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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not ncecessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT .

Difflision- controlled, steady- s‘tai_te evapofation through certain -
membranes has been reported tqvproc.ee,d. anomalously faster into a
'humid t_l’lah. into a dry atinos'phere. The diffugion coefficient of such
a memBrane depends explicitly bn both'céncentration and location with-
in the merﬁbrane. Moreover, the membfane has a skin é.t its evapor-
ating surface, the non-zero thickness of_whiéh is‘indepéndent of
atmospheric concentration. The inner surface:of the skin is
v_charact.eris'ed by fhe steady- state diffusion coeffiéient becoming zero
or infinite there. Exémples .are given of hypotheti'cé.l diffusion co-

efficients that yield the anomalous evaporative behavior considered.

’ @ ' : *Work done under the auspices of the U. S: Atomic Energy
~. ' Commission. '
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ANOMALOUS DIFFUSION-CONTROLLED EVAPORATTON
| Grove C. Nooney » ’
Coﬁéi&er‘a diffusidn procésé that contfolsvévgporation by delivering
to fhe surféce of.a nembrane é.substance that evaporates therefrom into
an atwosphere. Some authors, citéd by Jost'(l960,.p. 297) and Crank (1950),
repoftzﬁhaﬁ for certain ﬁétefials the steady;stﬁte.fate of diffusive flow
to the surface is increased by increasing the atmospheric concéntration'of

the evaporatingisubstance. That is, the evaporétion is reported to proceed

~ faster into a humiq;than into a dry atmosphere. Such diffusion behaviér

has defied eXplanation.by the ordinary methods of diffusion analysis (for
example, Crank 1950); This notg derives hgcessary? qualitative conditions
for thé diffusion process and gives examples bf hypdthetical diffusion
coefficients that yiel& anomalous diffuaion-behavior.

The situation may be described with reference to & membrane extending

in'thiékness ffom X = O to x = 1. Suppose the evaporation to occur from

' the surface x = 1. Denote by cl(x) and cp(x) the continuous steady-state

concentfations of the diffusing substance inithe.meﬁbrane with

‘Cl(O) = 02‘(0.) = a > Clb(l). = bl > ca(l) = b2.

’Thesé are thg simplest boundary conditions. With the non-negative

diffusion coefficient D = D(x,c), c; and cp satisfy

B , dey : o '
D(x,cl) E)—(l. = - Pl ) . : (l)
. ’ de .
2
: D(x{92) o - Tfeo (@)

where P, and P, are the respective non-negative rates of diffusive flow.

The reported behavior requires P; > Pp.
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Following Hartley's (1948) method for asymmetrical membranes,
suppose D(x,c) = £f(x)g(c). Then from eq. (2) follows

-1
a

N |
dx .
g(e)de jﬂf(—j = Pp, (3)
bJ-v o VX _ -
provided that both integrals exist. Increasing b, Cannot increase the

left-hand side of eq. (3), and this implies Py < P,. Therefore, &

diffusion coefficient yielding P; > P, cannot be multiplicatively separable

into appropriately integrable factors of a single variable each. In

particular, D caanot be a function of c alone, already shown by Crank (1950),

or of x alone, .
Let'y:berény point for which cl(y) = ca(y). One such point is y = O.

Suppose that the common value D‘[y,cl(yX] = D[},ca(y)] is finite and not

Zero. Theﬁ, since P; > P2, eqs. (1) and (2) show that d;i(y) < d:i(y) .
This implies that c3(x) = cp(x) for O < x <1 and contradicts the relation
bj > by. Therefore, at some point of coincidence of c; and cp, necessarily
awﬁy from the evaporating surface, the diffusion éoefficient is zero or
infinite. |

Thus, for the diffusion process here considered there is inside the
membrane or on its entry surface a characteristic singular surface where
the steady-state diffusion coefficient is zero or infinite. The location
of thié singular surface is independent of concentration at the evaporating
surface wiﬁhin the range evoking the anomalous behavior. It follows that

the membrane may correctly be considered to have a fixed skin of some

thickness at the evaporating surface.

Examples: Denote by c(x) the steady-state concentration and by P the

corresponding rate of flow. Let c¢(0) = 1 and ¢(1) = 1 - h. Suppose

2 -2 -
D(x,c) = 2x 3/ (1 -c) . Then c(x) =1 - hJ(l/e, and P = h™l. For

Paad
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Cthis ¢, D(x,c) = 2 x /2 h™2, and D(0,1) = 0, while 9€(9) i5 infinite.

_ Next, suppose D(x,c) = 21y 3/2(lec)'5/u. Théq.c(k) =1 -hx 2, and

p - n-b. For this ¢, D(x,c) = b-5/% xL, and D(0,1) is infinite, while
93%91 5‘6; In both exampiesﬁ D(x,c) is muitipliéatively separ&ble, but
the facidré'are no£ appr0priately'integrable. ~-In both examples_ P
increaées'AS c(1) increases, imitating the reportéd anomaly.
vThe»diffusionvof>water through a rubﬁer membréne is anomalous in the

present sénse (Jost 1960;_p, 298). The water-content data shown by Barrer

(1951, p. 435) suggest that the steady-state diffusion coefficient of the

rubber membrane is zero on the entry surface, while the steady-state

concentration in the membrane resembles that of the first foregoing

example.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United

- States Atomic Energy Commission, nor any of their employees, nor

any of their contractors, subcontractors, or their employees, makes
any .warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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