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ABSTRACT

The effect of moisture content on the temperature of some selected soil samples in the presence of
internal heat was studied. The governing equation was modeled using Bosenneque’s approximation
base on some necessary assumptions by which the transfer occurred. These equations were non-
dimensionalized by employing some standard dimensionless parameters and later reduced to ordinary
differential equations using perturbation method. This was then solved analytically. The various effects
of the physical parameters that materialized were examined on the unsaturated and saturated forms of
some selected soil samples. With the aid of Matlab software, the numerical results were graphed for
visual examination. It was observed that the presence of moisture content in these soils helped in

boosting their temperatures as the solar radiation and internal heat increase.

Keywords: Internal heat, Prandtl number, solar radiation.

1 Introduction

Soil plays a very significant role in the earth’s ecosystem. It is uniquely important to both plant and
animal lives. Soils provide life and support for plants. They are home for myriad micro-organisms that fix
nitrogen and decompose organic matter, and armies of microscopic animals as well as earthworms and
termites [1]. Heat is however required in many of these biological processes which determine the availability
of the necessary nutrients for the plants. Hence, the study of the soil/ground temperature as being affected
by some physical factors is of a great importance.

Temperature generally is keenly important in the growth of crops. There is a minimum
temperature, optimum temperature and the maximum temperature at which every crop can thrive. This is
known as the cardinal temperature [2]. There is a minimum temperature at which a crop can germinate, at
which respiration takes place and at which photosynthesis occurs, necessary for root growth and for water
intake. And any temperature below this minimum value will hinder these processes. Meanwhile,
temperature higher than the maximum will truncate the growth of the crop. In other words, crops develop
at their best at the optimum temperature [2].

Usually, when planting seeds or seedlings, the soil temperature is more important than the air
temperature. There are preferential temperatures for growing seeds or transplanting them. Suitable
temperature should be determined for appropriate time of planting. Soil temperature affects the rate of
entry of water in the seed. This affects the development of plumule and the radicle when plant grows which
automatically controls the germination of seeds [3].

To understand the soil heat transfer, the surface temperature of the soil which matches up with
the temperature at the top active layer of the ground is an important parameter. This measurement can be

taken at the uppermost centimeters of the ground in order to avoid influences of solar radiation and focus
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on the seasonal changes of the ground temperature [4]. The temperature of ground surface varies with the
type of canopy cover and moisture content. The thermal conductivity and porosity of soil type have minimal
effect on the surface temperature of the soil and cause some more differences in the temperature in deep
layers because they affect heat transfer with little effect on energy balance at the surface [5].

Solar radiation is one major factor that affects the temperature of the soils especially at the surface
and still have a relatively good impact on it to a reasonable depth of the earth. Although, not all the energies
emitted by the sun reaches the earth’s surface; some percentages were reflected by the atmospheric particles,
some by clouds and some from the surface of the earth by bright ground surfaces like snow, ice and sea
[6]. In other wortds, the solar radiation that reaches the earth is always less than the one above the
atmosphere and arrives the earth at an angle less than 90° which varies with latitude, time of the day and
day of the year [7].

Morteover, one main property that determines how much of this radiant heat a soil is capable of
absorbing is the thermal conductivty. This however varies from soil to soil. In this study, amidst some other
soil properties, the thermal conductivity makes it possible to be able to identify the soil type in
consideration.

Generally, Thermal conductivity is the ability of a substance to transfer heat from one molecule to
another. It is the exchange of heat energy between adjacent molecules and electrons in the conducting
medium, and the higher the number of these molecules and electrons, the easier the heat is transferred. A
substance which possesses a relatively large thermal conductivity is a good conductor of heat, while poor
heat conductors or good thermal insulators are the substances which have small thermal conductivity [8].
Materials of higher thermal conductivity also possess higher heat transfer rate occurring across such
materials while the rate is slower in materials with low thermal conductivity. Materials of high thermal
conductivity are widely used for various purposes and in different fields such as in heat sink applications
and electricity transportation, while materials with low thermal conductivity can be used as thermal
insulation [9]. Thermal conductivity of materials in rear cases can be constant, but rather be temperature
dependent, position (spatial) dependent, or time dependent [7]. It can also vary linearly [10], [11]), or be
quadratic [12], or inversely linear [13], [14]. Its reciprocal is known as the thermal resistivity. Materials such
as coppers, steels, aluminum, metals, silver, etc, that have high thermal conductivity also exhibit relatively
high electrical conductivity. When a material with high thermal conductivity is heated, the heat generated is
speedily conducted away from the section whete it’s being heated to the cooler part [9].

