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Pressure Drops in Parallel-Packed Beds with Two Kinds of Particles

Akira MORIYAMA and Kenichi NSHIO

Synopsis:

Pressure drops and gas flow in parallel-packed beds with two kinds of particles have been theoretically
and experimentally studied.

Gas flow behaviors in this sort of the bed can not be interpreted by means of simple theories only for the
axial velocity of gas.

Even with the axial insulation with a partitioning glass tube, the parallel-packed bed yields the lateral
cross—flow within a thicker distributer. Also, the cross flow generally exists in the parallel-packed bed, so far
as the flow resistance of the distributer is finite. In both cases the pressure drop lies between the values
calculated theoretically on the parallel and series models of gas flow.

Taking account of the existence of the cross—flow in the bed, a lumped parameter—model is proposed and
the experimentally observed behaviors of the pressure drop are reasonably explained.

{Received Nov. 20, 1973)
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Fig. 1. Gas flow through parallel-packed beds
and cross-flow model.
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(b) Series model

(a) Parallel model

Fig. 2. Parallel (a) and series (b) models.
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Table 1. Overall resistances against gas flow correspording to parallel, series and cross-flow models,

flow
model range laminar turbulent
type
Ry
] _ 1
Parallel Ry= 1 1 T (8) ! + 1 + 2
R1+R01+R2+Roz R+ Ro)'  Ry'+ Ry 1'/(Rl'"i_ROl') . (Rz,"'-ROZ’)
Ry’ .
1 1 - L + 1
Series Ry= 1 T +71 1 = (9) L_LL_F 2 1 + L + 2 _ .
?1+E R—ol R—02 R' Ry VR'-Ry Ry’ R, VR.Q:"Roz'
Cross flow R111=&1(fi——;‘@ crerereeenes (10) (Appendix 2)
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Fig. 3. Schematic diagram of experimental
apparatus.
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—Glass beads
— Filter cloth

Fig. 4. Composite distributer.

Table 2. Flow resistances of distributor.
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Fig. 5. Pressure drop-gas velocity with distributer.
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Table 3.

Voidage of the packings.

glass beads

alumina beads

mean range mean range
packing type »

lindrical 10:00 1.D. 0378 +0-005 0-468 +0-008
cylndrica 3-66 1.D. 0345 +0-003 0-434 +0-004

» om 3-24 1.D. 0356 +0°004 0442 +0-009
annular 10-00 1.D./4-00 O.D. 0-384 +0+008 0-465 +0-003

, cm 10:001.D.73-50 O.D. 0-384 +0-006 0-464 +0-007
particle diameter, cm 0-203 +0-035 0-345 +0-025

apparant density of particles, g/cm3

2-488 1-117

(I. D.: inner diameter; O. D. : outer' diametdr)

Table 4. Voidage of the packings.

packing type particle dia, mesh voidage

cylindical, cm 49148 0:383+0-003
3-24 1.D. -t +

—10+12 0-384:£0°008
—12+14 0-38140005
anpuar, o —14+16 0-382-£0-007
3-50 O'D —16+20 0-390+0-002
e —20+24 0-38140-005
—24+28 - 0°37540-005

(I. D. : inner diameter; O. D. : outer diameter)
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Fig. 6. Linear relations between 4P/ul and u in
annularly packed beds.
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Fig. 7. Linear relations between 4P/uL and u in cylindrical packed beds.

Table 5. a and b in Eq. (13).
(cylindrical packing)

tube dia (I.D.), cm | 3°66 | 3-24 | 3-66 | 3-24

particle glass alumina
& — 0-345| 0-356| 0-434| 0-442
104, a, —cm—H0_ 4-620| 5-321| 3-262| 4-016
cm: (cm/s)
108. b, cm—H,0 8-30 | 693 | 9°82 | 7-84

cm-(cm /s)?

