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ABSTRACT
A thermal conductivity measuring apparatus for non-metallic
golids (poor conductors) based on modified Lee’s disc method has
been designed, constructed and tested.
Specimens of concrete, glass, portland cement, asbestosand

corrugated cardboard were prepared in the form of discs each of
diameter 50mm but of varyinglfhickneaﬁes.
The average thermal conductivity wvalues obtained for these
specimens over a heat source temperature range of 25°C - 60°C
ware found to be 1.285, 0.737, 0.327, 0.121 and 0.072 W™ K™
respectively.

The values of thermal conductivity obtained for the various
spaéim&ns wera comparad with those given in the literature for
the purpose of determining the effectiveness of the apparatus.

The differences in wvalues ranged between 1.55 - 11.03 per cent

thus giving credence to the sffectivenssgs of the apparatus.
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NOMENCLATURE
Cross sectional area (m*), Ammeter
Heat capacity (J/K)

Dengity (Kg/m")

Qutput woltage of a thermocouple (Volts)

Current (Amperes)

plug key, Kelwvin

length of potentiomerer wire {m)
Specimen

Power (watts)

Heat flow rate (Watt)

Serieg resistance (Q) Rheostat

Thermocouple sensitivity Fra iy e B

supply

Thermocouple

Voltage (Volts), wvoltmeter
Direction of heat flow
diameter of specimen (mm)

Thermally induced emf (mv)

Eource of power

Cutside heat transfer coefficient W/m2K

Thermal conductivity (Wmk

length of a balance point (Cm)

Resistance of potentiometer wire ()

Temperature (°C, Kelwvin!
Thickness {(mm)

Thermal diffusivity (m'EKgis)
Resistance per unitc length (Q/m)

Time (seconds)
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of drilled hole in the first brass disc
of drilled hele in the second brass disc
of drilled hole in the third brags disc
6f drilled hole in the fourth brass disc

shest

corrugated cardboard

i Ohms
subseripts

1 Position

2 Position

3 Positicn

4 Position

a Asbestos

I Brass

c Concrete

5

L= glass

gw glass waol

b heat source

max maximum

p portland cement

pw  plywood
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CHAPTER OHE
1.0 INTRODUCTION
1.1 HMEANING OF THEEMAL CONDUCTIVITY

Heat conduction, as & mode of heat transfer, is the flow of
thermsl energy through a substance from a higher te a lower
temperature region. It occurs by atomic or molecular interactions.

Steady state conduction is said te exist when the temperature
at all locations in a substance is constant with time as in the
case of heat flow through a uniform wall. Simple or complek
combinations of transjient and periodic heat conduction can also
exigt as 1in the case of pouring and curing of large conorete
structures.

Congider a steady heat flow from a surface (fig 1.1) at
temperature t, teo a parallel surface at t,. This heatr flow i\
directly proportional to the difference between t, and t; {t; - £3),
the area A normal to the direction of flow, and the time of flow T
and inversely proportional to the distance, 1, between the two
planes. These factors are modified by a co-efficient k accounting
for the heat econducting nature of the particular distance between

the two planes.

Surface of temperghw:

h
e
Direction —— H.[ t
of heat flow \ 1t

g =)

Figl1 * Heat flow by conduction

Frem Fig. 1.1 the heat flow rate Q (in Watts) across two surfaces
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at temperatures t, and t; separated by a distance 1 is given by

Et; 2 t:]

= = jel
¢ P

e D

siareasasvasnenenfded]

Thus the heat flow rate through an infinitesimally thin layer dt

ig given by

: ot
Q = kA ittt 133

This equation was first derived by J. Biot but it is often referred
to as Fourier's eguation in honour of J. Fouriers who did an

excellent work in the field of heat conduction.

L]

The minus sign is coaveniently included to make QO positive

when heat flows in the increasing directicn of x since

dx is then negative

from egquation [1.2)

dc/dx [t -t,)/2

The coefficient k is called thermal comductivity. It is an
important property of matter and accounts for the heat conducting

ability of a substance. It is defined as the rate of heat transfer
through the material per unilt area per unit temperature gradient
acress the faces of the material.

Thermal conductivity is a transport property eince it 1is
indicative of the snergy transport in a fluid or solid. In gases
and liguids the transport of energy takes place by molecular

motion, while in solids transport of energy is mainly by free

glectrons and lattice wvibration.
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1.2 OBJECTIVE AND SCOPE OF THIS STUDY

Various thermal conductivity measuring devices for sclids,
liguids and gases have been developed in this century. Ressarch
efforts are geared toward determining thermal conductivities for
materials whose thermal conductivities have not been previously
determined with the ultimate goal of determining their suitability
in the construction of thermal aystems.

The fact that the design and construction of thermal
conductivity measuring devices differ in design and construction
for eolids, liguids and gas=s makes it unjustifiable to generalise
tharmal conductivity measurements., Even the methods of determining
thermal conductivities of nen-wetallic solids differ from the ones
for metallic selide, Folayan and Marona (1988) reported that there
are many methods that have been used to determine thermal
conductivities of many materials depending on the state (solid,
liguida, gas)

This project is aimed at designing, constructing and testing
a chermal conductivity measuring apparatus for non-metallic seolids,
ﬁesults obtained from experiments will be compared with existing
valuea of thermal conduckivity in the literature to determine the

reliability of the apparatus.

1.3 JUSTIFICATION FOR THE STUDY

The knowledge of thermal conductivity of building macerials is
required by the Bullding Services Engineer for the purpose bof
analyeing heating and cooling loads in refrigerating and air
condicioning plants. The Mechanleal Engineer deals with problems of
heat transfer in the field of interngipﬁﬂmbustiun engines, stesam

generation and ventilation. In fact engineers in every field should
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be yversed in the knowledge of heat transfer: Electrical Enginears
apply their knowledge of heat transfer for the design of coolling
gystems for motors, generators and transformers; Chemical Enginesars
are concerned with the evaporation, condensation and cooling of
fluide; the Civil Enginesr employs the laws of heat flow in the
construction of dams and structures.

The high cost of building materials presently being used calls
[or research into the properties of local materials which hitherto
have not been utilized as building waterials but which are cheap.
A knowledge of their properties, of which thermal conductiwvity is

ene, will help to determine their suitability as building materials



CIHAPTER TWO

2.0 LITERATURE SURVEY

Values of Thermal Conductiwvity for a wvariety of substances and

materials are already avallable in tabular forms in wvarious

Thermodynamics textbooks: Subramayan and Kothandaraman (1982),

Eckert (1872), Frank and Mark (19%86), Isachenko and Osipova (1977)
Thermal conductivity measurements involve a determination of

heat flow and ECtemperature. In this <hapter gseveral types of

temperature and thermal conductivity measuring devices are

reviewad,

2.1 Review of Temperature Measuring Devices

Temperature can be defined in termsa of observabls
characteriatice of materials. Such echaracteristics includa
pressure, volume, electrical resistance, expansion co-efficient,

ato,

Acgording to Summer (1996) precigsion inetruments for
temperature measurements have been described in a National
Engineering Laboratory publication by Hunter (1%52). He reported
that seeger cones or pyramids consisting of varicous elay and salc
mixtures have been used as temperature indicators. Each cone
goftens at a definite temperature, ranging from 500 to 2,000°C.
When the particular temperature is reached the apex of the small
cone or pyramid softens and bends over., These cones find
application in the ceramics industry.

According to Summer (1966) there are a number of materials
which produce a definite colour change at a epecified temperaturs.