Meanwhile, [15] modeled mathematically, the effects of thermal conductivity of some substances
on their temperature taking into consideration the magnetic field. They established the fact that when the
thermal conductivities of these materials increased, their corresponding temperatures are also boosted.

Samara ez a/ [16] compared the temperatures at different soil depths and atmospheric physical
factors such as air temperature, humidity, precipitation, wind speed, and solar radiation in Keller Peninsula,
located in King George Island, Antarctica Maritime. According to their work, there were series of local
transformations which were caused by increase in ice-free areas in the Antarctic, as a result of climate
change. This however has ability to affect the microclimate of the soil, causing greater melting of the
permafrost and causing changes in the soil moisture.

In an investigation of temperature variation at soil depths in some parts of southern Nigeria,
Nwankwo and Ogagarue [17] used a soil mercury-in-glass thermometer to measure temperature of soils at
various depth of 15cm, 30cm, 45cm, 60cm, 75cm and 90cm. They took readings at intervals between 8am
to 11am, 1pm to 4pm and 9pm to 11pm over the period of three weeks in November 2008. They observed
that the temperature of the clay soil decteased as the depth increased and later increased. The temperature
increased with increasing depth of the sandy soil. In the loamy soil, the temperature was discovered to
increase to about 45cm depth, then later decreased as the depth increased. They drew conclusion based on
the observations made that the temperature randomly varies from soil to soil as a result of different
characteristics that the soils considered possessed. The mean temperature for clay soil ranges from 27.7 °C
—28.9°C, 28.2 °C — 29.1 °C for sand and 28.3 °C — 29.0 °C for loam.
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Considering the internal heat generation to be negligible and using the Dirichet’s boundary
condition, Nwaigwe [18] modeled ground temperature with suction velocity and radiation. His results show
that ground temperature decreased as the radiation parameter and the Prandtl number increased.

Meanwhile, Akinpelu ¢f a/ [19] examined the combination of sandy soil with loamy soil and clay
soil with loamy soil as being affected by solar radiation in order to attain a recommendation for maximum
yield in some agricultural crops. They considered this at various wet/water levels of the soils combinations
which ranges from about 1.4% to about 21.1 %. The results they got show that the solar radiation and the
ground’s internal heat increased the temperature of the soils as the intensities of these physical parameters
rise. In addition, at the lower percentage of the water content, the rate together with the level at which the
temperature of clay+loam soils increased is greater than that of the sandy+loam. But when the wet level is
increased to a higher percentage up to about 21.2 %, the temperature of the combination of sandy+loam
becomes greater than that of the clay+loam both in rate and in level.

Considering the above literature among host of others, this present study focuses on the effects of
moisture content on some selected soil samples in the presence of internal heat.  The use of variable
boundary condition rather than a Dirichlet type makes the work more practicable.

2  Formulation of the Problem

The three (3) dimensional flow considered was reduced to two (2) dimensional by decomposing
X and Y which are on the same horizontal axis to become one (Y —axis). This was further taken to be

infinite. The vertical axis (Z —axis) is taken to be in the soil and the solar radiation towards the surface of
the soil in a direction due to gravity. Thermal conductivity of the soil is considered to be varying with time.
The soil porosity and permeability are also put into consideration. Moreover, the ground is taken to be an
optically-thin environment and the fluid is heat absorbing and electrically conducting.

g

Z—axis
(Direction of heat flow)

Figure 1: The physical model and the coordinate of the problem ([18] with modifications)
3 Mathematical Analysis

The work is modeled under the above conditions and governed by the following equations:
Continuity Equation

ow'

-0

or' o
Energy Equation

8T,+ ,6T,: 1 8,(k8T’j 9 8qr+ Qo T'-T) 2
ot o' pC, oz oz pC, oz  pC,
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Subject to:

