
 

 

 

 

 
 

 
1. INTRODUCTION 

  Triangular cavities have a wide range of applications in 

solar collectors and electronic devices as well as heating and 

ventilation in buildings with inclined roofs. Many researchers 

have been studying natural convection phenomenon in 

enclosures. For instance, Lorenzini et al. studied the 

geometry of cavities bathed by a fluid intruded into a 

cylindrical solid body. Concerning various cavity area 

fractions and cavity numbers, they optimized the shape of the 

inserted cavities [1]. Aydin and Yesiloz worked on the 

buoyancy induced flow and heat transfer in a water-filled 

cavity experimentally and numerically [2]. They observed 

that for Rayleigh numbers less than  the effect of 

Rayleigh number becomes insignificant. Ghasemi and 

Aminossadati studied natural convection in a triangular 

enclosure, heated from its vertical side, for water-CuO 

nanofluid [3]. Studying the effects of different variables such 

as solid volume fraction and Rayleigh number, they reported 

an enhancement in heat transfer rate for upper location of 

heat source for Rayleigh numbers. Ridouane et al. 

numerically modeled laminar natural convection in a 

triangular cavity using air as the working fluid [4]. In their 

case, vertical side was considered as hot wall while cooling 

was done from the hypotenuse. It was found that heat transfer 

rate decreases with a decrease in apex angle. Sun and Pop 

numerically investigated heat transfer in a triangular 

enclosure filled with porous medium [5]. Considering the 

effects of different parameters, such as Rayleigh number and 

size and position of heater, they reported an enhancement in 

heat transfer with increasing solid volume fraction. Another 

study by Yesiloz and Aydin considering the effect of the 

inclination angle and Rayleigh number on Nusselt number in 

an inclined quadrantal enclosure showed that heat transfer 

rate changes dramatically by increasing inclination angle for 

Rayleigh numbers between  and  [6].Despite 

their comprehensive experimental and numerical study, they 

did not provide any correlation regarding the effect of 

inclination angle on Nusselt number. Furthermore, Yesiloz 

and Aydin developed a correlation for an isosceles right-

angled triangular cavity heated from below and cooled from 

the side wall observing an increase in Nusselt number with 

an increase in Rayleigh number [7]. Kaluri et al studied heat 

transfer in a rectangular enclosure insulated from base 

considering different boundary conditions and aspect ratios 

[8]. They found the highest heat flux for top angle of 15o. 

Although they compared different configurations and 

reported expressions for Nusselt number for both cases of 

constant wall temperature and constant heat flux, their 

correlations might not be practical in many cases since they 

reported separate correlations for each Prandtl number and 

top angle relating Nusselt and Rayleigh numbers. In addition, 

Akinsete and Coleman introduced a correlation for a 

triangular cavity heated from hypotenuse and cooled from 

below by curve fitting of numerical data [9]. They reported 

that for their arrangement, Nusselt number decreases by 

increasing the height to base ratio of the triangular enclosure 

while increases by rising Rayleigh number. 

From the literature review above, it can be concluded that 

although plenty of work has been done on cavities 
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ABSTRACT  
 
Two-dimensional numerical simulations have been performed to study natural convection in right-angled 

triangular enclosures filled with water considering different aspect ratios. Continuity, momentum and energy 

equations are solved assuming Boussinesq approximation utilizing COMSOL. Effect of Rayleigh number, 

Ra, on heat transfer rate is investigated by showing Nusselt number, Nu, for a range from  

to . It is shown that increasing aspect ratio of the cavity increases averaged Nusselt number in a 

cavity heated from below. Finally, a correlation for heat transfer rate is developed considering the effect of 

aspect ratio using simulation results. 
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considering different shapes, working fluids and boundary 

conditions, few of them reported practical correlations for 

Nusselt number considering the effect of aspect ratio and 

Rayleigh number. In the present work, natural convection in 

triangular enclosures is studied for three different aspect 

ratios in cavities heated from below and cooled from the 

height. 

2. COMPUTATIONAL MODEL 

  Computational model of the enclosure is shown in Figure 1. 

The model consists of an adiabatic inclined wall 

(hypotenuse), which does not allow heat to pass across it as 

well as side and base walls, kept at cold and hot 

temperatures, respectively.  

 

 
 

Figure 1. Computational domain of the enclosure 

 

  Considering laminar flow and neglecting the effect of 

radiation, the governing equations can be written in Cartesian 

coordinates as Eqs (1) to (3). 

Continuity: 

 

    (1) 

 
Navier-Stokes: 

 

  (2) 

 

Boussinesq assumption  is 

considered for flow in negative z-direction. 

Energy: 

 

    (3) 

 
Horizontal wall of the enclosure is at various constant hot 

temperature while the vertical side is at constant cold 

temperature (22 oC) in accordance with experimental 

conditions. Hypotenuse is kept thermally insulated. The ratio 

of height to base ratio, defined as aspect ratio (L/H), varies 

between three values of 0.5, 1.0 and 2.0 which are commonly 

used in practical applications. 

 

 

 

 

3. NUMERICAL ANALYSIS 
 

  COMSOL 4.4 has been used to model the geometries and 

post-processing. All steady-state computations have been 

performed on an Intel i7 having a quad processor with 8 GB 

RAM and 2.0 GHz processor speed. Total tolerance has been 

considered as  in all cases. Thermo-physical 

properties of water are considered as pre-defined expressions 

given in [10]. 

