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Abstract The study in Cartesian coordinates of a material of the form of a simple wall made of tow-plaster with 

the following characteristics ( 101..15,0  CmW and 127 .10.07,2  sm ). 

The tow-plaster thermal insulator (the tow is made of fibers) is modeled by the heat equation using the transient 

dynamic regime analytical method. This article is based on determining different profiles of temperature and 

heat flux density as a function of material depth, heat exchange coefficient and time. 
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Introduction 

Artificial thermal [1-3] insulators are very effective, but pose a problem of biodegradability and the environment 

[4-6], the introduction of natural insulators, such as kapok or tow, reduces environmental problems [7], 

A thermal insulator is a material with low thermal conductivity [8-10]. The characteristic of tow-plaster is to 

slow down the exchange of heat between the interior and the exterior of a building. 

Several methods in static regime [11, 12] and in transient [13] or frequency dynamics [14] established are 

proposed. 

In this work, we study the heat transfer [15, 16] in transient regime in a material made of tow-plaster under the 

influence of the exchange coefficient. 

 

1. Materials and Methods 

 
Figure 1: Sample tow-plaster 
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The tow-plaster material is assumed to be homogeneous and of parallelepipedal shape. The depth of the material 

is mL 05,0 ; the initial temperature of the material CTi 010 and that of the external ambient environments

CTaTa 03021  . The heat exchange coefficients at the front and rear are and respectively 1h  and 2h .. The 

average thermal diffusivity is 
12710.07,2  sm  and the thermal conductivity is 101.15,0  CmW . 

 

2. Theory 

The unidirectional heat transfer in the yarn-plaster thermal insulation is governed by equation (1) below: 
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),,,,,,( 4321 thhhhyxTT   is the temperature inside the material; x the depth and t the time t. Equation (2) gives the 

expression of the diffusivity α. 
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   is the coefficient of thermal diffusivity ( 12 . sm ) 

    is the thermal conductivity ( 12 ..  cmW ) 

  is the density of the material (
2. mkg ) 

Boundary conditions 

 

 

Dimensionless heat equation 
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0F  : Reduced time variable or Fourier number 

The heat equation (1) becomes: 
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The boundary conditions (3), (4), (5) and (6) become (10), (11), (12) and (13):
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Let us find the solution of equation (9) in the form of reduced variables separable in space and time given by 

relation (14): 

)14();()()(),,(  WvVuUvu   

Using the relations (9) and (14) we obtain that of (15) 
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  is a positive constant. 

From relation (15) we obtain two differential equations: 

- The differential equation in time is given by (16): 
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- The differential equation in space (17) is written: 
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The boundary conditions space: 
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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 
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The following transcendent equation x: 
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Figure 2: Curve of the transcendent equation following x 

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

Table 1 summarizes the eigenvalues found of βn  

Table 1: The eigenvalues of βn  of the equation. 

n 1 2 3 4 5 

βn  4.4 7.4 10.3 13.3 16.4 

Transcendent equation following y 
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Figure 3: Curve of the transcendent equation following y 

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

Table 1 summarizes the eigenvalues found of μn  

Table 2: The eigenvalues of μnof the equation 

n 1 2 3 4 5 

μn  4.4 7.4 10.3 13.3 16.4 
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The general solution of temperature:
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We get the expression of the density of the heat flow (or surface heat flow) 

Which is the heat flux per unit area (W.m
-2

) as follows: 
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From these two expressions we get, the final expression of the heat flux density
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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 

Figures 4 and 5 give the temperature and the heat flux density of the samples as a function of the depth under 

the influence of the heat exchange coefficient at the front face. 

We note a decrease in temperature and heat flux density as a function of the depth of the wall l the influence of 

the heat exchange coefficient at the front face. 

The temperature decreases to reach the initial temperature Ti of the material and the transmitted heat flux 

density gradually decreases before reaching the back side, which means that the material has stored most of the 

heat. This shows that the material used is a good insulator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

Figures 6 and 7 give the temperature and heat flux density of the samples as a function of the heat exchange 

coefficient at the front face under the influence of depth. 

