For typical organic synthesis processes, where bubbling is used, treg & 0,02 sec and the condition of ap-
plicability is satisfied for tyjem > 0.03 sec.

From an analysis of the problem (13), it follows that for slow reactions, when only the linear term in the
expansion with respect to A is taken into account, Eq. (19) has the same form for a first-order reaction, It is
only necessary to carry out the formal substitution for the quantity x, setting Bk — k' and » —~ k'd¥/42.

NOTATION

Here a is a constant; A, concentration of substance 1 on the bubble surface; B, concentration of sub-
stance 2 far away from the bubble; C, concentration of substance 1; C!, concentration of substance 2; DY, sym-~
bol for fractional differentiation; d, diameter of the bubble; F, total mass flux through the bubble surface; f,
arbitrary function; I, J, functions of the angles of separation of the flow, entering into the solution; k, rate con-
stant of the second-order reaction; k', rate constant of the first-order reaction; @, source function of the sub-
stance; qg, gradient of the dimensionless concentration at the boundary of the region; R, bubble radius; r,
radial coordinate; fchem, characteristic time of the chemical reaction; tyeg, characteristic time for regener-
ating the bubble surface; up, ug, radial and angular components of the fluid velocity; z, an integration variable;
o, B, constants; 6, variable related linearly to the coordinate; n, integration variable; 6,4, polar coordinates;
%, dimensionless rate constant of the chemical reaction; o, o', dimensionless concentrations of components 1
and 2; &, 7, dimensionless coordinates; ¢, angle of separation of the flow; Pe, Peclet number; Sh, Sherwood
number; Re, Reynolds number. Indices: s, surface.
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DETERMINATION OF COEFFICIENT OF
EXTERNAL MASS TRANSFER IN DRYING
PROCESSES

E. N. Prozorov UDC 66.015,23,936.,8

A method is proposed for determining the coefficient of external mass transfer from experi-
mental curves of drying kinetics in porous materials., A comparison of results obtained by this
method and by the method of moisture content measurements indicates a close agreement.

Important aspects of studying the mass transfer in systems with a solid phase are gathering of experi-
mental data on the mass transfer coefficients, and related with it, development of methods of determining their
dependence on the concentration of fluid substance in the porous body. The coefficient of external mass trans-
fer, referred to the motive force in the solid phase, determines the intensity of transfer of the bounded sub~
stance from the surface of a capillary-porous body to the ambient medium during a drying process, and can be
calculated from the relation

jzﬁ,f(us_ue)? (1)
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where j is the moisture flux. The quantity 83 in this equation is found from the drying intensity by the transi-
ent method, The main difficulty here is determining the surface moisture content ug in the material. The mois-
ture content in the surface layer appears in that equation and it is indeed the thickness of this layer, the gov-
erning quantity in this method, which can be selected arbitrarily by each researcher depending on the proper-
ties of the dried material as well as on the conditions of the experiment. This arbitrariness introduces an ap-
preciable inaccuracy into the determination of mass transfer coefficients and is the main cause of the discrep-
ancy between data obtained by various authors. The proposed method of determining 8§ = f(u) belongs in the
class of transient methods, but it does not require an experimental determination of the local moisture concen-
tration at the surface of the solid body and can be used for determining the external mass transfer of fine-layer
or granular materials in study of drying, adsorption, and extraction processes, It is based on a zonal treatment
of the drying process, with use of an analytical solution to the system of linear equations of heat and mass
transfer [1]. The zonal method of calculation assumes that the kinetic coefficients remain constant over a
narrow range of variation of the integral moisture content. The solutions to the equations of mass transfer in
terms of mean-volume concentration in bodies of classical shapes with boundary conditions of the third kind,
often encountered in practice, are written as