  The definition presented by Yesiloz and Aydin is used to 

calculate the average Nusselt number for the base side of the 

cavity (see Eq (4)) [7]. 

 

 

   (4) 

 
where  is the angle from base side in polar coordinates as 

shown in Figure 1. This definition makes Nu number, 

calculated on hot wall, more meaningful by giving the critical 

Nu=1 for Rayleigh number less than  for isoscales 

triangular encosure. Detailed information about this 

definition can be found in [2,6]. To convert the derivation of 

temperature in Cartesian coordinates to polar coordinates, Eq 

(5) is considered in accordance with chain rule where r is the 

distance between a point on the domain and the origin in 

polar coordinates. 

 

 
(5) 

 
Volume-averaged Rayleigh number is shown in Eq (6) 

considering the effect of natural convection in the enclosure. 

 

 
(6) 

 
Grid dependency of the isosceles triangular cavity is 

shown in Table 1 for five different mesh sizes. These mesh 

sizes are shown in Figure 2 as well. 

In comparison with experimental observations, the last two 

cases were found as the most suitable gird densities. Hence, 

case 4 was considered due to its less conservation time. 

 

 
  (7) 

 
Table 1. Mesh dependency for isocletes triangular, 

 

CASE MESH SIZE NAME NU 

1 1000 Normal 5.841 

2 1500 Fine 5.776 

3 4600 Finer 5.633 

4 12500 Extra fine 5.586 

5 35000 Extremely fine 5.586 

 

Stream function is defined as Eq (7). Numerical results in 

terms of isotherms and streamlines are compared with 

published data by Yesiloz and Aydin [7] in Figures 3-4. 
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Figure 2. Comparing different grid sizes for the isoscales 

triangular enclosure heated form below 

 

4. RESULTS AND DISCUSSION 

 

Numerical simulations of laminar natural convection in a 

triangular cavity have been conducted for different Rayleigh 

numbers considering different hot temperatures. 

Computational results have been validated with existing 

results for an isosceles triangular cavity filled with water (see 

Figure 5). As can be seen, Nusselt number increases by 

increasing Rayleigh number in a range of  

to . 

Considering two other aspect ratios, an augmentation in 

the averaged Nusselt number was observed by an increase in 

aspect ratio (see Figure 6). In order to develop a correlation 

that considers the effect of aspect ratio as well as Rayleigh 

number, an equation in form of Eq (8) is suggested. 

Constants of this equation were found using curve fitting 

toolbox in MATLAB 2012 (shown in Table 2). This 

expression was found in agreement with simulation data for 

all aspect ratios and Rayleigh numbers as well as heat 

transfer rates (R2=0.986). This expression for natural 

convection in the enclosures is shown in Figure 7 as a 

function of Rayleigh number and aspect ratio as a 3D plot. 

 

 
 

Figure 3. Comparing experimental stramlines by Yesiloz and 

Aydin [7] (a) and present numerical streamlines (b) in an 

isoscles triangular cavity for  

 

 
 

Figure 4. Comparing dimensionless isotherms in an isosceles 

triangular enscolsure for , (a): Yesiloz and Aydin 

[7], (b): Numerical simulation 

 
 

Figure 5. Comparing numerical simulation results with 

experimental data for an isosceles triangular cavity heated 

from below (L/H=1) 

 

Table 2. Constants of the suggested correlation for a 

triangular cavity heated from below 

CONSTANT a b c d 

VALUE 0.1197 0.2604 6.023 -0.4219 

 

                                        (8) 
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Figure 6. Comparing the effect of different aspect ratios on 

Nusselt number 

 
 

Figure 7. Curve fitting of simulation data for a triangular 

cavity heated from below considering different aspect ratios 

 

5. CONCLUSION 

 

A numerical investigation has been done in order to study 

the effects of Rayleigh number and aspect ratio on heat 

transfer in water-filled triangular cavities. The results are 

shown in terms of streamline, isotherms and velocity 

contours as well as average Nusselt numbers. From the 

simulation results, it is concluded that heat transfer rate 

increases with the increase of Rayleigh number as well as 

aspect ratio. In addition, a correlation has been developed for 

Nusselt number considering the effects of Rayleigh number 

and aspect ratio for right-angled triangular cavities heated 

from below. 
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NOMENCLATURE 

 

Specific heat of the fluid (Water), J. kg-1. K-1 

g Acceleration due to gravity, m. s-2 

H Length of the horizontal side of the enclosure, m 

 

Effective thermal conductivity, W. m-1. K-1 

L Length of the vertical side of the enclosure, m 

Nu Nusselt number 

p Pressure, Pa 

r 
The distance between a point in polar coordinates 

and the origin, m 

Ra Rayleigh number 

T Temperature, K 

 

Temperature of cold wall (Vertical side), K 

 

Temperature of hot wall (Horizontal side), K 

u Velocity, m. s-1 

 

Greek symbols 

 

 

Thermal expansion coefficient, K-1 

 

Dynamic viscosity of water, kg. m-1. s-1 

 

Density of the fluid (Water), kg. m-3 

 

Stream function, s-1 

 

The angle between a point in polar coordinates 

and the base side, Degree 
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