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Abstract The study in Cartesian coordinates of a form material of a simple wall consisting of Kapok-plaster

with the following characteristics (+ = 0MW.m™°C™ g =473.10"m? 'Sfl).

A study of the thermal behavior in transient regime of Kapok associated with plaster as a binder is carried out.
Analysis of the results from representations of temperature and heat flux density allowed characterization of the
Kapok-plaster thermal insulation from the one-dimensional transient dynamic regime study. The resolution of
the one-dimensional heat diffusion equation by the analytical method made it possible to determine the
evolution of the temperature and the flux density according to the depth and the thickness under the influence of
the heat exchange coefficient at the front face. The study showed that the Kapok-plaster material is a good
thermal insulator.
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Introduction

Artificial insulation poses an environmental problem unlike natural biodegradable insulation [1]. Kapok [2] a
natural biodegradable product, is used as a thermal insulator [3-5] in association with plaster as a binder. The
study is part of improving the use of natural local products on thermal insulation. The heat transfer through the
kapok-plaster material [6] is studied considering a material of parallelepiped shape. The proposed study is done
in one dimension in a Cartesian coordinate system. The imposed heat exchanges take place on the front and rear
faces. Researchers have worked on several local materials of plant [7], animal [8, 9] or synthetic [10-12] origin
for thermal comfort [13-15].

In this work, we study the transient heat transfer [16-18] in a material consisting of Kapok-plaster under the
influence of the heat exchange coefficient [19, 20].

Depending on the depth and the heat exchange coefficient we present the profiles of the temperature and density
curves of heat flow.

After using the different types of results we highlight the quality of the Kapok-plaster thermal insulation.

Materials and Methods

Figure 1 represents the study model, it is a simple wall in kapok-plaster of thickness L.

The thermal exchanges between the material and the two faces (exterior and interior) are assumed to be
convective. They are quantified by heat transfer coefficients on the front and back sides.

T

. aland Taz : temperature in dynamic transient mode of indoor and outdoor environment respectively;

N
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—0)=Ti=10°
T(xh,h,,1=0)=Ti=10C : initial temperature of the kapok-plaster insulating material;

o L=005M oerial length along the axis X ;

2 0~-1
. hl and h2 W.m=.C™) : heat transfer coefficient from single wall to front and back side respectively.

\J

Taz2
h2

0
hnL

Figure 1: Sample of Kapok-plaster
where:

-3
o plkgm ):density of material;

-lopr~-1
. C(Jkg™"C ):massthermal capacity;

AW.m™oc™

) : thermal conductivity of material;
-3
. P(W'm ) : internal heat supply (heat sink) of material;

. X(m) : depth position.
Simplified form of this equation, in absence of internal heat sinks and for
constant thermal conductivity (assumed isotropic material) is given by:

T2 a1
o pCo
Theory

Unidirectional transfer of heat in thermal insulating tow-plaster is regulated by equation (2) below:
o°T(x,h,,h,,t) 1 8T(x,h,h,,t)

=0;(2
ox? a ot &)

T ZT(X’hl' hz’t)is temperature inside material; x depth and t time. Equation (3) gives expression of the
diffusivitya.

a="0
pC

o thermal diffusivity (m?.s71)
Athermal conductivity (W.m™2.°C™1)

o

265,‘:’

i

=)
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p density of the material (kg.m~2)
Boundary conditions:

/IM =h,[T(0,h,,h,,t)-T, }(4)
6’X x=0
/15T(X2X1hzt) = —h,[T(L,h,,h,, )-T,} (5)
x=L

T(x,h,,h,,t=0)=T,(6)

To solve the equation (1) we make dimensionless by asking:
T(x,h,h,,)-T,  T(X,h,h,,t)-T

O(u,7) = = 27
(u.7) T(x,h,h,,t=0)-T, T -T, ()
With
0(u, T) : reduced temperature;
X
U=—
L reduced space variable
and
at
T= F,T = FO

Fy: reduced variable of time or number of Fourier

Heat equation (1) becomes:
0°0(u,7) 06(u,t
W) _290.r), o
ou ot
Boundary conditions (4) and (5) become (9) and (10):

ot u:0_ A 006
00 D) _ ML g a0
ot |,a

Seek the solution of equation (7) in the form of equation (10):
O(u,7) =U(u).H(z); (1)
Using equations (7) and (10) we obtain that (11)
1 o%U(u 1 OH(r
U)’ auE - H(z) a( '=-p02)
T T B positive constant.

