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Abstract

A numerical study on the use of the momentum interpolation method for flows with a large body force is
presented. The inherent problems of the momentum interpolation method are discussed first. Numerical experiments
are performed for a typical flow involving a large body force. The fact that the momentum interpolation method
may result in physically unrealistic solutions is demonstrated. Numerical experiments changing the numerical grid
have shown that a simple way of removing the physically unrealistic solution is a proper grid refinement where
there is a large pressure gradient. An effective way of specifying the pressure and pressure correction at the
boundary by a local mass conservation near the boundary is proposed, and it is shown that this method can
effectively remove the inherent problem of the specification of pressure and pressure correction at the boundary

when one uses the momentumn interpolation method.

.M &

Ruies} ChowlI]7h &5 25200S 7 ol %,
o vegon @4 MY Y ARSI Yk A BE 3
SEge] SEFUNS AGHL QoM 48 2 wAY
el sl Aol Boieldic @ 9
“12ju} Rhiest Chows) e $EguPEe olshel $5%

Hell AolgtATe] EAE 1243}2] Cx’%‘}loﬂ% Majumdar(2]&

i
nﬁ
i)
)
xe
Bl o i

lr ol -

el a7k Aol ARgE AolgAlae] ol 456}5}: AR
& 27skaL ofell g sjdHE AAsHTh Choil3]= 2]
Rhies}t Chow(1]9} &&Fx1o] vlg4 %EBH*W Ark2 s

7F Askell AREE A ZHHZ(time step)] Z7]ol oEEkA] &R
FAsTE Milleret Schmidti4]$t Gulble +EHEIMEY
24599 Miller$} Schmidt(4]3=

28t 8|, & cell-face

Abolol A & e

er® Schmidt[4le &= -Fa)7

! SRR ol 18g EEldo g

2 ke dE AEes {“Lo} ‘4 Guibl® &5HR7E
) 2 P

‘5}1% AET F EE '1%% A7)s5c &

AteHe]e] FdolAe A% A do]z wy

ol
22
ol

rore
of
4
2

S
-{o

o offt -
O$.~

A% %

el

s AAE

A, 2yl E 00 E ) skchoi@kaerire kr
AAHAA T4, 2 7S/ HH, sokim@kaeri.rekr
« 2 th et BKAY w. hkchoi@changwon.ac.kr

X8 sj7h AEgo] ¥
L ERNE L)

FAET &
7Fs4el 4l
H}DL—,L_O A7

U i o

&
o}
[

HE ARgEte] Hlt|Ee A7t 2
gk 7t AtEEE 99l &
FHREe 183 TAE
(inherent problems)% A ]ﬂJ—Z}

gt} el o}wq A
XA AHE Edlo

2. 2SEETH
11 A Ed
Rhieg} Chow?] —"r%%ki ol M=
0}7] 140}04 e '}91013—',
7143} Cell-centered £EAE
*‘ & oA vt oA FES
23 2o 38E F Stk

up=(H,)p+(D,)p(P, = R)p+(B,), + (-0t )uty" (1
Cell-face X/ the ojtshd SEWAYEL ta3t o

553



=2

g9
= (H,),+(D,). (B~ Fo)+(B,), + (1=, ), @

Rhie¢t Chow?] 5HEHAINE 99 25485
Hlimplicit) 28 &4 ¥ g9 /MHES AMEst 9
(explicit) &2 3t} 2 o] A B& W
I 9E SEAES AN 95t g 7P Ee] 9"

(H,)= £ (H,) +(= £)H,), 3
N AR ()
D). (), (4D, @

99 PSS A8 En e e 2o) 2o B 4 Yk

u, =[fup +(1= f)up +(D,) (P, = Fy)
=S (D)p(P,=P)g == 17 )D,)p(P, =~ P),]
+1(B,). — £ (B = (= £7XB,)p)
+(—a)u = frug == fup] 5)

22 E5FEIYY i TA

71&¢] QALY A} (staggered grid system)lAE £EAE
2 AAAA o] AR, $EUANEL Eg2)E AHSEl
o gaFeg AAs) SIMPLE guaE{7ede 4gnAy
| ol

B Ade] deo SEBANES EUY

1 i

R

u, =, +(D,) (B~ F}) ©
9 45N 1 b ENANRE uEe SrgREld,
SERYNSS AP YIS gEuRIAAe Qe
o GERAANS F ¥ SEARES 5UEe uas
£2 Fo.6)% AH83el RAd 922 SaYAAANA
o SEHTSE SEYAH ASPRAS FAG BEen:
a9 A SRt JERARTS AsE B
B3 G THEE GRYANAT A8 ANS 3
g Wl BYEoE BYRA RE ARE AEY o4 9
o vk ANARE S8 22e4 B 3R R 9

g BEan

SEHHIRNE AAAE B AR SEAR
(cell-centered velocity components)¥ HARAZA ®el $1x3}=
A8 (cell-face velocity components)?] F7HA] £Fe] £%
ZA3th $EHAAEL By (1)S AFEske] A
3 A gEHow Ak SIMPLE 4xdE9 44
BARANG E B cell-centered EEAEES OHEY £X8
3

