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ABSTRACT
In this paper, we have applied a numerical method to determine the optimum insulation thickness of the
tow plaster plane material. The influence of the exchange coefficients at the level of the two faces of the
material has been highlighted. The optimum insulation thickness of the material is at the area where
the thermal resistance value of the material is the maximum. We added the relative thermal resistance
to show how the optimum insulation thickness changes when the exchange coefficients change values.

Keywords: Optimal thickness, Insulation, Heat exchange coefficient, Thermal resistance

Introduction

The high energy consumption [1] was caused by air conditioning in buildings and prompted researchers to focus on
the characterization of high performance local insulating materials to improve thermal comfort [2] of buildings and
save energy and money it is important to use local materials that are available and easy to use, hence the interest of
insulating the hearths with an insulating material [3] with a small thickness to amortize the cost of investment. In
this work, we determined the optimum insulation thickness [4] of the plaster tow material. The proposed method is
based on the determination of the thermal resistance in the depth of the material for a different value of heat
exchange coefficient. We also used the relative thermal resistance that shows how the optimum insulation thickness
of the material changes when the heat exchange coefficients change values [5].

Material and Method
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Fig. 1: Tow plaster plane material
The equation for heat without a heat sink is given by the following expression

32T(x,t) 18T (xt)
02x a Ox (1)

Where a = ;—C 2

a is the thermal diffusivity of the material assumed to be uniform.

A is the thermal conductivity of the material

c the specific heat
Equations (2) and (3) reflect the conservation of heat flux at the surface of the material and equation (4) represents
the initial condition.

AT (x,
Jhl(T(O, t)—Tp) = A% lx=0 3)
AT (x,
hi(T(L,t) —Typ) = A% x=L (4)
LT(x, 0)=T° (5)
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The finite-difference discretization method applied to the equations allows us to obtain; the temperatures
expressions on the two faces

7)™ = AT/ + 2PT] + CTj, @)
T/*' = BT/ + 2PT},_, + DT}, )
T} =T° €)

Where,
i locate the variable space
j isthe locates the variable temp
T’i is the temperature at node i at date j
M represents the number of nodes along the space x
N the number of nodes along time t

The expression of the flux density

_ ) (hy, by, @) = T/ (hy, by, @
g1 = = Diea e )Ax L)) R
The expression of the resistance in the discrete form:
_ ! (a, hy, hy) — Ty (@, hy,
Ri (eI, ) = Ll @ P b))
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Wherel<i<M-1 etl<j<N

The relative constant of thermal resistance is defined by the following expression:

R
R, =t

€C))
; . Rmax
Results and Discussion

We have studied the influence of the heat exchange coefficient of the front face h1 on the evolution of the thermal
resistance of the material at depth.
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Fig 2: Evolution of thermal resistance as a function of depth - influences of heat exchange coefficient h1 W/m’K;
h2 = 5 W/m’K; N = 100,000; M = 100; x = 5cm

The figure shows the evolution of the thermal resistance in the depth of the material. The resistive behaviour [6] of
the material depends on the thickness of the material. For thicknesses between 0 and 1.5 cm, the resistance of the
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material is very low therefore the heat passes through these thicknesses due to the proximity to the external
environment. These characterize the area sensitive to stress outdoor climate; for thicknesses between 1.5 and X, the
strength of the material increased and reached a maximum. This phenomenon reflects the retention heat. This shows
the good thermal inertia of the material. The maximum attain by the resistance exhibits the thermal shunt effect
(resistance to heat leakage) this takes place at optimum insulation thickness level; for thicknesses between X, and
5cm thermal resistance slowly decreases from the optimum insulation thickness on the backside thickness; this
diminutive translates the heat leak to the interior environment due to the effect of heat transfer coefficient of the rear
face h2.
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Fig 3: Evolution of the relative constant of resistance as a function of depth -influences of heat exchange coefficient
hl =50 W/ m2K; h2 =5 W /m2K; N =100,000; M = 100

