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Abstract: In our homes, indoor thermal discomfort has been very
challenging and it depends on one or more of the materials used
either as ceiling board rock used as walling materials; woods
used in making doors and wood sample used in making roofing
supports the roofing sheet itself or combination of all of them.
Observation in the present competitive world reveals that people
that are economically favored usually go for the costliest ceiling
materials without preference to the thermal conductivity of the
most sought after ceiling materials. It is based on this premise
that this work designed to determine the thermal conductivity of
the most frequently used ceiling materials and to predict the
most suitable ceiling materials to be used especially in tropical
regions. This research work encompasses the variation of
thermal conductivity (with different types) of roofing ceiling. The
Lee disc method will be used to determine the thermal
conductivity of Plaster of Paris (POP), Polyvinylchloride (PVC)
and Aesthetic timber wood. This project shall provide guide for
the choice of the types of roof ceiling materials to be used in
tropical regions and the rate at which they conduct heat.

Keywords: Thermal conductivity, Ceiling materials, Heat flow.

I. INTRODUCTION

hermal insulators have been used in heat storage system

to prevent temperature gradient thereby minimizing heat
losses to the surrounding (Turner and Malloy 1988). In
housing construction, insulators are used to prevent heat
exchange across the boundaries of shelter. These insulating
materials are usually made in various types, varieties, and
form. Like loose fill rigid board pipes and foam, proper
selection of insulating materials is based on the thermal
properties which includes the thermal conductivity, specific
heat capacity, thermal conductivity, specific heat capacity,
thermal resistivity and thermal diffusity (Ayugi, 2009).
Thermal insulator is provided by embedding insulation
materials at least on the roofing area and the vertical walls of
the system. (Novo and Baryon, 2010). Poor thermal insulation
in heat losses or heat gain as the case may be. (Suman and
Srivastava, 2009). Polyvinyl chloride (PVC), plaster of Paris
(POP) and Aesthetic timber ceiling boards are ceiling purpose
in Nigeria mainly due to availability in the market or their
stunning appearance and not on their low thermal
conductivity. However, some of these thermal insulators are
not suitable ceiling materials to be used. This work therefore
sets to determine among other things the insulation materials

that provide better solution as ceiling material in terms of
thermal conductivity or thermal resistivity thereby provide a
guide for builders.

Series of studies have been carried out to determine the
insulating material that provides better solution as ceiling
material. Research conducted by (George, Obianwu, Akpabio
and Obot, 2010) on the thermal insulation efficiency of some
selected material used as ceiling in building design show that
the roof ceiling materials Plaster of Paris, Asbestos and
suspended ceilings are recommended as ceiling materials with
good thermal insulation efficiency when compared with
Polyvinyl chloride (PVC) and cardboard.

(Suman et al, 2009) also conducted a research on the
influence of thermal insulation on conductive heat transfer
through roofing ceiling construction and the result show that
treated roof has high thermal resistivity. (Gesa, Newton, Roy
and Aondoakaa, 2014), investigated thermal insulation
properties of some roofing ceiling materials which result
shows that Plaster of Paris provides the best thermal insulation
(having low thermal conductivity and high thermal resistivity)
when compared to ply wood and isorel (masonite) ceiling
board. (Michael, Evelyn, Chinedu, and Arusuedfe, 2012)
compared the thermal properties of Asbestos and polyvinyl
chloride (PVC) ceiling sheets, the result shows that it has a
higher thermal resistivity when compared to Asbestos. (Etuk
et al, 2005) conducted a research on the thermal properties of
Cocos Nucifera Truck, which shows that coco palm has low
thermal conductivity resulting to high thermal resistivity that
favor it as interior building insulation materials.

This work is therefore aimed at studying the thermal
properties of roofing ceiling and to present a for the
production of temperature variation with thickness of the
samples as ceiling materials which will be suitable for use in
housing construction in tropical regions.

Il. FOURIER'S LAW

The law of heat conduction, also known as Fourier's law,
states that the time rate of heat transfer through a material is
proportional to the negative gradient in the temperature and to
the area, at right angles to that gradient, through which the
heat flows. We can state this law in two equivalent forms: the
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integral form, in which we look at the amount of energy
flowing into or out of a body as a whole, and the differential
form, in which we look at the flow rates or fluxes of energy
locally.

