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Abstract 

We model the influence of Raleigh numbers in a trapezoidal cavity. One wall among the sloping walls is exposed to a heat flux 

density Q=100 W/ m2 and the other inclined wall is kept adiabatic. The temperature of the two horizontal walls is assumed to 

constant such that Tsup=305K is greater than Tinf=300K. The equations of heat and mass transfer which direct our template are 

described by the Navier-Stockes equation. These equations are discretized using the finite difference method and solved by the 

Thomas and Gauss-Seidel algorithms. Thus, we analyze the effects of the Raleigh numbers (Ra) on temperature profiles T = 

303.15 K and speeds v = 0 m/s. For a variation of Ra=103-105, we note that the convective exchanges of the confined air and 

the different walls become preponderant with the increase in the Rayleigh number. Also, we contact that the speed of the 

confined air remains high along the horizontal walls for a Ra high number, but low near the inclined walls. These results show 

the effects of natural convection in this trapezoidal cavity. 
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1. Introduction 

Like other countries in the world and in the Sahel region 

in particular; Burkina Faso is facing a worrying situation in 

the field of energy. The energy problem in the field of con-

struction has occupied significant place in all government 

strategies for decades. To address the issue of population 

increase, housing in countries with hot and dry climates is 
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most often built without taking into account environmental 

constraints. To meet the energy challenge, several studies 

have been conducted in the field of construction to improve 

thermal comfort in countries with hot climates. We can cite, 

among others, studies on thermal comfort by improving the 

roof envelope [1-3], researches on the phenomena which 

manage convection in the nature, the effect of the nature of 

the systems in which it takes place (geometry) [4, 5], the 

physico-thermal properties of materials [6, 7] and the physi-

co-chemical the features of the fluids which are involved. 

Much has been documented about the phenomena of heat 

and mass transfer via ordinary convection in different limited 

cavities [8-15]. these results highlight the effect of 

non-dimension numbers, namely Grashoft  (𝐺𝑟) , 

Nusselt (𝑁𝑢) on the transfer of heat and mass in these re-

stricted cells. Thus, our work is devoted to the numerical 

study of the impact of dimensionless numbers on thermal 

and fluidic behaviors in a limited cavity with trapezoid shape 

within a warm and dry climate. One of the aims of this study 

is to analyze the influence of the Rayleigh number on the 

evolutions of temperatures and air velocity profiles inside, 

along the different walls of the trapezoidal cavity. 

2. Explanation of the Physical Model 

As exposed in Figure 1, A trapezoid-shaped restricted cav-

ity, the upper (small base) and lower (large base) horizontal 

walls of which are kept at stable temperature (𝑇𝑠𝑢𝑝 > 𝑇𝑖𝑛𝑓). 

One of the sloped walls is under pressure of a heat flux den-

sity 𝑄 = 100 𝑊. 𝑚−2and the other maintained adiabatic, i. e. 

no convective exchange with the ambient environment. The 
procedure of our model is that the air controlled in the trap-

ezoid-like shape interfere with various walls inside and out-

side (with the room environment) [8]. 

Thus, mathematical equations are used for the explanation 

of the physical phenomena that occur there, i. e. heat and 

mass transfers. we also make some of the simpler supposi-

tions [8]: 

1. The flow is laminar, stationary and two-dimensional, 

2. the fluid has Newtonian nature and is impenetrable, 

3. exchanges of rays amid the walls are insignificant, 

4. circulation of enthalpy is neglected, 

5. Viscous energy dissipation is neglected, 

6. The Dufour and Soret effects are insignificant, 

7. no concentration on the walls. 

 
Figure 1. Schematic of the physical model of the trapezoidal cavity. 

