
 

 

 

Abstract—In this paper the influence of inclination angle and 

Rayleigh number have been studied for a square cavity. The constant 

partial heating at left vertical wall and partial cooling at the right 

vertical wall along with the adiabatic top and bottom walls of cavity 

filled with the water. The angle of inclination was varied from 
o0 to 

o90 . The governing equations are solved with finite volume 

approach for the range of Rayleigh number as 
310 to 

610 . Results 

have clearly indicated Heat transfer enhances with increasing of 

Rayleigh number for the whole range of inclination angle. The results 

show negligible effects of inclination angle at low Rayleigh numbers 

and considerable effects at high Rayleigh numbers. 

 

Keywords—Natural convection, Finite volume method, 

Inclination angle, Cavity.  

I. INTRODUCTION 

ATURAL convection is found in many engineering 

applications such as electronics cooling, heat exchangers, 

and energy systems [1-4]. A major limitation against 

enhancing the heat transfer in such engineering systems is the 

inherently low thermal conductivity of the commonly used 

fluids, such as, air, water, and oil.  

The studies on natural convection in enclosure focus on 

mainly differentially heated enclosure in the literature. The 

buoyancy-driven heat transfer in square cavities filled with air 

with partially active vertical walls was studied numerically by 

Valencia and Frederick [5]. They considered different relative 

positions of the active parts of the walls for the Rayleigh 

numbers of 10
3
–10

7
. Their results showed that the maximum 

heat transfer occurred for the heat source positioned at the 

middle of the hot wall. Khanafer et al.[6] numerically 

investigated the natural convection heat transfer of a copper-

water nanofluid in a differentially heated square cavity. They 

showed that the heat transfer rate increases with an increase in 

the nanoparticle volume fraction at any given Grashof number. 

Natural convection heat transfer in inclined devices has also 

been the subject of many studies in the past since rarely is the 

earth’s surface aligned with geo-potential lines. Ben-Nakhi et 

al. [7] argued that tilting the enclosure considerably affected 

the flow and temperature fields as well as the heat transfer 

characteristics of a partitioned enclosure. Abu-Nada et al. [8] 

employed the finite volume method to study the effects of 
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inclination angle on natural convection in square cavity filled 

with Cu-water nanofluids. They investigated the effects of the 

Rayleigh number, inclination angle, and the volume fraction of 

the nanoparticles on the heat transfer inside the enclosures. 

They found that Inclination angle can be a control parameter 

for nanofluid filled enclosure and Percentage of heat transfer 

enhancement using nanoparticles decreases for higher 

Rayleigh numbers. Jeng et al. [9] presented an experimental 

and numerical study of the transient natural convection due to 

mass transfer in inclined enclosures and showed that the 

streamlines and fluid concentration vary with the inclination 

angle. Aminossadati et al. [10] numerically investigated the 

flow and temperature fields in an inclined enclosure simulating 

an inclined electronic device. They showed that placing the 

enclosure at different orientations significantly affected the 

heat transfer rate. 

The main aim of this work is to present the effects of 

inclination angle on natural convection in a square cavity with 

constant partial heating at left vertical wall and partial cooling 

at the right vertical wall along with the adiabatic top and 

bottom walls is studied numerically using the finite volume 

method. A parametric study is performed and the effects of 

pertinent parameters, such as Rayleigh number and inclination 

angle on the fluid flow and heat transfer inside the cavity 

investigated. 

II.  NUMERICAL STUDY 

Fig.1 displays the schematic diagram of the two-

dimensional inclined cavity considered in this study. The 

cavity with constant partial heating at left vertical wall and 

partial cooling at the right vertical wall along with the 

adiabatic top and bottom walls. The system was considered to 

be incompressible, steady-state, Newtonian and the Boussinesq 

approximation was applied for fluid with constant physical 

properties. It is assumed that the radiation effect can be taken 

to be negligible. The gravitational acceleration acts in the 

negative y-direction and changes according to the inclination 

angle of the enclosure. 
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Fig. 1 Schematic diagram of the inclined cavity 

III. GOVERNING EQUATIONS 

The continuity, momentum, and energy equations for the 

laminar and steady state natural convection in the two-

dimensional inclined cavity can be written in dimensional form 

as follows. 
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IV. RESULTS AND DISCUSSION 

Fig. 3 shows the variation of average Nusselt number with 

Rayleigh number for different inclination angles. Average 

Nusselt number is increased with increasing of Rayleigh 

number monotonically. It is demonstrated that the case of 

inclination angle of 
o90  has the lowest Nusselt number due to 

the low velocity encountered at this angle; see Fig. 6, where 

the vertical velocity is plotted at the middle of the cavity (y = 

0.5) for 
510Ra . Also,     Fig. 6 shows the maximum 

Nusselt number occurs for the case of inclination angle of 
o0 due to the increase of flow velocity at this angle as shown 

in Fig. 4. Also, Fig. 5 shows that conduction regime prevailed 

for 
310Ra and then the average Nusselt number started to 

deviate from the value of 1Nu  
 

 
Fig. 3  Effect of inclination angle on average Nusselt number at 

various Rayleigh number 

 
Fig. 4  Variation of y-velocity at the midsection of cavity for different 

inclination angles and 
510Ra   

 

V. CONCLUSION 

In this paper the influence of inclination angle and Rayleigh 

number have been studied for a square cavity with constant 

partial heating at left vertical wall and partial cooling at the 

right vertical wall along with the adiabatic top and bottom 

walls filled with the water. The results of the numerical 

analysis lead to the following conclusions.  

Results have clearly indicated Heat transfer enhances with 

increasing of Rayleigh number. For low Rayleigh numbers, 

where the conduction heat transfer dominates, similar flow and 

temperature patterns are obtained for different inclination 

angles in the range of 
oo 9030  . However, as Rayleigh 

number increases positioning the enclosure at different 

inclination angles affect the formation of flow and temperature 

patterns. The most enhancements belongs to inclination angle 
o60  that is about 69.9% and less belongs to inclination 

angle 
o90 is about 41%. The inclination angle of 

o90  

has the lowest Nusselt number due to the low velocity 

encountered at this angle and the maximum Nusselt number 

occurs for the case of inclination angle of 
o0 . 
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