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Evaluation of Eulerian Two-Fluid Numerical Method for the Simulation
of Heat Transfer in Fluidized Beds
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Abstract: Accurate modeling of fluidization and heat transfer phenomena in gas-solid fluidized beds is not solely dependent
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on the particular selected numerical model and involved algorithms. In fact, choosing the right model for each specific operating
condition, the correct implementation of each model, and the right choice of parameters and boundary conditions, determine the
accuracy of the results in the evaluation of the performance of fluidized beds. In this research, in order to accurately simulate
heat transfer in fluidized beds, important and effective parameters on two-fluid Eulerian model that incorporate the kinetic theory
of granular flow were investigated. For this purpose, effects of particle-particle and particle-wall restitution coefficient,
specularity coefficient, granular temperature and effective thermal conductivity coefficients determination methods on the
numerical solution were evaluated. These investigations were first carried out on heat transfer from hot air to solid particles in an
adiabatic fluidized bed, and then on a fluidized bed with constant temperature walls for bubbling and turbulent regimes. Results
showed that specularity coefficient and effective thermal conductivity are important parameters in heat transfer process from wall
to bed. In this case, the zero value of the specularity coefficient causes the air temperature to increase by about 7 degrees in the
bubbling regime and about 5 degrees in the turbulent regime, and its unit value gives the same results with the no-slip condition.
In addition, considering the solid and gas material thermal conductivities causes the outlet air temperature to be about 26 degrees
higher than the temperature that is obtained by considering the effective thermal conductivity coefficients with standard
approach. The partial differential and algebraic form of the conservation equation for the particles kinetic energy show identical
results in dense fluidized beds, although considering a constant granular temperature can cause computational errors.

Keywords: Eulerian Method, Two-Fluid Model, Kinetic Theory of Granular Flow, Gas-Solid Fluidized Bed, Heat Transfer.

m2/s? (glals gles 6 M e,d s dp
kg/(ms) dolr S a3 5Sss s S5k e e e
WIMRK) g5 50 5,55 5 BT y mis? (il S ol g
kg/(ms) « Sealos an ) S s u Fd mis &b 9o
kg/m® ( J&~ p m2/s? (s S 55 glails sles GT
Pa id s 7 WIMK o)) JUisl o h
UiCeN e 0 kikg « s H

Kg/(ms®) s Sble g s dvr @350 ags sl A5 e I20
° (SKhwl 4l w WI(MK) « ol S colis o o k

S, col o g osae Nu
Saw fr Pa Lz P

5856 g S e doles PDE

s el gas Sl sae Pr

skl inst FRURISINTS Re

e Kin L - Specularity
byl m s b t
03 p °C s T
Lol osle pm mis 8 cs u
SNEIE s WIM3K) (536 o slo S Jals o o
olpsw S3B om pie e 3T o o B
oz S 3
Vo) Olasl O oyleds PV Jl ¢ pwdige 53 (g3ue sla g, \INg



http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

Sl s SV Salis gl s 5508w (s
Ladlw i 53 Salossoden 5 ool > Il Gds w2
35 skt cpl a4 3l a5 05 ot gadle s
Gl dds gl 351 8N- sl 5 g s bl o8
[0] ws slgis dlwr s (s3ue

s gy Dy ot D3l 5B G BILIN- sl sl 5o
oS sk 25 SVl OF (gl 5 555 0 a4 S L o
p33 3L aS Il i o Sl el (6, ba e
Jds ol 3 553 0 (il g 3ISY S 4 5 S
L psmage o S I 5 8 a5 5o L S 50 sl e
DLl 3 a8 56 g5 35 [F] b n pmlons 53 0
s ol Ladlw ey 3o (Slatnd ) 42
w38 Jus [V 58] Uleds sl s 31,8Y-5 Ll
Jelize 315 es 335 Sl ps 5B oS el (55 ol el
w5 8 o3l (I8 56 as Db e S 3 5 ei-es
oS gladlas s 3lwdis sl sy ol 05
03 el 58 035 oS 8 e 3 g g 038 e
o Pl e (gl b g adaie (VL Al Sl i
S Ol gy 55 5y SLSas Al e g5l
Jelie Sl s el a8 S 5B s, ey sl
el s o Blad sl O3 o ool > Jlal 5 ol )3
ool OF VL Sl Slboe emm 55 0l SlA g3 5doms
s g o D sons L3l aan (b s ol Sy 5o V]
S0 a e eds Jll e S bl 515 e ke
i S g 35t St Ko 3 L 7
o> 5 5L o ol ey OVslae sl 553 0 b ae
st a1y s o=l Ol Sl s (Al
93 Sl Jde Gl gladle 5y A8 e Lg.l;...(..:*dj e
i Lo SESS gl e oVales 0T 3 57 Il
Tl O i 3 U Sl s sk e o Bl
Sl Sl 0 0 ol U 4 by e Slisles 6l 5
AT ol ady S84 Wadlew s 55 0L ilises slags )

VOV

4ol —\
el Olssat s Ladle e Gl gadle s
g o basl e B (el i gl 5 O gmen
Wsls &l e ) ilie gl s YU ol > Jlal
Al S 3 a5y se pliewd gladnl b5 05 i
Slap il Jobd 5oz Ladbw 2w 5o )l > JUl
el L ools 5 i ey S JUil il il
ISl 5 O3 o glbin Sl Wl i s gab s
=l NS A Y s V]l 58 5 el slasl e ol >
Slas S ob dlw s 5o Sl JUESH &5 5 b il
Sl a8 0L 2 o3 p e 5l SSUSS
g5 5 Seludsodes Sleo gt (ns 53 Wbl o S
Sl L 3y o 0 F0S adlw e 3 0L > )
LolS 5 o e Slasl 63,0 S oKn ol g5k
O3 aes S S 15 Dl 5 S5 U5y 5 osbd s
SLeT sl 5 s e Gl 58 VL a5, Ol bau s
Bl L ol 58 oalb co w S ol 3 58
IS s &S o Y] ol g5k ol Y s
sl L sl a2 i osbd S Bl
53 0 il glag 5, sl bolsl 5 ol slac b
Sam sy odid ploil Slalllas ol 2 5,8 o JSE e
3 Sl 5 a il (ol (K (sl s JBlu
el gladlw i 53 0l sl OL > law ) alex
ERCLY SRR RS R IYP S S el aS
Ol S G b Sl el 5 5 (SG5d g0 5 Dl gt
PUSEEITRNUNTY | B W B NI SR
LF] oen ngfJQL

2 o SLadul b ) odmy (53 Shes Ll 3
b b el el (S ) s s et
LB 5 by (o ) 4 bt ol s
Ll s 50 a0l glahlesl b s ol (6 Shas Lyl

Oy D S 35l s (Sl 53 45 3505 5L AL

\‘f°\ ‘_)L:.MU c\ GJLQ-\; ‘\c\ JL« cw.‘u.@.d L LSJ.LC« le.ﬁd::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

e JEE i lwannd (5l w55 5ol 348 B, b))

S35 o ol slid Dbl g s b0 O
DT 505 515 axdllan 5,50 55 5 dals 253 0L >
2 0 bdlw e 53 Sl JE e 5 () 2 g
L Laad d Oledr 5 ol 1,3 Olos gt 30 O
addaris s ol v s S ol > Jlal &
DVIaSs S g a8 Ol gy b s s ek se
gl (8,8 a8 55 (sl die ol aS sl oL Ll
5ol Julie ol 1y ool > Jt_s.slq_u»duw&
5 St 55 e 5 S SO L LuS o>
Jho s o 1y el b s gl sl sl > Jll
S LGl DAT S S s S 53 2a) L5 ol
o S e D3 RS 5 (6355 Els Sl Lo
als ol oLl @L"J LS e g el 3 gles
il & 5wz 53 5 Dol JWE) mhaw 03 Jlad LA L oS
JUEsl V4] 0o 5 o il dl o sl ol
Gds Pyl ol e 5 B g SO e ol >
Gl ml 3 sl 13 adlae 550 o s 5 S
St 53 3583t 4 gy Ol (5550 dals e
Doy pmoim s 5 Al Blge o Dl U] s
OLlSen 5 I s alis o EB L s o n sods
L losl g dal= 38 Jlw i & G0l Jasl Sl goast
155 S s 4SOl B55 L1y 2505 El0 58 51
Sles (35,5 3L Ce il 5l b oS Ksls Olas Ll [Ye]
Al Ll bl ol Jl o s s 3 e s
s slas 5 5 Cldis ol sl &S - s
PR PINCHN RN PSR 5 S IR STCOU TN I R0
S 3 $3508 b SO Ole ol Ol > JWEE Ol
— ksl s e B Gbls 8 S Jlw e s )
4S5l 0L 0Lyl sods gmls [NV] LS s (ks
3Ll e Gl e ol JEE I b 5 ) bl
3 S b sl A SO s ) 358 Ol 0L