Some of these materials revert to the original colour en cooling.
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Heat sensitive paints or crayons usually consist of double icdides
of mercury with other metals. The double ilodide of copper and
mercury is of a scarlet colour at room temperature but at 87°C it
turns almost black. Cowling (1953) reported that the Silver -
mercury indicator is prepsred by shaking a solution of 11.25g of
gilver nitrate dissclved in 50 - 100 cm’ water and pouring it inte
a solution of 15g mercury iodide and 1lg potassium iodide dissolved
in a small quantity of water and diluted to make 100cm’. A thick
precipitate is formed. Water is added and decanted three times. The
remaining water i3 then filtered off. The vellow precipitate is
dried in air and mixed with a thin transparent lacguer to form a
rather fluid paste.

Craycns and powders have alsc been used to indicate
temperature. A mark is made with a crayon on the heated object &at
the point where the temperature is to be measured, If the colour
change ogcurs within 1 - 2 seconds, the temperature range of the
crayon indicates the temperaturae of the surface., Powders cover a
similar range of temperatures as crayons when they are mixed with
aloohol, and brushed or sprayved on the surface of the hot object
they serve as means of indicating temperatures. A phosphorescent
screen sensitive to infrared (heat) rays is excited by long wave
(0.003 - 0.631pm) ultra-violet raye. Then the image of the hot
surface is projected on to the screen, and the long after glow of
the screen 1s extinguished in proportion to the incident heat
radiation.

Summer (1966) further reported that a relationship between
hardness and temperature has been discovered at the shell Thornton
Research Centre. The hardness of certain martensitic structures

changes reproducibly with temperature. The change is permanent. AL
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a given temperature the magnitude of the change in hardness is
proportional to the length of exposure and with the time known te
the observer, the hardness and hence the temperature to which the
test plece has been exposed can be found.

Low temperature measurements have been carried out using
liguid thermometers, gas thermomecers, carbon resistance
thermometers and wvapour pressure thermometers. Carbon resistors
made excellent thermometers. The heat developed in the resistors
mast be less than 10°W to avoid errors of measurement. This blank
carbon resistor usually cemented with some Araldite inte a copper
tube, Clement and Quinnel (1952 and Hoare (1955) gubmitted that
carbonh absorbs helium and this would alter the characteriscica of
Ehe resistor if carbon should make contact with the liguid or
gaseous halium.

Vapour pressure thermometers enable very accurate readings to
be taken. The thermometer wvessel 1is connected to a mercury
mancmeter the other limb of which may remain open to the
atmosphers, or may be svacuated. A well constructed and maintained

hollow key stopcogk with cbligues bore is used to avoid air leakage

into the evacuated limb whose wvolume is guite small since ailr
leakage into the limb would cause the temperature reading to be
erronecus. Henning (1926) gave a list of suitable gases, which must
be of the highest purity for use in vapour pressure thermometer,
Acocording to Summer (1366} resistance thermometers for the
rangs -182.970°C to +660.100°C have been developed in the National
physical laboratory. Alsoc thermometers for the range - 812.970°C to
-253.000°C, have been developed. For coarse measurements nickel
thermometers of wvarious shapes can be constructed. The wire 18

usually wound on serrated mica discs.
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Thermistors, owing to their resistance - temperature

relationship, have been used for Ctemperature measurements, in
conjunction with a calibration chart. Thermistors are non linear

temperature sensitive resistors, the resistance of which-falls with

. £ !
increasing cemperature, Resistors are of three gruupsmj#‘ LY
et 1
i} Voltage dependent non linear resistors | i Fe=n
.1' ._-\-\.)?I

1i) Light dependent non linear resistors. {; J

 f

1ii) A negative temperature coefficient non linear resistors.

Summer (19%66) Teported that a calorimetric method for the
meagurement of wvery high temperstures has been developed at the
Department of Aseronautical Engineering, Princeton University.
Temperature up to 5,000°C have been measured. He also reported that
R.M Baker, of the Westinghouse Defence Centre, has developed a
calorimeter with a response time of about 0.1 milliseconds. The
gensitive elements consist of a tangle mass of fine enamalled

copper wire which is loosely packed into a small, intermally

sllvered, glass or gquartz beaker of about 50ml capacity. The

reaction of the sensor is independent of the temperature
distribution within the tangles of copper wire.

There are three types of radiaticon pyrometers for measuring
very high temperatures: Total radiating pyrometer, disappearing
filament type of optical pyrometer and polarizing type of optical
pyrometer, The total reduction pyrometer can be used for the direct
measurement of temperature up to 1400°C. The disappearing filament
type optical pyrometers ls an optical pyrometer in which the image
of the distant source as a furnace is focused on to the filament of
a glowing lamp by a telescopic objective lens. In the polarizing

type of optical pyrometer mono-chromatic light from a hot source

and that from a comparison lamp are polarized and their intensities



Are compared.

2.2 REVIEW OF TEMPERATURE MEASUREMENT USING THERMOCOUEBLE
Thermocouples are employed in the measurement of absoclute
temperature, or of temperature differences. When two dissimilar
metals are joined together (Fig 2.1) an electromotive force (emf)
will exist between the two points a and b. This emf is primarily a
function of the junction temperature. This phenomenon is called the

geabeack effece. TF the two materials are connected te an external

gireuit such that current is drawn, the emf may be altered ElEL:LgJ;'Ltl}*
owing to a phenomenon called the peltier affect. There is also the
Thempson affect which occurs as a result of a temperature gradient
existing along either or both of the materials. This effect can
simply be refereed to as additional alteraticon of the junction emf.
Thus there are three emfs present in a thermoelectric circuit. The
seebeck emf, the peltier emf and the Thompson emf.

The aseebeck emf is of chief importance in the measurement of
temperature since it is dependent on junction temperature. If the
emf generated at the junction of two dissimilar metals is carefully
measured as a function of temperature, then such a junction may be
utilized for the measurement of temperature,

All thermocouple circuits must involve at least two junctions.
If the temperatures of one junction is known, then the temperatures
of the other Juncotion may be easily caleulated with the
thermoelectric properties of the materials. The known temperature
i8 called the reference temperature: Holman (1971) gave a common
arrangement for ‘establishing the reference temperature. The
‘arrancement is the ice bath shown in Fig 2.2, An eguilibrium

mixtdre of ice and air-saturated distilled water at standard
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atmospheric pressure sets the reference junction temperature at
goC. When the mixture is contained in a Dewar flask, the 0%C
temperature can be maintained for extended pericd of cime.

It is common to express the thermo electric emf in terms of
the potential generated with a reference junction at 0°%C. Standard
t hermocouple tables have been prepared on this bagis, and a summary
of the output characteristics of the most common thermocouple

combinations is given by Summer (1366].

External circuit

Material {1]

8
Jaoint
1

—a B,

Fig 21 Junction of two dissimilar metals indicati
shactric’ affoct Is indicating thermo

Constantan Yoltoge measuring

<i: o device
Iran  Corstantan

Fig 2:2: Conventional method for establishing reference
temperature in iron constantan thermocouple

circuit . : 3

2 : Fig 2.3 :Thermocouple for
L temperature measur-
ement.

H LEGEND
G= Galvanometer
a,b = Thermoelectric wire
Z= copper wire
6 L, . L, =Secondary cold
junction
L. =Hot junction.

I':,

| oy
|Fig 2.4 Differential thermocouple
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Aocording to Holman (1971) the output veoltage E of a simple

thermocouple circuit is usually written in the form:

gow HE e —;-Bt‘ poakemd pnosoosd PROE)

3

and the sensitivity or thermoelectric power of a thermocouple

is given by

S = -A+Btlctl llllllllllltzlz}

dat

where £t is the temperature in °C and E based on a refersnce
junction temperature 0°C. A B and C are constants dependent on the
thermocouple material. Lion (19%5%) gave a table showing the
approximate values of the sensitivity of various materials relative
to platinum.at 0°C,

Summer {1966) gave a similar eguation to that of Holman
(1571), for determining the thermal emf E.

