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Original Research Eulerian—Eulerian model. In this study, the effect of the specularity coefficient, which represents the degree of

tangential momentum transfer during particle-wall collisions, was examined. Two-dimensional simulations were
carried out using the kinetic theory of granular flow for the solid phase, and the obtained results were compared with
available experimental data as well as numerical results based on the Eulerian-Lagrangian approach. Different values
of the specularity coefficient (0.005, 0.01, 0.05, and 0.5) were considered, and their effects on the hydrodynamics of
gas—solid flow at different bed heights were analyzed. By comparing the present results with previous Eulerian—
Lagrangian simulations, the maximum deviation in the time-averaged vertical particle mass flux was found to be 6.5%
at the bed center and 18.1% near the wall. In addition, the differences in the time-averaged vertical air velocity at the
bed center ranged from 5.7% to 20.4% at different heights. These discrepancies can be attributed to factors such as

Artic'le History the drag correlation, solid restitution coefficients, and solid pressure and viscosity models, which were not examined
Received: January 11, 2026 in the present study. The results indicate that increasing the specularity coefficient enhances particle—wall friction,
Revised: February 06, 2026 leading to a reduction in the solid volume fraction and solid velocity near the wall. Based on the obtained data,
Accepted: February 16, 2026 specularity coefficients of 0.05 and 0.5 show the best agreement with experimental measurements and Eulerian—
ePublished: March 04, 2026 Lagrangian model predictions.

Keywords: spouted fluidized bed, specularity coefficient, gas—solid flow, Eulerian—Eulerian

How to cite this article
Khosravi-Bizhaem H, Numerical study of the effect of specularity coefficient in Eulerian-Eulerian simulation of spouted fluidized beds.
Modares Mechanical Engineering; 2026,26(04):293-305.

*Corresponding author’s email: hkhosravi@birjandut.ac.ir
*Corresponding ORCID ID: 0000-0001-6879-5741

Copyright© 2025, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build

upon the material) under the Attribution-NonCommercial terms.



https://mme.modares.ac.ir/article_28235.html
https://mme.modares.ac.ir/index.php?slc_lang=fa&sid=15
mailto:hkhosravi@birjandut.ac.ir
https://orcid.org/0000-0001-6879-5741

L, 1EOFT(+0): PP 40 . uyto Sl (uwtiguo £HE V=139 UL

* -
UY)R ui,g'.io (Y0
DOI: 10.48311/mme.2026.118839.82944 } P
mme.modares.ac.ir :dxo ol d=io . /m.'.'/’/j!%l}

S yitanny Sealinagysam (5 5higl-(5 kgl (g3lwdindd yd ulSail sy 3T (9345 dallhe
Gl

Fedlin o mws sl

Ol (i iy isiue sl (3lge § Sule (swiige 035l (SlSe udigo 09,5

oaS> aJlio wileMbl
03 uny (§xhsl-(obisl Jdo b (342 wiygo 4y Gilisd e s 53 30l (5595 Lz Saelinng e dJlis g4
- 03 35935 wolow Wl Jt! (yliae )Slu a5 438,35 )8 aellho 390 (swlSail s il Uhgis ol 53 el gy dlie

&0 5 el sol> 51 sl slails glye iz (65935 51 oaliiul s (gas95 wygo 4y (gilwdand el g
e[ ++0) (swolSsil oy aliteo yuslio .l o0 duolio (6351,8Y- (g bgl sBus (634 g (1y23 slaosls b Jol>
cilido slaglasyl )3 sel>—35 (55893 plyz Saslusg,ium 95 o Sl 5 oad i8S 45 )3 (10 g +/+0 v/

O coadag wlallae HLSY-(65bsl (g5ludud b pol> (hg) @l dulio b ol oad (uyp s

Wlis dmi )i
OS] .o osdlie LA/ )lg,p USJJ)J BEY) '/."\/OM)‘S)A)J ol)i (53908 (50> )Lfb Sbej hwg,m L5|)-.’ s | ’

