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Some aspects of thermal diffusivity for various soil layers in different harmonics
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ABSTRACT. Values of thermal diffusivity (K) in different soil layers for the first three harmonics have been computed
for six stations in the dry farming tract of India by using amplitude ratio and phase lag. In general, the combined effect of all
these harmonics gives the values of X close to the order of the experimental values. It is found that the theory of simple heat
conduction is not applicable to soil medium. While the lowest values of K in all the harmonics are found at Rajahmundry, the
highest values are observed at either Hissar or Bhubaneshwar for the first two harmonics and at Pantnagar for the third harmonic.
Strong annual and bi-annual cycles dominate at Hissar, Pantnagar and Bhubaneshwar while quarterly cycle is significant only

at Pantnagar.

Key words - Thermal diffusivity, Dry farming tract, Amplitude, Phase lag, Harmonics, Heat conduction, Seasonal

cycle.

1. Introduction

The manner in which heat flows through the soil is of
considerable importance in plant cultural practices in gen-
eral. Specifically, it affects plant-root activity with respect
to the uptake of nutrients, water etc. and in engineering uses
of the soils (Marshall and Holmes 1979). Also, the tempera-
tures of the surface of the earth and the soil below it can be
represented to any degree of accuracy by a definite number
of terms of a Fourier series (Sutton 1953, Lamba and Kham-
bete 1991). As such, the study of amplitudes of phases of
the soil temperature waves assumes a lot of significance.

The objective of this study is to compute the values of
thermal diffusivity for different soil layers by using two
different formulae involving amplitudes and phase angles
of the first three harmonics (Krishnan and Kushwaha 1972).
These values are first compared layerwise to see whether the
theory of simple heat conduction is applicable to soil me-
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dium or not. Secondly, how the values (based on ampli-
tudes) for the three harmonics taken together compare with
the experimental values and thirdly to determine the peri-
odicity and intensity of different cycles.

2. Data

Six stations, mentioned below alongwith their soil
types at observational sites, have been selected in such a way
that most of the types of dry farming soil in India are covered
(Alexander 1972) :

Pune : Brown to dark brown calcareous soil with vary-
ing depth and texture.

Bhubaneshwar : Sandy loam.
Pantnagar : Silty loam, fine texture, brownish colour.

Hissar - Sierozem, calcareous.
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TABLE 1
Thermal diffusivity (cm?/sec) in different soil layers for first three harmonics as computed from amplitudes

Combined effect of I, 11 & I1I

Station I Harmonic I Harmonic 111 Harmonic harmonics
5.15cm  15-30¢m  5-30cm 5-15cm 15-30cm 5-30cm 5-15¢m  15-30cm 5-30cem 5-15¢m 15-30 cm 5-30 cm
x10™) (X10™ X10%)
Solapur 1.83 5.66 333 192 354 255 0.40 7.84 140 4.15x10*  170x10°  7.28x107
Bhubaneshwar  12.80 17828 40,71 3594 2592 2935 2.05 582 159 5.08x10°  2.13x107  7.37x10°
Rajahmundry 1.55 242 200 173 0.73 1.00 0.58 0.13 039 2.86x10*  328x10%  3.39x107
Pantnagar 99.48 0,58 4529 3090 1893 2271 16.82 1371 1484 147x10°  6.32xt07°  8.28x103
Hissar 114.60 3758 5467 107 10600 5071 0.49 10.28 174 1.16x102  1.54x107  1.07x107
Pune 1.90 57.13 732 177 935 6.18 0.36 2.57 1200 6.03x10%  e90x10”  2.55x107
TABLE 2

Thermal diffusivity (em?¥sec) in different soil layers for first three harmonics as computed from phase angles
Combined effect of I, [T & 111

Station I Harmonic I Harmonic 111 Harmonic harmonics
5.15em 15-30cm 5-30em 5-15¢m 15-30cm 5-30em 5-15cm 15-30cm S-30¢m 5-15¢m 15-30em 5-30cm
X104 (X10™ X104
Solapur 078  59.34 158 11.15 1049 1075 235 291 266 1431070 7.27x10°  1.69x107
Bhubaneshwar  4.67  30.25  11.56 3355216  2328.0 67000 0.6l 13.3 220 336x10°  237x10"  6.71x10"
Rajahmundry 072 840340 4.68 276 5076 4098 11.03 0.25 089 145x107 845x107  4.65x10°
Pantnagar 2095 5810 5327 15347 4922 3964 035 6.06 557 1.83x107  1.43xi0°  9.80x107
Hissar 12.52 0012 0032 52527 28.29 9.60 051 56.77 438 538107 &50x107  1.41x107
Pune 053 22586 290 164 39065 7205 0.003 468 0018 217x10%  4.4x10"  7.49x10°
Solapur - Medium type, calcarcous, blackish brown. (i) Soil temperature is a function of time, and
Rajahmundry - Laterite. (i) Thermal diffusivity is constant.