T =T, +A'cos(w't’) at z=0 3)
T’_)To; as Z—>®© *)
where,

Z' is the dimensional depth of the ground (the distance perpendicular to y' )
t" is the dimensional time, W' is the suction velocity

T’ is the dimensional temperature

T is the free stream dimensional temperature

T, is the dimensional wall temperature

@ is the soil porosity

L is the density

C p 1s the specific heat capacity

K is the thermal conductivity
q; is the Radiative heat flux

Using the dimensionless parameters as used by [20], [21], [22] and [12]:

Lt wz wel TS P %

wo ST w T W T e T ©
The varying suction velocity as used by [21] and [18] is given as
W =—w, 1+ gAe"") ©)
where,

W, is the initial suction velocity,
A is the suction parameter and
@ the frequency of oscillation
The negative sign signifies that the suction is towards the surface of the ground. A and & are very small

such that SA <<1.

Moreover, by [23], and [24] the heat flux which is from the external source is given as

a ’

ir,=4ozZ(T’—TO;) ™
0z

where,

O is the absorption coefficient.
The governing equation (2) then becomes:

1%—(1+3Ae‘”‘)%:; ﬁ(k%j ~-R*+Q6 ®
@ ot oz gwpC, (oz\ oz

Following [25], [26] and [12], the thermal conductivity is taken to be time dependent and given as:
k =k, (1+st) ©9)
where,

S is the variable thermal conductivity parameter
t is time

ko is the thermal conductivity at temperature 1,
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Equation (8) then becomes:

100 o 1|0 00 )
;E_(l gAe’ )82 E{E((HSUEJ}_R +Q6 (10)
Subject to:

0 =1+n,cos(at) ac z=0 (11)

0—0 as Z—>00 (12)
where,

R= M (the radiation parameter)

PCp 0

—< 5 (the internal heat generation parameter)

pC pWO
Pr =—2F (the Prandtl number)

AO is the amplitude of variation

4  Method of Solution

Using perturbation method to reduce equation (10) alongside the boundary conditions (3) — (4) to ordinary

differential equation, the assumed solution takes the form:
0(z,t) = 6,(z) + &' 0,(z) + 0(£?) (13)

Differentiating (13) with respect to t and z while neglecting the higher order term o(e 2) , and substituting

it into (10), the governing energy equation becomes:

d? 9 dt9
(1+st) 4y +PQg, =P.R? (14)

QL+ St) d 9 y ddzl +( r Pr(;a)]el =-R A(mlclemlz + mzczem2z) (15)

Solving equations (14) — (15) subject to the following,

6, =1+n,cos(at), 6, =0 at z=0 (16)
6, -0 ,6 -0 as Z—>0 (17)
The ambient soil distribution then becomes:
0=¢,+'"e, (18)

Where,
&, =Ce™ +C,e"" +C,

& =C,e™ +C.e" " +Ce™ +CeM*

P P’ PQ
m, =- + 5~
2(L+st) \4(Q+st)® 1+st
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P P’ PQ
m, =— + - —
2(1+st) \4@+st)® 1+st
P P’ PQ Piw
m; =— + 7 +
2(L+st) \4(@+st) 1+st  @(l+st)
P P2 PQ Piw
m, =— + - — +
2(L+st) \4@+st)® 1+st  o(l+st)
C,=—C,e ™"

C, =1+ A, cos(at) + C3(e‘mlz —1)

C3:R%

c, =S
e 3

Cs Z_(C4 +C6 +C7)
c -P.Am,C,

6 .

m? +stm/ + P.m, + PrQ—(Pr'a)]
2

c - —P.Am,C,

Y
m> +stm’ +P.m, + PrQ—[ rla)j
®

In order to be able to examine the emerged physical parameters on the temperature of the soils in

consideration, the adopted numerical values of the thermal conductivities and porosities of the soils were

displayed on tables 1 and 2 below.