N ' ,
= 2 2N, m exp (—p2 Npo), (2)
y’ﬂ (NBL ,m +NBl,m+ ”n)

for a plate,

2 o XP( B2 Np)
- —p2 3
Mn(”n"l‘NBl m Fo ( )
for a cylinder, and

_ . 6. Ng; 2,

E=WM 20 exp (—H2 Ny ). (4)

sk i (e + Nggo o+ Npg )

for a sphere. An analysis of the transient preceding the regular process mode in terms of mean-volume con-
centration [2] has revealed that the first term of Eqgs, (2)-(4) suffices for calculation of the kinetics, The de-
gree of regularization will then be characterized by the error due to disregarding all other terms of the series,
this error being estimated for various values of the Biot number as

E,—E.
g=—"———100%. 5
2 b (5)
We will now demonstrate how the coefficient of external mass transfer ff can be found from the equa~-
tions of the regular mode, when the relations E = f(Ngo) and a/m = £(0) are known, The corresponding char-
acteristic equations for Egs. (2)-(4) are
PR /Y () W M

; v tgpy = .
Npim  Ja(m) Ngi,m NBi ]

ctgpy =

(6)

It is possible [3] to establish the relation p, = f(NB1 m) in various ranges of the Biot number Npj,m. For
NBi,m = 0.1 and an infinitely large plate we have

:”? =Npi m (7)
Inserting this into Eq. (2) and letting h = 1, we obtain the expression

2
E, =7 exp (’_-NBi,mNFo) . (8)
Bi, i

For Npj,m > 0.1 the function p} = f(Npj,m) becomes

2 A
(p‘l)w —1 =

. (9)
Ha NgiK m

When Npi m — <, then uy, = (2n— 1) 7/2, p? = 7%/4, Then
Bi,m n- 1

a2 A
o — 1= (10)
4pi Ngi* m

The values A = 2,24 and k = 1,02 for a plate are found from the graph of the relation [3]
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2
Ig [(“}i"" —1 ] =1 (g N; 1) (11)

Inserting expression (11) into Eq. (2), including these found values of A and k, we obtain the expression

e 2Npi? m

Ey= -3 - > n? 1
. i = ] Y L DD S Y (12)
i . N2, Ngj - p( K :j Fo) .
4 [ 1 2.24/N 107 H Bl,m+ Bi, 1 [ 1',_2-24/81\1511};2 ]} 4 [1—}—2,24/NBian]2 y

Bi,m .

for calculating Ngj,m and 5. Fer an infinitely long cylinder and for a sphere with Npi,m = 0.1 we have, re-
spectively

W3 =Npi,ms b3 = 3-NBi,m . (13)

On the basis of relations (13), the equations for calculating Npj p, in the regular mode become

= exp (—2N,. _Ngg) 14
' + i m pl Bi,m Ee oo
for a cylinder and ‘
Ei=—"  exp (—3 Ng; 1 Nro) 15)
B +NBi,m .Bl,m (

for a sphere,

Calculations reveal that in the Ngi,m > 0.1 range for a cylinder A = 2,45 and k = 1,04, for a sphere
A =2.70 and k = 1.07, and the roots of the characteristic equations are

1
2 = (2.405)
K=t )( I+ 245/ N5 ) (16)

1
=t ——
g ( I 4+ 2.7/N 157 ) ' (17)
On the basis of expressions (16) and (17), the equations for Ngj,m in the Npj m > 0.1 range become

4N m

1 1 ' 1
(2,405)2( )[ (2.405)2(———————> TN ] exp [—2.4052 (—————-)NF€| ., (18)
14 2.45/NBifrg4 14+ 2;45/NB£ o Bi?,m 1+ 2,45/ NBif;gi

E—

for a cylinder

— 6. NBiz,m
Ei == O —

1 1 1 \. .
2 ni? N.., —Npgi mlexp|—mn? . . (19)
Tt ( 1 2.,7/1\]511}2]7 )[ ( 1+ 2'7/NBi11:?17 ) -+ Bi?,m B1,m1 Y [ ( T 2°7/N311,19n7 )NFo]

for a sphere.

with the aid of the thus obtained Egs. (10}, (12), (14), (15), (17), and (18) it is possible to determine
from experimental drying curves the values of the Biot mass-transfer number and thus also of g7 in various
ranges of moisture concentration. The proposed method of determining g7 assumes that the dependence of the
molecular diffusivity a,, on the concentration and the temperature is known.,

For making the calculations more convenient, in Fig. 1 have been plotted graphs of the relation E=
f(NBi,m) on the basis of these equations.

