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that significant differences in the velocity are possible under influence
of waviness. In Fig. 366 are given the lines of equal head and equal

§3. One-dimensional Vertical Flow for Constant Operating Head.

quantities.

y-axis is directed downward )

ov v
s AL

on the form: 5Vv

W‘-=O.-

vy the seepage velocity Vv through

in the following form

(3.2) % %% =g % 3; + g - % v .

that at the moment t 1t has seeped to the depth ¥
from the boundary of the reservoir. The y-axis will
be oriented vertically downward. Let Yy, = 0 at the

origin of time t = O. :
Since v = v(t) depends only upon time and

not upon y, h is a linear function of 7y:

i

h = a(t)y + b(t) .

For y = 0, the head 1is equal to H.

(3.5) h(o) = b(t) = H .

We drop the rest of the equation, since we consider one-dimensional
flow, parallel to the y-axis. Therefore, the equation of continuity takes

This shows that v only depends upon time (which was noticed by
N. N. Pavlovsky). Therefore (3.1) may be rewritten, introducing instead of

We examine the flow of water along a vertical line in the soil,
considering the seepage coefficlent k and the porosity m to be constant

fL

We take the generel equation of motion with the inertia terms (the g

But we have shown in Chapter I (and also in Chapter II), that the term

% %% may be neglected in all practically interesting cases. If we intro- ;
duce the quantity
e Bia
(3.3) h=25-7>
we come back to Darcy's law
- - db
(3'h) V- kdy’

valid, consequently, even in the case of unsteady flows. We assume now 4
that water percolates in the soil under a constant head H (Fig. 368), and =&

For y = ¥,
after (3.3):
(3.6)

where by hk

Therefore for
(3.7)

Seep
(3.8)

Comparison of
(3.9)
We n

height is add
the head H +

To%
>
Yo ¥t
or H -
o -y, + H
after which w
Vo = o0 for
Jo
H + Ek
(3.10)
Intr
quantities:

(3.11) ;
we rewrite (3
form:

T =g
(3.12)

The |

Also, the dep:

For :
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- one-dimensional
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t the term
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Fig. 368), and
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For ¥ = Vo’ considering the atmospheric pressure to be zero, we have
after (3.3):
(3.6) h(y0)=—hk-yo=ayo+b,
where by hk the height of caplllery rise 1s designated.
h 2x
k-~ " %8’
Therefore for "a" we mey write this expression [after (3.5) and (3.6)]:
h, +y, + H
= Al ol 0
(3.7) a=gay 6 ¢
vy
Seepage velocity V and derivative HEQ are related as
dy,
(3.8) vV =wgg
Comparison of (3.7) and (3.8) leads to the equation for ¥,:
dyo H+hk+yo
Yo oy ——
(3.9) m 3E K Yo

ding to the obtained equation, the capillary

We notice that accor
as if instead of the head H we had

height 1is added to the acting head,

the heed H + hy -
To integrate equation_(3.9

rm

) it suffices to write it in the fo

yodyo —Edt.
o * H + hy 4
or
H+h
N i K
dYo'mWo—adtf

after which we find, considering that

Yo = o for t = O
Yo -tnl 1+ Yo \\=
): g T+ by /

(3-10) - SR
Introducing the dimensionless

quantities: Yo

S g e ?'5
(3.1%) ) kt =17, e

2 wlH + Dy ) s
we rewrite (3.10) in the following
form: S

t=q -0 + 1) .

S 5 A Fig. 369

The graph of the dependence of n on T is given in Fig. 369.
« 1is given there.

Also, the dependence of v upon
it is possible to car

For smell values of 1

ry out calculation of

S e
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equation (3.12), if we develop ‘n(1 + n) into & power series. We obtain:
2
2 1
..=ﬂ§<1"_3'ﬂ+§\’]2*-..>:

from where we find, extracting the quadratic root:

1 5 1
(3-‘1*) \ +—§n2+...‘>2=q——3—q2+—316n

We put

(3~15) NeT u

and express 1 in the form of a power series of u:
(3.16) q=u+A|.;2+B|,x3+ RN

where A, B, — unknown coefficients of the flow. Inserting the expression
(3.16) into the series (3.14) and equating the coefficients for the same
powers of u; We find J
12 1
(3.17) il L i R LT 1 u3 + ceem ot + %»1 + T% 13/2 +
§he Seepage for a Given Constant Flow Rate.

Tet us assume that we took a certain quantity of water Q and
quickly poured it in a pipe (of unit cross-section) and further added no
more water. Then at the moment t, the quantity Q is used up in the head
H(t) and the moistening of the soil over a depth 'y, SO that we will have

(Fig. 370):

Q = H(t) + myq -

If we now replace H in equation (3.9)

by its value ;;>

H=Q - my,

then we obtain the equation: ///
7

dyo Q +'hk + (1 - m)yc
dat K

m

y

k(1
Fig. 370

The solution of this equation has the form (3.12) if we put

(4.2) 1 -—'é—l—?‘kvo)

(considering ¥, = © for t = 0).

A flow of such nature may take place in the following way. We
drive a vertical pipe in the soil. In the upper part of this pipe, emerging
above the surface of the soil, we quickly pour some water. If we now watch
the change in time of the water level H(t) in the upper part of the pipe,

—zhen we also will know the variation of ¥, in time. Comparing the curve
H(t) or yo(t), obtained in nature, with the theoretical one, 1t-ds
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posslble to determine some parameters, characteristic of soil, for example

the parameters 2
1 -m k(1 - m)
Q + hk > m(Q + hkj
From these, knowing Q and hk’ we may find k and m.
Such kinds of experiments were carried out by a series of investi-

gators, amongst whom M. M. Protod jakonov.

150 74

k(1-m)=0.0013 cm
s5ec

50 loo 150 180 “min

Fig. 371

However, he drove the cylinder only at a slight depth in the soil,
so that the seepage that resulted was not one-dimensional, but three-
dimensional. In order to obtain a movement much closer to the vertical,

M. M. Protodjakonov took a second cylinder, concentric with the first one,
of large diameter, and poured also water between the cylinders. In Fig.
371 is given one of the curves, resulting from such an experiment. Putting
h = H(o) - H(t), we find from (4.1) for large t: %% =~ k(1 - m) . There-
fore for large values of t the direction coefficient of the line of

Fig. 371 gilves the value of k(i1 - m).

§5. Gradual Filling With Water. - »

Actually it is impossible to carry out with precision the sudden
filling of the upper part of the pipe up to a given height. And even if
this were possible, then we would have a discontinuity in the pressure at
the initial moment of time, when y& = 0. Indeed, at that time, the water
column of height H exerts on the horizontal area in the plane y = 0 a
pressure, equa. to the weight of this column per unit area. On the other
side the pressure is zero (or corresponds to thé capillary vacuum when




