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Abstract In this article, we present a study of heat distribution in a multilayer in dynamic frequency modulation
under influence of extrinsic parameters such as, exciting pulse, the thermal exchange coefficient in front and
back faces. The device in question consists of a kapok layer sandwiched between two coatings of raw earth.
This study presents the temperature variation and the quantity of thermal flow per square meter under the effect
of the exciting pulse and the thermal exchange coefficient.
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1. Introduction

The control of building materials, especially those based on the combination of local materials with agricultural
residues [1] and plant products [2], is a scientific research domain in which the improvement of the thermal
comfort of housing environments deals with [3,4]. The study of the thermal transfer on multilayers [5-8] which
one of them is a local heat insulator [9] from vegetable origin is proposed by some authors. And others proposed
techniques of materials intrinsic parameters [10-13] determinations that characterize the heat distribution.

In this way, A. Wereme et al., [14] characterized sawdust and kapok as local materials. By means of two test tub
with an annular space between them, allowing the installation of the kapok wool. Temperature sensors are used
to measure the temperature in different points of the device. The measure of global thermal exchange coefficient
and the conductivity is obtained with various values of density.

On the other hand Y. Jannot and T. Djiako [3], presented a study of the thermal conductivity measure of an
insulating material with a three layers device. The device is in a cylindrical geometry which consists of brass /
sample / brass layers and is submitted to an impulsive signal. The obtained results highlight the evolution of the
reduced sensibility of the insulating material [5].

In this work, we propose a study in dynamic frequency modulation, the temperature and thermal flow evolution
in the device under the influence of the exciting pulse and thermal exchange coefficients in the front and back
faces.

2. Presentation Du Modele
The model of study, consist of a kapok layer [15] confined between two layers of raw earth filler, is put on a
climatic stress in dynamic frequency modulation.
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Figure 1: Modelling of the Device
2.1. Simplified Model
The figure 2 presents the simplified plan of the studied model with the characteristic of each layer
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Figure 2: Transversale Section View
e Tal = front face temperature,
e Ta2 = back face temperature,
e TI1=T (0,t) isothermal temperature for x=0,
e T2=T (L, t) isothermal temperature for x=L,
e hl=hcl+hrl front thermal exchange coefficient,
e h2=hc2+hr2 back thermal exchange coefficient,
e hc convective thermal exchange coefficient
e hr coefficient of thermal exchange radiative
2.2. One dimension heat equation
When a system is submit to a gradient of temperature, we shall note a phenomenon of thermal transfer governed

by the following equation:
2ms .
/1-%+Pp=p-c-%
With :
e A (W.m?K™) material’s thermal conductivity
e C (J.Kg™K™) material’s specific heat
e P, (W.m?) heat sink
e p (Kg. m®) material’s density
e X (m) thikness of the device.
e T (Kor °C)temperature in a considered point.
In the absence heat sink we have Pp=0
the heat equation becomes:
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A.
Avec a; = ——
PjCj

The indications j = 1, 2, 3 represents the various layers of the device.

The solution of continuity the equation gives the temperature expression in every layer which is written under

the shape:

T1 = (A1-sinh(B1-x1) + B1- coshi{{f1 - x1) - e/t
T2 = (A2 - sinh(B2 - x2) + B2 - coshi{{B2 - x2) - e/t
T3 = (A3 - sinh(B3 - x3) + B1 - coshif33 - x3) - e/**

To determine the Aj , Bj coefficients, the following borders conditions on are defined:

aT1
-1 o = h1(Tal—-T(x =0,t)
aT1 aT2
Al-— =A2-—
0x lyx=11 0x ly=p1

T1(L1,t) =T2(L1,¢t)

aT2

aT2

x=L2 ox

x=L2
T2(L2,t) = T3(L2,t)

dT3

| =ha(T3(L3,0) — Ta2

x=L

Considering the initial temperature Ti, and posing T as the added temperature:

T=T+Ti
The expression of the equation of the heat becomes:
0’°T(T+Ti) 1 OT(T +Ti) _
x> a ot
The new boundary conditions will be written in the shape:

" oT1
ox o
" oT1
Ox

= h1(Tal — (T + Ti)