Newton's law of cooling is a discrete analog of Fourier's law,
while Ohm's law is the electrical analogue of Fourier's law.

2.1 Differential form

The differential form of Fourier's Law of thermal conduction
shows that the local heat flux density, p, is equal to the
product of thermal conductivity K, and the negative local
temperature gradient, —VT. The heat flux density is the
amount of energy that flows through a unit area per unit time.
G =—KVT o 2.1)

q Is the local heat flux density, W-m2, K is the material's
conductivity, W-m “K™, —VT Is the temperature gradient,
K-m™

The thermal conductivity, K, is often treated as a constant,
though this is not always true. While the thermal conductivity
of a material generally varies with temperature, the variation
can be small over a significant range of temperatures for some
common materials. In anisotropic materials, the thermal
conductivity typically varies with orientation; in this case k is
represented by a second-order tensor. In non-uniform
materials, K varies with spatial location. For many simple
applications, Fourier's law is used in its one-dimensional
form. In the x-direction,

Gr = =K o (2.2)

2.2 Integral form

By integrating the differential form over the material's total
surface S, we arrive at the integral form of Fourier's law:

Where (including the SI units):

i;—f Is the amount of heat transferred per unit time (in W),

dA is an oriented surface area element (in m?

The above differential equation, when integrated for a
homogeneous material of 1-D geometry between two
endpoints at constant temperature, gives the heat flow rate as:

AT

Q _
at kA Ax

Where, A is the cross-sectional surface area, AT Is the
temperature difference, Ax Is the distance.

2.3 Thermal Conductivity

Thermal conductivity is the intrinsic property of a material
which relates its ability to conduct heat. Heat transfer by
conduction involves transfer of energy within a material
without any motion of the maternal as a whole. Conduction
takes place when a temperature gradient exists in a solid (or

stationary fluid) medium. Conductive heat flow occurs in the
direction of decreasing temperature because higher
temperature equates to higher molecular energy or more
molecular movement. Energy is transferred from the more
energetic to the less energetic molecular when neighboring
molecular collides.

Therefore, thermal conductivity is defined as the quantity of
heat transmitted through a unit thickness in a direction normal
to a surface of unit area due to a unit temperature gradient.

The rate of loss of heat energy from one end plate = Z—f

ANA SINCE E = MC coovvveeeeie e (2.5)

Where E = heat energy, m = mass of disc and ¢ = specific heat
capacity.

dE do
Then P mc (E) ...................... (26)

2—f|s the rate of loss of heat from the end plate. Hence,

. dE dE
knowmg;, a value for - can be found.

The value for the thermal conductivity K of the samples can
now be calculated from

d_E — KA (62—61) (2 7)

dt x

Where 6; and 0, are the readings recorded from the
thermometers, A is the surface area of the disc (mr’X), x =
thickness of the sample, r = radius of the disc

The factors affecting thermal conductivity are: The density of
material, moisture of material and ambient temperature

2.4 Working Principle of A Lee Disc

This experiment method involves placing the wooden material
between two specifically designed discs. After ensuring the
temperature across the discs is constant, one of the discs
should be heated to a certain temperature, after which the
heating source should be removed. Heat will move from one
disc to the other but must go through the material first, which
will lead to further heat loss. By measuring the difference in
temperature of the two discs, it is possible to determine the
thermal conductivity of the material between the discs.

At the steady state rate of heat flowing into the system is
equal to the rate of heat flowing out of a system.

1. MATERIALS

For this study to be carried out effectively the ceiling samples
(Plaster of Paris (POP), Polyvinyl chloride (PVC), Asbestos
and Aesthetic timber) were obtain from Jalingo market and
were shaped into different thickness and diameter. The
following materials were used in measuring the thermal
conductivity of the ceiling sample.

a. Three copper discs A, B and C with a hole drilled in
them.
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b. Three thermometers T, Tg and T which are to be
inserted in the holes.

c. The roofing ceiling sample prepared in the form of
disc having the same diameter as the copper disc.

d. A heat disc (heating element).

e. A wooden frame for clamping the disc together.

f. A voltmeter, an ammeter, a rheostat, a plug key and a
6 volt battery.

g. A stop watch.

h.  Groundnut oil.

