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A Study on Numerical Modeling of Turbulent Gas-Particle Flows in

a rectangular chamber Using Eulerian-Eulerian Method
Tea-Kuk Kim™", Dong-Ho Min"™, Kyung-Beom Yoon™ and Hee-Chul Chang™™"

ABSTRACT

The purpose of this research is to model numerically the turbulent gas-particle flows
in a rectangular chamber using Eulerian-Eulerian Method. A computer code using the
k-¢-Ap two-phase turbulence model is developed for the numerical study. This code and
the Eulerian multiphase model in FLUENT were used for the numerical simulations of
the two-phase flow in a rectangular chamber. The numerical results calculated by the
two different turbulent gas-particle codes have shown that the k—&~Ap model results in
a stronger diffusion of the flow momentum in the gas-particle turbulence interaction
than the Eulerian multiphase model in FLUENT.

Key Words : Two-phase flow, Eulerian-Eulerian method, Gas-particle flow, FLUENT

a, YA k21§ AHLE m, 9 pIF AF

p 7tade REy A= 72l 3 4 Y |z pagy AFAHE

o, A p1ES BR7] U= B 7teRe dEEEduA

S el A% st A% k, 97 p1EY FHEEAUA

v 7t :“'IEA G, Aol ¢} 3 saffman force 3t
v, YA pATS FE Fy 4A¢ magnus force

n, WA paE FEE pp TH2A FRARAS

g body force g, WA BREFAUALEE
pe 7tedel TR AAAF r, particle Stokesian relaxation time
v, 97 paEe SHAAT rr gas fluctuation time

st Fodistn 7] A F &R, kimtk@cau.ackr
»  Zduisti 7 AT mEd
wx FdUew 7 AF e ey
wix Sgoltn 7| AFEE dgd



A 333 KOSCO SYMPOSIUM =E-2(2006WE 2) 203

1. A8

ol fEo W FHA dHEL A,
373, AE, vEA, A, FITY T v A
dFEdA A FH3A "o dF 9, VA
AgdelA AMetg BUE ghEo] AidE miEg
A2z v EE olE&FA UF fF, LUy
e =EdA BEAlE dx {5 B1dy FH
WRe By @A Fo] Hrld &£dd. AL
FoAME HNES A2BAA BIAA i
= #%5 Y (fluidized bed) 2772, Wjd7t2e] X
TE ETES UHE o839 AAs= Wiy
22, A71FE& ol &3 UAE AAsE A7
AZA7, 42y FAHH FHE o] & Aol F
E A7, vdx F5goaM 2A s At
A% 5& & F oy, Aoy AFF Fo
A ZAHFE MY, nAAEE AHEse 29
=E4%F, UAadR R §F Fol EF oA
FEol gt 8, o) 5 HEAHL ¥
B2 B (dispersed flow)o] glomn] oz
E 7EF, A48F, BAFE] At ol #F

A dyo] A&HA Ag AU A}
4e FASL A7t BAgold AHFe 3

]
o, ZA7F A4S fRs R 2A YAsE A
dola olg &

g3 o fES ddEe e A F
ZHAZ UdE F ey, A WA wie] {ate
25L& VAFER Zo] ASKAE sHEE T 2
#(Eulerian)® ¢ Wi ez s 2d- 2
o 2] 9 (Eulerian-Eulerian method)e} 1, F ¥
A Aol YAEEL MNEH R FHsE Had
2] (Lagrangian)® ¢! W e daj-gtad= o
¥ (Eulerian-Lagrangian method)e]t}. 198213
Crower 2¥8-298 HHS 274 Zd(two
fluid modehelgt 3, ede-gtadx WE &
A4 2 (trajectory model)olg} st vH1] 244
2doA Ed44Q YAFES dFAE M
stz 71Ade] d&9ga, SRS ATS F4
3 AuigAg g et L X, Zhou §& o
&4 ZRMulti-Fluid modeDolA E9QL2 <l
PAFEol Wl GREAHAE 137 H3td
k-e-A,EE, k-e-ky, ZHE[B-7]2 HI&UTh o
FA Rde FAHoT EAST FHol o
W, 4ztY A7 g A= HLEHr)
olglgo]l gloy Qe FEUEI} ¥L ndYE
5 (dense flow)ol ZH-&3l7] #Fastch. YA
Aude JAg e 4548 oYy #y
oA, Z8lT YArst 2L BEAHHA B4
HIFAHA FAHINA /K58 M4 st YR
HE A i3 dAE M ete dEAFHY

by o 2 PSIC(particle source in cell) ¥%[1,2]
o] glon, Qe {FHL FHAHAE EoA
Asr, PAbel oF FEE dEAA FARFTY
A, 5, AU LAY FAFoR A
& st Wil o] mdd EALFHQ
dALE MEHo R FHEY HH3l7] e ¢
Ape} |lAtzke] 5, A HHUY FE, 4
ot A HEFHE 59 BHHYA E4E 44
THY F A vl e FUEs Ao
o7 ve {Fo HEsr At duzEe
2, A A4S (volume fraction)el 10%E %33}
v 7R, 447, BAREY ALde 29Yd
-4 wylel fEdtH, AAHuUI 10% o5t
NER, 43 F, BAFFY A9de 2dy-2
a@dA gHg HEsrld fEsith olge M
EE2, Yuu et all8]& olY H5& AdHols= o
doA] DNS7|H & o] &3te d4 & srlz &
b=

