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Ventilation characteristics and optimization

of solar chimney in underground space
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Abstract: To investigate the effect of a solar chimney on the ventilation in a underground space, a
dimensionless model was established in this work to numerically analyze internal airflow characteristics and
outlet flow regularity of the solar chimney under different Rayleigh number (Ra). A structure optimization
measure was proposed to increase the outlet mass flow rate of the chimney. The results indicated that with
the increase of Ra, the airflow in the chimney changed from the state of a full outflow to a reverse flow,
which occured at the outlet of the chimney when Ra was approximately equal to 10°, It was also found that
with the increase of Ra, the dimensionless mass flow rate at the outlet increased. But its growth rate
decreased when the reverse flow emerged, implying that the reverse flow was one of the important factors
affecting the ventilation effect of the underground space. Accordingly, a tilted optimal ventilation structure
was put forward.
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Fig. 3 Dimensionless velocity distribution at chimney outlet under different grid conditions
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Fig. 5 Temperature contours inside the model under different Rayleigh number
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Table 3 Outlet mass flow rate growth rate

Ra H 5 R BRI R
10° 0.64 -
10° 5.26 722

10° 20.0 280




% 3 MHEE,E. KR A AR TS E b agiE R4 2R 21

Ra H 5T R R HMOFRERRE KR/ Y

107 34.52 72.6

10* 39.56 14.6

50
40 -
30
20 +
10

/

ol [

AR R TARQ

-10 I I ! ! I )
1E+03 1E+04 1E+05 1E+06 1E+07 1E+08 1E+09

Ra

Bloe HAOMAFRERER R TLE

Fig. 6 Variation of outlet mass flow rate under Rayleigh number
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Fig. 8 Variation of Reverse flow depth with Rayleigh number
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