Table 1: Thermal conductivity of different soil types [27]

Thermal Conductivity (Btu/ft hr °F)
Texture Class Unsaturated Saturated
Sand 0.440 1.440
Clay 0.640 0.960
Silt 0.960 0.960

Table 2: Typical porosity values for various soil types [28] and [29]

Description Porosity (min — max) Average Porosity
Sand; Coarse 0.26 - 0.43 0.345
Sand; Fine 0.29 - 0.46 0.375
Clay 0.29-0.41 0.350
Silt (organic) 0.42-0.68 0.550
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In line with some existing literature like [22], [19], and [24] among host of others, other parametric

values adopted include:
P, =071,Q=001,@=7,,£=001,t=10, A=05,R=01, A, =10,
h,=1.0,S. =0.6, S, =0.2, Gr=2.0, Gc = 2.0, M =5.0

All the figures thus correspond to these values except otherwise stated.
5 Results

The temperature profile obtained was presented numerically and displayed on graphs to better
illustrate the effects of the resulted physical quantities on the temperature of the soils while dry and when
they are moist at increasing depth. In the study, variations in the radiation parameter, the internal heat
generation and the Prandtl number were examined on temperature of three (3) soil types, namely: sand,
clay and silt both in their unsaturated forms and when the soils were saturated with water.Discussions

Figures 2, 6 and 10 represent an average ground temperature with increasing depth at constant
values of the physical parameters for unsaturated and saturated sandy soil, unsaturated and saturated clay,
and unsaturated and saturated silt respectively. On an average, that is, when all the physical parameters
involved are constant, the temperature decreased as the depth extended and converged at 1. This
convergence takes place at a depth of about 9.144 to 15.240 meters (30 to 50 feet) depending on
place/location, known as the “mean earth temperature” [27].

Meanwhile, as the electromagnetic waves from solar energy through process of radiation increases
according to Figures 3, 7 and 11, all the soils involved (as listed above) absorbed the energy [6] and their
temperatures are gradually raised; yet, converged at 1 (a depth of about 30 to 50 feet).

16 L T L T L L T L T
| $=0.44
141 s=1.44

1

Temperature
(o]
|
1

Unatur \

0 [ r [ r [ [ r [

0 61 02 03 04 05 06 07 08 09 1
Depth, z

Figure 2: Average ground temperature at increasing depth with constant values of the physical parameters for
saturated and unsaturated sandy soil.
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12 ‘\ L T L L U L L C L
i\ $=0.44, R=0.1
1\ $=0.44, R=0.2
101\ $=0.44, R=0.3 |
W =144, R=0.1
I\ e §=1.44, R=0.2
8] v 5=1.44, R=0.3 [

Temperature
o

Figure 3: Comparison of effects of mounting solar radiation (R) on ground temperature between ground
containing saturated sandy soil and ground with unsaturated sandy soil content at increasing depth.

Moreover, in Figures 4, 8 and 12, at any increase in the radiogenic heat produced by decay of
naturally radioactive elements or isotopes in the earth crust and left over of the primordial heat from the
formation of the earth [30], referred to as the internal heat generation, there are relative increments in the
temperature of the soils considered. The soils absorb this internal heat because of their ability to conduct
heat (the thermal conductivity) which added to their initial heat status and thereby raised it. Nevertheless,
they all converged also at 1.

14 L \ |5 |5
t \ $=0.44, Q=0.01
1ol \ $=0.44, Q=0.05 ||
‘ ' 5=0.44, Q=0.10
$=1.44, Q=0.01
$=1.44, Q=0.05 [|
$=1.44, Q=0.10

U C

Temperature

Figure 4: Comparison of effects of growing internal heat generation (Q) on ground temperature between
ground containing saturated sandy soil and ground with unsaturated sandy soil content at increasing depth.
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120 ————s=1.44, Pr=0.71 |
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10000 =144, Pr=0.90 ||
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Figure 5: Temperature profile for various values of Prandtl number for both saturated and unsaturated sandy
soil at increasing depth.
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Figure 6: Average ground temperature at increasing depth with constant values of the physical parameters for
saturated and unsaturated clay.

Figures 5,9 and 13 depict the temperature profiles for various values of Prandtl number for sandy
soil, clay soil and silt respectively. It is observed that increase in the Prandtl number leads to the decrease
of thermal boundary layer of all the soil types. This is because the smaller values of Prandtl number
correspond to increase in the thermal conductivity at the boundary layer which speeds up the rate of heat
diffusion [22]. In other word, the thermal diffusivity dominates at the boundary layer. As the heat diffuses
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away from the boundary layer to give room for higher Prandtl number, the temperature at the boundary
layer reduced.