)-")L§JDW¢J‘—~‘)‘-’¢"JJ”>L’)‘J5L;“‘)JJ>)_}‘L;L:“‘

\?°\ Ql:.m_'u c\ GJLQ.\:I c‘f\ dl.w GL;V:.L.@.A L L;).J\.G LSLQJ::))

Sy 5 i i) 5 5Lt Ul OIS 5 ol

IS ey O3 b dle s 3 1) e S
L mls 5 o 6355V sl B L o¥sles
53 Jsd MBSl en T [A] s S amlie 55 L]
55 sllaels 5U S o3 ous Gled s ) 3l elas
sdalilo 355 o2 5 (5348 bt Ole ()l Lol a3
Ll s SO Salus gl OLSen 5 5 & s S
S Je T Vol s S s 348 5 o 25 o) 50
Gl 0L i 55 o8 @SB L e 5
olid cobl 5 s 5 S0 el—38 0L > (gled e <l
S8 e glazs o 3 ) s pl) 5 del ez S
el ae s Sy il S sladie SaSw
Sl sl oo s & (Sinlazsoder s 4 O S0
el DNV dstls oo i ks ksl oS b ol
i sl s edmend Gl S5k o il
U3 o p 35 Fem L1 5 DUS e oS 5 Rl
Sl ol sods Ji S JLS 2S5 ol sdgs Ll
Aoy bl v s KK sk S Pl )
Gl B L a8 5L By, Gdss cpl s VY]
o 3 dlw S 3 Gusbd (lwand ¢l 51 SY
So3dhs el m a5 L 03 S50 S s slas s
A 53 5 L e pstess oS b s 5o T
S e VT 0L 5 S0 dadl s Sslunyoden
w8 0Ll oy 4o NF] OS5 I ST 5 Jle 5o
o b ldbw s 53 1) cile S gladus
So Sealoagydes 50 O 5 Oly sl en 53 s S
Ao LanenS 58 5 b o3 gla s, b b ps
Ll 50,8 oy il So3 Jdo o3 )lgr o8 5
S5 L OLKen 5 plikas [10] L3 8 amlie KU
Sl S 0Ll i) 5 sl VL Snlas )
53y ol SO Snlus (31 5=kl B

VOA


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

55008 5 O 2 w55 33 Glp Ghas el 3 e sla el
Sl s e ol s E e e aiST 5 L
G250 Fo Gl L b 05,5 0 8 els Calis (0 Shas
Slaosl s b Jlo 2y 5 SOLLST slael g3 b Glabaioea 5
Sz mlbeo 53 b s las )8 @ a5 b ol s
SLS 03,5 0 8 el I3 05 8 St gladil b aler
Ladise 5 58 les Jaal 3L 5 (38 slaelS 0 Sk s
23 Gets ol s ol Jll Calis dur}g& son Sy
o Sl Al e b ol el el 4 S L
FalS (v g3 gaie s S80S0 L3 3 e Sbelgl
P30 = O sl o 285 RIS Slabe slany 5

D gl (G3de

Sosliwl b e 55 sl g3 5y, -Y

lals Ok o (A 55 o8
sps3 3L Olmean D3 5 Jol 56 Olgea S8 2y onl 5o
o338 GOl 2 55 L e a S L )3 dtu gy Oy g0
4o o g b o JE b 5o G A daulya o S
53 i ol imes3 5 ay3mesd LS a5 p st s Jlis
e o3 VL om0 S Sl i Aol plall
53,05 el D3 5,55 S s (65 S b 5 s K
§oaes S pohs D3 Lo e (el S D13 35 2 5 Ol
Py m Glg S s (Gl B e i S
L olal D > s Gluy glace s rar by o 655
S s b Oy pma 5 glasly gl fl.'m.g Sl
O ol Jdo 0 5 api e 4B SR s Glug glacs
ks e ladls 0L o (i 551 6055 S oL
S o3l 3 IVF] st e oolid sl J e o
oy L e an S b s 58 glad S5 dilen lals
JLld (los s 5 g a ) S s Al (SO Do s
3L Gl ot 5 S50 o sl Aol Lo e (Salys s 5

- éu;)ngﬁjw@@\.@\q]ﬁg}{g“l’f

Y04

A3 S ey o3 sl sla ks 5 58 Cals slacs o
SV Sl oy oS L s O 5 55 [YY]
5L Sl 4 Ol iy 5 ai s 5 sl sl
O S I DO B U P s SO PO R DU
53 ) ke aslpa S ss s |y Sy b LS
= OLSS cdlwsde 0 L 5 0L g alb co
LIYT L8 s s Slod 35 5 Sl s oden
S Sl Gl Gt Kl o Sos e A e L
oy Olesaa ol 5ol s s sl bl S S
o 0,338 gLl s ol JUasl 5 (Sslusgdn
50U o3y S 85 s b Oliises 5145 ol 0l
JUaS s s e ol 5 s e > Sl p 5
8 7 Dl sl b 5 5305 Wl iy 53 Sl
Jole slos 5 o o O pmer il gl el b S
Slarie ple ol delr )b kb Sl st by b
o=l a5 e SOT b S ) 3o la i, &
JUsl 5 gosbd sy Sy (Siledie S sl (g5 00 &5
b Ladlo i s Ol il slansy b3 )l
S p 5 S il 1S53 Slapi; S 5 sl Jute 65
S lacussdoe (35 b 5a Lo s se gl
s 02 Ll S LB b (65 Sas Ll 5 00 5o
3G boys 5 bl s Sl ddie s gl 2l e
SLb st 93 ol gl G S (s 55 nlis 4
Sledol 54 > s ladbe s aug > Slas (goue
(sl esde iy s Lamll ol 51 a8l ) sls
oLt Ll 5 s Joe Sl 3 OIS 0555 44 i
Sl (Rl a8 30 o b el (pl e 03 W 5 ane
ol s Xl o enas |y e s 2alS 5 Sl
2 ey Dllle 53 lacyssdome ol 5 00 0 b s g
3 il ladyT b G35 (Silaand plnil g Sl oS
b s 5 NS0 5 e sl il ime 5 il o

3 o b s gadS (e 53 sl s g3ie

\‘f°\ ‘_)L:.MU c\ GJLQ-\; ‘\c\ JL« cw.‘u.@.d L LSJ.LC« le.ﬁd::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

e JEE i lwannd (5l w55 5ol 348 B, b))

v _ .=
85(7‘5_;H5)V'Us| V)

el ST a5 5y A 5 Ay pas | el ol 53
BUsd 1y ol 5 Bl o 5 Sy Ceglin o oo

¥ C) Al
he =—&epelngy (V+€cs )| — )
s Vgsps pgo( ss)( nj
Dols L aS el el 3 2 an s s SOLLG g

Ml)pjdﬂ_i:;l ijjz)}éﬁy).s Q\)S’A}Zm}»
I[\/\] J\JL’@ S 4o 94 Sl

i (0] A
Hs,col =~ &sPsp (H‘ess)go [_Sj @)
[ T
Hs kin =
) 0\/_ psdp(as‘/Y ¥ \ (Vo)
—_— \+—(\+ESS)QOSS
e (\+eg)gol 0
sin
Us fr = ps—\V )
¥ IrD

duﬁjJ&TQQ}SQ.@\&bSKMl«JU\|/
E el i3l 5 o wd) ol s 53 s 3 se
oSS Sy 355 Ol 5 en s YU b L 53
SWlaol o 5 g Sy adaly 5ol sl Lol
s Sl a5l e s ol 1 5 423l (6 58S Coanl
o 2 B [YF 5 A] g;.wle.)\..';mlé.ﬁat;.-);\’o aaly pl o
Sy s 5 ol 3l e el ol s Sk
Sl e 5,8 o L KA Lol
Sl ol 55 &L g LS o Bl 5, 95 Cs
o2 S Sl a8 B3 a8 1S I 1S
doas e OLLS Bg <Egmax LS L1 Al s Sl L
Sy s b Slap 5 516 ol dale 56 LS Py [IA]
IYA] S5 e donles (VY) dsles 3lae 5 ol J:KMJ ol

Py = £5ps®g + Ypg (\+ess)ssrg‘,®S Ov)