From equation (11) we obtain two differential equations:

i) Differential equation in time is given by (13):
1 OoH(r
MG gz
H(z) or
i) Differential equation in space (14) is written:
1 o%U(u
OO g
U(u) ou

Boundary conditions of space:
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VW g u o))
ou 1m0

FVWI g uayas)
ou oL
o _hl _hylL

il i2
With A and A
Biot numbers respectively to the front side and the back side.
Temporal equation (14) has the solution:

T

H(r) = H(0)e”" = H(0)e™ :(L7)

T4 : reduced time constant and ,#0 Differential equation (14) has the solution:
U(u) =a, cos(p,u)+b, sin(S,u); (18)

with, ne N

a,andb, coefficients determined from the boundary conditions.

ﬁnbn = Bila; (19)
{— Baa,sin(B,) + B,b, cos(B,) = —By,[a, cos(B,u) + b, sin(B,u)] (20)

Expression (20) allows us to find transcendental equation (21):

h,L h, L
275“+Ign17

tan(g,) =% A (21)
h .h,.L
,32 _ 'R
n 22
Transcendental equation is divided into two functions:
i) Trigonometric function denoted ﬁ(ﬁ“)
ft(8,) =tan(5,);(22)
i) Homogeneous function denoted th(4,)

L

Homogeneous Function fh and Tangential Function ft

11T

20

0 E
The values of 3

Figure 2: Graphical determination of the eigenvalues (fn) of the transcendent equation

P
=
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In this figure we present the evolution of ft (B,) and fh (B,) as a function of the eigenvalues of the transcendent
equation for different values of the coefficients.
The intersection of the two curves th (B,,) and ft (B,,) corresponds to the solution.
Table 1 summarizes the eigenvalues found of 8,
Table 1: The eigenvalues of 3, of the equation
n 1 2 3 4 5
B, 46 75 105 134 166

2.1. Temperature expression
The Euler-Fourier integrals allow us to obtain the constants H,(0) and Hy,(0)

H,, (0) = Jr {7 sinh(7) + 5, sin(,) |+ 2
(ﬂfw){ﬁcosh(f y+ oL sinn(fy )|

h }: (23)

H, (0) = hL {[f
A +y>[f

We get the expressmn for the final temperature:

T(x,h, hy t)=T, + (T, -T,).80,.> al. }[H1n (0) + H,, (0)]e ] ;(25)
2.2. Expression of heat flux density

By generalizing the relation to a one-dimensional configuration:
D(x,h, h,,t) = —ﬂ,.VT(X, h,, hz,t); (26)

% 0

hz [Slnh(\f) ICOS(,B )}};(24)

ﬂn

With, the operator( OxX ) designates the gradient vector

We derive the temperature, T(X h, hz't) as a function of x.
aT(x h,,h,,t).
OX

By applying the product of the derivative of the temperature with respect to the following component x and the
thermal conductivity L. We get the expression for the heat flux density:

q)(X, hl' h2 't) = /1(T| _Ta)'égo Z arf |:ﬂ_Lnsm(% ﬂn) - % COS(E 'ﬂn ):|[H 1n (O) +H 2n (O)]ei%[ﬁnzl (28)

From expression (28) we plot the heat flux density according to the different parameters.

®(x,h,,h,,t) =1 ;(27)

3. Results and Discussions

3.1 Evolution of the temperature and the density of the heat flow as a function of the depth for different
values of the exchange coefficient

This wall is a material is made of Kapok-plaster. In this study we have a single wall with a thickness of 5¢cm.
Heat flux is from the front side assuming that from the back side is assumed to be low. The initial temperature
of the material is fixed at 10 ° C. The outdoor environment has a temperature of 30 ° C.

For figures 3 and 4 we have plotted the temperature and the heat flux density as a function of the depth under
the influence of the heat exchange coefficient at the front face h1.

We note a decrease in temperature as well as in heat flux density depending on the depth of the wall made of
Kapok-plaster material. This thermal drop in depth shows that this material is a good insulator.
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T ljl T
m— h1=35W.m>.°C™" = h1=35W.m=.°C"
— h1=25W.m2°C" — h1=25W.m2.°C"
h1=15W.m™>.°C” = h1=15W.m>.°C™"
— h1=5W.m?=.°C" E m— h1=5W.m=.C"
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=
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Material depth x(m) Material depth x(m)
Figure 3: Temperature as a function of material Figure 4: Heat flux density as a function of
depth. h,=0.005W.m?.C*; t=10s material depth.h,=0.005W.m?.C™?; t=10s

3.2. Evolution of the temperature and the density of heat flow as a function of the exchange coefficient

For low values of the exchange coefficient on the front face, the temperature and the heat flux density evolve
exponentially before stabilizing at temperature values depending on the depth. We note that as one penetrates
the material layer, the effect of the exchange coefficient at the front face in the evolution of heat flow becomes
less and less important.

