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to deseribe the entry into the soil

ace. Et is important to defermine the functional
1’ Itration (Z) and the time for which the infiltra-

ation equation
¢ = Ki° €)]
which has been used widely. Another coramon equation

fo="Fo+ (o= 1™ @

{where f, is the infiltration rate at time ¢, and f; the initial, and f, the final rate)
was first proposed by Gardner and ‘fidbi\}e (3) end later by Horton (5).

These two equations are empirical (and only n.oderately successful) attempts
to fit experimental data. Little significance can be attributed to the parameters
ins them.

Anend
properiies ¢
of flow for a lic

ror to develop the infiltration equaticn in terms of the basic physiesl
e system rmaight be expected to stem from the general equation
uid in a homogeneous porous medium of stable structure,

5
2 (om) = \r; LV@) ©)

where m is the liquid content of the medium on a volumetrie basis, k its capillary
ev:mfiucmli“ at 1 c{aw content m, p is the Lquid density, g the liquid viscosity,
and & the {otal potential (considered here to comprise giaxity and capillary po-
tential). For a one-dimensional system of vertical flow, equation (3) reduces to

o9 (e, a;f )

where z is the vertical ordinate and ¥ is the capillary potential. Equations (3)
and (4) are more general forms of equations given by Klute 6, 7).

Equation {4) describes the infiltration of a liquid under any given conditions
1

st initial liquid content in the profile, In view of the dependence of k and ¥ on
solutions of this equation will be found only for particalar numerical cases.

' Contribution from the Regional Pastoral Laboratory, Deniliquin, New South Wales,
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DERIVATION OF

PPRONIMATE INFIDTRATION BEQUATION

Available experiraental data (1, 2, 4, 10, 11) indieate that the follo

ties hold approximately:

wing equali-

A0
j mdz = iz )
-z
-G ¥
vde  Va "
vz v )
- K .]S,xa
where © em. is the depth of the wetting front, v is the flow velocity at depth —z,
V the value of v at z = 0, and M ;mi i.h are both taken as constant and inde-

pendent of 2. The analysis w ption of (3) and (8) makes possible
certainly evades the question of the exact rt:ztu:«, of the “welting front” but ap-
pears to give useful results x*{\w\ﬂ}*n‘ 53,
Consider the downward eniry of a lquid into a soil with initial Hquid content
mq. Then the difference in total I,otmimi from z = 0 to z = -2z expressed in
centimeters of liguid is Gm’rﬂ to — (P + xz - ?1“ where H cm. is the depth of
Hquid above the soil and — P em. of liquid is the capillary potential ab the w f”(’(h-fi
front. The use of Darcy’s law enables this difference in potential to be expressed
also as a function of flow velocity, namely

 wdz .. . .. uVz
~f , or [using (6) and taking p constant] -l
e k k};
Vz .. k P4+ m
Therefore {f;?’” = P 4 z + I which reduces to V = 2 [1 e Lj’fm @3]
Vi u .
. di ) . ..
But V. = “and 2 = - 50 that (7) may be rewritfen
di (n — n)
Z Y
di _ ks ( T H}) (8)
di o P .

The particular integral of (8) which vanishes for ¢ = 0 s

[ v f 5 5
b= |~ (P4 H)m — m)log {1 — . (9}
ks [ ( v (P
Now, from the elementary theory of capillavity
P o= 2y cos § (10)
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where v is the surface tension of the ! qu;d t’} the a
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the approximate infiltration equation in its most general form

. 1
: 2y cos @ | {
LR PR Rl i (77 — i
{ = Fle ( - ﬁ') 7 mg}kw 14 ?_’}’j?jf n H){ﬁ—»me} (1n
(ireen and Arapt (4) derived sn equation of the forn
{= Y[ — Zlog{l + i/Z}] (12

but they guve little explanation of the constant Z.

DISCUSSION

Exploration of the implications of this analysis, a few of which are discussed
here, may prove profitable,

Observations (9) that infiltration appears to be independent of the depth of
water over the soil can be satisfactorily explained b;+ equation (9). The value of
P for water ranges from 80 cm. for soils of coarse texture to 140 cm. for clay
(12). The depth of water over the soil is commonly only a few centimeters, so
the effect on z of the water depg,n is sraall. Thus, for P = 100 am., variation of H
from 1 to 5 cm. produces only a 4 per cent change in 2.

Equation (8) implies that the infiltration rate is primarily dependent on <.
This provides some formal justification for the technique of “time-condensation,”
which hydrologists (14) have developed (apparently intuitively) to enable the
use of an infiltration equation derived for the case of continuous surplus water
at the surface in the more general problem where water may be made available at
rates less than the infiltration rate.

The initial moisture content of a soil exerts a major influence on its infiliration
characteristics. Emprical studies (13, 15) have established that high infiltration
rates are associated with low moisture content, and vice versa. Equation (9) sup-
plies the functional relationship between moisture content and infiltration. For
m and &y independent of iy, it is clear from equation (§) that di/dt (and therefore
i for any given t) decreases as my increases. Values of m and k, will vary slightly
with me, which will modify this simple relationship to some degree. Colman and
Bodman (2) have given some attention to these factors.

CONDITIONS OF HYDRAULIC SIMILITUDE

& in equation (3) may be written

*-:L-%ALYCOSQ (18)
o

the first term denoting the gravity potential, and the sccond the eapillary poten-
tial,
Let suffixes 1 and 2 denote *”ﬂgm of the symbols for the movement of liquids 1
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Uhen, fo:
‘

’)’1 COS E?;,é);z
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Py f;g vy COB 5"3531
It is elear that Li/L; represents the valio of the rc\‘p{\-viiv* length scales. Now for

o independent of time and position, (3) may be rewritten

(15)

_ m1Y1 €03 Uipe
H27Y2 €CO8 d2p1

(16)

Therefore a model of unsaturated water movement which is in hydraulic simili-
tude with the prototype may be made with the same soil and a liquid other than
water. The scale ratios will b@ given by equations (14) and (16).

Tt can be shown Qsm;;i*— thes ”iuz ns of similitude also hold for the
approximate analysis which k to equation (11).

Suitable selection of an lnfﬁitf‘fl‘i!}f liggun d to compress time and length seales
may make laboratory investigation of large-seale phenomena of infiltration and
unsaturated flow practical and economical. Exploratory work with this end in
view is proposed at this Iaboratory
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