heat and vapor mass fluxes per unit volume of medium; w, parameter defined in (16). Indices:
0, 1, continuous and dispersed phases, respectively; *, quantities perturbed by test particle;
®, parameters of medium when there is no phase transition.
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RATE OF BUBBLE RISE IN A NONUNIFORM FLUIDIZED BED

A. I, Tamarin, Yu. S. Teplitskii, UDC 532.546
and Yu. E. Livshits

The dimensions and rate of rise of bubbles in a column 700 mm in diameter were de~
termined experimentally. On the basis of a two-~phase model, a calculated correla-
tion was obtained which related the relative velocity of a gas bubble to its diam-
eter,

At the present time, the problem of the rise of a single artificial bubble in a uniform
fluidized bed has been studied in some detail in the literature and the dependence of its
velocity on diameter obtained [3]:

UB‘_—_k‘I/g—;-DB, (L

where 0.8 <= k < 1.2.

In a nonuniform fluidized bed, coalescence of bubbles occurs and there is only fragmen-
tary data on the rates of rise and dimensions of gaseous nonuniformities averaged across the
fluidized bed [4-6, 9, 10]. There is almost no data for columns of large diameter [11]. At
the same time, this information is of great interest for the design of commercial equipment.

The present paper is aimed at the problems of obtaining information about the quantities
vg and Dg in a column 700 mm in diameter and of unifying the known experimental data.

The following correlation for the vertical size of a bubble was obtained [8] for equip-
ment of different sizes (100 mm < D =< 700 mm):

D, = L3 —ug) h*7, (2)

gl/3

and is connected to bubble diameter through the relation [13] Dy, = 0.7Dg. Equation (2) is
valid for small particles (70 < d < 400 y) and uniform gas distribution.

For similar conditions a relationship was found [2] for expansion of the bed:

1/2
p—1=0.7( Z") Fri/s - (3)

/

for D = 100-700 mm and 0.5 < Hoe/D < 2.
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Fig. 1. Sample of typical probe signal: ug, m/sec;
t, sec,

Fig. 2. Dependence of gas-bubble height Dp, cm, on
the quantity (u — ue)h, cm?/sec.

Using the well-known relation [3]

p—1=L"H (&)

B

we obtain the following relation from Egs. (2), (3) and (2)~-(4):

o Vb D \1/2
vy =k, VgD, k=14 ( 7 ) (5)
0

for D = 100-700 mm.

The relation (5) establishes a connection between the kinetic energy cf the relative mo-
tion of a gas bubble and the potential energy of the emulsion phase in the gravitational
field. It is similar to Eq. (1). 1In this case, the diameter Dy of the gas bubble appears
with a correction which reflects the geometric characteristic of the system Ho/D and which
takes into account the nature of the interactions between bubbles within the volume of the
fluidized bed. It is clear from Eq. (5) that real bubbles may move markedly more rapidly in
a nonuniform bed than the artificial bubbles of Eq. (1).

Special experiments were performed in order to refine relation (5). The experiments
were performed in a column 700 mm in diameter. The gas-distribution grid was made of two
perforated sheets with holes 10 mm in diameter. The 25-mm spacing between holes provided a
useful cross section of 11.5%. A layer of felt 9 mm thick was clamped between the perforated
sheets. Polydisperse quartz sand with a mean particle diameter of 0.23 mm (uo = 4.6 cm/sec,
go = 0.45) was used as the dispersed material. The quantities u, and &, were determined by
smooth reduction of gas velocity using standard techniques., The height He of the motionless
charge was 50 and 90 cm. Fluidization was accomplished with air at t = 20°C. Air flow was
measured to better than 3% by means of a diaphragm and differential manometer.

A sensing dynamometer, the operating principles of which were described in [7], wasused.
It was a flexible strip of phosphor bronze with a rigid spindle at the end. A plastic sphere
(5.5 mm in diameter) was mounted on the end of the spindle. The force acting on the sphere
was measured with two strain gauges glued to the elastic strip and connected to a TA-5 strain-
gauge test stand. The output signal from the test stand was recorded on a strip chart by an
H-327-3 high-speed recorder. The sensing element was calibrated by means of a static leoad
suspended from the sphere. The force acting on the sensing element was determined to 5% in
the frequency range from O to 50 Hz. The sensing element was installed at the upper boundary
of the motionless bed at distances of 50 and 90 c¢m, respectively, from the gas-—distribution
grid. The range of fluidization numbers for the sand was 6-12,

Dynamic calibration of the sensing element was performed by means of cinematography in
a flat column 240 x 35 mm in cross section. A signal from the sensing element was recorded
at the time of passage of the base of a bubble and its velocity determined by cinematography.
The error of the dynamic calibration was no more than 5%.

