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The boundary conditions have been found for hydrodynamic equations in the presence of
evaporation and condensation. For small evaporation rates the temperature jump and the
deviation of the vapor pressure from the equilibrium value are shown to be of the order of
the ratio between the speed of the vapor flow v and the mean speed of heat transfer c. It
is shown that the expressions commonly used in the literature for the flow of materials
and heat in the presence of evaporation and condensation contain an error.

IN the solution of hydrodynamic problems involv-
ing evaporation and condensation, the temperature
T (0) and pressure p(0) of the vapor above the
liquid (or solid) phase must be given as boundary
conditions. Generally speaking, the vapor tem-
perature is not the same as the temperature of

the liquid surface, T, nor is its pressure equal
to the saturated vapor pressure p, at the temper-
ature T,. This effect is analogous to the tempera-
ture jump at the boundary between a gas and a solid
wall in the presence of heat flow.!

In the present work, the value of T (0) and
p (0) are found on the basis of kinetic theory. For
this purpose it is assumed that the vapor is an
ideal gas, that the vapor molecules striking the
liquid surface are completely captured, and that
the molecules emitted from the liquid have the
Maxwellian distribution corresponding to the tem-
perature T, and the pressure py. The latter as-
sumption is satisfactorily fulfilled in the case of
monatomic gases,? which are the only ones we
shall consider.

To simplify the calculations we limit ourselves
to the case in which v/c < 1, and shall consider
a one-dimensional flow of vapor at the plane liquid
surface x =9. (The x axis is directed out of the
liquid into the vapor). To describe the state of
the vapor we shall introduce the distribution func-
tion f(x, £), where ¢ is the velocity of the mole-
cules in the laboratory coordinate system.

Denoting the current density of the vapor mole-
cules and the energy flux density by 7(x) and
Q (x) respectively, we have, immediately outside
the liquid surface x =0,
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where 7, and Q) are the molecular current den-
sity and the energy flux density for the vapor mole-
cules emitted from the liquid.

Making the assumptions given above,

To = Po/ VQ“kaO, Qo = 2kT 0. (2)

To calculate 7(0) and Q(0) we use the dis-
tribution function in a “13 moment” approximation:
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where
o = n(m/2nkT)”=exp (— mu®/ 2kT),

R=k/'m, (4)

n is the density of molecules, pjj is the viscous
stress tensor, v is the velocity of the local center
of inertia, and S =m [uu’fdu is twice the heat
flow, related to the total energy flow by the for-
mula

u:é:_"v’

Q = 1/25 + TCpT’

where cp, is the heat capacity at constant pressure,
equal to % k.

Substituting (2) and (3) into (1) and carrying out
the integration to the accuracy of the terms linear
in v/c, we obtain

=(0) = 2{p, / V 2=cmkT,— p(0)/ V 2zmkT(0)},  (5)
Q(0) =2{poV 2kTy/xm — p(0)V'2kT (0)/=m}.  (6)

From this it can be seen that the flux of particles
and energy, when v/c < 1, is equal to twice the
difference between the corresponding Maxwellian
currents directed out of and into the surface, and
not to this difference itself, as it is usually taken
to be (cf, for instance, references 2 and 4).

The appearance of the factor 2 is related to the
fact that in determining the flux falling on the sur-
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face, the Maxwellian distribution function for a gas
at rest has always been used as the zeroth-order
approximation, whereas the proper form appears
to be the Maxwellian distribution for a moving gas
[Eq. @)].

Solving Eqs. (5) and (6) for p(0) and T (0),
we find the following expressions for the temper-
ature and pressure of the vapor at the surface:

T(0)/To=1—0Q(0)/2Qo+ =(0)/ 2r,, ()
P(0)/po=1—0Q(0)/4Qo—=(0)/4s,. ®)

When S/pT > 1, (7) reduces to the well-known
formula for the temperature jump at a non-absorb-
ent surface.’ In this case, it is known that the tem-
perature jump is of the order of A/a, the ratio be-
tween the free path and a characteristic dimension
for the problem.

In the other limiting case, S/pT < 1, where
convective heat transfer is much larger than mo-
lecular transfer, we have

T(0)/To=1—1(0)/ 8=,
P(0)/po=1—9¢(0)/ 16%, ©)

i.e., the temperature jump and the deviation of the
vapor pressure from its equilibrium value are of
order v/c.

Equations (5) and (6), or (7) and (8), can serve
as boundary conditions for hydrodynamic equations
involving evaporation and condensation.
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