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Abstract
Introduction: Before the advent of modern mechanical systems, the windcatcher constituted one of the
essential building elements in hot and arid climates, employed for cooling and natural ventilation of interior
spaces. The operation of windcatchers requires a driving force; however, the traditional system is
predominantly applied for heat dissipation rather than supplying ambient cool air through the interior, and
in the absence of adequate external airflow, the stack effect becomes negligible.
Research Method: In this study, a windcatcher equipped with a solar energy absorber plate was proposed.
Computational fluid dynamics (CFD) simulations were conducted to evaluate the influence of incoming
solar radiation on the volume flow rate at the room entrance and the airflow pattern within the interior. To
validate the simulation model, a series of experiments was carried out.
Results and Discussion: The simulation results demonstrated that the zone of air circulation inside the
room is improved with increasing solar radiation, which intensifies the buoyancy force. Under conditions
of no wind flow and a solar radiation intensity of 1000 W/m?, the airflow rate was measured at
approximately 0.006 kg/s, indicating the system achieves better performance when wind speed is zero.
Conclusion: The findings confirm that integrating a solar absorber plate effectively enhances the
windcatcher's buoyancy-driven ventilation, making it a viable passive cooling strategy particularly
advantageous under windless conditions in hot and arid regions.
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Fig. 8- The air flow pattern inside the prototype wind catcher and room at the wind speeds 0 m/, 1) Solar
irradiances on the absorber plate of 0W/m”2 , 2) Solar irradiances on the absorber plate of 1000 W/m"2

oo 0—§x

L

£ / rm/tf /

» . .
13/
L]

1404 L

<




J ’_§:

]}dﬁ/(})a/ﬁ/ﬁf

”

1404 L

@

(TVS)3 oly s s s ST 3 a0l gl digas J515 55 92 3l 2 (69KI1-9 U
(W/IM2) 0 ©dl> axiuo (0 o yed Gl (2 o (W/M2) 1000 dls axiis jo guui y95 (sl (Comly Coouw

Fig. 9- The air flow pattern inside the prototype wind catcher and room at the wind speeds 3 m/, 1) Solar
irradiances on the absorber plate of 0OW/m”2 , 2) Solar irradiances on the absorber plate of 1000 W/m*2
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Fig. 10- The air flow pattern inside the prototype wind catcher and room at the wind speeds 5 m, 1) Solar
irradiances on the absorber plate of 0W/m*2 , 2) Solar irradiances on the absorber plate of 1000 W/m"2
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