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ABSTRACT.
is almost independent of temperature.

1. Introduction

Relative humidity of soil air is a function
of moisture content of soil but its relation to
temperature is not fully understood. Con-
densation into soil and evaporation from soil
depends on relative humidity of soil air,
Information on relative humidity of soil air
is very useful for civil engineers, agricul-
turists and meteorologists.

Lebedeff (1927) was one of the first to
determine relative humidity of soil air. He
found it by means of hair hygrometer. He
concluded that (z) when soil moisture is less
than its hygroscopy, then R.H. is less than
100 per cent, (b) drier the soil less the R.H.
and (¢) when soil moisture content is con-
stant, with temperature, R.H. of soil air
ingreases, Puri (1939) determined the rela-
tion between soil moisture and relative humi-
dity of soil air by keeping soil in a particular
humidity in a closed container or by passing
of air of particular humidity through the soil
for a long time. He concluded that R.H.
is independent of soil temperature at high
humidity and that it varies with temperature
at low humidity. de Boer (1953) stated that
adsorption equilibrium (between an adsor-
bent and an adsorbate) will establish itself
practically instantaneously. If this is not
the case in practical examples, we must seek
cause in transport problem. Fukuda (1956)
used electric hygrometer to determine R.H.
in soil pores. He concluded that R.H. below
100 per cent depends principally on soil
moisture and little, if any, on soil temperature.
de Vries and Philip (1957) found an optimum
value for relative humidity of soil, below
which only, the variation of relative humi-

It is shown mathematically and experimentally that relative humidity of soil air

dity was independent of temperature. Rocha
(1957) determined R.H. in a cavity by means
of strain produced in wood prisms with the
absorption of moisture from air. He stated
that R. H. will decrease with decrease of
temperature if the medium is an adsorbing
medium. Accurate calibrations are needed
in all the above methods used to determine
relative humidity. Decrease of relative
humidity of soil air can also occur due to the
presence of various salts in soil water.
2. Theory

John (1962) has shown that the differential
equation of diffusion of vapour in an isother-
mal soil column is

D(d2p/dn?) — cvp =0 1)
and that its solution is
- Pu = ps exp(—Kn/2) (2)
The above solution can be written as
Pu = po exp (Km/2) (3)

In the above equations D=Dyvbh and
K=2 4/(¢/Dob). The symbols D and D,
represent diffusion constants in soil and air
respectively, ¢ is a constant, b is another cons-
tant whose value according to de Vries
(1950) is 066, v is porosity of soil, p represents
VADOUr pressure, p, , Po , Pa respectively are
vapour pressures at the lower boundary, at
the upper boundary and that at & distance
below the upper boundary. p, can also be
defined as the vapour pressure at A, distance
above the lower boundary. Hence %, + =
H. From boundary conditions it can be
shown that

K=—1In (po/ps ) (4)
n=(hy/ H)+( we—w, )/( w, — w,)
(®)

—( hy/H )+(n,/ W)
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m=(hHy+( 1w, —y) (- —iry)
=(h'H)+(w'T) (6)
Here w., wy, w, respectively are the moisture
contents at the lower boundary. at the upper
boundary and at / distance below the upper
boundary. Now Clausius-Clapevron equa-
tion for saturated vapour. within a small
range of temperature can he expressed as
(consider p, as saturation vapour pressure)
Ps =exp (4—BT) (7)
where 4 and Bare constants and 7' is tempera-
ture in degrees absolute. If ry is the relative
humidity at the surface of the soil column,
then since po= p. 7,

o = 1 exp (4 — B/T) (%)
Substituting eq. (8) in eq. (3), one gets
Pn =rgexp (4 —B'T)exp (Km 2) (9)

It is elear from equation (4) that

Po=ps exp (—K)

(10)

Substituting equation (10) in equation (9) one
gets after re-arranging

or 7y = exp(—K)

Pn = exp(4*—B/T) (11)
where A*=A+K (w W+ H 2)2  (12)

The equation (11) gives the vapour pressure
pn at a depth / from the surface of the soil
column. At the capillary head, /7 distance
below the surface of the soil column, w I’
and k'H become 1 each and hence equation
(12) reduces to equation (7). Dividing
equation (11) by equation (7), one could
determine the relative humidity r, ..,

Ta = exp (A*—B/T)'exp (4—B T)
=exp (A*—A) (13)

Equations (11) and (7) are valid only for a
small range of temperature of the order of
10°C. It is clear from equation (13) that
relative humidity r, is independent of tem-
perature provided A* remains a constant
in this range. Note that moisture content,
We, Wy, and w, need not he constant to keep
w/W as a constant. This point is discussed
further (Sec. 4),

3. Method and Observatjons

Vapour pressure of the soil pores was
measured by the author (1961 a) by means of
a modified form of Regnault’s dew point
hygrometer, Temperature at each level of
\'illlnllr ])I'FHFH_['!‘ l’l]h‘“‘!'\'iL’iHn_ Wis In"ﬂ:':llr"‘].
]I“.' means of Thprn1m-rnu];]n-, Sinee ﬂ[u
author (1961 b) has already given a full des-
cription of experiments. these will not he
repeated here,