3. Mathematical Formulation of the 

Physical Model Studied 

The heat and mass transfer equations applied to the model 

are written [1-5]: 

-continuity equation: 

𝜕𝑢𝑖

𝜕𝑥
+

𝜕𝑣𝑖

𝜕𝑦
= 0          (1) 

calculation of the motion extent 

n accordance with the x axis: 

𝜕𝑢𝑖

𝜕𝑡
+ 𝑢𝑖

𝜕𝑢𝑖

𝜕𝑥
+ 𝑣𝑖

𝜕𝑢𝑖

𝜕𝑦
= −

1

𝜌𝑖

𝜕𝑝𝑖

𝜕𝑥
+ 𝜈𝑖 (

𝜕2𝑢𝑖

𝜕𝑥2 +
𝜕2𝑢𝑖

𝜕𝑦2 )    (2) 

Along the y axis: 

𝜕𝑣𝑖

𝜕𝑡
+ 𝑢𝑖

𝜕𝑣𝑖

𝜕𝑥
+ 𝑣𝑖

𝜕𝑣𝑖

𝜕𝑥
= −

1

𝜌𝑖

𝜕𝑝𝑖

𝜕𝑦
+ 𝜈𝑖 (

𝜕2𝑣𝑖

𝜕𝑥2 +
𝜕2𝑣𝑖

𝜕𝑦2 ) − 𝘨[𝛽𝑇(𝑇𝑖 − 𝑇𝑎) + 𝛽𝐶(𝐶𝑖 − 𝐶𝑎) ]             (3) 

-heat equation 

𝜕𝑇𝑖

𝜕𝑡
+ 𝑢𝑖

𝜕𝑇𝑖

𝜕𝑥
+ 𝑣𝑖

𝜕𝑇𝑖

𝜕𝑦
=

𝜆𝑖

𝜌𝑖𝐶𝑝𝑖 
(

𝜕2𝑇𝑖

𝜕𝑥2 +
𝜕2𝑇𝑖

𝜕𝑦2 )      (4) 

-diffusion equation 

𝜕𝐶𝑖

𝜕𝑡
+ 𝑢𝑖

𝜕𝐶𝑖

𝜕𝑥
+ 𝑣𝑖

𝜕𝐶𝑖

𝜕𝑦
= 𝐷𝑖 (

𝜕2𝐶𝑖

𝜕𝑥2 +
𝜕2𝐶𝑖

𝜕𝑦2 )       (5) 

In order to restrict the number of parameters in the calcu-

lations of conservation of the level of motion, energy and, 

facilitate their resolution, we proceed to the adimensionaliza-

tion of these equations. 

Introducing the dimensionless parameters into equations 

(1-5) gives: 

𝜕𝑈𝑖
∗

𝜕𝑋
+

𝜕𝑉𝑖
∗

𝜕𝑌
= 0               (6) 
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𝜕𝑈𝑖
∗

𝜕𝜏
+ 𝑈𝑖

∗ (
𝜕𝑈𝑖

∗

𝜕𝑋
)  + 𝑉𝑖

∗ (
𝜕𝑈𝑖

∗

𝜕𝑌
) = −

𝜕𝑃𝑖
∗

𝜕𝑋
+ (

𝜕2𝑈𝑖
∗

𝜕𝑋2 +
𝜕2𝑈𝑖

∗

𝜕𝑌2 )    (7) 

𝜕𝑉𝑖
∗

𝜕𝜏
+ 𝑈𝑖

∗ (
𝜕𝑉𝑖

∗

𝜕𝑋
)  + 𝑉𝑖

∗ (
𝜕𝑉𝑖

∗

𝜕𝑌
) = −

𝜕𝑃𝑖
∗

𝜕𝑌
+ (

𝜕2𝑉𝑖
∗

𝜕𝑋2 +
𝜕2𝑉𝑖

∗

𝜕𝑌2 ) − 𝑇𝑖
∗ − 𝐶𝑖

∗                       (8) 

𝜕𝑇𝑖
∗

𝜕𝜏
+ 𝑈𝑖

∗ 𝜕𝑇𝑖
∗

𝜕𝑋
+ 𝑉𝑖

∗ 𝜕𝑇𝑖
∗

𝜕𝑌
=

1

𝑃𝑟𝑖
(

𝜕2𝑇𝑖
∗

𝜕𝑋2 +
𝜕2𝑇𝑖

∗

𝜕𝑌2 )               

(9) 

