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Measurement of thermal properties and numerical analysis of
heat budget of cooling roofs
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Abstract:

Cooling roof (e.g. green roof, water retention panel and reflective paint) is one of the methods for mitigating
urban heat environment. The objective of this study is to investigate the heat budget characteristic and cooling
effect of cooling roofs. Surface temperature, evapotranspiration and meteorological condition were measured at
green roof and water retention panel of a seven storied building. Diurnal evapotranspiration of green roof and
water retention panel are 3.3mm and 1.1mm, respectively in mid summer. The heat budget of concrete, green roof,
water retention panel and reflective paint roofs were calculated using a newly developed cooling roof model
which consists of the bulk transfer, multilayer heat conduction and water budget models. During the calculation
period, sensible heat from the green, water retention panel and reflective paint roofs were 10%, 51% and 25%
of that from the concrete roof, respectively, and heat flow into room underneath green, water retention panel and
reflective paint roofs were 21%, 73% and 52% of that underneath the concrete roof, respectively.
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boundary conditions : air temperature, specific humidity of air . wind speed.
downward total radiation, solar radiation. precipitation . irrigation
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Fig.1 Structure of cooling roof model
Table 1 Measured and calculated daily maximum surface

temperatures averaged over the calculation period

roof type measured [*C] [ calculated [C]
green roof (soil) 36.6 35.0
green roof (leaf) 42.3 44.3
concrete 51.0 52.4
water retention panael 48.1 45.9
reflective paint - 41.0

Table 2 Diurnal, nocturnal and daily sensible heat fluxes from roof
surface averaged over the calculation period

roof type diuranal [MJ m™]|noctural [MJ m™]|daily [MJ m?]
concrete 7.17 0.79 7.96
green 1.42 -0.60 0.82
water retention panel 3.85 0.18 4.03
reflective paint 1.99 0.03 2.02

Table 3 Diurnal, nocturnal and daily heat flow into room averaged

over the calculation period

roof type diuranal [MJ m?]| noctural [MJ m™]|daily [MJ m?]
concrete 0.16 0.20 0.36
green 0.04 0.04 0.08
water retention panel 0.11 0.15 0.26
reflective paint 0.07 0.11 0.19
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