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The authors give experimental and theoretical results obtained in
studying the effects of the bed filtration rate, bed height, and the
piece diameter on ihe distribution of gas streams in a close-packed
bed.

The development of heat- and mass-transfer pro-
cesses in a packed bed is largely determined by the
uniformity of the gas stream in the piece bed. How-
ever, at present, the factors responsible for gas
motion in the bed have not been studied sufficiently.
Problems such as the effect of bed height and filtration
rate on velocity-field uniformity are also as yet un-
solved.

Results of experimental studies and some theoret-
ical comments concerning these problems are given
below.

Device and study technlques. The studies were
performed on a cold shaft furnace (Fig. 1). The model
is of cylindrical cross section, 120 mm in diameter,
1500 mm high, and utilizes one-way air draft. The
bed height is read off from point B (Fig. 1). The shaft
below peoint B is first filled with the piece material
under study.

Figure 1 shows the gas distribution over the cross
sections; this distribution was measured with a disk
attachment placed directly on the bed. The attachment
has 33 pulse tubes for measuring the total head above
the bed; this makes it possible to plot the velocity
field over the entive cross section of the shaft. Such
pulses over the bed make it possible to measure with-
out disturbing the structure of the packed bed. The
absolute value of the effective cross section (27.5%)
of the digk attachment is assumed to be close to the
area of the gaps in the bed. In our experiment, the
spacing in the bed was 22—23% according to the data
in [1] and 25% according to the data of [2]. The fact
that the effective cross section of the attachment and
bed spacing is the same makes it possible to eliminate
redistribution of the gas flows ahead of the disk at-
tachment.

After the disk attachment was installed inthe model,
the space between the tube and the edge of the attach-
ment was sealed with plasticine to prevent intensifi-
cation in peripheral gas flow. Later, however, this
wag done away with since control experiments estab-
lished that the gas-velocity fields resulting from a
disk attachment with a sealed and unsealed space are
the same.

The gas-~velocity distribution in the bed was checked
by using pressurized tubes placed directly in the bed
according to a standard technique [3]. The velocity
fields as measured by the disk attachment and by the
pressurized tubes coincide to within 5-6%.
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The experimental data were processed as follows:

1) the mean arithmetic total head over the cross
section (P,,) was calculated from the data obtained
from individual measurements of the total head at
individual points;
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Fig. 1. Diagram of device and basic di-

mensions of model: 1) pulse lines; 2) 442

apertures with d = 3 mm over entire sur-

face of disk; 3) 33 apertures corresponding
to pulse points.

2) from the value of P,y,, gas flow nonuniformity
at each point in the bed was determined:

Pij—'Pav .
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Pav
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3) the mean arithmetic nonuniformity (Hyy) in gas
flow over the cross section of the model shaft was
calculated.

Experiments were performed with peas (d = 4.6—
6.0 mm) and steel spheres (d = 12.6—12.9 mm). The
ratio of the shaft diameter to the mean weighted di-
ameter of the piece for these materials was, respec-
tively, 24 and 10 while the ratio of the shaft height to
the mean weighted piece diameter was, respectively,
300 and 120.
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Fig, 2, Effects of bed-fil-
tration rate on gas distri-
bution within the bed (W,
m/sec; H, ., %): 1) bed
height equal to the piece
diameter; 2) bed height
equal to three times the
piece diameter,
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Fig. 3. Effect of bed height

on gas distribution within

the bed, Pea material is

used with d = 4.6—-6,0 mm
(L, mm; Hav; %)-
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Fifty experiments in all were performed. Each
type of experiment was repeated three to four times;
the results coincided to within 6%.

Effect of bed-filtration rate on gas distribution.
Experiments showed that with an increase in the bed
filtration rate there is a decrease in the nonuniform-
ity of gas flow in the shaft of the model (Fig. 2). For
example, an increase from 1 to 8 m/sec ih gas ve~
locity (calculated for the free section of the shaft)
reduced the average nonuniformity in the gas flow in
the bed by 10% for a bed height equal to the piece di-
ameter and by 20% for a bed height equal to 8 times
the piece diameter. A similar effect also occurred at
other levels in the shaft of the model, Similar ex~
perimental results were obtained in [4] with the above
technique for graphite spheres 8~10 mm in diameter

and a bed height equal to ten times the plece diameter.

Thus, even in a bed with material of uniform di-
mensions, an increase in W leads to an equalization
of the velocity field in the bed. In a bed of polydis~
perse material this effect is considerably stronger
13].

Studies have shown [5] that in actual shaft units,
segregation of the material is unavoidable due to
imperfections in contemporary charging devices,
i.e., pleces of various diameters (arbitrarily taken
as d, and dy) are placed at different sections of the
furnace.

The resistance of the hed material (lumps or
spheres) is written in general form as

L. (1)

The value of AP at a given bed height is the same
for materials of different diameters. Now, allowing
for the fact that the porosity of the spherical mate=
rials is independent of their diameter [2] (i.e., @y =
= @), we can write
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i.e., in this case the gas-flow distribution is deter-
mined from the piece diameter and from the resis-
tance coefficient of each bed fraction;
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With a change in the bed-filtration rate there is a
redistribution in the gas flows over the furnace cross
section only because of a change in the ratio &/¢;,
since the ratio d,/d, is constant.