Vet /)e V) sl p

5 el sy Cilizee (slaglasyl (gl 7Y+ F B LAY 51 i 3550 53 l9n (53908 ey (Sloj bwgio i o VLMY 6,555
SLid (sleae crelz Sl calpd g @5 aiile (oS 150 @ Glsige bt gu @slad s ¢ ytage VELNYY Gy

o Sl G pd Glalisl a0 lid il .l oddd uyy Gidgd ol 55 45 35S o)l sels i) VL \WNY 23T iyl

Jls2d (S35 )3 Selz ey (LalS g selz S ez S hals azil 53 5 5l93 9 03 o Sl il
o EialosT 2ulio b 1y Gl oy yigs +10 g +/+0 uolSal o pd jlade odal cawds slmosls 4 d>gi b .59 (10

A3 glid g 38Y-( skl Jio g

&obsl- bl el Gl pulSail cops (Slgd Yl s aoslyanls

dlis ol 4 glayl o9

Sl usige «ihed Jluw s Saeliudg )i xbgl-xbsl il dud ;3 Sl coypd (g330 asllhe csol> @ilin (g9
1£.:0:FT(-0): P P40 . uysn

hkhosravi@birjandut.ac.ir :esliKe jlaosge oimngd (Sudg Sl o
0000-0001-6879-5741 :sLiilSeo ) 30g¢ odinsh 45 duwlich

Copyright© 2025, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build

upon the material) under the Attribution-NonCommercial terms.


https://mme.modares.ac.ir/article_28235.html
https://mme.modares.ac.ir/index.php?slc_lang=fa&sid=15
mailto:hkhosravi@birjandut.ac.ir
https://orcid.org/0000-0001-6879-5741

140

DT ohlSean g 68 am3e li31 |y i )3 @l (538 oo
s ($xksl-6ohsl 3l A )3 Sl il oy
Solz (les il g 395 eyl Sl sl Jlw
Gy @S Las Jie ol Laly Glis g L3550 esliiwl
U cund BBl o3l b ol Shelius 5 @l &9
Jie 51 V] hlSes ¢ 150553 am3se (Lt guly el (slaie
& &8 wlid bWl gase Julxi ps |y Sl (il g L
i L33ed Guyy solisl-s bl gy 4 eyl (Type B)
olize G Ol 595 S kel (i Jae w30 plis Ll
O Jae oS Ul 53 g el SIS 5l @l 4 wlyd by
Gly Jlaie 1 G bW @l ogds eslitel S Kkl
33850 (At

T o 4 dly sl (olisl- ksl (3ldse addse
sLid g Sl sladse ) 5 55 laslé o sl Jolas ples
il eaeS S35 63 g 55 G bbb el 5l
658N > lize Jalse 33l e @ lshd slapimsk
hod s 9 Jhw iy 3 dhwgs by wds 5 gl
By cowlus Judx=i [AY] ohKen g olac Aildis sy
LS @ilgi crelo>—38 Jolsi ;3 Ly (59,5 J3o 4 (s 5bgl-(5 5k
oeled &jg8 &L g selz djsSung cdelz (iS5 Houili el
Luy (5908 Jao 218l Ll sy ool 1y JS0s slavoaS
Gurd e 5l (sile and @85 53 Jele oyl sl
Vg A By 4 lsas-0)d GulSil Copd g 0y3-03 eSSl
9 Sdge am3e plis aKinlel i b 1y Gl oo yi
&6 S Ghed s xbsl-sbsl ilwdnd 5 [V e
5 03-0y3 et Sil oy ez Jlid (Sl @515 s> g
250 lSal Cpd 38l 5 3535 Gy |y ulSl Gy
lodd @85 )3 0303 wuliSil s U e (g
Ll Ghed Jlow yiws Saslinagyae DY) phlSes g 5315 .51
Gules bl 5l g 03game sl g dw (sildse
[004] phiSen 5§ i g3ae 5 aEiulel i b g el
Cops cwlio jlade I eslaswl wisls lad LT 255903 dunlie
A2350 Gl @l ) (giludand @83 clyS (53900 355y
Iy il (o yidin (Hill-Koch-Ladd) WJ-zgS-Juo slun Jio g
Ao pldd oy sleesls b ldse ple a4 cuwd