Sl e G55 L aS cl dal 3 glals sles O
Al 58 Slu g 65 51 lay adslae ol Cnlize I3

\?°\ Ql:.m_'u c\ GJLQ.\:I c‘f\ dl.w GL;V:.L.@.A L L;).J\.G LSLQJ::))

Sladsa b Jds gl b 3 5 5L glad Sse o
L Jl 5o die gladse p 4 38 i o hiw by e
bl 055 30l b Sless (lails Ob o sl 8551 6o 58
el 0l sl il sl tlasT sl 5 (slals gles

Gl o ja i)l 53 58 5 el o sl SVl

15 g o A g () 5 (V) &Y¥sles
o .
a(gsps)+v-(sspsus)=o )

2 (sgpg) v (et ™

)adw\)kj)mb)bwf«sv::):@ Sg 5 &
IT¥] 48 o Gk (F) laiy

g5 +8g =) ()
Sos,S G, s LK s el 56 o 5 g0 Sl SVl
©) 5 (F) Loly,y Gb csilme o r 5 St (g5l slag o

LVF] Kss o and s

%(%Psu—s)"‘v'(gsps E@) =
—gVP-VP, +V. T +sspS@+B(@—@)

()

P . S
a(sgpgug)vLV-(agpgugug): ©)
—sgVP+V-?g+agpg§+[3(us—ug)

odme SVl s rena .J.J)lﬁjflj oS 5B s iyl

Vslaa 3 [VO] Llazls S il glade SR

SYLie @u @i LIYO] LltS S s Jue ol s
200 M54 3 (Silwand Loy 55 5

)M ?S j?g 6L_AJ:A‘)L.LC)_:~AJA6L_LQYJW‘)J

e el 5 (58 5B RS- S
_ . T
Tg = &gHlg Vug+<Vug) — )
Y .=
—gglgV - Ugl
v faHg Y "Hg

T = gl [VI +(V@)T } +


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

w(x—e‘) g.
K, - « PsY. ss (Yo)

dpm
ol lasls los G eslinal (ST e sla s 6 5 Y
Cwdty S Jlowbe glaassa L) eole glaclsr
AU s Ll el Sl o g ST s e
S0 ol G 3 el el Sl 0T Cilise Loyl 2
Grie Dy gots ol Slag 35 Gl dolee 3 5 k5 )
sladls glos (5 K 5o Sl iamar 5 S by S
R N NP EBE TRy LR
Gldas S jan (58 5 dlr 5L (6551 gl SVslee

o .
a(gspsHs)"‘V'(asps usHs ) =

AR
V~(sskSVTS)+(x(Tg -Ts)+ )
A -V~u—s+ss(%P+u—s~VP)
g(sgngg)J“V'(agpg@Hg):
ot (YY)

V- (8gkgVTg )+ (T~ Tg) +
%g-V-@+gg(§+uz-VP)
s ks OS5l BT O e Hy 5 Hg Ll ol 5o
om b S Il ol o s gl S Culis s Ky
Y 5 YA 55d o o ,a5 (YY) el (3illae 45 ol (530
#kgesNUg (YY)
dy

o=

OLS ealginy adaly 5leslenal b ccdar g sae alasly ol 5o

\

Nu =(v—\os +aa‘) vro/vRe PrT |+
s g7 ¥ ¥e)

\
N~
(\/vv—r/\‘sg+\/Y85)ReSVPr‘“
4_?_55l_zd\ub;“;bb&l_aijﬁ\.l_a;ﬁj_é&e\}):
u\.l_awl:-l_wf_w;).}\_@;l b ojmjbjff‘u
G Ol 53 s e 4l glite il esle ole S

)sumbjdjgjbf}»jéluf&u; \Mw‘j.,a

V9

IVF] 55 e a3 (V7)) &) o

v| 0 -
;[a(ssps®s)+v'(8sps Us O )} =
(_Psi*'%s):V@"‘V'(k@svcas)—Y@s+¢ps )

S b G55 5 (CRIHR) VUG o7 syl
Yo, = «s3- il (Ko VOs) o = cdalr 5L s
S L 55 Jals dps o5 s 2 A e 55 Sl
ol slails (5550 Ll b K, s 0L | el
Gilae 0L 5 LlatS S5 e (5,850 & 50 55 5

DIV] 55 e i (VF) alal,

ke, =
va\/_psd 0N Y Y)

[Hi(”ess)gogsT*‘
(\+ess)g0 0
o \/Y
Y‘ggpsdp (1+es5)90 (fj
e e sl O seas el Sleg (655 i dslas
e 33 358 VL Sl 4 e o’l\;"“" Ol (V)
53 Ois=ed 5 plomlbr o5 5l B o bS] ladlw

Gillae 45 5505 a Jol (5 o8 4 sledslae )
TYA] 355 0 Ols (10-Ye) &¥slas

Y

O =
— Y
-K,gstr(Dg) .
e Ky
[ Y = (\0)
\/K\tr (Ds)es+\‘K,s{K,tr (Dg) +YK,tr(Ds)
e Ky
= T
Ds = (Vus (Vus) j (\%)
K\ =V(\+ess)psgo (\V)
¥ Y
K. =——d_p. (146 )&eg. —~ K (OA)
Y \“\E pps( ss)sg o
K, =
Jn
———— [+l ¥(V ey ) (e - +
dyps r(r_ess)[ (1455 ) (Tess —1)89.]
Y | Aesg. (1 +egs) QRY)

N

\‘f°\ ‘_)L:.MU c\ GJLQ-\: ‘\c\ JL« cw.‘u.@.d L LSJ.LC« le.ﬁd::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

e JEE i lwannd (5l w55 5ol 348 B, b))

adaly Gilbas (358 (6555) plydudond &ty (5555 L oel

2,8 aeslas (YY)
oT,
g oT.
‘C’gkg axj &gk 8Sj
h— wall X wall (Ye)
Twail = Thulk Twait = Thuk

K (PCp)m P

Pinst = —

,‘_gjj_a.bb_&‘d:_..oﬁvﬂ_,-um—\‘

Sl 95 533 By 53 e sla bl

23 fie gods sl bl s s liean G ol o
53 Skl Gy widl 5 ol sldbe i 3ledus
i 80 e 4 e e ey S
Sy Ghwda lae e Lo VY Gae 5 20 L Qoo gl
s (V) S 4 S a5 55 [PF] 0L e 5 55 )

Aas o QLS Ty R ul 3 pwy 3590 Jlw
o Lot 5 el S il 5 Gy s L
Sy Dol JUml 5 Salus syl 3ledde il
Uil aul 3 ol o Sslie o5 Shas lal i il 5 ol
L bl ol S ks Jle xey 0 o)l
ol b adax 5l il gle 3 Jbw iy las )8
SLsb Lo LS 05,5 8ty il Db 05,8 SE
A s Ladie 5o 5LS sles Gl L5 (58 leelS s 0
S b slwdie J e sl s ol ol as S
a2 S I e edd a8 5l s il s e 150 (52505
bd 5 oA 00 2580 BB 62 3 el ses3
G a a5 Lol s Jlasl ol s 2 L3S (5550
6L_AV._.35) sl Gl e s 5 SIS a5 0l &1 OL
5 ek T\ el D3 S S S skl 5 ol
S P I A VAN R RTI TS RTP LU

JMV“LHOJ\%waL@‘)))KQLf&‘JJ Dw]

\?°\ Ql:.m_'u c\ GJLQ.\:I c‘f\ dl.w GL;V:.L.@.A L L;).J\.G LSLQJ::))

Lo o (VY] 0 s 5 VY 5 YY) 54 ] skl 5,
J_wSVSL}QYJWQﬂ)SLJSaJJ@)ﬁGU&:J};
s @lenss ol S Culis ol s sl oy, 55 558 e
Sollr ol b e S Sl Do LSG S5
USum;(kpm).x_»le-j(kgas)L;jl_fe:l_adil_aﬁ

VAT W e JsS (.Sb- SVslee w0 (YO-YV) Lals,y olas

LYY 5¥Y
£gKg = (1= ' =g K gas (Y0)
gsks = «f\_gg [okpm + (= o)Keyi], (¥#)
w=v/veExye

(\_ kgas)B
Ykgas kpm kpm
kcyl = K [ K In B -
as as
\-B kg (- kg B)" gas (TV)
pm pm
_ \—¢
@—B—k\], B=1/vo(—2)'
Y - B gas 89

Kom
Lol IS0 i ol Sl eslinad b Sz 555 50
oot 5 el glos e sl e ol S 2yl
Bgh g B lyd slal Slleg Jioe 6550 5 Al
S5 5l U Jelame ool 11 S G b sl s
5 @b s el 5L s b S Solis (ol sl ald
PPF] s <Ll (Y8) 5 (YA) Laly, eles
r (YA)

v S
ekg = espscp‘sdpn‘ g

_\p—veg (Y4)
T os(-g)

