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NUMERICAL ANALYSIS ON PRESSURE DROP IN EXPANDED BED ACCORDING TO
TUBE-TO-PARTICLE RATIOS AND REYNOLDS NUMBERS

S.W. Bae' H.G. Sung® and T.S. Roh”

Characteristics of the pressure drop in an expanded bed have been compared to those in a packed bed for
numerical study of the interphase drag in gas-particle flows. A numerical analysis of the pressure drop by the
particle drag has been conducted according to the tube-to-particle diameter ratios and Reynolds numbers for
comparison. As the tube-to-particle diameter ratios increase at the same Reynolds number, the pressure drop tends
to converge. It has been confirmed that characteristics of the pressure drop in the expanded bed are similar to

those in the packed bed.
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Nomenclature

D = Tube Diameter

d, = Particle Diameter

Re = Reynolds Number

A = Tube-to-Particle-Diameter Ratio (D/dp)

€ = Porosity
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Fig. 1 Tube diameter and Particle diameter
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Table 1 Geometrical details of models

Particle diameter [m] 0.01
Layer[-] 6
Porosity [-] 0.73
Total cylinder length [m] 0.325
Inlet bed length [m] 0.03
Bed length [m] 0.065
Bed outlet length [m] 0.23
Tube to . Number
Particle _Cylinder Number of of cell
Diameter diameter [m] particle [-] 3
Ratio (\) [< 107
2.62 0.0262 18 269
4.78 0.0478 60 714
7.10 0.0710 132 1,408
9.08 0.0908 216 2,177
13.00 (Ref.) 0.1300 444 4,299

Outlet

Fig. 3 Meshing result of A=9.08 model

21 oM 2 3 =A
= ArelAE 473 %lx}ﬂlﬂl uhE ks S4E Lot
7] $13to] A7 PAH] 2.62, 4.78, 7.10, 9.089] 47}A] Z71A
skl Al ElH Z412 Table 139+ 2t ghedste]
H oRE FAsr] A% 7Ie AAUAHE 13005 A
Atk Zzre] g A 24l tigk F4 22 Fig. 20l Hol
o] TYNA ks wEe] We fAkEe] st
= Bed T7H0.065m), 7ol 1 Bed A9 AT
(0.03m), Bedoll Al &77k419] Hak7H0.23m) <] 371e] F3ho
= upre] F=8Ivk Bed A 67H«l layer = 73 8}).21,
715E 0.73°] H==E AAQ Z}Hloﬂ gkro] {IAHE Bed T3t
of 9= wix|egirh Eab3E2 BedE ApHA B4t
A freel W sz Tt Fig. 3 274 447}
9.08¢ wo] Az Atolw, Polyhedral A=kl ¥} At
A e dFel A S 91al Prism layer A4S ARSI
sl AHgE fral= E71E Ssla ATl f9
e e 97 dA gdelA ;f‘”‘di SLZ 7HA = flat
velocity 7H4& ARESIITE A 27122702 Table 294 2tk
Expanded Bed: #%5< 33| 4 3 gzl 1HAol Holzl
FefE oWt Packed BedollA] Mt} 2 o]z

ol
o

¥ M

Fﬂ\i



64 / =8 MFH S| X AL AEA-=H4
Mgt Valocily: Magritude (mjs) Velocdy: Mogniude (/g
a0 QB Mnm i (] 02170 0.0000 05425 1085 1627 2170 omyg 545 145 187 20

Fig. 4 "Velocity profile in Reynolds
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Static pressure 20 atm )
Static temperature 300K = RO el R s deEe] Zaddn 4
Re Velocity ek Aol AgEa e At el A=A Ateksla
Inlet _ 10° 0.0788 m/s Table 33} 2th TAT A YA elA o=t S713)
Velocity 10' | 07881 mis o 2 AL Bhisn SUT solstad 47
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—Re=10  (porosty=0.40)- Eisleis Resut |
—Re=100  (porosty=0.40) - Eisfelds Result
\ —Re=1000  (porosity=04D) - Esfel's Resul
\ *Re= 1000 (porosty=073)
* Re= 10000 (porosiy=0.73)
| Rie = 100000 (porosity=0.73)

Dimensioniess Pressure Drop

1 Il g i 10 1 ]

TubedoPatice Disnetr R

Fig. 7 Dimensionless Pressure Drop compared with Eisfeld's Result
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Table 3 Pressure drop of each case [Pa]

RGD/ | 962 | 418 | 710 | 908 | 13.00

10° 6.40e-1 | 5.42¢-1 | 4.91e-1 | 4.66e-1 | 4.56e-1

10* 3.44e+1 | 3.04e+1 | 2.7%+1 | 2.67e+1 | 2.65e+1

10° 2.30e+3 | 2.06e+3 | 1.90e+3 | 1.83e+3 | 1.82e+3
Table 4 Dimensionless pressure drop [Pa]

o D/d, 2.62 4.78 7.10 9.08
10° 1.40 1.19 1.08 1.02
10* 1.30 1.15 1.05 1.01
10° 1.26 1.13 1.04 1.00
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