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Lecture overview

- Phase change materials
- Types, properties and behaviour
- Applications

- Design considerations
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Phase change materials

Phase Change solid- liquid
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Phase change materials
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Phase change materials

Comparison of thermal mass :
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Phase change materials
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Phase change materials

Salts and their
eutectic compounds
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Phase change materials
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Chart 2: Ideal melting (left), Hysteresis (center) and Subcooling (right) in PCMS. (source: Mehling and Cabeza
(2008))
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Phase change materials

12 14 16 18 20 22 24 26 28 30 a2
Temperature [°C]

]
TUDelft

Design Informatics — AR0135

9




Phase change materials
Paraffin RT27
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Hydrated Salts

Paraffin

Polymer
encapsulated
Paraffin (PEP)

Phase change materials

Advantages

Disadvantages

Higher I, than Paraffin
Generally cheaper than
Paraffin

Mon flammable

Inert to most materials
Chemically and thermally
stable

Low or no Subcooling

Inert to most materials
Chemically and thermally
stable

Low or no Subcooling
Low flammable

MNo leakage

Corrosive to most
materials

Phase separation
Subcooling
Leakage

Lower |, than Hydrated
Salts

More expensive than
Hydrated 5Salts
Flammable

Leakage

Lower I, than Paraffin and
Hydrated Salts

Less conductive

More expensive than
Paraffin and Hydrated
Salts
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Product

Melting point

(°c)

Phase change materials

Heat of fusion

(k)/kg)

Thermal conductivity

Manufacturer

Water 0 334 0,60

RT 20 Paraffin 22 172 0,88 Rubitherm GmbH
Climsel C 23 Salt hydrate 23 148 Climator
E23 Salt hydrate 23 155 0,43 EPS Ltd.
Climsel C 24 Salt hydrate 24 108 1,48 Climator
TH 24 Salt hydrate 24 45 0,80 TEAP
RT 26 Paraffin 25 131 0,88 Rubitherm GmbH
RT 25 Paraffin 26 232 Rubitherm GmbH
S5TL 27 Salt hydrate 27 213 1,09 Mitsubishi Chemical
527 Salt hydrate 27 207 Cristopia
AC 27 Salt hydrate 27 207 1,47 Cristopia
RT 27 Paraffin 28 179 0,87 Rubitherm GmbH
RT 30 Paraffin 28 206 Rubitherm GmbH
E28 Salt hydrate 28 193 0,21 EPS Ltd.
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Phase change materials

Compound Melting temp. Heat of Thermal conductivity Density (kg/m?)
(=) fusion (kJ/kg) (Wim K)

Mmorganics

MgCl;y - 6H,0 117 168.6 0.570 (hgud, 120 °C) 1450 (hgud, 120 °C)
0.694 (solid, 90 °C) 15369 (solid, 20 °C)

Mg(NOs): -6H,0 89 162.8 0.490 (lhgqud, 95 °C) 1550 (hgud, 94 °C)
0.611 (solid, 37 °C) 1636 (solid, 25 °C)

Ba(OH}), - 8H,0 48 265.7 0.653 (liqud, 83.7 °C) 1937 (hquid, 84 °C)
1.225 (solid, 23 °C) 2070 (sohd, 24 °C)

CaCly - 6H,0 29 190.8 0.540 (liquid, 38.7 °C) 1562 (liquid, 32 °C)
0.1.088 (sold, 23 °C) 1802(solid, 24 °C)

Organics

Paraffin wax fr4 173.6 0.167 (hqud, 63.5 °C) 790 (hgquid, 65 °C)
0.346 (solid, 33.6 °C) 916 (sohd, 24 °C)

Polyglycol E600 22 127.2 0.189 (higud, 38.6 °C) 1126 (hgud, 25 °C)
- 1232 (sohd, 4 °C)