3 S o)l ims Ol I S e Gl
S (sl g S gl a8 A S Ol se [Y4] oL
e s b S ol 5 Vb oyl b Cubl Ol
S5l adslee 5o JLS 5 alamlr Gl 5 5l Ol e e
adslee ST ag b3l dols Sl js 55 85 8 G o
s Gl oe o L ol JUSH o o555
Cowday Glalaod ows )l I o 5 L5 apalee (70)

\#Y


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

500 mm |90 mm—y)

Freeboard

mm|

176 | Bed Region -

N

Gas Plenum

—— Superficial Gas

Velocity

ot 2030 Qb s sled 7 b ) IS

5Bl & sk S W 5 VT 5 5m 50 VG (s3lgnty Jobe
sl S sl ple S 5 (Sopd ol AS e S
Jsder Gilhas (gode > Lig) o 4y S84 e sla ol

ek sds 4 Sl s (1)

Jbbu@jd).&ﬁ&ﬂjj—\c
A3le 0SS 4 Gl 53 S 53 Sde (Sileand
jadutﬁjsjmr_??uibwLAﬁvuj}le
Cogoin slals 0L e (55 58 Lol en Jlw
el Vol ol Ken Jlare 5 ailio/oo) Sl 8L LS
Lled J}- )L.:..‘)).: Lf“:"ﬁ e./\;.'\s‘);- .]a.w); Vsles .l ol
J:’)))‘ o.ﬁw_w‘l_:)l_;_é}c,ﬁj_w QYJL&G QLA)V_A&
C,_MJYL_r J"j) )‘ oalaul L> Ysles Lg)LwMjAW
aJslas o /Y L—’J—’\j’ )L.f..‘.é I3l LS‘)‘ g_ﬁtjjgdu «Vslas J?-
L e Sl sl aze /0 b ply slails (slos 5 pszago
Ll a S b5 5V L ol 6550 5 /Y ez S 0/A
55 Lol sl aliws Slasiin &5 U Olouel il glaasls
J%\JJ\L‘JJJ\J- u.:‘mA:-ijC,.w‘ ol 45\)‘ (Y) d).\;—
Sles (Jw VPYeo i Aooo 5 Sl glad sl sluss

\PY

o b i pllae Al o3 e S s s i s Ll
Ll e G G i b 0S5 Ol oleniy
L&l (g5 bt ol 3 [VOT U 35k Sl = s (655
i s olps b O3 3, S5 eules £ 5 e
G S bl a5 gl sd e pasie (0) LKsl
LS sla, s 5 sl 5 i LSl i e lge
2 S =l b rl P pde B bl sis i
553 51 (Bsw) oyl mamod SIS o s sl e S b
e (52 IS S ol (gladils OL (50 by
i S S e asila |y ol Lo s )
Soe bt 5 (V) adal) Gllas sladils 50 6l o)l 50 52
Aol Slas (6550 sl dslas (gl o)l s glals (sles

e a5 () sl IS 05

n g (O*Y)
Tw = __\/Y'@s ¢psg. —— Uslip
7 €s,max
T € . .
Qw = —TOs0ps9, — Uslip * Uslip —
4 €s,max )

LG !

(‘ - egw )psgﬂ(@z

¥ & max
&yjjr&)bgjdbwéﬂcﬁgw‘g))y)b

[YO] 355 0 Bl 555 aslas £33 o5 b slails gles

“H.Q;SQMTQQJ_?.)_, e s 1 il Joke

\‘f°\ ‘_)L:.MU c\ GJLQ-\; ‘\c\ JL« cw.‘u.@.d L LSJ.LC« le.ﬁd::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

e JEE i lwannd (5l w55 5ol 348 B, b))

.Lc\::Ob::;j\gdt.a;jé}éu.pb&urq.édu}hblgg—\ Jgd>

Jlde

ol

\V/YYO

Voof/fY

o/o Y

fYo

o/AY

YVVe

(kg/m?) 158 JI&
UKg.K) 138 055 ol § b b
WmK) 18 b S colia o5
(kg/im3) (Cs) Lol sesls S
WKgK) () dalm osla o35 lo S b b
WIMmK) () dal> esle uiu; Colds o o
(kg/m3) (Lys 1) dalom o3l S
UIkg.K) (L 1) el 3ls 0305 olo S b b
WM.K) (s J1) dolr o3bs oo 3 colis o
CC) Isn 5 o3 alsl sles
(°C) SblsT ool pe3 b o s (512 3505 $1sa sle
(C) ol los slaesl g b dlw i sl 82505 lsp sloo
(°C) (o33 ) o153 (slos
(M/S) ol el 155 53 (520,05 Slsp e e
(Mfs) azail dol— 38 23003 8305 Sl e
(mm) ol sl 38 3 03 el Sl L
(Mm) aisl dalr 38 055 53 dalr S5 s
(&g ) dalr 56 sl oz S
(SS,max>-’~‘l>. 5B ez S STas
%) sl o3, 5o Seaadl s

Sl 4l 51 INal ) 5 =Y g

(°C) s by Ot slans J gk sl asSs

av/ay AMAD
AvV/YY AREAR
AV/YA \#Y Yo
av/ys YYVOY

YOx\ e \
Yox\Ae Y
FoxYoo ¥
OfxYeoo ¥

Sl V) IS Glee Jshw Acee sl LY o) leds Aot
S0 solbwdde Jole ple 5 Shaalse glaag ;o Jals
b S 15 eslanal

\Y°\ Ql:.m_'u c\ GJLQ.\:' c‘f\ dl.w 4&.’&@ L L;).LG LSLQJ::))

L}NW?)J\OO 6‘),&LQQJS€J§JV.JJ3‘)J Jwt?-g:)bb
b o e VY o sl S 8, S L5 s L

15


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

okd Mg Slwlbws a3 5 aled Y S

(€ss) o y3=0,3 513 55b cu i U oy p =10
b ST 5 () o303 S1s S5l e il () K2
E8 5 Al e S e p W) 1 O3 5,
L db s 53 3L e ol JLisl el 55 5o s
53 dgmn & ol bos )l g 5l ol JE) 5 SSLLST el
S s a5 L s e Ol wall sl sl
o P g 2 (5 Rty 2B 308 G S5k
sl 3651 s e oS L (Sl f3,8) s el 0L
S B s A e (el i LB e SLe SOLLS
J=lsl 9 48 3500 o S S 053med G Sk
sam L ez lSTLg i D3 ol gladle s
sy ol el b 5B a8 SST ), amt oS L5l axils
DS et el 13 e LI B anhE] s ol
Sy5e Sl 93 a3 (0/0=)) e3sdmee 53 Sl SHL ol
= S e ol Jlatl & sl - Lo past) (o

Aas s 0L s w35 Sl B (e
(Bsw) o) g33—0,3 L;Zl.:;}\.: g2 ﬁsgls g Y0
o Al 5L Sl 6551 sl dalee 1 S s s L

S50 o () el plas O S rie 5 S

V20

Eou g @L:J -0
Sl 3,08 sl sl el el b s bdlw St
o3l L sl 58 sladlns e 3 ol 23 s
3 fals sladlw i s widl w3y 5 Sl b s
il sladyl 3 s a5y op 5 ol 5l ecdino
oz S g Kol IS (Jl e b gt
O O 6ol Sl ey e fLE ) e 5 sl
Sladypn oS e 48 Conl (Seelingsdn sla byl
s 23,0 b sl ey s g1 L1580 4 by e
el 5l bz, 5 S8 s gl S AS siSTar
JLasl aS 03,8 i o ladol b yo il o alaisws
b S b s ple beyles 5 ool LI (30 o ol >
o 205 bl e S5 sles Bl sl
JUazl & 5 s p 8 laesl s b sladlw s 53 5 o
Lol Sl Sl laa a0yl s 51 oyl >

Sl 35 Skl ey B85 e pskea Gl 2
5Ll ol 30T s 08 80 5 e sla el B me 5
3 ey FLEl sl ez S il (6550 by S
33 53 ey ol 355 o oy e 5 13 b gte (gles
3959 t\: Slea L ol 05,5 f«'j el calse I
5 (Ul o) ST slaoslgs b (Sl 2oy 53 122°C

55 (ps2 CI) Ve e®C el ey slaelsns L Jlw 2

\‘f°\ QMU c\ o)LA-\:A g\c\ JL«; cw.\*@x L LSJ.LC« Lgl.au.::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

e JEE i lwannd (5l w55 5ol 348 B, b))