3.1 Theory

In this work 0,, 0 and O¢ represent the temperatures in excess
of room temperature of discs A, B and C respectively. When

steady state has been reached, let 3—i represent the rate of

emission of heat from the exposed surfaces measured in Jm’
S per °C excess temperatures. If it is assumed that the
temperature of the specimen S is the mean of the temperatures
of A and B, the total heat emitted per second is given, by

Q 9A+93)de

de
g 9, + % ( 05 +%a.0
: thA+ as\— )z +actc

Wherea,,az, a- and ag are the exposed surface areas of A, B,
C and S respectively. Now the heat emitted per second is all
supplied by the heating element. This is given by

= IV S o (3.2)

Where | is the current measured in amperes end V is the
potential drop in volts across the heating element.

Equations (2.4) and (2.5) are equal. Hence,

d 64+60 d
IV— aAHA eag( 4 B)—eaBHB +—a595 ...... (33)
dt 2 dt
Hence
de _
dt ”
as04+ ag(GAggB)aBQB-HI.CgC ( )

The heat conducted through S per second is given by
q=kA —GB;GA

Where A is the cross sectional area of S, d and K are the
thickness and thermal conductivity of S respectively.

Now all the heat entering S from B does not pass into A since
some of it is emitted from the curved surface of S. the heat
flowing through S is therefore taken as the mean of the heat
entering S from B and that leaving S for A. The heat entering
s from B is that which is emitted by S and A together. It is
given by

de de 9A+€3)
—a,0 —a (— ......................
2 Wb+ ras |7

The heat leaving S for A is that which is emitted by A alone.
It is given by ea, 8,. The mean of these is

degs
dt

64+6p

%[eaABA + eag ( )] =eayl, + - 3615(9,4 +65) .. (3.7)

At steady state, (3.2) and (3.3) are equal, hence

9A+(93

kA = AHA as(gA + 63) ............ (38)
d
Therefore k = m d‘; a0, + = i L 4s(0y + 05) ..... (3.9)

3.2 Experimental Setup

Thermometer

To wooden
frame

: T B A
q Vs i
Sample disc S
Heater disc H

pq ace lerminals o a6V D.C. input

3.3 Methodology

Various roofing ceiling sample (Plaster of Paris, Polyvinyl
chloride (PVC), Asbestos, aesthetic timber) the thermal
conductivity to be determined the copper disc the roofing
ceiling sample and heating element were placed together in
the following order Disc A, sample S, Disc B, heating element
and the Disc C with assurance that the holes in the discs were
directed upwards. The thermometers T, and Tg were inserted
into the metal discs A and B place on either side of the sample
Disc S and the space around the thermometer bulbs filled with
oil to maximize thermal contact.

The heater disc was connected to a low voltage power supply
and a steady state was reached where the temperature lie 90°.
This is the temperature at which heat loss through sample to
Disc B is equal to the heat gained by the sample from Disc A.
the temperature reading and were recorded and the rate of heat
loss from the Disc A was found which was achieved by
removing Disc B, C and S and heating the Disc A directly to
about 10°C above the steady state temperature earlier
recorded.The heater Disc was removed and samples were
placed, the cur at intervals of one minute was measured. The
above procedure was repeated for each ceiling sample. The
diameter for Disc B was determined using Venier caliper, the
thicknesses of the samples were also determined using
micrometer screw gauge and the beam balance was used to
measure the mass of the Disc B. A cooling curve was plotted
for each sample and the slope was also determined, then the
thermal conductivity (K) of each sample was determine using

de
il 2

Where K is the thermal conductivity to be determined
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A is the cross-sectional area of the ceiling samples and is 6,= 48.0°C

givenas a, = 9.62 x 10~*m?
DZ
A= ”T ..................................................... (3.11) (6, +65) = (48+84) =132
Z—i Is the rate of heat loss and (85 — 8,) is the temperature A =cross section area of disc =mr? = 1.32 x107>m?
difference. (84 —65) = (84 -48) =36.0°C
X -3 x
IV. RESULTS AND DISCUSSION. K =7A47x10 i 12.53 x156x 10-3 x 48 4L [9.62 x