More explicitly, Figure 3 compates the effects of rising solar radiation (R) on ground temperature
between ground containing saturated sandy soil and ground with unsaturated sandy soil at increasing depth.
It is discovered that the temperature of the saturated sand is greater than that of the unsaturated sand.
Besides, the rate of increase of this temperature as the radiation increases is more than that of the
unsaturated sandy soil. Since the thermal conductivity of the saturated sandy soil (1.44 Btu/ft hr °F) is
greater than that of the unsaturated (0.44 Btu/ft hr °F), which is as a result of the thermal conductivity of
the water, the saturated sand absorbs heat faster and more than the unsaturated which in turn increases its
temperature further.

This case is similar when comparing effects of growing internal heat generation (Q) on ground
temperature, between ground containing saturated sandy soil and ground with unsaturated sandy soil at
increasing depth which Figure 4 also represents. The temperature of the saturated sand increased more,
and at a quicker rate than that of the unsaturated sand. The heat energy rising from the earth crust are
conducted more rapidly by the saturated sandy soil because of the moisture content which enhances its
temperature more than that of the unsaturated sand.

Figure 5 also represents the temperature profile while evaluating the influence of various values of
Prandtl number on both saturated and unsaturated sandy soil at increasing depth. On the average,
temperature of the saturated soil is greater than that of the unsaturated. However, as the Prandtl number
increases, there is decrease in temperature of both soil states. The saturated sand has a slight greater rate of
decline in temperature than the unsaturated. This is as a result of the rate of diffusion of heat at the boundary
layer of the saturated sandy soil (having moisture) being more than that of the unsaturated. And the rate at
which this heat diffuses away from the boundary layer to give room for higher Prandtl number resulted to

its faster rate of cooling.

12 L L C C L 3 L C L
5=0.64, R=0.10
\ $=0.64, R=0.20
10 $=0.64, R=0.30 |
$=0.96, R=0.10
alll 5=0.96, R=0.20 |
$=0.96, R=0.30

Saturated

Temperature

O r r r r r r r r r

0 01 02 03 04 05 06 07 08 09 1
Depth, z

Figure 7: Comparison of effects of mounting solar radiation (R) on ground temperature between ground
containing saturated clay soil and ground with unsaturated clay soil content at increasing depth.

Figure 7 as well represents a comparison effect of growing solar radiation (R) on ground
temperature between ground containing saturated clay soil and ground with unsaturated clay soil at
increasing depth. It is observed that the temperature of the saturated clay is higher than that of the
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unsaturated, but the rate of increase in temperature for both state of soil are almost the same; though that
of the saturated is slightly greater. The thermal conductivity of the saturated clay which is more than that
of the unsaturated is the factor responsible for this disparity in their temperature. The moisture content
present in the saturated clay enhances its capacity for conducting more heat than the dry clay. However,
since the difference between their thermal conductivides (which is 0.32 Btu/ft hr °F) is not much put side
by side that of saturated and unsaturated sandy soil (which is 1.0 Btu/ft hr °F), the difference in the rate of

increase in their temperature is not too significant.

15 : L L U U T L L U U
$=0.64, Q=0.01
5=0.64, Q=0.05
‘ $=0.64, Q=0.10

$=0.96, Q=0.01
|| $=0.96, 0=0.05

10 “\ Saturated 5=0.96. 0=0.10 I

o ) .96, Q=0.
3 \“\ \\
E \‘ \
\
o
= \
N
= AN

AN SN ™ ~

R
SIS T
s aS— - H\\&&\
Unsaturated %ﬁéi\xm

0 r r r r r I
0 01 02 03 04 05 06 07 08 09 1

Depth, z

Figure 8: Comparison of effects of growing internal heat generation (Q) on ground temperature between ground
containing saturated clay soil and ground with unsaturated clay soil content at increasing depth.
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$=0.96, Pr=0.80 ||
$=0.96, Pr=0.90

Saturated

Temperature

0 r r r r r r r r

Figure 9: Temperature profile for various values of Prandtl number for both saturated and unsaturated clay
soil at increasing depth.
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Figure 10: Average ground temperature at increasing depth with constant values of the physical parameters for
saturated and unsaturated silt.