0.6
~—+—¢ss=0.5, Bubbling
= ¢s5=0.9, Bubbling
0.5 —+— ¢55=0.99, Bubbling
= ess=0.5, Turbulent
£ 04 ——ess=0.9, Turbulent
2 ess=0.99, Turbulent
i
E=
= 0.3
e
=
= 02
=
177]
0.1
0
0 0.1 0.2 0.3 04 0.5 0.6
Height (m)
0.6 —+—¢s55=0.5, Bubbling
—#— ess=0.9, Bubbling
0.5

—#— ess=0.99, Bubbling
ess=0.5, Turbulent
ess=(0.9, Turbulent
ess=0.99, Turbulent

Solid voig fraction

0 = =

0 0.2 0.4 0.6
Height (m)

)

120
2
2 1
E
g
g 80
2
= _
B Qo0
i -
¥ w0 —+—es5=0.5, Bubbling
5 —w—ess=0.9, Bubbling
(1 ess=0.99, Bubbling
w20 ess=0.5, Turbulent
= —»— ¢s5=0.9, Turbulent
= 0 —o— es55=0.99, Turbulent
0 20 40 60 80
Time (s)
60
50 _"Z’__ﬁ
40

—_—
P —+—ess=0.5, Bubbling
—#—es5=0.9, Bubbling
20 ess=0.99, Bubbling
ess=0.5, Turbulent
10 —#—e55=0.9, Turbulent

Mass-averaged air temperature

—o—¢55=0.99, Turbulent

0 20 60 80

40
Time(s)

(b)

Sapls 53 s gis 5 dale 506 e S 5 () 653053 I3 S5k cu b ST ) Y JSS
Sl Gl (B) 5 (dsh ) 93555 15 slsn b 153 058 ¢ 5 (@) (@=0/¥, gy =/aV) widl 5 gl

(fﬁ ) g Ol ol Lo oyl s

JUPVNPSRCH 0 SIS PO S IS (ARSI O
5158 Ol 5 dalr S5 slas Il e o) aiy

.MJL;«.: dL:u Cow ) D40 LSL“(v-iJJ

(0) #S&il o ST gy 2 -¥-0
dslae o315 (b bt Sl o o s S3 S ailes
s ) S 0 a7 b S e Bl slals Ol e pe
LSSl s o Al e &S ol asia (0) ISSG s
st bt b il 35 ek by 5 (9=))
03 mles o st po JLl oz bl Wl D3 ks e

rj_f.l_lﬁT})J)ubs_ﬁ.BLﬂboJ‘ﬁbl—gC)b.}J))?lj.g

\?"\ QLL.\._'U c\ GJLM; c‘f\ dl.w cw.’m@.ﬂ DL L;JJ\.G le.ﬁd::_j)

am 3,55 p 0 DS i (55 Sl 4 Baw) o)l seame)d
adsles Gl (glails (55,0 by ,d 5o LS oy 23 |y 05l 520
—e33 Gl S5l gt L (9) S st s ()
95 53 L @;}:,Mzw,.snw CLAJ)\).,\) o)l g5
ao s bdas e Ol ilisis Sl 5 5 s 0 205 Sl
3phn edalio ol 5B oz oS ) s IS 0
S5 et Sl S S el B8 s LS
5 S widl ey blsl 5o Lol 50 ez S o)l pamed
L i polde Jlw s abiizes 51 YL laplis ) )
A S S GBSk s 8 A ke

o _iis JJ g diled ioman .M;woucapw;

V55


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

0.3 ——#— esw=0.5, Bubbling
——#—— esw=0.9, Bubbling
04 ——k—— esw=0.97, Bubbling
y esw=0.5, Turbulent
g = esw=0.9, Turbulent
k] 8 esw=0.97, Turbulent
=03
&
k-
El
02
=2
S
w
0.1
0 -
0 0.2 04 0.6
Height (m)
0.5 -
= esw=0.5, Bubbling
—8— esw=0.9, Bubbling
=04 &~ esw=0.97, Bubbling
R esw=0.5, Turbulent
’c:: —¥—— esw=0.9, Turbulent
&03 esw=0.97, Turbulent
=2
S
>
- 0.2
e
v
0.1
0
0 0.2 04 0.6

Height (m)

Mass-averaged bed temperature (°C)

_
=
~—

Mass-averaged air temperature

(b)

100
90
80
70
60
50
40 —4— esw=0.5, Bubbling
30 ——#—— esw=0.9, Bubbling
. ——d—— esw=0.97, Bubbling
20 esw=0.5, Turbulent
10 ——— csw=0.9, Turbulent
——8— ¢sw=0.97, Turbulent
0
0 20 40 60 80
Time (s)
60
50
40
nc 30
=~ : ———— esw=0.5, Bubbling
20 ——#— esw=0.9, Bubbling
= esw=0.97, Bubbling
10 esw=0.5, Turbulent
—#— esw=0.9, Turbulent
= asw=(.97, Turbulent
0
0 20 40 60 80
Time (s)

lagss 53 bos @3 5 dalr 56 emm 1S (on) oyl mam03 i3 S5k b 3T s -F S

Sl Q! (0) (sl ) g3 Bl slga b 1y3 035 0 5 () (@ =0/ ¥, B =o/2) 4l 5 sl

(fﬁ ) g Ol ol Lo oyl s

Sls 65 gl sl 850 Sl Jol mls i
5500 o eddoslu p b S Grie JS o el
s Glails glos (gl y Ll polis 4 bs e 5 L oles
Dol g L (S G p B S Sl jaside 3yl
o 2o Sbdls o o el 5B Sl G551 sl
cilie Ui s Mopd pol 56 03 oS0 4 e 5 L
FalS L g s S0 iy s e s
A e oS1 e Gladlw i 3 Gl glaas 5o
(b glasls gles So 6 SS oS S 3 i
o P G p b ) ol S a5 L S
e 30 ol DAl Ll o3 e o e 15
SLn ot s sl Sy 5 llons slallax 55

By o SOl JUsl 5 (Sslos s s

\F4%

j)HJJHdL&JG})}J{caJ Glsa b sl ly3 0 S
5 4SO Jio e S J 3 ol o3 S g )
AS 5y B e e IS o e 1y o)l gas b &l
s V-ij))bf-m»{‘*{b)‘ﬁbj‘ Sl Jlml s T es gles
Dlze 31 YL a3 0 550 WT(.{})):)@);VUJ.;-
53 5des 45 5 S doe Ol oo ol e T oy O Bl
Sladi i gl Gy G 85 B s L (/)
L;jLNJAJélﬂ&TruSﬂsux)e:ﬁ oslos gy 5 3550

2 ad ey SSlesy 5 50 8 sladlw i

slals gl e s 5“&}) WP B -f-0

e il gla 5, 6]5)644_)'\ Sl @L:} (?)J&.’:

o=l o3 deas e OLAS T (g3de > 53 (Og) slals (sles

\‘f"\ QMU c\ o)LA-\:A g\c\ JL«; cw.\*@x L LSJ.LC« Lgl.au.::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

e JEE i lwannd (5l w55 5ol 348 B, b))

0.5
——+— specularity=0, Bubbling
""‘\ —#— specularity=0.4, Bubbling
o specularity=1, Bubbling
04 = ‘\"'-;_ No-slip, Bubbling
5 r'd —#— Specularity=0, Turbulent
= \—0— Specularity=0.4, Turbulent
3 03 > | Specularity=1, Turbulent
&= No-slip, Turbulent
=2
o
- 0.2
=
2
72}
0.1
0 =
0 0.1 0.2 03 0.4 0.5 0.6
Height (m)
(@
0.5 —— Specularity=0, Bubbling
""\ ~—#— Specularity=0.4, Bubbling
o :\A Specularity=1, Bubbling
= 4 TN No-slip, Bubbling
2 ) —#— Specularity=0, Turbulent
> 03 Specularity=0.4, Turbulent
8 Y Specularity=1, Turbulent
; No-slip, Turbulent
So2 \
= .
S
@01
0 -
0 0.1 0.2 0.3 0.4 0.5 0.6
Height (m)

