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3 — layer — calorimeter

instruction manual

introductory remarks

The heat flow optimized temperature curve analysis (WOTKA) in a 3 layer
calorimeter is a measuring method for the determination of heat storage
capacities especially of phase change material (PCM) in sample sizes of 100
ml.

As a low-cost alternative to conventional measuring methods, PCMs based
on salt hydrate with several individual components can also be determined
with regard to their heat storage capacity.

The heating and cooling rate is 0.2 K/min in the temperature range from -20
to +100°C.

Water and a hexadecane (99%) are used for calibration.

The sample
The sample of approx. 100 ml (liquid material, powder, bulk material) to be

tested is filled as vacuum-tight as possible into a composite film (dimensions
220 x 150 mm) and shrink-wrapped.
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Insertion of the sample into the 3 - layer - calorimeter

Fig 1 Fig 2

Sample with PCM (Fig. 1), folded in the middle - see instructions "Sample
preparation”". The sample sensor (CH 2) with the heat distributor foil is
positioned between the folded sample and the upper half is folded down

(Fig. 2).

Fig 3

Closing the 3-layer calorimeter (Fig. 3)
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The measurement

The temperature sensor marked with 1 records the data of the "outside
temperature" and the temperature sensor marked with 2 records the data
of the sample temperature in the 3-layer calorimeter. The measuring rate
iSs one minute.

The sample and the calorimeter must have a defined starting
temperature, which depends on the PCM (defined solid or liquid).

Example: Calibration material hexadecane (99%)

- Evaluation range 15K (11 - 26°QC)

- Temperature of sample and calorimeter either <3°C or >33°C.
- Climatic cabinet temperatures

- 33°C Melting process

- 3°C Solidification process

- Heating time approx. 20 hours

- Cooling time approx. 20 hours

If the evaluation range is extended, the climate chamber temperatures
must be adjusted accordingly.
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Programming of the data logger (see also Comark Software)

Install the software program "COMARK" of the data logger. Establish the
connection between computer and interface (COM interface USB).
After successful installation open the "EV Standard" program
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Interface und Datenlogger press start button

Place the display face down on the interface.

After installing the EV Standard software and starting the program, all
recorded data logger data will appear.

When Docked (Auto) is activated and the data logger is connected to the
interface, the software recognises the respective data logger.

Press the "Quickprogram" button to program.



Wesedad

warme- und anwendungstechnische Prifungen
Andreas Laube

| BV S2andlard 363 tasks]
Fie Edt Tads Frogram Multipl sscoongraph  Help

A K

Comark [User= Andreas]

M " T ¥

Dock(fue)  Sptoeen  CewrSaeen  User Gude

"l Start

o Dkt - Merseck,..

Important! The green LED "top right" must light up - the connection
between interface and data logger is correct.

i E¥ S2800 a1 [960 taskis]

Fle Edt Tads Program Mubiple sesdongraph Heb

Cornark [User: Andreas]

i DOCrptinn | FOM Meradecan, (55%) N0
i Ch | Charwed e | Ensbles] | Senwsor Bype |Probes type | dm bowr | Al bigh | Scale | Graph Scabe. | Alsem Delay | AD s M
(SR wokaund |1 AT P themacougle  Typel v 00D 40 = = Ear] Sltecs - 00
5 wodaar| |2 e7 P Themocoupl  Typet 2000 4D % e ] SES 1}
W TestHeat] |3 I TypeT T T o [ acs 200
lms prae-if e ] oty Swced 900 (500 G < [l Soct %00
(5% s

. Wiothas PCY

53

W IT 2 Hesk]

