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Theoretical Model of Gas Flow through Parallel-Packed Beds with

Two Kinds of Particles

Kazuo ARAKL, Akira MoORIivAMA, and Kenichi Nisuio

Synopsis:

In the laminar regions, a theoretical model, which is named the cross flow model, of gas flow through pa-
rallel-packed beds with two kinds of particles is developed taking account of its axial distribution, on which
basis the exact solutions on flow velocities and the pressures are derived. Effects of flow resistances through
a distributor, particle size—ratios of each packed zones of the bed and a geometrical factor for the bed on
flow rates and the profile and total losses of the gaseous pressure are shown.

Due to the difference among flow resistances through the distributor and each zones of parallel packed
beds, lateral pressure differences and hence gas flow (i.e., cross flow) occur and those become largest just

behind the distributor.

Thus, the lateral pressure difference is ordinarily limited near the boundary region between the distributor
and the packed bed, although it tends to develop all through the bed as the particle size-ratio of each zones
becomes larger and as the height-to~diameter ratio of the bed smaller.

(Received Nov. 26, 1973)
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Fig. 1.

Schematic models of gas flow in parallel-packed beds with two kinds of particles :

(a) cross flow model, (b) parallel model and (c) series model.
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Table 1. Theoretical solutions on the flow velocities and the pressures in some limited cases.
When ro—c0 and R;=finite When r,=finite and Rs—>eo
o | ms 1+ P'go— [Ps,{Bhg(B) +kd,f(B)}/B] %l (24) | 1+ P"so—Psip+ {P52A152/D{f(057]/b): (38)
v | T L+ P'so— [Ps,{Bhe (B) +8,f(B)}/B]l 7, (25) | 14 P" 59— Psyp— {Ps24:10:/D} f (an/b), (39)
w | T1p L—Pp— [Pm{ﬁhg (B) +kd: ()} /Bln, (26) | 1—P"' po—Ppyn+1Pp,A,/f(B) D{r?zf(?y/b), (40)
v | T2 1—P'y—[Pp,{Bhg(B) +3./(B)}/Bly, (27) | 1=P'" po—Ppyp— {Pp2Ai/f(B) D}o.f (9/b), (41)
S vy 8,{Bhg(B) +k3./(B)}/B, (28) | 8,— {a (1—k) 6,26:/D} g(an/b), (42)
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— s (01/4,) F, (D), (30) 01 (32 +k3,) (awd kg () +hf(a)) /4D, (44)
- Vi Tas (k51/A2) F"z(C) 3 . (31) kd, (52+k51) (a5lg (a) +hf(a))/AzD}§, (45)
w~ | T {A351/h(52+k5])}p I(C)s (32) A0, (aﬁlkg(a) +hf(a)) /hD}C, (46)
Vi T2p {kAs6,/h (52t k6,) }F'2(0) s (33) | {k446,(adrg(a) +Af(a))/hD}E, (47)
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dxp |1, 62) | 1-P3s, (72)
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CEENINT 52 FRBARTRERCRS TS, ¢ TARESCZLBERLLTSS.
DER, v ARTbbLEESAL RS, BNE HpEH d & kb WFITIBOLIEEK dns VRHEA

3 2 FIRRIC 5 BERE_ECRA & 75 5. C T, —%, SHERGEBIER AIBLTIE, 5540
F 7z, SEEERNERD 2 v A, SEERFLRIER A * (14) BIF (20) X% k(=1/d?) KALTEFTUII.
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hA=1"{a coth a-tanh B)/B -01/d +---r-rrenes (79)

Lxy, REKRdDHERLE EHiT/hEL{ks. o
Btha £EH% dr—REd OBEtRTERDHT &, Fig.

ZOBRKEEZE XD A1,

10(a)~(i) OlMBHOBKRKREEXS. TOTHER
v, W
Aﬂ's=1+ (dz—l)ﬁlﬁztanhﬁ

B (hob2d2+d -+ hed,)?

20
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135 §,= 02 ——~-4R /4R

Fig. 10. Total pressure drops

ZZT,

hy= J%coth a tanhf

TEABR, LIFREOLERE 4z, HSEFIEF N

DEND LFET ZEEGORABEYRT.

CHITERD CUFIRIRBOLTRERE I L2058
MERRICE L TRABE 52 2R LcH, RED
fAmMBER OB O>WTHRIh 5 (Fig. 12).
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through paraliel-packed bed.