Similarly, comparing the effects of rising internal heat generation (QQ) on ground temperature
between ground containing saturated clay soil and ground with unsaturated clay soil at increasing depth, as
shown in Figure 8, it is discovered that the average temperature of the saturated clay is greater than that of
the unsaturated. Itis also noted that the rate of increase in temperature of both states of clay are almost the
same, but becomes more obvious when the heat generation rises the more. This result follows as above.

14 L L L L L L L L L
-~ R=0.1
- ~ R=02
———R=0.3
~— R=0.4
101
o \\:
3 8-\ -
© \
8_ \\
€ 6~ ,
(O]
|_
4ﬁ -
2 L. -
O r

0 01 02 03 04 05 06 07 08 09 1
Depth, z

Figure 11: Effects of mounting solar radiation (R) on ground temperature for saturated and unsaturated silt at
increasing depth.
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Figure 12: Effects of growing internal heat generation (Q) on ground temperature for saturated and
unsaturated silt at increasing depth
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Figure 13: Temperature profile for various values of Prandtl number for saturated and unsaturated silt.

Figure 9 shows the temperature profile for various values of Prandtl number (P,) for both

saturated and unsaturated clay soil at increasing depth. The temperature of the saturated soil is still greater
than the dry clay on an average. Since the difference in the thermal conductivities of both states of clay is
not much pronounced (unlike that of sandy soil), variation in the rate at which heat diffuses away from the
boundary layer between the two states of the clay is not also very significant.

As regard the silt, there is no significant difference between the dry soil and when the soil is
saturated with water (Figures 10). Therefore, it is at the same level and rate that these physical factors (solar
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radiation, internal heat and Prandtl number) affected the soil both when its dry, and when it is saturated
with water (Figures 11, 12 and 13).

6 Conclusion

This work has been focused on the effects of moisture content on the temperature of some selected
soil samples, which includes sand, clay and silt, in the presence of internal heat. The results of the study
show that saturated form of all these soils which enhances the rate of heat conduction will be more
preferable especially for crops like okro which requires warmer temperatures of about 32 °C for the seedling
and later transplanted into soils with about 24 °C for healthy growth, compare to plants like tomatoes,
cucumbers and snap peas which require soil’s temperature of about 16 °C. Also, since the rate and level at
which moisture content affects the temperature of these soil, mixture of some of the soil types will be more
appropriate in growing some crops. Meanwhile, thermal conductivity and the porosity are the only soil
properties that were considered in the work. Since soil properties are not limited to the main three that
were used in this present work, future work can then incorporate more of these properties which include;

colour, mulch, pH and texture among others were not considered.
7 Declarations
7.1 Competing Interests

The authors thereby declare that there is no any conflict of interest in whatever way concerning the work.

7.2  Publisher’s Note

AIJR remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

How to Cite this Article:

Will be updated in the final version.

References

[1] Stephen Mantel, “Why are soils important?” ISRIC, World soil Information, 2021. [Online]. Available: https://www.isric.org
[Accessed May 20, 2022]

[2] Ross H. McKenzie. “Understanding the Effects of Sunlight, Temperature and Precipitation”. Top Crop Manager, 2017. [Online].
Available: htpps://www.topcropmanager.com/fertility-nutrients/back-to-basics-20879. [Accessed May 20, 2022]

[3] P. Swagata, “Soil Temperature: Importance, Factors and its Control”. Soil Management, 2022. [Online]. Available:
http://lwww.soilmanagementindia.com/soil-temperature/soil-temperature-importance-factors-and-its-control/3512 [Accessed May

20, 2022]
[4] Delaloye R., “Contribution a I’étude du pergélisol de montage en zone marginale”. GeoFocus , vol. 10, no. 240, 2004.
[5] Z. Gao, R. Horton, L. Wang, H. Liu and J. Wen, “An improved force-restore method for soil temperature prediction”. European

Journal of Science, pp. 1365 — 2389, 2008. Doi: 10.1111/j.

