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ABSTRACT

In this article, we present a study on the influence of the exchange coefficient through the propagation of heat in a
material constitutes kapok-plaster.

The study in Cartesian coordinates of a material of a simple wall consisting of plaster-plaster of the following
characteristics (1=0, IW.m™.°C? and a = 4,73.10 'm?.s%).

This study is based on the description of the different temperature profiles and heat flow density depending on the depth
and time for different values of the exchange coefficient.

The influence of the heat exchange coefficient has been studied in two-dimensional transitional dynamic regime.

This study made it possible to classify the Kapok as a satisfactory quality biodegradable natural insulation and the
kapok-plaster has a good quality of thermal insulation.
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INTRODUCTION
Thermal insulation [1] plays an important role in thermal applications and cold production.
The aim of this study is to enhance and characterize materials of plant origin [2,3] such as kapok as a substitute for
synthetic insulation [4, 5,6] (polyurethane, polystyrene, glass wool or rock wool).
Different heat transfer study models (finite medium, semi-infinite medium or finite medium) are proposed for the
characterization of the kapok-plaster material. The measurement techniques thus make it possible to determine
thermophysical parameters (thermal conductivity, thermal effusivity, thermal diffusivity coefficient, etc.) [7, 8,9].
In this work, we study the transient heat transfer [10, 11,12] in a material consisting of Kapok-plaster.
The resolution of the two-dimensional heat diffusion equation by the analytical method made it possible to determine
the evolution of the temperature and the flux density [13] as a function of the depth and of the time under the influence
of the coefficient of exchange on the front panel. The study showed that the Kapok-plaster material is a good thermal
insulator [14,15].

THEORETICAL STUDY
The fiber-plaster material is assumed to be homogeneous and of parallelepipedal shape. The depth of the material is

L =0,05m; the initial temperature of the material Ti =10°Cand that of the external ambient environments
Tal=Ta2 =30°C . The heat exchange coefficients at the front and at the rear are respectively h, and h,, . The average
thermal diffusivity is ¢ — 2,07.107 m2s~* and the thermal conductivity is 4 = 0.15W.m *°C .
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Fig. 1 Sample Kapok-plaster
The unidirectional heat transfer in the yarn-plaster thermal insulation is governed by equation (1) below:
8T (x,y,h,h,,hy;,h, 1) N 0T (x,¥,h,,h,,hy,h,,t) _10T(x,y,h,h,,hy, 0y, 1)
ox? oy*? @ ot
T =T(x,y,h,h,,h,,h,,t)is the temperature inside the material; X the depth and t the time. Equation (2) gives the expression of
the diffusivity a.

a:i;(Z)
os

=0;(1

< is the coefficient of thermal diffusivity (m?.s™*)
Ais the thermal conductivity (W.m2.c™)

-2
P is the density of the material (kg.m™)
Boundary conditions
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T(x,y,h,h,,h;,h,,t=0)=T;(7)
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Dimensionless heat equation

v, ="V e g

with @(u, v, 7) : reduced temperature;

U = —; is a space reduced variable

V=

i< r|x

; is a space reduced variable

at
andf:F:F0

Fo - Reduced time variable or Fourier number
The heat equation (1) becomes:

0%6(u,v, 1) . 0%6(u,v, 1) _96(u,v,7) |
ou’ ov? or

©)

o6(u,v)| hl;ﬂ-" 6(0,7); (10)

(o4 2 P

o0u,v)| % 0@, 7);(11)

ot |y
The boundary conditions (3), (4), (5) and (6) become (10), (11), (12) and (13): 00(u,v)

h”'Leo (12
= (0,7);(12)

(32' u=0
h,, L
o0(u,v)| My 0(L7);(13)
81’ u=1 ﬂ

Let us find the solution of equation (9) in the form of reduced variables separable in space and time given by relation
14):
(6'(1)1, v,7) =U UV V)W (); (14)
Using the relations (9) and (14) we obtain that of (15)

1 0°U(u) L1 %V (V) L1 oW (r)
Uu) oau V() ov W() or
7is a positive constant.

