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The 3-layer calorimeter
A precise yet simple method to measure the lateneht storage capacity of phase change materials (PQM

General description

Existing measurement devices to determine thedtesige capacity are costly and built for very $isanple
sizes. More constraining is that i.e. DSCs wherfrooted with the specific characteristics of moSiw’s (e.g.
low thermal conductivity, high thermal capacity oliemited temperature range, in some cases in-h@meity)
require a very careful calibration, skilled opevatand are error-prone regarding the accuracyeofahults.
To overcome these challenges the specialist comp&ayhas developed tt&layer calorimeter— a real-
world, exact and yet economical measurement ddoicdese materials.

The 3-layer calorimeter is a recognized measunystesn of the PCM RAL Quality Assurance Associatol

was verified by a ring test measurement by the ifrafer Institute Freiburg and the ZAE Bayern.

The measurement method

The required temperature curves are programmeadiistandard climatic test cabinet inside which3Hayer
calorimeter with the sample is measured. A cooling / heatatg of 0.3 K/min is applied to the test samples
which weigh 100ml each.

The large quantity of 100ml reduces the impactaiéptial weighing tolerances deviations and allavesrrect
measurement for example of salt hydrate PCMs beddassample contains sufficient quantities ofedjuired
components, nucleating agents and crystals togresentative for the PCM as a whole.

The outer shell of the calorimeter is designeduargntee that a single temperature is applied gverdll sides
of the device and thus a representative hull-teatpez can be measured. The next layer attenuadelinzits
the heat flow into the interior whilst avoiding uamted convection effects in the sample. The saityat is
again enclosed in another layer that evens ouetiheerature distribution on the sample surfacesThe
temperature measured in the center of the sampépissentative for the whole sample.

The geometry of the sample compartment has beegngessuch that the different heat transfer coieffits
have minimal effect on the temperature curves. gdametry of the 3-layer calorimeter is 300 x 25010 mm
(length x width x height)

The same samples can be subjected to other testeapacity measurement, i.e. for example cyelbilgty

validation.
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The measurement principle

The determination of the capacity is carried oubading to the fundamental principles of thermodyits. The
calorimeter is calibrated using a substance wkhawvn enthalpy distribution (e.g. water and C 16-&3d with
the thus obtained calibration, factors the enthahoy be directly deduced from the outer devicesamdple
temperature curves.

Necessary eqguipment

4

3-layer calorimeter 3-layer caloritmewith data logger system

1. Diagramm Tebormapion
£

— [ eungen | Ergebnise | RAL-Diogromme | 25K U ges MB ]
Climatic exposure test cabinet evaluation program
(not included in the delivery)
w&a Tel. 03361/ 371376 Commerzbank Furstenwalde
warme- und anwendungstechnische Prifungen Fax 03361/ 369747 Bankleitzahl: 17040000
Andreas Laube Funk 017623337230 Kontonummer: 651967200
Trankeweg 16 E — Mail laube@waermepruefung.de

D - 15517 Furstenwalde / Spree www.waermepruefung.de St. Nr.: 063 / 243 / 03950




Wesd

warme- und anwendungstechnische Priifungen
Andreas Laube

w & a, warme- und anwendungstechnische Prufungen, Andreas Laube
Trankeweg 16; D- 15517 Furstenwalde / Spree

Example output results — analysis and reporting sofvare

Example based on a PCM C 16-99 (18°C phase changgetature)

H - = Vorlage RP170714 W5 [Kompatibilitatsmodus] - Excel
DATEI START EINFUGEN SEITENLAYOUT FORMELN DATEN UBERPRUFEN ANSICHT ENTWICKLERTOOLS
P74 - Je
A B C D E F G H [ J K L
1 02062016 Kalibrierung C 16-99 eich 3. Diagramm: Temperaturkurve
2 RP150T14 . -
, . . Kalib C 16-98 eich
3 1. Diagramm: Teilenthalpien 35 allbriering Bic
4 o ! 30 Y f
5 250 4 Kalibrierung C 16-99 eich \ \ /
? = DH heat 208 25 \ \ /
3 200 4 mDH cool e (i 20
: ] B —
10 150 " \ \ /
" 10
2% 100 \ \\_ /
= 1
14 FT
15 l 0
50 0 200 400 600 800 1.000 1200 1.400 1600
16 1 (Messpunkte)}
17 23 1 22 23 25 34 8° 32 33 23 22 12 3
18 R T ——— 4. Diagramm: Enthalpieverlauf
19 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Kalibi C 16.99 eich
20 Tin‘c 280 I I !
21 240 e H 2t
22 200 4 e H cOOI
23 2. Auswertung: Teilenthalpien
24 Kalibrierung g heat | cool heat | cool A 160
25 Tin°C \Warmekapazitat in Jig \Warmekapazitat in kJ/I = 120
26 10 18 28 1 2 80 J
27 11 27 25 2 2 W0 )
28 12 20 23 1 2 ;
29 13 17 28 ! 2 ’ 0 M 1 14 15 16 17 18 19 20 21 22 23 24 25
30 14 20 48 2 5 TidEC
31 15 27 45 2 3 280 Kalibrierung C 16-99 eich
32 16 57 88 4 7 - . v
: 3 Jp— |
33 17 13,1 30,0 10 23 240 \ Hneat Vol
34 18 2052 188,2 156 143 200 || = co0l (Vo) |
35 19 138 28 10 2 =
s s E
36 20 26 1,9 2 1 3 160
37 21 2,8 31 2 2 120
38 22 2,9 26 2 2 80
39 23 23 20 2 2 JI
40 24 14 22 1 2 40
41 25 1,8 3,2 1 2 0 T T
42 Summe: 264 265 201 201 10 Mg 13 14 15 16 17 18 18 20 21 22 23 24 25
43 Messstella: W-Nr / kalibrier-Datum
44
einsetzen | Einstellungen | Ergebnisse | RAL-Diagramme | 25K ugesMB | . @ ]
| ——— gL
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