[6] Eastanugh Ben and Sternal-Johnson Chris (2022). “Zolushka for Earth”. Understanding Heat Budget, 2022. [Online]. Available:
https://zolushkadearth.wordpress.com/2010/08/27/understanding-heat-budget [Accessed May 20, 2022]

[7] Lienhard John H. IV and Lienhard John H. V., “A Heat Transfer Textbook”. Fourth Edition — Cambridge, Massachusetts, USA:
Phlogiston Press, pg. 51-54, 2011.

[8] Joseph Fourier, Jan Ingenhousz and James David Forbes, “Thermal Conduction”. Encyclopadia Britannica Ultimate Reference Suite,
2018. [Online]. Available: https://www.britannica.com/science/thermal-conduction [Accessed May 20, 2022]

[9] A. Miyachi, “Thermal Conductivity”. Amada Miyachi America, 2021. [Online]. Auvailable:
http://www.amadamiyachi.com/glossary/glossthermalconductivity [Accessed May 20, 2022].

[10]  A. M. Salemand Rania Fathy, "Effects of Variable Properties on MHD Heat and Mass Transfer Flow Near a Stagnation Point Towards
a Stretching Sheet in a Porous Medium with Thermal Radiation". Chinese Physical Society and IOP Publishing Ltd, vol. 21, no. 5,
pp. 1 - 11, 2012. DOI: 10.1088/1674-1056/21/5/054701. http://iopscience.iop.org/cpb

[11]  Nasrin Rehena and M. A. Alim, “Thermal Performance of Nanofluid Filled Solar Flat Plate Collector”. International Journal of Heat
and Technology, vol. 33, no. 2, 2015. http://dx.doi.org/10.18280/ijht.330203

[12]  F. O. Akinpelu, R. M. Alabison and O. A. Olaleye, “Variations in Ground Temperature in the Presence of Radiative Heat Flux and
Spatial-Dependent Soil Thermophysical Property”. International Journal of Statistics and Applied Mathematics , vol. 2, no. 1, pp.
57-63, 2016.

[13] Hazarika Gopal Chandra and Konch Jadav, “Effects of Variable Viscosity and Thermal Viscosity on Magnetohydrodynamic Free
Convention Dusty Fluid along a Vertical Porous Plate with Heat Generation”. Turkish Journal of Physics, vol. 40, pp. 52 — 68, 2016.

ISSN: 2456-7132
Auvailable online at Journals.aijr.org


http://journals.aijr.org/

15

Ogunsola et al., Int. Ann. Sci.; Vol. 12, Issue 1, pp: 1-15, 2022

[14]

[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

B. R. Sharma and Buragohain Bismeeta (2016). “Effects of Soret, Dufor, Variable Viscosity and Variable Thermal Conductivity on
Unsteady Free Convective Flow Past a Vertical Cone”. American Journal of Heat and Mass Transfer, vol. 4, no. 1, pp. 53 — 63, 2016.

Olaleye Olalekan A., Masopa Adekunle N., Bamigboye Jonah S. and Mubarak Sabiu, “Mathematical Modelling of Effects of Thermal
Conductivity of Some Substances on Their Temperature in the Presence of Magnetic Field”, International Journal of Science,
Engineering and Technology, vol. 9, no. 4, pp. 1 -5, 2021.

Samara Salamene, Marcio Rocha Francelino, Rogério Mercandelle Santana, Carlos Ernesto Gongalves, Reynaud Schaefer and
Alberto Waingort Setzer, “Correlation between atmospheric physical factors and soil temperature of Keller Peninsula, King George
Island, Antartica”. 19th World Congress of Soil Science, Soil Solutions for a Changing World. Brisbane, Australia, 2010.

Nwankwo Cyril and Ogagarue Difference, “An investigation of Temperature Variation at Soil Depths in Parts of Southern Nigeria”.
American Journal of Environmental Engineering, vol. 2, no. 5, pp. 142 — 147, 2012.

Nwaigwe C., “Mathematical Modeling of Ground Temperature with Suction Velocity and Radiation”. American Journal of Scientific
and Industrial Research , 238-241, 2010. DOI:10.5251/ajsir.2010.1.2.238.241

F. O. Akinpelu, O. A. Olaleye and R. M. Alabison, “A Comparison of the Effects of Solar Radiation on Sandy-Loam and Clay-Loam
Soils with Convective Boundary Condition”. International Annals of Science, vol. 8, no. 1, pp. 130 — 137, 2020.

