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MEASUREMENT OF THERMAL CONDUCTIVITY
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ABSTRACT- The present investigation deals with the study of thermal
conductivity of fabrics used for shirts. A mathematical approach on a
geomelrical model is attempted to relate the fabric thermal conducti-
vity to its cover ratio. Experimental results were obtained by using
a new simplified apparatus in the form of a cylinderical shape of heat
source closely represents a human arm. The derived relation was found
to be farily close to those observed experimentally.

1., INTRODUCTION

The number and size of the air spaces per unit area in a fabric
greatly affect its thermal properties. Although-in general-Tibres
themselves are not good heat insulators the air spaces trapped by fthe
fibres and yarns are very efficient heat insulators provided that, air
is not in motion. As the thermal property of a fabric is its abilily
to resist or permit heat transmition through its thickness, it must be
related to porosity and air permeability [1].

Previons work [2-6] on the subject of heat transmition through
fabrics has concerned with the type of fibres, yarn parameters, fabric
construction, fabric weight, density and thickness and very little wo-
rk has been done on the effect of the yarn thermal conductivity,fabric
prosity or cover ratio for prediecting fabric thermal conductivity.

The object of this paper is to fill this gap and to design a new
simplified apparatus to investigate the important factors influencing
the fabric warmth property in terms of its thermal conductivity.
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2. EXPERIMENTAL WORK
2.1. Fabrics

Measuwrements of warmth property were made on seven different
shirt fabrics, represent the range which is commercially available in
tgypt in winter 1985, The characteristics of these fabrics are given
in lable 1.

Table 1
. Fabric Characteristics

Fabric Type of Linear Threads/10 cm, Fabric Fabric Fabric
Sample Material Density {tex } n Weight Thickness Density
Warp Welt Warp  Welt Warp Welt (g/m2) (mm ) (g/cma)
l 100 %C* 100 %C 23 25 450 200 1603 0.323 0.4878
2 42%P=/58%C GF%BS53%C 32 29 230 210 151 0.29% 0.5067
3 100 %C 160 %C I5x2 29 250 230 143 0.25338 0.5543
4 63%P/32%C 52%P/A8%C 19 23 250 280 126 0.236 0.5339
3 3I%P/69%NC 90%P/10%C 15 10 350 350 119 0,204 0.5333
6 56%P/Hu%C 36%P/Hu%C 15 24 320 270 112 0,172 0.6310
7 68%P/32%:C 63%P/37%C 1l 370 230 EL) 0.130 0,7230
* L = Cotton fibres. * P = Polyester fibers.

2.2. Apparatus Used For Testing fabric Thermal Conductivity:

The apparatus used was established by the author as illust-
rated in Figures 1,2 and 3 which consists of a copper cylinder (2)
(4.45 cm in diameter and 100 em in length) provided with an inner heat
source made of a nikel chrome wire heater (8) of 325 ohm resistance.
The temperature of cylinder surface was determined by means of temper-
ature recorder connected to two copper constantan thermocouples (4)
attached to the cylinder surface at its middle. The inner heat source
was insulated by beeds of china (7) and laid into an aluminium tube(6),
where the gap in between the two tubes was filled with dry sand {(3) in
order Lo distribute regularly the heat along the perimeter of the cyl-
inder. The cylinder sides were firmly closed by two Teflon disks (9,
10) to decrease heat loss through the cylinder sides. The insulated
heater was connected to an electrical stabilized power supply (Fig.2)
which can control properly the cylinder surface temperature in a range
of 32°C to 33 “C by means of changing the circuit input voltage {auto-
transformer). The apparatus was supported horizontally, to eliminate
the effect of cylinder length on the heat distribution along the cyl-
inder.
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fig. |
Schematic diagram showing constructional
details of the apparatus.

{auto-transformer) (wattmeter)

Fig. 2

Circuit diagram of the apparatus.

fig. 3

Over-all view of the apparatus.
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2.3, Test Method

Specimers of 100 Cm length and 15.2 Cm width-were -cut parallel to
either warp or weft directions, Two small hales =10 €m apart from
each other - were made in the specimen middle 1long its-length, in order
to permit passing the cylinder thermocomples wiring {47). ODOne layer of
the fabric specimen (1) was firmly wound around the copper cylinder in
a. way so that 'the two fabric gsmall holes will be facing the conpection
positions of the cyllnder thermocouples, ta avoid any wiring contact
with the cylinder surface and hence any false temperature reading. A
second pair of thermocouples (5) was stuk to the fabric surface at the
same two positions for measuring the fabrie surface temperature,