(b)

o 00 — =
1= = = -
B B
g 80 =
o ° P
e
£ 4
@
hafil
2 g / J —— specularity=0, Bubbling
e /A —=— specularity=0.4, Bubbling
0 - specularity=1, Bubbling
= ! No-slip, Bubbling
= ¥ —#— Specularity=0, Turbulent
2 —*— Specularity=0.4, Turbulent
& Specularity=1, Turbulent
- 0 | No-slip, Turbulent
0 20 40 60 80
Time (s)
60

o
/'_'—\‘.{’— Specularity=0, Bubbling
—#— Specularity=0.4, Bubbling
¥ Specularity=1, Bubbling
20 No-slip, Bubbling
—— Specularity=0, Turbulent
—o— Specularity=0.4, Turbulent
Specularity=1, Turbulent
No-slip, Turbulent

Mass-averaged air temperature
O

0 20 40 60 80
Time (s)

gSL“V-,’,}))’L"-’@)ﬁ)“b)bw»f‘sj((P)g‘ls‘U‘%ﬂj;tL;“)j_oJS*:‘

Sl QU (D) (Jgh ) (53555 F1s (slsm b delr 13 058 5 (8) (g =/ AV, g5 ==/ 4) ahdl 5 4l

(fﬁ ) g Ol ol Lo oyl g0 )

O 535 b doal Sl (6550 sl olas 51 Jol
5l Les M| 4;,-):();}.)0-@.{;'.:&)#4%

35505 55 L Lasl ol S Calds 2 Dl -0-0
o ($055 5 3,lakel O 5lae

S ple S Calla b B s Gl R cpl 2

o by balss el 58 ol > ol > sl

Gilhae i (5555 s 3slbud Sglite s Sy 55 b O

g bl eapidl (sade sy 4 (TO-T4) OVoles

e Sy 3,31 sl slan 3 sls s 3 o5 Gl b

%ﬂbd\ﬂ°/qjibuac):§)jj_5)bl_3}dj_e¢)_§

\Y“‘\ Ql.’:.mqu c\ GJLQ.\::I c‘f\ dl.w cL;w.L.é.A L 63.\.@ LSLAJ:JJ)

cglasls glas L;\ﬂ\f’_r Cobosae Ol s ol s

vj_é@dswbo,dws‘u.@Lﬁgbéj&:_}jduglﬁ
)l.,\_i,e&:éjf)léjﬁddbyﬁ Aas e QLS S Rl
93 2 Ade 8 ool (slals gles (gl 5 Vo oLt
JLS.}'J‘).)‘\S&‘M_SA—'Q—w‘o}\)ﬁb‘w)f))jﬁdb-
i_gk:a,:._m..:\°70Ls‘ﬁ\bdbbyjfﬂjﬁcdjudﬁs))‘?
(..ij))m.xab,-gbjjkgjjj\éwd:wé}?d&‘-;ﬁ(a}
AR ST GENES 4.:.6.541?13)):)4;.-):? syl ol
ol JWal Hy ol 63 S sl mes gl 1 (6 i gles
sles gl = sdal Csas @L:} S Sl yatie Caa—oyl g
@bj\{wu‘»)s\fo ol glals glos o S b 5 Llgs

\EA


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

0.6
~+—GT=10"-3, Bubbling
—#— GT=10"-5, Bubbling
0.5 PDE, Bubbling
Algebric, Bubbling
—#— GT=10"-3, Turbulent
504 —o— GT=10"-5, Turbulent
> PDE, Turbulent
s Algebric, Turbulent
=03
=]
=]
-
=02
=
@
0.1
0 -]
0 0.1 02 0.3 0.4 0.5 0.6
Height (m)
(a)
0.6 ——GT=10"-3, Bubbling
—#— GT=10"-5, Bubbling
05 PDE, Bubbling

Algebric, Bubbling
—#— GT=10"-3, Turbulent
—o— GT=10"-5, Turbulent
PDE, Turbulent
Algebric, Turbulent

S
=

Solid void fraction
= =
I o

0.1

0 w =

0 0.1 0.2 0.3 0.4 0.5 0.6

Height (m)

(b)

—
[
(=1}

Mass-averaged bed temperature (°C)

Mass-averaged air temperature (°C)

—
(=1
(=]

o]
(=]

—+— GT=10"-3, Bubbling
—#— GT=10"-5, Bubbling
PDE, Bubbling

Algebric, Bubbling
== (GT=10"-3, Turbulent
—eo— GT=10"-5, Turbulent

PDE, Turbulent

Algebric, Turbulent

(=N}
(=]

Y
(=]

[
(=]

(=]

0 20 40 60 80
Time (s)

60

40

30
—+— GT=10"-3, Bubbling
T —=— GT=10"-5, Bubbling
20 PDE, Bubbling

Algebric, Bubbling
—— GT=10"-3, Turbulent
10 ~—o— GT=10"-5, Turbulent
PDE, Turbulent
Algebric, Turbulent

0 10 20 30 40 50 60 70 80
Time (s)

dol> O3 05 S f,? () (Bgy =<1V, 855 =/8, @=2/¥ )N Og) sl&ils slos cyuns g, ow)yp—F JS&

(3> ) 152 0L o 4 b bos ol 31 )l QU (B) (Jgh A=) (3555 315 slsn b

O 5,555 3, ol el o) 55 YL el
e b S alion il o 03,8 B s mli b g ey
0 sl =i GL?; o S OS5 S bl 05
S Sl sl Vsl
ol s mbl el Sl e Lz e
Uoo T 53 i 4y o513 51 ol Jast aul b 3leda
23 i O3 Olgeas Y (WIMK) b S colas oo L
o)l gl U Jleo s jo Ol Jla) s a § L
Y0 (MVS) b e 5 L3l (gl YOOC sl glos ) 0°C

W) S amaar s Uas glaan s 35,5 sl ¢l

154

A e LSl s gl /Y s a3l s S5
Al s fhe ol S s o s S ) sk
K:»pfﬂl{‘}ﬁég_.)ﬁ-)wk?f&:)l‘)s‘\{ébd[)ﬂj‘&:Jj‘fdw.;‘
L YO°C s 3 3l (s tm 4 V0 0°C sbos 5 V/Y (MFS)
Yooo (UM) L 5 o/AY W/MK) Le S Culins oy,
G0 A e D3l ste Gl B (V) IS S 5
o Sl iz gla i, 5 8 S s b Jh o
IS sl anar g b e ol ) sl S colis s
Aol b s ml Colda oy bslss (gl oS ol jasiie

)‘lc,ilJ_ADJdub—@\)bgasé\jﬁj\;’;)lﬁduﬁl

\‘f°\ QMU c\ o)LA-\:A g\c\ JL«; cw.\*@x L LSJ.LC« Lgl.au.::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

e JEE i lwannd (5l w55 5ol 348 B, b))

100
95
90
85
80
75
70
65
60

55

Averaged bed temperature (°C)

—e— Standard Approach- Keff
—a—Kinetic Theory Approach- Keff

——K material

0 ) 10 15 20

25 30 35 40 45 50

Time (s)

$lon b b 038 o 8 a3 s ol JUSHE 55 50 S50 2l S alte cu e S ) -V S

osbe &L&; &:.:‘M H}"b ?;#JDJ&‘SJJS s.})‘-ul:val‘ C)Ju:uﬂ ‘SLQ.SJS%JJ\QQ‘S.}J)J t‘.}

100

90
80

70

7

40
30

Mass Averaged Air Temperature (°C)

» //p————’_”—_'

~&—k material
Standard Approach
Kinetic Theory Approach, Granular Temperature=10"-3

~#—Kinetic Theory Approach, Granular Temperature=10"-4

0 0.1 0.2

0.3 0.4 0.5 0.6

Height (m)

S35 51 (5 43 050305 5 )l S AT 3 5o Fhe ple S Culda g b il oy A S

o3be olo B Culun i 3 8 i 3 g i (595 00l hkl Sgline glas g, b Lae T

éu))‘mmhﬁmb&jbw%&jjﬁw‘um
@L—SJ Q)j_.p Oﬁ‘j‘})b.}:)‘b b)‘u\-’t—aﬂ\ &_})4{&5};

RS s Cawdd e s

@L’S ‘ﬁd...aw -0

Skl P a Jels e bt lael DUl Ll s

\?"\ QLL.\._'U c\ GJLM; c‘f\ dl.w cw.’u.é.ﬂ DL L;JJ\.G le.ﬁd::j)

JSY\_’ QJ"LA;C,.L\M g_,.ij..ol_'é‘a.)lﬁ LS‘JJASC,.le
A0S s an oylss 3l ol DUl aul b s s bue T aSle
Q).L’&)K)bj.’ml:- osle L}.LLAJ;CA“‘MV.L\J«& U’U_)fjja"
Sed= s Slar Sles ez S SIS S L s
)::)lJJL:_..u\:J&))Qouiwagdb:jl)ﬁ.ﬁag-);\“f