B dAFd e L. X. Zhou 5o] #A|¢td o
A 2dg o] &dlo -yt dF ol &
59 % 54 disle EME/= b Ed
£5q YAt A olu AFWUFIF glon, I
q A" 2237 Yl T2EeR /HAs
o dAdg ANE wAReH, N1AY §AL
o 5% AGPANE mesgh 714, §
Aol 2EF] dFE FE Y HAE2S FH,
g3, 48, 1y, 49598 Fo] don, FH
Ze WAV 2, fElgde]l T nAdA
T BAgez Y, gy oJFFo] AH, VA-
A9 ol fENA YAk RHLE FAY F
Qo 2xA/ & Adde dY¥FEE 7
Alg = gl $EHe AHfd HZule] 23
%8 (Saffman force)2 aislgon] 1A3 A
71918 k= (Magnus force)d] Q&S FA315
o oEn FYg £ Wit A&z
2l FLUENTE o] &3l v wsl .

2. O|lEX u&

2.1 ot 24 (Multi-Fluid Model)

gfA 2delrE 4AE e P HA 7
A=z 71483 e FEuleran FEAZ HEHE
a ok BEF shaer YR Aol 9 large slip B
Jzre] FAabg 2z Wil wer azmd &
AE Fdo] Aot thiA 2de R A

1) fFrEHe 9o AAM YA Tt2e T
Y F jon, 48 & §5, 25 3 AHE
&2 EA "



204 A 333 KOSCO SYMPOSIUM

=23 20068 = FA)

) Zztel A TRl ASHY SRR
¥, eE¥E U AHPe BEE 2Eq
3 ZAzel AAE Z7) B B WERE 2

=0

4) Zzke] JATEL 279 YRAAVREE B
H 734 £ Itk

) 938 AAES 450 YolNE A
A Aol Fgo] we FAH A9 B4,
g4 U JWEE 2t

qeE 71EARE nestel haA =l
A n#stedol e nELHAES YU o
23 2.

2.2 k—e—kp D Ho| X ulj 2tA A
D AL
20 =1 | M

ap _
3t+ B:Ej /-wJ')"‘S 2)
on ] 8 [V, on
Tt 2 nge,) = ~(-&~—”) @
ot ox; L oz;\ o, 9z,
8, 9 4 v o, .
ERAG a_(ma_a— tnm, “)
3 5% #H34
a 8 ap
— )+ — v.) =—
o ) o, (pv;0;) o, (5)
v, v,
+i e Iy _°
Bz]. ox; 8:1:].
+pgi+v‘.S+FM+Epﬂ(vpi-—vi)/'rrp
8 a
5 Mty + o (m0,.) = ng, (6)
7
m
+nk(vi—vpi)( ! +—"’)n}rJ
T"P mﬂ
+_8_ nv, Ppg 4 P
ax; PP\ bz, oz;
+__8_ _Vl v 2 Aﬂ
oz; | o, \ 77 oz Pt ox;
4) dH=Ed

(7

a8 a
E(Pk)'i'a—zk (pu k) = 3—% U—kg’c
+G,+ G+ Gpt Gy—pe

llc ae\

o, sz}

k[ 1(Gk+Gb+GP+G) zpf]

i (”” 3k) ©)

ox, \ o, 9z,
+ G,

8
(o, k) + o (0, v k) =
pp P

7NN, po= ptpp , pr=c,pk /e

W= =y p kel

a; ou ) dy;
G = pg|—+—L] =
oz, 0z, | Ox,
wr 8T
G:—' D ——
b ﬂgka 0T,

d“J_ 2k)

v)u{m

np U 81:

G,= EP)E

7‘1’

[(cﬁ k, — P)+ ‘e p b

23 k-e-A, 24

k-e-A, 2L A ¢F HAAF 4 &
tte3 Zo] XS+ Hinze-Tchend 2d
& o] g3l dEA FEE & o, o
73-?—01] AN A(®) E3IE G Ak
He, Jd&e dREFANUAT A(10) ¢
A EsA T = Ao

k 1/2 F\-1
=(—kﬂ) =(1+—’—) 10

Tr

She

AN, 1.=p, &/ 18 , 7= crk/e

24 FLUENTY dizd

A8 d44 ;A ZzaWQ FLUENTE 7]
Aol dste k-e2d, YAl st k-e
multiphase 2&-S A ¥ 3 H9]. k-¢ multiphase
BEde= EdF 2 d(mixture  turbulence
model), BAMGF 2 d (dispersed  turbulence
model), Zt42] ¢F 2 d(turbulence model for
each phase)¥ 3FF7F o0 &1 22 54
o] gt} EFIFELLE NAYY IHFEI



A 333] KOSCO SYMPQOSIUM =% (2006W@ % 7)) 205

s

Lo

g EgH
o2 Z4ge dEHgol 1o Ate o A
W, 24 GREde 9ast 4R Al F
g+ 93, gAst AR 353

45g H83q

o 1 o oF 1%
2o ¥ of ox

288 F AE dAEY = FY
(dilute flow)& @ HE =t o] ol A=Y
T5FE 7AEY HTEA, particle relaxation

time® eddy-particle interaction time?] ¥|& 2|
ZHAoz FojRth Zde YdRELL L9
UG E tdle] GFWAHA S 4 g,

3. #xslMAYe] R HE
31 SMAAHMe HA W AAEA

outlet
£

z
AT
X

wall

inlet

/(* /

~
A
~

im
Fig. 1 schematic diagram of the system
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