El-Fayez and Fayza Mohammed Nasser, “Effects of Chemical Reaction on the Unsteady Free Convection Flow past an Infinite
Vertical Permeable Moving Plate with Variable Temperature”. Journal of Surface Engineering Materials and Advanced TEchnology
,vol. 2, pp. 100-109, 2012.

B. Seshaiah, S.V.K. Varma and M.C. Raju, “The Effects of Chemical Reaction and Radiation on Unsteady MHD free Convective
Fluid Flow Embedded in a Porous Medium with TIme-Dependent Suction with Temperature Gradient Heat Source”. International
Journal of Scientific Knowledge , vol. 3, no. 2, pp. 12-24, 2013.

Mohammed Ibrahim S., “Radiation Effects on Mass Transfer Flow through a Highly Porous Medium with Heat Generation and
Chemical Reaction”. IRSN Computational Mathematics, Volume 2013, Article ID 765408. https://doi.org/10.1155/2013/765408.

C. Israel-Cookey and G. Tay, “Transient Flow of a Radiating Hygromagnetic Fluid past an Infinite Vertical Plate”. AMSE , vol. 7,
no. 3, 4, pp. 1-14, 2002.

Krishna M. Veera and Reddy M. Gangadhar, “MHD Convective Rotating flow past an oscillating porous plate with Chemical
Reaction and Hall Effects”. IOP Conf. Series: Materials Science and Engineering (p. 149), 2016. I0OP Publishing.
https://iopscience.iop.org/article/10.1088/1757-899X/149/1/012217

R. A. Kareem and S. O. Salawu, “Variable Viscosity and Thermal Conductivity Effect of Soret and Dufor on Inclined Magnetic Field
in non-Darcy Permeable Medium with Dissipation”. British Journal of Mathematics and Computer Science , vol. 22, no. 3, pp. 1-12,
2017. DOI: 10.9734/BIJMCS/2017/33669

Reza Keimanesh and Cyrus Aghanajafi, “The Effect of Temperature-Dependent Viscosity and Thermal Conductivity on Micropolar
Fluid over a Stretching Sheet”. Tehnicki vjesnik , vol. 24, no. 2, pp. 371-378, 2017.

Gary Reysa, “Ground Temperatures as a Function of Location, Season and Depth”. Build it Solar, The Renewable Energy Site for
Do-It-Yourselfers, 2015. [Online]. Available: www.builditsolar.com/Projects/Cooling/EarthTemperatures.htm [Accessed May 20,
2022]

Braja M. Das, “Advanced Soil Mechanics”. Third Edition. Published in London & New York: Taylor & Francis Group, 2008. ISBN
0-203-93584-5

Structx,  “Porosity =~ Values for  Various  Soil  Types”.  Soil  Properties, 2022. [Online].  Available:
http://structx.com/Sail_Properties_006.html [Accessed May 20, 2022]

D. L. Turcotte and G. Schubert, "4". Geodynamics (2nd ed.). Cambridge, England, UK: Cambridge University Press. pp. 136-7,
2002. ISBN 978-0-521-66624-4

Publish your research article in AIJR journals- Publish your books with AIJR publisher-

v' Online Submission and Tracking v' Publish with ISBN and DOI.

v' Peer-Reviewed v' Publish Thesis/Dissertation as Monograph.

v" Rapid decision v Publish Book Monograph.

v' Immediate Publication after acceptance v' Publish Edited VVolume/ Book.

v' Articles freely available online v' Publish Conference Proceedings

v' Retain full copyright of your article. v Retain full copyright of your books.
Submit your article at journals.aijr.org Submit your manuscript at books.aijr.org

ISSN: 2456-7132
Auvailable online at Journals.aijr.org


http://journals.aijr.org/
http://journals.aijr.org/
https://books.aijr.org/

	ABSTRACT
	1 Introduction
	2 Formulation of the Problem
	3 Mathematical Analysis
	4 Method of Solution
	5 Results
	6 Conclusion
	7 Declarations
	7.1 Competing Interests
	7.2 Publisher’s Note

	How to Cite this Article:
	References