B w=r@E - e i o b203)

whare E,, is in milliveolts, t = temperature of the hot junction
in °C with the cold junction at 0°C, a, b constants. Values of a
and b are given by Bensal (1562) as 3641 and 0.043 respectively for
a Copper/Advance thermocouple (range 0°C to 100°C). Advance is a Cu
- M1 allowy,

Summer (1966) discussed thermocoupla for measuring
temperatures: Two thermoelectric wires, a and b, are connected at
cne point L called the main junction (Fig 2.3). This juncticn is
the temperature sensor. The free ends of the thermocouple wires are
connected by copper wires z, 2z with a galvanometer G which is
usually calibrated directly in temperature degrees. The secondary
junction 1& and Iﬂ ara kept at identical temperatures usually 0°C

to eliminate thermal currents in the wires z, . The system behaved
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exactly as 1f L', and L', were joined directly together and formed
a single secondary juncticon. A water-ice reference chamber was used
o maintain the cold (reference) junction of the thermocouple at
0°C with considerable accuracy. The chamber consists of six tubes
of stainless steel mounted with their ends in a large copper
cylinder filled with water. Thermoelectric cooling keeps the
chambers at 0°C so that ice begins to form at the walls. This
causes an increase in volume which is taken up by some bellows.
These operate a microswitch and cut off the current to the

semiconductor oncé A preset temperature, i.s. a preset expansion of
Lhe bellows, is reached. The 0°C lavel isg maintained within
+0.019C.

Differential Thermocouple, according to Summer (1%66), are
also avallable for measuring temperature differances (Fig 2.4). Two
identical metal wires a, a are connected to another metal wire b s0
as to form two main junctions L, and L, which are exposed to
temperatures T; &nd t; where at = ¢, - £, = temparaturs difference.
As before L', and L', are the saccondary junctions connected wvia
copper wires z, z to the Galvancmeter G, The temperatures of L, and
L, are of no importance as long as they are identical.

| Thermocouple junctions are formed by soldering or brazing the
two thermoslectric wires together at one point. Kiernman (1955)
discussed a special process for making junctions between thin
wires, about 0.1 mm thick, to give a junction hardly any thicker
than the wires. Silver solder is employed for fusing the wires at
£20°C. The wires are cleaned with fine smery paper and held in two
clamps &80 that about Smm of wire projects from sach clamp, with the
projecting ends of the wires in contact. The projecting parts of

the wires are wetted with an appropriate liguid flux and fine
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shavings of silver solder placed on a watch glass are also covered
with flux. A small gas flame without compressed air 1s used. The
jet of the burner is formed by a small glass tube with & capillary
at one end. The gas is made to pass through glass wadding to filter
off any impurities which might otherwise obstruct the capillary.

A drop of the fiux containing the silver shavings is now put
ocn the Jungtion of Che twoe wiresa, and the water in the £flux baegins
to evaporate in the heat of the flame. Eventually, flux and solder

start to flow, The whole process lasts only a few seconds, and

during this time the flame is not allowed Ea touch the wires. When

cold, the glassy bend of flux is shattered by a gentle blow with

small harmer. The strength of the joint produced exceeds that of

CLha metals used.

Thermocoupla using constantan ag one member for tha couple

have high sensitiwvity. Filg 2.5 shows a graph of Chermoelectric

power commonly used base-metal combinations agalnst temperabure.
Giaugue and Buffington (1927} and Wisbe and Breveort (1931)
reported that for the meaguremant of low CampeTrAtUures

constantan/copper couples give an accuracy of +0.05°C down to -

258.00°C2. Summer

temperature of liguid hydrogen {-252.5°C) a silver/gold

#lQEEh stated that for the measurement of the

thermocouple is used. Liguid helium (-268.8°C) requires a 83
percent Au - 1 per cent Co against 95 percent Ag - 1 percent Au
thefmu:uupla. Prarson (1954) gave arrangements for measurements
below 307K,

The temperature of the secondary junctien of a thermocouple is
of considerable importance. Any temperature variations to which the

secondary junction is exposed during normal operations, will cause

erroneous readings. To prevent secongary thermoelectric currents
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which cause error the use of two compensating wires is accepted in
practice, for example one of copper, the other of a copper - nickel
alloy {1 - 5 per cent Ni). These wires are selected so that when at
the same temperature as the secondary junction they will have the
same electrothermal power as the limbs of thermocouple. The sum
total of the emfs iz therefore nil, and wvariations in ambient
cemperature no longer cause arror.

While Summer {1966) stated that a Galvanometer calibrated
directly in temperature degrees connected to the fres ends of the
thermocouple wires can measure temperature of a junetion directly
Holman (1971} said that for all precision measurement the output of
g thermocouple is determined by & potantiometer circuir,

Thermocouple wirea are prone to corrosion atbtacks because the
different metals or alloys are in extremely close contact with one
another. White (1923 discussed difficulties with contaminated
thermocouple wires. It is generally desirable to operate a
thermocouple in oxidizing condibtiona.

Acaording te Austin (1911) and Cartwright (1931} there are

special Thermocouple for measuring weak alternating current and

radiation measurements.

2.3 REVIEW OF THERMAL COMDUCTIVITY MEASUREMENTS FOR S0OLIDS
Among the marliest Sclientists that devised an apparatus for

the measurement of thermal conductivity is Searle who built an
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0 ) (3 BO0 1000 1200
Temperature (*C )

Figa:s. Thermoelectric power of base-metal
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apparatus to determine the thermal conductivity of metals. Tyler
(1980} reported that the apparatus in its original form consists of
a steam chest and an insulated cylindrical bar along which heat is
conducted. Two thermomecers were placed distance apart in different
holes drilled on the bar, This was to enable the determinacion of
the temperature along the bar. A metal spiral through which a
steady flow of water is maintained by a constant head apparatus is
wound round one end of the bar. Two other thermometers were used to
measure the temperature of water entering and leaving th}a spiral.

Searle’s apparatus as described by Avery and Ingram (1576) is shown

ﬂﬁ 5 Ty o Ty Ta
0
el
A aies T
com g hipped
Si Tl Aol

in Figy: 2u6:

f L) By —

N e e e ~ et
e L SR T bty .
"-."'}:-E{-:'-3;;_-:_3::fn‘%ﬁ-:—:-.‘-:;-‘ﬁ'i'-'.'- s

i,

I}

Eleing

LEGZEND

A Steam chest

B Cylindrical bar

Cc Metal spiral

T, T3y Ty, T,, Thermometers

Fig. 2.6: Searl's Apparatus for determining Thermal

Conductivity of a Metal

Avery and Ingram (1976) discussed an apparatus for the
determination of the thermal conductiwvity of Rubber in the form of

a tube. The apparatus consisted of about 0.8m of bunsen burner
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tubing; steam supply fitted with safaty tube; calorimeter of large
capacity, stirrer 200mm of glass rod; T-tube to take the rubber
tubing; two spring clips; thermometer (0-50°C = 0.2); stop watch
asbestos screen vernier microscope. In using this apparatus to
determine the thermal conductivity of rubber the heat capacity of
the calorimeter was found. The rubber tubing with a single coil in
it was introduced into the ecaloerimeter filled with water. The
tubing was secured by tieing it to a glase rod which was supported
vartically by means of a clamp and stand, one end of the tubing waas
connected over & sink to ccllect the water that condensed. Avery
{1971) noted a source of error: condensation due to the fact that
in the experiment steam is passed into a cold tube. This source of
error they suggested, can be covercome by drilling a hole of the
diameter of the rubber tubing in the borttom of the calorimeter,
which 18 thersafter reserved for the experiment. Arrangemant of thea
apparatus is to remain the same as before but a coil of rubbar
tubing led out of the calorimeter through a wakter tight joint is to
be used.