Table 6. a and b in Eq. (13).
(annular packing)

e di ( IJ).) 10-00[10-00]10-00]10-00
tube dia (55~ ) ¢m 1700 | 3750 | 400 | 350
particle glass alumina
e, — 0-384 0-465| 0464
104, o, M0 7-491 3-012| 3304

cm- (cm/s)
105, b, O 1-498 1-333| 1446
cm-(cm/s)?
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Fig. 8. Comparisons of observed pressure-drops
with calculations using Eq. (8) (with a
stainless wire-mesh and a partitioning
inner tube),
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Fig. 9. Comparisons of observed pressure-drops
with calculations using Eq. (9)
(with a filter cloth and a partitioning
inner tube).
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Fig. 10. Comparisons of observed pressure-drops
with calculations using Eqs. (5) and (6)
(with a composite distributer and a
partitioning inner tube). t

BESREIREERL, 8RN TO Y v AROFER
=T. Tibb Fig. 10 itibhs X e, g%
WHFIRE OERR E A AFEOERIFERIE, (5) »
X (6) KROWFE X CEIE Fovic £S5 5HE dhi
ORI DEE 82T, FHIENIC 7 v AEE LT TWS
FEERZAFCRLTY 5.
42 WHFEEEADI O R

AIEI CHRIRIC 31T 5 7 0 AOFHE KRV RT
ZEMBTERD, DECAUFNFIRBAIRD 7 v AFEICD
WTAE 5 0cm ORE%ZERL, Table 4 TRLAZ7
BEHON 7 ARCOWTEREZTR OB RETT.
4-2-1 ALEfEs X OFRERE FEIRRR OF B
HIHi S ARIC LT 27, &SRR ECHRRB L
UL ERE TG OFBiE 2 s ic BIE L, B 2R

Table 7. a and b in Eq. (13).

particle glass beads
packing type Cylndrical Annular
tube dia, cm 3:24 1.D. 5-00 1.D./3-50 O.D.
particle dia, mesh —424+48 | —24+28 | —20+24 | —164+20 | —14+16 | —12+14 | —10+12
& — 0-380 0-379 0-386 0-391 0-375 0-376 0-376
1082, -m=HO 145 562 407 342 1-67 1-30 0951
cm-cm/s
104X b, ;ff%if%%%; 136 5+97 344 2-77 1-75 1-58 1-37
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Fig. 11. Shifts in 4P/L-Q relations"when the
partitioning inner tube is removed
(distributer : wire mesh).

o

" Fig. 12 13, &SR ETAR 5 0cm oM 3
BHONEON 7 28R E4 2 BEASOM A EbE 7
FIERBIC D%, HEOS|EXKhEFBOEBEEELERIL
THERTHS. MPOEBIT, XEizkdic Table 7D
BFHBRRICBIT 5 0 3 X0 b ORIEZER LT, WF
EFLD (D) RICESEFHE Ui 4P/L-Q M ZRghER
THY. HETIESHEFNEOWITIRBOERL DE
HHEDS, WTFhOBED: 2o —FT 5 2 &d5bh
L. LicdioC, HEDS| EiRE ek S FItRiEs
DELVE, COX S e TIBECTIREHT L LB TES.
Table 4 OO H 5 AR FIC 2OV TDH, [ UEEIE

'[ |vAnnuI‘ur [Inside [Remoying.the partitioning tibe @
CIEZIL P ﬁ
, Sio+12 o 0
I'O

T F ?
5]
s |
(e} o ]
E :
£ 05 | j f
Q 1
-, L : ;
N i i |
D = ’
: H
0 ! / T N AT
Do 2ooOl 400 | 600 800} , 1000
0 200 400 600 800

@ ,(cm¥s)

Fig. 12. Theoretical curves from Eq. (5) and
observed pressure-drops before and
after removing the partitioning in-
ner tube (distributer : wire mesh).
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Fig. 14. Comparisons of observed pressure-drops with calculations with Egs. (5) and (6) (with a
filter-cloth as the distributer and without a partitioning tube).
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Fig. 15. Pressure drop differences between parallel
and series model of gas flow (Effect of
flow resitance-ratio of parallel-packed
bed).
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Fig. 16. Pressure drop differences between parallel
and series model of gas flow (Effect of
flow resistance of distributer).
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Fig. 17. Pressure drop differences betweeo parallel
and series model of gas flow (Effect of
ratio of cross sectional area in parallel
packing).
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