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Abstract In this paper the numerical results of 

temperature profiles and flow patterns for natural 
convection in a two-dimensional partially open tilted 
cavity are studied. The cavity holds the opposite wall 
to the aperture at a constant temperature, while the 
remaining walls are thermally insulated. The most 
important assumptions in the mathematical formula-
tion are: the flow is laminar, two-dimensional and 
the Boussinesq approximation is valid. The results 
are obtained for Rayleigh numbers from 106 to 108 
and inclination angles from 90° to 150°, for the 
steady state. The comparison between the Nusselt 
numbers of the fully open cavity and partially open 
cavity, indicates that the greatest difference is 55.4% 
(Ra=108 and 135°) and the smallest difference is 
4.6% (Ra=106 and 90°), with an average percentage 
difference of 29%. 

Keywords natural convection, partially open 
cavity. 

I. INTRODUCTION 
Heat transfer in open cavities is relevant in several 
thermal engineering applications, for example in the 
cooling of electronic devices and the design of solar 
concentrator receivers, among others. In the thermosolar 
system of parabolic dish with a Stirling thermal engine 
used to produce electricity, the solar concentrator has a 
tracking system to maintain its optical axis pointing di-
rectly towards the sun. During the tracking, the receiver 
(open cavity) located at the focal point of the concentra-
tor operates with different inclination angles. The rota-
tion modifies the air motion pattern and the thermal 
field, and as a consequence the heat losses of the open 
cavity. A better understanding of how heat is transferred 
from the receiver will help to optimize the thermal de-
sign and improve the thermal performance of the 
thermosolar system. 

In the literature a large number of numerical studies 
have been reported to describe the heat transfer in open 
cavities. Some studies have analyzed the heat transfer 
by natural convection, considering the effects of the 
Rayleigh number, aspect ratio, and the cavity inclination 
angle on the flow patterns, temperature fields, and heat 
transfer behavior inside the open cavity (Le Quere et al., 
1981; Penot, 1982; Chan and Tien, 1985a; Chan and 
Tien, 1985b; Humphrey and to, 1986; Miyamoto et al., 
1989; Vafai and Ettefagh, 1990a; Angirasa et al., 1992; 
Mohamad, 1995; Angirasa et al., 1995; Abib and 
Jaluria, 1995; Polat and Bilgen, 2002; Bilgen and 

Oztop, 2005). Other authors have focused on the analy-
sis of flow instabilities (Penot, 1982, Vafai and 
Ettefagh, 1990b; Angirasa et al., 1995; Hinojosa et al., 
2005b), the definition of approximated boundary condi-
tions for the aperture plane (Chan and Tien, 1985b; 
Angirasa et al., 1992, Khanafer and Vafai, 2000; 
Khanafer and Vafai , 2002), the mixed convection 
(Humphrey and To, 1986; Khanafer et al., 2002), the 
presence of conjugate heat transfer (Polat and Bilgen, 
2003; Koca, 2008), three dimensional flow systems 
(Sezai and Mohamad, 1998; Hinojosa et al., 2006; Hi-
nojosa and Cervantes, 2010) and combined natural con-
vection and radiative heat transfer in the cavity (Lage et 
al., 1992; Balaji and Venkateshan, 1994; Balaji and 
Venkateshan, 1995; Singh and Venkateshan, 2004; Hi-
nojosa et al., 2005a; Hinojosa et al. 2005b; Nouaneguea 
et al., 2008).  

The investigations of the heat transfer by natural 
convection in partially open cavities are briefly present-
ed next. Bilgen and Oztop (2005) made a numerical 
study on inclined partially open square cavities, which 
are formed by adiabatic walls and a partial opening. A 
parametric study was carried out using following pa-
rameters: Rayleigh number from 103 to 106, dimension-
less aperture size from 0.25 to 0.75, aperture position at 
high, center and low, and inclination of the opening 
from 0° (facing upward) to 120° (facing 30° down-
ward). It was found that the Nusselt number is an in-
creasing function of Rayleigh number, aperture size and 
generally aperture position. Koka (2008) solved the 
laminar natural convection and conduction in partially 
open square cavity with a vertical heat source. The cavi-
ty has an opening on the top with several lengths and 
three different positions. The heat source was located on 
the bottom wall of cavity. The results were reported for 
various governing parameters such as Rayleigh number. 
It was found that ventilation position has a significant 
effect on heat transfer. 

However the Rayleigh numbers studied by Bilgen 
and Oztop (2005) correspond to smaller size cavities 
than those commonly used as receivers in the dish-
Stirling thermosolar systems; furthermore the consid-
ered inclination angles do not cover the full rotation of 
the thermal receiver during its operation. Considering 
above this work is focused to analyze numerically the 
fluid motion pattern, the temperature field and heat 
transfer in a partially open tilted cavity, extending the 