M0 pometcl | ¢

[l MadelZ

12 LS ] Mite

:m fokrkord . Gatogoh ran 3 Geagh e thomd e nteent o urds. of Gsgh e

|95 wictin AT Melamng

(946 weosmaT| ) Specfic Dute e ) Eruntier lawrrs er etk

- HeatSiacd

(90 ootk aTf

B3 otk AT

1960 Msers (T

% Heaetl [¥] Mesvary vaparcand

(552 weotka hiof

953 wgued Al £#4 flfmol} [l

;E pyrians B TS Lsthaity Tref £5) 120400 & Lethaltyz 10.000 5
oh WoslAl

(%57 Weotka AT) Lopger dock

(958 MaoeiZ [2] Set: Eveution Dt Tene

1550 I% e

(BE0 Akl (5 Simabwiing with PC dou;

(961 Wohrisory

1962 HasSd T O et Harnaaly

B Eas] v

4 - Maarmurrs of SO0 -

| eoaar] L= 5 dirs 14 b 50 e

D6

It

968

Tk, v | Doscriphaon - | Modsl - | Seridl e+ |Croated Dt start data /b ko ond sditmfire A Sewicn | Dericrigtan Rart date U
e Tedt HeatStior D004 2014 CROAIZL 28022019 1600 R0.2017 162 06, 00,2027 1 334
(3 Tst HeatStec: KOO0 {2004 ONI00SHE 28022019 16:38 28022019 16:42 06032039 1 4:10
I3 1 oz 01 0160, 2015 %00 02002089 1 21%
|53 i fzo 2180688 01 01032015 05:04 02.03.2038 12017
) Tt Hestattew WONOA 20104 (9130850 01 032019 12:39 01002019 12:46 (6. 032099 1 6:25
(9IS TTE00: 1000 MO0 200 I00ADA0M 01 (32000 |4:06 0100, 2019 14:00 2008039 08k
(5% IT500- 1,000 M0 20 OG0S0IEY O (IRZ0NS AT 0160, 201 14:00 2h 033 0043
97 wotkaPOM ZLMDOGHZOM  OLI4ONS  (2.0RZ0I9 1204 02.03.2019 12105 04, 032099 09:45
938 HeatTaeo AR TMDOGA20N4  DADSOITE  ON.OR2019 1530 409,209 15:32 06.03.2039 14:17
1 IT 2 HestStice W00 {20114 C5.0R2019 1339 05.00.2019 14:08 14032039 1 3:37
840 Brometic 18 Gh X004 {2014 OIS e 200 g 10T 80 2619 18w o 03 -ha s de:d
(M M (2 V0 A HONO4 2084 OLIADME 0602019 14:47 06002019 1450 05.00.2095 1 133
JMI Robrbslorimetn NOOM (2004 OAMOLZE 06032019 |5:00 06002019 16:55 7.033029 16:27
(MY Rebrkglarimaty HIOO4Q004 QUROITE O 0RI0ND 15T -00- 2019 163 110039 00:
o] Robrkslormete K004 {2014 DR00652 06,
[545. Wotia ATP 2 e HEDOH {2014 or.
1946 Welotha ATP 2 rm NOO04 {2014 2180668 0.
JHT Hasac e P04 s o,
JS Wiotes TR 2 e HO0O4Z014 2100608 (07,
) Walotia ATF 2 e HEX0H (2004 08130850 07
(950 MacneCTOPATKGOOAZOI4  OWROLZL 0T
) Macre €2 K0P A” HOX004 {2014 NS o9,
(W2 wiotka Nscol L N0 {2004 2160608 09, ; . T, z
= Vo sl AT 5 HEH (2R OAEOITE 1102010 1308 11005015 100 14.00.3085 1 0de
= K04 2004 OLI4ONE 11032000 |48 11002019 16:00 14033039 14:30
555 1] OAI006RAT 1102009 1500 1100, 2019 16 1400039 14:31
[T W Quel ATS T HDOOH2014 1010006 1102009 1528 11002007 1500 IAR R R E S
(957 Wlha ATS5E.MDOCH2004  OR1B06BE  11.0R2019 1540 11.00.201% 16:00 14.00.3009 1 3:32
e Macne CZ 1P A7 K004 {2014 CBIMES0  14.0R2009 1234 14002019 1225 18.03.2029 16:36
(A FF reststoc 2204 e [LEF. TERTE T 14,60, 2619 24:30 1,09 b ded: B3
%0 Robrbalwinete NI {2004 GLIAEHE ORI 1445 14003015 15:4 18.00.3005 164
e Robrbsiorimete KOO0 {20014 DA10068C 1402009 1446 14002019 15:46 18.00.2019 1647
963 Heatthel Testatd MO0 2014 THI0O0ET I ORIIND 1533 1400, 2019 15:36 0039004
|98 Macra € 0P A" K004 {2014 NS0 L0209 152 10002019 16:53 20.00.2029 00:43
(e 20.00.2019 16:09 22002009 098:29
5
el
I
64
VED ]
: *
Nk ke, et bry Task [0, Cressbed dateitime