The form of a typical signal produced by the recorder during the time a bubble passed
the probe is shown in Fig. 1. It is clear from the figure that the signal is zero during the

397



:1<1 i ‘

M) [
|
e b 0O X 4@ D
I G ro

oy Gy

—_— e e e e e

a 2 4 2 2 HyD

515: 3. Dependence of the coefficient k, = vg/

gD, on the geometric characteristic Ho/D of the
bed: 1, 2) our data for columns 300 and 700 mm in
diameter, respectively; 3) [5] (D = 100 mm, u, =
2.8 cm/sec); 4) [6] (D = 75 mm, Deq = 100 mm, uo =
2.4 cm/sec); 5) [12] (D = 150 mm, d = 100 u, ue =
1.1 cm/sec); 6) [1] (D = 100 mm, three fractions of
electrically conducting coke with d = 86, 154, and
344 ).

time tg when the bubble passes by the sphere of the probe but increases sharply at the time
when the base of the bubble impinges on the probe. The length of the zero signal and the
height of the spike after the bubble (base of the bubble) were measured on the strip chart.
Knowing the chart speed, the time taken by the bubble in passing the sensing element was then
determined. Using the static and dynamic calibrations, the velocity of the base of the bub-
ble, which was identified with the velocity Gp of the bubble itself, was determined from the
height of the spike following the bubble. The height of the bubble was determined from the
relation hg = {igtg. The quantities ug and Dy, were determined by averaging the quantities g
and hg respectively obtained in each individual case.

It is clear from Fig. 2 that the experimental data is approximated by Eq. (2) with a
standard deviation of 15%. Thus the experiments showed that Eq. (2) also remains valid for
higher values of the quantity (u — uo)h: 2000 < (u — uo)h =< 4000 cm?/sec.

In order to reveal the connection between the bubble height Dy averaged across the bed
and the averaged velocity vg, and also to take into account the effect of the geometric fac-
tor Ho/D, the experimental data consistent with Eq. (5) were plotted in logarithmic coordi-
nates: The bubble height was plotted on the abscissa and the quantity VB/(D/HO)I/Z, on the
ordinate. The experimental points were correlated with the following equation,

1/2
vB=1.76(3 j /2D, (6

0

with a standard deviation of 257%.

Plotted in Fig. 3 is the dependence of the coefficient k, = VB//Eﬁﬁ'on the geometric
characteristic of the bed in units of He/D according to the theoretical relation (5) (solid
line); also plotted are values of k; for our experiments and data of other investigators per-
taining to nonuniform fluidization [1, 5, 6, 12] and also pertaining to the piston mode [4],
for which the value k; = 0.35 is represented by the dashed line. Plotted in the same figure
are data for a sand bed (uo = 4.5 cm/sec, €o = 0.45) in a 300-mm column obtained in the ex-
periments described in [8].

It is clear from Fig. 3 that Eq. (5) approximates rather well (with a standard deviation
of 10%) the experimental data obtained over a broad range of Ho/D: 0.7 < Ho/D < 7.

In conclusion, we point out that the following relation obtained from Egs. (2) and (5),

v, = 1.9( D )”2 g w—u) h''°, )
HO . .

can be recommended for calculating the relative rate of bubble rise averaged across a fluid-
ized bed for D = 100-700 mm and 70 < d < 400 u. Note that Eq. (7) is valid for uniform gas
distribution.

398



NOTATION

Dp, mean bubble diameter across the bed; D, column diameter; k, k;, k., dimensionless
coefficients; g, gravitational acceleration; u, ue, velocity of filtration and velocity at
initiation of fluidization; H, Ho, height of bed and height of motionless bed; h, vertical
height above gas-distribution grid; p = H/Ho, expansion of bed; Fr = (u — u,)?/gHo, Froude
number; ug, Vg, ;Ba absolute rate of bubble rise, relative rate of bubble rise, and relative
rate of bubble rise averaged across the bed; Up, ¥y, local values of bubble velocities; d,
diameter of solid particles; eo,, bed porosity at initiation of fluidization.
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CALCULATION OF CHARACTERISTICS OF A DIRECT-CURRENT
ARGON ARC

A. 8. Sergienko and G. A. Fokov UDC 533.9.082.15

The radial temperature profile of a cylindrical -argon arc is calculated by a method
based on an elliptical approximation of the function o(S).

Article [1] presented the results of a study of static volt—ampere characteristics of
a dc argon arc burning in a cylindrical channel formed by a set of water-cooled electrically
neutral copper sections with inner diameter of d = 6 mm. The current varied from 30 to 110
A at an argon flow rate of G = 0.03 g/sec.

For various practical applications it is important to theoretically calculate the tem-
perature distribution over the section of the arc conductive channel. If we consider that
the electrical energy introduced into a unit volume of cylindrically symmetric positive arc
column is absorbed by the channel wall solely due to thermal conductivity, then the energy
balance equation will have the form [2]

. _ﬁ_<x£):0
oF* + r dr dr ’ (L
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