They [urther suggested that steam be passed through the tube
until it is issuing freely at the cpen end, which should be at
least 30cm to cne side of the calorimeter so that the emerging
steam does not cause heating effects in the calorimeter or its

content. Observacion of the temperature rise of the water is to be

made over a measured time interval.

An apparatus for the determinaticn of the thermal conductivity
of glass 1in the tube form was described by Tyler (1%80). The
apparatus consisted of a length of glass tubing about S0cm long and
of lom internal diameter surrounded by a jacket through which steam

ig papged from a steam heater. A slow stream of cold water from a
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constant head device iz pasged along the tube which is tilted
Blightly to eliminate air pockets. Two glass pieces are attachad at
the ends of the tube to carry 1/10°C mercury in glass thermometers.
A beaker to collect the outflow water, a stop oclock and a
travelling microscope wera also provided. Having described an
apparatus for the determination of the thermal conductivity of
glass in form of a tube Tyler (1580) went ahead to state the
procedure for the determination of the thermal conductivity of
glass using the described apparatus.

Tyler {(1380) and Avery and Ingram (1976) gave various
descriptions of apparatus for measuring the thermal conductivity of
golids which are non conductors based on Lee's disc metchod, Tyler
described an apparatus in which steam was the socurce of heat. The
speciman whose thermal conductivity is required is sandwiched
between two copper discs. The whole arrangemnentc was suspehded by
scrings from a heavy stand. Avery discussed two different
expariments based on Lees' disc method: the one involving the use
of an electrical heating element as a source of heat the other
involving steam, generated by a steam heater, as a source of heat.
Avery's apparatus involving the use of slectrical heating element
congists of the specimen sandwiched between one metal disc and one
of the discs aforementicned. In this wmwethed the rate of heat
emission from the surfaces was taken into consideration in the
course of calculating the thermal conductivity of the specimen.

The Lees's disc method 1is generally used to determine the
thermal conductivity of poor conductors like rubber, glass, e€bonite
wocd cork and other similar materials.

In the Leeg' disc method, using steam as a source of heat,

described by Avery and Ingram (1976) and Tyler {1980} there was no
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special provision for bringing the metal discs and the specimen
into good contact; besides, there was no stand upon which the
apparatus could be rested except that it is hung by means of three
springs. A separate steam chamber was provided. Again, no enclosure
and means of insulation were provided for the apparatus.

Folayan and Marcona (1%88) built an apparatus based on Fitch
apparatus which they modified. In this apparatus water was heated
by a thermostat heater in a vessel. Heat was passed through the
vegsel te an aluminum plug (the sink) via the specimen. A means for
bringing the specimen, the heat source and the heat sink into good
thermal contact was provided by an adjusting screw and a spring. An
enclosure was provided for the apparatus and the insulation was of
micre air. In the result cbtained using modified Pitch apparatus
Folayan and Marona (1988) observed that the wvalue of thermal
conductivity for Palm kexrnel and shell might have been over
estimated by up to 4%, however they concluded that the experimental
values for palm kernel and shell compares favourably with those
cbtained £from literature. The thermal conductivity obtains by

Folayan and Marona {(19%88) for the kernel and shell increase with

temperature in linear fashion. They used the apparatus teo obhtain a
value of 0.163 w/m°C for the thermal conductivity of asbestos at
65°C. The Nusselt sphericsal method, which is purely an elactrical
method was used by them for the determination of the thermal
conductivity of fibre ©of varying density.

Experimental methods suitable for determination of the thermal
conductivity of moisture free materials was reported by Folayan
and Marona {(1%88), These methods include the calorimetric method by

Dickson, the National Bureau of Standards cut bar method, Black and

glaecer spherical apparatus, the guarded hot plate method and the
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heat meter method. According to Folayan, Jacobs spherical methced
has been used for measuring Thermal conductivity of E£fibres.
Folayan and Marona's adapted apparatus based on Nusselcs'
spherical method reduces radial heat losses and the thermal
conductivity wvalues can be determined for wvarious densities and
temparature ranges. Howaver, they found difficulty in filling the
hollow sphere homogeneocusly and conjectured that the sagging or
differential expansion between the gphere and material after it had
keen subjected to temperature change may lead to errors.

Hokes and Gschneidner (1%8%) used the flash diffusivity
technigque to determine the thermal conductivity of certain ternary
rare earth sulphides. The thermal conductivities were calculated
from the measured thermal diffusivity data, puhliihﬁd heat capacity
data and measured density data from x - ray diffraction patterns.
Lattice and =lectric contribution together with grain sizes were
found to affect thermal c¢onductivity of each sample of the earth
sulphide. They established the relationship

" T I Th 2 S PP e e AL AR (2.4)
where K = thermal condugtivitcy

o

thaermal diffusivity

D

Density of the material
C = Heat capacity

Samples were found to show a slight increase in thermal
conductivity with inereasing temperature. Calculated wvalues of
thermal conductivity were compared with existing values in
literature and the highest error associated with these comparisons
was 10 per cent but in most cases 1t was less Chan 7 per cent.

Lambropoulas (1983] used a direct reading thermal comparator

tc measure the thermal conductivity of dielectric thin film
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coatings. Analytical heat flow model was applied. The thermal
conductivity of most thin films was found to be several order of
magnitude lower than that of the material in bulk form. The
difference is attributed Lo structural disorder of materials
deposited in thin film coatings. He gaid Decker reported the
measurement of thermal conductivity for thin films of 8il; and
Al.,0,. Values were found to be one or two orders of magnitude lower
than those for the corresponding bulk materials. The authors
attributed thiz difference to the unique microstructure of

dielectric thin £films which along with defects and impurities would

be expected Cto reduce the phtnon wean fLree path, and thus the

e

thermal conductivity.

_The thermal comparator technigue for measuring thermal
conductivity of bulk solids has been extensively described by
Powell (1957). Choy and Leung (1589) measured the thermal
diffusivity o of three metallic glasges: Fe,, B,,, Fe, Ni,, P,, B, and
Feyy Niy €ry,, Pys By using Laser flash radicmetry method,

The thermal conductivities have been calculated using the
agquation (2.4). With cthe use of this relatiomship both thermal
conductivity and diffusivity were found to increase with increasing
temperature over the entire temperature range of 160 to 500 K.

According to Holman {1971) wvan Dusen and Shelten used the
method of connecting a metal rod of known thermal conductivity to
a rod of anocther metal whose thermal conduectivity is to be
measured. A heat source and heat sink were connected to the ends
of the composite rod, and the assembly is surrounded by insulating
material to minimise heat loss to the surrounding and to ensure cone
dimensicnal heat flow through the rod. Thermocouples were embeddad

in both the metal rod of known thermal conductivity and the cne
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whose thermal conductivity is to be measured. A measurement of the
temperature gradient through the known: material facilitated the
determination of the heat flow. This heat flow was 1used to
caloulate the thermal conductivity of the unknown material. This
method was used to determine thermal conductivity of metals up to
B0 C.

David (1%836) reported that wvalues of thermal conductivity of
Adobe (a building material} wvaried widely. The thermal conductivity
of such solids is strongly related to density and modulated by the
presence of moisture and both are relaced to the compositicn. He
reported Rogers (1978 a) to have guoted a value of 0.5%6 W/ m*C for
Adobae with a density of 1442 kg/m’ but made no mention of moisture
content. He further reported Rogers (1978 b} to have shown data for
the wvariation of the conductivity from about 0.4 W/m°C at 2%
moisture content to about 1.5 W/m°C at about 11% moisture content.