L
N5 At AEMANS BERES 3

3.

o
ol
o>
=2

a4 cell-centered £TAAEE e SERA
A& Ao] FEER] ga, R

o} Aol $iAT B ARES 2 :
AEnzron F3th 12 E cell-centered SEXNEELS A&

554

A2}7
Moz el 2@ ANAde 45 oAt 9 2
SEFEIEY ® e Exle AA A fAE
cell-centered $EARES ARty BAS7] Adte] AAIAM
o] =B} R Are] st dukdoR HANMY ¢
gzt gEBALE AA dFd YA FES AFAN
(linear extrapolation)dte] T3tk A ZAolA =77t 7
&t AXARL FEE 2dskA] Eahi Ayestoz Fét
FEL 2EdoE g§YA) 2ot dE 42T X7 E ¢ Uk
SEFHHAA cellface EEAHRES Eq.BH)E AHEsId &
33 (explicit) &2 T3tk Eq.5)3 £9387] 913t Egs.(3)-(4)
o AMEEGTh aY B cell-face £EAZFEE Egs.(3)-(4)9)
1A Fo] 5SS v Egs.(3)-4) AEAY 7HA
Solm, f50) e nldgHolm ANEAT} FREA 22
a4 ot EgAog HYsA £ E A& AAE A
& 4 otk 99 =AES Qo R HHIWY IR%

WAL USA UEAA g gERAgEe] HyHos
ARtk 71 Sl BEwn. §59 AT 345 ¥
© RES AT W ANEAL 2

7

FHeA 2dsA geod
A
s

=
ol

p

fa
ol

p
>
i—";
)
ofN
o>
=2
o
)

B
i

AA A
g TAES A8 7 st

=
AiE = 7hs

23 FHA AFEHSPHA A AN ¢ 2 dHR
3 A

el FEe] Ml vpo o] AAAMY 4FH H AHHE
Ak Aoz Aejsle A2 AA 2AA AMAAL F
waA 2] Retd BAIE oNE 5 ATk o] EAE
sdsty] fste B dvelde vt 28 I8 dAFEE S
Holl olgk AAA ] ¢ 4 HEEAR A PHE A6
22 gt FiglolA B ups} gk} A TAjelae] wiEe]
AR skt o] UE HAAHAA Y ASIHALE T

gt o] 2 4 ok

6*:)( —

Fig.l A half of control volume near boundary

Pty — ppup Ay +0.5p,v,Ax—=0.5p v Ax =0 8



BA 22 HAAE S0l AR &
AL e ol & 4 3l

fn
oX,
Sl
R
=
=
=
b
k1
fz

up =1, +(D,)p(Pr = B) 9

Eq.9F Eq@®)°] tgatd thaat 22 AN o & ¢
()]

ANPYES A2 5 Aok

(Ppttp Ay — pyuy Ay +0.5p,v,Ax ~0.5p,v,Ax)

R=R+
Pr(D,)p Ay

o

—~ o~
—_ =
()

—_

-1 :
w=F Toh,
g SR v, 3} v, & wRE A& Ag b

4
SRS BT = AW whE A iteration)ol 41 9]
It} SIMPLE ¢a2|5olA dErgdigas & &
cell-face é.\—y‘é%ﬂ“é—% A L 9 HES *1—%3}04 73741
o o 2 JARARSS A%

ol&tH 01?—1& k] 9& 73 A M 9] gk E—l ekl Xé%k% XJFJ
e AL 89 8 BAU £21 oA

[0
-

Y
[}

2 22 I
RO

1 3l £

TEERINE AEEl] wiHEe Tt 2 f5E HNE
4o Egeh R 435 AEEE Holn, O A
& dEsh: e Bede HEe %’45}04 Fig2e] AA1+]
o & X}Qﬂ_tﬂwer EA g AFANE Fdsigln.

u=v=0
T=1.01
\Lg u=v=0
u=v=0 T=1.01y
T=y
Ra 106? Pr=1

Fig.2 Natural convection in a cavity
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Fig4 Velocity vector by the
using 42x42 uniform grid
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Figh Velocity vector by the
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Fig..6 Velocity vector by the momentum interpolation method
using 82x82 nonuniform gnd

Fig..7 Velocity vector by the momentum interpolation method
with the local mass conservation method using 42x42
uniform grid
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