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The slip velocity is taken into account in the derivation of expressions for the pressure gra-
dient and mass velocity of a vapor—gas mixture undergoing evaporation in a single capillary.

A description of the drying process requires an investigation of evaporation in a single capillary
where there is not only mutual diffusion of vapor and air, but also a convective flow of the mixture, We
will assume that the ratio of the mean free path I of the moleculeto the capillary radius r, is not very small
relative to unity (slip regime [1]). In this case we can expect that owing to the presence of friction, and
also of viscous, thermal, and diffusive slip, the mass transfer process in the case of evaporation in a

capillary will differ, generally speaking, from mass transfer in the case of evaporation into a semiinfinite
space,

The condition for the slip velocity at the boundary of a body in a flow has the form (we will assume
that the accommodation coefficient is unity) [2]
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where ?\g 1) and 7\(2) are coefficients which depend on the collisions of molecules of a given component with
molecules of the same species or with molecules of another component [2].

In expression (1) the first term on the right represents the viscous slip, the second represents the
thermal slip (we will assume that the temperature gradient along the capillary is known), and the third
represents the diffusive slip, We note that in the case of diffusion of components with approximately equal
molecular weights the velocity of 'diffusive slip is low,

The mass velocity of a vapor—gas mixture in a cylindrical capillary will satisfy the Poiseuille equa-
tion of motion with boundary condition (1), We assume that in a sufficiently fine and long capillary the pres-
sure, density, and concentration can be regarded as constant over the cross section. We also neglect the
change in velocity and viscosity coefficient along the capillary. Then, for the mean velocity over the cross
section we have
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In formula (2) the term corresponding to viscous slip is expressed in terms of the total pressure gradient
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For evaporation in a capillary we have to use another condition, viz., that the total (diffusive and con-
vective) flow of air through the cross section of the capillary is zero (we neglect thermal diffusion and pres-
sure diffusion):

d (ﬂz_ ) ' (3)
n*m,m -
Jy=-—Dy, pl 2. d)rc) =+ pgv =0,
whence
d (_13_)
Pl _ e o @
dx n*mym,Dy,

Using (4), and also the obvious relationship
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The presence of mass velocity accompanying evaporation ina capillary implies a longitudinal pressure
gradient, which we determine from (2) and (6), assuming that (acy)? < 1:
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Thus, in the case of evaporation in a capillary there is a total pressure gradient (8), and the mean
velocity of the mixture (5) [or (6)], generally speaking, differs from the Stefan velocity, which has the form
[3]:
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These differences disappear, however, i.e., p = const, and formula (5) becomes the same as (9):
1) when the capillary radius is large enough, i.e., ry— = (@ —0);

2) when the effect of surface friction in the capillary is compensated by the effect of thermal and dif-
fusive slip, i.e.,
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is the mean mass velocity of mixture;
Vsl is the slip velocity;
p=nm is the density of mixture;
T is the temperature of mixture;
Py, Dy are the partial pressures of vapor and air, respectively;
c is the mass concentration of vapor;
¢y =Dy/P, C3 = Po/p are the molar concentrations of vapor and air;
m is the molecular weight of mixture;
r(D , R(? are the gas constants of vapor and air;
u is the coefficient of viscosity of mixture;
A is the thermal conductivity of mixture;
Ay Ay are the thermal conductivities of vapor and air;
X is the coordinate along capillary;
Dyy is the diffusion coefficient.
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