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Abstract : In order to study the distribution patterns of solar temperature field for large-scale spatial structures in plateau areas,
based on measured meteorological parameters of plateau areas and heat transfer theories, the boundary condition
calculation method for simulating the solar temperature field in plateaus was elucidated. Taking a large-span special-
shaped steel structure as an engineering background, a transient temperature field calculation program considering
inter-element occlusion effects was developed using ray tracing algorithms. By combining with structural temperature
monitoring data, the temporal variation patterns and spatial distribution characteristics of the solar temperature field in

the structure were analyzed. The results show that the shadow recognition method based on ray tracing can accurately
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reflect the actual shadow distribution of the structure, and the simulated values of the structure’s solar temperature

field are basically consistent with the monitored values. The shadow effect has a significant impact on the time-varying

and non-uniformity of the structure's temperature distribution, with a maximum cooling rate of 33.5% in the

shadowed area. At 14 o'clock, the temperature in the shadowed area on the surface of the rod member decreased by

53.7% compared to the direct sunlight area. For the whole structure, the occlusion effects between elements reduce

the temperature difference between the sun-facing and back-facing sides of the structure. This effect significantly

influences the distribution of structural temperatures and cannot be ignored in simulating solar temperature fields. The

findings of this study provide a basis and reference for researching the solar temperature field and temperature effects

of large-scale spatial structures in high-altitude regions.
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Fig. 1 Large-span special-shaped steel structure
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Fig. 2 Survey area and arrangement of measuring points
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Fig.3 Comparison of the measured and calculated

values of solar altitude
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Fig.4 Comparison of the measured and calculated

values of solar azimuth
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Fig. 5 Comparison of the measured and calculated

values of solar radiation intensity
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temperature field
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Fig. 9 Schematic diagram of ray tracing principle
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Fig. 11 Comparison of sunlight shadow distribution
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