T2
Ox

x=L1 x=L1

T1(L1,6) + Ti = T2(L1,¢) + Ti
T2

2._
A Ox

T2
Ox

x=L2 x=L2

T2(L2,t) = T3(L2,¢)

aT3
— A3 —

k - = h2(T3(L3,t) + Ti — Ta2

x=L3

3. Results and Discussions
3.1. Evolution of the temperature and the density of flow
3.1.1. Influences of the exciting pulsation

The following curves highlight the temperature and the thermal flow evolution through the material under the
influence of extrinsic parameters such as: the exciting pulse and exchange coefficients in front and back faces
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Figure 1: Temperature evolution according to the depth under the influence of the exciting pulse in the
material’s layers h1 =100 W.m 2Kt h2=0.05 W.m2.K*:

The curves at figure 3 present the temperature evolution according to the depth with fixed values of the
exchange coefficient on front and back faces.
In the device, the temperature transmitted in the front face is weak all the more as the value of pulsation is big.
With various values of the exciting pulse we notice that curves have an almost identical look. The temperature
evolution follows a diminution until depth’s value of 0.07 m corresponding to the kapok layer superior limits
depth.
For big pulse values (107, 10™'rad.s™), the kapok layer temperature module follows an almost stable look in the
value of 25 °C corresponding to the back face temperature value.

———ama e ee =101 (rﬂd.f")
—— - wme e e w=10'2 (.rﬂd.f")
800 ——-— e e w=1£?3(rad.5’1) T

Module du flux thermique

LB _ N _IRENEERNERENN'
1 1
0 0.02 0.04 0.06 0.08 01

Profondeur du dispositif

Ol— 1 1

Figure 2: thermal flow evolution according to the depth for various values of the exciting pulse; h1 =100 W.m’
2K™; h2=0.05 W.m2K™;

The figure 4 presents the profile of the thermal flow evolution in the depth of the material.
In a low value of the exciting pulse, corresponding to a long period of excitement, the thermal flow evolution
follows to an almost static look. The evolution in frequency modulation is observed with rather low values of
pulse.

The exchanged flow decreases exponentially and stabilizes from a deep point of 0.05 m, corresponding to the
first raw soil layer.
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Tables 1-2: Evolution of the transfer phenomena under the influence of the exciting pulse

Exciting pulse rad.s™

Exciting pulse rad.s™

Temperature 107 10° 10° Flow density ~ 10* 10 10°
at x= at x=

0 27.277 29.714 32.504 0 862.23 579.87 303.6
0,02 25.005 24.509 27.61 0,02 1.8526  82.901  163.92
0,04 25.062 25.062 25.062 0,04 0.0054 1259  53.653
0,05 25 25.039 24.743 0,05 0.18093 5.8378  5.8378
0,06 25 25.027 24.768 0,06 5.8127 5.8127 5.8127
0,07 25 25 25 0,07 0.18543 0.18543 0.18543
0,08 25 25 25 0,08 0.15804 0.15364 0.15364
0,09 25 25 25 0,09 0.27207 0.27207 0.27207
0,1 25 25 25 0,1 0.50923 0.50923 0.50923

3.2. Influence of the heat exchange coefficients
Curves below show the module of the temperature evolution in the depth of the device under the influence of the
front exchange coefficient.

isolated environment from the deep point of 0.05 m.
GO0y

Figure 4: Thermal flow module evolution according to the depth under influence of the front exchange
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Figure 3 : Temperature Evolution according to the depth under the influence of the front exchange coefficient in
layers of the material; =107 (rad.s™); h2=0.05 (W.m?2.K™);
In the depth of the layers, with various values of the front exchange coefficient, the temperature module
evolution takes place according to an exponential decay. It follows itself a stabilization in the temperature of the
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coefficient in the layer: w=107 (rad.s™); h2=0.05 (W.m%K™);
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Under the influence of the exchange coefficient, an almost identical evolution of the module of the thermal flow
is observed.

For various values of the exchange coefficient, the thermal flow follows an exponential decay until a
stabilization in the first raw soil layer. From the deep point of 0.05 m, the exchanged thermal flow stabilizes and
nullifies in the kapok layer. From tables 2-3, values giving the evolution of the thermal transfers are presented.

