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Abstract

Prototype PCM tiles incorporating 50% and 70% micro-encapsulated PCM paraffin mixture
were tested in a facility consisting of a climate chamber and a test room that functions as a
reduced-scale building to act as storage to shift thermal loads to utilise off-peak energy.
Design variations tested the effect of different ventilation rates on the temperature regulation
property of the tiles. These materials were characterized thermally using DSC. Results were
used to validate TRNSYS models to allow full scale energy savings and system performance
to be predicted. The tiles maintained a lower indoor air temperature during a zero-ventilation
large scale test and detailed analysis suggests possible improvements of these PCM ceiling

tiles and gives confidence in future commercialisation of the system.
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1. Introduction

PCM’s integrated into building surface acts like a heat reservoir, consequently reducing room
temperature and cooling loads. The PCM ceiling tiles here are used in a semi-active cooling
system, whereby cool ambient air at night is brought in mechanically to cool the tiles after
they have absorbed a percentage of the heat energy which would have otherwise been

transferred into the living space of a building.

The tiles tested are tagged RACUS 73 and RACUS 74, they come in a 600 x 600 mm size
and are each made up of a metallic receptacle with PCM composite infill open to the ceiling
void when installed (Figure 2.5 and 2.6). The receptacle is finished in white paint and when
installed faces the inside of the room. The PCM composite in fills are impregnated with

micro-encapsulated PCM from BASF® in different quantities for each product. The micro-
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encapsulated PCM from BASF® trades as Micronal® and are plastic micro-capsules (size

5um) filled with a paraffin mixture.

The PCM ceiling tile is designed to be incorporated into either an existing suspended grid
system as part of a commercial retrofit or new build project. The tile can be easily installed
and is aimed to provide an instant solution to reduce the energy and carbon footprint of the

building.

As the tiles are not permanent fixtures within the ceiling grid, the tiles can be manoeuvred
around the building to capture areas of significant heat gains Additional tiles can be
incorporated into an existing grid at a fraction of the cost of upgrading or replacing HVAC
systems to provide a non-invasive and relatively maintenance free solution.

Large and small scale tests were conducted to determine the efficacy of this product. Large
scale tests consisted of rooms subjected to the same outdoor climatic condition in a climate
chamber. The performance of the PCM tiles was found by comparing data form one room
equipped with the PCM tiles with baseline data from an identical room made with
conventional building material. Temperature and heat flux data were recorded at different
points in the room to analyse the effect of the ceiling tiles when the room was repeatedly
subjected to typical London summer day and night temperatures of 25°C and 17°C

respectively, under different states of ventilation in a climate chamber

Small scale tests included mainly differential scanning calorimetry. Differential scanning
calorimeters measure the amount of heat absorbed or released during phase transitions by

observing the difference in heat flow between the sample and a reference.

Simulations were done using TRNSYS 16. It is computer simulation software designed to
simulate the transient performance of thermal energy systems. A detailed model of the test
room was developed in TRNSYS 16 and was run at a half-hourly time step for a day using

each ventilation state in the real experiment and the weather data (TMY2) file for London.

2. The Structure of the Test Room

The experimental test room was 1800 x 1800 x 1920 mm. It has a 470 x 710 mm single
glazed un-shaded window facing north and a door on the opposite side for access.

The roof, door and walls were constructed as a traditional lightweight insulated wall

composed (inside to outside) of 12mm plasterboard, 5mm plywood, 100mm of DriTherm®



standard cavity mineral wool slab (resistance 2.70m?K/W) interspersed with 2”x4” timber at
400mm spacing, 9mm plywood. Internally, floors and walls were covered with 12mm
plasterboard, screwed into the timber columns and joists that make up the frame. The floor
was covered with 18mm plywood and the exterior walls were finished with a glossy paint on
the outside. The ceiling tiles were installed 135mm below the actual test room ceiling on
exposed metallic ceiling grids. The walls have a typical U-value of 0.35W/m’K as
recommended by CIBSE.