𝜕𝐶𝑖
∗

𝜕𝜏
+ 𝑈𝑖

∗ 𝜕𝐶𝑖
∗

𝜕𝑋
+ 𝑉𝑖

∗ 𝜕𝐶𝑖
∗

𝜕𝑌
=

1

𝑆𝑐𝑖
(

𝜕2𝐶𝑖
∗

𝜕𝑋2 +
𝜕2𝐶𝑖

∗

𝜕𝑌2 )             (10) 

4. Dimensionless Boundary Conditions 

For: 

0 ≤  𝑋 ≤
𝑙

𝐻 
𝑒𝑡 𝑌 = 0,06   

Ui
∗ = Vi

∗ = 0   

𝜕𝑇𝑖
∗

𝜕𝑌
= 0.479 (

𝑙

𝐻
)

3/4 𝜆𝑎𝜈𝑎
2

𝜆𝑖𝜈𝑖
2 𝑇𝑖

∗5/4,
∂Ci

∗

∂Y
= 0             (11) 

− 𝑡𝑎𝑛 𝜑 ≤  𝑋 ≤  0;  𝑙/𝐻 ≤  𝑋 ≤ 𝑙/𝐻 + 𝑡𝑎𝑛 𝜑  𝑒𝑡 𝑌 = 0   

Ui
∗ = Vi

∗ = 0   

𝜕𝑇𝑖
∗

𝜕𝑌
= 0.479(𝑡𝑎𝑛 𝜑)3/4 𝜆𝑎𝜈𝑎

2

𝜆𝑖𝜈𝑖
2 𝑇𝑖

∗5/4,
∂Ci

∗

∂Y
= 0       (12) 

0 ≤  X ≤  𝑙/𝐻 et Y = 0;  

Ui
∗ = Vi

∗ = 0   

𝜕𝑇𝑖
∗

𝜕𝑌
= 0.479 (

𝑙

𝐻
)

3/4 𝜆𝑎𝜈𝑎
2

𝜆𝑖𝜈𝑖
2 𝑇𝑖

∗5/4,
∂Ci

∗

∂Y
= 0      (13) 

−𝑡𝑎𝑛 𝜑 ≤ 𝑋 ≤ 0;  0 ≤ 𝑌 ≤ 0,06   

Ui
∗ = Vi

∗ = 0   
𝜕𝑇𝑖

∗

𝜕𝑋
= 0,

𝜕𝐶𝑖
∗

𝜕𝑋
= 0         (14) 

𝑙/𝐻 ≤ 𝑋 ≤ 𝑡𝑎𝑛𝜑;  0 ≤ 𝑌 ≤ 0,06   

Ui
∗ = Vi

∗ = 0   
𝜕𝑇𝑖

∗

𝜕𝑋
= 𝑂,

𝜕𝐶𝑖
∗

𝜕𝑋
= 0             (15) 

5. Numerical Methodology 

Equations (6-10) are discretized using the finite difference 

method (FDM). these numerical equations describe the dis-

crete properties of the fluid at each node of the studied domain. 

the algebraic equations that emerge are expressed in tridiag-

onal matrices and solved step by step through Thomas algo-

rithm for diffusing the energy and equations, Gauss for the 

equation of motion. 

6. Discussions of Results 

We present the numerical results of our calculations ob-

tained with the Comsol Multiphysics 4.2 software, in the form 

of temperature curves and velocity profiles. The curves in 

Figures 2-9 indicate the thermal and fluid behavior of the air 

confined in the vicinity of the four walls of our trapezoidal 

cavity model. These curves are obtained for values of 𝑅𝑎 =

103 − 105. 

6.1. Evolution of the Air Temperature as a 

Function of the Rayleigh Number in the 

Vicinity of the Different Walls of the 

Trapezoidal Cavity 

We study the temperature evolution for different values of 

the Rayleigh number (Ra) along the different walls of the 

trapezoidal cavity. 

We note that the curves in figure 2 show that the tempera-

ture of the upper wall (small base) reaches its maximum 

when the contact between the air and the slanted wall was 

under pressure of high temperature fluxes Q=100 W/m2 is 

achieved. At this stage, the heat exchange by conduc-

tion-convection becomes important. Then, the temperature 

gradually decreases until reaching a minimum value in the 

part in contact with the adiabatic wall. In this part the tem-

perature difference between the air and the wall begins to 

drop, which generates a weak flux. These results show that 

the temperature of the upper horizontal wall remains high 

for 𝑅𝑎high Rayleigh numbers 𝑅𝑎 = 103 − 105. 

