LClhRsHRIEK B 18
iolNloclnnIdMIwWIN Ik 1O IO 00 IN 1o 101 I IWNIF

REBBNBERRE N R IS
ROl INIO IOIxIW IN Ik IO

MEASURMENT OF THERMAL CONDUCTIVITY AND SPECIFIC HEA T CAPACITY
OF THREE MAJOR GEOMORPHOLOGICAL UNITS IN AKWA IBOM  STATE,
NIGERIA.

Ebong Samuel Thaddeydttai Ekaette SunddyJoshua Emmanuel Oluwagbémi
'Department of Physics, Akwa Ibom State Univerdkgt Akpaden, Akwa Ibom State, Nigeria.
2Department of Physics, collage of Art and sciefficeno L.G.A, Akwa Ibom State, Nigeria.

®Department of Physics, University of Ibadan, Ibaddigeria.

All correspondents should be addressdojoshua@yahoo.com

ABSTRACT

The thermal conductivity (k) and the specific heapacity (C) of some samples
collected from three major landforms in Akwa Ibomat®, Nigeria; namely Beach
Ridge Sand (BRS), Coastal Plane Sand (CPS), SanedStmale Hill Ridges (SHR)
were measured. Results show that an increase fr6ElIR and BRS samples taken
from different locations gives rise to decreasé&.ifhe C of the area under study
falls within the range 1813.64Jkg™ to 3313.24Jkdk™ while the soil thermal
conductivity was between the range 0.272V¥i1 to 0.451 WritK ™. The C of the
soil samples has great effect on crop and congiruatorks.

Key words: Thermal conductivity, Specific heat capacity,|%oid Sand.

INTRODUCTION

The study of soil properties is very important arsgful to determine the
soil thermal conductivity. The uppermost soil lagdrthe earth’s crust provides
support and nutrients for plant growth. Heat coniducs the transfer of heat from
one part of the body at high temperature to anqgplaetr of the same body at low
temperature. The conduction process takes plactheatmolecular level and
involves the transfer of energy from the more eetcgmolecules to those with
lower energy levels. Heat conduction in many matercan be visualized as the
result of molecular collision (Douglas, 1991). Téenduction of heat occurs only
if there is a difference in temperature between pads of the conducting medium
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(Raymond and Jerry, 1992). Heat flow through any depends on the thermal
properties of the soil. Variation in temperaturethwithickness of the soil

determines whether the soil can be used as heatesolithe prediction of

temperature at various thicknesses at any givea ¢ifthe day throughout the year
Is an important tool in the design of a construcimrk. Thermal properties of soil

samples involve many variables which may be coraf@it. Such variables include
the soil texture, structure and composition paramsetSimilar studies of soil

properties in recent years include comparison eftttermal properties of brick
samples for a passively cooled building design @kp and Ekpe, 1998) and
thermal response of different rock samples for sspaly cooled building design

(Akpabioet al,2004).

THEORY

Soil temperature is determined by a number ofofactsome of which
include the location characteristics and thermajspmal properties of the soil
samples. The amount of radiant energy absorbecdeftected depends on the
material coloration. The proportion of energy absor causes changes in
temperature of the soil samples. Thermal radiatioradiant heat emitted by hot
bodies is electromagnetic waves containing a walege of wavelengths. This
energy absorbed by the surface may be used iigaling of air outside the rock
or soil surface (b) Increasing the surface tempeeai(c) Heating the interior layer
of the soll, or (d) Radiating to the atmospherar{@a and Godfrey, 1993).

Specific Heat Capacity:Specific heat capacity of a substance is the ofyaotti

heat required to raise the temperature of unit rlapsof the substance through
unit temperature (1°C or 1K). It is observed expemntally that the quantity of

heat (Q) received by a body is proportional toness (M) and temperature change
(6, - 6,) and also, depends on the nature of the mateaking the body.
Mathematically, it is expressed as:

Q = MCOj - O) wmormemmemmemmemmemmemmemmenmenmemmemmenmenee 1
AISO, C= Q / Mez - 91) ----------------------------------- 2.



where Q is the quantity of heat, M is the masdefdgample (body) in kgk - ©,)
Is the temperature change in °C or K, C is the t@omf proportionality which
depends on the nature of the body (Okeke and Aregkt®95). The unit of C is
Jkg'K™.

Heat gained by calorimeter + sample + cold water =

McCe(03 — 01) + MCs(03 — 01)+ McCo(03 — 6;) --------------- 3.
Heat lost by the hot water = \MC,,(8, — 83) -------------------—-- 4.
Equating 3 and 4 givabe working equation for specific heat capacity:

ancw(ez - 92) = MCCC(QS - 01) + MSCS(03 - 91)+ MCWCW(03 - 91) """"" 5.

