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Original Research Article
Thermal diffusivity variations at Ministry of Agnigture

Akure South, Ondo State,

South—west Nigeria

Thermal diffusivity variations of different soilpgs in a tropical location, Akure, Nigeria at
three different depths is presented. The time lathod was used to estimate the thermal
diffusivity (D) of the experimental site using the hourly and m&aekly temperature
distribution alongside soil properties such as mioescontent, bulk density, porosity and soll
heat capacity, at the depths of 30, 40, and 50Results obtained show a larger variation of
thermal diffusivity in the wet season as compacethé dry season. The diurnal variation of soil
temperature at different depths are also modelddtanresults comparable with the in-situ
measurement.

Keywords: Soil thermal diffusivity, Temperature,ilSuoisture Content.

1. INTRODUCTION

Soil temperature is a fundamental factor of grempdrtance as it affects many physical,
chemical and biological processes in the soil. dtgurrence may vary diurnally, weekly,
monthly as the case may be and this is primarilg &sction of the incident solar radiation over
the study locations (Reysa, 2012). Other factoes thight influence soil temperature include
seasonal swings in overlaying air temperature,l leegetation cover, types of soil and depth in
the earth.

Due to much higher heat capacity of soil relatigetitat of air and the thermal insulation

provided by vegetation and surface soil layerss@eal changes in soil temperature deep in the
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ground are much less than and lag significantlyifzklseasonal changes in the overlying air
temperature.

During the day, the earth’s surface gets heateasug result of the impact of solar radiation and
this thermal radiation penetrates through the soithe form of a wave. Consequently, the
temperature in the near sub-surface has a progegslase shift; such that at minimum air
temperature, ground temperatures are generalliatslipigher, and at times of maximum air
temperatures ground temperatures are lower (NEBTL)2

Soil temperature variations govern evaporation aod aeration. It also influences seed
germination, seedling growth as well as other sudrobial activities.

Temperature variation in different soil types iscatlue to the response precedented by changes
in radiant, thermal and latent heat exchanges.

Determination of heat transfer under the non-stestdie heat flow requires the knowledge of
basic thermal properties of soil.

The present research is based on the determinationthe soil thermal diffusivity and
temperature variations at different depths in git@ location, Akure, south-west, Nigeria.
Consequently, the soil thermal diffusivity and tergiure of the soil at different depths are

predicted.

2. SITE AND DATA

The experimental site is the ministry of Agricuttuat Akure (7.1%N, 5.17E), South-West,
Nigeria. The site has a height above sea levebotia350 m and belongs to soils of clayey-
sandy type under a dense rain forest vegetatidheofropical climate. The region experiences
alternate dry and wet seasons. The temperaturesdarejween 2C to 29C with high relative
humidity and annual rainfall of about 1750 mm. sihedy utilizes daily soil and air temperature
at depths of 30, 40, and 50 cm during the dry anmdyrmonths, using a Davis Vantage Pro data
logger and tiny sensors installed at the experiaiesite. The set-up is composed of different
sensors like soil moisture content, soil and amgerature and humidity with a transmitter and
receiver unit placed at about 250 m apart. Althotlgh equipment measures the parameters at

different hours of the day, a 10 minutes intervhltemperature readings were obtained and
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averaged to obtain the daily mean. This is alscctse of the soil temperature at different depth

for the period of observation.

The air temperature and soil temperature at diftesges were measured every three hours from
20" to 28" of December 2011 and %@ 15" may, 2012. The above six days in December and

May were chosen to represent the dry and rainy cespsectively.

Table 1: Average values of soil properties obtaifeedinistry of Agriculture, Akure South, at

different depths for both seasons.

L ocation Depth Sail Bulk Porosity Sail Color Soil Specific
(cm) moisture Density () % Texture Heat(C,),
(0) % (py).g/cm® JIKgk
Ministry of 30 20.68 1.598 33.053 light reddigsh Sandy 1.12
Agriculture, brown clay
fké”Ae south 40 19.824 1.703 33.771| light reddisisandy clay|  1.12
e brown loam
50 15.009 1.410 21.167 light reddish Sandy 1.08
brown clay loam

3. THERMAL DIFFUSIVITY (D)
Estimation of the thermal diffusivity was obtaindttough the phase lag method, where the

phase lag between the waves at two depths waq8sgder and Paw)

_ T

_47'c

Zy— 7,
-1ty

whereT is the period of fundamental cycle,and z are different depths angldnd { are time

taken to reach maximum or minimum temperatureeptitdz and 3.

