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Influencing Factors of the Thermal Environment of Atrium Based on the
Orthogonal Analysis Method

TIAN Peizhe, Pl Wei, CHU Wenjun

College of Biochemical Engineering, Beijing Union University, Beijing 100023, China

Abstract Atrium thermal amenity is determined by many factors, as were investigated widely both at home and abroad. But the
relationship and interactions between these factors have not been well studied. In this paper, three thermal environment influencing factors:
the cross section area of atrium, the outdoor air temperature and the top skylight opening percentage are orthogonally analyzed. First, the
experimentation is designed by using the method of orthogonal analysis. Then numerical simulations are carried out according to different
test conditions, and simulation results are orthogonally analyzed. The results indicate that the top skylight opening percentage has the
greatest impact on the airflow volume of atrium, the section area of atrium plays a secondary role, and outdoor air temperature is relatively
less important. But the outdoor air temperature is an important influencing factor on the temperature distribution in atrium. This analysis
provides a scientific basis for the rational engineering design and operation management. Proposals for improving the thermal amenity and
energy efficiency for the completed building are also given.
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Table 1 Levels of influencing factors
a/m?® b/°C c/%
1 3? 20 10
2 42 24 30
3 5 28 50
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Table 2 Test conditions
a b c a b c
1 1 1 1 6 2 3 1
2 1 2 2 7 3 1 3
3 1 3 3 8 3 2 1
4 2 1 2 9 3 3 2
5 2 2 3
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Fig. 1 Physical model for numerical computation
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Table 3 Ventilation volume under different test conditions

c Q/(m3-s™)
1.072
1.399
1.805
1.777
2.059
1.148
2.135
1.508
2.022
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Fig. 3 Temperature distribution map at different conditions on section x=0 (unit: ‘C)
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Fig. 3 Temperature distribution map at different conditions on section x=0 (unit: C), (continued)
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