The figure shows the evolution of the relative thermal resistance [7] in the depth of the material under the influence
of the heat exchange coefficient at the front face h1l. The interest of this figure is to see the displacement of the
optimum insulation thickness as a function of the front face exchange coefficient h;. We observe an increase in the
latter when the exchange coefficient h; increases. In fact, the heat flow transmitted to the material increased with the
exchange coefficient h; therefore there will be rapid diffusion of the thermal wave. So the attenuation of the thermal
wave can only be done in-depth of the material, hence the optimal displacement of thermal insulation. However, the
optimum thickness shifts very little which show the material is a good thermal insulator. The following table shows
the optimum insulation thickness and the corresponding thermal shunt resistance

Table 1 influence of the heat exchange coefficient h, on the thermal shunt resistance and insulation thickness

Heat exchange coefficient hy(W/m2K) | 15 30 45 60 75 90
Maximum resistance 11.32 | 12.40 | 12.64 | 12.75 | 12.71 | 12.63
Ropax (MPKIW)

Optimal insulation thickness Xop (m) | 0.028 | 0.029 | 0.029 | 0.029 | 0.030 | 0.030

In this table, we observe an increase in maximum resistance for coefficient front face exchange includes between 15
W /m?K and 60 W /m?K. For these value ranges of the heat exchange coefficient h,, the material as opposed to the
diffusion of heat which translates increasing thermal maximum resistance. The optimum insulation thickness [8] is
included between 2.8cm and 3.03cm; which shows the good thermal inertia of the material. However, for exchange
coefficients h, greater than 75 W /m’K the maximum resistance decreases and the thickness optimum insulation
remains constant and equal to 0.0303cm. With this small value of the thickness of the tow material, one can make
good thermal insulation.
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Fig 4: Evolution of thermal resistance as a function of depth — influence of heat exchange coefficient h1 W/m?K; h2
=5 W/m?K; N = 100,000; M = 100; x = 5cm.

The figure shows the resistive behaviour of the plaster tow material in depth. The resistance of the material is
practically zero for thicknesses very close to the external environment; this is the area sensitive to climatic stress [8]
from the external environment, the rear face exchange coefficients have no effect on the thermal resistance in the
area. On the other hand, for thicknesses greater than 2 cm, the resistance of the material increases in depth and
reaches the maximum. This maximum reflects the phenomenon of heat retention and heat blocking. The decrease in
thermal resistance in the vicinity of the rear face results in heat leaks to the interior environment. The increase in
exchanges at the rear face between a decrease in the maximum resistance see table 2.
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This figure shows the relative thermal resistance in the depth of the material under the influence of the convective
exchange coefficient at the rear face. The study of the relative thermal resistance in-depth, allows us to see the
displacement of the optimal thickness when we vary the heat exchange coefficient h,. We observe a decrease in the
optimal insulation thickness of the material when the coefficient d h2 exchange increased. The increase in
convective phenomena at the rear face (increase in the exchange coefficient h,) causes heat leaks to the interior
environment, hence this reduction. The values for shunt resistance and optimum insulation thickness [9,10] are in
Table 2.
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Table 2: influence of the heat exchange coefficient h, on the thermal shunt resistance and insulation thickness

Heat exchange coefficient h, (W/m°K)

Maximum resistance
Ropae (MPK/W)
29.85 | 16.25 | 12.65 | 10.94 | 9.92

Optimal insulation thickness Xop (m)
0.032 | 0.031 | 0.030 | 0.029 | 0.029

Conclusion

In this work, we determined the optimum thermal insulation thickness of the tow material. The influence of heat
exchange coefficients on the front and rear sides of the material to be put. The latter has little influence on the
variation of the optimum insulation thickness. And the value of maximum optimum insulation thickness is
approximately 3cm. With 3cm of plaster tow material, we can make good thermal insulation.
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