MEASUREMENT OF KINETIC COEFFICIENTS OF THE ISOTHERMAL
MOTION OF A GAS MIXTURE IN CHANNELS WITH ARBITRARY
NEGATIVE PRESSURE

V. D. Seleznev UDC 533.6,011:082.32:541,128.13

A method is proposed for measuring three kinetic coefficients needed to fully de-
scribe the motion of a binary gas mixture in channels caused by pressure and con-
centration gradients in the case of arbitrary negative pressure. Measurement re-
sults are also presented.

The rate of many industrial processes connected with solid fuel combustion, catalysis,
and adsorption on porous bodies is limited by the delivery of the active component through
channels formed by pores filled with an inert gas, The characteristic cross-sectional dimen~
sion of the pores d in this case may be either greater or smaller than the mean free path A
in the gas mixture. The velocities of the two gaseous components under these conditions are
proportional to the pressure and concentration gradients and are generally characterized by
four kinetic coefficients of isothermal diffusion., The nonequilibrium thermodynamics of dis-
continuous systems [1, 2] gives the following definitions of these coefficients for low-
density gases:
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where ¢y = ny/(n; + n2) = ni/n, nj, uj are the concentration, numerical density, and longitu-
dinal projection of the mid~channel velocity (in the laboratory coordinate system) of the i-
th componentj Ap, Ac,, gradients of pressure and concentration at the ends of a channel of
length Ly Lii, Lizs L21s L2as, kinetic coefficients of the isothermal motion of the binary
mixture in capillary tubes and porous barriers, respectively describing the permeability,
diffusion drift (slip), separation, and mixing of the components.

In accordance with the Onsager reciprocal relatioms, L,z = Lai, so that the matrix of
coefficients Ljj will contain three independent elements.

A study which examined the motion of gas mixtures in porous media during heterogeneous
catalysis [3] used one coefficient instead of three, Here, the effective diffusion coeffi-
cient D?z is related as follows to Lja%

f
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It is obviously impossible to correctly predict the velocities of the components in this case.
The effect of the first term in the right side of Eq. (1) may prove quite substantial in view
of the fact that, in the presence of reactions in the intermediate range, the pressure drop
along the pores may be of the same order as the absolute pressure in the system. The custo-
mary neglect of the second term in the right side of (1) is correct only for self-diffusion.
In the general case of the diffusion of two markedly dissimilar components, this term — ac~
counting for diffusion drift of the mixture — must be considered.

The present work investigates the Knudsen number (Kn = A/d) dependence of all three ki-
netic coefficients Lij, giving a complete description of the motion of a binary gas mixture
in channels. A method is proposed and realized for simultaneous measurement of the coeffi-
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cients Lii, Li2, and Lzz. The tests were conducted in the intermediate range of Knudsen
numbers (Kn = 0,05-10) on five pairs of gases He—Ar, H,—Ar, H,—He, H;—Ne, and He—Ne in a
round glass capillary tube. As far as we know, no other tests have been conducted to deter-
mine Ly, and L,; in the intermediate range for a channel of regular geometry.

The proposed method of measuring the coefficients Lij is based on recording of the time
dependence of the diffusion barrier effect which arises in the mixing of the components in
a system of two columns connected by a capillary tube. To analytically connect the empiri-
cal time dependence of the barrier effect with the kinetic coefficients Ljj, we will examine
the mixing of gases in a system of two columns with volumes Vi = Vi1 connected by a capil-
lary tube of length L and radius R. Ignoring the diffusion resistance of the columns, we
may write the law of conservation of the number of molecules of each component in the re-
spective columns as follows:
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Substituting the expressions for the velocities u; from (1) and (2) into (4) and solving the

resulting system of equations with the initial condltlons n,7(0) = n217(0) = 2no; = 2ne2, we
easily obtain
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In the tests, the pressure gradient in the columns Api at successive moments of time tj
was recorded by a frequency—capacitance pressure transducer, the operation of which was de-
scribed in detail in [4]. A basic diagram of the experimental unit is presented in [5]. Pro-
ceeding on the basis of the condition of minimum deviation of the theoretical relation (5)
from the experimental set of points Apj(ti), we used the nonlinear method of least squares
to determine the pdrameters a, S;, and S:. In accordance with (6), we expressed the kinetic
coefficients Lij through the free parameters of Eq. (5) as follows:
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depends on the magnitude of the barrier effect and varies from

2% at Kn = 0.3~3 to 7% with approach of the viscous and free-~molecular limits.

We used the above method to measure three coefficients Ljjy
Ar, H,—He, HeNe, and H,—WNe at a concentration ¢ = (0.5 and temperature T =

range of numbers Kn = 0.,03-10,

on the gas pairs He—Ar, H,—
296°K in the

The test results are shown in Fig. 1 in the form of correct-
ed coefficients independent of the channel radius.

This coefficient correction was per-

formed in accordance with the following formulas:
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Fig., 1. Corrected kinetic coefficients of the isothermal
motion of a binary mixture in a capillary tube as a func-
tion of the logarithm of the reciprocal Knudsen number: a)
1 —-L?Z; 2 — 183 3 — LSL for the He—Ar pair; 4 — LST; 5 —

Lff; 6 — LS for the Hy—Ar pair; 7 — LS.; 8 — LST; 9 — LS]

for the Hy-He pair; 10, 11 — Egs. (9), (10); 12 — data from
[8]; b) 1 —1SE; 2 — Lff; 3 —-Lgf for the H,—Ne pair; & —

L¢Y: 5 —-Lff; 6 -LSE for the He—Ne pair; 7, 8 — Eas. (9),

12°?
(10).
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m; is the mass of a molecule of the i-th component.