David (1986) noticed an initial decrease and subseguent

increase and decrease in conductivity of Adobe towards the end of
hies experiment and atbributed this to changes 1in the incernal

moisture conbtent of the Adobe.
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CHAPTER THREE

3.0 DEVELOPMENT OF THE THERMAL CONDUCTIVITY MEASURING APPARATUS
3.1 THE APPARATUS

3.1.1 DESIGH SPECIFICATIONS

Dimensions of wooden cylindrical encleosure for brass discs -

gpecimens assembly:

Cutaide diameter = 1949 mm

Ingide diameter = B9 mm

Height = 203 mm
3.1.2 INSULATION:

The insulation was 20mm thick. The insulating material was

glasswool whose thermal conductivity from Subramayan (19%2) is

0.037 W/mK. It is reasonable to assume effective insulation since

the value of thermal conductivity is low.

2.1.3 ELECTRICAL ANALOGUE
\1 direction

Heat flow within the apparatus in the radia

Ry R Air
g e N A .. 4
Xgw Xow r/
ho

Fig. 3.1: Electrical Analogue for heat flow within the appatatus in

Ehe radial direction.

Conductance per Unit area = 1
- r K. v K.
hu kqh k;pv
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d.037w/mK

whare k

T

- ]{a_- = 0.02m

0.166 w/mK

10 w/miK

g

Substituting these values into (3.1) gives:

Conductance per Unit area of 1.314 w/miK in the radial

direction.
Heat flow within the apparatus in the axial direction is as

shown in Fig. 3.2.

ﬂh - EE
ke
L= X
g
'E.'h:ﬂh
ey
Fg
R
Ry
Fig. 3.2; Electrical Analogue for heat flow within

the apparatus in the Axial direction

Conductance per Unit area = - — = exEes (3.2}
2 32X, + _X,)
ke k.
with =, = £.013m
¥ = 111 w/mK
x, = 0.002m
k, = 1.279w/mK

there the subscript 8 refers to the specimen which has the greatest

value of k which is concrete],

the Conductance per unit area in the axial direction is 293 w/m*K.

293 w/m?K » 1.314 w/m2K, therefore a unidirectional heat flow

in the axial directicn is sssumed.
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3.1.4 HEATING ELEMENT
The heating element chosen is constantan having a resistance

of 1.49. It was wound round a Mica sheet. Mica is heat resistant

being able to withstand temperature up to 450°C. Since temperatures

far below 450°C are being handled Mica is a suitable material on
which the heating element can be wound.

Constantan has a maximum operating temperature of about 460°C
(Fig 3.3). This is suitable for the present design since a

temperature range very much below 460°C is being handled.

4B
b

bk

&1

0 100 200 I 400 500 400
Temperahure | "c]

Fig3:3: Variation of Resistivity with temperature for Constantan.
PAPAPTRY FRaom Summgil [!,qh{;}j
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3..%.5 RESISTANCE PLACED IN ESERIES WITH THE BATTERY DRIVING THE
POTENTICHMETER.

The geries resistance, R was computed using the formula

I;lrn“ = E @ R ® B ® B R B R E B ® = &S {3-3}

I R+r

for the present design:

E = 1.5V

¥ = 2.5 = 3.00

Veaw = 4 mv

Hence using egquation (3.3 R = 937.5 - 11258

A value of R = 11000 was chosen to ensure that balance points
were spread well along the wire.
3.1.86 BOURCE OF POWER

4 12V battery id.c) was employed as a source of power ko
supply current to tha heating element. A rheostat was connected and
used to vary the current and hence the wvoltage.
E i ey TEMPERATURE MEASUREMENT

Theremocguple arrangements were used f£or temperature
measurement . The thermocouple wires are copper and constantan of
0.3mm diamster.
e g ] LEADES FOR CIRCULT CONNECTIOH

The leads are copper of diameter 0.5mm.

3.2 THE THERMAL CONDUCTIVITY MEASURING APPARATUS: A MODIFICATION
OF LEES® DISC METHOD
The thermal conductivity measuring apparatus is a modification
of the Lees’' disc method described by Avery (1975).
Avery described a Lees' disc apparatus (Fig. 3.4a and 13.4b)

which uses an electrical heating element. This consists of three
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brass discs about 50mm in diameter and 13mm thick drilled with &mm
diameter holes to take three mercury in glass thermometers, the
heater consists of 0.32m of 28swg nichrome wire wound on a mica
sheet which is about 40mm in diameter and having a mica sheet about
50mm diameter on either side of it. The apparatus is supported by
a eradle and placed in a box. Veoltmeter (0 - 1l2volts) ammeter (0 -
31 amperes), Rheostat (0 - 120 to carry 3 amperes). Plug key and a

12V battery were instruments supplied along with the apparatus.

hajing eipirsnt
S Cumeny

1, -'_.".‘I

’ Afﬁ? e

- f’ L -. g .- ...:‘::' '_ i c
el e
ﬁffgﬁ“ ety
g "ff”ﬁ o)
§fa%%¥ ) Eatte
Zo i

: R g

A - ammeter X, ¥,Z - Brass discs

V - wvoltmeter Ty Ty Ty - mercury in

E = plug key glass thermometer
R - rhecstat

5 - supply of current

Fig., 3.4(a) and 3.4(b): Lee’'s Disc electrical method for
determining thermal conductivity of a solid poor conductor as

described by Avery.
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The present apparatus consists of three units;
The brass disce, the heater element and the two samples of the
specimen whose thermal conductivity is required. These are

enclosed in an insulated box and brought into good thermal

contact by a clamping device.

The potentiometer circuit for measuring the thermal
electromotive force registered by the thermocouples inserted
in the holes drilled in the brass discs.

An ammeter (0 - S5 amperes), a voltmeter (0-5 wveolts), a
theostat (0 - 170 to carry 3.3 amperes), plug key and 12 volt

battery. The battery 18 to supply the current to the heater
element while the ammeter and voltheter measures Lhe Currentc
and voltage respectiwvely. The rheostat is used to adjust the

valusa of the current.

The developed apparatus is a modificarion of the Lees's disc

apparatus earlier described. The major modifications are:

i} Four brass disce were used in the present apparatus
whilst three were used in the one described by Avery.

ii) Two samples each of the specimen whose thermal
conductivity is reguired were used in the present
apparatus whilst only one sample of specimen was used in
the apparatus described by Avery

iii) The box in the present apparatus in which the brass discs
and the samples of tha specimen whose thermal
conductivity is reguired were enclosed in a box insulated

within by glass wool whilst the brass discs and specimen

were enclesed in an uninsulated box in the apparatus

described by Avery.
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iv] Temperature measurements in the present apparaltus Were
carried out using copper-constantan thermocouples whilst

in the apparatus described by Avery, mercury-in-glass

thermometers were used.
V) The incorporation of a potentiometer circuilt to measure

the thermally induced emf registered by the thermocouples

Modifications (i) and (ii}, although entails the use of more
brass discs and the preparation of more samples of the specimens,
have helped to simplify the calculations involved to obtain the
value of thermal conductivity.

The insulation, by glass wool of the interior of Fhe box
containing the brass disc - specimen assembly ensures a uni-

directional heat flow.

Temperature measurements by thermometers are characterised by
errors due to conduction along the thermometer stem. Again,
according to Peter (1979), any sensor with an access hole, stem or
lead introduces some degree of disturbance in the heat-pathe in a
golid. These have necessitated the use of fine wire thermocouples
for temperature measurements and small dccess holes in the present
apparatus.

Plate 1 shows all the three unics, Fig. 3.5, shows the various

parts of the first unit of the apparatus whilst Fig., 3.6 shows Lhe

assembly.
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3:3 PREPARATION OF SPECIMENS FOR THERMAL CONDUCTIVITY

KEASUREMENTS ON THE APPARATUS

The following materials were collected and their thermal
conductivities were determined using the constructed apparatus.
Concrete, glase, asbegtos sheet, Portland cement and cerrugated
cardboard.

The specimens of glass, asbestos sheet and corrugated
cardboard were cut and filed to discs of 50mm diameter each. The
thicknesses of sgach of the first two specimens being 2mm while the
thickness of corrugated specimen was 3mm.