Farty acids

Palmitic acid fid 185.4 0.162 (ligqud, 68.4 °C) B30 (hgquid, 65 °C)
- 989 (solid, 24 °C)

Capric acid 32 152.7 0.153 (hgud, 38.5 °C) B78 (lhiquid, 45 °C)
- 1004 (solid, 24 *C)

Caprylic acid 16 1485 0.149 (hqud, 38.6 °C) 901 (hguid, 30 *C)
- 98 1(solid, 13 °C)

Aromatics

Naphthalene B0 147.7 0.132 (hgud, 83.8 °C) 976 (hquid, 84 °C)
0.341 (sohd, 49.9°C) 1145 (sohd, 20 °C)

] . .
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Phase change materials
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Fig. 5_ 5Scale differences between macro-, micre- and molecule-encapsulation
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Phase change materials

Micro
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Fig. 13 Suitable encapsulation methods
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Phase change materials

Graphite matrix to enhance conduction
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Phase change materials

PCM slurry
PureTemp Type PT-18 PT-20 PT-23
Mass fracture PCM 0.4 0.4 0.4
Density * =033 | =933 =933
Specific heat capacity when 3108 | 3556 3256
solid (J/(kg*K))?
Specific heat capacity when 3216 | 3676 3316
liquid (1/(kg*K)) *
Latent heat capacity (J/kg) * 75600 | 72000 | 81200
Thermal conductivity (W/m*K) | <0.6 | <0.6 <0.6
Viscosity (Pae®s)® 0.021 | 0.021 |0.021
Melting point (°C) 18 20 23

Table 34. Properties of PCM slurries
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Micronal® PCM - available portfolio

Raw Materials: Construction Materials:
B as powder or aqueous liquid B Micronal® PCM SmartBoard™
B at23°C/73F or 26°C/ 79F B Maxit Clima 26 ®

CaP- MASCHINENFUTT MIT
FHATINWICHIILMATIRIAL

12.03.2004 Dipl. Ing. {FH} Marco Sehmidt, EDH/SS-HD1, BASF AG, Ludwigenafen, Gamany 17

As BASF is a raw material producer, it provides phase change materials as a
raw material for modifying all kind of construction materials. Micronal PCM is
available as aqueous emulsion with 42% solid content or as a dry powder.
From this several applicable construction materials has been formulated.
These are on sale in the European market for instance as gypsum plaster
(maxit clima 26) or as gypsum wall board for dry wall construction (Micronal
PCM SmartBoard). With this products it is an easy task for architects to
choose an appropriate product to fulfill their needs for proper construction
while bringing in PCM the same time.

'I,';U Delft Design Informatics — AR0135 18




Phase change materials

Length

Width 1,25m
Thickness 15 mm

Weight 11,5 kg/m?
PCM content ca. 3 kg dry/m?*

Heat capacity (latent) ca. 330 kdim?

Pactue: Haus, 0r Gagenart, Munich, Gamiany
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Sandwich Element as joint development
with llkazell Inc., Germany

ILKAGZELL o

Surface coating PUR-insulation

from Elstogran

_ Rigid PUR—foam

Capillary tube mats

SmartBoard™

PCM for peak
loads from BASF

Metal backing “

19.05.2004 Digi. Ing. [FH) Marco Schmict, EDK/BE-H201, BASF AG, Ludwigshaten, Gamany 19

Aside of using the PCM-SmartBoard on a pure passive basis, it is also
recommendable to combine the heat storage capacity in combination with
cooling facilities like chillers or ground water cooling. This leads to very
energy efficient and low energy consuming cooling concepts like chilled
ceiling. Since such concepts work at low temperature differences between
surface temperature and targeted room temperature it is possible to realize
regenerative or at least smaller dimensioned room conditioning concepts.