. (1.32 x10~3x36) 4

4.1 Data and calculation 10—4 x(132)

Ta-b-le 4.1 is t'he materials spegification of the sel_ected roof K =1.969678 x 1.56 x10-3 x48
ceiling material show the thickness cross sectional area

diameter, and radios of the selected samples. K =0.1474894 + 0.031746 = 0.179 w/mk
Table 4.1 specification of the parameters of the ceiling material samples Density (p) = mass/ volume
Cross Mass of aesthetic timber = 7.49 x103k
Spacemen | Thickness(m) sectional Diameter(cm) Mass(g) ' 9
2 4
e (m)area Volume = 2% =3.609 1075 M?
timber 7.47x10° 1.32x10° 42 7.49%x10°
— -3 -5
= 1. . X
POP 747x10° | 132x10° 42 1isexio® | P 749 x 1077/3.609 x10
— 3
PVC 7.47x10% 1.32x10° 42 9.64x10° p = 207. 54 kg/m
- ic Ti hermal resistivity p = ~
Calculation for Aesthetic Timber Thermal resistivity p = —
Emissivity (e) p= ——=55865
v 0.0179 !
e= — -1
101t (eA;rﬂm ap O +a, 0, (p) =55.805 W~/mK
Parameters | = 0.5amp, V= 10vol, a,, ag, a; as=exposed
surface areas of A, B, C and S respectively Table 4.2 The rate of cooling of sample A (Aesthetic Timber)
a, =156 x 1073m3 (for brass disc as calculated earlier), 6, (gim_e (T%mg (gim_e Temg (M) | Time (1) Temg m
o — . min 5 min h min 3
=48.0°C, a5 = 2mrx = 9.62 x 107*m?  (same size . p— pe 50 2 -
and thickness as timberwood) ' ' '
0o 180484 2 56.0 28 422 63 35.2
A By — 5 _ o
( 2 )= ( 2 ) = 66.0°C 3 55.0 29 42.0 64 35.1
a, = same with ap (brass disc same size ) =1.56 x10~3 m3, 4 54.8 30 417 65 35.0
0y = 84°C,ay = 1.56x 1073m? 5 53.8 31 415 66 35.0
_ v 6 53.0 32 40.9 67 34.9
e= 04+0p
an 04 +as(A5E) 465 ap +ac bc 7 52.8 33 408 68 34.8
e = 8 52.0 34 40.3 69 348
10 x0.5
(1.56x1073x 48) +(9.62 x10~* x66)+ (1.56 x10~3x84)+ (1.56 x 1073 x83) S 510 3 40.0 0 348
5o 50 10 50.5 36 39.8 71 345
e= : =———=1253
0.07488 +0.063492 +0.13104 +0.12948 0.398892 11 49.8 37 39.2 72 34.3
e = 12.53 W/km?s 12 495 38 39.0 73 342
Determine of K Arithmetically 13 49.0 39 38.8 4 34.2
K © xe g, +1 (6, +6,) 14 48.2 40 38.2 75 34.2
=——Xa +=a +
A@g—00) A TA T4 TS WA TEB 15 47.9 41 38.0 76 34.0
e = 12.53w/m?s 16 472 42 38.0 77 34.0
x = thickness of aesthetic timber = 7.47 x 10™3m 17 41.0 43 38.0 62 35.3
18 46.2 44 37.9 63 35.2
a, = 1.56x1073m?
19 46.0 45 37.8 64 35.1
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20 455 46 37.8 65 35.0
21 45.1 47 37.8 66 35.0
22 44.8 48 37.7 67 34.9
23 44.2 49 37.2 68 34.8
24 44.0 50 37.0 69 34.8
25 43.8 51 36.9 70 34.8
26 43.2 52 36.8 71 345
it
] \\\

Fig 4.1 Temperature vs. Time for Aesthetic Timber

Determination of thermal conductivity (K) from the cooling

curve i.e. using the value of % (slope) of the curve.