Fortland cement and concrete were made into paste, moulded and
were allowed to dry. They were later filed to discs of 50mm

diameter each and thicknesses Smm and 2mm respectively.

3.4 EXPERIMENTAL TECHNIQUE

The substance under test was taken in the form of two thin
disce M; and M, Each of them was passed between two brass discs, M,
between B, and B, and M, between B, and B, . The heater coil H was

arranged at the centre between the brass discs B, and B, as shown

in fi1g 1.7,

Thermocouples T, , T,

v T3, T, ware used to measure the

temperature of the two faces of each of the discs M, and M, , one
junction of sach thermocouple being inserted in a small hole, about
2 mm, drilled in the edge of the respective brass discs, Each brass
dise is of diameter 50mm and thickness 13mm. The whole apparatus
was clamped within an 1lnsulated coylindrical box (& constant
temperature enclosure) which is split inte two halves but brought
together by means of a clip.

The heater, a 1.40 constantan wire, was conneckted into the
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circult given (Fig. 3.7).

k
By d
LY
Mqununuutun~uau1un1:=? ' K
z L
B ®
HSE:====;““=====““==i———
E ]
3 i
M, AW, |
Ty R N
B = &

Flg 257 An arrangement for supplying heat to the
brass - specimen assembly.

M,, M, - Specimens K - Plug key

B,,B,,B,,B,, - Brass discs ¥V - Volemetar

Ty: T3, T3.Tyy - Thermocouples B - Rheostat

A - Ammeter 5 - Bource of Power Supply

H - Heating element

Fig. 3.B shows one of the set of gircuits uesed for
measurements of potential difference across the thermocouples. Four
of such circuits were set up to measure the temperature at the four
locations where the thermocouple wires were inserted. The first
junctions of the thermocouples were dipped into a mixture of
crushed ice and water maintained at about 0°C in a thermos flask.
These junctions were connected to the sliding contact through
sengitive centre reading galvanometers. The other set of junctions
were placed within the holes drilled in the edges of the hrass

discs.
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Ballery
R —l
E
T
Copper
E'jgi'.ﬂ : Potentiometer cilrculilbt for measuring
thermal emf.

R - Beries resistance XY - Potentiometer wire
E - Voltage of battery G - Centre reading sensitive
L - length of the resistance wire galvanometer
1 - balance point length

R was adjusted to obtain wvarious wvalues o¢of current and
voltage. Each value of the current obtained was maintained constant
for five minutes until balance points on the potentiometer wire
were found constant. Thermal electromotive forces were computed for
these balance points. The temperatures of the faces of the discs
ware fngnd using Table 3.1 which shows calibration data of thermal
electromotive force against temperature of hot Junction for

copper/constantan thermocouple based on a cold junction at 0°C.
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Table 3.1: CALIBRATION DATA OF COPPER - CONSTANTANT

THERMOCOUPLES (FOR A COLD JUNCTION AT 09C) - ADAPTED
FROM SUMMER (1966}

E.M.F Temperature of
{Hot junction (°C))
O K]
: ! 25 2
.-:'..-' N 5 e
2 45 -.; =3
[ |=

3 T2 L I3
£ 94 \x_
= 115

CALCULATION OF THERMAL CONDUCTIVITY

Considering the circuit in fig 3.7.

P = electrical power

X;,%; = specimens’ thickness

R = Resistance of the heating element

Eyobye by ty = temperatures indicated by the respective
thermogouples shown in fig. 3.7

A = Area of a flat face of the specimen

1 = Current passed to the heating element

Now, X, = X, = X

IRx
Al = &) ¢ (B, 1) ]

but A = _md2
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whare

d = diameter of specimen

. 4IRx (3.5)

m:i"[{tl = Ea) ¥ (X = T,

Equaticn (3.5) was used to calculate the thermal conductivity
of the specimens. It is asgsumed that radiation from the edges B,
Byy M, and M, is almost negligible by reason of the thermal

insulation provided.
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CHAPTER FOUR

RESULTS AND DISCUSSIONS
4.1 RESULTS
Table 4.1 shows the average values of thermal conductivity k,
cbtained over a heat source temperature range of 25 - &0°C for
asbestos, glass, corrugated cardboard, concrete and portland
cement.
The thermal emf,e, corresponding to length of potentiometer

wire for no deflection in the galvanometer, G show in Fig. 3.8 was

computed using the formula

where p is the resistance per unit length of cthe potentiometer XY
Cnce the thermal emfs have been determined Table 3.1 was used

to find the temperatures that correspond to the wvarious

electromotive force (emfsl.

TABLE 4.1; VATAUES OF THE UCTIVITY E
THE APPARATUS

Macerials Average thermal Avarage TempearatCure
Conductivity k, of heat source,
(Wm-2K-1} tyx (°C)

Concrete 1.285 3ib

Glass 0.737 EY:|

Portland Cement 0.327 42

Asbestos 0.l21 11

Corrugated 0.072 34

cardboard
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The temperature of the heat source is given by

IR SR S G ey

t; and t; were measured using the thermocouple arrangemeant installed

within the drilled - hales [(Fig 3:5).

Graphe of the wariation of thermal conductivity with
temperature for the specimens are shown in Figs. 4.1 - 4.5. Each
sample showed a gradual linear increase in thermal conductbivity
with temperature except glass which showed a non linear dependence
of thermal conductivity with temperature.

Asbestos’ thermal conductivity rose from 0.111 to 0.133 w/mK
bectween 26°C, portland cement’s from 0.315 to 0.336 w/mK batwaen
25°C and 60°C, cardboard’'s from 0.070 to 0.076 w/mK between 24°C
and 44°C and concrete from 0.259% to 0.300 w/mK between 34°C and
48,

Figmg 4.6 - 4.10 show the variation of the electrical power, p,
agsociated with the total electromotive force (emf) drop across the

two specimens of each material whose thermal conductivity is being

determined based on a refereance Junction 0°C. The total emi drop
which is & measure of temperature ogradient across the specimens,

inereased linearly with the electrical power for all the samples.



24
4.2 DISCUSSIONS

In the literature, wvarious values of thermal conduckivities
were given for the different materials. The thermal conductivity of
glass, for instance, was given as 1.09, 0.81, 0.744, D.78 - 0.88
and 0.77% W m™® K* according to Eckert [1972), Frank et al (19886),
Subramavyan and Fothandaraman (19%2), Isachenko and Osipowva [1377)
and Frank [19%86) respectively. The current value of 0.737 W m? K
therefore compares favourably with those obtained in the literatiure
singe it falls within the range of values of thermal conductivity
given for glass. Eckert (1%72) gave varying values of thermal
conductivities for glass, corrugated cardboard and asbestos. These
varying wvalues might not have been unrelated to the different
conditlons under which the thermal cenductivities were determined
and the method of measurement although these were not stated by the
authors,

According to Choy and Leung (1989%) thermal conductivity is
dependent on density and meoisture content. These factors were not
considered in the course of determining the thermal conductivities
of the wvarious samples. The wvalues of thermal conductivities

obtained might not be without error due to the non-conaideration of

these factors,

The average values of thermal conductivities for the materials
ag given in the literature were used as a basis of determining the
agcuracies of the present result. The errors involved ranged
betwesan 1.55 - 11.03%.

Thermal conductivities of asbestes, portland cement, concrete
and corrugated cardbocard samples were found to be linearly
dependent on temperature. This finding is in perfect agreement witch

what obtains in PFolayvan and Marona (1588) and Bhalchandra and
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Robert (126895 .
The non-linsar dependence of thermal conductivity on temperature
found in glass is ocorroborated by Frank (1878) who drew a graph
which depicted a non linear thermal conductiwvity - dependence on
temperature dependence for some poor heat conducting materials
typical of which is silica brick.