Teo o (gjledie JUS 5 sese glid GlS wilsllhae
B33 it 53 )b 550 03 5 58 (sl Jlsas (530 bty
S92 S50 by Ygama 556 (sl 0)ls ol Saalinng i
osliiul (guSz g gowily dhly sl B sy g B3R pas
09uSZ 9 gl s (G50 by 53 Sl s 3950
b 0)d 3ys2p 53 ulew alSS JUl huwgite cowd oS ol
Ol =+ jlaie .l psiie SO U jho 51y ol -l g
0=\ )lade g (3T Lised) glan] YolS Bl Hlgas b 35955 snimns

Modares Mechanical Engineering

Giled Jlaww sty Sgolizsgssar (5 5hagl-(65lsl (55 luanad 53 uulSmil gy I (5342 dnllbo

dodio -

Ghsive o315 51 (65l 53 talz—5I8 ilgs Jluws (Lo
sl pla g oy iy (g5l 638 oy S wike
o YaolS yius Gilygd HLdy o 53 39450 oalaswl iz
g ey (Sujud olyd cdwain aiibe (g3,SLee baylyi il
Glayiun dowgi g >hb 1] 313 418 coless cepw 5 Giliss
G saad Sy ol sz waub Js 4 w8
03930 (§lp &5 (S Jse dowgi gy il 31 .3)s (=T gesls
Algis gy g ably eslaiwl HB izie gboay)S 5l oy
V] Sy S5 s (39 38 sl ealed i e |y 25 s
P 53 @3 9l plyz @l eslatul 390 (33¢ lagls,
Jie 39d 0 (g IS dilws 93 4 Logas (Sligd Jlw
Ulwsgs Jse 5 HIY-s5ks! sBas b (DEM) lize Lol
L Glshs sbagimgiy ¥ ©bsl-s ksl oBas L (TFM)
sy )3 selz-38 plz Gup 4 358 lagds, 5l esliial
s Li.\.ALujs)M [¢] Ul)LiAm 993 J.Jld.o‘.))J U.J|)99 LJIM
o EDSY-(s5bsl Jae b (63959 58 e bz 93 b et
o (5ihgd ol 95 b sels g 58 b wisls ¢liad g ais,S
@y b 1[0] glSes g il b0 3900 2y <l 4
G dw wygo 4 (g8 Jlw s Cilie o) dw 55 el
aslllas oo ledl gy 42 (s 3LSY-(5 gl o8 3l eslial g
Jlw s 53 58 e plyz o« olSia wl,s Ll aisged
ohler 5 93 030 (59, Jela LW & 5 (o )l 3929
Jlws sy )3 20258l Saalinsg, im0 jlad 31 7]
0313 418 Gy 390 $33e 9 el wyge 4 |y il
OB, 51 Jlom s (sam 93 A (g3 (53l sl kil
oo LS Gl a8l g Wiaged eslitul (g 3,5Y- (s byl
2395 4o 53 9 3948 (50 Ll slass ol3él g el yhs tals
33850 e lgiSy s omly 3 @l

whd eSy> yuue HHEY-(55bgl o8 ;5 Sl @ azgi b
4 bl wlulee dgje @l slaes (a8l b ogd e JLis
s 3ol lyd slami 4 liles ;3 13 . bse Lialisl e
o8 4> 51 gy ol 31 s oalaiwl (LIS (3yls 3929 (6305
4B 5 w350 |y pilus 98wy ySlo ols> (kg5 k!
Ao a4 dzgi b bl ccuwnd wld SO S 385 o (sl
S cuaige Blus 53 Joid BB wds 5 55 paaly wlwlxe
slocaaS il dlugs rhsl-rksl Gogy 4 Rl Jlw
Capd g )le—0)d wo)d-0d Sl caps alex I 3950
3gad asllho lyz Sueliasgyiee 655 1) slses-0,d ulSall
JURNIS UV Y FUTNIPNL S0 of PRRSPIVE R e PR Y1 |
el oo G381 &S Gl s yls gl Seelindg e