The specific heat capacity is then:

C - ancw(92_93)_ [MCCC+MCWCW] (93_91)
° Mg(63-61)

Thermal Conductivity: thermal conductivity is defined as the coefficievttich
multiplies the temperature gradient to give the @it heat transfer by conduction
expressed in heat energy crossing unit area intinmé (Frank and David, 1996).
When the steady state has been attained the ratieict heat is conducted across
the soil samples disc, it is equal to the rate latkvit is emitted from the exposed
surfaces of the metal slab C.Kfis the thermal conductivity of the soil samples
disc,D its diameterd its thickness, and the readings of the thermomé@teasnd T

in the steady state af® and 6, (° C), then the rate at which heat is conducted
across the disc of soil samples is

_ T[Dz*gl—GZ
k== ")

If the mass of the metal slabis M, its specific heat Cand the rate of cooling

at9,(°C) is %) (obtained by drawing a tangent to the coolingrewatd,), then
the rate of loss of heat from the lower face amdsides of the slaB is

MC (d92

dat

---------------------------------------------- 8.

Hence equating (7) and (8) we have
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_ mD% 4 01-65 _ 62
k=—- (T)—MC(dd—t) """"""""""""""" 9.

from which k may be determined (Tyler, 2005). SibgeNewton’s law of cooling,
the rate of loss of heat is proportional to theessctemperature of a body over that
of its surroundings, equation (9) above may betamigas:

6,-6,

k = ”TDZ * (T) =const.(8, — 8,) where#b, is the air temperature (Tyler, 2005).

Hence if for a specimen of another material of riedr conductivity k’ and
thicknessd’, the steady state temperatures @&yeand 6,’, a comparison of the
thermal conductivities of the two specimens camlained without the necessity
of proceeding with the second part (cooling cureejhe experiment. It follows
that, for a prescribed temperature gradient, tmelgction heat flux augments with
increasing thermal conductivity (Frank and Davig9a).

Heat conduction takes place only if there is terapee difference. Indeed, it is
found experimentally that the rate of heat flowotlgh a substance is proportional
to the difference in temperature between its easiglas, 1991). In steady state
the heat conducted across the soil sample is ¢guhé rate at which it is emitted
from the exposed surface (Ekpe et al, 1996). Iregenthe thermal conductivity of
a solid is larger than that of a liquid, which igder than that of a gas (Frank and
David, 1996).

METHOD
Sample Collection and Preparation:

Soil samples involved in the experiments were ctdleé from three
landforms in Akwa Ibom State. The landforms area®e Ridge Sand (BRS),
Coastal Plane Sand (CPS) and Sandstone/Shale Hije® (SHR). The soil
samples were collected at depths of 0 — 15 cm Iblernlea earth surface and put in
different labeled containers. They were then aledlin the Physics laboratory,
University of Uyo, Nigeria to drive away the maist content. With some water,
the soil samples were made wet so that they coealenblded into the desired
shape. Each of the samples was molded into a tligpesusing a plastic ring
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designed for this purpose. The samples were aftdsnvdried on the ground or
floor to solidify and were then stored in contagieBix different soil samples were
collected; locations and sources of collectionstr@wn in table 1.

Table 1: Landforms and source of soil samples.

Landforms Location

Beach Ridge Sand (BRS 1) Ikot Ibok, Eket LGA.

Beach Ridge Sand (BRS 2) Ikot Akpan Mkpe, Onna
LGA.

Coastal Plain Sand (CPS 1) Ikot Akan, Nsit Ubium
LGA.

Coastal Plain Sand (CPS 2) Uniuyo Annex, Uyo LGA.

Sandstone/Shale Hill Ridgéeskpe kot Nkon, Ini LGA.

(SHR 1)

Sandstone/Shale Hill Ridgesitak sinyang, Itu LGA.

(SHR 2)
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Measurement of specific heat capacity:

The following laboratory equipments were used myrrithe analysis:
weighing balance, thermometer, calorimeter, heatrc&y beaker, water, stop
clock, soil samples (solid), thread, and loggingtenal (Tyler, 2005). The
calorimeter with stirrer was weighed and its mass wecorded as MThe solid
was put into the calorimeter and weighed asaht then the calorimeter was half
filled with water. The calorimeter and the mixtwere weighed and the mass was
recorded as M The initial temperature of the mixture was talee®,; the final
temperature of the boiling water was take.aghe hot water was poured into the
calorimeter with the mixture and the change in terafure with change in time
was recorded. The highest temperature of the naxtvas recorded &s,. Then,
the specific heat capacity was calculated for eatlthe soil samples using
equation 6 where;

C, = specific heat capacity of the sample
Mnw = mass of hot water (M M,)

Cw = specific heat capacity of water
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M. = mass of calorimeter

C. = specific heat capacity of calorimeter
Mv = mass of cold water ()vM,)

Mg = mass of sample

O, = initial temperature of mixture

O, = temperature of hot water

O3 = final temperature of the mixture

M, = mass of calorimeter + sample

M, = mass of calorimeter + mixture

M3 = mass of calorimeter + mixture + hot water

Calculations for specific heat capacity:

Using the experimental result of table 2 and thekwmg equation 6 for specific
heat capacity, the experimental values givére calculated for all samples as CPS
1, whose results are shown in table 4.

