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A definition for the tolal differential of the spreific partial potential
of ihe Gibb's free encrgy for Lhe waler romponent in the soil gystem in

'w the pravitational firld (}A' 1 may he thermodynamically expressed as:

‘ f‘]}l,* _5 AT 4 YV odr s (')f:'v) dm v nlj{az{gt') Am 4 ('2}‘:'.'\ Ag + pgdz (1)
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wherin: § - specific {-massic) partial enteopy of 1he watar in soil; T-
w
Temperature; V- apecific (=massic) partial velume of the water in so0il;
w

P= overall pressurr*;fw - matric frec enerpy of the water; m - mass of water;
w

- ch on STt PYSICS ;:;_ osmotic pressure built up by all ralutes in the liguid phase; szz mass
15 April - 3 May 1985 of any other solid phase component; o, = ~ffective sirenghl. in the solids,

osripinating envelope pressure; g- pravity acceleration; z: vertical distance.

COLLODUTUM ON ENERGY FLUX AT THE SOTL ATHOSPHERE TNTERFACE All coefficients in the r.s.m. are functions ol all other indipendent

- 10 M 19 . . .
b - 10 May 1983 variables in Llhe other terms in the same r.s.m., excepting the concentration

of solubie substance, which is laken as zero for Lhe coefficient of dm .
REMARKS ON THE EFFECT 0OF TFMPERATURE OM WATER POTENTIAL -

AND WATER TRANSPORT 1N 5011 This equation cannot he integrated. The more important obstacle to

this in the fact that 5§ is srentely affected by praticaliy all other variables
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except the gravitational component. With seme aproximations and assuntions,
nll terms, other than the first one, can be considered indipendent for practical
ltaly purpuses and the equation, for any given T, can be integrated to give the

well known additive components of the total water potentinl in the soil,

tnder this point of view, what we would Jike Lo call the™thermal component ¥
of the water potential in the soil is irremediably confused with the other
components  and  the sel of these ran be determined only for given T. Our
knowledges are still poor on many aspects of this point {e.g. on the effects
af T on the water potcnti:_ll'?;wcllinrz soils).

}
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The temperature affect; the matrie potentiali"of the liquid water in

many ways:

(a) the water surface tension i approximately given by: ¥ = 76.08 -
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. ore an increase in T corresponds to an increase in m {dec
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in absolute value of ¥pm), for any given morsture conr¢nr(9).



- . ..
{b) According to the rquations: [{r’ = -2/, ur Lt'ltmi;' f,’d’/jrlr and I{’“_m‘, ‘,a,f‘-.’r‘

vl
the thermal expancion of lhe water [(at T > 4°C) for any piven H docs oot

affect the waler potential expressed by volume  {in presuars units), bt
it atlects r'nvnrsioly when  the potential  iu referrced Lo mnss or whespht
units, This in true only when the reference free walor ool of the il b
the same temperaturc of the soil water and not when Lhe standarvd tree woater
is kept atbt a stondard Lemperature (e.g. 20°CH; in the lalter cone the volome
of water oxtraci.c(i from the so0il has to be corrected o tomprrature and
then I'FPH(VJ b eoe ecled Tao

{c) Difference in thermit]l expansion of water and solids make the meniscl
to prolude in the pores and lo increase lf‘u as T increases (coeff. Lher.
exp. ! ]5)(10‘5 for water; 2.5x1{)k5 for glass),

{d) Thermal expansion of trapped air has a still greater effert in

i
the sume direction (coelf. therm. exp. of air: 3(»13:(10—')}; Lhis effect is
expectfd to be larger at rather high 8, but not near saturation,

(e) Increase in T decreases water adsorption bonds on Lhe solid surface,
changes the double layerr thickmess and affects Lhe swelling pressure in
swelling soils; in sco doing it changes 1fF,, at given 9.

