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Summary

1. It is imagined that a wind blows over the horizontal surface of a snow cover in the
form of laminar flow with no turbulence accompanied, dragging the air that fills interstices
of the snow lying near the surface. For such an imaginary case, the present author writes

(tazdimr0 = a(Tan)e=—0 (1)
and
Us = buy ( 1/)
as boundary conditions at the surface of the snow cover, where

x, z: coordinates taken respectively leeward and upward with the origin on the surface,

Us, uy: respective values at the surface of velocity of the wind and intersticial velocity
of the air in snow,
7.© mean value of microscopic shear stresses of the air,

a, b: constants whose values are determined by the nature of the snow surface.
Boundary conditions (1) and (1”) are applicable also to other kinds of fluids and porous materials
if only the fluid makes a rectilinear and laminar flow over their surface.

2. Beavers and Joseph made on artificial porous materials an experiment, which will be
described in Article 4, and found that the result of their experiment was in good accord with
the theoretical result obtained by assuming the boundary condition

(dU/d2)m0 = (Wa/ By ) (Us —cup) (2)
at the surface of the materials (Ref. 1). In formula (2)

e, By: porosity and specific permeability of the porous materials,

a: dimensionless constant characteristic of the structure of the porous surface,
up: intersticial velocity of the fluid deep in the porous materials.

3. The present author derived in Paper I equations of motion applicable to the fluid
flowing within a porous material, regarding that shear stress arises in it from two causes:
molecular viscosity and structural turbulence. Let % (2) be a solution of the equations of motion
such that it fits the experimental conditions of Beavers and Joseph. Then it is possible, by
use of du{z)/dz, to draw formula (2) from formulae (1) and (1’) with the result that constants
a and b in the latter formulae are expressed by those in the former as

a=aye and b=zs, (3)
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provided that z,=u(0) is so small as to make the shear stress due to a structural turbulence
disappear before that due to molecular viscosity.

4. Figure 2 of the text shows schematically the experimental arrangement of Beavers
and Joseph. Impermeable plate M is placed a short distance & above surface OO’ of the
artificial porous material. Water fills its interstices as well as the channel between M and OO".
Whole of the water flows from the left to the right under the action of a constant pressure
gradient G with velocity profile LCA in the channel and BNN’ within the porous material.
As h is very small, the flow in the channel is laminar.

5. Beavers and Joseph measured experimentally flux M of water through the channel,
while on the other hand they calculated the same flux using the boundary condition given
by formula (2). Broken curve LC,O in Fig. 2 gives a velocity profile in the channel when
OQ’ is supposed to be impermeable; let M; denote the flux calculated for this case. Ratio
®=M/M, is independent of G and makes a simple function of h/yB, and a. Beavers and
Joseph found a good agreement between the observed and the calculated values of @, and,
in doing so, they could determine the magnitude of @ which turned out to lie between 0.1
and 4.0.

6. The flow of water through the porous material is governed by equations of motion
(1) shown in the English Summary of Paper I. If coordinates x and 2z are placed in Fig. 1
respectively to the right and upward from point O, the equations of motion are reduced to
the single equation

G+(p+pu) dujd2’ +p (du/d2?—(/B) =0, (4)
because v, w vanish whereas u is independent of z, ¥ and ¢ turns out to be equal to z.
The solution of equation (4) gives u(2) mentioned in Article 3.
7. When integrated, equation (4) yields

dufdz = (VeTB ) w*ypm+ 2B [+ 1) (5)
with
w* =u—us, pp=p+pusg  and up = BGJe, (6)
where the constant of integration is so chosen that du/dz=0 for 2= —oo. Then formula

(2) in the English Summary of Paper I gives, together with the above equations (5) and (6)

(taa)sm—o = (gt + f'u) (due/dR)eco = Nep/ B (wo—u)y1+D (7)
with
D =y Quy+un)/3p, (8)
which makes the second factor on the right side of formula (1). The left side of the same
formula is given by
(Tz:c)z=+0 =u (dU/dz)z=0, ( 9 )
because flow of water is laminar in the channel of Fig. 1.

8. Formula (1) is transformed into
(dU/d2),-q = (a/b)We[ By (Us—bus)y1+D , (10)
when both of its sides are replaced by the right members of equations (7) and (9), Uy/& being

substituted for u, by virtue of formula (1’). Comparison of equations (2) and (10) leads to

the relations -
a=aye W1+D and b=c. (11)
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When %, is so small as to make D negligible against one, they are reduced to relations (3)
shown in Article 3.
9. If the dimensionless variables

s=(/pp)(u—ug) and L =z4e/(usB) (12)
are used, the integral of differential equation (5) is expressed by
{=F(s)—F (s), (13)

where F (s) is a function of s as illustrated by the curves in Fig. 1 of the text, while s, is
the value of s corresponding to #=u, Analytical expression for F (s) is given by

F(s)=3S—In {(S+ 1)/(5—1)} with S =415@3) . (14)

10. Since the fluid flowing over the surface drags that flowing below it, U; should be
greater than u,. But the above obtained result &=¢ gives U, <u,, because ¢ is always smaller
than one. This contradiction will be solved in the next Paper IIL
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