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Abstract: The problem of heat transfer through fabric materials is theoretically solved by complex transform
fractional differential equation methoed, the heat transfer and thermal behavior of polypropylene synthetic textile
fiber as thermal insulators have been mvestigated by Maple Software sunulation.
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INTRODUCTION

Recently, the wide applications of mdustrial for textile
materials has been used as thermal msulators, the thermal
insulation properties depend on thermal conductivity,
density, specific heat of fabrics and heat flux by radiation,
this can be represent by equation of energy with heat
radiation, many research activities to solve this problem,
the majority was concerned with exact solution and
numerical or approximate solutions. In this study,
fractional complex transform (Lakshmikantham and
Vatsala, 2011) is proposed to convert the heat fractional
differential equations into ordinary differential equations
where the fractional complex transform makes the solution
procedure extremely simple when contrasted with other
analytical methods, fractional differential equations play
important roles and serve as tools in physics, dynamical
systems, control systems and engineering to create the
mathematical model of many physical phenomena

(Ibrahim, 2012).
MATERIALS AND METHODS
Fractional complex transform: For textile fabric the

energy equation with heat radiation source term is given
as follows (Siegel and Howell, 2002):
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Where:
T and T = Modified Riemann-Liouville derivative,
& #  O<acl, O<axl
k = Thermal conductivity
T = Temperature for the selected fabrics
p = The density as calculated as p = w/L (@
is the basic weight of the sample, T is
the fabric thickness)
G, = Specific heat of the sample
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R = The heat flux by radiation at any point within the

fabric
R = 4GT;(T1-T2),O <x<L
Where:
o = The Stephan-Boltzman constant and equals
5.67=x107F W/m*K*
T, = The mean temperature (T.= 298 K)
T, T, = The inner and the outer surface temperature,
respectively
L = The thickness

By fractional complex transform (Zayed et al., 2016):
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where (p, q ) are unknown constants for left hand side
derivative of Eq. 1:

o1 oo |
ax** 9E| ox®
IEE px° qt® :
T = =
ax* D(l+a) T+HE)
r 2
9% px* 9% qtf
T + =
| ox* Dl+a) 9z T(1+B) (3)
- T
Ty -2 t0) =
'{l+o) ox™
[ p kex® e |
T, k=1
T+ D(l+(k-Doo)

p
T(1+o]

Ii+a) -~ 2
+ o X }—T&p

0T
= T&{
aZZU.



Res. J. Applied Sci., 13 (6): 369-371, 2018

For left hand side the derivative of Eq. 1:
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By substituting Eq. 3 and 4 in Eq. 1, we obtain:

kp°T,, = pe,qT, +R
kpzTéé-pcquE =R

kpzkz-pcqu =0
X(kpz?\-pcpq) =0

Then:
¢
A=0orh= P pzq
Yy, = cle:“éirczekZE
Pept
y. =ce'+c,e iy’
Let:
1 212
=——R, ¢(D) =kp'D’-pec qD
Y D) $(D) =kp'D’-pe,q
1
yp - 212 R
kp*D"-pec,gD
B 1 1
Yo = Toboe 0 D
(kp"D-pe,q)

Temperature
= N
o 8 8

“4)

)

Temperature

Y, =7 RE
kp D-1
pe,q
By Taylor series:
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For mitial conditions T(0, 0)=T,and T_ =T (L., 0), we

finally have mtegral constants ¢, and ¢, are:
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RESULTS AND DISCUSSION
The heat transfer and thermal behavior of

polvpropylene synthetic textile fiber (e Bozec et al.,
2000, Park and Baik, 1997) as thermal insulators, the
mathematical Eq. 6-8 of the fractional complex transform
plotted using Maple Software, the temperature variation
with test time through the textile fabrics thickness during
the heat exchange process between the hot air mlet and
the fabric sample shown in Fig. 1.

Fig. 1: a, b) The relation between temperature, thickness and time for polypropylene textile fiber
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is to
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that the selected fabrics have high thermal
performance and thermal response as insulators
also fabric thickness affect the transient fabric

temperatures as fabric thickness mcrease the temperature
decreases.

CONCLUSION

A theoretical model of the combined conductive
and radiative heat flow through fibrous insulating
materials is presented and compared to experimental
values of the resistances of  several
synthetic fiber battings and of a down and feather
mixture.
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