AT
caX

A(6p—04) '

Where M = 146 X 10~kg, 3~ (Slope) = 658 X 10°*°C/s

From equation 1.6, K =

A=132X10"3 m? ,x=12.14X10"3m
36°C k = 0.000245 W /mk

HB_9A=

Resistivity (p) = — L — 4000 W~ /mk

K = 0.000245
Calculation for Plaster of Paris (Pop)
Emissivity (e)

1%
e=

(]
ap 6p+ag (%)ﬂm 6B + ac 6¢
a, =2nrx =1.56x1073m? same as others
6, = 54°C

ag = 2mr = 9.62x10"*m? same thickness

64+6 54+70 o
(—A2 £y = ) =62°C

2
ag =same = 1.56x1073m?
05 =70%
ac=1.56x10"3m?

0, =70°C

e =
10x0.5
(1.56x1073x54)+ (9.62 x10~4x62)+ (1.50 x10~3x70)+ (1.50 x10~3 x70)
o= 5
(0.08424)+ 0.0059044 +0.1092+0.1092

re = 13.80 W/im?s
Thermal conductivity by calculation

xe XaA 9A+4lus (6A+06B)
A(6B—64)

Parameter x = 7.47x 1073,e =13. 80 w/m?s, a, =
1.56x 1073m?, 6, = 54°, ag = 9.62x 10™* m?, 6, +
0 =54+ 70 = 124°, A =mr? =1.32 x 1073m?, 6,
-9, =70 - 54 = 16°

K =0.44W/mK

Thermal resistivity
1 1

p==——=22678 WimK
Density for pop
mass __ 11.58 x1073

p=320. 86kg/m3

p= 3.609x1073

Table 4.3: The rate of cooling of sample B (POP)

volume

Time (t) min Temp (T)=C Time(t) min Temp (T)*C
1 61.0 26 47.0
2 59.0 27 46.5
3 59.0 28 46.5
4 58.0 29 46.0
5 57.0 30 46.0
6 56.0 31 455
7 56.0 32 455
8 55.5 33 45.0
9 55.0 35 45.0
10 54.0 36 44.5
11 535 37 44.5
12 53.0 38 44.0
13 52.5
14 52.0
15 51.0
16 51.0
17 50.5
18 50.0
19 49.0
20 48.0
21 48.0
22 48.0
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23 48.0
24 47.0
25 475

POP pit

] m 0 &0 (] 100 120 190 160 1600 m

Temperature vs. Time for Plaster of Paris (POP)

Determination of thermal conductivity (K) from the cooling
. R AT

curve i.e. using the value of " (slope) of the curve.

K = M. %x

AT A(0p—04)

146 X 10~3kg, 7~ (Slope) = 9.65 X 10™°C/s

From equation 1.6 Where M, =

A=132X1073m?, x = 12.14X 10~3m, 65 — 6, = 16°C

k = 0.00080985 W /mk

1

= =123479 W/mk
0.00080985

Resistivity (p) = —

Calculation for Polyvinylchloride (Pvc)

Voltage = 10
Diameter — 4.2cm Temp(*C) Time(t) min Temp(=C) Time(t)min
. . 58.0 0 42.0 19
Thickness = 7.47 x 10°m?
s 57.0 1 415 20
ay = 1.56 x 10°m 6.0 2 415 n
_ 4.2
as = 9.62x10™m 55.0 3 41.0 22
ag - 1.56 x 10°m? 54.0 4 405 23
ac - 1.56 x 10m? 53.0 5 40.0 24
52.0 6 39.0 25
0, - 40%
o 50.5 7 39.0 26
0, . 52°
49.5 8 38.0 27
0
¢ - 55°¢C 49.0 9 375 28
Current = 0.5Ampere 48.0 10 37.0 29
Em|ss|v|ty (e) 47.0 11 37.0 30
_ v 46.0 12 37.0 31
€= 5 54705
aop+as (FASE) 4050, + Oca,. 455 13 37.0 32
www.rsisinternational.org Page 52

0.5X 10
1.56 X103 X 40+9.62 X 104 X 46+1.56 X 1073X52+1.56 X10~3X55

5
0.0624 +0.44252 +0.08112 +0.858
5

€ = 0.273572 -

Thermal conductivity.( K)

18.277 W /ms?

_ xXe
A(Bp—024)
k =
7.47 X 1073X 18.277
1.32X1073(12)

X 8404+ 7 95 (05 + 61)

X156 X1073X 40 + % 9.62 X 107*X 92

_0.1365
~0.01584
k =8.617 X 0.0624 + 0.022126 = 0.5377 + 0.0221

k = 0.5598
k= 0.56 W/mk

k X 0.0624 + 0.022126

Resistivity (p)

1

_ T _ _ -1
P= %~ Ossog ~ LW /mk

Mass

Density § =

Volume
Where mass of PVC = 9.64 x 10°kg
Volume = gn r3 = 3.609 X 105 m?