Statistical analysis revealaed that the estimated uncertainties
in the calculated mean value of thermal conductivity are 0.121 =
0.015, 0.737 £ O0.042, 0,327 4 0,015, Q.072 + 0.006 and 1.285 4+
0.027 w/mK at the 99%% significance level for Asbesstos, glass,
portland cement, corrugated cardboard and concrete respectively.

Significance tast revealed that the difference betwsen the
mean values of thermal conductivity from the literature and the
mean wvalues obtained using the developed apparatus is not
significantly different at the 98% level for glass, corrugated
cardboard and concrete but the difference is significant for
Asbestos and portland cement. This is expected since there is no
absplute value for thermal conductivity which depends on factors
which included moisture content, temperature, density and grain
size.

According to Peter (1979) the most serious and least suspected
errors arisa in temparature measurameant. Conduction aleng
thermocouple wires can cause very large differences betwaen the
ocbserved temperature and the temperature intended to be observed.
Sleeves were provided te cover the thermocouple wire therefore
errorg arising from conduction along the wires were minimized.

Chromel /Alumel thermocouples give more accurate temperature
readings than copper/constantan thermocouples. According to Petex

(1379) the finer the thermocouple wires the less the error incurred
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in temperature measurement. Copper/constantan thermocouplas of
0.5mm diameter wires gives an error of about 12 per cgent in the
temperature reading when its immersed length is 20mm. Therefore the
temperature recorded in this report might have been underestimated
by 12-peroent.,
A uni-directional flow of heat across the samples is ensured

by a thermal insulation provided by glass wool which minimized heat

logs from the surfaces of cthe brass discs.

Factors that might have affected the thermal conductivities as
determined in the present work include: moisture content of the
cement and concrete samples the grain size of the concrete and the
asbestos sheet and the densities of the wvarious samples. COther
sources of error include: Mechanical inhomogeneities caused by
pulling or bending the thermocouple wires. Parasitic thermoelectric

forces, according to Summer {1966), can originate in the external

circuit where different metals make contact. soldered Hoints,
acdcording to Avery and Ingram (1576) offer resistance which leads
to error in the potentiometer reading. Extreme care was taken to
ensure that correct balance pointe were cobtained on the
patentiomater wire but these sources of error might have affected
the accuracy of the results obtained.

Folayan and Marona (1988) used the modified Fitch apparatus to
cbtain & thermal coductivity value of 0.151 Wm™ K* for asbestos at
E0=C, A wvalue of 0.133 ¥Wm™® K' was obtained in the present work.
This shows a 12 percent difference from Folayan's result. However,
at 30°C the result from the present work differs from Folayan's by
4.9 percent. It is therefore evident that the present value for the
thermal cﬂnductiviby of asbestos cnmﬁares favourably with that

obtained by Folayan and Marona {1988) not withstanding the
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difference in the apparatue used for tha measurements.

The average wvalus of thermal conductivity of glass over an
average heat source temperature of 37.5°C was found to be
0.737 W m* K'. This shows a difference of 0.90 percent when
compared with values given by Subramayan and Kothandaraman (1352),

hgain, this gives credence to the effectiveness of the present

Apparatus,
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CHAPTEE FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

L,

Thermal conductivities of the various samples increased
linearly with Cemperature except glass which showed a nen
linear dependence of thermal conductivity on temperature.
The average values of the thermal conductivities of
concrete, glass, Portland cement, asbestos and corrugated
cardboard over a heat source temperature range of 25°C -
60°C computed using the present apparatus were found te
be 1.285, 0.737, 0:327, 0.121 and 0.072 Wm™ K.

The thermal conductivity values obtained for asbestos by
Folayan approximates the wvalue cbtained in the present
work the method of measuremsnt not withstanding.
Therefore, the present apparatus is effective.

The electrical power for supplying current to the heating
elemant is directly proportional to the total emf drop

which is a measure of the temperature gradient across the

samnples.

The maximum error incurred whilst using average gucted
valuas of thermal conductivities from the literature for
the various substances as basis is 11.03 per cent., Hence

the apparatus ¢an be relied upon to give reasonable valua

of thermal conductivity.

A thermal conductivity measuring apparatus for
nonmetallic solids has been developed and found to give
values of thermal conductivities, for the respective

spacimens, which compare favourably with those given in
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the literature, since at the %3% significance level the
difference ©between the mean wvalues of thermal
conductivity in the literaturse is not significantly

different £rom those obtained for glass, corrugated

cardboard and concrete.

There is a significant difference between the average
values of thermal conductivity for asbestos and peortland
cement in the literature and the average wvalues cbhtained
using the present apparatus. This difference may be
attributed to certain factors such as molsture comtent,

grain size, density and temperature which modulate

thermal conductivity,

5.2 RECOMMENDATIONS

The

following recommendations are made for temperature

measurements since the major parameter that determine accurate

measurement of thermal conductivity is

centred on precision

measurement of temperature.

g

Differential thermocouples are recommendead for
measurement of temperature differences rather than
installing thermocouples which measursa absoclute
temperatures at the four faces of the discse. This will
minimise errors in temperature measurement.

Galvanometers graduated directly in millivelts or degrees
should be preferred to esensitive ¢entre reading
galvanometers which require potentiometer circuits. This

will help to minimise errors due to potentiometer reading

and effects of soldaring.
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2) JEd O IRRENT AGH »)a
BOTENTIOMETER WIRES FOR PORTLAND CEMENT
I (Amperes] Vivolts) 1,(Cm) 1, (Cm) 1, (Cm) 1, {Cm)
1.040 1.40 1B.940 26.00 27 .08 20 B0
1.580 .05 22,10 36.040 37,00 23 .80
2.00 .05 26.20 48.00 50.890 24.70
2.50 250 <650 El.00 T&.940 22.00

Data: Thickness of Portland Cement specimen = 5mm
Diamecer of specimen = Sidmm
Series resistance with battery = 1100Q
Battery driving potentiometer = 1.5V
Kesistance of potentiometer wire associated
with 1;,1;, = 3@

Resistance of potentiomater wire agsociated with 1,,1, = 2.50Q

d} MALUES OF CURRENT AGAINST BALANCE POINTS ON THE
BOTENTIOMETER WIRES FOR CORBUGATEL SARDBOARD
IlAmperes) Vivolts) 1, (Cm) 1, ({Cmj) 1,{Cm) 1, (Cm)
0,740 1,460 16,60 24 .00 23,90 16.80
0.30 1.30 16.80 <5.040 25,10 20.60
L L0 L ikl 17.40 27 .80 26,00 21,50
1.30 1.80 1840 2710 23,20 24 .40

e e e W PR W MR MMM R MM M RN NN MR OER NN BN BTOWS W W OB W N BN BN TR BN RN BN W W OB NS OPN W W NN W W N OGN W O m W

Data: Thickneas of Corrugated Cardboard epecimen = 3mm
Diameter of specimen = S0mm
Series resistance with battery = 11000
Battery driving potentiometer = 1.5V
Resistance of potentiometer wire associated
wich Tl =30

Regsistance of potentiometer wire associated with 1, = 2.50



53

APPENDIX = EXPERIMENTAL REBULTS.

al VALUES OF CURRENT AGAINST BALANCE POINTS ON THE
POTENTIOMETER WIRE FOR ASBESTOS SHEET
I (Amperes) Viwvolte} 1,(Cm) 1. (Cm) 1,(Cm) 1, {Cm)
%l 1.4 20.10 27,90 27.90 20.80
1.5 2.09 22.60 36.90 38.90 18.30
2.01 2.85 24,00 47.80 52.00 28,00
205 35 27.50 63 .%0 70.80 30.5%0

R e e T e B e T (e e el (i Pt Bt s e ot s e e vl e o’ e, s e o it e e o, o, T~ i ol it oy e it P e .

