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H I G H L I G H T S

• A simplified numerical model for Capillary Tubes embedded in a Phase Change Material (CT-PCM) system is developed.• Both numerical and experimental studies are carried out.• The numerical model has been verified with experimental data.• The model can be used to test the energy saving potential of such CT-PCM system in different climates.
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A B S T R A C T

This paper aims to analyse the thermal characteristics of a novel system of Capillary Tubes embedded in a Phase
Change Material (CT-PCM) as part of active building environmental design for energy conservation and the
improvement of indoor thermal environment. The CT-PCM system is proposed based on the concept that low-
grade energy utilisation potential could be harnessed and maximised by buildings’ radiant heating/cooling
systems and phase change material. The CT-PCM component is first built in the laboratory, and the thermal
characteristics of the CT-PCM are investigated through a set of thermal response experiments. In addition, a
simplified model is developed to assess the long-term thermal performance of the CT-PCM system for its ap-
plication during a strategical system design stage. To ensure the robustness of the numerical model in the
assessment of the thermal performance of the system, the developed model is evaluated against the experiments
under a set of dynamic thermal boundary conditions. The evaluation process revealed that when the flow rate of
thermal fluids in the CT-PCM system is more than 800ml/min, the simulation results of the proposed simplified
model is in a good agreement with the experiment. When the flow rate in the capillary tube is smaller than
800ml/min, the correction factors are derived to address the non-uniformity of temperature distribution.

1. Introduction

The application of active radiant systems for heating in winter and
cooling in summer has expanded in recent years [1,2]. In some cases,
radiant cooling/heating systems could potentially save up to 30% of the
energy consumption comparing with traditional convective heating/
cooling systems [3,4]. Construction of an active system may consist of
pipes/tubes embedded in concrete slabs/floors/roofs where heat is al-
lowed to exchange with the surrounding and the fluid. One example of
an active radiant heating system is the Thermally Activated Building
System (TABS) [5]. TABS utilises a water piping system embedded in

building structures to store thermal energy. The heat stored in building
structures (slabs/concretes) carried by the water will then exchange
heat passively to enhance indoor thermal comfort. TABS with high
thermal inertia is well-known for its peak load shifting ability as well as
operating on low cost periods [6,7]. This helps to prolong the inter-
mittent availability of renewables such as night-time cooling and solar
radiation when these sources are no longer available [8]. Up to 30% of
improvement in energy efficiency was reported when a system com-
prised of pipe-embedded roof/wall is coupled with low-grade energy
[9]. One downside to the application of TABS is that it requires massive
building structure (thermal mass) for thermal storage. For the system to
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