This was achieved by determining the times at which temperature waves reaches its

maximum or minimum value at the two

depths, {(s) and i(s), the period of oscillation was 24 hrs or 864080s. |

obtaining the thermal diffusivity, a three hourgntperature variation was observed,




76  as estimation of D using smaller time variationsldgyield little changes.

77 The phase lag method was used because it giveter lttermination under uncontrolled
78  conditions and where there is a temporal tempegajtadient such as observed in deeper layers
79  where the temperature amplitude is slightly appiaei.

80

81  Table 2: Thermal Diffusivity Chart for Ministry afgriculture, Akure South, for the dry season fof" 20
82 to 229 of December, 2011.

83 . Research site Date Time (Hours) Soitldem (cm)
84 30-40 40-50 30-50
85 Ministry of 20/12/11 3am 6.63 238.7 1.95
86 Agriculture, Akure 6am 26.52 0.00 106.1
87 South L.G.A 9am 238.7 238.7 955.8
88 12pm 14.92 9.45 19.49
89 3pm 0.00 0.00 0.00
90 6pm 1.22 0.00 4.87
91 9pm 1.41 0.00 5.65
92 12am 0.00 0.00 0.00
93 21/12/11 3am 0.00 0.00 0.00
94 6am 0.00 0.00 0.00
95 9am 0.00 0.00 0.00
96 12pm 0.00 0.00 0.00
97 3pm 0.00 0.00 0.00
98 6pm 0.00 0.00 0.00
99 9pm 0.00 0.00 0.00
100 12am 0.00 0.00 0.00
101 22/12/11 3am 0.00 0.00 0.00
102 6am 2.95 0.00 11.76
103 9am 0.00 0.00 0.00
104 12pm 1.41 0.00 0.00
105 3pm 0.00 0.00 0.00
106 6pm 0.00 0.00 0.00
107 9pm 0.00 0.00 0.00




108 12am 0.00 0.00 0.00

109 Table 3: Thermal Diffusivity Chart for Ministry @griculture, Akure South, for the dry season
110 for 23" to 289 of December, 2011

111 Research site Date Time (Hours) Sqitlde in (cm)

112 30-40 40-50 30-50
113 Ministry of 23/12/11 3am 0.74 0.00 2.95
114 Agriculture, Akure 6am 0.00 0.00 0.00
115 South L.G.A 9am 14.92 0.00 59.68
116 12pm 2.95 0.00 11.79
117 3pm 0.00 0.00 0.00
118 6pm 0.00 0.00 0.00
119 9pm 2.95 0.00 11.79
120 12am 1.06 1.06 0.00
121 24/12/11 3am 0.00 9.55 38.19
122 6am 0.00 0.00 0.00
123 9am 0.00 0.00 0.00
124 12pm 1.41 14.92 3.30
125 3pm 0.00 0.00 0.00
126 6pm 4.87 0.00 19.49
127 9pm 2.95 2.95 0.00
128 12am 0.00 0.00 0.00
129 25/12/11 3am 0.00 0.00 0.00
130 6am 0.00 0.00 0.00
131 9am 0.00 0.00 0.00
132 12pm 6.63 1.97 3.30
133 3pm 0.00 0.00 0.00
134 6pm 1.41 0.00 5.64
135 9pm 1.41 1.41 0.00
136 12am 0.00 0.00 0.00
137

138

139



140

141 Table 4: Thermal Diffusivity Chart for Ministry @fgriculture, Akure South, for the wet
142 season for the 1) 11th and 1% of May, 2012.

143 Research site Date Time (Hours) Soitlsem (cm)

144 30-40 40-50 30-50
145 10/5/12 3am 9.55 26.52 14.92
146 Ministry of Agriculture

147 Akure South, L.G.A 6am 59.68 26.52 8.13
148 9am 26.52 3.73 38.19
149 12pm 59.68 59.68 59.68
150 3pm 26.52 59.68 38.19
151 6pm 0.00 238.7 9.548
152 9pm 238.7 238.7 238.7
153 12am 3.73 6.63 238.7
154 11/5/12 3am 9.55 2.95 59.68
155 6am 26.52 0.00 106.1
156 9am 238.7 0.00 238.7
157 12pm 26.52 238.7 238.7
158 3pm 59.68 26.52 954.8
159 6pm 238.7 238.7 0.00
160 9pm 59.68 26.52 954.8
161 12am 59.68 14.92 954.8
162 3am 26.52 4.87 59.68
163 12/5/12 6am 3.73 59.68 26.52
164 9am 238.7 9.55 0.00
165 12pm 26.52 6.63 238.7
166 3pm 26.52 6.63 238.7
167 6pm 1.66 238.7 5.65
168 9pm 238.7 59.56 106.1
169 12am 0.00 238.7 238.7
170

171

172
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Table 5: Thermal Diffusivity Chart for Ministry @fgriculture, Akure South, for the wet
season for the 314" and 1%' of May, 2012.