The reciprocal Knudsen number of the mixture Sij was calculated from the relation [6]

2kT + ‘// 2rT
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where ny is the partial viscosity of the i-th component [7].
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For comparison with the test results obtained here, Fig. la shows experimental values
of LST obtained in [8] by direct measurement of the rate of flow of an He—Ar mixture under
11

similar conditions. The good agreement between the empirical results confirms the correct-

ness of the method proposed in the present work for simultaneously determining three kinetic
coefficients of isothermal diffusion. Use of the method can be recommended for studying the
motion of a binary gas mixture in various types of porous membranes. The solid lines in Fig.

1 denote the results of numerical calculation of the coefficients L;; [9] with allowance for

incomplete accommodation of the molecules on the surface [10]. The discrepancy between the
theoretical and experimental values of ng for the investigated pairs of gases does not ex-
ceed the experiment error,

In determining the velocity of the components of a binary mixture in porous media at
Kn ~ 1, a semiempirical formula was adopted for the effective interdiffusion coefficient Df
[3}]. Using the notation employed here in Eq. (3), this formula for fo converts to the
form
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where Lzz and LE? are the viscous and free-molecular limits of the coefficient L;z.

It would be of interest to check the validity of this expression. The dot—dash line in
Fig. 1 shows the results of calculations with Eqs. (9) and (7) with allowance for incomplete
accommodation [10]. The discrepancy between the semiempirical values of LSE and the nearly

identical theoretical and empirical values is greatest in the region of Gij = 0,2 and reach-
es 10%.

The kinetic coefficient function LSE(Sij) is similar to the function ng(dij) for the

gas pairs investigated., Making use of this fact, we may propose a formula similar to (9) to
approximately calculate L12(6ij)

1 1 1
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where LYZ = o0D,,/P, Lfg are the viscous and free-molecular limits of L;,; ¢ is the coeffi~
cient of diffusion slip [9].

Comparison with the strictly theoretical results and the experiment shows that Eq. (10)
is valid,

NOTATION

R, radius of capillary tube; w, mean velocity; A, mean free path length; cj, ny, ug,
molar fraction, numerical density, and mean (across the channel) velocity of the i~th com-
ponent; Ap, Ac, gradients of pressure _and molar fraction at ends of channel; L, channel
length; Lij’ kinetic coefficients; D?z, effective interdiffusion coefficient; Vy, Vi, vol-

umes of columns; Nijs Doi, density of molecules of the i-th component in the j-th column and
in the middle of the capillary tube} 843 = (Kn)~!, reciprocal Knudsen number of the mixture;
ni, partial viscosity of the i-~th component of the mixture} o, coefficient of diffusion slip.
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HYDRODYNAMIC CHARACTERISTICS OF A FLAT-FLAME INJECTOR TORCH
WITH A VORTEX INJECTOR

R. K. Narkhodzhaev and E. R. Kasparov UDC 662.951.23/27:532.5

The optimum twist of an injected flow is established through studies of a function
describing the hydrodynamic characteristics of a flat~flame burner,

Existing designs of torches do not meet the requirements of flame decontamination tech-
nology. We have developed a new design of flat-flame injector torch with a vortex injector
[1, 2]. Presented below are the results of studies of the hydrodynamic characteristics of
the proposed torch, which consists of a cylindrical mixing chamber and a slit diffuser. The
mixing chamber is equipped with rotary nozzles which allow the twist parameter to be changed
from O to 2.84,

It is well known that the width of the jet increases more rapidly in the case of swirled
flow [3]. Allowing for this, we investigated the velocity distribution in the outlet section
of the mixing chamber diffusion nozzle in relation to the twist parameter n for values of n
equal to 0, 1, and 2. Velocity curves recorded at these parameter values were compared with
the curves obtained with axial location of a nozzle of the same capacity (Fig. 1). Analysis
of the curves shows that the velocity of the mixture leaving the diffuser is extremely non-
uniform in the case of axial location of the nozzle. Here, the velocity distribution in the
outlet section of the mixing chamber is uneven, with the maximum occurring on the torch axis.
The existence of this maximum leads to deformation of the flow by the diffuser walls a con-
siderable distance from the outlet section of the mixing chamber and results in a velocity
maximum in the axial region of the diffuser outlet section,

The character of the velocity nonuniformity changes little for a slightly twisted flow
(0 < n <'1), but there is an increase in velocity in the peripheral zones of the slit, with
a maximum on the axis. The velocity field smooths out at n = 1, and at n = 2 the flow may
be considered uniform at the slit outlet, although it has a certain axial trough in the mix-
ing chamber. This can be explained by the fact that the rate of development of the cylin-
drical flow increases with an increase in n. It begins to be deformed by the walls of the
diffuser at the outlet of the mixing chamber and gradually degenerates into a plane flow with
a uniform velocity distribution. A further increase in the parameter n leads to an increase
in the size of the velocity trough in the mixing chamber section, and a nonuniform flow -
with the velocity maximum in its peripheral zones — is produced at the slit outlet.

It follows from the results of the experiment that the optimum value of the twist para-
meter for the model being examined, ensuring uniform flow of the mixture from the slit,
should be found within the range n = 2+0.1l. The uniformity of the flow in the outlet sec-
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