From relation (15) we obtain two differential equations:
- The differential equation in time is given by (16):

—y?;(15)

1 W(r
L E 2 6)
W(r) or
- The differential equation in space (17) is written:
2
1 6U(u)=_ﬁ2;(17)
U(u) adu

The boundary conditions space:
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0007)  _g p(0,):(18)

ot |40
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respectively the Biot numbers on the front face and on the back face.
The general solution of the reduced temperature is in the form

o(u,v,7) = Z[(an cos(B,u)+b, sin(B,u))[c, cos(u,v)+d, sin(u,V)E7"; (22)

ﬂn bn = |1x n? (23)
sin(3, L)(a B, —B, n) cos(,L)b, 5, +B,,,a n) (25)

b B, a
tan( . ) M( )
ﬁ B|2x n
The following transcendent equation x:
h, L h, L
&
tan(3, L) =2 A (27)
h,h, L
ﬁz_ 1x ' '2x
n 2

=3

[
T

I
=
=)

5 ;Cl 15 20
The values of 3,
Fig. 2 Curve of the following transcendent equation

Fonction homogeéne fh et Fonction tangentielle ft |

The intersection of the two curves fh (B ) and ft (B ) corresponds to the solution.

Table 1 summarizes the eigenvalues found of B

10



FAYE Setal Euro. J. Adv. Engg. Tech., 2022, 9(3):7-15

Table -1 The eigenvalues B,the equation

n 1 2 3 4 5
B, 4.4 7.4 10,3 13,3 16,4
Transcendent equation following y

/undn |1y n1(28)
= 3Gy $iN{y L)+ g1y, c08(at, L) = =By, (¢, cos{u, L)+l sin(u, L) (29)

Sin(/l’ln L)(C Hy — |2y n) COS(,Lln LXC Hy +B|2y n);(30)

d +B.
tan(u, L) = Sotln T By :(30)
n/u B|2ydn
h,,
ﬂn
tan(u, L) = ;

0 5 10 15 20
The values of 3,
Fig. 3 Curve of the following transcendent equation

Fonction homogéne fh et Fonction tangentielle ft

The intersection of the two curves fh (u ) and ft () corresponds to the solution.
Table 1 summarizes the eigenvalues found of p

Table -2 The eigenvaluesp,, the equation
n 1 2 3 4 5
H, 4.4 7,4 10,3 13,3 16,4

T(X, y, My, s by by 1) =T
Ti _Ta
T(x Y, by by hyy ) =T =T, +(T, =T, )0(u; v, 7 (34)

o(u;v,7)= %:(33)

11
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The general solution of temperature:

hle leL
a ,
X A X y A y 2.
T=T, +(T -T a.| cos — [+—%—sin — | |c.| cos = [+—%—sin =~1le " :(35
.+ a)g . [ﬂn Lj 5 [ﬂn L] n (un Lj " (un L] (35)

Heat flux density:
We get the expression for the density of the heat flow (or surface heat flow)
Which is the heat flux per unit area (W.m™) as follows:

(%, v,y by by, t)=—AgradT (x, y, by, b, hy by, th(36)

ly 1" 2y

(P(X’ ZLUH P o h2y1t): Py (X: Yo hiy, Doy hyy gy t)"‘ ?y (X1 SZLLY P | h2y’t); (37)
From these two expressions we get, the final expression of the heat flux density

{Zan(—{nsin(ﬂnﬁ+B:_lxcos(ﬂntj]cn(cos(ynij+Bil_lysin(unﬁﬂ + 2 L,

" . e e
7. y\) Bily X X\ Bilx . X

{Zﬂ:cn(—l_sm(ynl_j+Lcos[yanan[cos(ﬂnLj+Lsm[ﬁnLjﬂ

RESULTS AND DISCUSSION
Evolution of the temperature and the density of the heat flow as a function of the depth for different values of the
exchange coefficient
The heat exchange coefficient on the rear face is assumed to be low and relatively high on the front face in Figures 3
and 4. The rear face being at a temperature close to the initial temperature of the material. The front face being hotter
than the back face, the temperature decreases considerably in the medium and tends towards the initial temperature of
the material for figure 3.
For Figure 4 the heat flux density gradually decreases before reaching the back side. Which is to say that the material
has stored most of the heat. The observed phenomenon highlights the insulating character of the Kapok-plaster material.
In this case the temperature and the density of heat flux transmitted from the front face to the rear face are completely
absorbed before reaching the rear face (Figures 4 and 5). These observations show the thermal inertia of the material
capable of storing heat but also of restoring it.