W.Wlobﬁjj_a &Lﬁqu‘upﬁ\ﬁw


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

100

Averaged bed temperature (°C)

~—Zhou et al. results

=& Current study results

40 50 60 70 80
Time (s)

P2 oS 53 Il 93 ksl s b odel Cms ) s O3 g sl gl alie 4 IS
(M Q\.a.“ 6}”;‘)‘ u,ﬁ‘,)ﬂu[\‘f] Qb&.ﬁ.ﬁj}j @Lﬁj

Gl adolee 5,8 15 5 b giledie .26 S planil L
S S Sl /A sl e e Sl S5
A s L mes 5 LSSl S Sl /P s e3e)d
S 5, Ky bl e e S Colds ul, o5 S
NGRS ol
S el VY Cl.é:)l 03 oyl gy Ol > Jlasl (s Lo
s de Jo e ol 5o Jl s dlaios (52555 )
Uil g o L s 5 A8 e (F0) el Sl oslizad L
(Vo) JSb s aslin 355 G55 b ool Cowsa &l >
ol Ll sy oyl sl JUE) o s il
S e mlin UG L 35 6558 5 53e b
ey Bl 5 (6o sbd g5 8 51 ey el il
5 Y b ol 5 ohs Cull Ol oS L eSS O s
G055 5 w33 s s d e 5 ol S ol
3 sl s LS S s il Sl es DS 54k
o o D)l Ll b ol 5 S oS > L
S asie p L5l S o b e il 3l sl p
A3l sl 54U 0T 4 ol &S ol Dl 2 (53505

WA

(s ol 03 ol Jl Jels gladol b s Jlw 5
@L:jlf&ju&ﬁa)lfdu:;\ubqﬁ Sl cum
S Sl 3 SN=g sl s 4 DL 5 55 goe
Al sy bie ol [PF] Al anslie OLSC Lyl 5 s
Co o b lga e g s 13 4 ’C\: Sl 5l ol Jlasl
L YO°C s b3 5l (6 mm 4 V0 0°C sbos 5 V/Y (MS)
Yooo (UM) L 5 o/AY W/MK) Le S Culins oy,
Ll LS as da () SO e s Ld 55
S5 sl dslas ades 5l ksl 5 ol s el (sl el 5L
i Sl o/ slie B S JBE s gm p b Sy
L e 5 LSSl sl o/ 5 003me0d SIS0
355 L fie e S s ol s o5, 8
sy hls ol Jlw 35 gsue By, @L:.} e lstea
Sllos o= 55 5 S Ol sy B L o Dl
2 Jo mls s Gl il pesdle il S
A L gade (gileand ooyl D)l JWl i
515 m 0L = 5 g Slb 6l YOOC sadsl slales 8 8
5 G s Sl e oo 255 031 20°C o)l s sles
3 e dee (UmM) S ld L oS58 Ol sl )

\‘f°\ ‘_)L:.MU c\ GJLQ-\: ‘\c\ JL« cw.‘u.@.d L LSJ.LC« le.ﬁd::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

e JEE i lwannd (5l w55 5ol 348 B, b))

550

500

450

400

350

300

250

200

150

Heat Transfer Coefficient (W/m?K)

100

50

Penetration Theory-Homogeneous Regime

------- Two-Fluid Model-Homogeneous Regime

Penetration Theory-Bubbling Regime
------- Two-Fluid Model-Bubbling Regime

0 02 04 06 08 1 12

1.4

16 1.8 2 22 24 26 28 3 32

Time (s)

"_)LA)'Wﬁé}uﬂ—eﬂﬁé&jﬁJm‘%}@yﬁjdadﬁ@w$wuﬁ—\° JS.:

o s (529,55 51 S0 Sl VY ol )5

23 Ll (558 Bt () o (iled s 5 Slslee
G5 SSa b e 3 sl s sy ol
S olwdds g gl O 2 i (65
sl e bdbe e o col = JRl 5 (Selusyoden
S 50 st s el e sl 8 S 13
slaas s Jals Gua b lJis ol 53 (g3de > L,
238 el ST Sl (gl o 233 (il Sl
s g S5 S5 ol a8 sl DL el el gl o) 2
DI85t s 5 5 Ol e S 5SS
e P iy 5 e iy i U e s
Gl S e 8 L s sl anesl 5 ol bl
sy e b ol 53 e b Sl
S o)l Sl Sl Ul 5 b cnl s o0
Sl S 555 o o OF ho Jlie 5 ol 1S 30 L
SV ol 3 02 e ool S ol Jl s (e
St Sles i 5 S Y s ol s OF 2315l
AU o 3050 w25 35 A 36 o )l JE) s

Qﬁﬁ@fﬂdbbqu@bwwlabf

\?°\ Ql:.mqu c\ GJLQ.\::I c‘f\ dl.w GL;V:.L.@.A L L;JJ\.G LSLQU':J))

ol aS bl syl ials W, Ol Ll L
LS s s e 53 a sl L ey e ¢l
S JURCT U - JNSE Y PO P JC K
gLl S ol e Sl ey b e 2alS OLSL e
Jsan (ol O 0T 4 Sl Alis Oy b 5 asiiie
Il g i a3 Sl 5 ol Sl
DS Ay ol Tsdome s 5 L o 20531 OLSL & >~
o el 5 Sl S35 L a8 el asiie 55
Aols 354 (5,55 3l sl (Saidl 5 58 bl

S

S S oS =
JUES) s 0lds b any ameis oUls Cdean adl 2
Sladul b 53 03 28 Sy poa bosea Jases bl 5 &l ~
Olespr o Aolas S5 eslinad 5,40 oyl > oS
o Ladlw s o ol > Ll 5 Salusy s
A OLSl (Salss il Jolgs 51 (5 2y 30 5 (Siho

Ve Sl la s, 6550 s ey s

VY


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

PLS (25 mly 5 b s

s S 2l S Colis ool S Sl > Jlasl
dw‘wﬂbbwue)\ﬁ})\ Q‘)\j} JU&S\);
Sps JisS e

discrete phase method (DPM) kinetic

two-fluid-model (TFM)
kinetic theory of granular flow

o

ANSYS Fluent 16.0

5.
discrete element method (DEM) 6. penetration theory
7.
8. semi-implicit method for pressure

sladl s 53 doalr Slas 65 51 Gl dolas (6
L aS oo 5o s o Cwday plis GLM (.5();»
slalax 5 - glasls gles ¢l o b slis 6,880
S s (Sl o 55 s a5 ko

MUojb

9. second order upwind method
10. under relaxation factors
11. emulsion

(KTGF) linked equations (SIMPLE)

1. Yusuf, R., Melaaen, M. C., and Mathiesen, V.,
“Convective Heat and Mass Transfer Modeling in
Gas-Fluidized Beds”, Chemical Engineering &
Technology, Vol. 28, No. 1, pp. 13-24, 2005.

2. Martin, H., “Heat Transfer Between Gas Fluidized
Beds of Solid Particles and Surfaces of Immersed
Heat Exchanger Elements, Part 17, Chemical
Engineering and Processing, Vol. 18, pp. 157-169,
1984,

3. Kunii, D., and Levenspiel, O., Fluidization
Engineering, Second edition ed.  Boston,
Butterworth-Heinemann, 1991.

4. Ranade, V. V., “Computational Flow Modeling for
Chemical Reactor Engineering”, Fluidized bed
reactors, India: Industrial Flow Modeling Group
Chemical Engineering Division National Chemical
Laboratory Pune, pp. 367-402, 2002.

5. Abdelmotalib, H. M., Youssef, M. A. M., Hassan, A.
A. , Youn, S. B., and Im, I. T., “Heat Transfer
Process in Gas-Solid Fluidized Bed Combustors: a
Review”, International Journal of Heat and Mass
Transfer, Vol. 89, pp. 567-575, 2015.

6. Ravelli, S., Perdichizzi, A., and Barigozzi, G,
“Description, Applications and Numerical Modeling
of Bubbling Fluidized Bed Combustion in Waste-to-
Energy Plants”, Progress in Energy and Combustion
Science, Vol. 34, pp. 224-253, 2008.

7. Singh, R. 1., Brink, A., and Hupa, M., “CFD
Modeling to Study Fluidized Bed Combustion and
Gasification”, Applied Thermal Engineering, Vol.
52, pp. 585-614, 2013.

8. Torfeh, S., and Kouhikamali, R., “Numerical Study
of Different Gas-Solid Flow Regimes Effects on
Hydrodynamics and Heat Transfer Performance of a
Fluidized Bed Reactor” Heat Transfer-Asian
Research, Vol. 49, No. 1, pp. 213-235, 2020.