The curves in figure 3 show that the temperature of the 

lower wall (large base) reaches its maximum when the con-

tact between the air and the slanted wall was under pressure 

of high temperature fluxes Q=100 W/m2 is achieved. We note 

that the heat exchange by conduction-convection is im-

portant in the area close to the slanted wall was under pres-

sure of high temperature fluxes Q=100 W/m2. Then it grad-

ually decreases until reaching a minimum value in the part in 

contact with the adiabatic wall. In this part the temperature 

difference between the air and the wall begins to drop, which 

generates a weak flux. These results show that the tempera-

ture of the lower horizontal wall remains low for high Ray-

leigh numbers Ra𝑅𝑎 = 103 − 105. 

 

http://www.sciencepg.com/journal/ajmp


American Journal of Modern Physics http://www.sciencepg.com/journal/ajmp 

 

67 

 
Figure 2. Temperature variation along the upper horizontal wall. 

 
Figure 3. Temperature variation along the lower horizontal wall (large base). 

 
Figure 4. Temperature variation along the wall subjected to the flow of heat (𝑄 = 100𝑊/𝑚2). 

The curves in Figure 4 show that the temperature of the wall exposed to low temperature change in the lower part of the 

trapezoidal cavity reaches its maximum in the upper part. We note that the heat exchange by conduction-convection is im-
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portant in the upper part of the cavity. These results show that the temperature of the lower horizontal wall remains low 

for 𝑅𝑎high Rayleigh numbers. 𝑅𝑎 = 103 − 105 

 
Figure 5. Temperature variation along the adiabatic inclined wall. 

The curves in figure 5 show that the adiabatic wall temperature which is low in the parts close to the horizontal walls of the 

trapezoidal cavity reaches its maximum in the middle of the wall. We note that the heat exchange by conduction-convection 

remains important in the central part of the cavity. These results show that the adiabatic wall temperature is low for 𝑅𝑎high 

Rayleigh numbers 𝑅𝑎 = 103 − 105 

6.2. Evolution of the Air Speed as a Function of the Rayleigh Number in the Vicinity of the Different 

Walls of the Trapezoidal Cavity 

The curves in Figures 6-9 show the evolution of air speeds in the vicinity of the different walls. 

 
Figure 6. Evolution of air speed near the upper wall (small base). 
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The curves in Figure 6 show that for values of 𝑅𝑎=103-104 

the speed in the vicinity of the large base increases from 0 

m/s to reach its maximum at 0.002 m/s in the part close to 

the wall subjected to the flow. In the following, we note that 

the air speed decreases and tends towards 0 m/s in the part 

close to the adiabatic wall. These results show that the ex-

changes by conduction-convection between the air and the 

large base are important in the part close to the wall subject-

ed to the heat flux Q=100 W/m2. 

When 𝑅𝑎tends to 105, the velocity in the vicinity of the 

large base increases faster from 0 m/s to reach its maximum 

at 0.027 m/s towards the middle of the small base. Then, this 

velocity decreases and tends to 0 m/s. This result shows that 

for high Rayleigh numbers, the conduction-convection ex-

changes between the air and the large base are important in 

the central part of the trapezoidal cavity. Also, the velocity 

remains low for Rayleigh values between 103 and 104. 

 
Figure 7. Evolution of the speed of the confined air near the wall lower horizontal. 

The curves in Figure 7 show that for values of 𝑅𝑎=103-104 

the air speed varies slightly along the lower horizontal wall 

(large base). When 𝑅𝑎=5.104-105 the speed is low in the parts 

close to the inclined walls but high towards the middle of the 

lower horizontal wall (large base). 

We find that the convective exchanges between the air and 

the lower horizontal wall (large base) remain significant in 

the middle of the large base of the cavity. These results also 

show that the velocity remains high in the vicinity of the 

lower horizontal wall (large base) for high Rayleigh numbers 

Ra. 