For figure 5 we see for each point of the material, the temperature increases exponentially as a function of hl
and then reaches a level which corresponds to the maximum temperature that this point can take where the
stored energy is maximum at this point.

For figure 6 the heat flux density increases exponentially as a function of hl then reaches a plateau and it hardly
increases any more. The material seems to store thermal energy, hence a situation of saturation of the energy
stored in large values of the exchange coefficient.

— X=0.03m
- x=0.02m

x=0.015m
— x=0.01m

Temperature T (°C)

1 — x=0.03m |

= x=0.02m
x=0.015m

m— x=0.01m 0

Heat flux density (W.m?)

) ) ) () 10 20 30
o) 10 20 30 40

Coefficient of exchange on the front h1(W.m?.°G¢™")

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

Figure 6: Heat flux density as a function of the
exchange coefficient at the front face
h,material.h,=0.005W.m2.C™; t=10s.

Figure 5: Temperature as a function to the
heat exchange coefficient on the front face h;
of the material. h,=0.005W.m™>.C™ ; t=10s

3.3. Evolution of temperature and heat flow density as a function of time

Figures 7 and 8 give the temperature and heat flux density of the samples as a function of time under the
influence of the heat exchange coefficient at the front face.

For figure 7 the temperature increases as a function of time. This shows the material heats up over time. This
translates into a storage of thermal energy.
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For Figure 8 the heat flux density decreases as a function of time inside the material. This decrease is due to a
loss of heat in the kapok-plaster material.

15} T
—— h1=35W.m=°C"
— h1=25W.m=.°C"
& h1=15W.m>.°Cc"
_ E — h1=5W.m>°C"
2 |
- z
® 2
] 2
- H
2 Sl
E g
|2 m—— h1=35W.m?=.°C" T
= h1=25W.m=.°C" |
h1=15W.m*=.°¢c"
m—— h1=5W.m>.°C" )
L L L L 0 0 40 60 20 100
o 20 40 60 80 100 Time t(s)
Time t(s)
I;lgure [ EV(,)IL_Jt'On B tempehrature en fOI‘I(EEIOf:I Figure 8 : Evolution de la densité de flux de chaleur
u'temps matériau ; x=0.01m ; h2=0.005W.m™.C en fonction du temps ; x=0.01m ; h2=0.005W.m>.C*
4. Conclusion

The study of the thermal behavior of the Kapok-plaster insulating material through a model of the temperature
and the heat flux density has made it possible to highlight the quality of the material.

The influence of the exchange coefficient at the front face on the temperature and heat flux density of the
Kapok-plaster material, under transient conditions, is noted. This shows that the Kapok-plaster used is a good
insulator.

References

[1]. M. S. Ould Brahim, S. Tamba, M. Sarr, A. Diéne, 1. Diagne, F. Niang, G. Sissoko “Caracterisation
d’un Materiau Isolant Thermique Filasse-Platre a Partir de 1’impedance Thermique en Regime
Dynamique Frequentiel »Journal des SciencesVol. 10, N° 3 pp 46 — 54, 2010.

[2]. Zhang, W.M., Zhou, J.T., Li, T., Yang, B.L. and Huang, H. (2015), Reutilization of Expanded
Polystyrene Waste, Journal of Ningbo University of Technology, 27, 11-14.

[3]. Y. Jannot, A. Degiovanni, G. Pavet. Thermal conductivity of insolating materials with a three layers
device. International Journal of Heat and Mass Transfer. 52, Vol. 7, No. 3, pp. 48-52, 1105-1111. 2007.

[4]. Buongiorno J., Venerus D. C., Prabhat N. and McKrell T. A benchmark study on the thermal
conductivity of nanofluids. Journal of Applied Physics. 106: 094312. 2009.

[5]. Murshed S. M. S., Leong K. C. and Yang C. Enhanced thermal conductivity of TiO2-water based
nanofluids. International Journal of Thermal Sciences 44: 367-373. 2005.