4. & s
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WHIFRBOLIEIRE & & biT, HARMICKT 5501 2 fER R FAFNFIZ O H AT BT 5 AL
EHOME DX L CHETCEREEMTHD. TOHW Fik X OEHNEFADFNRSE—FHTHEOTRLWT
TR Lm0 Fig. 13(a)~(c) TH5H* ik, WI &, XY, Thb OEORLEEBREZBRBIC K W T
FIE B OFOBIERIE, TG ORRI d 3 X UAWFIFEIR SR TRT OB, Ao RKY BHO —D2T Ho72

BOYTERT ¢ BT 2 HEFROBRTCHEHP, — #B,mﬁifwﬂﬁfm,%W@ﬁzmﬁlwémﬁ
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Fig. 10. Total pressure drops through parallel-
packed bed.

I'5 7
b=00I
§,=05 1

4% (=)

Fig. 11. Effects of geometrical factor ¢ on total

pressure drops through the bed.

P, TNLDOEEEE APy 35 X 4P 1%, Fig. 3 1o
NLAc X ST, SRERMEIER £ UFFIEB K1) 5
B 1 O SEWERE 61, FRI d 35 X &2k
T e L ERWEOTENT S ZO8FE, BRTERLE
JEN 3 X EEIREN - £ 5 —wldm &, FIRoETR
CESC AR EFMLTLL—FK LAV, 72& 203, Mk

140
b =00l
" c=25

"0

(=)
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IOt

Maximum point

1°00! 1 | 1 L 1 L 1
ol 02 O'_?J 04 05 06 07 08 09
5 (=)
Fig. 12. Effects of cross-sectional area occupied
with one of the parallel-packed zones
6, on total pressure drops through the
bed, with particle size-ratio d as a
parameter.
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Fig. 13 (a)
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K AP 7, BRE FVCES L SFEEYS 4P, m 5 RS+
DEEHRKRERDEITHY L, JP OBI{ERE K &
BBHTEEBH, L. bigdiz, 4z iz Fig. 3 @ 4P,
Dff%F U T 4P o—fgif %k 5 &, Figs. 13(a)
~(c) BRELNDN, ThHOMMPE, 4P 23 hizfE+
LEAMM, ¥, JBETLEBERIEAKTHB DL
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Fig. 13 (b)
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i — CROSS FLOW MODEL
EA
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~
Q
<
(¢c)
1 Fig. 13 (c)
Fig. 13. Axial flow resistance of parallel-packed
bed.
Do B.

drs BRCELTIEBAEZ D OFEER, Fh, TOR
T AP 3 APy, W BBETH I LB R T H2HDOTH
oS, Tewi B, APy/APs H h L LB, das D
kST drg 2% 4P/ 4Ps WM R SEOLIT S Z
Ll b b Ths. 2 BRER FAWFFIEE D
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Fig. 14. Degree of proximity of pressure drops
from the cross flow model to that from
the parallel model.

£FEHY% AP oUHFE T EIEF VT ESL< LD
APy F 7243 APy ~OEREEFHMT 5 70icid, &
xiE,
(AP— 4Py [ (APy— APg) = (h+8,6.+kd}) -
f(a)f(ﬁ)/Al----"- ............................... (81)
ORIEH FHIEFHIE L 25, (81) ROADE A BT
% BRI & T B 72D, S BEHREEGL A 23 E <
e BIEE, AP BAFNEF D 4Py ET T & H3bd
% (Fig. 14).
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i, Tiebb, JoRREET5. Jorkd stk
WEETRAELS.

BHEEHFMTENZELZLET B, Lichi>oT, o
ARHBHIET DML, WHFRFBORE L LER D,
DIt L/Dy 535 BELL LB OFIRG T, SEEE
FIRB ORREETIR Sh 5720, B2 TRLEE
FEHGR € FMLELC Y TH 5.