In the vapor phasc the temperature inversely affects Lhe waler (pressare)

potential in twe ways. According Lo cquation:

?m: {RT/M) 1n (P/Po) <« 1L, 1 enters directly and indirectiy, throuph i‘n,brinn
In ['Oz 14,2 - 5265.7/7

Many of these aspects need derper insipht.

The temperature aflfcects the water movementi in the soil hy changing itn

potential and its diflfusivity. For any given uniform soil temperature, both

'lr and K('llV } are somewhat different, or D{(8) when Lhe diffusivity form is
pm pm ‘ A
taken; these effecls arc usually neplected. Much more important is the effect
of a temperature gradient., This affects Lhe liguid as well as the vapor phase
flow of water, both interacting among them.

The interaction between the water flows in liguid, wvapor and adsorbed
phases at isothermal conditiens can he summarized by the following cquations

of Philip and De Wriers:
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wherein: g, g

1 are watrer fluxes in liyuid, vapour and adsorbed

vap(l) and qml(]}
phase all expressed as equivalent volume of liquid water per unit cross arca
per unit time; Da = coefficient of vapor diffusion in air; &, &' = tortuosity
factors; ?: porusity; @ - volumic moigture; ¥ = mass—flow factor; /if = volumic
mass of Jigquid water; /gd = density of water adsorption; M = molecular weight

of water; (.‘(J saturated vapor concentration in the air; R = gos constant (per

mole); If/ = matric potential; s - distance in the Flow di rection; A = massic
pm ™

(= specific) surface area; ,ef = diameter of water molecules; s = thickness of

adsorbed monolayer; vm = mean velocity of aduorbed watcer moelecules. After

summation member to member, these equations yield 4 wunic phenomenological

equation of Darcy's Lype: QL_(”: -0, d8/ds. The function U (8) cun be non mono-

tonic as is shown by nn example taken from Philip (fig. 1).
When a  temperature gradient is superimposed, Philip and e Wries have
found for liquid and vapor flows the foltowing equationg, bhused on some

assumptions (lﬂ]m> -6 bars, te neglect adsorplion; temperature effects nn

liquid phase limited to J variations):

g ar g 9o g

= =K . - K( . -~ K
4 T 'd= 26 T4z T dz (=)
dc
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q'\mp(l) /ali[ o 0-' r{ 4T ds a (? )9 AT Jedds (6)
wherein: K = hydraulic conductivity; r: water surface tension; T = absolute
temperature; "K; = gravitational potential; U ¢ relative humidity {as a

r
fraction}; C = effective water vapor concentration in the air. The space

coordinate is chosen as vertical (z) in the first of these equations; for Lhe



other coordinates (x or y) the last term of the r.s.m. must he suppressed.

Equation 5 gives the liquid flux az the result of three components, one
for the contribution of the moisture gradient (matric forces), one for gravity
forces, and one as an effect of the thermal gradient. Equation & gives the two
components (gravity is neglected) for the vapor flow: one for the vapor
diffusion as ‘ksucn‘((here expressed as a function of moisture gradient according

"
to eq. 3) andy‘;_na response to thermal gradient.

The effects on the heat flow is shown by the equation:

9t 9 ot B EL]
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wherein: CP(v) = volumic thermal capacity at constant pressuré {specific heat);
t = time; Kc = thermal conductivity; Devap = coefficient in square brakets of
the last term in eq. (&), Lc = latent heat of evaporation of water.

The examination of all these equations leads to considerations of practical
interest as shown in the examples of fig. 2. Very seldom these processes are

taken in consideration for measurements in field experiments.
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ﬂ'gz_, Isothermal vapor and liquid flow of
water crossing the soil surface.
a3 to g: flux directed outward;
h: flux directed inward.
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Interactions between heat- vapor-

" and liquid flows crossing the soil
E&?\ surface,
I —~r- a,b,c: Highest temperature at the
I T " soil surface;

htanee 1) d: Lowest temperature at the soil

surface.