The test room was intended to simulate a typical office in London weather accommodating an
occupant performing normal office light work so a cooling load allowance of 58 W/m? was
taken and supplied by a an installed heater. Ventilation was at a high of 13.6ACH and low of
10.7 ACH

3. Large Scale Test Procedure

Date & | Run Start Stop Climate | Ventilation | Heating (W)
Time Time & | Time & | Chamber | Rate
Date Date Set point

7/6/2010, | 16hrs 17:00hrs, | 9:00hrs, | 17°C Max = 0
17:00hrs | Initial 7/6/2010 | 8/6/2010 14.91/s

Discharge
8/6/2010, | 8hrs 9:00hrs, | 17:00hrs, | 25°C 0 150
9:00hrs Charge 8/6/2010 | 8/6/2010
8/6/2010, | 16hrs 17:00hrs, | 9:00hrs, | 17°C Max = 0
17:00hrs | Discharge | 8/6/2010 | 9/6/2010 14.91/s
9/6/2010, | 8hrs 9:00hrs, | 17:00hrs, | 25°C Min = 150
9:00hrs Charge 9/6/2010 | 9/6/2010 11.7 /s
9/6/2010, | 16hrs, 17:00hrs, | 9:00hrs, | 17°C Max =10
17:00hrs | Discharge | 9/6/2010 | 10/6/2010 14.91/s
10/6/2010, | 8hrs 9:00hrs, | 17:00hrs, | 25°C Min = 150
9:00hrs Charge 10/6/2010 | 10/6/2010 11.7 /s
10/6/2010, | 16hrs, 17:00hrs, | 9:00hrs, | 17°C Min = 0
17:00hrs | Discharge | 10/6/2010 | 11/6/2010 11.7 /s
11/6/2010, | Test End
9:00hrs




Mate | Latent Heat | Melting | Solidifi | Peak of [ Peak of | % Heat
rial (J/9) Temp cation | Melting | Solidificat | PCM Capacit
(°C) Temp | Temp ion constit |y
°C) °O Temperat | uent J/(9.°C)
ure (°C)
Melt | Solidific
ing ation
Micro | 120.5 | 124.43 21.85 23.23 24.67 20.44 100 1.85
nal 7
73 58.27 | 61.99 21.97 23.24 24.42 21.16 50 2.04
74 83.85 | 87.29 21.86 23.23 24.89 20.81 70 1.72
3. Results
Table 1: Summary of the Average Thermal Properties of the Materials
3.1 DSC Experimental Results

It was observed from the DSC thermo grams that up to 90% of the entire latent heat of the

materials evolved in a good temperature interval of approximately 4°C.

3.2

Large scale Test Results

The graphs below show the air temperature variation with and without the tiles for one

sample in the test cell experiment.
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Figure 3-1: Air Temperature Comparison for TILE 73 and Empty Cell (1% test)

Careful analysis of the results indicated a temperature of difference 5°C for the RACUS 74
and 4°C for the RACUS 73 ceiling tiles when a zero-ventilation condition was tested. This
difference readily disappeared with the introduction of ventilation at rates of 14.9l/s and
11.71/s. The heat transfer between both tile surfaces (in the void and in the test room) and air
was also observed to be quite small. TRNSYS 16 simulation was done with an experimental
PCM module (Type 204) and it revealed similar conditions at peak when compared with the

experimental data.

4. Conclusion and Recommendation

It is expected that the indoor environment of a building which uses PCM construction
materials will exhibit significantly lower air temperatures and more thermal stability, with
less likelihood of overheating and fewer temperature excursions. It would be effective to use
all room surfaces as a PCM-storage because heat flow is directly proportional to the heat
transfer area. There are a number of factors which have an effect on a building’s indoor

temperatures, such as the type of PCMand where it is placed, its density, the ventilation rate



in the room and the heat transfer coefficient on the room surfaces. To find the best solution is

optimisation task which is complicated. Passive architecture which can be interpreted as

architecture which tempers the external environment creating a relatively stable environment

internally can also enhance the performance of PCM structures in buildings.
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