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ABSTRACT

As a passive cooling strategy to control increased surface temperatures and create cooler urban envi-
ronments, we have developed a passive evaporative cooling wall (PECW) constructed of pipe-shaped
ceramics that possess a capillary force to absorb water up to a level higher than 130 cm. The current
paper presents a simulation system to predict and evaluate microclimatic modifying effects of PECWs in
urban locations where PECW installation is under consideration at the design stage. This simulation
system is composed of a CFD simulation tool and a 3D-CAD-based thermal simulation tool. Simulation
methodology of coupling the two simulation tools was developed and described in this paper. Numerical
models for simulating surface temperatures and evaporation of PECWs were proposed based on analysis
results of experimental data. Validation of the proposed numerical models was confirmed by comparing
simulated results with measured data. In order to demonstrate the applicability of the proposed simu-
lation system, a case study was then performed to predict and evaluate the microclimate in a rest station
where PECWs were assumed to be installed. Spatial distributions of air temperature, airflow, moisture
and surface temperature in the rest station were simulated under a sunny weather condition in the
summer of Tokyo. Furthermore, thermal comfort indexes (mean radiant temperature and new standard
effective temperature) were used to evaluate thermal comfort in the human activity spaces of the rest
station. Simulation results show that this simulation system can provide quantitative predictions and

evaluations of microclimatic modifying effects resulting from the application of PECWs.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Controlling the increase of urban surface temperatures is one of
most important strategies for mitigating the urban heat island
effect. As one of these mitigation strategies, to cool urban surfaces
by means of water evaporation, i.e., evaporative cooling approaches
would be effective and of less environmental impact. From the
energy-saving viewpoint, as a passive cooling approach, positive
application of materials with evaporative cooling effect to the
urban surface has become a great concern in the urban environ-
mental design. In addition, cooler urban environments could be
created by applying these materials to urban vertical surfaces (such
as building walls or fences) that surround the human activity
spaces. Thus, to provide a passive cooling strategy for reducing
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urban surface temperatures and creating cooler urban environ-
ments, the author’s research group has developed a passive evap-
orative cooling wall (PECW) constructed of porous ceramics. These
ceramics possess a capillary force to absorb water up to a level
higher than 130 cm when their lower end is placed in water. The
cooling effects and applicability of the developed PECW have been
investigated through a long-term experiment conducted in an
outdoor location, as documented in our previous papers [1,2].

A practical type of the PECW was proposed as a unit which was
constructed of pipe-shaped ceramics (hereafter called the ceramic
pipe) as illustrated in Fig. 1. A PECW unit consists of four rows of
ceramic pipes with a height of 1.8 m. There are 11 ceramic pipes in
each row. The PECW (ceramic pipe) surfaces can be cooled down to
a temperature nearly equal to the wet-bulb temperature by facili-
tating the evaporation of water soaked from the water tank. This
results in cooler surfaces in outdoor locations on sunny summer
days, so that a radiative cooling effect could be provided to a person
near the PECW. Furthermore, the PECW allows wind to pass through
it, and the passing air can be cooled while passing through the
PECW. As aresult, cooler airflow can be provided on the leeward side
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