The sequence of determining the mass transfer coefficients is as follows. From the experimental curve
of mean-volume concentration one selects the range of concentrations E; (tf — Ug)/{Uj — Te) within the time in-
terval A7 in which the kinetic coefficients are assumed to remain constant. For this selected concentration
range one determines, from the available ap, =f (d) curve, the mean value of the molecular diffusivity. In-
sertion of Ej and Ny = amAT; /R? into the corresponding equation yields the mass-transfer number
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Fig. 1. Dependence of Npi,m on Ngo for (a) infinitely large plate,
(b) cylinder, and (c) sphere; numbers at the curves indicate the
values of E,
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Fig. 2. External mass transfer coef. fg(m/sec) as a
function of the moisture content u (kg/kg) according to
the method of moisture content measurement (a) and
according to the proposed method (b).

i

Bi,m = ap, R’

(20)

and thus the coefficient of external mass transfer. Then, from the & = f(i],NBi,m) graph [2], one estimates the
error of Npj,m calculation by the zonal method. Assuming a constant g within the E interval, one plots the
calculated gy in By ~ U coordinates (Fig. 2). Successive calculations by precisely the procedure for next inter-
vals of U and 7 vield the concentration degendence ofthe external mass transfer coefficient. A comparison of
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By values in Fig. 2 for drying of steatite ceramic determined from the drying intensity according to Eq. (1) and
according to our method respectively indicate a close agreement.

The question as to which equation has to be used for determining the Biot number in a given range of
moisture content variation can be answered uniquely in each specific case. When Eq. (10) yields a Biot number
Npi,m = 0.1, for instance, then Eq. (12) must be used for calculations, and so on in the case of other bodies.
In the case of drying in a fluidized disperse coolant, the Biot number will exceed 0.1 very soon after the begin-
ning of the process [4]. The mass transfer coefficients must then be calculated according to Eqs. (12), (14),
and (15). '

NOTATION

B external mass transfer coefficient referred to the motive force in the solid phase; ug, ue, respec-
tively, the surface moisture content and the equilibrium moisture content in the porous body; Npj m =
,BER/ apys Biot mass-transfer number; Ngo = am7/ R?, Fourier number; apy,, molecular diffusivity; 7, time; R,
characteristic dimension of the body; pp, roots of the characteristic equations; and u, mean-volume moisture
content.
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HEATING OF CERAMIC AND SILICATE MATERIAL
SURFACES BY AN ARC PLASMA FILAMENT

A. 1. Zol.otovskii, V. D. Shimanovich,and A. K, Shipai UDC 533.924

The heating of ceramic and silicate material surfaces by a heavy current arc plasma filament
is investigated in an air atmosphere, The possibility of using optical pyrometry methods for
highly heated surfaces is studied for T > 2000°K.

A rige in the efficiency of many high-temperature technological processes requires a detailed study of
the interaction between high~enthalpy plasma fluxes and the surface of a solid. Despite the considerable amount
of investigations, there are many unsolved questions in this area [1]. Especially few are the confident resulis
in studying plasma interaction with a surface with ablation taken into account. Theoretical methods do not per-
mit the confident solution of this problem at this time because of the complexity of taking account of the whole
set of elementary processes occurring here, as well as the lack of information about the properties of a plasma
that are realized in the houndary zone during interaction. Difficulties in the experimental investigations are
due primarily to the lack of reliable methods and apparatus for body temperature and plasma parameter diag-
nostics during its action on the body surface,

The behavior of ceramic and silicate materials subjected to plasma fluxes is investigated in this paper,
and the possibility of using optical pyrometry methods for a heated surface is examined. The schematic dia-
gram is presented in Fig. 1a, and is described partially in [2]. In order to assure high density of the energy
delivered stationarily to the item surface and to obtain reproducible results, a current-carrying plasma fila~
ment placed between two specimens being investigated which were mounted in parallel at a 6-mm spacing and
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