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HYDRODYNAMIC CHARACTERISTICS AND EFFICIENCY OF CONTACT ELEMENTS
OF WET-GAS-CLEANING EQUIPMENT

A. A. Andrizhievskii, A. A. Mikhalevich, UDC 532.55:66.074.51
and A. G. Trifonov

Mathematical modeling, with the use of unidimensional equations, is employed as
a basis for determining the relations between the hydrodynamic characteristics
and the efficiency of wet-gas-cleaning in single-pass contact elements.

Single-pass gas—1iquid units for removing impurity particles from gas by the wet method
are a widely used type of modern industrial equipment [1, 2]. The inclusion of such equipment
in thermally stressed power-generating systems tightens requirements in regard to. their re-
liability and efficiency,while it is at the same time necessary to minimize energy expenditures
for pumping the heat carrier being cleaned.

It was shown in several studies [1, 3] that the rate of interphase mass transfer of solid
microscopic impurity particles in contact units (CU) can be described by relations of the type

n = AAP~, : (1)

where the coefficients A and n are functions only of the disperse composition of the impur-

ities. This relation is unquestionably approximate in nature, but it adequately illustrates
the above-mentioned relationship between the efficiency of a CU and the energy costs of its

operation.

The presence of such a functional relation makes it possible to choose the total pressure
drop as the determining parameter in the optimization of mass-transfer (connected with inter-
phase transport of impurity particles), dynamic, and geometric characteristics of single-pass
contact elements of CUs.

This optimization is done on the basis of a mathematical model of a vapor-drop flow with
impurity particles in channels of variable diameter in regard to the process of cleaning of
a gaseous dissociated heat carrier in contact with its condensate. The model was constructed
on the basis of unidimensional equations of conservation of mass, thermal energy, and the mo-
menta of the liquid, vapor, and solid inert phases with the use of distribution functions for
the size of the drops and impurity particles [4]. The model is closed by integral relations
for the interphase heat-transfer coefficient and friction coefficient.

The total pressure drop in a unidimensional approximation was determined in the form [4]

dPy _ dPg, wa | dPsr.d 5 dB + dP, , (2)
dz dz dz dz dz
where
4P ) 1 ”W»nz -
frwa _ g LA s . (3)

dz WAy 2
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Fig. 1. Profiles of the components of the pressure drop in a
contact element: 1) friction against the channel wall; 2)
gravitational component; 3) pressure losses due to accelera-
tion of the gas—liquid flow; 4) interphase friction; 5) total
pressure drop; Gj = G} = 3 kg/sec, P = 2 MPa, % = 0.5, B =
0.2 rad, 4, = 0.2 m; AP, Pa; z, m.
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Fig. 2. Dependence of n on AP for different angles of in-
clination of the generatrix of the cone of the contact element:
1) 8 = 0; 2) 0.1 rad; 3) 0.2; 4) 0.4; 5) 0.8; 6) 1. The par-
ameters of the two-phase flow in the contact element are the
same as in Fig. 1.

Fig. 3. Effect of initial vapor content on the relation be-
tween n and AP: 1) @ = 0.2; 2) 0.3; 3) 0.5; 4) 0.7; 5) 0.9;
6) 0.95. The parameters of the two-phase flow in the contact
element are the same as in Fig. 1.

{ds ) 2 ’
dR d m nd., Ll W”—“W -4 (4)
a2 y OO P da @
4]
AP, dEW") de'W?) |
dza =@ dz +1—9) T dz )
dp 7 v
S (- — 08 (6)
dz

F(z, d4) is the drop-size distribution function normalized with respect to (dd)m.

Figure 1 shows the characteristic relation linking the components of (AP)y, which is re-
garded in the present case as the analog of the energy costs for operation of the CU. It fol-
lows from the figure that most of (AP)y is accounted for by the energy consumed by friction
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Fig. 4. Dependence of n on AP for different
rates of flow of the liquid for spraying the
contact element: 1) G} = 0.75 kg/sec; 2)
1.5; 3) 35 4) 4.5; 5) 63 GY = 3 kg/sec, P =

o 2 MPa, % = 0.5, g = 0.2 rad, d, = 0.2 m.

as

» o 4P

against the drops. This friction in turn depends heavily on the bulk density and disperse
composition of the drop moisture.

The relation n = f(R, (AP)y) (Fig. 2) shows that with a given (AP)y, cleaning efficiency
increases with an increase in the conicity (the angle B) of the contact element. This effect
is achieved by accelerating the gas—liquid flow in the outlet sections of the contact element
and correspondingly increasing the volumetric concentration and dispersion of the drop liquid

[5].