Research site Date Time (Hours) Soitlemp (cm)

30-40 40-50 30-50
13/5/12 3am 3.73 26.52 19.49
6am 2.95 26.52 26.52

9am 0.00 0.00 0.00

12pm 26.52 9.55 954.8

3pm 9.55 14.92 954.8

6pm 0.00 0.00 0.00

9pm 59.68 59.68 954.8

12am 0.00 9.55 38.19
14/5/12 3am 0.00 3.73 14.92
6am 238.7 3.73 14.92

9am 26.52 9.55 238.7

12pm 14.92 0.00 59.68

3pm 26.52 9.55 14.92

6pm 238.7 2.39 7.89

9pm 9.55 9.55 59.68
12am 26.52 238.7 238.7

3am 59.68 238.7 1.22

15/5/12 6am 0.00 141 5.65
9am 238.7 59.68 106.1
12pm 59.68 238.7 954.8

3pm 26.52 6.63 238.7

6pm 59.68 238.7 238.7

9pm 59.68 59.68 0.00
12am 59.68 238.7 238.7
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4. Resault:

From Table 1 and Figure 1, the average thermaliglifity range obtained using the phase lag
method were observed to be from 0.74 X /s to 238.7 x 10 m?/s for the dry season and
1.06 x 10" m?/s to 954.8 x 10 mé/s for the wet season. From the data obtained, dtdar that
thermal diffusivity for the wet season is much leghs compared to the dry season.

Air temperature variation of up to 1 m above saifface shows a distinct variation between the iy a
rainy season. A range of aboUC3is observed for both seasons but the temperdtsrgbution for the
dry season was as high as@éwhile the wet hadalue of about 3. Temperature variations for the
diurnal soil temperature had a range % 2or the 30 cm depth,’G for the 40 cm depth and@ for the

50 cm depth for both dry and wet seasons respéctiVée increase in range is due to the drop in
temperature as wave penetrates the soil mediunciesipeduring the rainy season. During the dry
season, the temperature distribution was predomictaistant for the three depths but as moistureenbn
increased the temperature variation was observdietomuch more frequent. This in turn led to the

continuous variation of the value of thermal diffity during the wet season.

From the data obtained, it is obvious that thers mare solar activity in the daytime and the initgrsf
solar radiation through the soil medium reducethasiay proceeded. The upper layers had more
temperature fluctuations as however; the diurndbse temperature is decreasing as soil depthasece

For each of the soil depth, estimation of otheapeeter as associated with the soil thermal
properties such as soil moisture, soil bulk density specific heat capacity, soil porosity, was
done using laboratory measurement and averagesvahiained from the measurement for both

dry and wet seasons.
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Figure 1: Thermal Diffusivity Chart for Ministry d&griculture, Akure South, for the dry season faf'2
and 24 of December.
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Figure 2: Thermal Diffusivity Chart for Ministry @&griculture, Akure South, for the wet season
for the 18" and 11th of May, 2012.
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231 Figure 3: Variation of air temperature from 23rdi&#th December, 2011, for Ministry of
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252 Figure 6: Variation of soil temperature from 10ohltlth May, 2012, at Ministry of Agriculture,
253 Akure during the wet season.
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Soil moisture content was about 20% and increai@isrwould lead to a possible decline in the
value of thermal diffusivity but an increase wasaoreled indicating constancy in the soil
moisture content. But as depth increased the smgtore was found to decrease. A possible
cause of this is the type of solil type presenha40 and 50 cm depths. The 40 cm depth had a
soil type of sandy clay loam as well as the 50cptlueBoth soil types have lesser moisture

retaining capacity as compared to the 30 cm déythhtad a soil type of sandy clay.
5. CONCLUSION.

From the data obtained, the value of thermal dWitysobtained varied across the different
depths. Thermal diffusivity values for the wet seawere higher as compared to that of the dry
season (Chacko and Renuka, 2002). As soil moisturtent increased due to increase in

rainfall, temperature value variations occurred enfoequently across the three depths.
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