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Abstract  The purpose of this work is to study 

the combined effect of heat generation produced by a 
human being and the mixed turbulent convection 
with thermal radiation, as well as the CO2 produc-
tion from respiration. These factors are important to 
achieve healthy and pleasant indoor comfort condi-
tions and to optimize the energy use in buildings. 
Numerical results in a rectangular ventilated room 
(3.0 m x 2.5 m) were carried out considering temper-
atures on the vertical walls of 298 and 308 K (25 and 
35 °C) and the remaining walls were considered as 
adiabatic. The temperature surface of the human be-
ing was maintained at 307 K (34 °C). The inlet veloc-
ities were 0.05 m/s and 0.5 m/s, whereas the assumed 
emissivity values of the walls were 0.0 and 0.8. The 
mathematical model was solved numerically with 
software of Computational Fluid Dynamics. The 
flow patterns (streamlines), the temperature fields 
(isotherms) and CO2 concentration distributions are 
presented and discussed. Besides the heat transfer 
coefficients are reported. The results show that the 
natural ventilation reduces the average temperatures 
in the room between 4°C and 5.5°C, while the ther-
mal radiation increases the average temperature be-
tween 0.2°C and 0.4°C. 
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I. INTRODUCTION 
Growth in population, enhancement of building services 
and comfort levels, together with the rise in time spent 
inside buildings, have raised building energy consump-
tion to the levels of transport and industry. For example, 
the members of the Organization for Economic Co-
operation and Development (OECD) consume between 
15 and 25% of their primary energy in this sector and 
the developing countries a higher amount (Dzioubinski 
and Chipman, 1999). The emphasis on reducing energy 
consumption and the environmental consciousness have 
motivated researchers and designers to consider the po-
tential of natural ventilation, as a result new ventilation 
standards and guidelines have been written to reflect the 
importance of ventilation on the quality of indoor envi-
ronment (Awbi, 2003).  

The air quality problems have been associated with 
high concentrations of internally generated pollutants, 
like CO2, and low outdoor air supply rates (Robertson, 
et al., 1985), on the other hand forced and natural venti-
lations are two possible mechanisms of ventilation, un-
like forced ventilation, natural ventilation takes place by 

the wind and buoyancy effects, and it is an energy-
saving approach (Rahimi and Arianmehr, 2011).  

However the prediction of air movement and ther-
mal parameters in ventilated rooms is complex, because 
of the coupling of the heat transfer mechanisms inside 
the habitation. A good way to analyze air movement in 
ventilated rooms is through numerical studies using 
computational fluid dynamics (CFD), because the mod-
eling allows the prediction of the variables behavior in-
side the system. In the literature several numerical stud-
ies of air movement and heat transfer in ventilated cavi-
ties are reported, which can be categorized as (a) air 
movement and heat transfer in a ventilated cavities 
without contaminants and (b) air movement and heat 
transfer in a ventilated cavities with contaminants. Next 
the studies of air movement in ventilated cavities are 
briefly described. 
(a) Air movement and heat transfer in ventilated 

room without contaminants. 
Costa et al. 2000) studied a two-dimensional cavity to 
discuss the influences of the aspect ratio of the room, 
the air inlets, the wall temperatures, the heat-
ing/ventilation ratio and the maximum speed of the re-
turn flow. The authors emphasize that there is evidence 
that the ventilation requirements in non-industrial build-
ings involve flows in mixed convection regimen, where 
greater changes in flow patterns occur. Raji and 
Hasnaoui (2000) presented results of heat transfer by 
mixed convection in a two-dimensional rectangular cav-
ity with heat fluxes on a vertical wall and on the top 
wall, the authors also considered the radiative effect on 
the streamlines and isotherms. Results show that the 
configuration with inlet at the bottom and the outlet at 
the top is more useful to reduce the mean temperatures 
inside the cavity for Re 1000.  

Singh and Sharif, (2003) performed a numerical 
study about the mixed convection in two-dimensional 
cavities with differentially heated walls, the authors 
aimed to optimize the air inlet and outlet positions to 
identify the most effective way to remove heat from the 
cavity. Moraga and Lopez, (2004) presented a numeri-
cal analysis of the fluid mechanics and heat transfer for 
three-dimensional mixed convection in an air-cooled 
cavity. The air inlet is through a rectangular opening, 
with a cross section of L x L=15 and located at the top 
of the left vertical isothermal wall. Calculations were 
performed for air, Reynolds numbers in the range 
1≤Re≤500 and Richardson numbers between 0≤Ri≤18. 
The comparison between 3-D and 2-D simulations 