At the same time, at angles of inclination of the generatrix of the cone of the contact
element greater than 0.2-0.4 rad, the relation n = f(B, (AP)3) becomes n = f((AP)y), and when
a certain value of (AP)y is reached, an increase in the angle does not lead to an appreciable
increase in the coefficient of impurity-particle removal. It should also be noted that an in-
crease in the angle B is connected with a decrease in the volume of the contact element and
a corresponding increase in the number of such elements within a CU of a given capacity. All
this makes it possible to recommend the above values of the angle B as optimum for the condi-
tions being examined.

A similar effect of an increase in the efficiency of impurity-particle removal in a CU
is seen (Fig. 3) with acceleration of the gas—liquid flow in the inlet sections of the contact
element due to a reduction in its initial vapor content ¢ (the cross section of the perfor-
ated plate). In this case as well we can distinguish optimum values of the quantity @ = 0.2-
0.3, which in the region of reduced pressure drops (adjusted velocities of the gas being
cleaned) is characterized by a marked increase in the efficiency of the CU. With an increase
in (AP)g, the relation n = f(oz, (AP)r) degenerates into n = f£({4P)y), and the method of in-
tensifying the cleaning process by changing ¢s becomes ineffective. Also, an excessive re-
duction in @ in the region of high gas-flow rates leads to an appreciable increase in pres-
sure loss directly in the perforated plate.

It follows from Fig. 4 that an increase in G} (analogously, G}) helps achieve maximum
cleaning efficiency at minimum energy costs due to an increase in drop concentration per unit
volume of the contact element. However, a substantial increase in G} (GY) is not accompanied
by a significant increase in n for fixed values of (AP)y, which has to do with a change in the
structure of the two-phase flow.

In connection with this, within the framework of the present study we determined the dis-
perse composition of the drop liquid that (with specified thermodynamic parameters of the con-
tact element) corresponds to maximum efficiency in the removal of impurity particles in the
micron size range (dg £ 20 um). Here, the drop-size distribution function

Hd ‘
F o dg = A—39 exp (— 24}/ (dhy)
("
is constructed from (d4)v, which is determined from the relation [4]:

o — LW Wiy )y g

It was found that for typical thermodynamic operating conditions in a CU, the optimum
values of mean drop diameter d. lie within the range (0.2-0.6):1072% m. With a substantial
increase in dd, there is a sharp reduction in the Stokes number and a corresponding reduc-
tion in the coefficient of impurity-particle removal wec,s.. When dd decreases, there is a
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similar reduction in wec.g, due to a decrease in the difference in velocities between the drops
and the gas being cleaned. This conclusion is consistent with the findings in [1, 2].

In conclusion, we should note that the above-described effects are manifest to a greater
degree in the co-current movement of the gas and drops in the direction opposite to that of
gravity.

. NOTATION

n, cleaning efficiency; P, (AP), pressure, pressure drop; z, longitudinal coordinate; £,
friction coefficient; d, diameter; W, velocity; p, density; o, surface tension; ¢, volumetric
vapor content; N, number of drops per unit volume; B, angle of inclination of generatrix of
cone; G, flow rate; w, removal coefficient; g, gravitational acceleration; We, Weber criteri-
onal number. Indices: ", ', gas, liquid; I, total value; d, s, drop, solid particle; m,
maximum value; fr, friction; wa, wall; a, acceleration; g, weight component 0, quantity re-
ferred to the inlet section; n, most probable value.
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ELECTRODIFFUSIVE DIAGNOSIS OF THE VISCOELASTIC PROPERTIES
OF POLYMER SOLUTIONS ON A ROTATING SPHERICAL ELECTRODE

Z. P. Shul'man, N. A. Pokryvallo, 0. Vain, UDC 532.135:53.082.75
and I. I. Gol'bina

This article examines the feasibility of measuring normal stresses from data from
electrochemical diagnosis over the surface of a rotating sphere.

The rotation of a sphere in a liquid causes a secondary meridional flow as well as the
main circular flow. Such flow is centrifugal for Newtonian fluids, with flow toward a pole
and flow back to the region of the equator. In rotational shear flow of viscoelastic liquids,
nonisotropic normal stresses are created. These stresses either lower the rate of the cen-
trifugal flow or convert it into centripetal flow. In the last case, the liquid flows over
the sphere in the equator region and flows back from the pole region. These effects were
first examined by Giesekus [1]. Quantitative calculations of the flow of a viscoelastic sec-
ond-order fluid about a rotating sphere [1, 2] make it possible to ‘determine the normal
stresses on the basis of study of the kinematics of the secondary meridional flows. Such ex-
periments are usually performed by visualization of the flow about a rotating sphere [3].
Since the intensity of the meridional flow decreases very rapidly with increasing distance
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