p(x,y,t)=A(Ti—-Ta

T 150/
= h1=50W.m"1.C" e h1=50W.m"1.C"
emmimn  h1=40W.m"1.C s h1=40W.m"1.C"
h1=30W.m-1.C-1 h1=30W.m-1.C-1
o e h1=20W.m".C"" === h1=20W.m-.C
e &
£ E oL
: ; 100/
¢ z
g
2 3
x
15 E s0r
T
1I]0 DIDI 0‘0-1 0 D‘DJ 0.04
Material depth x(m) Material depth x(m)
Fia. 4 Temperatur function of material Fig. 5 Heat flux density as a function of material
0. 0 L Smperars & 8 e Of meeria depth.h,=0.005W.m2.C" ; t=100s
depth. h,=0.005W.m™.C™; t=100s pth.h;=U. m=.C™;
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Evolution of the temperature and the density of heat flow as a function of the exchange coefficient

Figures 6 and 7 show the change in temperature and heat flux density in the material as a function of the heat exchange
coefficient on the front face.

These figures show that the wall heats up as a function of the heat exchange coefficient reflecting a storage of thermal
energy. The exchange of temperature and heat flux density for the different formulations is all the more important the
higher the thermal coefficient.

This temperature change is all the more rapid. This corresponds to a strong period of excitement at the surface of the
wall. The temperature changes until it reaches a limit value.

This is because the temperature tends towards the temperature of the fluid in contact with the surface of the material.
By storing as much energy as possible, the material becomes independent of the change in the convective exchange
coefficient when thermal equilibrium is reached.

30

e X1=0.025m
e X1=0.02m

s X1=0.015m
o X1=0.01m 1

Temperature T (°C)

1 1 1
(] 30 100 150 200

Coefficient of exchange on the front h1 (W.m".C")

Fig. 6 Temperature as a function to the heat exchange coefficient on
the front face h; of the material. h,=0.005W.m™.C™; t=100s
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e X1=0.01m

Heat flux density (W.m?)
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Coefficient of exchange on the front h1 (W.m™.C")

Fig. 7 Heat flux density as a function of the exchange coefficient at
the front face h, material.h,=0.005W.m>.C* ; t=100s.
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Evolution of the Temperature and the Density of the heat flow as a function of time

This change is made as a function of time for different values of the exchange coefficient of the front face in the
material.

Figure 8 and 9 show the evolution of the temperature and the heat flux density as a function of time under the influence
of hl. For the low values of the exchange coefficient at the front face, the material reacts then it keeps its initial
temperature. This is the lag time. Beyond this time, the temperature increases when the exchange coefficient of the front
face is high, then reaches a maximum, the material absorbs heat.

sof ' i _——

e h1=50W.m".C"
s h1=40W.m".C"

h1=30W.m-1.C~
s h1=20W.m-1.C-

Temperature T (°C)

10 Il 1 1
2107 207 6107 8=10°

Time t(s)

=}

Fig. 8 Evolution de la température en fonction du
temps matériau ; x=0.01m : h2=0.005W.m?%.C™*

amms h1=50W.m-1.C-
ammem  h1=40W.m".C

h1=30W.m".C~
s h1=20W.m"1.C~

Heat flux density (W.m?)

0 5x10° Lo 15x10* 210
Time t(s)

Fig. 9 Evolution de la densité de flux de chaleur en
fonction du temps; x=0.01m ; h2=0.005W.m?2.C™*

CONCLUSION

In this article, the influences of heat exchange coefficients at the front face of a material on the diffusion of heat through
a material and the flow of heat transferred from one face to another were presented. The influence of excitation time on
diffusion and heat transfer has been shown. These studies show that the thermal diffusivity which is inversely
proportional to the volume density leads to an increase in the optimum thickness and that the heat exchange coefficient
at the front face still influences the optimum insulation thickness by disturbing the material. to achieve thermal
equilibrium more quickly.

The modeling of the temperature and the heat flux density made it possible to highlight the quality of the kapok plaster
material in thermal insulation.

14
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