Field experiments were done during the
summer months of July-August. in a clayvey
area where some short grass was growing.
During the period (14 July to 18 August
1956) of observations, only on two days (2
and 15 August) there was light rain and on
many days there was light fog in the early
mornings. The experimental area was in
Friday Harbor in the state of Washington,
U.SA. This area was near a very large
lake, whose water temperature is  almost
alwavs, round about 10°C. The cool land
hreeze caused fog near about the coast line

and hence high humidity of air during the

early hours of mornings. Vapour pressure
and temperature were measured at depths
3,6, 12and 24 em.  Day after day the obser-
vations for each level were almost similar.
Hence only some typical data are given in
Table 1.

First on a semi-log paper, vapour pressure—
temperature relation for water was plotted
by choosing temperature scale in such a way
as to give a straight line, (Pressure was
plotted on log axis and temperature on the
x-axis). Then on the same paper, the obser-
ved vapour pressure—temperature relations
of soil moisture for each level for the period
0900 to 1600 were plotted and best fit straight
lines were drawn for each level.  Now choos-
ing two temperatures and the corresponding
vapour pressures from each of the straight
lines shown in Fig. 1, equation similar to
equation (7) was formed for the levels —3,
——6 and —24 em. They are

log p_3 =8-891 —2290/T

log pg =8-981—2290/T

log pgy=9-053 —2290/T

(14)
(15)
(16)
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Fig. 1. Vapour pressure »s temperature (Linear graph)
These equations, in general, gave the values

of vapour pressure for the period 0900 to 1600
hrs. But for other periods, these equations

are not valid because of many reasons which

are given later in this paper. A simple
calculation using equation (14) showed that
the temperature coefficient of R.H. is almost
negligible. The spread of points plotted for
the level 12 em was very much showing
variable moisture content for the level even
during the period 0900 to 1600 hrs, This
brings out that the law of conservation of
R.H. within a certain range of temperature
will not hold good for the level where moisture
transport (both upward and downward) is
high. Equation (16) is identical with equa-
tion for vapour pressure—temperature rela-
tion of saturated vapour for the range of
temperature that existed in the field. Rela-
tive humidity for the level -3 em is given
in Table 1. The mean relative humidity
for the levels -3 em and -6 em are 68 per
cent and 85 per cent respectively.

From the meagre data that could be collect-
ed the R. H. does not appear to be dependent
on temperature.

Laboratory experiments were done using
sand and sandy soil kept in large plastic
tubes of length 91-5 em and area of cross-

VAPQUR PRESSURE —CM OF Mg

Fig. 2. Vapour pressure vs temperature (Linear graph)

section 323-5 sq. em. Vapour pressure was
measured at four levels in each of the soil, in
between capillary head and surface of the soil
column. The experiments were repeated
at different temperatures. The room humi-
dity was kept at about 52 per cent by ex-
posing 36 square feet of saturated solution
of magnesium nitrate. John (1961 b) has
given a full description of the experiments.
Some typical experimental results are given
in Table 2. Graphs similar to Fig. 1 were
drawn for sand and they are shown in Fig.
2. One might object to the straight lines
drawn by joining only three experimental
points. But since all the lines drawn for
different levels are parallel to the line drawn
for water, there is sufficient reason to justify
the validity of Fig. 2. The equation show-
ing the relation between the vapour pressure
and temperature of soil moisture at level —19
em in sand is

lﬂg P—i9= 8-921 —2290;’1" (17)
The observed and the calculated values using
the above equations are given in Table 3.

It is clear from Table 2, that the R.H. in
sandy soil is almost independent of tempera-
ture. The author attributes the small
changes seen in the relative humidity in
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TABLE 1
Vapour pressure and relative humidity with depth in clayey soil (Friday Harbor, Washington, Augus: 1956)

JOHN

Date Time

10 1130

Joum)
114y

1240M)
12 QB0
Jaam)
1145
1.5y
1630
1730
1830

Ohserved
temp, ( ()

Ohserved
vap. pr.

humidity

3em (mm of Hg)
3 em

J0-15

1447

20060

15
L= G
2387

11 40
2219
2768

2801

23-90

83

(]

G-

67
8O-
G4 - &
LIH R
623

(5 -

lelative

)

)

637

65,

wemarks

Clowdy up to 1200 hrs

Stopped due 1o other work

Stopped due to other work

Very foggy morning

TABLE 2

Relation between relative humidity and height above the water table

m——
Height above
water table

{cm)

20t
32
42
52

62

— N we—y
23-510 260
T a0
S0-9 S0
740 ThH-5
Tl-1 720
626 Gl-8
a2eH* a2 ¥

T2

Sandy soil
- ——

Relative humidity at

-

Height above
witter table
(vm)

O
100
13-
19-:
240

e S

31-5

S
I

ind

Relative humidity at

— ——N ——
| b 23 5°( 267
1000 10tk O 1000
71-0 T8 754
677 711 733
627 66 -8 70:9
S8 G3-1 679
S30% 52.5% D2 0F

FCapillary head,
sand column was 29-5 em at 21°¢

*Room humidity.

