIE (4t =107°%) 2 B\ 7k, @QTRET
B & - THREILEDEBLE D EDL LY, OTIEZE
DB/ E N,

REoERItOME BN CERTE 2188t %
5232 TCRIEESTRWE, FuJ A0S RE
EROE W AT ADI EDBEIRDE <, BE 2 ER
TRHECB CRE, BEESIFE LW EELZON S,

22k

(1) WimkEz =, "GSMAC-FEM ${EWE 150
B zoA”, 74—y —, 1991

(2) ANAV.RF v h—%, kB(FER, FHIER H#
R, "arE -k 2RBE L RNOBIET,
iR, 1985

(3) P.L.T.Brian, A.ILCh.E. J., T, 1961, 367-370

(4) S.W.Churchill, P.Chao and H.Ozoe, Numer.

Heat Transfer, 4, 1981, 39-51

182 A BEHFEERVEEILFEXOBEH

BRI D EE (=1 T dpr=9¢% t=t+ At T dr

=¢p& T 5) .
/t:wn¢pdt:{f¢},+(1_—f)¢9,}dt ..................... 1
2 Ko Gk EF R
9 | 9]x ifL .................................
Fras ax + =S 1

) %
Jx=up=I55, [y =v =TS0, S=Sct Sy

ayv hbo—vRY :L‘_//\bl.’)‘/lf, Bl fh 25 h+ A4t
¥ TR

LLLE
e f f Sdydudt

Fil= f [ (#b— 89 dyax
_/.t Mt{f (Jxe— ]xw)dy+/ (Jm— ]ys)dx}dt

=(gb— ¢ dzdy + / UemTJwtTa—Jo)dt 13

= [ [ saydzat

:[m (et Sppp) AL ydt --vevveververesensvaenn. 19

HEOREFI VPO —VERY 2 —AIZDWT, B b
Lo At £ Tﬁﬁ

ft +Atf2/‘ﬂ(
[ﬁ””' (Uedy — unly + vadlz —v:dz) dt=0 ()

uedy=Fe, uwdy =Fu, vndx=F,, vidx=Fs
13— K5 x pp==19

(b= 80 dzdy+ [ (o= Fur) = (o= Fudhe)

+(Jn—Fagp)—(Js— Fs¢p)}dt

:'/t‘ot°+df(sc+ Spbp)ATAYAL +++esesvsvsessseresrinnnns (16)
KLY,

[ e Feporan

AR AC

= dtas| {8+ 0- Nt} —{ o+ 1)) |

af x4 ifx) dydadt

) dydxdt =

¢) dy~ uedyqﬁp}dt



A

MK EREDERFHRFRRE $8% H15 (1994)

T Fude)dt

tot”u{./‘( 2l i ¢> dy*uwdg(ﬁp}dt

= dtaw| {8+ (1= 1) 8%}~ { 8b+ 1= 1) g3}

[ G Fagear

t:"muw<y¢ roe ¢> dy— vﬂqusP}dt

= dtax| { b+ 0=}~ ror+ (-3} |
[ G- Fgp)ar
_ to“'“’uw@qs ree ¢) a’y-—vsdxqﬁp}dt

= dtad{ {784+ 1= N}~ {fab+ - N3}
EEETLE, R RAD LS ICET S
(gp— ¢h) dxdy

+ dtas| {183+ =Nt} ~{ b (1)) |

_Amw[{ﬁﬁ L+ (1— f)¢°} {f¢}=+(1—f)¢%ﬂ

+Ata~[{f¢}a+(1*f)¢9=}*{f¢“(1‘f)¢t’)v}]

— dtad {74+ =13}~ {p+ (-3}

—At[SchAy + St (1— £) }AxAy]
WHET 5 &

(fag + faw+ fan + fas+

AxAy

— £Spdxdy ) oh

:de¢E+ fawd w+fdzv¢1v+fds¢s

"M-” GO+ Sedxdy + Sy(1— f)pbdzy

+(1—f)aE(¢%* #2)+(1—Faw(dW— 92
+(1=Fan(ph—2) +(1—as(ds— g§) --eeeeeeees

ak

an

as=

D.=

Dy=

= D.max{0, (1—0.1| P.|)*} + max(— Fe, 0)
= Dymax{0, (1—0.1| Pu|)*} + max(+ Fy, 0)
= D,max{0, (1—0.1|Px|)*} + max(— F», 0)
Dsmax{0, (1—0.1| Ps|)*} + max(+ F5, 0)
Tedy/(8x)e, Pe=Fe/De

Twdy/(82)w, Po=Fu/Dw

Dnandx/(ay)ny Pn:Fn/Dn

Ds

f=

=Tdx/(S8y)s, Ps=Fs/Ds
0 ~FEf%
0.5~Crank-Nicolson #
1~k

18%B BERICHITHRRMA AL ICOVT

ﬁ@m%,%ﬁ&m0w1®%ﬁkﬁﬁﬁﬁf=0t
, XRen3,

Amy ph= A"My $%+ Scdxdy + Spp2dxdy
dE(fﬁ%" ¢P) + aw(¢w_ ¢P)+ CZN(¢N_ ¢?’)
+ ds( ¢g'“ ¢0P)

{25 (1t ot as)+ Spded g

+ Sedxdy + acdt+ awdW+ andi+ ased 19

RO FEHE LRETH L 12D, ¢I2DOWVTOD
BREDBITRCIEL B ETHD, EHELD,
ar=D.max{0, (1—0.1| P|)*} + max(— Fe, 0)

_ Tedy _ udy 5
= axemax[o'{l 01 My/(ax)e”
+max( —_ uedy, 0) .................................... (19)

THBEMD, ar=0 L5, 2RI, O aw, ax, as i
DWTHEKRTH S,

L7255 T, ROIWCBWT, TRTD ¢ DIREHIE
THDHITE, ¢ DHRBUCOVT, RAEWT &
3 At ZROBNITZR WV, 12721, RO IEEH = H2
KREH®L T, Sp=0,S.=Pr?0T/dx, '=Pr//Gr
&35,

dxdy
At

ARE BT, FHEEETEHANTED, dr=4y
=8x=08y THV, “hZ AL LT3, 51z, RY)»

o,
4]

Zaptawtant s crceerereereraeeereeaines (20)

__Pr_ _
ar= mmax[o,{l 0.1
+max(7ueAL 0)

x/— + |ueAL|

aw, an, s 2T bERTH %,
L7z8oT,

aF+aw+aN+as<4J%—+|ue+uw+vn+vs|AL

2T, |tetuwtvntos| TDWTIE, BEEEROK
R OBRZ Y, et ttw+ vn+ 0s|=4Umax=0.8
L33k, XA%B 2,

a5+aw+aN+asS4%+0.84L .................. @1

RAERNCRAT S &, 4t 3572 & ROBEEBR
P32 SR,



FEEAB RN D B RN FUEEIEE O BUER Bk O L

(4Ly Pr
T >4 JCr +0.84L

ZZTy, At DBBRHYNSLBRBEIOBTHAIL=1/
40(Pr=0.7, Gr=10% 2w 5 k&, 4t <2.74x107% &
%5,

— 52—



