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Experimental study on natural ventilation using an earth-to-air heat
exchanger combined with a solar chimney and its impact on the
indoor thermal environment

YE Kai, LI Yongcai, LONG Tianhe, ZHENG Dimeng, ZHANG Shuyu
(School of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: The earth-to-air heat exchanger (EAHE) is a shallow geothermal energy technology capable of
significantly reducing building energy consumption. When combined with a solar chimney (SC), a novel passive
ventilation and cooling system is established in which fresh air is cooled and naturally drawn into the indoor
space. This study investigates the effect of SC-EAHE system on the indoor thermal environment in regions
characterized by hot summers and cold winters, and compares the building envelope performance with and
without the system. Experimental results show that, compared to a reference chamber, the EAHE reduces air

temperature by 3.2 °C in summer and increases it by 1.6 °C in winter, with corresponding air change rates ranging
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from 2.2ACH (air changes per hour) to 10.1 ACH in summer and 3.4ACH to 13.5ACH in winter. Relative to the
ambient air, the indoor air temperature shows a maximum decrease of 5.9 °C in summer and a maximum increase
of 15.5 °C in winter. The south-facing exterior wall and the roof receive the highest solar irradiation among all
envelop surfaces. In summer, the average temperature of the interior surface of the southern wall is reduced by
about 1.1 °C, while the roof temperature remains unchanged. In winter, the average interior temperatures of the
southern wall and roof increase by 1.5 °C and 1.7 °C, respectively.

Keywords: solar chimney; earth-to-air heat exchanger; natural ventilation; thermal environment; building envelop
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Fig.1 Schematic view (left) and planar graph (right) of SC-EAHE system
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Table 1 Thermal parameters of building envelope

B 4 s JE R/ R/ SR Y
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Hhh VISR UL 20 1648 0.719 920
RK 20 30 0.043 —
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R B R 150 2243 1.731 840
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Fig.2 Locations of thermocouples on chamber surfaces and inside chambers
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Fig.3 Locations of air velocity sensors and temperature sensors at EAHE outlets
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Table 2 Parameters of the instruments
N iTUN
13038 44 7 w2 540 W .
R2E/%
Omega £RIY K AL {7 204 ) Omega SA3-K-120 -17~260 °C +0.5°C 2.29
IR R S 2 A A WRNT-01 0~800 °C +0.5°C 2.65
R R
. -20.0~70.0 °C +0.5°C 2.77
i B2 A HIOKI 3641-20 X
X5 b E A X 1 E
0.0%~100.0% +5% 6.86
A K AN Omega FMA902A-MA 0~5.08 m/s £2% 2.67
B . 0~2 000 W/m®
PNIGEE RS- TBQ-2 <2% 2.36

280~3 000 nm
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Fig. 4 Variation of the outlet air of EAHE and outdoor temperature parameters during the operation period
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Fig. 5 Variation of the airflow rate and cooling capacity of EAHE during the operation period
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operation period
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Fig. 7 Variation of the temperature at the exterior surfaces of the building envelope in different orientations
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Fig. 8 Variation of the temperatures at the interior surfaces of the building envelop

in different orientations in summer
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Fig. 9 Variation of the temperatures at the interior surfaces of the building envelop
in different orientations in winter
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