9. Wachem, B. G. M., Schaaf, J. V. d., Schouten, J. C.,

VY

&'y
Krishna, R., and Bleek, C. M. V. d., “Experimental
Validation of Lagrangian-Eulerian Simulations of
Fluidized Beds”, Powder Technology, Vol. 116, pp.
155-165, 2001.

10. Taghipour, F., Ellis, N., and Wong, C,,
“Experimental and Computational Study of Gas-
Solid Fluidized Bed Hydrodynamics”, Chemical
Engineering Science, Vol. 60, pp. 6857-6867, 2005.

11. Mostafazadeh, M., Rahimzadeh, H., and Hamzei, M.,
“Numerical Analysis of the Mixing Process in a Gas-
Solid Fluidized Bed Reactor”, Powder Technology,
Vol. 239, pp. 422-433, 2013.

12. Mehdizad, M., and Kouhikamali, R., ‘“Numerical
Investigation of the Minimum Fluidization Velocity
in a Gas-Solid Fluidized Bed Using Discrete Phase
Model”, Journal of the Brazilian Society of
Mechanical Sciences and Engineering, Vol. 40, pp.
272-288, 2018.

13. Bakshi, A., Altantzis, C., Bates, R. B., and Ghoniem,
A. F., “ Eulerian-Eulerian Simulation of Dense
Solid-Gas Cylindrical Fluidized Beds: Impact of
Wall Boundary Condition and Drag Model on
Fluidization”, Powder Technology, Vol. 277, pp. 47-
62, 2015.

14. Agrawal, V., Shinde, Y., Shah, M. T., Utikar, R. P.,
and Pareek, V. K., “Effect of Drag Models on CFD—
DEM Predictions of Bubbling fluidized Beds With
Geldart D Particles”, Advanced Powder Technology,
Vol. 29, No. 11, pp. 2658-2669, 2018.

15.Bian, W., Chen, X., and Wang, J., “A Critical
Comparison of Two-fluid Model, Discrete Particle
Method and Direct Numerical Simulation for
Modeling Dense Gas-Solid flow of Rough Spheres”,
Chemical Engineering Science, Vol. 210, 2019.

16. Mostafaei, F., Golshan, S., Zarghami, R., Gharebagh,
R. S., and Mostoufi, N., “Investigating the Bubble
Dynamics In Fluidized Bed by CFD-DEM”, Powder
Technology, Vol. 366, No. 15, pp. 938-948, 2020.

\‘f°\ ‘_)L:.MU c\ GJLQ-\; g*\ JL« cw.‘u.@.d L LSJ.LC« le.ﬁd::j)


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-22 ]

[ DOR: 20.1001.1.22287698.1401.41.1.3.5 ]

[ DOI: 10.47176/jcme.41.1.8861 ]

o JUEB (Sluwand gl S 53 ol goae Sy, b))

17.Hou, Q. F., Zhou, Z. Y., and Yu, A. B., “Gas-solid
Flow and Heat Transfer in Fluidized Beds with
Tubes: Effects of Material Properties and Tube Array
Settings”, Powder Technology, Vol. 296, pp. 59-71,
2016.

18. Ngoh, J., and Lim, E. W. C., “Effects of Particle Size
and Bubbling Behavior on Heat Transfer in Gas
fluidized Beds”, Applied Thermal Engineering, Vol.
105, pp. 225-242, 2016.

19. Ostermeier, P., Dawo, F., Vandersickel, A., Gleis, S.,
and Spliethoff, H., “Numerical Calculation of Wall-
to-Bed Heat Transfer Coefficients in Geldart B
Bubbling Fluidized Beds with Immersed Horizontal
Tubes”, Powder Technology, Vol. 333, pp. 193-208,
2018.

20.Li, B., Ma, M., Yu, Y., Chen, C., and Zhou, C.,
“Particle Scale Study on Heat Transfer of Gas-Solid
Spout Fluidized Bed with Hot Gas Injection”,
Particulate Science and Technology, Vol. 36, pp. 1-
10, 2018.

21.Wang, L., Yuan, W., Duan, S., Sun, J., and Xu, L.,
“Experimental and Numerical Investigation of Heat
Transfer Characteristics in an Internally Circulating
Fluidized Bed”, Heat and Mass Transfer, Vol. 55,
No. 4, pp. 1195-1205, 2019.

22.Patro, B., Kumar, K. K., and Krishna, D. J,,
“Prediction of Local Heat Transfer Characteristics of
Dilute Gas-Solid Flows Through an Adiabatic,
Horizontal Pipe”, Heat Transfer-Asian Research, pp.
1-20, 20109.

23.Xue, J., Xie, L., Shao, Y., and Zhong, W., “CFD-
DEM Study of the Effects of Solid Properties and
Aeration Conditions on Heat Transfer in Fluidized
Bed”, Advanced Powder Technology, Vol. 31, No. 9,
pp. 3974-3992, 2020.

24.Chang, J., Wang, G., Gao, J., Zhang, K., Chen, H.,
and Yang, Y., “CFD Modeling of Particle-Particle
Heat Transfer in Dense Gas-Solid Fluidized Beds of
Binary Mixture”, Powder Technology, Vol. 217, pp.
50-60, 2012.

25. Gidaspow, D., “Multiphase Flow and Fluidization:
Continuum and Kinetic Theory Descriptions”,
Boston, USA, Academic Press, 1994,

26. Hamzehei, M., and Rahimzadeh, H., “Experimental
and Numerical Study of Hydrodynamics with Heat
Transfer in a Gas-Solid Fluidized-Bed Reactor at
Different Particle Sizes”, Industrial & Engineering

\Y°\ QLL...JU c\ E)LQ-\:J 6\‘\ JL\,«: cw.h.@.ﬁ L L;JJ.P L;LAJ:"J)

Chemistry Research, Vol. 48, pp. 3177-3186, 20009.

27.Gidaspow, D., Bezburuah, R., and Ding, J.,
“Hydrodynamics of Circulating Fluidized Beds,
Kinetic Theory Approach, In Fluidization VII”,
Proceedings of the 7th Engineering Foundation
Conference on Fluidization, 1992.

28. Abdelmotalib, H. M., Ko, D. G., and Im, 1. T., “A
Study on Wall-to-Bed Heat Transfer in a Conical
Fluidized Bed Combustor”, Applied Thermal
Engineering, Vol. 25, pp. 928-937, 2016.

29. Kuipers, J. A. M., Prins, W., and Swaaij, W. P. M.
V., “Numerical Calculation of Wall-to-Bed Heat-
Transfer Coefficients in Gas-fluidized Beds”,
American Institute of Chemical Engineers Journal,
Vol. 38, pp. 1079-1091, 1992.

30. Abdelmotalib, H. M., Youssef, M. A. M., Hassan, A.
A., Youn, S. B., and Im, I. T., “Numerical Study on
the Wall to Bed Heat Transfer in a Conical Fluidized
Bed Combustor”, International Journal of Precision
Engineering and Manufacturing, Vol. 16, No. 7, pp.
1551-1559. 2015;

31.Zehner, P., Schlinder, E. U., “Warmeleitfahigkeit
Von Schittungen Bei MaBigen Temperaturen”,
Chemie Ingenieur Technik, Vol. 42, pp. 933-941,
1970.

32. Gidaspow, D., and Syamlal, M., “Hydrodynamics of
fluidization: Prediction of Wall to Bed Heat Transfer
Coefficients”, American Institute of Chemical
Engineers Journal, Vol. 31, No. 1, pp. 127-135,
1985.

33.Hunt, M. L., “Discrete Element Simulations for
Granular  Material flows: Effective Thermal
Conductivity and Self Diffusivity”, International
Journal of Heat and Mass Transfer, Vol. 40, No. 13,
3059-3068, 1997.

34.Zhou, Z. Y., Yu, A. B., and Zulli, P., “Particle Scale
Study of Heat Transfer in Packed and Bubbling
Fluidized Beds”, American Institute of Chemical
Engineers Journal, Vol. 55, No. 4, pp. 868-884,
20009.

35.Johnson, P. C., and Jackson, R., ‘Frictional-
Collisional Constitutive Relations for Granular
Materials, with Application to Plane Shearing”,
Journal of Fluid Mechanics, Vol. 176, pp. 67-93,
1987.

\V¥


http://dx.doi.org/10.47176/jcme.41.1.8861
https://dorl.net/dor/20.1001.1.22287698.1401.41.1.3.5
https://iutjournals.iut.ac.ir/jcme/article-1-868-en.html
http://www.tcpdf.org