Data: Thickness <f Asbestos specimen = Zmm
Diameter of specimen = S0mm
Series resistance with battery - 11000
Battery driving potentiometer = 1.5V
Resistance of potentiometer wire associated with 1,,1;, = 3Q
Resistance of potentiometer wire associated with 1,,1, = 2.50

B) VALUES OF CURRENT AGAINST BALANCE POINTS ON THE
POTENTIOMETER WIRE FOR GLASS
I ({Amperes) Vivolts) 1,(Cm) 1. (Cm) 1, (Cm) 1, {Cm]
1.0 26.740 27.70 2B .20 32.60
sz o S 33.74d 34 .10 38 .80
165 2 37.50 40.20 41.00 45.80
2.0 42.40 46,00 47.50 =2.04

e e e e e L e o L o S e e s e e e e o e s o i i i o - Sy s s " e o gy S~

Data: Thicknesa of Glass specimen = Z2Zmm
Diameter of spacimen = S{mm
Series repistance with battery = 11000
Battery driving potentiometer = 1.5V
Resistance of potentiometer wire associated
with 1;,1;,1y = 30

Resistance of potentiometer wire asscclated with 1, = 2.50
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a) VALUES OF C INST B NTS ON THE
EOTENTIOMETER WIRES FOR CONCREIR

I{Amperes) Vivelts) 1,(Cm) 1,(Cm) 1, (Cm) 1,{Cm)
0.70 1.00 24 .52 25.20 24.60 28.50
1.00 1.50 26.70 28.10 27.50 31,20
1.30 2.00 30.90 33.40 35.10 39.10
1.65 2.50 35.80 39.60 40.10 43.50
2.00 3.00 41.70 47.20 49.00 52.00

Data: Thickness of Concrete specimen = 2mm
Diameter of spacimen = H0mm
Series resistance with battery = 11000
Battery driving potentiometer = 1.5V
Resistance of potentiometer wire associated
with 1,;1.:1, = 30

Resistance of potentiometer wire associated with 1, = 2.50

£) VALUES OF CURRENT AGAINST COMPUTED VALUES OF
THERMATL, CONDUCTIVITY POR ASBESTOS

I W 8y £y 8y -1 £y g, ="
[Bmp ) Vaolts mv fE) [ o) R e { #E fomv) §9C)
1.6 1.40 o.Ba 20.50 L:L0 AT AT 0.35 23.75 Q.71 =70
1.50 2.08 @, 82 43, 00 1.48 38.76 .33 32.83 0.%1 1%5.25
2.00 4,85 D.58 24,50 195 47,80 100 43 .48 .98 23 .50
280 3,50 Ll &7, 88 E.81 83,03 2,41 58.43 1.05 26,20

e N . e O R O - e~ S e . e o e o e e e e e e e e e e e s e e R i e

Average k = 0.121 W m™? K7
Error = 11.03 percent based on an avarage
valus of k = 0.1358 W o* XK', from literature
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gl VALUES OF CURBENT AGRINST COMPUTED VALUES OF
THERMAEL CONDUCTIVITY FOR GLASS
I W =y t.|_ By t: 2y t-j_ 2, t‘t
§ Pump ) Volbs L1 fach L {=ch [ ) d ot [mar) LPCh
Lo 178a 108 47 .10 123 28,12 1:k3 28.60 1:1% 27 .68
1.30 2 .00 1 o ALK 32 .48 137 33.68 1.35 34 .46 1.33 32 .56
1,85 2,50 1.53 A7 .64 1.64 40,36 L0567 41.08 1.56 38 .41
2,08 A.00 i.73 §4.44 1,89 46 .38 1.54 47,68 1.8 43,64
Average k = 0.
Error = 4,66 percent baged on  an average
value of k¥ = 0.773 W m™ K, from literaturs
k) VALUES OF CURREWT AGRINST COMPUTED VALUES OF
THERMAL CONDUCTIVITY FOP _EORTLAND CEMENT
I W ay - @ % 2, By ", H+F
(Amp} Volte gy ) (] g b [ (=2 g {"C}
1.00 1.40 178 15. 38 1.086 2E.44 0.98 2300 b.71 1775
1.50 2.09 0.50 22.50 1.47 36,28 1l.26 JL.24 0.31 Z£0.25
2200 285 1.07 26,74 1. %6 48, 04 1.3 42,82 034 21.40
2.50 3,50 1.08 25,892 £.48 ail.2%7 2.48 6. 04 1,08 27,15
Avarage k = 0.327 Ii'.-*lf-_ﬂ
Error = 10.0% percent based on an average
value of k = 0,284 W mt KB, from literature
i) VALUES OF CURRENT AGATINST COMPUTED VALUES OF
TEERHAL CONDUCTIVITY FOR CORPUGRTED CRARDEOARD
I v = £y £ Es g Ey e, Ey ke
[Amp} Valca [mwv) {eg) imw] (&) [mw] [=C} {mar} {FE} WmtE
.70 1.00 g.&8 16,598 0.98 24 .48 0,54 23,46 C.&4 15,93 ﬂfﬁ"?'ﬂ
080 1._30 O.E% 1736 dl 30,00 1.23 30,60 L1y 17.50 Q.087
1.19 1.50 0.71 1T.84 1.483 A5. %3 1.486 1g.00 &3 18.26 0.074
1.34 L1.80 o.75 18._82 1,76 43 _31 1.B84 45 _ 15 0.83 a0, 75 B.076
Average k = 0,072 W/mi
Error based on average k of £.073 W mt K', from literature \

[(8.67L - 0.0%2)/0.07%] x 100% = B.9%
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43 VALUES OF CURRENT AGAING {PUTED VALUES OF
THEEMAL CONDUCTIVITY FOR CONCRETE

I W L= Ey LI =1 2y t:

{Amp) voltse fmre [=C) fenv ) (=) fmv] Loz}

0.70 1l.00 106 25 .00 1.03 25T 1.00 25.00
1.00 1.50 0.09 27.26 1,15 2B.60 1,1 27.88
1.30 2.00 1,26 31.30  1.aF 3364 1.43  35.32
1.65% 2,50 1.45 36.08 1,62 39.88 1.64 40.38
2.00 1.00 1.70 41.7% 1.93 47.32 2:00 45.00

By
(mv

0.97
. 0&
.33

1+

o

.48

[

s 17

tl.
s
2418
26,47
3i .88
36.60

41.58

ke {wm]
1.37%
1,295
1.259
1,284

1.340

S L P —————— R P St E e e R

Average k = 1,285 W/mk

Error based orn avarage £ of 1.237 W/mK from literature

= [{1.Z8%

= 1_.55%

1.26858)/71.287] % 100%

LITERATURE VALUES OF THERMAL COMDUCTIVITY
VALUE OF THERMAL CORDUCTIVITY FOR THE VARIQUS
MATERIALS GIVEN BY DIFFERENT AUTHORS

—— T,
MATERTIALS THERMAL COWNDUCTIVITY (H) W/mi
AUTHOR
hgbestos | Gless | Portland | Corrugated | Concreate
CEmant cardpoard
Eckert and Drake (1372} 0,158 0.780 - 0.084 1.460
Igackenle and asipeva (1977) - O.TEG - - 1.280 1
frama (137E] 0,151 3. 779 - - 4.931%8
Frank and Mark (198&) 0,113 0,819 - 0,140 -
Holman (1877) 0.11& 0.780 | 0.290 0.084 1 370
Alna {1584} 0.168 o.%&0 | .290 0.64 1.400
1 Subramayan and Kothandaraman
[1972] 0.118 0,744 0.302 0. 064 1.27%
Premant wark 0.1321 O_-737 o.327 a.072 1.2B5