[6]. Dame Diao, M.S. Ould Brahim, Séni Tamba, Youssou Traoré, Pape Touty Traoré, Seydou Faye, Issa
Diagne and Grégoire Sissoko “Evaluation of Thermal Phase Shift from the Curve of Temperature of a
Kapok-Platter Material in Dynamic Frequential Regime” ARPN Journal of Engineering and Applied
Sciences

[7]. Legrand O., Vignon J.M., Point R. Et Brun M. (1995), Etude des transfertsthermiques locaux et
instantanés dans la chambre de combustion d’un moteur diesel en régime transitoire, Revue Générale
de Thermique, tome 34-n°405, p. 557-565

[8]. Amadou Gueye, Khatry Ould Cheikh, Issa Diagne, Youssou TRAORE, Seydou Faye, Cheikh Thiam,
Pape Touty Traore, Sokhna Khadidiatou Ben Thiam, Ablaye Fame, El Hadj Bamba Diaw, Gregoire
Sissoko, (2020), Study of the Heat Exchange Coefficients in Frequency Modulation for the
Determination of Minimum Thickness of Thermal Insulation with Rice Husk Panel, Journal of

ﬁan’;ﬁ
"‘)& Journal of Scientific and Engineering Research

205



FAYE S et al Journal of Scientific and Engineering Research, 2021, 8(9):199-206

£

& Journal of Scientific and Engineering Research

[9].

[10].

[11].
[12].
[13].

[14].

[15].

[16].

[17].
[18].
[19].

[20].

=

Scientific and Engineering Research, 7(5):323-331, http://jsaer.com/download/vol-7-iss-5-
2020/JSAER2020-7-5-323-331.

Osvath, G., Daubner, T., Dyke, G., Fuisz, T. I., Nord, A., Pénzes, J., Pap, P. L. (2017). How feathered
are birds? Environment predicts both the mass and density of body feathers. Functional Ecology, 32(3),
701-712. doi:10.1111/1365-2435.13019 .

Williams, C. L., Hagelin, J. C., &Kooyman, G. L. (2015), Hidden keys to survival: the type, density,
pattern and functional role of emperor penguin body feathers, Proceedings of the Royal Society B:
Biological Sciences, 282(1817), 2015-2033.d0i:10.1098/rspb.2015.2033.

Y. Jannot, A. Degiovanni, G. Pavet , Thermal conductivity of insolating materials with a three layers
device. International Journal of Heat and Mass Transfer 52, Vol. 7, N°3, pp. 48-52, 1105-1111. 2009.
Yao, M., Ning, T.M., Peng, T.K. and Jiang, Z.G. (2017), Recycling of Waste Expanded Polystyrene
(EPS) by Graft Polymerization. Journal of Beijing University of Chemical Technology, 44, 28-33.

M.J. Mendell, A. Mirer, Indoor Thermal Factors and Symptoms in Office Workers: Findings from the
U.S. EPA BASE Study, Indoor Air. 19(4), pp. 291-302. 2009.

Legrand O., Vignon J.M., Point R. Et Brun M. Etude des transferts thermiques locaux et instantanés
dans la chambre de combustion d’un moteur diesel en régime transitoire, Revue Générale de
Thermique, tome 34-n°405, p. 557-565. 1995.

Amr Sayed Hassan Abdallah, Analysis of Thermal Comfort and Energy Consumption in Long Time
Large Educational Halls (Studios), 9th International Symposium on Heating, Ventilation and Air
Conditioning (ISHVAC) and the 3rd International Conference on Building Energy and Environment
(COBEE), Procedia Engineering 121, pp. 1674 — 1681. (2015).

Seydou Faye, Mohamed Sidya Ould Brahim, Youssou Traore, Aliou Diouf, Moussa Dieng, Abdoulaye
Korka Diallo, Issa DIAGNE, Hawa Ly Diallo, Gregoire Sissoko « Study by Analytical Method of
Transient Regime of Thermal Transfer Through a Insulation Material Tow-Plaster — Influence
Coefficient of Thermal Exchange” IPASJ International Journal of Computer Science (11JCS) Volume
4, Issue 7, pp 1-9, July 2016.

Jannot Y., Meukam P., Simplified estimation method for the determination of the thermal effusivity
using a low cost hot strip, Measurement Science and Technology, vol.15, 2004.

Marechal J.C. and Devisme J.M., Metrology thermal insulation materials by measuring the flux in
transient regime. Materials and constructions, (translated French), Anales I.T.B.T.P vol.7 n°41, 1974.
A. Bejan, The boundary layer regime in a porous layer with uniform heat flux from side, International
Journal of Heat Mass Transfer, vol. 26, N° 9, pp. 1339-1346. 1983.

Hassan El Harfil, Mohamed Naimil, Mohamed Lamsaadi, Abdelghani Rajil, Mohammed Hasnaoui,
Mixed convection heat transfer for nanofluids in a lid-driven shallow rectangular cavity uniformly
heated and cooled from the vertical sides: the opposing case. Journal of Electronics Cooling and
Thermal Control- JECTC, 3, 111-130. 2013.

206