53, JBIEMEEED W AMEE, SEEORRIEDuC
EDOTEHEAERBEINE Z L, HAificTo/E
I 55XV 20 B L C—HRINCEED. 2D,
TR BT 5 A 2RO ¥ RimEo BEE o
B, BAWICE TS 7 0o RiROEE, LBk NEH
FTEDIIELL .

it =
0§x§lo DEE,
(3) AT i=1 FXC2ZRALTRLFEES &,
—d(Py—Pp) [dx =110, —12Q2=(r1+72) Q1 — 720,

(AD) K& (4) RKErn,
—d2(Py—P,) [dx?2= (r,+713)dQ  /dx= — {(ry+713) /

Te} (Pr—Py) evvvvenioniaeniiniciiiiiie e e (A2)
(A2) Ro—fEii,
Py —Py=c¢, cosh 2gx-+C; sinh Zgx-erviereee (A3)

LT, 2=V (ri+r) /15
(Al) XU (A3) KX,
Q1= {r2Q — 4y (¢, sinh 2ox+c, cosh Agx)} /(r,+7,)
.. e (A4)
Lh=x=l+! DL %,
LRtk LT,

Py —Py=c¢y cosh Ax+¢y sinh Axe-ooveeenneenns (Ab)
Q.= {R,Q — A(cy sinh Ax+¢, cosh 2x)} /R, + R;)
cieveerinnn (A6)

LZC, 2=V (R, *R)/R,
BREMH (5) X

¢,=0
Co= (rZRl_'le)Q sinh A/

27 A(ry+rp)sinh 200, cosh AL+ 2, (R,
-+ R;) cosh 24/, sinh 2l i (A7)

c3=2¢z sinh Zgly sinh 2({y+1) /sinh 21

cs= —c3 sinh A/, cosh 2({,+1) /sinhil
(A7) RoRERE (A3)~(A6) RTRAL, FoisH
{Boiaffic, (1)~@) KEEHATH L, WHHkE
EORNIES) Py 510 Py, HRGE Qi 5 XU Qs
BIOY o i ¢ OWHEIRESD. chi 2
TER LIBRITER S XOT 2 — 2 — 2o TRk

Tibdhid, (8)~(20) A2 Goh s,

B 5

ay - PULERFEIRE K18, (om)

a2 : FfEHAE, (cm)

b HEEHERTTES, (-)

¢ FRFE D EMEEMIRTF 12/8, (=)

D; : MEERE, (cm)

d: WEE=/F 2 DR TFHE/E | ORTFRIE, ()

b SRCRERK TR (—)

kiJE 1B X002 0BFRBIERLIE 02/01, (=)

L: GRaibE & LB E O A L+, (cm)

lo : EEERIE X, (cm)

[: FEWEfEE, (cm)

Pi(i=1,2) : B i B #2ADES, (cm— (Hy0))

AP, APy, APs: 7 o Rtk 5> WFIFIRE, AF<
TE LVEIE FVOELERE,

(cm— (H,0))

Q, Qii=L2) : &HFAREBEL XOE i #h sy =
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c: BB B0 & o 25, (cm3/sec - cm)

R;, R; i=1,2): [F i Q@A E4mBEHE X O K
RofE " dbic b nm L,
(em— (H,0) /(cm3/sec) ),
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Rp : SiERO#h A R4 iBikh,

(em — (H,O) /cm3/sec)

Re, Re: BrfJEO RFEH MFSFERRBIEGL 35 X O B
JE&E&H 7 b BT, (cm— (H,0)/(cm?¥/sec)),
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rio 70 (1=1,2) : OB | BAu el
B L OHAEE S Y B, (cm— (H,0)/
(cm¥/sec)), (cm— (H,0O)/(cm3-cm/sec))

P OTRLEROD HTED MRBRFEN RIS X OV AL
B ol b BIEHL,  (cm— (H,0)/(cm¥/sec)),
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So, Si (1=1,2) : B LBIHER 35 X OJE ¢ © LBW;

H#L, (cm?)

:JENEE, (cm)

> BREREE, (cm)

@ V(ri+r)/ro (=)

BV (Ri+R:)/B (—)

6 (=1,2) : & i o yHRIEHE, (-)

po, pi (=1, 2) : S5E0EIs X OYF | OREEIRE:
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vi, ve (i=1,2) 1 B i 2N B IRRICH 2 s LT
WHFIREOMIKIL Y 0 A, (—)

7 BRERTTE S, (-)

z: AR, (&)

mips wis (i=1,2) : WHB X OESE FNEEDEF i
WNEERTTH A, (=)

Ary dzs: AF) B LG EZE 7 AEREDOWIITEIESE
oETTAERR, (—)
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