=3

LI

In the program field now entries can be made about the sample, here
"PCM Hexadecan (99%)".

Activate channels 1 and 2 (tick) and enter CH1 "Outdoor temperature"
and CH2 "Sample temperature" in the respective fields.

Activate Manual start/stop, Log Interval 1 Minutes, Set Evolution
Date/time and press Program.
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The data logger is programmed.
Connect the data logger to the temperature sensor adapter of the
3 - layer - calorimeters.
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Confirm programming

To start, press the start button of the data logger for at least 5 seconds
until the start signal is heard. Place the 3-layer calorimeter in the climate
chamber with circulating air. Ensure the required temperatures in the
climatic chamber, here 20 hours 3°C and 20 hours 33°C, the
measurement begins.

Evaluation (see also Comark Software)

After the sample has passed through the heating and cooling process (20
hours recommended), switch off the climatic chamber, press the start
button of the data logger for at least 5 seconds until the stop signal can
be heard and disconnect the data logger from the adapter.

Start the data logger software and place the data logger on the interface
(display down). With Dock (Auto), the software recognizes the data logger
and reads out the temperature data.
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Select the recorded measurement and press the Graph button to display
the temperature / time diagram.

Translated with www.DeepL.com/Translator
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and paste

Open the excel file - calculation program - table "insert data
the copied data into cell B1.

Automatisches Speichern ( Kalibrierung W5 07-17 - Kompatibilitatsmodus - Excel Andreas Laube [
Datei Start Einfiigen Seitenlayout Formeln Daten  Uberpriifen  Ansicht Entwicklertools  Hilfe O Was mochten Sie tun? & Teilen & Kommentare
B1 o fc | Date/Time v

A B F (GH 1 JKLMNOPQRSTUVWX Y, ZAAEACACAEAFACAHAIAJAKALANNACAFACARASATALAVAVAXAYAZBABEBCBLBEBFBCBH BI BJBKBLBNBNB(BFBCBRBSBTBLB\BVBXBYBZCACECCCLCECFCCCH CI CJCKCLCACNCCCFCCCRCSCTCL o

1 [Rec. No Datermime

2 1] 11.06.2017 13:44:17
3 2| 11.06.2017 1345:17
4 3[ 11.06.2017 13:46:17
5 4 11.06.2017 134747
6 5[ 11.06.2017 13:48:17
7 6| 11.062017 1349.17
8 7(11.06.2017 13:50:17
9 8[ 11.06.2017 13:61:17
10 9[ 11.06.2017 13:52:17
1" 10| 11.06.2017 13:53:17
12 11] 11.06.2017 13:54:17
13 12| 11.06.2017 13:65:17
14 13| 11.06.2017 13:56:17
15 14] 11.06.2017 13:57:17
16 15| 11.06.2017 13:58:17
17 16| 11.06.2017 13:59:17
18 17] 11.06.2017 14:00:17
19 18] 11.06.2017 14:01:17
20 19] 11.06.2017 14:02:17
21 20| 11.06.2017 14:03:17.