As the copper cylinder is considered to be a hot object with respect
to the surrounding air the rising air streams will tend Lo make a sli-
ght temperature difference between the bottom and top of the cylinder
Therefore, the most suitable position of the thermocoudples (4,5 will
be at the middle of the intersection lines betweenvthe cylinder sur-
face and the horizontal plane which contains the eylinder axis. By
means of an auto-transformer the input voltage was controlled (32% of
220 Volts) so that the cylinder surface temperature will be in a range
of 32 °C to 33 °C. When temperature steady state was reached the cyl-
inder temperature (t,), and the fabriec surface temperature (t,) were
recorded and so the Lemperature gradient At = t,-t, could be“calcul-
ated. The power consumed Lo compensate heat losses from bolh the cyl-
inder and fabric could be measured by means of an ordinary wattmeter
(Fig. 2). Therefore, the fabric thermal conductivity kT could be
calculated [7 3 by the following Equation:

iJ.Ln(rn/ri) <
XF e A At VTIHE (1)
2T L At

where, (- heat flow through cylinderical fabric sample, watt;o
L~ cylinder length, meter; AL- temperature gradient, C and

rorti- the cuter and inner radius of the sample respectively, mm.
Because of (rO/ri) = 1.0104 in our case, Equation (1) can be rew-
ritten in the following form [7]:
Q (r -r.)
ghe BF I N TR L VAT T o
ZNtmlL.&¢L
SR o
o i
where rm =
2

Five tests were carried out in each case and the averasge value 1s
obtained.

3. MATHEMATICAL PREDICTICN OF FABRIC THERMAL CONDUCTIVITY

The study of heat flow from the human body to the surrounding
atmosphere throuqh a fabric or the reverse could be made by considering
the model shown in Fig. 4

The total heat flow through a unit fabric structural element ABCD
{Fig. 4) will be equal to the sum of heat flow through the yarns and
alr space.
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Geometrical model of cloth cover

Therefore, Qf = Qy + 03, ...... {2)

Ae Ap by . Ay by 8ty N Ao %o ot

8 &y 8a

v e (3)

Where GF‘ Qy, Qa- heat flow transmitted through fabric, yarn and air
space respectively, watt; XI k)u Xa— thermal conductivity of fabric,
yarn and air space, watt/(m. C); At., At , at_- temperature differe-

nce between the two sides of the fabric, yarn 8nd air space respechi-
v?ly, degree cent;grade; 35 6}' d}' thickness of fabric, yarn and
air space respectively, melre.

Assuming that fabric thickness = yarn thickness = air space thickness
= & and temperature difference between the two sides of the fabvic,
yarn and air space are equal Af. -

Then, Ae Prt Ny Ay +)\a Ay (&)
kf Ae = Xwarp {area AMSD)+ )\weft {area HOCS})+ >‘a A L3

Assuming alsc that, thermal conductivity of both warp and weflt yarns
are equal % ~and that the total area of yarns A, = Awar + Agart
AMHOCD. tlehce, from Equations (&) and (5): p

>\F Af:ky At +>\a Aa ...... (6]

’ = —area AMHOCD _ _area AMHOCD.
“ A >\>* (288 SEEBE-) e, (1- SLER AT . (7)

area AMHOCD

arca ABCD = Cover ratio (Kc)} ..., (8)

But

and, from £quations (7} and (8):
\r = Ny Ke Ny (-Ke), (9)

where>\a = 0.02 watt/(m.%C)- thermsal conductivity of a1r.
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Ihe fabric thermal conductivity-cover ratio relation of shirt
fabrics is thus given by Equation(9). Fig. 5 shows this relation at
different values of )\_ Actual values of the yarn thermal conducti-
vity {>\y) could be cdlculated [8] from the following Equation:

where)\D = 0.049 watt/(m.DE)-averaqe thermal conductivity of the dif-
ferent textile fibres in the dry statc[ 97

C = cos {(@/3)- 0.143; @ = arc cna{1-m2); 2= (TmmlJ;
where m, - ratio of air to yarn volume; m, =¥./%8;
whﬁrn‘51 - yarns density, g/ij; ¥ -fibres density, g/Cm
and J A3/Ap = 0.62/0.04% = 12.65, "
where>\3 = 0.62 watt/{(m.%°C)-thermal conductivity of water.

3

it

The actual yarn thermal conductivity ()\ ) could be calculated
accuadxng to Equation (10} by findlng nut LhPVaverage fibre density
(¥) and the yarn density ( ) using the blend ratio and the ratio
of warp and weft yarns weight to the Fabric weight.

4, ILLUSTRATION

The first term of Equation (9) ( X Ke) for different values of A
in addition to the second term k {1-K&) are both illustrated in
Fig. 5 versus cover ratio (Kec), the two terms could refere to the eff-
ect of yarn conductivity (broken lines) and air space conductivity
{dotted lines) respectively. The sum of the two terms gives the total
fabric thermal conductivity ). (full straight lines). The slape of
these full lines depends on the varn thermal conductivity \ . Fig. S
shows that, any tncrease in the value of cover ratio results in a
steady increase in fabric thermal conductivity because as surface por-
asity (1-Kec) decreases, entrapped air spaces are being replaced by
more equipped yarns until Kc = 1 where Xf = Minimum fabric ther-
mal ronductivity could be observed at Kec = 0. This graph could be
practically useful in predicting the thermal conductivity of shirt
fabrics of different fibre composition and cover ratio values.