Company llkazell from Zwickau, Germany, developed together with BASF
(SmartBoard) and Elastogran (PUR-foam) a lightweight chilled ceiling system
which offers several advantages for energy efficient office space like silent
cooling, easy mounting, using of regenerative cooling sources, or very limited
additional weight.
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Phase change materials

RUBITHERM® CSM modules

These CSM modules are made from Aluminium with an inner and
outer efficient anti-corrosion coating and can be filled with both
organic based and inorganic based PCM materials, providing
maximum flexibility to the user depending on intended use. This
range of PCM products have outer dimension of 450 x 300 mm

and covers working temperatures from -10°C to 86°C, with 4

distinct modules available off the shelf, as shown below.

CSM Panel / thal Approximate Approximate thal Approximate Approximate

total we|ght stored energy stored wegght stored stored

thickness i Sl eSnF-:’arlt;ng \E? ens%gy gr}elr_'gg RT HC

E:?gnmf.é? iy 40 Wh 50 Wh 0,9 kg 24 Wh 35 Wh 09  M/m2

S | sk 45 Wh 56 Wh 1,0kg 27 Wh 39 Wh 10 MI/m2

SR | 23m 80 Wh 99 Wh 1,5kg 49 Wh 70 Wh 1.9  MIm2

S | B 121 Wh 149 Wh 2,0kg 73 Wh 105 Wh 28  M)m2
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Design considerations

Tabel 4.5 Percentielen van etmaalsommen van de globale straling (tijdvak 1965-1980)
in MJ m?

station en procent- JAN FEB MRT APR MElI JUN JUL AUG SEP OKT NOV DEC w L Z H JAAR

nummer punt
DE BILT 1% 035 063 121 217 338 393 364 374 220 1,011 037 023 030 1,73 376 053 044
260 2 042 079 161 266 428 491 444 443 272 1,24 045 025 036 215 456 071 058

3 052 1,02 212 325 579 627 615 566 342 151 064 037 050 292 6,16 1,05 087
10 065 143 283 477 773 8331 746 786 458 226 087 050 067 394 780 147 1,35

20 093 200 377 7,03 1050 1153 995 10,10 666 321 128 071 0% 614 1037 236 249
50 1LE2 414 760 1272 1730 1817 1626 1491 1038 602 244 147 2322 1167 1640 543 776
20 337 6,70 1143 1835 22,99 2441 2229 1949 13,70 874 442 288 4,07 18384 22,06 10,25 1642

S0 4,07 7,94 1354 20,04 2479 2648 24,19 21,34 1512 995 529 345 566 21,80 2432 12,81 20.67
93 464 896 1532 2148 26,53 27,76 26,57 2248 16,35 11,21 593 386 7,17 2388 2647 1442 2341
S8 346 10,28 16,10 23,12 27,42 28,71 27,61 23,60 1761 12,17 666 421 B8l 2635 27.81 16,01 26,19
99 6,02 1091 16,55 24,17 27,72 29,13 28,02 24,10 18,19 1260 7,09 444 989 2724 28,60 17,08 27,26
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Design considerations

1 person

0.5 m2 per 'seat’
Environment 15C
Surface temp 25C

Heat loss coefficient h =10 W/m2K

heat loss rate 100 W/m?2 open space, sheltered'
heat loss rate 50 W/m?2 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 5-8kg PCMrequired per m2
PCM thickness 7-10mm 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 ccrough 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 PCMrequired

5cm if stationary at solar side
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by conduction delta T
loading the PCM P

R

H

By conduction:

By heat pipe
loading

Design considerations

35
70 W per 1m2 of seat, i.e about 0,3 m2 surface solar p
0.5 K/W maximum R of conduction between solar colletor and seat
2 W/K minumum conductance / 1/R
H=laA/d
H=380A/1 for copper
2=380A

la_eff =10.000 W/mK

A =2/380=0,005m?2
A =50cm2 copper bar per 'seat’

very heavy!!

H=laA/d

H=10000A /1

A =2/10000=2cm?2

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 deltaT 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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Design considerations

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
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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 facade. 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
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