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—velocity and temperature distributions—

Bong-Hyun Kim* and Hai-Soo Chun

Department of Chem. Eng., College of Eng., Korea University, Seoul 136, Korea
(Received 9 June 1987; accepted 21 July 1987)

fo
12

£
¢l
3":
I
o,
ol
2
RJ
fL ol
oi:]
A
Hr mfu
R
Ha
Ky
£
Ho
2
o
by
He
b
|
Y
e ofy
Y
o
2
¢ ol
5

X
a,
N
P o o
L
o
fru
o
o
ofj
ro
ft
He
=2
a
R
i
of
o%
o mo 2
L
B o
ob
ki
W
=
i

>

>,

o gl 22

o

e R
oY, @

N

lo

Rl

o

s

ofrt

o

i

rle

T,

&

o,
ol o\
-
3o

oy B fu
Tl [0 X o«
o
-
2
2
ol
ofd
2 e
o L
o i

Tﬁ
I
o
offe
i<l
Y
o °F
g

ad)
o
ol
(o]
TR
>
¥
S o
Wi o o
2 e
I
)
wlo o
IS
[
% o
2o
RURyFE
14
AL
ke
of

ol
fa
roh
X
W o
.
R
ol
=
32
T

Abstract—To investigate the effects of void fraction and the screen-packing in the fixed bed on radial velocity-and
temperature distributions of the bed, local velocities and temperatures of fluid on the glass bead fixed bed and on that
inserting the screen-packing are measured by using the two-channel hot-wire anemometer at the isothermal or tran-
sient conditions.

It is found that the radial velocity-and temperature-profiles are non-uniform due to the variation of void fraction
near the wall. The screen-packing in the bed enables fluid-flow to be uniformly distributed over the bed and to bring
about the uniform radial temperature profile over the bed. The differential equations which govern the velocity-and
temperature-distributions of the fixed bed are numerically solved to demonstrate the effects of the void fraction and the
screen-packing inserted in the bed.
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Fig. 1. Voidage variation for randomly packed
spheres on the cylindrical wall.
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Fig. 2. Schematic diagram of a fixed bed.

1. Compressor 2. Regulator
3. Air filter 4. Regulator
5. Regulator 6. Humidifier
7. Valve 8. Rotameter

9. Disengaging section 10, Packed bed
11. Anemometer probe support
12. Anemometer probe support holder & traverse
13. Anemometer probe support
14. Anemometer probe support holder
15. Anemomaster
16. Anemometer sets (2-channel)
17. Dual channel recorder

S4-§% % LE 2I- 531
4.6cm

o~ 1.Zcm¢|

1.5cm

Fig. 3. Geometry of the annular-screen packing.
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A: uniform glass bead fixed bed.

(dp=4mm, L=10, 15, 20cm)

B: glass bead fixed bed with a high resistance central
core (d,) =2mm, d, =4mm, L =10cm)

C: glass beud fixed bed with a high resistance annulus
(dy; =4mm, dyp =4mm, L =10cm)

D: annular-screen packing (OD: 4.6cm, ID: 1.2cm, H:
1.5cm) inserted in the center of the bed (d,=4mm,
L=10cm)

Fig. 4. Packing configuration used in experi-
ments.
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Fig. 5. Comparison of predicted and experimen-
tal void fraction in the bed of uniform
spheres (D./d,=14).
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Fig. 6. Experimental radial velocity profiles on
the surface of the glass bead fixed bed
with variation of the approach velocities
(dy = 4mm, L = 10cm).
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Fig. 7. Experimental radial velocity profiles on
the surface of the glass bead fixed bed
with variation of the bed heights.
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Fig. 8. Comparison of computed and experimen-

tal radial velocity profiles on the surface
of the uniform glass bead fixed bed (d,=
4mm, L = 10cm).
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Fig. 14. Comparison of experimental radial velo-
city profiles on the surface of the fixed
bed in cases of UGB and ASP.

UGB =uniform glass bead fixed bed.
(d,=4mm, L =10cm)

ASP =annular-screen packing inserted in the
center of the bed. (d,=4mm, L =10cm)
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Fig. 17. Comparison of experimental radial tem-
perature profiles on the surface of the
bed in cases of GPHC and GPHA.

GPHC =glass bead fixed bed with a high res-
istance central core (annulus: d,=4mm, cen-
ter: dp=2mm).

GPHA =glass bead fixed bed with a high res-

istance annulus (annulus: dp—me center:
d p = 4mm).
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Fig. 18. Comparison of experimental radial tem-
perature profiles on the surface of the
bed in cases of UGB and ASP.

UGB = uniform glass bead fixed bed (dy=
4mm, L = 10cm).

ASP =annular-screen packing inserted in the
center of the bed (dy=4mm, L=10 cm),
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—— UGB
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Fig. 19. Computed curves of constant temper-

ature in cases of UGB and ASP.

(curves 1,2,3,4 correspond to temp. = 52°C,
57°C, 60°C, 62°C, respectively).

UGB = uniform glass bead fixed bed (dp =
4mm, L = 10cm).

ASP =annular-screen packing inserted in the
center of the bed (dy=4mm, L=10cm),
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NOMENCLATURE

: R/L; aspect ratio (-)

: heat capacity (Q/MT)

: column diameter (L)

: particle diameter (L)
150 (1-¢)*/d, €3, resistance parameter (M/LT)

i L.75p/(1-¢)/d, € ?, resistance parameter (M/L?)

: resistance parameter f calculated for some res-
istance values of d & ¢ (M/L4)

2 b, ()

: /R radius (=)

¢ (T, TY/(T,T)=reduced temperature (-)

: temperature (-)

: approach velocity (L/T)

: superficial veolcity (V'/V) (-)

: magnitude of superficial velocity vector (L/T)

: superficial velocity vector (L/T)

i VJIV, V,= V}/V,, dimensionless radial and
axial components of superficial velocity(-)

V, : average velocity (L/T)

A v

é".\""’:"nﬂ- v Nel:4

o
=

N

~

<<<i<<CcCcH=S"

-

V,V;: radial and axial components of superficial ve-
locity vectors (L/T)
X : distance from the wall nondimensionalized

with respect to d, [(R-r)/d)} (—)
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A

z’/L bed hight (=)

Greek Letters

&

: local porosity (—)

¢ : z/(RP,)=reduced axial coordinate (—)
Ae : effective radial thermal conductivity assumed
constant over entire radius (ML/T26)
£t f/(,V,)=ratio of viscous and inertial resis-
tance parameters (—)
p  : dimensionless density (—)
e’ . density of gas (M/L?)
e+ @ mass concentration of A (M/L?)
ps : density of gas at feed condition (M/L3)
¢ . stream function (—)
Subscripts
b bulk region
r : radial direction
z : axial direction
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