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A Mathematical Model of Three-dimensional Gas Flow in Packed Beds

Yotaro OuNO and Kunihire KonNDO

Synopsis :

A mathematical model of three-dimensional gas flow in packed beds has been developed to be applied for
the analysis of gas flow in packed bed reactor, blast furnace and so on.

Basic equation of the motion of fluid in packed beds was derived on the basis of the mechanics of con-
tinua.

In case of gas flow in iso-tropic packed beds, the equation of motion is simplified to the vectorial form of
the Ercuv's equation. Equation of pressure, derived from the locally linearized equation of motion and
equation of continuity, is computed by the finite element method with three-dimensional iso-parametric,

second order elements of 20 nodes. Gas velocity is calculated from pressure gradient in each element.
Computed results were compared with the analytical solution and the experimental results. Good agree-
ment among them confirms the adequateness of this mathematical model.
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Fig. 3. Comparison among analytial solution,
numerical solution and experimental value for case

A.

Table 1. Examples of calculation by mathematical
model of 3-dimensional gas flow in packed bed.

Element Number | Number of | Balance CPU time
Case L : (min)
division of nodes elements index (Machine)
A Fig. 2(a) 50 364 1.0013 |4.55
(IBM-4341)
A** Fig. 2(b) 100 126 1.0072 | 0.88
(IBM-4341)
B Fig. 6 312 1757 1.0032 1| 26.15
(IBM-3081D)
C Fig. 7 1092 5511 1.0029 |131.73
(IBM-3081D)

* Balance index = Flow rate at outlet/ (Flow rate at inlet+ Generation
rate)
** 3-dimensional axi-symmetric model
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Fig. 4. Experimental apparatus for case A.
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Fig. 5. Experimental apparatus for
fan shape model (Case B).
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Fig. 6. Element division and comparison of press-
ure distribution calculated and measured for case.

Packed materials
1 [Glass sphere 10mmg
P2 |Glass sphere 2 mmg¢
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- ]000' :
0
D
x
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[ Total flowrate
3
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4806

Fig. 7 Comparison of pressure distribution at
wall measured and calculated for cylinder shape

model with eccentric ring plate arrangement (Case
C).

FERER {7, 3, 2l DOHAER {a, y, 2} ICHEREEHREIT.
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u=lp g, T WENT PV E V=0, 0, 0] £ETHEL

—grad P=—[D]grad P

1 D
:(a+ bVL)VL[D] 0 :<a+sz)V1 qf- (A‘3)
0 T
MEDKE LV, 23 L WEIERDEERSTHET &,
Vx~|V|:m beeureereresenteneas (A-4)
(A-3), (A-4)5X& D
D
—gradP=(a+ b|V])|VI|{g
T
:(a+ b|V|)V ..................... (A-S)

LIAT, BEOT VT LIRS N TIERB I, &
FHEZEZONDA, BREEBEN-ZEB, H5H0
BB & T, BRI R TR ERT EE LSRN
. ZO%E, ENAROKINE, fENS I\)I/O)ﬁ[']
B9, 2ok, kXckaenz'®,

—grad P =[H]V - eerreerrmrenininenennnnn, (A-6)
[(H] : @5
[H] &, "7y vt oc® EBEZRY BRI &I
LOHANT S ENTED. ZOHEME |y, 2]
EdnE, (BREMOE#HEIESR.)

@, 0
—grad P = Qs | 2T (A-7)
0 as
EHUOBED (A-5) to7+ud—7T, HETB L,
a=a,+ b,|V]|
Q= ay+ byl Vl .............................. (A-8)

as = az+ bz! V‘
[H] o<ty s 2 [H]7! g,

1/ a, 0
[H]"' = 1/ 7 (A-9)
0 1/,
(A-7), (A-9)R 25
—[H]'grad P=[H][H]V =V eeees (A-10)

(A-10)X %2 ()Xo bicHWwWAZ L X WENF
BAPHRONENFREEET LI L NTESL. 2L
(A-T)RA BT A DL, BHMO T & & i’fi,—?f)>~z‘5(
LTWAELRDOT, SREIER L RBHMICERTEDE
A B LTV 2WIEEE, BESRL TEDbELLE
Whb.

-Appendix 2 GV & aVg, OELEE:

A7 4000 m®, $REREE 2.0 t/m*H, Vi—3a3 >0

AR — K v & 100 kg/t, RUBB O EEE, RO
10% & LT, 400m® &5 &, GRAREE G i,

0.02kg/m’s &% %. —J5, a— 2 2BT, d,=0.05
m, £e=0.4, $,=0.7, 4=440X10""kg/m's £ T % &,

a'g.=30kg/m*s L% 5. MEOHE LB E, Glag.=
0.7X10 3T, +HIc/AhE v, BEOEFLETIE

GV OHIERL LI wWEEZ SN,

Appendix 3 PIFEBIZL N;

i N; i N;

1 1/8RST—1/2(Ng+ Nyo+ Ny7) 11 1/4R3T
2 1/8RST—1/2(Ng+ Nip+ Nig) 12 1/4RST
3 1/8R§T—1/2(N10+N11+N19) 13 1/4RST
4 1/8RST—1/2(Nyy+ Ny2+ Nog) 14 1/4RST
5 1/8RST—1/2( Ni3+ Nyg+ Ny7) 15 1/4RST
6 1/8RST—1/2( N3+ Nig+ Nyg) 16 1/4RST
7 1/8RST—1/2(Ny4+ Nys+ Nyg) 17 1/4RST
8 1/8RST—1/2( Nis+ Nyg+ Nao) 18 1/4RST
9 1/4RST 19 1/4R3T
10 1/4RST 20 1/4RST
R=1+r, S=1+s T=1+1 R=1—¢ §=1-¢& T=1-¢
R=1—1r, §=1—5 T=1—1 (—1<7r s t<1)
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