M = 0.06850kg

M. = 0.0545kg

Mew = 0.02326kg

M, = 0.02964kg

C, = 4200JkgK™

C. = 400Jkg'K ™

0, = 29.5C + 275 + 275 = 302.5K
6, = 98.5C + 273 = 371.5K
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65 = 71.58C + 273 = 34455K

8, —0; =371.5—-344.55 = 26.95K

0; — 0,=344.55 - 302.5 = 42.05K

Cs

_ [0.06850 X 4200 X 27.36]—[(0.0545 X 400)+ (0.02326 X 4200)]41.64

_7871.472— 4975.64688

s —

Error in Gis given as :

1.246362

Cs=2323.422Jkg K™

0.02964 X 42.05

%=8mnw+ 60 dmg 60 +8mcw dmg
Cs Muw 0203 mc 03-601 mey mg

Error in mass = 0.00001kg

éc 0.00001
_s - +

0.50

0.00001

+ 0.50 +0.00001 +0.00001

¢ 0.06850

Scg

Cs

27.36

= 0.03138

0.05450

dcy = 2323.4222 x 0.03138

Scg = 72.908989 JKK™

s = (2323.42+ 72.91) JkgK™

Table 2: Experimental values of each sample for the deteaatiain of specific heat

41.64 0.02326 0.02964

capacity.

Landforms | M. Mg M cw M w 0, 0, 05

/ Samples | (kg) (kg) (kg) (kg) °c |%¢ |°C
BRS 1 0.0545| 0.02556 0.02780.06238|29.5| 98.5| 69.58
BRS 3 0.0545| 0.04294 0.02580.05985|29.5| 98.5| 67.23
CPS1 0.0545 0.02964 0.023R6.06850|29.5| 98.5| 71.55
CPS 3 0.0545 0.02980 0.020R20.07919|29.5| 98.5| 74.48
SHR 1 0.0545| 0.03322 0.02766.04254|29.5| 98.5| 61.14
SHR 3 0.0545| 0.03810 0.02888.05230|29.5| 98.5| 60.64
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Also, G, = 4200 JkgK™ and G = 400 JkgK™ while © is in K; by putting the
above data in table 2 into equation 8 we have #selts in table 3. Different
materials absorb energy in different ways (HewW®85).

Measurement of thermal conductivity:

The following laboratory equipments were used rmyirthe experiment:
Lee’s disc apparatus, thermometers, steam canievaraliper, strings, and retort
stand with clamp, heat source and rubber tubing. 8pparatus was suspended as
shown in figure 1, below and with the flat surfacéghe horizontal discs. Steam
passes through the cylinder A, and the temperaturdgated by the two
thermometers Tand T, are read when the steady state has been reacBe2Da60
minutes. T and T, are then interchanged, and their temperatureagae read
when steady state is reached. The cylinder A is teenoved and a Bunsen flame
Is allowed to come in contact with the bottom scefaf the slab C until Jlrecords
a temperature up to d®higher than that recorded in the steady statis. tlhen
allowed to cool, and readings of the temperatuneevieken at ¥2 - minute intervals
until the temperature drops to aboutclBelow the steady state temperature. The
diameter of the soil sample disc was measuredhitkness was found using a
screw gauge and the mass of the metal slab C viassrdeed (Tyler, 2005).

Calculations for thermal conductivity:

The result for thermal conductivity was obtainedusyng equation 9. The method
used here was applied to obtain the results farathmples as recorded in table 4

. ... de_6,-8
The gradientis: — =-2—

dt ~ t,—t,
6, =57.0°C + 273 = 330k t, = 135 seconds
6, =40.0°C + 273 = 311k t, = 1410 seconds

do (330-313)k 17.0k
Hence, — = =
dt (135—-1410)sec. —1275s

daé

— =—0.01333ks ™!
dt

To calculate the thermal conductivity k, from equation 16
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~ nD2 [91—92]
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m = 0.52kg, ¢ = 400Jkg" K", ® =3.142, D = 0.0625m,
d=12.80 x 10°m, 6;= 94" C + 273 = 367K
0, =51.5°C + 273 = 324.5K, d8/dt = 0.01333 K.s™