5. COMPARISON BETWEEN PREDICTED AND EXPERIMENTAL RESULTS

trom both k_ and Kc, fabric thermal conductivity ( >\ } could be
ralculated using Equation {9). The results are listed in %able II.
Fig. 6 shows both measured and calculated values for the seven diffe-
rent fabrics given in Table I. It can be seen that the nature of the
variation of fabric thermal conductivity with cover ratioosimulates
_closely that calculated in Fig. 5 for (XY = 0.04 watt/(m. C)

The theoretical relation obtained in the work discussed in this
paper can be therefore considered to agree fairly close with the obt-
ained experimental results, however the exact nature of the relation
may vary depending on the yarn thermal conductivity.



&8

Mansoura Engineering Journal (MEJ) VOL, 12, NO. 1., June 1987.

WL fSpealyl 1JaM JO Jsldwelp = Nv pue ‘ww ‘spealyr diem jo JajaweIp = _v ‘ws g1 fsyoid = 2y

‘W3 Y/SPUB = U 239y ‘ZUZPIUTP 1000°0 - ZUZP T0°0 + TUIP [0°0 $¢ PAALINI[ED ORI JFAOD «

C9%¢n D

. 0p<D*0 8049°0 1604600 £616'0 6LeHh | D%LL/d%EY J%ZE/d%39 L

L24¢0°0 LSE0°0 heZlto 9L040°0 £916°0 2esh T D% d%9¢ 2%t {d%9¢ 9

LEnc0-0 gne0’'0 L6040 060m0°0 £816°0 £3¢h71 DWBGT/d%06 2%69/d%I¢ <

pOLC0" 0 lsea-o 64240 080600 141670 &80T D%8/d%ES D%Z8/d%89 b

gsws0°0 gren0 11640 86600 6’0 LI D % Q01 2 % 001 £

71L9¢0°0 s7eD’0 ZEDZL0 090400 62160 |RFLM! D%EC/d%LN %3¢/ d%En [A

LLBE0" D 9L€0°0 6Z8%°0 866£Q°0 1] LI9 D % 001 2 % 001 I
painsesw pai1RIN3IeD (2oow/niem y (w2 /3) ((w> /3 ET diepy

aTduwes

{ 2o7w/13em ) ( Do W/21EMm ) *3) 3 9 Q [E1I91EW suqed
._/\ h& K jo adij

{ PAINSE3W pye P3IRINOTED )

SOLIGRA 1YS JO AITATIONPUCD [BWIaY] digqe]

11 @19,



83 Hemdan 8.A.Abo-Taleb

0.07 b === hyke Ay = 0.07
P )\3(1—KC)
s 0.06 | —— Af Ay = 0.06
&
< 0.05 Ay = 0.05
b
o
x
~ 0.04 .
= Ay = D.04
z
S 0.03 Ay = 0.03
=]
c
]
o ;
_, 0.0z Ky
4] P -
= Sl T
o v
Eom | Z077
g }
0 S i B Y .
0 0.2 0.4 0.6 0.8 1.0Ke
1.0 0.8 0.6 0.4 0.2 0 (1-Ke)

Change of fabric thermal conductavity with
caver ratio.

0.039

. o Measured )
2 0.038 4 Calculated j 9
£ )
=
=0.037

[y]

=
> N
Eu 036

S 0.035 Al ledary |
B = L% .8

S b
o o o
~0.0% pb—0——1—— |
=

—

4]

=

0.033 ———

(4]

0

3

w 0.032

0.6 0.7 0.8 0.9

Cover Ratio

Fig.6

Measured and calculated values of fabric thermal
conductivity against fabric cover ratio.



Mansoura Engineering Journal (MEJ) VOL. 12, NO. 1. June 1987, T. 90

6. CONCLUSION

In spite of the important effect of the fabric thermal properties
on its end use, there is no agreement-until now-on a certain EXperi-
mental apparatus or test for measuring thermal conductivity of cylin-
derical fabric samples.

In this paper a new simple and still efficient apparatus was est-
ablished by the author on the basis of the constancy of heat flow tra-
ansmitted from a heating element through a piece of fabric (steady
state method). At the same time the thermal conductivity was calcu-
lated for a geometrical model of a fabric, by means of knowing the

fabric cover ratio and the yarn thermal conductivity, the latter could
te predicted [ 8] by means of knowing fibre and yarn densities.

ihe comparisan between both calculated and measured values was
then possible. The good agreement shown byTable 11 and Fig. 6 supporls
the validity of the derived Equation (9) at least within the range of
material and fabric characteristics used.

From such study a good prediction of fabric thermal conductivity
rould be calculated by means of knowing its cover raftio and yarn Lher-
mal conductivity (Equation 9).

Such study needs to be extended to include wider range of fabrac
characteristics so that the derived equation could be generalized ac
modified,
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