Volume 26, Issue 05, May 2026



o dulie (2 (sloosls b g 485 1,38 aslllas 3,50 (5 5bs]
slmosls Golool 53 633 5 55 (S Lolgs 3 sk Jao cudl
ot o5V ol 538 @3 [10] hlSam 5 Sid o Kitlej]
9 [T ghlen 5 (saumw slize glodl Jo (s33¢ J> alis 5|
L srksl-oksl Jo il awalio gl DV] bl 5

el o oalital (g 5L,Y- g ,Lug!

Sd4e Ry =Y

655 31 033318 olayz (55l s (sl s sl- s gl B 5
odlaiwl (Kinetic theory of granular flow) L.S' dily L_;Lo) (i
a0y 95558 Jaw ol 53 39850 oslaswl 31 4o (gl Jaius
Slawle Jolw 0 55 5 dhazd ja 53 1da3s85 Slabay=e wys0
gl e 48,5 Jlas 5>

Sl wisles -)-Y

0y3 Jolai hrogl (sl a5 baily) 5 518 s (gl iy wYslse
6095 31 eslatunl b 0y3-0)3 Jolai g gaulasS (glug Joo b Jlww
YY) ol oais oslasiwl (gldils (bys (ebais

sladbily Gilhe oy 4 sel> 558 Glajls (Swgy wYsles

Aisdie aidg (V) 5 ()

2 (aypy) +(a,p,7) =0 "

2 (@p) +¥(ap) = 0 ™
ASe Gheo (V) dhly )3 a5 @y lacaeS

ag+a;=1 ¥

g 50 gl (B) g (F) sladaly Glkhe GIST gldy wYslee
52 (@) + V(agpgVyVy) = V% — ayUp +
agpgg = Bys (Vg' - Z)

2 (aspsV;) + V(aspsViV;) = V-, — a,Vp — Vp, + ()

aspsg‘*'ﬁgs(vy)_z)
cwlitte sols wilyd Siuis (g5l b sels wlyd glals sles

)

(V) daly eyg0 @ sels @ilyd gldils sles sldy dslee g cwl

D9 (0 iy

3[% (aspse) +V- (aspsvs)g)] = (_pslz + ‘?s): VV; +
V- (kgsVO) — yos — 380

alaly Ballae ays 4 sol> g 55518 (25 Heuili 398 ¥lae 53

*)

3380 s (A) 5 (V)

7 = agug [V, + (- %) | -5V 7,1} 40
‘T'S:asyS[V-V;+(V-VS)T]+as(ls—§us)v-7;1: ()
9o iy (1) dhaly Gillao 5 cuol del> 51 HLES py cueS
Ps = aspsB + 2ps(1 + egg)a? goes0 Q)

38l s il Gid dw el @S Ghy e
cwl odds S Sl g (s
Hs = Hscor T Usin + Hs,fr (\’)

Vo0 cudigaadyl od oylad V7 0593

Sl (gopmi 20> VAP

wnlie 4l (OB pae) 25 1925 b it Vol 3y 5 Sl
3235 653 ooy Sl o ulSall cops laie j3 (Ko
3 b oyd 393y o @y Lules ey 11 3l 3929
o Skl (o 1 )5 eolSal alyd 3 Lol 035 oy
3oy plie @l Gules ey (alS cow Jlsis 5 od
siilo (g3amie Jolge 0 aolSasl Cops oo [1TVLY] s9dso
ol ditugly Wooylgas (Gond) duwsisn lgas 9 0)3 puiz )3 g5
o Gilallhe 1] 3185 3329 of dunlxe sl (et Gbs; 9
b aulio 5 5oy agllhe b By onis olail (osas ol 5
Mg el b gl S (5slae (25 slaeslsy
V] silesls