The daily values of soil temperature at 5, 15 and 30 cm
deplhs rc;ordcd at 0700 and 1400 LM.T. were averaged to fluctuation decreases exponentially with depth Z and there
obtain daily means. Weekly means were then worked out =
tor each standard week for the data from 1951 to 1980. These isashiftof8Z PR in the phase 8 where K is the thermal
means were then averaged (o obtain normal soil tempera- e . T . ‘
tures for each of the above mentioned depths for the 52 diffusivity and /" is the periodic time (Krishnan and Kush-
standard weeks (Lamba and Khambete 1991) waha 1972, Marshall and Holmes 1979). Using the values
) ' of amplitudes and phase variation for different harmonics,

two different sets of values of K were obtained. [f heat is

It has been shown that the amplitude of temperature

3. Methodology conducted through the soil in accordance with the above
theory of heat conduction, these two values should agree and
The above-mentioned normal soil temperature waita (N vice versa (Krishnan and Kushwaha 1972),
- 52 values) was subjected to Fourier analysis to obtain _ ) ) _
amplitudes and phase angles for all the N/2 (=26) harmonics. It will be scen from what follows that these values of K
The first three out of these harmonics have been considered do not agree and therefore the theory of heat conduction is
since they together account for almost 99 percent of vari- not applicable to soil medium. The factors in actual soil
ance. i.e. , the value of soil temperature obtained by adding conditions which might be responsible for the same are
the corresponding estimated values of these harmonics at the porasity, moisture and organic matter content of the soil.

same depth are a very close approximation to the normal
values (Lamba and Khambete 1991).
4. Results and discussion
3.1. Assumptions
The values of thermal diffusivity in different soil layers
tor 1, 11 and 111 harmonics alongwith their consolidated
(1) Soil 1s a semi-infinite homogeneous medium, values are presented in Tables 1 & 2.

The following assumptions have been made
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It is seen that the corresponding values in the two tables
do not tally in respect of any of the stations considered.
Krishnan and Kushwaha (1972) also showed similar results
for Jodhpur station in Rajasthan. Diagreement between the
two estimates of thermal diffusivity has also been reported
by Lettau (1954), Singer and Brown (1956) and Rider
(1957).

Effect of variation in soil moisture is that while thermal
conductivity continues to increase with it, thermal diffusiv-
ity does not do so since it has an inverse relationship with
volumetric heat capacity. Instead, the maxima of thermal
diffusivity occurs at medium moisture values probably due
to the included effect of vapour phase movement of moisture
on heat transfer. Rose (1966) indicated that the bodily
movement of moisture through the soil can also transfer
large quantities of heat with it. These observations combined
with the disagreement of the two estimates of thermal dif-
fusivity, as indicated above, invalidate the application of the
theory of heat transfer in soils by thermal conduction alone
(Krishnan and Kushwaha 1972, Marshall and Holmes
1979).

Thermal diffusivity depends on thermal conductivity
which in turn depends on porosity, moisture and organic
matter content of the soil. For the same moisture content,
thermal conductivity decreases from coarse of fine-textured
soils since the porosity increases. However, in the natural
fields, fine-textured soils have a higher water content which
greatly increases the thermal conductivity. Also, the organic
matter does not transfer heat as readily as mineral soil and
lowers the thermal diffusivity (Chang 1964).

For discussion of the results, we shall confine our
attention to Table 1. The following observations are made :

At Rajahmundry, thermal diffusivity is lowest for all
the harmonics and in almost all the layers. This station has
laterite soil which has high porosity and low organic matter
content. Both these factors contribute to give low values of
thermal diffusivity thereby corroborating the result.

Low values of amplitudes of the harmonics at Ra-
jahmundry also show that no seasonal cycle dominates and,
therefore, the values of thermal diffusivity do not undergo
any significant variation in any of the three layers under
consideration. The amplitudes for the three harmonics at
Solapur and Pune also reveal almost the same result. How-
ever, the values over the 15-30 cm layer at both these stations
possibly show a dominating annual cycle followed by much
weaker bi-annual and quarterly cycles. Also, at Pune, the
quarterly cycle over the 5-30 cm layer seems to be stronger
than the annual and bi-annual cycles. Very high values for
the I and Il harmonics are observed at Hissar, Pantnagar and
Bhubaneshwar while, for the 3rd harmonic, they are ac-

counted for by Pantnagar only. Low to moderate porosity
and moderate to high organic matter content of the soils at
these stations could be the factors contributing to the high
values of diffusivity. These values show that quite strong
annual and bi-annual cycles dominate through all the soil
layers at these stations except that the bi-annual cycle is
5-15cm layer is quite weak at Bhubaneshwar. Quarterly
cycle is quite strong over all the layers at Pantnagar but only
over the 15-30 cm layer at Hissar and Bhubaneshwar. This
aspect perhaps needs further investigation.

5. Conclusions

Salient features of this study are given below :

(1) In 75 percent of the cases, the combined effect of
the first three harmonics gives the values of ther-
mal diffusivity close to the order of experimental
values.

Theory of heat transfer by thermal conduction
alone does not hold in the soil medium.

Lowest values of thermal diffusivity in all the
harmonics are found at Rajahmundry, while the
highest values are observed at Hissar, Bhubanesh-
war and Pantnagar for the first, second and third
harmonics respectively.

Strong annual and bi-annual cycles dominate at
Hissar and Bhubaneshwar, while quarterly cycle
is dominant at Pantnagar. No seasonal cycle domi-
nates at other stations.
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