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Study on the wall unsteady heat transfer process affected by
cycle double wave external disturbance

WANG Dengjia, LIU Yanfeng, MA Chao
(School of Environmental and Municipal Engineering, Xi‘an University of Architecture and
Technology)

Abstract: Building envelope is generally affected by the external disturbance of outdoor air
temperature and solar radiation. In the heat load simplified calculation, outdoor air temperature
was often treated as the heating outdoor design temperature, and the solar radiation often
considered by correction factor for orientation or as security item to be ignored. However, for the
passive solar house, heat load have dynamic characteristics, the outdoor air temperature and solar
radiation are also designed for a typical day hourly data change. Based on analysis above, this
paper established building wall unsteady heat transfer equations, using the mathematical method
solve the unsteady heat transfer equations under the boundary conditions of outdoor temperature
and solar radiation disturbance, and the analytical solution was obtained. Finally, the convenient
and practical features of the analysis solution were shown by the calculating example.

Key words: solar energy; cycle double wave external disturbance; unsteady heat transfer;
analytical solution
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Tab.1 The general formula coefficient values of Heating period outdoor air temperature

i tu /C A, IC W, Irad T I
7 22 4.1 5.0 2.3 24
[iln 3.4 6.5 2.0 24
Ao 1.5 5.9 1.9 24
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Tab.2 The general formula coefficient values of Heating period solar radiation intensity

W AL A B C 7, <t <7, (h)
N g B T -12.6 338.0 -1946.6 8<r <18
= IKFIH -11.9 320.4 -1832.0 8<r <18
, T S 215 553.2 -3006.1 8<r <18
e IKFIH -20.1 517.5 -2818.2 8<r <18
N (1] -21.8 565.7 -2974.3 8<7 <19
e IKFIH -22.9 595.7 -3184.8 8<r <19
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Tab.3 The extreme value and occur moments of the internal surface temperature and heat flux density
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Fig.2 The internal surface temperature and heat flux density during the first stage of the solar radiation effect
225 Fig.3 The temperature distribution at the end moment of the first stage
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Fig.4 The internal surface temperature and heat flux density during the second stage of the solar radiation effect
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