Substituting the values to obtain k,

2.77264
10.18791

k = 0.272W/mK

Error in k is given as:

Sk _ 8d@/dt = 28D 56 sd

= + +
k ~ dejdt D  (6,—6,) d

Error in gradient, d6/dt = 0.00027 " C/S

Error in diameter, D = %cm =0.005cm =5 x 10°m

0
Error in temperature 6 = % =0.05C

Error in thickness, d = 0'(;icm =0.0005cm =5 x 10°m
_ . (8dé/dt 28D 59  &d
(Sk_k[de/dt o7 (01— 62) d]

= 0.272 [0.02025 +0.0016 + 0.01176 + 0.00039]
0k = 0.009W/mK

k = (0.272 + 0.009) Wm'K"
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Figure 1: Determination of thermal conductivity il samples by Lee’s Disc
method

RESULTS AND DISCUSSION

The results of the diameter of the soil sample diste measured as 0.0625 m;
The thickness of the soil sample disc was 12.80%t
The mass of the metal slab C was 0.05254 kg;

Specific heat capacity of metal C (from table) (9 4kg'K™

Table 3: Temperatures at steady state.

Upper temperatureLower temperature
T, (0°C) T,(0°C)

Before interchanging| 92.50 52.00

After interchanging 95.50 51.00

Mean temperature 94.00 51.50

w
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The results for the thermal conductivity and thecsfoic heat capacity were

obtained as shown in table below.

Table 4: Specific heat capacity and thermal conductivitgaif samples.

Landforms Specific heat apacity (Jkg'K™) [Thermal conductivity
(Wm'K™)
BRS 1 1964.54 0.333
BRS 2 1813.64 0.451
CPS1 2323.42 0.272
CPS 2 2380.21 0.331
SHR 1 2197.36 0.409
SHR 2 3313.24 0.404

Table 5: Results of the calculatedkG kr for each soil sample.

Landforms |C (Jkg'K™) | k(Wm™K™)| Cg kg | d=Crkg |d°

BRS 1 1964.54 0.333 2.00 3.00 -1.00 1.00
BRS 2 1813.64 0.451 1.00 6.00 -5.00 25.00
CPS 1 2323.42 0.272 4.00 1.00 3.00 9.00
CPS 2 2380.21 0.331 5.00 2.00 3.00 9.00
SHR 1 2197.36 0.409 3.00 5.00 -2.00 4.00
SHR 2 3313.24 0.404 6.00 4.00 2.00 4.00

Sd = 52.00

Using the value of specific heat capacity C andntfa conductivity k; then,

Pearson’s correlation coefficiept= 1 —

n

6Y.d?
(n%-1)

(Dass, H. k; 2006); where n = 6

(number of soil samples)? & 52, but G- kg are correlation coefficient of specific
heat capacity (C) and thermal conductivity (k).

Thus,y= 1—-

6Y.d?

n(n2-1)

_ 4 (312)
T T 6(35)

=-0.4857

By using the analysis of variance (ANOVA),

Null hypothesis (K): C = K; if yea>Yian
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Alternative hypothesis (kJ: C# k; if Yea<Ytan

Wherey, = calculated value of andy.,, = value ofy from correlation table. From
correlation table (Gerald and Brian; 2003); witliégree of freedonp,, at < =
0.05 andy,, = 0.8860.

Since ye.y = -0.4857 ¢, = 0.8860, we upheld the alternative hypothesis and
concluded that there is no significant differencethhe C values of the three
landforms observed in Akwa Ibom State.

SUMMARY AND CONCLUSION

Different amounts of heat are absorbed by blockb®tame material if their mass
Is different and their temperature change is timeesaf their mass is the same and
their temperature change is different, or if thayd different masses and undergo
different temperature changes (Frederick, 1990).

From table 4 SHR samples have the higher thermatlwdivity closely
followed by BRS and CPS. This shows that SHR sasmgled to conduct heat at
a higher rate than BRS and CPS. It is also obsehegdncrease in specific heat
capacity of SHR and BRS samples correspond to dsena thermal conductivity
while that of CPS show the opposite. In order wrease the temperature of an
object one must increase the thermal energy ahdkecules. We can do this by
letting heat flow into the object from hotter olj€Erederick, 1977). Evidently.
the larger the object to be heated, the greateatheunts of heat that must be
supplied (Frank, 1983). In a tropical region likdriéga with a high level of
incident solar radiation like in Nigeria, rock sdewlike those used for this work
with high SHC and low thermal conductivity is reamended for the design of
bb civil or construction work.
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