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Fig. S1. Schematic diagram of spout structure in spouted bed
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Fig. S2. Flow chart of solving EMMS equations

No

No



—®‘1 < Recorder
Q‘N L\ H><]Jﬁ ,,—,} & PID

Al

1r

(m's)

\J

gas,max

A1p-3om

i)
< /
g
E

Slurry tank

Idjawounat)y

TC

Bag filter

e

Exhaust

N

f;—J_;’—;—\

Iajawu e10yg

. Spouted Bed
Orifice meter

Cold trap

Y @r

SO2 analyzer

=y 1o
[ L

Hot air
generator

19M0) [95 BOINIg

Ribbon heater

Fig. S3. Schematic diagram of powder-particle spouted bed for semi-dry flue gas desulfurization
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Fig. S4. Grid and time step independent verification
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Fig. S5. The contour of the particle radial velocity vector in the spouted bed (z=0.16m)
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Fig. S6. Contours of water volume fraction under different drag models (T=6.9s)
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Fig. S7. Contours of mass fraction of H>O in gas under different drag models
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Fig. S8. Contours of SO, molar concentration under different drag models
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Table S1 Governing equation and constitutive relationship of spouted bed

Conservation equations

Mass conservation equation

d .
a(gwpw) + V- (ewPuVw) =0
Momentum conservation equation

0 R N —
a(gwpwvw) + V- (ewPwVoVew) = _awVPg +a,pug+V- T,

Energy conservation equation

_(“wpwﬁw) +7- (awpwﬁw/zw) =—a,—+T:Vv,—V-q,

0 v,
dat dat

Component transport equation

4 i iz 7i i i

a(awpwyw) +V- (awpwywvw) =-V- aw]a) + awa + awsw

Granular temperature equation

3[o R NN

E [& (awpwew) +V- (awpwewvw)] = (_prI + Ta)): Vva) +V- (kwvew) - VBS - 3.395
Constitutive equations

Turbulent kinetic energy equation k

a —\ __ :ut,q

a(aqquq) +V- (aqququq) =V. aqg—kaq + a,Grq — agpqeEq + aqpq]'[kq

Specific dissipation rate equation

d — He, €
ot (agpqeq) +V - (agpeeqtiq) =7V - <“q G_kq ng) T aq k_q (CieGrg = CaePqeq) + %qPqlle,
q

(T1-1)

(T1-2)

(T1-3)

(T1-4)

(T1-5)

(T1-6)

(T1-7)




Table S2 Hydrodynamic equations of EMMS model

1.Momentum equation of dense phase particles in unit volume microelement:

f

3 fl—¢) 3
C, < ngszc'l'ZCdid ngUszi =f(1_£c)(pp_pg)(g+a)
c

 ~d
47T g

2.Momentum equation of dilute particles in unit volume microelement:

3., =N &)

7 Car 7 pgUs = (1= A —e)(pp — pg)g + a)

14
3.Pressure drop balance equation:

1- sf) ) f 1 ) 1—¢,
Ca a pgUsy + ﬁcdid_clngsi = Cdcd_pngszc

4.Mass conservation equation of fluid:
Ug = Ugef +Ugr(1—f)

5.Particle mass conservation equation:
UP = Upcf + Upf(l _f)

6.Voidage equation:

&g =ec-f+ef(1—f)

7.The correlation of cluster:

U U,e
___p pemf
dp{l — mar [Umf + 1— gmf]}g

N Nstpp/(pp - pg) - [Umf + Upgmf/(1 - gmf)]g

dcl

Where Ny = [U; — =2 (1 - f)Uf](g + @) ”"'g”g

1-g4 p
8.The stability condition:

N _ [Ug( — &) = fUs(er — &) — f)]

= min
Nr Ug(l — eg)

(T1-8)

(T1-9)

(T1-10)

(T1-11)

(T1-12)

(T1-13)

(T1-14)

(T1-15)

(T1-16)
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