Tables 3-4: Temperature and thermal flow evolution under the influence of the exchange coefficient in the front

face
Front exchange coefficient hl Front exchange coefficient hl
(W.m2K™% (W.m2K"%
Temperature 1 10 100 Flow density 1 10 100
at x= at x=
0 25.06 25.633 29,8 0 9.94 94.11 579.87
0,02 24,989 24.898 24,5 0,02 1,567 13.454 82.901
0,04 25 25 25 0,04 0,2159  2.2678 12.59
0,05 25.039 25.039 25 0,05 0.1726  0.18093  0.17259
0,06 25.027 25.027 25 0,06 0,1338 0.13388 0.13388
0,07 25 25 25 0,07 0.0299 0.12975 0.12975
0,08 25 25.001 25 0,08 0.0650 0.07166  0.07166
0,09 25 25 25 0,09 0.1558 0.18928  0.18928
0,1 25 24.998 25 0,1 0.4536  0.45367  0.49994

3.3. Influence of the exchange coefficient in the back face
The following figures highlight the thermal flow evolution in the depth of the device under the influence of the
back face exchange coefficients.
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Figure 5: Evolution of the temperature module according to the depth under the influence of the back face
exchange coefficient in the layers.w=10" (rad.s™); h2=0.05 (W.m%K™);
For various values of the back face exchange coefficient, the temperature module follows an exponential and
identical decay in the first two layers of the device. Within the last layer of soil thelow values of the thermal
exchange coefficient in the back face have no incidence on the evolution of the temperature which remains
constant in the value of the isolated environment temperature.
For exchange coefficient values more and more raised, we note a temperature fall in values lower than the
temperature of the isolated environment.
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Figure 6: Thermal flow module evolution according to the depth under the influence of the back face exchange
coefficient in the layers of the device; w=107 (rad.s™); h2=0.05 (W.m%.K™);

The thermal flow evolution of takes an exponential and identical decay for various values of the back face
exchange coefficient, until the deep point of 0.05 m. From this point the thermal flow adopts different thermal
behavior. Indeed, for a relatively low values of back face exchange coefficient, the thermal flow remains
constant and equal to zero. The thermal flow increases according to the evolution of the values of the exchange
coefficient.

The following tables give the synthesis of the values illustrating the phenomena under influence of the back face
exchange coefficient.

Tables 5-6: Temperature and the thermal flow evolution under the influence of the back face exchange

coefficient
back face exchange coefficienth2 back face exchange coefficient h2
(W.m? K% (W.m?K?h
Temperature 0.05 1 10 Flow density 0.05 1 10
at x= at x=
0 32.51 32,51 3251 0 579.87 579.87 579.87
0,02 27.61 27.61 27.61 0,02 82.90 82.90 82.90
0,04 25.15 25.15 25.15 0,04 12.59 12.59 12.59
0,05 24.77 24.77 24.77 0,05 0.24 0.24 0.24
0,06 24.77 24.77 24.77 0,06 0.15 0.15 0.15
0,07 24.99 24.99 24.99 0,07 0.53 0.53 0.53
0,08 24.99 24.97 24.64 0,08 0.07 1.42 13.48
0,09 24.99 24.99 24.05 0,09 0.18 3.76 35.62
0,1 24.99 24.82 23.21 0,1 0.49 9.94 85.37
4, Conclusion

Our study had for main objective, to make a study of the thermal distribution in a multilayer in frequency
dynamic regime under the influence of extrinsic parameters for the device such as the exciting pulse and the of
exchange coefficients in front and in back faces. We so noticed that the front face temperature remains low at
high values of the exciting pulse.

The front and back face exchanges coefficients influence the thermal transfers only at the level of the outer
layers of the device.

In some, with physical variable studied, the results show the mitigation of the evolution of the temperature and
the thermal flow in the depth of the device (plan), following an exponential decay and a stabilization in
temperature value of 25°C. This is due to the big quantity of thermal flow absorbed by the first filler of raw
earth layer.
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So the use of a multilayer device will permit to solve a big part problems related on the local materials valuation
with the aim of an energy efficiency of buildings.
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