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Analysis on Influence of Solar Radiation on Building Envelope

Energy Consumption in Hot Summer and Cold Winter Zone
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Abstract: The contradictory problem that “blocking” the solar radiation in summer and “receiving” the
solar radiation in winter for buildings thermal design should be considered in hot summer and cold winter
zone in China, In this paper, the typical building in hot summer and cold winter zone was analyzed by theo-
retical deduction, simulation calculation and experiment validation in order to obtain the effect of different
envelope design parameters on internal and external surface temperature changes and heat/cold load de-
mand. The results show that when the solar radiation absorption coefficient decreases from 0.9 to 0. 3, the
external surface temperatures of envelopes are reduced significantly, and the largest declines of the maxi-
mum temperature and the average temperature are 20. 2 degrees and 6. 9 degrees (roofs), respectively, but
there is no change of the internal surface temperatures. By reducing the solar radiation absorption coeffi-

cient, building cooling load demand in summer can be decreased significantly, and nearly no effect on heat-

* s E HY:2017-05 28
ELIAB 1K HRF 34 BT H (51541603) , National Natural Science Foundation of China(51541603) ; g 45 H AR Bl 34 %
B3 H (2016]J2021) , Natural Science Foundation of Hunan Province of China (2016]J2021)
EB B DA 977 =), 58, W g Il AU ) 1 R W o0 A KU 3 R iU
T 38 B & A, E-mail: 308714221@qq. com



150 UL PEEZ TS Eay

2018 4

ing load in winter. The building heating load in winter can be reduced by increasing the thermal resistance

of walls and roofs, and the thermal resistance and energy savings are approximately linear, but the effect

of the thermal resistance on the building cooling load is less than building heating load, and there are “anti-

saving” risks. This study is valuable, and will be helpful to design building envelopes and heat insulation

so as to realize energy consumption reduction of the air conditioning in the whole year in hot summer and

cold winter zone.

Key words: solar radiation; building shading; building thermal protection; building envelope;hot sum-

mer and cold winter
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Fig. 1 The calculation model diagram of a public building
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Tab.1 Outdoor calculation parameter
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Fig. 2 The external surface temperature of the roof in

different solar radiation absorption coefficients
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Fig. 3 The internal surface temperature of the roof in

different solar radiation absorption coefficients
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different solar radiation absorption coefficients
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Fig. 4 The internal surface temperature variation of the

roof with heat transfer coefficients in air conditioning room
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total cold load of all walls in different solar radiation
absorption coefficients
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of the model A varied with the heat transfer coefficient
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Fig. 11 The external surface temperature difference of the
roof and the walls between the screened and
unscreened room in summer test day
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Fig. 12 The internal surface temperature difference of the
roof and the walls between the screened and
unscreened room in summer test day
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Tab.4 The air conditioning power consumption

comparison of the two test rooms
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Fig. 13 The comparison between simulated and measured

external surface temperatures of the roof and the walls
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Fig. 14 The comparison between simulated and

measured temperatures of the room
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Tab.5 The comparison between simulated

and measured temperatures

BT REE PUk Mk i ZAAUR

Lwi/C 42.0 35.4 36.0 33.5 33.5 36.7
tg/C 40.7 35.2 35.4 33,2 33.3 36.0
WER /% 3.2 0.6 1.7 0.9 0.6 1.9
Im/C 66.0 47.1 51.3 41.7 39.4 40.1
e/ C 62.5 46.2 50.0 41.2 39.0 40. 3
RER/ Y 506 1.9 2.6 1.2 1.0 - 0.5
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