The temperature and heat flux density increase very rapidly for low values of the exchange coefficient at the 

front and after they stabilize. The phenomenon of heat exchange eases to one level. Which shows that there is a 

threshold exchange coefficient. This is called thermal equilibrium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Temperature as a function of the depth 

of the material; h2=0.005W.m
-2

. C
-1

; t=10s 

 

 

Figure 5: Heat flux density as a function of 

material depth; h2=0.005W.m
-2

. C
-1

; t=10s 

 

 

 

 

 

 

 

Figure 6: Temperature as a function of the 

heat exchange coefficient at the front face 

h1  :h2=0.005W.m
-2

.C
-1 

; t=10s 

Figure 7: Heat flux density as a function 

of the heat exchange coefficient at the 

front face h1: h2=0.005W.m
-2

.C
-1 

; t=10s 
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3.3. Evolution of temperature and heat flow density as a function of time 

The higher the heat exchange coefficient at the front, the higher the temperature. This means that the material 

stores thermal energy. Unlike the heat flux density which decreases over time. This decrease is due to a loss of 

heat in the material. These phenomena show that the material used is a good insulator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

A two-dimensional analytical model was developed to assess the influence of the exchange coefficient on the 

evolution of the temperature and the heat flux density of a material made of yarn-plaster. After solving the heat 

equation by the two-dimensional analytical method. We get the temperature and heat flow density profiles. 

Depending on the depth, the temperature and the heat flux density gradually decrease, which means that the 

material has stored most of the heat. This shows that the yarn-plaster used is a good insulator. 

 

References 

[1]. Slimane Melka, Jean-Jacques Bézian (1997) « L’isolation thermique par les matériaux granulaires » 

Rev Gén Therm 36, 345-353. 

[2]. Y. Jannot, A. Degiovanni, G. Pavet ,(2009) “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. 

[3]. Hassan El Harfi, Mohamed Naïmi, Mohamed Lamsaadi, Abdelghani Raji, Mohammed Hasnaoui, 

(2013) “ 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,  

[4]. M.S. Ould Brahim, S. Tamba, M.Sarr, A. Diène, I. Diagne, F. Niang, G. Sissoko (2011) « Evolution 

des coefficients globaux d’échange Thermique des matériaux kapok-plâtre et filasse-plâtre en régime 

dynamique fréquentiel » Revue des Energies Renouvelables Vol. 14 N°2 (2011) 203 – 210. 

[5]. Jannot Y., Meukam P., (2004) “Simplified estimation method for the determination of the thermal 

effusivity using a low cost hot strip,” Measurement Science and Technology, vol.15. 

[6]. M. Lamsaadi, M. Naimi, and M. Hasnaoui, (2006) “Natural convection heat transfert in shallow 

horizontal rectangular enclosures uniformly heated from the side and filled with non-newtonian power 

law fluids, Energy conversion and management,” vol. 47, N° 15-16, pp 2535-2551. 

[7]. Seydou Faye1, Mohamed Sidya Ould Brahim1, Youssou Traore1, Aliou Diouf1, Moussa Dieng1, 

Abdoulaye Korka Diallo1, Issa Diagne1, Hawa Ly Diallo2 , Gregoire Sissoko, (2016) “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 

(IIJCS)Volume 4, Issue 7. 

Figure 8: Evolution of the temperature as a 

function of material time;  x=0.01m ; 

h2=0.005W.m
-2

.C
-1 

Figure 9: Evolution of the heat flux density as a 

function of time; x = 0.01m; h2 = 0.005W.m
-2

.C
-1  

 



Faye S                                                        Journal of Scientific and Engineering Research, 2021, 8(7):133-140 

 

Journal of Scientific and Engineering Research 

140 

 

[8]. Y. Jannot, A. Degiovanni, G. Pavet. (2007). 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. 

[9]. Buongiorno J., Venerus D. C., Prabhat N. and McKrell T. (2009). A benchmark study on the thermal 

conductivity of nanofluids. Journal of Applied Physics. 106: 094312. 

[10]. Murshed S. M. S., Leong K. C. and Yang C. (2005). Enhanced thermal conductivity of TiO2-water 

based nanofluids. International Journal of Thermal Sciences 44: 367-373. 

[11]. 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.  

[12]. A. Bejan, “The boundary (1983) 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,. 

[13]. Voumbo, M. L., A. Wareme and G. Sissoko, (2010) “Characterization of Local Insulators: Sawdust and 

Wool of Kapok,” Res. J. Appl. Sci. Eng. Technol. 2(2): 138-142. 

[14]. Ould Brahim, M.S., I. Diagne, S. Tamba, F. Niang and G. Sissoko, (2011) “Characterization of the 

minimum effective  layer  of  thermal  insulation  material  tow-plaster from the method of thermal 

impedance," Res.J. Appl. Sci. Eng. Technol., 3(4): 337-343. 

[15]. Tsirel’Man N.M., (1973) “Determining the convective heat transfer coefficient from the laws of 

constant-temperature front propagation,” J.Eng.Phys.vol.25, No2. 

[16]. C.T. Nguyen, S. El Bécaye Maiga, M. Landry, N. Galanis and G. Roy, (2004) “Numerical 

Investigation of Flow Reversal and Instability in Mixed Laminar Vertical Tube Flow, Int. J. Thermal 

Sciences, v. 43, No.8, pp. 797-808, 

 

 

 