9.64X1073
3.609 X10~5

Table 4.4: The rate of cooling of sample C (PVC)

= 267.11kg/m3




International Journal of Research and Innovation in Applied Science (IJRIAS) |Volume VI, Issue VII, July 2021 |ISSN 2454-6194

45.0 14 36.9 33

44.5 15 36.0 34

44.0 16 36.0 35

43.0 17 35.0 36

42.0 18 42.0 19
I \\\

b1

Fig. 4.3: Temperature vs. Time for Polyvinylchloride (PVC)

Determination of thermal conductivity (K) from the cooling
. R AT
curve i.e. using the value of " (slope) of the curve.

From equation 1.6 K =

AT
caX

A(Bp—04)

Where M, = 146 X 10 3kg

<= (Slope) = 9.54 X 10%C/s

A=132X10"3m?
x =12.14X 1073m

93 - HA = 12°C
k= 16 X1073x9.54 X1073X 12.14 X 1073 _ 1.6909 X10~> _
- 1.32 X 103 (12) 0.01584

0.0010675watt /mkResistivity (p) =
936.77 W1 /mk

Table 4.5 Calculated thermal properties of the selected ceiling materials

K~ 0.0010675

Thermal Thermal Densit
Specimens conductivity | resistivity (K /m% Emissivity(W/m?s)
(W/mkK) (MK/W) 4
POP S'Ofgf’ X 123479 | 32086 13.80
PVC 1'0672 X0 936.77 267.11 18.277
AESTHETIC
TIMBER 2.45 X 10 4000 207.54 12.53
WOOD

4.4 Discussion of Result

Table 4.1 is the material specification of the selected material
showing the thickness, cross sectional area radius and
diameter of the selected samples.

Table 4.2, 4.3 and 4.4 and fig. 4.1, 4.2 and 4.3, shows the
cooling rate of the selected material. The result shows that
Aesthetic timber wood Exhibits the best cooling rate followed
by Plaster of Paris (POP) then Polyvinyl chloride (PVC) The
cooling curve of the three sampled material taken at every one
minutes shows that all the material have a similar cooling
pattern.

Table 4.5 Present the calculated thermal properties such as
thermal conductivity, thermal resistivity etc. for the three
selected materials. The result shows that all the materials are
good insulating materials since their thermal conductivity fall
within the conductivities of construction and heat. Insulating
materials given by (Mahhrery 1982) as 0.023-29Wm™k™*.

Plaster of Paris (POP) has a thermal conductivity of
8.0985x10* watt/mK resistivity of 1234.79mk/watt
Emissivity of 13.80watt/m®x and Density of 320.86k/m?
Aesthetic timber wood has a thermal conductivity of
0.00025watt/mK  Thermal resistivity of 4000mk/watt
emissivity of 12.53watt/m’x And Density of 207.54kg/m®
Polyvinyl chloride (PVC) has the thermal conductivity of
1.0675x10° watt/mK Thermal resistivity of 936.77mk/watt
emissivity of 18.277watt/m?x And Density of 267.11k/m*
theoretically a substance with large thermal conductivity value
is a good conductor of heat. One with a small thermal
conductivity value is a poor heat conductor that is a good
insulator. In other word a good insulation material will have a
high resistivity value.

V. CONCLUSION

The result obtained in this study has shown that all the
selected roof ceiling materials have low thermal conductivity
and high thermal resistivity which show that they are good
insulating material and can be used for roofing in the tropical
regions. This study also provided useful information on the
thermal conductivity to ascertain which of the roof ceiling
materials under test has higher conductivity.

5.1 Recommendation

From the result in table 4.5 it is observed that among the
material studied Aesthetic Timber wood provide the best
thermal insulation since it has the lowest thermal conductivity
(highest thermal resistivity) followed by POP the PVC from
the result of this research, the best roof ceiling material to be
used in tropical regions is aesthetic timber wood and POP.
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