TABLE 3

Vapour pressure calculated using equation (17)

[t — 19 ¢ in sand)

Temperature

(")

235

26-0

Vapour pressure (nmm)
e

o
measurced
13-16
1ii- 41
15-54

—_
caleulated

13-71
15-96

18-58

Height of sandy soil column was 69-5 em at 26°C and that of
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sandy soil, to the slight change in the height
of the soil column and that of room humidity
(see foot note below Table 2)., It is also
clear from Table 3 that equation similar to
equation (17) ecan be used to predict vapour
pressure in any soil air with the change of
temperature within a small range. This fact
could pe guessed from Figs. 1 and 2.

4. Discussions

de Boer (1953) showed that the difficulty to
reach adsorption equilibrium in a porous
medium is due to transport problem. But
in steady state cases there will be adsorption
equilibrium. For example, when the tem-
perature of an isothermal soil column at
steady state is changed to a new isothermal
value the balance between volume diffusion
and surface diffusion is readjusted in addi-
tion to the balance between vapour pressure
and moisture adsorbed. In such cases, as
seen for sandy soil in Table 2, relative humi-
dity at each level remains almost unchanged.
Fukuda’s (1956) observations agree with this
view. 1In sand there is an increase of humi-
dity with temperature. The reasons for this
are not very clear. But it appears that this
may be due to uneven decrease of adsorptive
force with temperature. The author after
studying the relation between relative humi-
dity and moisture content of soil, timber,
cotton, leather etc is of the opinion, that at
steady state, relative humidity is almost
independent of a small range of temperature.
At this range of temperature, relative mois-
ture content (w, —u, )/(we —w, ) is almost
a constant. It is clear from equation (13)
that R. H. will remain as a constant provided
relative moisture content /W is a constant.
Taking one upper humidity value 7, and a
lower humidity value r, as standards, one
could redefine relative moisture content at
r, as given below—

Relative moisture content at r, =

(Moisture content at ,, ) — (moisture content at r,)

(Moisture content at rs )— (moisture content at ry)

59

Here ry <r, <r, and they are all in the
same phase of adsorption. They should not
be values from two-phase adsorption,

In field experiments adsorption equilibrium
is not reached fast enough to keep the relative
humidity constant. As stated earlier, this
difficulty is due to transport problem. In
other words, but for transport problem,
relative humidity of soil air in field also
would remain almost unchanged within a
range of temperature, say 10°C. Smith
(1943) found that the thermal transfer of
moisture is negligible at very low and at
very high moisture contents. This implies
that at unsteady state, change in relative
humidity will be less at low and high mois-
ture contents. This is the case specially at -3
cm in the experimental area during the period
0900 to 1600 hrs on every day. But on late
evenings and at night, moisture transfer from
the atmosphere takes place into the top layers
of soil, Hence R.H. increases during the
period. At -12 em, moisture content is not
low and hence the thermal transfer of mois-
ture will be much. This accounts for the
large variation of relative humidity during
the period 0900 to 1600 hrs.

5. Conelusions

(@) At low moisture content (low R.H.),
with temperature moisture transfer is low, but
diffusion increases. Hence R.H. will slightly
decrease.

(b) At high moisture content (high R.H.),
with temperature moisture transfer is high,
but diffusion decreases. Hence R.H. will
increase slightly.

(¢) At steady state isothermal cases, if
appears from soil data, that R. H. is almost
independent of temperature.
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Appendix I

Symbols

a constant

A+K (w' W--L'H—2) 2

a constant

a constant in the diffusion equation and
it is equal to 0-66

A constant

diffusion constant of water vapour in soil

diffusion constant of water vapour in air

depth below the surface of the soil column
where the vapour pressure is p,

Leight above the capillary head, where
the vapour pressure is p,

length of the soil column, t.e.. iy + h=H

“In (py/p.)s also equal to 24/¢ Dgh
I H-+aw W
o H-0y W

\'il'l()ll I pressure

vapour pressure at the surface of the soil
column

pa vapour pressure at depth / helow the sur-
face of the soil column

pe vapour pressure at the lower houndary or
saturation Vapour pressure

R.H. at the surface of the soil column or
a lower standard humidity value

R.H. at % distance helow the surface or a
R.H. value between », and r,

R. H. at the lower boundary or an upper
standard humidity value

o

"VH

T temperature in °A
v purusil‘_\'
moisture content at the surface of the soil
colwmm
w, moisture content at i distance helow the
surface of the soil column
we moisture content at the capillary head

Jf‘u

wyowe
W, Wy

w

We —1ly




