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Lecture overview

- Phase change materials

- Types, properties and behaviour

- Applications

- Design considerations
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Phase change materials
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Phase change materials
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Comparison of thermal mass : 

∆T approximately 15 °C: 

Phase change materials
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Phase change materials
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Phase change materials
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Phase change materials
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Phase change materials
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Paraffin RT27

Phase change materials
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Phase change materials
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Phase change materials
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Phase change materials



14Design Informatics – AR0135

Phase change materials
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Phase change materials
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Phase change materials

Graphite matrix to enhance conduction
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Phase change materials

PCM slurry
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Phase change materials
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Phase change materials

0.9 MJ/m2

1.0 MJ/m2

1.9 MJ/m2

2.8 MJ/m2

RT HC



22Design Informatics – AR0135

Design considerations
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Design considerations
1 person
0.5 m2 per 'seat'
Environment 15 C
Surface temp 25 C

Heat loss coefficient h =10 W/m2K
heat loss rate 100 W/m2 open space, sheltered'
heat loss rate 50 W/m2 closed space

during 14400 s 4 hours

storage needed 1.4 MJ/m2 open space, sheltered'
0.7 MJ/m2 closed space

typically 1 MJ/m2 (i.e. per 2 'user')

approximately 5 ‐ 8 kg PCM required per m2

PCM thickness 7 ‐ 10 mm typical, pure paraffin PCM
or 45 mm Micronal Smartboard
or 10 mm Rubithem CSM with RT HC
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Design considerations

Solar supply

15 MJ/m2/d Solar (50% percentile april ‐ september, per day on horizontal)
0.5 efficiency thermal corough estimate, plate covered
8 MJ/m2 storage required over the day

to 'serve' one seat, about 0.15 m2 horizontal solar collector (plate covered) required

If PCM at solar side

0.15 MJ/kg approximately storage in PCM

50 kg/m2 PCM required

5 cm if stationary at solar side
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Design considerations

by conduction delta  T 35
loading the PCM P 70 W per 1m2 of seat, i.e about 0,3 m2 surface solar p

R 0.5 K/W maximum R of conduction between solar colletor and seat
H 2 W/K minumum conductance / 1/R

H =la A / d
By conduction: H = 380 A / 1 for copper

2 = 380 A
A = 2/380 = 0,005 m2 very heavy!!
A = 50 cm2 copper bar per 'seat' 

By heat pipe la_eff = 10.000 W/mK
loading H =la A / d

H = 10000 A / 1
A = 2/10000 = 2 cm2
one heat pipe per seat is sufficient

Risc of heating the PCM above 25 C. How to avoid that with a passive technique?
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Design considerations

By water transport (circulation)
loading the PCM delta T 35

P 70 W
0.0005 kg/s circulating fluid

0.5 ml/s small!! pump energy minimal, might use PV
(with glycol little bit more)

risc of freezing; addition of glycol necessary?; risc of leakage;
expansion tank required?
dainback solar collector?
solar collector types: curved surface?

might use free convection principe for circulation if solar collector is inclined surface

Overheating the PCM can be avoided by stopping the water flow (note that the solar collector can become very hot then)
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What about PV‐cells and heating the PCM with resistance heating? 

PV efficiency 15% for crystaline, about 11% for (flexible) thin film
efficiency considerably worse than thermal collector
need about 0,8 m2 (crystaline) or about 1 m2 of PV per 1 m2 op seat area
pro: ‐ electric control; no moving parts or liquid, overheating easily avoided

‐ robust, easy to incorporate in the design
‐ might use batteries for electrical storage if PCM is fully melted, electricity can be utilized later

Alternative is PV‐cells and using a heat pump
pro: ‐ much higher heating efficiency
con:  ‐ need heat reservoir, can be air, surface water, soil. 

 ‐ quite an installation, investment, risc of failure, hard to incorporate in design

Using a Peltier element as heat pump might be a more robust alternative
COP difference with resistance heating however not so dramatic, about factor 1.5 difference

Design considerations
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Sources
Phase Change Material;  Lisa Weiblen. AR0532 Bioclimatic Design Manual, 2007

Pretty Cool Materials. Maaike de Haas, Jasper Overduin en Nick Vlaun, AR0533 Bioclimatic Design 
Manual, 2014
http://repository.tudelft.nl/view/ir/uuid%3A8a663890-0168-47a4-a5b7-d5f184c94c9a/

Current research at the ZAE Bayern – Testing, data representation and modelling of PCM
http://cse.fraunhofer.org/Portals/55819//docs/buildings-xi/presentation%20mehling%20h_v7.pdf

Phase Change Materials – latent heat storage for interior climate control
http://www.micronal.de/portal/streamer?fid=309980

The STAR-system - A bio-inspired solution for a thermo regulative façade. Annebeth Muntinga, 
Graduation report, Faculty of Architecture and the Built Environment, TU Delft, 2013
http://repository.tudelft.nl/view/ir/uuid%3A055da9d9-6d60-406e-945e-228f302cafed/

Research on the combination of translucent Glass Fiber Reinforced Polymers and Phase Change 
Materials, for applications in architecture. Panagiotis Papanastasis, Graduation report, Faculty of 
Architecture and the Built Environment, TU Delft, 2012
http://repository.tudelft.nl/view/ir/uuid%3A84096ffe-587b-498f-bf4d-9098bf3f5d5f/

Zonnestraling in Nederland. C.A. Velds, KNMI, 1992
http://www.knmi.nl/klimatologie/achtergrondinformatie/Zonnestraling_in_Nederland.pdf