2 25| 11.06.2017 14:
27 26| 11.06.2017 14:09:17
28 27 11.06 2017 14:10:17
29 28 11.06.2017 14:41:47
30 29] 11.06.2017 14:42.47
Ell 30| 11.06.2017 14:43:17
32 31 11.06.2017 14:14:47
3 32 11.06.2017 14:15:17
34 33 11.06.2017 14:16:17

11.06.2017 142817
11.06.2017 142947
17 14:30.17

einsetzen | Ei | ‘gebnisse Kalibrig RAL-Di; 25KugesMB | . [©) < »
5] Mittelwert: 07.03.1939 1707:38 Anzahio62s | B | [E] [ - 1 + 5%

3% 34 11.06.2017 14:47:47
3 35| 11.06.2017 14:18:17
37 36 11.06.2017 14:49:17
38 37 11.06.2017 14:20.17
39 38 11.06.2017 14:21:17
40 39 11.06.2017 14:22:47
] 40[ 11.06.2017 14:23:47
42 41{ 11.06.2017 14:24:47
43 42[11.06.2017 14:25:47
a4 43[ 11.06.2017 14:26:47
45 44{ 11.06.2017 14:27:47

45

46|

47|

A G R BT

0:
22032

The data is inserted

Automatisches Speichern calculation programm mit RAL u Volumen W1 cornes 1118 - Kompatibilitatsmodus - Excel Andreas
Datei Start Einfiigen Seitenlayout ~Formeln Daten Uberpriifen  Ansicht Entwicklertools Hilfe O Was mochten Sie tun? & Teilen 7 Kommentare
N17 ~ £ v

A B c D E F G H 1 J K L M o P Q R s T s
1 | Temperaturkurvenbereich aussuchen und Anfangs - bzw. Endpunkt eintragen:
2 beginto| 0 | Messpuniten initial temperature to 15K-Interval [ 10 |
3 Endto| 2000 | wesspunkten initial temperature to 25K-intervallin °C:[__6__|
4
5 “ +T-Konlroldiagramm
6 PCMweightl 76 g | + i
7 density 076 |kg! i T
8
9 |sample identification ° i
10 [Heaxadecan (99%) e i
11 =
12 |date
13 16112018 i
14
15 s
16 0 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3%00 4200 4500 4800
17 t (Messpunkte)
18 THKontroldiagramm T Kontroiagramm 1
19] 30 n
20 -
21 250 L
2 =
23] w
21| S =
2150 <0
%] £ 3
»
%]
27 1
28| 5
3
29
20 o -0
o T R S T T R R PR TR 01218 16 18 20 2 2 2 2 N B2 B B B W0
22 Tin'c e
3
34
35
6
37
38
39
40 =
| insert data | settings | results | RAL-Diagramme | 25KugesMB | . ® < S
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Enter the "settings" table below:

- Start to (here 0)

- End to (here 2000)
- PCM weight

- density

- date

- Start evaluation 15K
- Start evaluation 25K

Automatisches Speichemn (@ ) e s calculation programm mit RAL u Volumen W1 cornes 11-18 - Kompatibilitatsmodus - Excel

Datei Start Einfiigen Seitenlayout Formeln Daten Uberpriifen  Ansicht Entwicklertools Hilfe  © Was méchten Sie tun? & Teilen 3 Kommen tare

insert data | settings | results | RAL-Diagramme | 25KugesMB | . | @ <
Ly o o- =

1057
33
£ ~aBE ST 22032019 B

The calculated results are displayed in the task "results

adjust the diagrams "Temperature curve" and "Enthalpy curve" to the
respective measuring times, temperatures and enthalpies.

Move / copy the "Results" table to a new workbook and save it for
archiving the measurement data.

Attention:

Please do not save the changes in the calculation program when closing
the Excel program!
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