It is commonly known [1, 3, 6--19] that with an in-
crease in Re the bed resistance coefficient ¢ atten-
uates in accordance with the equation [7]

£= Rer +B= (W+B‘ (4
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It is clear from an analysis of Eqgs. (3) and (4) that
in actual shaft furnaces the difference ¢, ~ £, de-
creases as the bed-filtration rate increases; this
increase in turn results in a decrease in the ratio
(W} — Wi)/ W} which characterizes the nonuniformity
in the cross sectional flow distribution (this is also
confirmed by experimental data).

Effect of bed height on gas distribution. The gas-
velocity distribution in a bed of piece material (with
the pieces exhibiting various diameters) is described
by Eq. (3). The quantities ¢ and d on the right-hand
side of this equation are independent of the bed height.
We can thus conclude that, after the gas jet finishes
expanding into the bed, an increase or a decrease
in bed height will not affect the gas-flow distribution
within it.

In fact, experimental data show (Fig. 3) that sta-
bilization in the gag-flow distribution over the bed
cross section begins even at a height of ~15 mm. A
further increase in bed height to 1400 mm does not
result in any significant equalization of the velocity
field in the bed. Nonuniformity in gas flow remains
almost constant at any height.

Thug, the bed height determinesthe gas distribution
within the bed only in the section where the gas jet is
expanding into the bed; however, it does not have any
great effect on the gas distribution in the layer as a
whole. Therefore the bed height should not be in-
creased to obtain uniform gas flow.

NOTATION

P ig the total gas head in the bed; H is the nonuni-
formityof the gas flowin the bed; AP is the bed resis-
tance; ¢ ig the resistance coefficient of the bed; v is
the specific density of the gas stream; W is the gas
velocity at the free section; ¢ is the bed porosity;

d is the piece diameter; L is the bed height; g is the
gravitational acceleration; » is the gas flow viscosity;
A and n are empirical coefficients.

REFERENCES

1, R. 8, Bernshtein, V. V. Pomerantsev, and S, L.
Shagalova, collection: Problems in Aerodynamics and
Heat Transfer in Boiler-Furnace Processes [in Rus-
sian], ed. G. F. Knorre, Gosenergoizdat, 1958.

2. L. S. Leibenzon, Motion of Natural Liquids and
Gases in a Porous Medium [in Rugsian], Ogiz, Gos-
tekhizdat, 1947.

3. M. A. Stefanovich, Analysis of Blast Furnace
Processes [in Russian], Metallurgizdat, 1960.

4. A, 8, Kukarkin et al., Izv. VUZ. Chernaya met-
allurgiya, no. 5, 1965.

5. Study of Calcining Shaft Furnaces, Transactions
of the Scientific Research Institute of General Chem-
is‘try [in Russian], ed. N. P. Tabunshchikov, 1964.

6. N. M. Zhavoronkov, Hydraulic Fundamentals of
the Serubber Process and Heat Transfer in Scrubbers
[in Russian], Izd. Sovetskaya nauka, 1944.

7. N, M. Zhavoronkov, M. E. Aerov, and N. N,
Umnik, ZhFKh, 23, no. 3.



48

8. E. 8. Lev, collection: Problems in Aerodynamics
and Heat Transfer in Boiler-Furnace Processes [in
Russian], ed. G. F. Knorre, Gosenergoizdat, 1958.

9. V. M. Borishanskii, collection: Problems in
Aerodynamics and Heat Transfer in Boiler-Furnace
Processes [in Russian], ed. G. F. Knorre, Gosener-
goizdat, 1958.

10. G. K, Boreskov and L. G. Ritter, Khimicheskaya
promyshlennost, no. 6, 1946.

11. G. M. Mikhailov and A. M. Nikolaev, Izv. VUZ.
Khimiya i khimicheskaya tekhnologiya, no. 2, 1965.

12. V. M. Kurganov, A. Gonsales, and N. M. Kar-
avaev, Khimiya i tekhnologiya topliv i masel, no. 8,
1965.

13. V. I. Malov, Teploenergetika, no. 3, 1965.

14. D. K. Kollerov, Khimicheskaya promyshlennost,
no. 2, 1959. '

INZHENERNO-FIZICHESKII ZHURNAL

15. G. M. Mikhailov and A. M. Nikolaev, Izv. VUZ.
Khimiya i khimicheskaya tekhnologiya, no. 5, 1963.

16. M. E. Aerov, Khimiya i tekhnologiya topliv i
masel, no. 10, 1962.

17. 8. M. Kagan, collection: New Soviet Energy
Equipment [in Russian], Central Boiler-Turbine
Institute, 1939.

18. A, L Chernyatin, Trudy Ural'skogo politekhn.
in-ta im. S. M. Kirova, no. 73, 1958,

19. L. K. Ramzin,. Izv. Teplotekhnicheskogo in-
stituta, no. 7, 1926.

4 November 1966 Institute of Metallurgical
Thermal Engineering,

Sverdlovsk