sl 1y B3 5 ST GulSall cops il PA] ohlSen 5 Silgj
2313 ol Jlw s (5 5kgl- (6 xkg (8 aw 4 (g5l
oSl cayd iy glalasy wolate (uiz 4 azgi
bl wyge 53 sl Ll g 28,8 a5 s Layylgas (gly wglaso
wdly ey (6588 @l @ plgice oplie ol e
Ol 11031 ytiton Sl caps (ol b il (uicen
4 2ol ey GSaelinagy e )L 5 whige plals wad 4
@l sl plas D] ghler 5 gl ubipe jmss glaixd
Sol> rd B3R (G50 byd (leSa 03-03 3955 )yl
» Gz b e s @) G e 5 (0=+/T)
LV ohlen 5 b 38 0355 glyr Salisg,us
&G duglio g Jlwo ylu (5423 duw g (493 (533 (Lo
ESIReES 350 Sl gy sl oldd o= gosls b gaae
oS o) @ T latie GaalS b Gy 3yl o JEli (g5,
ol izen 39de simlive I ez S 5l glite
o Jlaie 4 sl ploy b aely azs lwgie wieyw
ey ol capd ORI L g el dluly ulSsl
LIV ohlSe 5 o pll ube pals whd ez bugie
b als lid Jluo i (423 4w 5 (53095 (533 (il
ey 9 LRIEl ole ey g b8 (Sl cape plals
laceyw ;3 138l Ll Ao Jro (sl coows 4 Ly
Ll Gl guyige /-0 Sl Caps jlade ol (53958
(05 (399 ey 53 Sl 53 e glis S sleosls
Canly 0115 Gl 4 330 LS (5ytgr )i /A ke
Ao dolz 51 i) ey 4 GulSell o

Cand s oSl 2Bl wyze 4 ulSel o ps s
= ol Lo 13 cunnl ot ) T 5283 3,910 (sl 09 595 9
DAV sl Ga&iolo;T claosls b dualio 51 T e 39290
235 pogas 33 amgi oSl s pladl wlallas 4 423 b
Jlw sy 3olz—55 glye Saolinsg,us » ulSal cops
aa ol 3l 8l Gy 53 ) ol 31 el 003 ()15 il
—oksl Uhg) 4 et Jlw s 53 95 gl 533 S

Urte SpilSe udige sole doliole



yay

6 Hs®smax aVs,w

3 (Ppsgo,ssas‘/g on

)

‘_/.;,W:_
sl o Gy ol coys @ ol jd aS

W
]

slot

| I
ot 1111

D] g5 Jles s (sm195 dwssion Siilas )b 1 JS
Fig. 1 Schematic of the 2D geometry of spout fluidized bed

Parameter Dimension Value
Bed height (H) m 0.75
Bed width (W) m 0.15
Slot width (Wsior) m 0.01
Static bed height (Ho) m 0.13
Air density (pg) kg/m? 1.225
Air viscosity () kg/m.s 1.7894 x 105
Particle density (ps) kg/m3 2526
Particle diameter (ds) mm 235
Spout velocity (us) m/s 30
Fluidization velocity (ur) m/s 1.5
Particle-particle restitution coefficient - 0.9
Particle-wall restitution coefficient - 0.2
Maximum packing limit (tsmax) 0.63
Specularity coefficient (¢) 0.005, 0.01, 0.05, 0.5
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Table 1 Geometric dimension of bed and physical properties of each
phase
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Fig. 3 Time averaged vertical particle flux for different specularity
coefficients
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Fig. 4 Solid volume fraction over time for specularity coefficient of 0.05, (a) present study, (b) Saidi et al.
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Fig. 6 Time averaged vertical air velocity for different specularity
coefficients
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Fig. 8 Time averaged porosity for different bed heights
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Fig. 9 Time averaged granular temperature of solid for various specularity coefficients and different heights
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