 
Figure 8. Evolution of the speed of the confined air in the vicinity of the wall inclined and exposed to movement (𝑄 = 100𝑊/𝑚2). 
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We note that the curves in figure 8 show that the air veloc-

ity remains high near the inclined wall exposed to high 

temperature flux in the upper part of the trapezoidal cavity. 

When the Rayleigh number 𝑅𝑎varies from 103 to 104, the 

velocity goes from 0 m/s in the lower part of the cavity to 

reach its maximum 0.0055 m/s in the upper part. Then this 

velocity decreases to 0.0016 m/s in the vicinity of the upper 

horizontal wall (small base). 

For 𝑅𝑎=105, we find that the velocity increases from 0 m/s 

to 0.00425 m/s in the lower part near the lower horizontal 

wall (large base). Then the velocity decreases slightly to 

0.0034 m/s, then it increases again to 0.0556 m/s in the upper 

part near the small base. Finally, the velocity decreases to 

0.0018 m/s in the vicinity of the upper horizontal wall (small 

base). 

These results show that the convective exchange between 

the air and the inclined wall subjected to the movement of 

heat is significant in the superior part of the trapezoid-shaped 

cavity. 

 
Figure 9. Evolution of air speed near the inclined wall adiabatic. 

The curves in Figure 9. show that the air velocity near the 

adiabatic inclined wall is high in the upper part of the trape-

zoidal cavity. We see that as the Rayleigh number Ra increas-

es, the air velocity decreases near the adiabatic inclined wall. 

These results show that the convective exchange between 

the air and the adiabatic inclined wall is important in the up-

per part of the trapezoidal cavity. 

7. Conclusion 

We have numerically studied the evolutions of temperatures 

and internal velocities along the different walls by natural 

convection in our restricted trapezoid-shaped cell model. At 

the final stage of our simulation calculations, we scrutinized 

the impact of Rayleigh number Ra on the evolution of tem-

peratures and velocities of the confined air along the different 

walls of the trapezoidal cavity for a constant heat flux Q=100 

W/m 2 subjected to an inclined wall. The results obtained show 

that: 

1. the temperature of the interior air in the vicinity of the 

upper wall increases with the intensification in the Ray-

leigh number 𝑅𝑎 = 103 − 105 . Also, the convective 

exchanges of the confined air and the different walls be-

come preponderant with the increase in the Rayleigh 

number. 

2. the speed of the confined air remains high along the 

horizontal walls for number  𝑅𝑎 = 105 . It reaches a 

maximum value of 0.027 m/s and 0.012 m/s respec-

tively in the vicinity of the upper and lower horizontal 

walls. 

3. the convective exchange between the air and the in-

clined walls remains significant in the upper part of the 

trapezoidal cavity. 

Abbreviations 

𝐺𝑟  Grashof Number 

𝑁𝑢  Nusselt Number 
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𝑅𝑎  Rayleigh Number 

𝑢  Velocity Component in x Direction, m/s 

𝑣  Velocity Component in the y Direction, m/s 

𝑥, 𝑦  Cartesian Coordinates, m 

𝑋, 𝑌  Dimensionless Cartesian Coordinates, m 

𝐶  Concentration of Air in the Cavity 

𝐶 𝑝  specific heat volume at stable pressure 

𝑇  Temperature, K 

𝑃  Pressure, Pa 

𝑃𝑟  Prandtl Number 

𝑆𝑐  Schmidt Number 

𝑡  Time, s 

𝐷  Mass Diffusion Coefficient, m 2.s -1 

𝘨  Coefficient of Acceleration of Gravity, ms -2 

𝑙  Length of the Small Base, m 

𝐻  Height of the Trapezoid, m 

𝐿  Length of the Large Base, m 

𝜆  Thermal Conductivity (Wm -2.K) 

𝜏  Dimensionless Time 

φ Angle 

ρ Density, kg.m 3 

β Coefficient of Expansion of Air in the Cavity 

υ Kinematic Viscosity, m 2.s -1 

𝑎  Ambient Environment 

i Interior of the Cavity 

0 Initial 

T Thermal 

C Mass 

* Dimensionless Value 
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